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(54) WWAN PRINTED CIRCUIT ANTENNA WITH Publication Classification
THREE MONOPOLE ANTENNAS DISPOSED 51) Int.CI
ON A SAME PLANE HO1Q 5/00 (2006.01)
(76) Inventors: Ming-Iu Lai, Taipei (TW); HO1Q 21/00 (2006.01)
Wei-Sheng Chang, Taipei (TW) HO1Q 1/38 (2006.01)
Correspondence Address: (52) US.CL ... 343/843; 343/893; 343/700 MS
Dr. BANGER SHIA
102 Lindencrest Ct. 57 ABSTRACT
Sugar Land, TX 77479-5201 (US) A WWAN printed circuit antenna includes three monopole
21 Appl. No.: 12/545.436 antennas in the printed circuit board. Signals are fed in from
(1) Appl. No ’ the feed monopole antenna. The first and second radiating
(22) Filed: Aug. 21, 2009 monopole antennas are actuated by the feed monopole
’ antenna in an electromagnetic coupling way. Therefore, a
(30) Foreign Application Priority Data three-dimensional structure derived from the planar
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inverted-F antenna can be replaced, and the limitation of
space usage can be overcome.
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OHBA et al. 43) Pub. Date: Apr. 11,2010
(54) RADIO APPARATUS AND ANTENNA DEVICE 30) Foreign Application Priority Data
FOR MOBILE RADIO SYSTEM
Sep. 26,2008  (IP) cccevvvrcrieeecicceenee 2008-248960
(75) Inventors: Isao OHBA, Tokyo (JP); Koichi Publication Classification
SATO, Tokyo (JP); Hisashi (51) Int.CL
HIGASHIGAWA, Tokyo (JP) H04M 1/00 (2006.01)
(52) US.Cl .ot 455/575.3; 455/575.1
Correspondence Address: (57) ABSTRACT
FRISHAUF, HOLTZ, GOODMAN & CHICK, PC . . . . .
220 Fifth Avenue, 16TH Floor A radlo apparatus 1nclud1ng a ﬁr;t hqusmg section, a second
NEW YORK, NY 10001-7708 (US) housing section and a hinge section is provided. The second
housing section is rotatably connected to the first housing
section. The second housing section includes an antenna feed
(73) Assignee: KABUSHIKI KAISHA circuit and a ground circuit. The hinge section is constituted
TOSHIBA, Tokyo (JP) by an axis member fixed to the second housing section and a
bearing member fixed to the first housing section. The axis
member is put through the bearing member for forming an
(21) Appl. No:: 12/471,611 axis of rotagon of theg?econd housi%ng section with respe%t to
the first housing section. The axis member has a conductive
(22) Filed: May 26, 2009 portion connected to the antenna feed circuit at a feed point.
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(54)

(735)

(73)
@
(22)

(30)

Oct. 1, 2008

MOBILE TERMINAL AND ANTENNA
CONNECTION CABLE THEREOF

Inventor: Han Bin LEE, Seoul (KR)

Correspondence Address:

LEE, HONG, DEGERMAN, KANG & WAIMEY
660 S. FIGUEROA STREET, Suite 2300

LOS ANGELES, CA 90017 (US)

Assignee: LG ELECTRONICS INC.
Appl. No.: 12/563,965
Filed: Sep. 21, 2009

Foreign Application Priority Data

(KR) e 10-2008-0096797

100

Publication Classification

(51) Int.CL

HO4M 1/00 (2006.01)

HO1Q 1/50 (2006.01)
(52) US.Cl oo 455/575.7; 343/906
(57) ABSTRACT

Provided are a mobile terminal and an antenna connection
device of the mobile terminal which can reduce the number of
connection paths between an antenna and a wireless commu-
nication unit and can thus minimize path loss. The mobile
terminal may include a body including a first case in which an
antenna is disposed and a second case in which a wireless
communication unit is disposed; a mobile switch which is
disposed in the second case and serves as a radio frequency
(RF) input/output (I/O) port for the wireless communication
unit; and an antenna connection cable which is formed in one
body with the antenna and includes a connector formed at one
end of the antenna connection cable, the antenna connection
able being connected to the mobile switch via the connector.
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43) Pub. Date: Apr. 8, 2010

(54) ANTENNA

Shih-Huang Yeh, Hsinchu City
(TW); Tzh-Hao Lu, Taichung
County (TW)

(75) Inventors:

Correspondence Address:
JIANQ CHYUN INTELLECTUAL PROPERTY

OFFICE
7 FLOOR-1, NO. 100, ROOSEVELT ROAD, SEC-
TION 2
TAIPEI 100 (TW)
(73) Assignee: Sunplus mMobile Inc., Hsinchu
(TW)
(21) Appl. No.: 12/575,453
(22) Filed: Oct. 7, 2009
(30) Foreign Application Priority Data
Oct. 8,2008  (TW) oo 97138711
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Publication Classification

(51) Int.CL

HO1Q 5/02 (2006.01)

HO1Q 1/36 (2006.01)

HO1Q 9/26 (2006.01)

HO1Q 7/00 (2006.01)

HOIQ 1/48 (2006.01)
(52) US.Cl ccoooonon.. 343/803; 343/700 MS; 343/843;

343/866; 343/848

(57) ABSTRACT

An antenna having a number of operating frequencies
includes a feed element, a ground element, and a number of
conductive antenna tracks. The conductive antenna tracks
extend outward from the feed element and return back to the
ground element. When the conductive antenna tracks are
located in a same plane, areas defined by the conductive
antenna tracks are not overlapped with one another. When
parts of the conductive antenna tracks are located in different
planes, multiple frequency bands are formed respectively by
multiple resonant frequencies corresponding to the conduc-
tive antenna tracks.
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Chiang (43) Pub. Date: Apr. 8, 2010
(54) LOOP ANTENNA FOR CELL PHONE HAVING Publication Classification
AMETALLIC OR NON-METALLIC CASING
(51) Int.CL
HO4M 1/00 (2006.01)
(76) Tnventor: Chi-Ming Chiang, Pa-Te City (52) UsS.Cle oo 455/575.7
(TW) (57) ABSTRACT

Aloop antenna used in a cell phone having a circuit board and
a casing housing the circuit board is disclosed to include a
loop extending around the border of the circuit board, a
ROSENBERG, KLEIN & LEE grolljmd end ex%ending from one end of the loop and electri-
3458 ELLICOTT CENTER DRIVE-SUITE 101 cally connected to a ground plane of the circuit board, a feed
ELLICOTT CITY, MD 21043 (US) end extending from the opposite end of the loop and electri-
cally connected to the circuit board for signal input, and two
cut-oft ends formed in a middle part of the loop to cut off the
(21) Appl. No.: 12/285,539 loop. The two cut-off ends are electrically connected to the
casing of the cell phone if the casing is a metallic casing, or
short-circuited if the casing of the cell phone is a non-metallic

(22) Filed: Oct. 8, 2008 casing.

Correspondence Address:
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Lin et al. 43) Pub. Date: Apr. 15, 2010
(54) MULTI-FREQUENCY ANTENNA AND AN 30) Foreign Application Priority Data
ELECTRONIC DEVICE HAVING THE
MULTI-FREQUENCY ANTENNA THEREOF Oct. 15,2008  (TW) coeverereicicnecene 097139622
Publication Classification
(75) Inventors: Chien-Hung Lin, Taipei Hsien (51) Int.CL
(TW); Yuh-Yuh Chiang, Taipei H01Q 1738 (2006.01)
Hsien (TW); Yuan-Li Chang, HOIQ 1724 (2006.01)
Taipei Hsien (TW) (52) US.ClL oo 343/702; 343/700 MS
57 ABSTRACT
Correspondence Address: A multi-frequency antenna for wireless signal transmission
BACON & THOMAS, PLLC of an electronic device is disclosed. The multi-frequency
625 SLATERS LANE, FOURTH FLOOR antenna comprises a base board, a radiating element, a
ALEXANDRIA, VA 22314-1176 (US) grounding element, a shorting element, and a feeding point.
The radiating element, the grounding element, and the short-
. ing element are disposed on the base board. The shorting
(73)  Assignee: WISTRON NEWEB CORP., element comprises a first end and a second end; the first end
Taipei Hsien (TW) is connected to the radiating element and the second end is
connected to the grounding element; wherein, a first slot is
disposed between the radiating element and the shorting ele-
21) Appl. No.: 12/461,222 p ) )
(1) Appl. No ’ ment. The feeding point is used to feed a signal; wherein the
feeding point is substantially disposed between one edge of
(22) Filed: Aug. 5, 2009 the base board and the shorting element.
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Liu 43) Pub. Date: Apr. 15, 2010
(54) EMBEDDED UWB ANTENNA AND Publication Classification
PORTABLE DEVICE HAVING THE SAME
(51) Imt.CL
, R HO01Q 1/38 (2006.01)
(75) Inventor: Chih-Kai Liu, Taipei Hsien (TW) H01Q 124 (2006.01)
Correspondence Address: HO1Q 5/00 (2006.01)
BACON & THOMAS, PLLC (52) US.CL .o 343/702; 343/700 MS
625 SLATERS LANE, FOURTH FLOOR
ALEXANDRIA, VA 22314-1176 (US) (57) ABSTRACT
: . An embedded UWB antenna and a portable device having the
(73) - Assignee: }lelps g %g?nT"F\‘%EB CORP, same are disclosed. The embedded UWB antenna comprises
a grounding element; a T-shaped radiating element having a
(21) Appl. No.: 12/461,665 horizontal portion comprising at least an opening for cutting
off undesired frequency and a vertical portion comprising a
(22) Filed: Aug. 20, 2009 feed point for feeding current to resonate frequency; and a
plurality of sleeve elements extended from the grounding
(30) Foreign Application Priority Data element along two sides of the vertical portion; wherein the
plurality of sleeve elements and the vertical portion are sub-
0ct. 9,2008  (TW) oovvvcerreecrrciccnnns 097139055 stantially parallel to each other.
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YAMAGAJO et al. 43) Pub. Date: Apr. 22,2010
(54) WIRELESS TAG AND METHOD FOR (22) Filed: Dec. 29,2009
PRODUCING WIRELESS TAG
Related U.S. Application Data
(75) Inventors: Takashi YAMAGAJO, Kawasaki (63) Continuation of application No. PCT/JP2007/064138,
(IP); Toru MANIWA, Kawasaki filed on Jul. 18, 2007.
(IP); Manabu KAL Kawasaki (JP) Publication Classification
(51) Imnt.ClL
Correspondence Address:
HANIFY & KING PROFESSIONAL CORPORA- HO4Q 522 (2006.01)
TION (52) US.CL i 340/10.1
1055 Thomas Jefferson Street, NW, Suite 400 (57) ABSTRACT
WASHINGTON, DC 20007 (US)
The wireless tag includes an antenna conductor; a first power-
. ] .. . .. supply conductor which is electromagnetic-inductively
(73)  Assignee: Fujitsu Limited, Kawasaki-shi (JP) coupled with the antenna conductor; and a second power-
supply conductor which is loop-shaped and which is electri-
(21) Appl. No.: 12/648,675 cally coupled with the first power-supply conductor.
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(54)
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(73)

@
(22)

(30)

Oct. 16, 2008

RADOME AND MICROSTRIP PATCH
ANTENNA HAVING THE SAME
Inventor: The-Nan Chang, Taipei (TW)
Correspondence Address:

BACON & THOMAS, PLLC

625 SLATERS LANE, FOURTH FLOOR
ALEXANDRIA, VA 22314-1176 (US)
Assignees: Tatung University, Taipei (TW);
Tatung Company, Taipei (TW)

Appl. No.: 12/382,885

Filed: Mar. 26, 2009

Foreign Application Priority Data

€0 N 097139726

Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)
(52) USeCl oo, 343/700 MS
(57) ABSTRACT

A radome and a microstrip patch antenna having the same are
disclosed. The gain value of the microstrip patch antenna
having the disclosed radome can be increased while the size
thereof remains in a limited size. The disclosed radome com-
prises: a radome body, having an upper surface and a lower
surface; a first gain-enhancing pattern, locating on the upper
surface and including a plurality of first ring gain-enhancing
units; and a second gain-enhancing pattern, locating on the
lower surface and including a plurality of second ring gain-
enhancing units. The first ring gain-enhancing unit includes a
first conductive ring and a second conductive ring, and the
second ring gain-enhancing unit includes a third conductive
ring and a fourth conductive ring. Besides, the opening direc-
tion of the third conductive ring is perpendicular to the open-
ing direction of the first conductive ring.
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Kim et al. 43) Pub. Date: Apr. 22,2010
(54) INTERNAL ANTENNA WITH AIR GAP 30) Foreign Application Priority Data
(75) Inventors: Jongsoo Kim, Gyeonggi-do (KR); IEeb. %g, %88; (Eg) .......................... : (1)02-38(7)76(1)%2(1)1
Inyoung Lee, Gyeonggi-do (KR); ov. 15, (KR) evveveviveeeeene - -
IThoon Cho, Gyeonggi-do (KR); Publication Classification
Sanghyeok Cho, Incheon (KR); 51) Int.CI
Jungmin I.(im, Incheor} (KR); GD HO1Q 1/38 (2006.01)
Juhwan Sin, Gyeonggi-do (KR) (52) USe Cle oo 343/700 MS
Correspondence Address: &7 ABSTRACT

HOSOON LEE

9600 SW OAK ST. SUITE 525

TIGARD, OR 97223 (US)
(73) Assignee: AMOTECH CO., LTD.,
GYEONGGI-DO (KR)
(21) Appl. No.: 12/528,325

(22) PCT Filed: Jan. 15, 2008

(86) PCT No.:

§371 (),
(2), (4) Date:

PCT/KR08/00235

Aug. 23, 2009

An air gap for minimizing a dielectric constant is formed
between dielectric blocks having conductor patterns in order
to minimize interference between conductor patterns, thereby
providing a slim internal antenna that has a wide bandwidth in
a low frequency band as well as in a high frequency band.
According to the present invention, it is possible to obtain an
antenna that simply and quickly obtains desired characteris-
tics by easily adjusting the thickness of the air gap. Further,
the internal antenna is formed by layering dielectric blocks
that have conductor patterns. Accordingly, while maintaining
the interconnection between the conductor patterns, the inter-
nal antenna can change resonant frequency thereof into low
frequency as compared with an antenna having the same
volume of a dielectric. That is, it is possible to effectively
reduce the size of an antenna without significantly affecting
the characteristics of the antenna.
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Chirila 43) Pub. Date: Apr. 22,2010
(54) MULTI-BAND COMPACT ANTENNA SYSTEM Publication Classification
FOR HANDHELD DEVICES (51) Int.CL
H01Q 13/00 (2006.01)
(75) Inventor: Laurian Petru Chirila, Irvine, CA HO1Q 1/38 (2006.01)
us) (52) US.CL .o 343/770; 343/700 MS
57 ABSTRACT
Correspondence Address: . . . .
HESLIN ROTHENBERG FARLEY & MESITI A multi-band antenna and a handheld device with multi-band
antenna are provided. The multi-band antenna includes a
pC radiating layer having a first radiating antenna pattern for a
5 COLUMBIA CIRCLE plurality of first bands, a second radiating antenna pattern for
ALBANY, NY 12203 (US) a plurality of a second bands, and a third radiating antenna
pattern for a third band; a ground layer; a dielectric layer
(73) Assignee: PSION TEKLOGIX INC., sandwiched between the ground layer and the radiating layer.
Mississauga (CA) The handheld device includes a multi-band antenna board
having a plurality of antenna patterns having a GPS radiating
] antenna pattern, a low bands radiating antenna pattern and a
(21)  Appl. No.: 12/256,185 high bands radiating antenna pattern, the low bands radiating
antenna pattern or the high bands radiating antenna pattern
(22) Filed: Oct. 22,2008 being formed between the other radiating antenna patterns.
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a9 United States
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Hayashi et al. 43) Pub. Date: Apr. 22,2010
(54) FOLDING DIPOLE ANTENNA (86) PCT No.: PCT/JP2007/054299
(75) Inventors: Toshiteru Hayashi, Yokohama-shi § 371 (C)(l)’.
(JP), Yoshio Koyanagi, (2), (4) Date: Allg. 28, 2009
Yokohama-shi (JP) Publication Classification
(51) Imt.CL
Correspondence Address: HOIQ 9/26 (2006.01)
Christensen O’Connor Johnson Kindness PLLC
52) US.Cl it 343/803
1420 Fifth Avenue, Suite 2800 (52)
Seattle, WA 98101-2347 (US) (57) ABSTRACT
. A folding dipole antenna having remarkably multi-band char-
(73)  Assignee: PANASONIC CORPORATION, acteristics as compared with prior art. Element width at the
Kadoma-shi, Osaka (JP) short portions (12d, 11d) of any one of an upper element (12)
or a lower element (11) is set wider than that of the other
(21) Appl. No.: 12/529,075 element, and the element width at the long part of the upper
element (12) or the lower element (11) on the feed side is set
(22) PCT Filed: Mar. 6, 2007 wider than that of the element on the non-feed side.
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@
(22)

(60)

OMNIDIRECTIONAL MULTIPLE INPUT
MULTIPLE OUTPUT (MIMO) ANTENNAS
WITH POLARIZATION DIVERSITY
Inventors: Jarrett . Morrow, Bow, NH (US);
Adam M. Alevy, Carlisle, MA
(US); Shawn W. Johnson,
Allenstown, NH (US)

Correspondence Address:

HARNESS, DICKEY, & PIERCE, P.L.C
7700 Bonhomme, Suite 400

ST. LOUIS, MO 63105 (US)

Assignee: Laird Technologies, Inc.,
Chesterfield, MO (US)

Appl. No.: 12/512,969

Filed: Jul. 30, 2009

Related U.S. Application Data

Provisional application No. 61/196,837, filed on Oct.
21, 2008.

Publication Classification

(51) Int.CL

HO1Q 916 (2006.01)

HO1Q 21/00 (2006.01)

HO1Q 1/50 (2006.01)

HO0IQ 1/12 (2006.01)
(52) US.Cl wcooooooooroeerec, 343/810; 343/906; 343/878
(57) ABSTRACT

Exemplary embodiments are provided of omnidirectional
MIMO antennas with polarization diversity. In one exem-
plary embodiment, an omnidirectional MIMO antenna gen-
erally includes an array of radiating antenna elements having
a linear horizontal polarization and radiating omnidirection-
ally in azimuth. The antenna also includes at least one radi-
ating antenna element having a linear vertical polarization
and radiating omnidirectionally in azimuth. The vertically
polarized radiating antenna is spaced-apart from the array.
The antenna is operable for producing omnidirectional, ver-
tically polarized coverage for at least one port, as well as
omnidirectional, horizontally polarized coverage for at least
one other port.
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Shimizu 43) Pub. Date: Apr. 29, 2010
(54) DUAL-BAND ANTENNA Publication Classification
. . CQpi e (51) Imt.CL
(75) Inventor: Hiroshi Shimizu, Warabi-shi (JP) HOIOQ 1/38 (2006.01)
Correspondence Address: HO1Q 500 (2006.01)
OLIFF & BERRIDGE, PLC (52) US.CL i 343/700 MS
P.O. BOX 320850
ALEXANDRIA, VA 22320-4850 (US) (57) ABSTRACT
. The present invention provides a dual-band antenna that can
(73)  Assignee: iﬁggiéf%g% };ABUSHIKI be ogerated at two fre(pluencies without providing the choke
’ (IP) coil. A first element operated in a high-frequency-side band is
. formed in a surface of a print board using a print pattern. A
(21) Appl. No: 12/452,149 second element operated in a low-frequency-side band is
(22) PCT Filed: Jan. 30, 2009 formed in an upper portion of a rear surface of the print board
s0 as not to overlap the first element. A power is fed to the first
(86) PCT No.: PCT/IP2009/051536 element from a power feeding point located at a lower end of
the print board, and the power is fed to the second element
§ 371 (c)(1), through a throughhole made in a middle of the first element.
(2), (4) Date: Dec. 17,2009 The power is fed to the second element from the throughhole
through a long and thin power feeding line, and the power
(30) Foreign Application Priority Data feeding line exhibits a high impedance to a high frequency. A
slit is formed in the first element corresponding to the power
May 22,2008  (IP) ccecvveerrecrrecrcccnennen 2008-133922 feeding line.
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(54) ANTENNA FOR RECEIVING ELECTRIC
WAVES, A MANUFACTURING METHOD
THEREOF, AND AN ELECTRONIC DEVICE
WITH THE ANTENNA

(76) Inventors: Chih-Ming WANG, Hsichih (TW);
Kuan-Hsueh Tseng, Hsichih (TW);
Chiu-Hui Wu, Hsichih (TW);
Yuh-Yuh Chiang, Hsichih (TW);
Shang-Ching Tseng, Hsichih (TW)

Correspondence Address:
Muncy, Geissler, Olds & Lowe, PLL.C

P.O. BOX 1364
FAIRFAX, VA 22038-1364 (US)

@

(22)

Appl. No.: 12/578,264

Filed: Oct. 13, 2009

(30) Foreign Application Priority Data

Oct. 28,2008  (TW) .o 097141374

Publication Classification

(51) Int.CL

HO1Q 1/36 (2006.01)

HO1Q 1/24 (2006.01)

HOIP 11/00 (2006.01)

HO1Q 9/00 (2006.01)
(52) US.CL ...... 343/702; 29/600; 343/843; 343/700 MS
(57) ABSTRACT

An antenna for receiving electric waves, a manufacturing
method thereof, and an electronic device with the antenna are
provided. The antenna includes a substrate, a grounding unit,
a radiator, a coupling unit, and a signal transmission line. The
substrate has a first surface and a second surface which are
opposite to each other. The grounding unit is disposed on the
first surface of the substrate. The radiator is disposed on the
second surface of the substrate and connected to the ground-
ing unit. The coupling unit is disposed on the first surface of
the substrate and partially overlaps the projection of the radia-
tor. The signal transmission line includes a signal line and a
ground line, the signal line being connected to the coupling
unit while the ground line being connected to the grounding
unit.
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HARIHARA et al. 43) Pub. Date: Apr. 29, 2010
(54) SURFACE-MOUNTED ANTENNA, ANTENNA 30) Foreign Application Priority Data
DEVICE USING THE SAME, AND RADIO
COMMUNICATION EQUIPMENT Oct. 28,2008  (JP) coeveeieeieececececene 2008-276706
(75) Inventors: Yasumasa HARIHARA, Tokyo Publication Classification
(IP); Tetsuzo Goto, Tokyo (JP); (51) Int.CL
Toshihiro TSlll‘ll, TOkyO (JP); H01Q 1/38 (2006.01)
Masaki Matsushima, TOkyO (JP) H01Q 124 (2006.01)
(52) US.CL ..cooviviviiinineienee 343/702; 343/700 MS

Correspondence Address:
YOUNG LAW FIRM, P.C.

ALAN W. YOUNG 7 ABSTRACT
4370 ALPINE ROAD, SUITE 106 A surface-mounted antenna has a base having a substantially
PORTOLA VALLEY, CA 94028 (US) rectangular parallelepiped shape, an antenna element formed
onthe surface ofthe base and having a first radiation electrode
(73) Assignee: TDK Corporation, Tokyo (JP) subjected to direct power supply, and an antenna element
formed on the surface of the base and having a radiation
(21) Appl. No.: 12/607,229 electrode subjected to capacitive coupling power supply.

With this, the smaller surface-mounted antenna of a combo
(22) Filed: Oct. 28, 2009 antenna type can be provided.
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YUNG et al. 43) Pub. Date: Apr. 29, 2010
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WIRELESS TAG AND METHOD FOR
PRODUCING WIRELESS TAG

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation Application of a
PCT international application No. PCT/JP2007/064138 filed
on Jul. 18, 2007 in Japan, the entire contents of which are
incorporated by reference.

FIELD

[0002] The embodiments discussed herein are related to a
wireless tag and a method for producing a wireless tag.

BACKGROUND

[0003] As one of the wireless communication systems, the
RFID (Radio Frequency Identification) system has been
known. The RFID system generally includes wireless tag
(also called RFID tag) and reader/writer (RW) units, in which
RW units read and write data from and into wireless tags
through wireless communication.

[0004] Known wireless tags are classified into a type
(called an active tag) which operates through the use of the
power source incorporated in the wireless tag itself and a type
(called a passive tag) which operates through the use of radio
wave received from RW units as driving power.

[0005] In a RFID system using passive tags, wireless tags
operate the integrated circuits, such as ICs or LSIs, incorpo-
rated therein through the use of the radio signals received
from RW units as driving power, and thereby carry out vari-
ous processes in accordance with received radio signals (con-
trol signals). Transmission from wireless tags to RW units
uses reflected wave of the received radio signal. In other
words, a tag ID and results of the various processes are super-
imposed on the reflected wave, which is transmitted to the
RW units.

[0006] RFID systems have used various frequency band-
widths. Recently, more attention has been paid to the UHF
bandwidth (860 MHz through 960 MHz), which is capable of
long-distance communication as compared to the 13.56-MHz
and 2.45-GHz which have been put into practice. In the coun-
try of Japan, the bandwidth from 952 MHz through 954 MHz
has been allocated to RFID systems.

[0007] A conventional technique related to an antenna used
for wireless tags is disclosed in the Patent References 1 to 3
and a Non-Patent Reference 1 listed below.

[0008] Patent Reference 1 aims at providing a loop antenna
having the enhanced antenna ability and discloses possession
of a loop antenna main body which is formed of a line- or
band-shaped conductive material having a form of a loop
shape and which has a pair of power-supply points and a
material (a parasitic element) for improving the antenna abil-
ity which material satisfies predetermined conditions.
[0009] Patent Reference 2 aims at providing a wireless tag
having a configuration that enables communication at a num-
ber of frequency bandwidths, and discloses a first conductor,
which has a length of about %5 wavelength and a form of a
loop with opposite sides substantially parallel to each other
and which is supplied with power at the center of one side of
the loop, and a line-shaped second conductor disposed in
vicinity of the first conductor.

[0010] Patent Reference 3 aims at providing a ring antenna
with a parasitic element which antenna has improved narrow-

Apr. 22,2010

bandwidth characteristics and an improved gain, and dis-
closes possession of at least one basic ring antenna element
and parasitic element formed of a first conductor and a second
conductor which sandwich the basic ring antenna element
and which are arranged in the electric-field direction of the
basic ring antenna.

[0011] Patent Reference 3 also discloses that the relation-
ship 0.3xho=La=0.55x)o is satistied where the symbol La
represents the length between the outer ends of the first con-
ductor and the second conductor and the free space wave-
length of the using frequency fo of the at least one basic ring
antenna.

[0012] Non-Patent Reference 1 discloses a wireless tag
antenna including a line-shaped (band-shaped) radiating
body and a loop-shaped power-supply element (feed loop)
which is arranged in the width direction of the radiating body
at a distance d and which is inductively coupled to the radi-
ating body.

[0013] PatentReference 1: Japanese Patent Publication No.
2000-77928

[0014] PatentReference 2: Japanese Patent Publication No.
2004-295297

[0015] Patent Reference 3: Japanese Patent Publication No.
2006-33298

[0016] Non-Patent Reference 1: H.-W. Son and C.-S. Pyo,
“Design of RFID tag antennas using an inductively coupled
feed”, Electronics Letters, Vol. 41, No. 18, 1, Sep. 2005
[0017] Characteristics of matching (matching loss)
between an antenna (hereinafter called a “tag antenna) of a
wireless tag and an integrated circuit such as an IC or an LSI
is an important factor which determines the capacity (com-
munication range) of the wireless tag.

[0018] The impedance (Z=R+jX) of the integrated circuit
used in the wireless tag has, for example, a real part (resis-
tance component R) of approximately dozens ohm (£2) and
imaginary part (reactance component jX) of approximately —j
hundreds ohm. The tag antenna should match the impedance,
that is, should establish a relationship of complex conjugate
between the impedance of the tag antenna and the impedance
of the integrated circuit.

[0019] A wireless tag has a matching state easily affected
by an article (metal, plastic, paper, and others) to which the
tag is to be affixed to or an article positioning in vicinity of the
tag (i.e., easily vary the communication range and in some
occasions, communication is disabled).

[0020] For this reason, there has been arisen a demand for a
configuration of a wireless tag whose matching can be easily
adjusted.

[0021] However, the techniques disclosed in Patent Refer-
ences 1to 3 have a configuration in which an integrated circuit
is directly coupled with a power-supply section of a loop-
shaped antenna (hereinafter also called an “antenna pattern”
and a “loop antenna”), in other words, a configuration in
which the antenna pattern and the power-supply section are
formed into one body. Such a configuration has an extreme
difficulty in attaining (adjusting) impedance matching
between the antenna pattern and the chip circuit. In particular,
it is extremely difficult to control (adjust) the resistance com-
ponent (R) and the reactance component (X) of the imped-
ance (7) independently from each other (in other words, to
make it possible to attain matching with any integrated circuit
having different R and/or X).

[0022] In Patent References 1 and 3, the parasitic element
arranged in vicinity of the antenna pattern aims at improve-
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ment in antenna gain and at stabilization of the frequency
properties of the scattering cross section, but not at imped-
ance adjustment. In the meantime, the parasitic element (the
second conductor) arranged in vicinity of the antenna pattern
in Patent Reference 2 is surely for impedance adjustment, but
is incapable of adjusting the resistance component (R) and the
reactance component (X) independently from each other (the
reference does not teach or suggest the adjustment).

[0023] On the other hand, Non-Patent Reference 1 dis-
closes a wireless tag capable of modifying the resistance
component (R) and the reactance component (X) indepen-
dently from each other. In other words, according to formula
(5a) of Non-Patent Reference 1, the resistance component R
can be varied depending on the distance d (mutual inductance
M) between a line-shaped radiating body and the loop-shaped
power-supply element while according to formula (5b), the
reactance component X can be varied depending on the length
(Ls00p) ©f the loop-shaped power-supply element.

[0024] However, in order to vary the resistance component
R in the technique of the Non-Patent Reference 1, it is
required to modify at least the distance d, that is, to modify
arranged positions of the radiating body and the loop-shaped
power-supply element, which may increase the size of the
wireless tag under some impedances of the integrated circuit.
Therefore, it is difficult to make the wireless tag small.

[0025] To awireless tag, a protection (reinforcement) mate-
rial 400 is sometimes provided as illustrated in items (1) and
(2) of FIG. 16 which material covers an integrated circuit 300
for protection of the integrated circuit 300 or for reinforce-
ment of the wireless tag. If an antenna pattern 100 and a
power-supply section, with which the integrated circuit 300 is
coupled, are formed into one body, one or more positions
(crossing points) are generated at which the edges (ends) of
the protection material 400 traverse the antenna pattern 100,
and folding load concentrates on these positions. Thereby, the
antenna pattern is disconnected at these positions.

SUMMARY

[0026] (1) According to an aspect of the embodiments, an
apparatus includes a wireless tag including an antenna con-
ductor; a first power-supply conductor which is electromag-
netic-inductively coupled with the antenna conductor; and a
second power-supply conductor which is loop-shaped and
which is electrically coupled with the first power-supply con-
ductor.

[0027] (2) According to an aspect of the embodiments, a
method includes a method of the producing a wireless tag
including forming an antenna conductor; forming a first
power-supply conductor which is electromagnetic-induc-
tively coupled with the antenna conductor; and forming a
second power-supply conductor which is loop-shaped and
which is electrically coupled with the first power-supply con-
ductor.

[0028] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

[0029] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a plain view illustrating the configuration
(conductive pattern) of a wireless tag according to a first
embodiment;

[0031] FIG. 2 is a diagram depicting a modification of the
wireless tag of FIG. 1;

[0032] FIG. 3 is a diagram denoting conditions of simula-
tion on the wireless tag of FIG. 2;

[0033] FIG. 4 is a Smith Chart denoting a relationship
between an antenna impedance and an integrated-circuit (tag
LSI) impedance under the simulation conditions of FIG. 3;
[0034] FIG. 5 is a graph denoting the frequency-to-gain
characteristics of a wireless tag under the simulation condi-
tions of FIG. 3;

[0035] FIG. 6 is a graph denoting the frequency-to-com-
munication-range characteristics of a wireless tag under the
simulation conditions of FIG. 3;

[0036] FIG. 7 is a diagram depicting a first method of
impedance matching of the wireless tag according to the first
embodiment;

[0037] FIG. 8 is a diagram depicting a second method of
impedance matching of the wireless tag according to the first
embodiment;

[0038] FIG. 9 is a diagram depicting a third method of
impedance matching of the wireless tag according to the first
embodiment;

[0039] FIG. 10 is a diagram depicting a fourth method of
impedance matching of the wireless tag according to the first
embodiment;

[0040] FIG. 11 is a diagram depicting a fifth method of
impedance matching of the wireless tag according to the first
embodiment;

[0041] FIG. 12 is a diagram depicting a sixth method of
impedance matching of the wireless tag according to the first
embodiment;

[0042] FIG. 13 is a diagram illustrating a method of pro-
ducing the wireless tag according to the first embodiment;
[0043] FIG. 14 is a plain view illustrating a modification of
the wireless tag of FIGS. 1 and 2;

[0044] FIG. 15 s a plain view illustrating a modification of
the wireless tag of FIGS. 1 and 2; and

[0045] FIG. 16 is a diagram denoting problems of the con-
ventional technique.

DESCRIPTION OF EMBODIMENTS

[0046] Hereinafter, embodiments will be described with
reference to the drawings. Note that the embodiments are not
limited to the embodiments to be described below, but may be
modified in various ways without departing from sprits and
scope of the embodiments, as a matter of course.

[1] First Embodiment

[0047] FIG. 1 is a plain view illustrating the configuration
(conductor pattern) of a wireless tag according to the first
embodiment. The wireless tag (hereinafter also called a tag
antenna) of FIG. 1 includes a line-shaped (or band-shaped)
antenna pattern (antenna conductor) 1 having both ends
folded a number of times, a power-supply pattern (matching
section) 2, disposed at a region surrounded by the folded
portions and the remaining straight line portion of the antenna
pattern 1, for impedance matching, and an integrated circuit
(hereinafter also represented by a tag L.SI 3) 3, such as an IC
or an LSI, electrically coupled with the power-supply section
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of the power-supply pattern 2. The patterns 1 and 2 are dis-
posed inside a dielectric material (layer), which is a com-
pound of the wireless tag, as schematically illustrated in item
(2) of FIG. 3.

[0048] The power-supply pattern hereinafter also called the
matching pattern 2 functions as a power-supply section which
supplies driving electricity based on the radio wave received
by the antenna pattern 1 to the integrated circuit 3 or supplies
electricity from a driving power source incorporated in the
integrated circuit 3 to the antenna pattern 1, and includes two
line-shape (or band-shape) patterns (line patterns, first power-
supply conductors) 21 which high-frequency couple (electro-
magnetic-inductively couple) with the antenna pattern 1 and
a loop (rectangle) pattern (a loop pattern; the second power-
supply conductor) 22 which communicates with the line pat-
terns 21 and which is electrically coupled with the line pat-
terns 21.

[0049] The line patterns 21 are branches stretched out from
points in proximity to the power-supply section (i.e., the
integrated circuit 3) of the loop pattern 22 and extend in
parallel with the straight line portion of the antenna pattern 1
in the opposite directions. Focusing on the shapes thereof, the
line patterns 21 are formed to be left-light symmetric with the
integrated circuit 3 to have a configuration identical to a
so-called dipole antenna in the first embodiment. Therefore,
the line patterns 21 are sometimes referred to as dipole sec-
tions 21 in the description below. However, one line pattern
21 may be provided which has the comparable shape as a
monopole antenna.

[0050] It is preferable that the dimensions of the matching
pattern 2 (the dipole sections 21 and the loop pattern 22), as a
whole, are set so as not to contribute to transmission and
reception of radio wave by the antenna pattern 1. For
example, the total length of the loop pattern 22 is preferably
set to be sufficiently shorter than the wavelength of the radio
wave that is to be transmitted and received by the antenna
pattern 1. The lengths of the dipole sections 21 which is
electromagnetic-inductively coupled with the antenna pattern
1 are preferably set to be equal to or less than the half (half
wavelength) of the wavelength of the radio wave that is to be
transmitted and received by the antenna pattern 1.

[0051] Accordingly, the matching patterns 2 are different in
purpose and function from an antenna element (radiating
body) and an element (parasitic element) which is disposed in
proximity of the antenna element in order to achieve a gain
and adjust the matching (also different in the point that the
matching pattern 2 is a “power-supply” pattern). Hereinafter,
setting the lengths of the dipole sections 21 equal to or less
than the half of the wavelength also aims at easing power
supply (electromagnetic inductive coupling) to the antenna
pattern 1 by causing electric current to flow through both
dipole sections 21 in the same direction as will be detailed
below.

[0052] Inthewirelesstag configured as the above, variation
in length (electrical length) of the dipole sections 21 of the
matching patterns 2 can vary mainly the resistance compo-
nent (R) of the impedance (antenna impedance) of the tag
antenna, that is, the real part (the conductance component G)
of the admittance (Y=G+jB), which is the reciprocal of the
impedance 7. Variation in loop length (electrical length) of
the loop pattern 22 can mainly vary the reactance component
(X) of the antenna impedance, that is, the imaginary part (the
susceptance component B) of the admittance Y. These will be
detailed below.
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[0053] Since the antenna pattern 1 and the matching pattern
2 are physically isolated (independent) from each other, the
dimensions of the power-supply pattern 2 and the antenna
pattern 1 can be independently adjusted (controlled) with
ease. For example, the size of the tag antenna can be easily
varied without requiring processing such as soldering simply
by replacing only the antenna pattern 1 remaining the power-
supply pattern 2 or by replacing only the power-supply pat-
tern 2 remaining the antenna pattern 1. As a result, that makes
it possible to reuse the antenna pattern 1 and the matching
pattern 2 in reusing the wireless tag or other occasions,
greatly contributing to resource consumption saving.

[0054] The conductor pattern of FIG. 1 (the same as one
illustrated in item (1) of FIG. 2) may be formed by folding at
least part of the antenna pattern 1, and the loop pattern 22 and
the dipole sections 21 of the matching pattern 2 into a crank
shape, as depicted in, for example, item (2) of FIG. 2.
[0055] This can make the electrical length of the portion of
electromagnetic-inductive coupling between the antenna pat-
tern 1 and the matching pattern (the mainly the dipole sections
21) long. The conductance can be larger even the size and the
resonance frequency are unchanged (see the dotted-line
circle). Accordingly, it is possible to handle a tag antenna
having a small resistance component.

[0056] The shapes of the antenna pattern 1 and the match-
ing pattern (the dipole sections 21 and the loop pattern 22) are,
of course, not limited to those illustrated in FIG. 1. As long as
the required electrical length of the electromagnetic-induc-
tive coupling portion can be secured for a required conduc-
tance, the shapes of the patterns can be appropriately modi-
fied.

[0057] The results of simulation performed on the configu-
ration illustrated in item (2) of FIG. 2 are denoted in FIGS. 4
through 6. It should be noted the dimensions of respective
patterns are denoted in item (1) of FIG. 3: the width of all the
patterns is 1 mm; the electrical conductivity of the patterns is
02x10°S/m; and the thickness of the patterns is 18 um. As
depicted in item (2) of FIG. 3, the tag has the configuration
that the patterns are sandwiched by dielectrics which has a
thickness of 0.75 mm (the relative dielectric constant=3.0,
dielectric loss tan 8=0.01) and which are affixed one to each
side of the patterns. The frequency used is in a frequency
range of 800 MHz through 1,100 MHz. For the sake of sim-
plification, a protection (reinforcement) material not
depicted. If the reinforcement material has the substantially
same electrical characteristics with the dielectric, the rein-
forcement material a little affects communication character-
istics.

[0058] When the impedance of the integrated circuit 3 and
the impedance (hereinafter simply called “antenna imped-
ance”) of the tag antenna have a relationship of complex
conjugate, the integrated circuit 3 and the tag antenna are in
the state of maintaining impedance matching. Therefore, for
example, when the impedance of the LSI 3 is in the range of
the dotted-line frame on the Smith Chart as depicted in FIG.
4, the impedance matching can be maintained with the tag
LSI 3 having an impedance at least in the range if the antenna
impedance can be varied in a range having a relationship of
complex conjugate with the range.

[0059] As depicted in FIG. 5, the gain of the wireless tag
becomes the maximum when the length (electrical length) of
the antenna pattern 1 becomes the substantially half wave-
length. As a consequence, the tag antenna can attain a prac-
tically-sufficient communication range (read range). Further,
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in using in a higher frequency region (e.g., 952 through 954
MHz in Japan), it is sufficient that the length (electrical
length) of the tag antenna is made shorter. Conversely, in
using in a lower frequency band (e.g., 869 MHz in Europe), it
is sufficient that the length (electrical length) of the tag
antenna is made longer.

[0060] Here, the communication range (r) of FIG. 6 can be
calculated with the use of the following formulae (1) and (2).

A [PGGy W
"= Pth

4R R, 5
VAT

A: wavelength

P, power of reader/writer (RW)

G, antenna gain

q: matching coefficient

Pth: minimum operation power of the integrated circuit 3
G,: tag antenna gain

R_X_: resistance of the integrated circuit 3 (reactance
ZC‘:RC‘+jXC‘)

R, X,: resistance of the tag antenna (reactance Z,=R_+X )
[0061] The calculation conditions of the simulation are
denoted in Table 1 below.

CALCULATION CONDITION
CHIP MINIMUM OPERATION POWER (Pth) -9.00 dBm
CIRCUIT R, 800.00 Q
C,p 1.85 pF
RW POWER (P,) 27.00 dBm
GAIN (G,) 9.00 dBi
[0062] In Table 1, the symbol R , represents the conduc-

tance component (G) of the admittance (Y _=1/Z=G+B),
which is the reciprocal of the impedance Z_ of the integrated
circuit 3; and the symbol C,_, represents the susceptance com-
ponent (B) of the admittance (Y ) of the integrated circuit 3.

[0063] Hereinafter, description will now be made in rela-
tion to methods of adjusting the impedance of the wireless
tag.

[0064] (Matching Adjustment 1)

[0065] As illustrated in a, b, and ¢ in Item (1) of FIG. 7,

variation in size (length (electrical length) in the width direc-
tion (the top-to-bottom direction of the drawing) of the tag
antenna) of the loop pattern 22 of the matching pattern 2
varies the impedance locus on the Smith Chart as depicted in
item (2) of FIG. 7.

[0066] Specifically, shortening the length of the loop pat-
tern 22 in the width direction counterclockwise rotates (var-
ies) the impedance locus on the Smith Chart. This means
increase in absolute value of the susceptance component (B).
Accordingly, variation in the length of the loop pattern 22 in
the width direction can adjust the input susceptance of the tag
antenna.

[0067] Along with the counterclockwise rotation of the
impedance locus on the Smith Chart, the circles that the
impedance locus draws also become smaller. This means
decrease in the conductance component (G). Accordingly,
shortening the length of the loop pattern 22 in the width length
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can adjust also the input conductance of the tag antenna.
However, the matching adjustment can be accomplished
mainly on the basis of one having a larger contribution to the
variation between the conductance component and the sus-
ceptance component.

[0068] (Matching Adjustment 2)

[0069] As illustrated in a, b, and ¢ in item (1) of FIG. 8,
variation in length of the dipole sections (both line patterns)
21 of the matching pattern 2 (i.e., length (electrical length) of
a part which is electromagnetic-inductively coupled mainly
with the antenna pattern 1) varies the impedance locus on the
Smith Chart as depicted in item (2) of FIG. 8.

[0070] Specifically, shortening the length (electrical
length) of the dipole sections 21 causes the circles that the
impedance locus draws on the Smith Chart to be smaller. This
means weakening in the degree of coupling of the electro-
magnetic-inductive coupling between the dipole sections 21
and the antenna pattern 1, which results in the decrease in the
conductance component (G).

[0071] Accordingly, variation in length (electrical length)
of'the dipole sections 21 can adjust mainly the input conduc-
tance of the tag antenna.

[0072] (Matching Adjustment 3)

[0073] As illustrated in a, b, and ¢ in item (1) of FIG. 9,
variation in the length (electrical length) of one of the dipole
sections 21 of the matching pattern 2 varies the impedance
locus on Smith Chart as depicted in item (2) of FIG. 9.

[0074] Specifically, shortening the length (electrical
length) of one of the dipole sections 21 weakens the degree of
coupling of the electromagnetic-inductive coupling between
the dipole sections 21 and the antenna pattern 1, so that the
circles that the impedance locus draws on the Smith Chart
become smaller, which results in decrease in conductance
component (G).

[0075] Accordingly, variation in length (electrical length)
of either one of the dipole sections 21 can adjust mainly the
input conductance of the tag antenna.

[0076] (Matching Adjustment 4)

[0077] As illustrated in a, b, and ¢ in item (1) of FIG. 10,
variation in size (length (electrical length) in the longitudinal
direction (the right-to-left direction of the drawing) of the tag
antenna) of the loop pattern 22 of the matching pattern 2
varies the impedance locus on the Smith Chart as depicted in
item (2) of FIG. 10.

[0078] Specifically, shortening the length of the loop pat-
tern 22 in the longitudinal direction counterclockwise rotates
(varies) the impedance locus on the Smith Chart. This means
increase in absolute value of the susceptance component (B).
Accordingly, variation in the length of the loop pattern 22 in
the longitudinal direction can adjust the input susceptance of
the tag antenna.

[0079] Along with the counterclockwise rotation of the
impedance locus on the Smith Chart, the circles that the
impedance locus draws also become smaller (i.e., the con-
ductance component becomes smaller) in item (2) of FIG. 10.
This means decrease in the conductance component (G).
Accordingly, shortening the length of the loop pattern 22 in
the longitudinal length can also adjust the input conductance
of the tag antenna. However, the matching adjustment can
accomplished mainly on the basis of one having a larger
contribution to the variation between the conductance com-
ponent and susceptance component.
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[0080] (Matching Adjustment 5)

[0081] Asdepicted in FIG. 11, when the matching pattern 2
(the dipole sections 21 and the loop pattern 22) and the inte-
grated circuit 3 are coated with the dielectric material 4, such
as epoxy resin, keeping away from (in avoidance of) the
antenna pattern 1, for the sake of protection (reinforcement),
the electrical lengths of the dipole sections 21 and the loop
pattern 22 are varied in accordance with variation in dielectric
constant of the dielectric material (hereinafter also called an
“LSI protection material”) 4, so that matching adjustment can
be accomplished.

[0082] For example, increase in dielectric constant of the
dielectric material 4 causes the loop pattern 22 to be appar-
ently long, resulting in decrease in absolute value of the
susceptance. This causes the dipole sections 21 to be appar-
ently long, resulting in increase in conductance.

[0083] InFIG. 11, the reference number 5 represents resin
material covering the entire tag antenna.

[0084] An example of calculation is denoted in FIG. 12.
Item (1) of FIG. 12 denotes results of simulation of cases of:
the relative dielectric constant of the dielectric material 4=1.
5, dielectric loss tan 6=0.0 (model case a); and the relative
dielectric constant of the dielectric material 4=10.0, dielectric
loss tan 8=0.0 (model case b). Item (2) of FIG. 12 denotes the
variation in impedance on the Smith Chart (the used fre-
quency band=800 MHz through 1,100 MHz). Both model
cases a and b assume that the resin material 5 that covers the
entire tag antenna has the relative dielectric constant=3.0 and
the dielectric loss tan 8=0.01.

[0085] From item (2) of FIG. 12, it is understood that
increase in dielectric constant of the dielectric material 4
causes the circles that the impedance locus draws on the
Smith Chart to become larger. In addition, it is understood
that the circles slightly rotate (vary) clockwise. This is
because the dipole sections 21 and the loop pattern 22 appear
to be long to cause the absolute value of the susceptance
component to be small. In addition, the dipole sections 21
appearing to be long enhances the degree of coupling of the
electromagnetic-inductive coupling between the power-sup-
ply pattern 2 and the antenna pattern 1, and consequently
increases the conductance component.

[0086] The dielectric constant of the dielectric material 4
may be partially varied. For example, the dielectric constant
of a part which covers the dipole sections 21 can be set
independently of that of a part which covers the loop pattern
22. Such setting can change the electric length of the dipole
sections 21 independently from that of the loop pattern 22, so
that the input conductance and the input susceptance of the
tag antenna can be adjusted independently from each other.

[0087] As described above, the wireless tag of the first
embodiment can control (adjust) the resistance component
and the reactance component (the conductance component
and the susceptance component) independently from each
other simply by individually varying the respective sizes of
the dipole sections 21 and the loop pattern 22 of the power-
supply pattern 2 without requiring modification in the posi-
tional relationship (such as the distance) with the antenna
pattern 1. Accordingly, it is possible to realize a wireless tag
which easily accomplishes impedance matching and which is
easily made to be small in size.

[0088] In addition, since the antenna pattern 1 is physically
separated from the power-supply pattern 2 (the dipole sec-
tions 21 and the loop pattern 22), these pattern can be indi-
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vidually designed and produced with ease. The above size
modification for impedance matching can be carried out with
ease.

[0089] Further, since the antenna pattern 1 is physically
separated (independent) from the power-supply pattern 2, the
power-supply pattern 2 (the dipole sections 21 and the loop
pattern 22) and the integrated circuit 3 can be easily protected
(reinforced) by coating with dielectric material 4 in avoidance
of the antenna pattern 1. Thereby, no portion is generated
which the LSI protection material 4 traverse the antenna
pattern 1 as the conventional technique generates so that
disconnection caused at the portion can be avoided.

[0090] (Method of Production)

[0091] Next, description will now be made in relation to
methods of producing the above tag antenna.

[0092] One of the methods is, for example, to form the
antenna pattern 1 and the power-supply pattern 2 on one
surface of a dielectric material (substrate), such as a resin film
made of polyethylene terephthalate (PET) or a printed board,
in which method these pattern may be formed in any order or
simultaneously. After the formation, the power-supply pat-
tern 2 is covered with a protection (reinforcement) material if
required. In addition, the entire tag antenna is covered with a
certain resin material if required.

[0093] Another method is to form the antenna pattern 1 and
the power-supply pattern 2 independently from each other on
the different surfaces of a dielectric material (substrate) such
as a resin film and a printed board. Specifically, the antenna
pattern 1 is formed on one surface of the dielectric material
and the power-supply pattern 2 is formed on the other surface.
[0094] For example, as depicted in FIG. 13, (1) the antenna
pattern 1 is formed on the surface of a first resin film 10q; (2)
the power-supply pattern 2 is formed on the surface of a
second resin film 105; and (3) one of the films 10a and 105 is
affixed to one surface of the dielectric material (substrate) 11
and the other film 10a or 1054 is affixed to the other surface of
the dielectric material 11.

[0095] After the formation, the power-supply pattern is
covered with a protection (reinforcement) material if
required. In addition, the entire tag antenna is covered with a
certain resin material if required.

[0096] With this configuration, in the cases where the
matching is desired to be adjusted without varying the reso-
nance frequency of the tag antenna and where the resonance
frequency is desired to be adjusted without varying the
matching, it is sufficient that either one of the patterns 1 and
2 on the different surfaces are modified, bringing advantages
in the aspect of the costs.

[0097] (2) Modification:

[0098] The conductive pattern of the wireless tag may take
the shape of, for example, FIG. 14 or FIG. 15.

[0099] The wireless tag of FIG. 14 includes the antenna
pattern 1 folded into a C-shape (C-shaped pattern), and dis-
poses a power-supply pattern 2 so that the dipole sections 21
is electromagnetic-inductively coupled with the antenna pat-
tern 1 at a part at which the C-shaped pattern is partially
narrowed.

[0100] Here, also in this modification, setting the electrical
length of the dipole sections 21 to be not more than the
half-wavelength can cause current flowing the respective
dipole sections 21 to be in the same direction, so that power
supply can be enabled. Such an arrangement can realize a
wireless tag whose resistance component and reactance com-
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ponent of the impedance can be easily adjusted independently
of each other and which has the shape being approximately
square (60 mmx50 mm).

[0101] Alternatively, the wireless tag illustrated in FIG. 15
adopts a so-called folded dipole antenna as the antenna pat-
tern 1, which is used in combination with the power-supply
pattern 2. The power-supply pattern 2 is formed such that the
L-shaped dipole sections 21 is electromagnetic-inductively
coupled with respective long sides (having a length of the
half-wavelength or of substantially half-wavelength) of the
antenna pattern 1 opposing to each other.

[0102] Through the long sides of the antenna pattern 1
opposing to each other, current need to flow in the same
direction. For this purpose, the straight parts of the dipole
sections 21 which parts are electromagnetic-inductively
coupled with the antenna pattern 1 are preferably formed in
opposite directions.

[0103] According to the embodiments described above, at
least one of the following effects or advantages can be
obtained:

[0104] (1) The resistance component and the reactance
component can be controlled (adjusted) simply by varying the
respective sizes of the first power-supply conductor and the
second power-supply conductor independently from each
other without requiring modification in positional relation-
ship (distance) with the antenna conductor. Therefore, it is
possible to realize a wireless tag which easily attains imped-
ance matching and which is easily made to be small in size.
[0105] (2)Inaddition, since the antenna conductor is physi-
cally separated from the first power-supply conductor and the
second power-supply conductor, these conductors can be
individually designed and produced with ease, facilitating the
above size modification for impedance matching.

[0106] (3) Further, since the antenna conductor is physi-
cally separated from the first power-supply conductor and the
second power-supply conductor, a protection or reinforce-
ment material can be easily provided in avoidance of the
antenna conductor and thereby, disconnection of the antenna
conductor can be avoided with ease.

[0107] As described above, the embodiments can provide a
wireless tag having the capability of independently adjusting
(controlling) the resistance component and the reactance
component of the impedance with ease and having the easi-
ness of forming into a small size, so that the embodiments are
extremely useful in the technique fields of wireless commu-
nication and of management on production, inventory, and
distribution of articles.

[0108] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a illustrating of the superiority and
inferiority of the invention. Although the embodiments have
been described in detail, it should be understood that the
various changes, substitutions, and alterations could be made
hereto without departing from the spirit and scope of the
invention.
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What is claimed is:

1. A wireless tag comprising:

an antenna conductor;

a first power-supply conductor which is electromagnetic-

inductively coupled with the antenna conductor; and

a second power-supply conductor which is loop-shaped

and which is electrically coupled with the first power-
supply conductor.

2. The wireless tag according to claim 1, wherein the first
power-supply conductor has a form of a dipole antenna or a
monopole antenna.

3. The wireless tag according to claim 1, wherein the
antenna conductor, the first power-supply conductor, and the
second power-supply conductor are arranged at a first surface
of a dielectric substrate.

4. The wireless tag according to claim 1, wherein

the antenna conductor is arranged at a first surface of a

dielectric substrate; and

the first power-supply conductor and the second power-

supply conductor are arranged at a second surface of the
dielectric substrate.

5. The wireless tag according to claim 1, further compris-
ing a reinforcement member which covers the first power-
supply conductor and the second power-supply conductor in
avoidance of the antenna conductor.

6. The wireless tag according to claim 1, wherein the elec-
trical length of a part of the first power-supply conductor
which part is electromagnetic-inductively coupled with the
antenna conductor is set to be equal to or less than the half of
a wavelength of a signal transceived by the antenna conduc-
tor.

7. The wireless tag according to claim 1, wherein the elec-
trical length of the second power-supply conductor is shorter
than a wavelength of a signal transceived by the antenna
conductor.

8. A method for producing a wireless tag, the method
comprising:

forming an antenna conductor;

forming a first power-supply conductor which is electro-

magnetic-inductively coupled with the antenna conduc-
tor; and

forming a second power-supply conductor which is loop-

shaped and which is electrically coupled with the first
power-supply conductor.

9. The method according to claim 8, wherein impedance
matching between the antenna conductor and an integrated
circuit, with which the first power-supply conductor and the
second power-supply conductor are electrically coupled, is
controlled by varying an electrical length of a part of the first
power-supply conductor which part is electromagnetic-in-
ductively coupled with the antenna conductor.

10. The method according to claim 8, wherein impedance
matching between the antenna conductor and an integrated
circuit, with which the first power-supply conductor and the
second power-supply conductor are electrically coupled, is
controlled by varying an electrical length of the second
power-supply conductor.
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FOLDING DIPOLE ANTENNA
TECHNICAL FIELD

[0001] The present invention relates to a small-sized
antenna apparatus built in a portable terminal. More particu-
larly, the present invention relates to a structure of a half-
folded dipole antenna.

BACKGROUND ART

[0002] Inrecentyears, in the field of radio communication,
with an increasing demand for high-speed and large capacity
communication (data transmission), MIMO (Multiple-Input
Multiple-Output) technology has been known, and various
researches and developments of this MIMO technology have
been underway. This MIMO technology provides multi-in-
puts and multi-outputs via radio channels by providing a
plurality of antennas on both the transmitting side and the
receiving side. This makes it possible to improve the spatial
use efficiency and improve transmission speed and transmis-
sion capacity.

[0003] Further, in parallel with the demand for high-speed
and large capacity communication, there is an increasing
demand for a portable terminal equipped with a plurality of
applications (i.e. radio systems). To support these applica-
tions, a multi-band antenna technology to support different
frequency bands per radio system requires.

[0004] Meanwhile, portableterminals themselves are in the
trend of having smaller and thinner. For this reason, a tech-
nology for small-sized antenna built in a portable terminal is
needed. Further, MIMO antennas require low correlation
characteristics between the antennas and multi-band antennas
require characteristics of wide band and multi resonant (i.e.
having a plurality of resonance points).

[0005] Conventionally, a built-in, half-folded dipole
antenna is proposed for a demand for miniaturization (see
Non-Patent Documents 1 and 2).

[0006] The structures of the built-in, half-folded dipole
antennas disclosed in these Non-Patent Documents 1 and 2
will be explained briefly. FIG. 1A shows a folded loop
antenna. FIG. 1B shows a low-profile folded loop antenna
having a low height by laying the folded loop antenna of F1G.
1A sideways along a conductor plate.

[0007] As shown in FIG. 1C, Non-Patent documents 1 and
2 propose built-in half-folded dipole antennas, which are
low-profile and small, and which have wide-band antenna
characteristics, by making the low-profile folded loop
antenna of FIG. 1B in half at the feeding point. The half-
folded dipole antennas proposed in

[0008] Non-Patent Documents 1 and 2 are low-profile and
small, and have wide-band antenna characteristics, and are
suitable for implementing in portable terminals.

[0009] Non-Patent Document 1: Hayashida, Morishita, and
Koyanagi, “Characteristics of built-in folded monopole
antenna for handsets” IEICE, AP2003-269, pp.23-28, 2003.
[0010] Non-Patent Document 2: Hayashida, Morishita, and
Koyanagi, “Characteristics of built-in folded monopole
antenna for handsets” IEICE, AP2004-128, pp.23-28, 2004.

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0011] It is therefore an object of the present invention to
provide a half-folded dipole antenna having wide band, multi
frequency antenna characteristics compared to conventional
cases.
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[0012] Further, it is another object of the present invention
to provide a portable terminal having characteristics that are
more adaptable MIMO communication than conventional
cases. Further, it is also an object of the present invention to
provide a half-folded dipole antenna having characteristics
that are more adaptable multi-band communication than con-
ventional cases.

Means for Solving the Problem

[0013] According to an aspect of the half-folded dipole
antenna of the present invention, a half-folded dipole antenna
adopts a configuration including: a first antenna element
formed in a shape of a letter J, one end of the first antenna
element being connected with a conductor plate; and a second
antenna element formed in the shape of the letter J, having
element widths that are different from the element widths of
the first antenna element, and folded from the other end of the
first antenna element to overlap with the first antenna element
at a distance, one end of the second antenna element being
connected with the conductor plate.

[0014] According to the configuration, it is possible to real-
ize a half-folded dipole antenna having wide-band frequency
characteristics compared to conventional cases by making
different the element widths of the first antenna element and
second antenna element.

[0015] According to an aspect of the portable terminal of
the present invention, a portable terminal adopts a configura-
tion including: a first half-folded dipole antenna and second
half-folded dipole antenna that are placed along upper cor-
ners of a housing of the portable terminal, wherein the first
half-folded dipole antenna and second half-folded dipole
antenna each include: a first antenna element formed in a
shape of a letter J, one end of the first antenna element being
connected with a conductor plate;

[0016] andasecond antenna element formed in the shape of
the letter J, folded from the other end of the first antenna
element to overlap with the first antenna element at a distance,
one end of the second antenna element being connected with
the conductor plate.

[0017] According to this configuration, it is possible to
place the antennas efficiently in spaces at ends of the housing
amongst various electronic parts in the housing, and, addi-
tionally, to reduce the correlation between the antennas, so
that it is possible to realize a portable terminal having good
MIMO communication performance.

[0018] According to another aspect of the half-folded
dipole antenna of the present invention, a half-folded dipole
antenna adopts a configuration including: a first antenna ele-
ment formed in a shape of a letter J, one end of the first
antenna element being connected with a conductor plate; a
second antenna element formed in the shape of the letter J,
folded from the other end of the first antenna element to
overlap with the first antenna element at a distance, one end of
the second antenna element being connected with the con-
ductor plate; a feed connected with the end of the first antenna
element; and a resonant circuit connected with the end of the
second antenna element.

[0019] According to this configuration, it is possible to
realize a half-folded dipole antenna having wide band and
multi resonance (multi band) characteristics by providing a
resonant circuit in the half-folded dipole antenna.

Advantageous Effects of Invention

[0020] According to the present invention, a half-folded
dipole antenna having wide-band frequency characteristics
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compared to conventional cases, having characteristics more
adequate MIMO communication than conventional cases
and/or having characteristics more adequate multi-band com-
munication than conventional cases.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1A shows a folded loop antenna, FIG. 1B
shows a low-profile folded loop antenna, and FIG. 1C shows
a half-folded dipole antenna;

[0022] FIG. 2 is a perspective view showing the schematic
configuration of the half-folded dipole antenna according to
the embodiments;

[0023] FIG. 3 shows the frequency characteristics when the
width of a short part of an upper element is wider than the
width of a short part of a bottom element;

[0024] FIG. 4 shows the frequency characteristics when the
width of the short part of the bottom element is wider than the
width of the short part of the upper element;

[0025] FIG. 5 shows the frequency characteristics when the
width of a long part of the bottom element is wider than the
width of a long part of the upper element;

[0026] FIG. 6 shows the frequency characteristics when the
width of a long part of the upper element is wider than the
width of a long part of the bottom element;

[0027] FIG. 7 shows an example of the frequency charac-
teristics of the half-folded dipole antenna according to
Embodiment 1;

[0028] FIG. 8 shows the configuration of Embodiment 2;
[0029] FIG. 9 shows the radiation pattern of half-folded
dipole antenna 10A;

[0030] FIG. 10 shows the radiation pattern of half-folded
dipole antenna 10B;

[0031] FIG. 11 shows the configuration of Embodiment 3;
and
[0032] FIG. 12 shows the frequency characteristics accord-

ing to Embodiment 3.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0033] Now, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

(1) Embodiment 1

(1-1) Schematic Configuration

[0034] FIG. 2 shows the schematic configuration of the
half-folded dipole antenna according to the present embodi-
ment. Half-folded dipole antenna 10 in FIG. 2 has the same
configuration as the half-folded dipole antennas disclosed in
above Non-Patent Documents 1 and 2. However, half-folded
dipole antenna 10 of the present embodiment differs from the
half-folded dipole antennas disclosed in Non-Patent Docu-
ments 1 and 2 in that the element widths vary between upper
element 12 and the width of bottom element 11 vary. In FIG.
2, to simplify the figure, the widths of upper element 12 and
the widths of bottom element 11 are drawn such that they are
the same width.

[0035] Half-folded dipole antenna 10 is formed by the flat,
J-shaped bottom element (first antenna element) 11 and upper
element (second antenna element) 12 that overlap each other
at interval b.

[0036] Bottom element 11 is provided parallel to conductor
plate 20 above conductor plate 20. One end of bottom element
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11 is connected with conductor plate 20. With the present
embodiment, a feed is provided at one end of bottom element
11.

[0037] Upper element 12 is folded back from the other end
of bottom element 11 through fold part 13 to overlap with
bottom element 11 in parallel at interval b. Further, one end of
upper element 12 is connected with plate conductor 20. With
the present embodiment, one end of upper element 12 is
grounded.

[0038] To be more specific, bottom element 11 and upper
element 12 are formed by onset parts 11a and 125 long parts
115 and 125, middle parts 11¢ and 12¢ and short parts 11d and
124, respectively, whose ends are connected with conductor
plate 20.

[0039] Here, the shape joining long part 115, middle part
11¢ and short part 11d of bottom element 11, makes a J-shape.
Similarly, the shape joining long part 125, middle part 12¢
and short part 12d of upper element 12, makes a J-shape.
[0040] The outside shape of half-folded dipole antenna 10
is defined by seven parameters, wl, w2, wt, d, s, b and h
shown in the figure. Here, parameter w1 represents the widths
of short parts 11d and 12d, parameter w2 represents the
widths of long parts 115 and 125, parameter wt represents the
widths of middle parts 11¢ and 12¢, parameter d represents
the lengths of middle parts 11¢ and 12¢, parameter s repre-
sents the differences of lengths between long parts 115 and
1256 and short parts 114 and 124, parameter b represents the
interval between bottom element 11 and upper element 12,
and parameter h represents the height of onset part 12q.
[0041] Incidentally, the above-described Non-Patent
Documents 1 and 2 show the frequency characteristics of
these parameters w1, w2, wt, d, s, b and h are set to predeter-
mined values.

[0042] With the present embodiment, amongst the above-
described parameters w1, w2, wt, d, s, b and h as parameters
to define the outside shape ot half-folded dipole antenna 10, it
is proposed that w1, the width of short side parts 114 and 124,
and w2, the width of long parts 115 and 125, each vary
between bottom element 11 and upper element 12.

[0043] That is, when the width of short part 11d of bottom
element11isw1,,,,,, and the width of short part 12d of upper
element 12 is wl,,,,.,, short parts 11d and 124 of bottom
element 11 and upper element 12 are formed such that the
relationship is wl,,,,,,,#w1,,,,.,. Further, when the width of
long part 115 of bottom element 11 is w2, ,,,,,, and the width
oflong part 125 of upper element 12is w2, ., long parts 115
and 124 of bottom element 11 and upper element 12 are
formed such that the relationship is W2,,,,,#W2,,,,e-
[0044] By this means, it is possible to realize wider band or
control frequency characteristics (to shift all frequency bands
that can be used for reception to desired frequencies) without
changing the total length of the antenna.

(1-2) Selecting Width Ratios in the Upper Element and Bot-
tom Element

[0045] Next, how to define a ratio between the width of
short part 114 of bottom element 11 and width of short part
12d of upper element 12 and how to define a ratio between the
width of long part 115 of bottom element 11 and the width of
long part 125 of upper element 12, will be explained in detail.
Here, the following experimental results have been acquired.
[0046] <1>In the case where the width of short part 124 of
upper element 12, wl,,,,..,, is wider than the width of short
part 114 of bottom element, wl,_,,,.,,-
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[0047] FIG. 3 shows the frequency characteristics of half-
folded dipole antenna 10 when the width of short part 11d of
bottom element 11, wl,_,,,,,=1 mm, the width of long part
115 of bottom element 11, w2, . . =the width of long part
12bof upper element 12, w2,,,,.,=1 mm, the length of middle
part 11¢ and 12¢, d=5 mm, the width of middle part 11¢ and
12¢, wt=1 mm, the length of onset part 12a, h=7 mm, the
difference of length between long part 115 and 1256 and short
part 114 and 124, s=12.5 mm, and the interval between the
bottom element 11 and upper element 12, b=1 mm are fixed,
and when the width of short part 124 of upper element 12,
W10, keeps widening in 1 mm units.

[0048] FIG. 3 shows the frequency characteristics of half-
folded dipole antenna 10 when curve S1 is wl,,,.,=1 mm,
curve S2is wl,, ., =2 mm, curve 83 is wl,,, ., =3 mm, curve
S4iswl,,, ., =4 mm, and curve S5is w1, =5 mm.

[0049] It is evident from FIG. 3 that, when the width of
short part 124 of upper element 12, wl,,,,.,, is made wider
than the width of short part 114 of bottom element 11,
W1,,,.0ms 1t 1S possible to keep lowering the frequency almost
without changing the frequency bandwidth.

[0050] <2>In the case where the width of short part 114 of
bottom element 11, w1, _,, .., is wider than the width of short
part 12d of upper element 12, w1, .

[0051] FIG. 4 shows the frequency characteristics of half-
folded dipole antenna 10 when the width of short part 124 of
upper element 12, wl,,,,.,=1 mm, the width of long part 114
of bottom element 11, w1, _,, . =the width of long part 124 of
upper element 12, w2, .,=1 mm, d=5 mm, wt=1 mm, h=7
mm, s=12.5 mm, and b=1 mm are fixed, and when the width
of short part 114 of bottom element 11, wl,_,, ..., keeps wid-
ening in 1 mm units.

[0052] FIG. 4 shows the frequency characteristics of half-
folded dipole antenna 10 when curve S1 is wl,_,,,,,=1 mm,
curve S2 is wl,_,,,,,=2 mm, curve S3 is wl,_,, =3 mm,
curve S4 is wl,_,,,,,=4 mm, and curve S5 is w1, .., =5 mm.
[0053] It is evident from FIG. 4 that, when the width of
short part 114 of bottom element 11, w1, _,, ... is made wider
than the width of short part 12d of upper element 12, w1,,,,,..,,
it is possible to keep lowering the frequency almost without
changing the frequency bandwidth.

[0054] <3> In the case where the width of long part 115 of
bottom element 11, w2, . . is wider than the width of long
part 125 of upper element 12, w2, ...

[0055] FIG. 5 shows the frequency characteristics of half-
folded dipole antenna 10 when the width of long part 1256 of
upper element 12, w2, ,.,=1 mm, the width of short part 114
ofbottom element 11, w1, =the width of short part 12d of
upper element 12, wl,,,.,.=1 mm, d=5 mm, wt=1 mm, h=7
mm, s=12.5 mm, and b=1 mm are fixed, and when the width
of'long part 1156 of bottom element 11, w2,_,,...., keeps wid-
ening in 1 mm units.

[0056] FIG. 5 shows the frequency characteristics of half-
folded dipole antenna 10 when curve S1 is w2,,,,,,,=1 mm,
curve S2 is wW2,,,,,,=2 mm, curve S3 is w2, =3 mm,
curve S4 is w2,,_,,,,,,=4 mm, and curve S5 is w2, ..., =5 mm.
[0057] Itisevident from FIG. 5 that, when the width of long
part 115 of bottom element 11, w2,_,...., is made wider than
the width of long part 125 of upper element 12, w2,,,,.,, it is
possible to keep raising the frequency almost without chang-
ing in the frequency bandwidth.

[0058] <4> In the case where the width of long part 125 of
upperelement12, w2, , .., is wider than the width of long part
115 of bottom element 11, w2, ., ...
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[0059] FIG. 6 shows the frequency characteristics of half-
folded dipole antenna 10 when the width of long part 115 of
bottom element 11, w2,_,,,,,=1 mm, the width of short part
11d of bottom element 11, w1 , . .. =the width of short part
12d of upper element 12, wl,,,,.,=1 mm, d=5 mm, wt=1 mm,
h=7 mm, s=12.5 mm, and b=1 mm are fixed, and when the
width of long part 126 of upper element 12, w2 keeps
widening in 1 mm units.

[0060] FIG. 6 shows the frequency characteristics of half-
folded dipole antenna 10 when curve Si is w2,,,,.,=1 mm,
curve S2 is w2 upper=2 mm, curve S3is w2,,, ., =3 mm, curve
S4is w2,,,.,~4 mm, and curve S5 is w2

[0061]

uppers

upper:5 mm'

Itis evident from FIG. 6 that, when the width of long
part 125 of upper element 12, w2,,,,.,, is made wider than the
width of long part 115 of bottom element 11, w2, .. the
frequency bandwidth is narrower, and therefore it is not
adaptable to realize wide band. In this way, the reason the
frequency bandwidth is narrower is that, in the present
embodiment, the width of upper element 12, in which a feed
is not provided, is wider than the width of bottom element 11,
in which a feed is provided.

[0062] That is, it is evident from <3> and <4> that the
element width of long parts 1156 and 1256, w2, makes it pos-
sible to keep raising the frequency almost without changing
the frequency bandwidth by making wider the element width
on power supply end than the element width on a non-feed.
[0063] Based on the above considerations, it has been
found out that all frequencies can be lowered by making
wider the element width of one of short parts 124 and 114 in
upper element 12 or bottom element 11 than the element
width of the other. Further, it has been found out that all
frequencies can be raised by making wider the element width
of'long parts 11d and 124 on the power supply end than the
element width of long parts 11d and 124 on the non-feed end,
in upper element 12 or bottom element 11.

[0064] The half-folded dipole antenna according to the
present embodiment makes wider the element width of one of
short parts 124 and 114 than the element width of the other,
and makes wider the element width of a long part on a feed
than the element width of another long part on a non-feed, in
upper element 12 or bottom element 11. By this means, half-
folded dipole antenna 10 of the configuration in FIG. 2 can
realize wide band further.

[0065] FIG. 7 shows the frequency characteristics of half-
folded dipole antenna 10 when the ratio between the width of
short part 114 and the width of short part 12d is ' (that is, the
width ratio between wl,,,,.,=1 mm and w1,,,,,,,,=5 mm), the
ratio between the width of long part 115 and the width of long
part 125 is 5 (that is, the width ratio between w1l,,,,.,=1 mm
and wl,,,,,,=5 mm, d=5 mm, wt=1 mm, h=7 mm, s =12.5
mm, and b =1 mm. It is evident from the experimental result
in FIG. 7 that the configuration according to the present
embodiment is able to achieve to realize wide band.

[0066] Half-folded dipole antenna 10 according to the
present embodiment can change frequencies without length-
ening the antenna (that is, without changing “s” in FIG. 2).
Further, frequencies change and wide band can be realized by
simply changing the ratio between the widths of upper ele-
ment and bottom element, so that, it is possible to change
frequencies and achieve to realize wide band without enlarg-
ing the element areas.

(2) Embodiment 2

[0067] FIG. 8 shows the configuration of Embodiment 2.
The feature of the present embodiment includes placing two
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half-folded dipole antennas 10A and 10B formed in the con-
figuration in FIG. 2 along two upper end corners of housing
30 of a mobile phone device.

[0068] To be more specific, two half-folded dipole antennas
10A and 10B are placed such that long parts 11d and 124 meet
along the side faces of housing 30 and used in MIMO com-
munication.

[0069] According to the present embodiment, it is possible
to place the antennas efficiently in spaces at ends of the
housing amongst various electronic parts in the housing, and,
additionally, to reduce the correlation between antennas, so
that it is possible to realize a portable terminal having good
MIMO communication performance. Further, wide band can
be realized to achieve by applying the configuration in
Embodiment 1 to half-folded dipole antennas 10A and 10B.
[0070] FIG.9 and FIG. 10 show the radiation pattern char-
acteristics when antennas placed as in FIG. 8 are adopted.
Here, radiation pattern characteristics in center frequency 2.4
GHz have been investigated when the size of housing 30 is 45
mmx180 mm, the parameters of half-folded dipole antennas
10A and 10B are wl=w2=d=5 mm, wt=2 mm, h=7 mm,
s=12.5 mm and b=1 mm.

[0071] FIG. 9 shows a radiation pattern of half-folded
dipole antenna 10A and FIG. 10 shows a radiation pattern of
half-folded dipole antenna 10B. For example, as known from
FIG. 9B and

[0072] FIG. 10B, the radiation pattern in the X-Z plane is
formed symmetrically toward the outside of housing 30.
When the correlation coefficient between antennas 10A and
10B is found, a low value 0.08 is obtained. By this means,
high MIMO performance can be realized by adopting the
configuration according to the present embodiment.

[0073] Further, when the current distribution at center fre-
quency 2.4 GHz has been investigated, it has been found out
that current is distributed around the antenna elements in a
concentrated manner. By this means, even when a terminal
used by holding it in a hand, the influence upon antenna
characteristic is little. Normally, for a mobile phone device,
which is usually used by holding it in a hand, less influence
upon a human body suggests that safe communication is
possible in any use conditions.

(Embodiment 3)

[0074] FIG. 11 shows an example of the configuration of
half-folded dipole antenna according to the present embodi-
ment. At half-folded dipole antennas 10A and 10B according
to the present embodiment, gaps are provided between the
antenna elements and the grounding parts in plate conductor
20, and resonant circuits A1 and A2 are loaded in these parts.
[0075] With the present embodiment, feeds B1 and B2 are
grounded on upper element 12, and parallel resonant circuits
(LC circuits) Al and A2 are connected with bottom element
11.

[0076] FIG. 12 shows the frequency characteristics of half-
folded dipole antennas 10A and 10B when the configuration
according to the present embodiment is adopted. The solid
line shows the frequency characteristics in the cases where
parallel resonant circuits are not provided (that is, bottom
element 11 is grounded directly) or where parallel resonant
circuits are operated in OFF mode.

[0077] Meanwhile, the dotted lines show the frequency
characteristics in the cases where parallel resonant circuits
are provided and operated in ON mode. By providing parallel
resonant circuits, it is possible to acquire the low frequency

Apr. 22,2010

band between 1.6 and 1.9 GHz that cannot be acquired when
parallel resonant circuits are not provided (the solid line in the
figure), in addition to the frequency band between 2.2 and 2.6
GHz.

[0078] By this means, multi frequency (multi resonance)
can be achieved, so that it is possible to be adaptable to realize
multi-band. Frequency bands can change to a certain extent
by changing a circuit constant of a parallel resonant circuit.
[0079] In this way, according to the present embodiment,
by providing parallel resonant circuits Al and A2 for half-
folded dipole antennas 10A and 10B, it is possible to achieve
a half-folded dipole antenna that is wide band and is more
adaptable to realize multi band.

[0080] The configurations of the above described Embodi-
ments 1 to 3 can be implemented by combining these embodi-
ments.

(Another Embodiment)

[0081] Although cases have been explained with the above
Embodiments 1 to 3 where a half-folded dipole antenna hav-
ing a J-shaped face as disclosed in Non-Patent Documents 1
and 2 is applied to the present invention, the present invention
is not limited to the above embodiments, and, a half-folded
dipole antenna having a L-shaped face without short side
parts 114 and 12d by keeping lengthening parameter s may be
applied.

[0082] That is, a half-folded dipole antenna having a
L-shaped face, and, furthermore, other half-folded dipole
antennas having other shaped faces can achieve to realize
wide band and improve frequency -characteristics as
described the above Embodiment 1 by making different the
element widths of an upper element and bottom element.
[0083] Further, the half-folded dipole antenna having an
L-shaped face in which short side parts 114 and 12d are
omitted can improve MIMO performance by placing two
half-folded dipole antennas each having an L-shaped face in
which short side parts 114 and 124 are omitted, along two
upper end corners of the housing of the mobile phone device,
similar to above Embodiment

[0084] Further, a half-folded dipole antenna having an
L-shaped face in which short parts 114 and 124 are omitted,
and, furthermore, other half-folded dipole antennas having
other shaped faces can achieve a half-folded dipole antenna
that is wide band that is adaptable to realize multi band by
providing a parallel resonant circuit, similar to above
Embodiment 3.

INDUSTRIAL APPLICABILITY

[0085] Thehalf-folded dipole antenna of the present inven-
tion is suitable for use as an antenna built in a portable termi-
nal that carries out MIMO communication. Further, the
present invention is effective in technologies to communicate
using a plurality of antennas besides MIMO communication,
for example, AAA (Adaptive Array Antenna) communica-
tion.

1. A half-folded dipole antenna comprising:

a first antenna element formed in a shape of a letter J, one
end of'the first antenna element being connected with a
conductor plate; and

a second antenna element formed in the shape of the letter
J, having element widths that are different from the
element widths of the first antenna element, and folded
from the other end of the first antenna element to overlap
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with the first antenna element at a distance, one end of
the second antenna element being connected with the
conductor plate.
2. The half-folded dipole antenna according to claim 1,
wherein, the first antenna element and second antenna ele-
ment are each formed with a long part, a middle part and a
short part, wherein:
the long part, the middle part and the short part are provided
in ascending order of distance from where the first
antenna element and second antenna element are con-
nected with the conductor plate;
the element width of the short part varies between the first
antenna element and second antenna element; and
the element width of the long part of one of the first antenna
element and second antenna element on a feed side, is
wider than the element width of the long part of the other
antenna element on a non-feed side.
3. A portable terminal comprising:
a first half-folded dipole antenna and second half-folded
dipole antenna that are placed along upper corners of a
housing of the portable terminal,
wherein the first half-folded dipole antenna and second
half-folded dipole antenna each comprise:
afirst antenna element formed in a shape of aletter J, one
end of the first antenna element being connected with
a conductor plate; and

a second antenna element formed in the shape of the
letter ], folded from the other end of the first antenna
element to overlap with the first antenna element at a
distance, one end ofthe second antenna element being
connected with the conductor plate,

wherein the first antenna element and second antenna
element of the first half-folded dipole antenna and
second half-folded dipole antenna are each formed
with a long part, a middle part and a short part, the
long part, the middle part and the short part being
provided in ascending order of distance from where
the first antenna element and second antenna element
are connected with the plate conductor; and

wherein the first half-folded dipole antenna and second
half-folded dipole antenna are placed such that these
long parts meet along each side of the housing.
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4. The portable terminal according to claim 3, wherein the
element widths vary between the first antenna element and
second antenna element of the first half-folded dipole antenna
and second half-folded dipole antenna.
5. A portable terminal comprising:
a first half-folded dipole antenna and second half-folded
dipole antenna that are placed along upper corners of a
housing of the portable terminal,
wherein the first half-folded dipole antenna and second
half-folded dipole antenna each comprise:
afirst antenna element formed in a shape of aletter J, one
end of the first antenna element being connected with
a conductor plate; and

a second antenna element formed in the shape of the
letter ], folded from the other end of the first antenna
element to overlap with the first antenna element at a
distance, one end ofthe second antenna element being
connected with the conductor plate; and

wherein the element widths vary between the first antenna
element and second antenna element of the first half-
folded dipole antenna and second half-folded dipole
antenna.

6. A half-folded dipole antenna comprising:

a first antenna element formed in a shape of a letter J, one
end of'the first antenna element being connected with a
conductor plate;

a second antenna element formed in the shape of the letter
J, folded from the other end of the first antenna element
to overlap with the first antenna element at a distance,
one end of the second antenna element being connected
with the conductor plate;

a feed connected with the end of the first antenna element;
and

a resonant circuit connected with the end of the second
antenna element,

wherein the element widths vary between the first antenna
element and second antenna element.

7. (canceled)
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SURFACE-MOUNTED ANTENNA, ANTENNA
DEVICE USING THE SAME, AND RADIO
COMMUNICATION EQUIPMENT

TECHNICAL FIELD

[0001] The present invention relates to a surface-mounted
antenna, an antenna device using the same, and radio com-
munication equipment. More specifically, the present inven-
tion relates to a surface-mounted antenna of a combo antenna
type with two power supply electrodes and two radiation
electrodes, an antenna device using the same, and radio com-
munication equipment.

BACKGROUND OF THE INVENTION

[0002] In recent years, compact communication terminal
devices such as cellular phones which solely cope with plural
radio communication systems using a surface-mounted
antenna, such as wireless LAN, GPS, and Bluetooth, have
appeared. The frequencies of electric waves used by these
radio communication systems are typically different from
each other. Plural surface-mounted antennas are provided in
one compact mobile terminal device, which cannot make the
compact communication terminal device smaller. The study
for coping with the plural radio communication systems of
different frequencies by one surface-mounted antenna is
being advanced.

[0003] One of the candidates of such surface-mounted
antennas which are now being studied is of a combo antenna
type with two power supply electrodes and two radiation
electrodes. This has two radiation electrodes on one base
surface so that they are not overlapped with each other and
supplies power to each of them. Its specific example is
described in FIG. 6 of Japanese Patent Application Laid-
Open (JP-A) No. 2006-67259.

SUMMARY OF THE INVENTION

[0004] In the surface-mounted antenna of a combo antenna
type, the two radiation electrodes need be provided so as to be
spaced apart from each other to some extent in order to avoid
the interference of an electromagnetic field. It is difficult to
make the surface-mounted antenna itself smaller.

[0005] Accordingly, an object of the present invention is to
provide a smaller surface-mounted antenna of a combo
antenna type, an antenna device using the same, and radio
communication equipment.

[0006] A surface-mounted antenna according to the present
invention to achieve the above object has a base having a
substantially rectangular parallelepiped shape, a first antenna
element formed on the surface of the base and having a first
radiation electrode subjected to direct power supply, and a
second antenna element formed on the surface of the base and
having a second radiation electrode subjected to capacitive
coupling power supply.

[0007] According to the present invention, the phase of an
electric current flowing through the second radiation elec-
trode is advanced by 90° as compared with the phase of an
electric current flowing through the first radiation electrode.
The interference of an electromagnetic field between the first
and second antenna elements is thus reduced. This allows the
first and second radiation electrodes to be arranged closer to
each other. Therefore, the smaller surface-mounted antenna
of'a combo antenna type can be provided.

Apr. 29,2010

[0008] In the surface-mounted antenna, the first antenna
element may further have a first power supply electrode
which directly connects a first power supply line formed on a
substrate on which the surface-mounted antenna is provided
and the first radiation electrode, and the second antenna ele-
ment may further have a second power supply electrode
which connects a second power supply line formed on the
substrate and the second radiation electrode via a gap. With
this structure, the direct power supply of the first radiation
electrode and the capacitive coupling power supply of the
second radiation electrode can be realized.

[0009] In the surface-mounted antenna, a first ground pat-
tern connected to the first power supply line may be formed
on the substrate, the first antenna element may further have a
first conductor having one end contacted with the first radia-
tion electrode and the other end not contacted with other
conductors, the second antenna element may further have a
second conductor which connects the second radiation elec-
trode and the first ground pattern. The second power supply
electrode may be formed on a first surface of the base, and the
first conductor may be formed on a second surface orthogonal
to the first surface of the base. With this, the other end of the
first conductor configures the open end of the first antenna
element, and the conductor end of the gap located on the
second radiation electrode side configures the open end of the
second antenna element. The open ends are formed on the two
surfaces of the base formed at an angle of 90°. The charac-
teristics of the first and second antenna elements can be
accordingly improved.

[0010] Inthe surface-mounted antenna, the first and second
radiation electrodes may be extended in parallel with each
other from one end of the substrate to the other end thereof,
and the first power supply electrode and the second conductor
may be contacted with the first and second radiation elec-
trodes in the portions closer to the other end of the base,
respectively. With this structure, when the base is provided
near the corner portion of the substrate, both the short stubs of
the first and second antenna elements (the first power supply
electrode and the second conductor) can be arranged closer to
the corner portion of the substrate. The substrate can be effi-
ciently used together with the first and second antenna ele-
ments. The antenna efficiencies can be accordingly improved.
[0011] In each of the surface-mounted antennas, the base
may have convex surfaces protruded with respect to a differ-
ent portion on the surfaces on which the first and second
radiation electrodes are provided, and the first and second
radiation electrodes may be provided on the convex surfaces.
With this structure, the volume of the base can be reduced, the
antenna characteristic can be improved, and the position shift
when the radiation electrodes are formed by screen printing
can be prevented.

[0012] An antenna device according to the present inven-
tion has anyone of the surface-mounted antennas and the
substrate.

[0013] Inthe antenna device, the substrate may have plural
land patterns at a ground potential in the provided region of
the surface-mounted antenna. With this structure, an electric
current flowing through each of the conductors on the base
can be forcefully guided to the ground. The interference of an
electromagnetic field between the first and second antenna
elements can be reduced.

[0014] In the antenna device, the substrate may have a
second ground pattern provided on the back side thereof, and
plural throughhole conductors which connect the second
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ground pattern and the face side thereof, wherein each of the
plural land patterns may be connected to the second ground
pattern by any one of the plural throughhole conductors. By
this, the wiring of the face side can be prevented from becom-
ing complicated.

[0015] Radio communication equipment according to the
present invention has any one of the antenna devices.

[0016] According to the present invention, the smaller sur-
face-mounted antenna of a combo antenna type can be pro-
vided.

[0017] Preferred embodiments of the present invention will
be described below in detail with reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1 is a perspective view showing the configura-
tion of an antenna device according to a first embodiment of
the present invention;

[0019] FIG. 2 is a developed view of a surface-mounted
antenna according to the first embodiment of the present
invention;

[0020] FIGS. 3A and 3B are plan views showing the con-
figuration of a substrate according to the first embodiment of
the present invention, in which FIG. 3A is a plan view of the
face side of the substrate (the surface on which the surface-
mounted antenna is provided) and FIG. 3B is a plan view of
the back side of the substrate;

[0021] FIG. 4 is a graph showing the comparison of the
characteristic of the surface-mounted antenna according to
the first embodiment of the present invention (Example 1)
with the characteristic of the surface-mounted antenna
according to Comparative Example 1;

[0022] FIG. 5 is a perspective view showing the configura-
tion of an antenna device according to a second embodiment
of the present invention;

[0023] FIG. 6 is a developed view of the surface-mounted
antenna according to the second embodiment of the present
invention;

[0024] FIGS. 7A and 7B are plan views showing the con-
figuration of the substrate according to the second embodi-
ment of the present invention, in which FIG. 7A is a plan view
of the face side of the substrate (the surface on which the
surface-mounted antenna is provided) and FIG. 7B is a plan
view of the back side of the substrate;

[0025] FIGS. 8A, 8B, 8C, and 8D are substantially perspec-
tive views in which the vicinity of the surface-mounted
antenna of the antenna device according to the second
embodiment of the present invention is seen from four direc-
tions of the side surfaces of the substrate;

[0026] FIG. 9 is a graph showing the comparison of the
characteristic of the surface-mounted antenna according to
the second embodiment of the present invention (Example 2)
and the characteristic of the surface-mounted antenna accord-
ing to the first embodiment of the present invention (Example
D)

[0027] FIG. 10 is a perspective view showing the configu-
ration of an antenna device according to Comparative
Example 1 of the present invention; and
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[0028] FIG. 11 is a developed view of the surface-mounted
antenna according to Comparative Example 1 of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0029] FIG. 1 is a perspective view showing the configura-
tion of an antenna device 1a according to a first embodiment
of the present invention. As shown in FIG. 1, the antenna
device 1a has a surface-mounted antenna 10, and a substrate
20 on which the surface-mounted antenna 10 is provided.
FIG. 2 shows a developed view of the surface-mounted
antenna 10. FIGS. 3A and 3B show plan views showing the
configuration of the substrate 20. FIG. 3A is a plan view of the
face side of the substrate 20 (the surface on which the surface-
mounted antenna 10 is provided). FIG. 3B is a plan view of
the back side of the substrate 20. The antenna device 1a is
mounted on compact radio communication equipment such
as a cellular phone.

[0030] As shown in FIGS. 1 and 2, the surface-mounted
antenna 10 has a base 11 made of a dielectric having a sub-
stantially rectangular parallelepiped shape, and an antenna
element 13 (a first antenna element) and an antenna element
14 (a second antenna element) configured by conductors on
the surface of the base 11. As shown in FIG. 1, the surface-
mounted antenna 10 is provided near the corner portion of the
substrate 20.

[0031] The term “substantially rectangular parallelepiped
shape” is intended to include, not only a complete rectangular
parallelepiped shape, but also a partially incomplete rectan-
gular parallelepiped one. In this embodiment, the base 11 has
convex surfaces 12 protruded by a height h with respect to a
different portion on a top surface 11C and does not have the
complete rectangular parallelepiped shape.

[0032] The size of the base 11 should be appropriately set
according to a target antenna characteristic. Without being
limited, lateral lengths x1 and x2 (x1>x2) can be 14 mm and
3 mm, respectively, and a height x3 can be 3 mm. Without
being limited, as the materials of the base 11, it is preferable
to use dielectric materials such as a Ba—Nd—Ti material (a
dielectric constant of 80 to 120), an Nd—Al—Ca—Ti mate-
rial (a dielectric constant of 43 to 46), an Li—Al—Sr—Ti (a
dielectric constant of 38 to 41), a Ba—Ti material (a dielectric
constant of 34 to 36), a Ba—Mg—W material (a dielectric
constant of 20 to 22), an Mg—Ca—Ti material (a dielectric
constant of 19 to 21), sapphire (a dielectric constant of 9 to
10), alumina ceramics (a dielectric constant of 9 to 10), and
cordierite ceramics (a dielectric constant of 4 to 6). The base
11 is manufactured by calcining these materials using a die.
[0033] The dielectric materials to be specifically used may
be appropriately selected according to the used frequencies of
the radio communication systems described below to use the
antenna elements 13 and 14. As a dielectric constant €r is
larger, a higher wavelength shortening effect can be obtained.
The length of the radiation conductors can be accordingly
shortened. When the dielectric constant €r is too large, how-
ever, the antenna gain is reduced. It is, thus, preferable to
determine the optimum dielectric material by observing the
balance of these. By way of example, when the antenna
element 13 is used for GPS reception and the antenna element
14 isused for wireless LAN communication of IEEE802.11b,
itis preferable to use the dielectric material having a dielectric
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constant of about 5 to 40. As such a dielectric material, the
Mg—Ca—Ti dielectric ceramic can be preferable. As the
Mg—Ca—Ti dielectric ceramic, it is particularly preferable
to use the Mg—Ca—Ti dielectric ceramic containing TiO,,
MgO, Ca0O, MnO, and SiO,.

[0034] The antenna element 13 has a radiation electrode
13A (a first radiation electrode) formed on the top surface
11C of the base 11, a conductor 133 formed continuously
from a side surface 11A (the side surface vertical to a longi-
tudinal direction) to a bottom surface 11E, a conductor 13C
formed continuously from a side surface 11B (the side surface
in parallel with a longitudinal direction) to the bottom surface
11E of the base 11, a power supply electrode 13D (a first
power supply electrode) formed on the side surface 11A, and
aconductor 13E (a first conductor) formed on the side surface
11B. The antenna element 19 has a radiation electrode 14A (a
second radiation electrode) formed on the top surface 11C of
the base 11, a conductor 14B formed continuously from a side
surface 11F (the side surface opposite to the side surface 11A)
to the bottom surface 11E, a conductor 14C formed on the
bottom surface 11E, a power supply electrode 14D (a second
power supply electrode) formed on the side surface 11F, and
a conductor 14E (a second conductor) formed on a side sur-
face 11D (the side surface opposite to the side surface 11B).
It is preferable to form these electrodes and conductors by
screen printing.

[0035] The radiation electrodes 13A and 14A are extended
in parallel with each other from one end in a longitudinal
direction of the base 11 (the end on the side surface 11F side)
toward the other end thereof on the convex surfaces 12 pro-
vided to the top surface 11C. The convex surfaces 12 include
a convex surface having a constant width of w1 along the
boundary between the top surface 11C and the side surface
11B, and a convex surface having a constant width w2 along
the boundary between the top surface 11C and the side sur-
face 11D. The radiation electrode 13 A is formed on the entire
convex surface having the constant width wl. The radiation
electrode 13A has a rectangular conductor pattern whose
width is equal to w1 and whose length is equal to the entire
length in a longitudinal direction of the base 11. The radiation
electrode 14A is formed on the convex surface having the
constant width w2 from the one end of the base 11 (the end on
the side surface 11F side) to only the portion at a predeter-
mined distance L1 (<x1) which is shorter than the entire
length in a longitudinal direction of the base 11. The radiation
electrode 13A has a rectangular conductor pattern whose
width is equal to w2 and whose length is L.1.

[0036] Each of the conductors 13B and 14B has a rectan-
gular conductor pattern which is formed throughout the entire
width of the bottom surface 11E at the end on the side surface
11A side or the end on the side surface 11F side in a longitu-
dinal direction of the bottom surface 11E and is extended to
the vicinity of the boundary between the side surface 11A or
11F and the bottom surface 11E.

[0037] The conductors 13C and 14C have rectangular con-
ductor patterns provided in this order between the conductors
14B and 13B. The conductor 13C is formed throughout the
entire width of the bottom surface 11E and is extended to the
vicinity of the boundary between the side surface 11B and the
bottom surface 11E. The conductor 14C is not formed
throughout the entire width of the bottom surface 11E and is
formed at a constant width near the boundary between the
bottom surface 11E and the side surface 11D.
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[0038] A conductor 15 has a rectangular conductor pattern
formed in a region resulting from the conductor 14C not
formed throughout the entire width of the bottom surface
11E. The conductor 15 is not contacted with other conductors
on the surface of the base 11.

[0039] The power supply electrode 13D is formed on the
side surface 11 A at the constant width w1 along the boundary
between the side surfaces 11A and 11B. The upper end of the
power supply electrode 13D is contacted with the radiation
electrode 13 A and the lower end thereof is contacted with the
conductor 13B. The power supply electrode 14D is formed on
the side surface 11F at the constant width w2 along the bound-
ary between the side surfaces 11F and 11D. The upper end of
the power supply electrode 14D is contacted with the radia-
tion electrode 14A and the lower end thereof is not contacted
with the conductor 14B. A gap 14¢g having a predetermined
width is provided between the power supply electrode 14D
and the conductor 14B. The vertical length of the power
supply electrode 14D is set to L.2. The power supply electrode
14D is extended along the gap 14g by a length 1.3 to an end
14Da toward the side surface 11B.

[0040] The conductor 13E is provided on the side surface
11B, and has a portion 13E-1 formed at the constant width w1
to the vicinity of the center in a vertical direction of the side
surface 11B along the boundary between the side surfaces
11B and 11F and a portion 13E-2 having a length [.4 and
formed at the constant width w1 from the lower end of the
portion 13E-1 to an end 13Ea in the vicinity of the center of
the side surface 11B. The portion 13E-2 and the conductor
13C are not contacted and a gap 13g having a predetermined
width is provided therebetween. The conductor 14E has a
rectangular conductor pattern provided on the side surface
11D from top to bottom. The width of the conductor 14E is w2
equal to the width of the radiation electrode 14A. The upper
end of the conductor 14E is contacted with the radiation
electrode 14 A and the lower end thereof is contacted with the
conductor 14C.

[0041] As shown in FIGS. 1, 3A, and 3B, the substrate 20
has, on its face side, a ground clearance region 21 not pro-
vided with a ground pattern, a ground pattern 22 (a first
ground pattern) provided around the ground clearance region
21, land patterns 23-1 and 23-2, 24-1 and 24-2, and 25 pro-
vided in the ground clearance region 21, power supply lines
26-1 and 26-2 connected to the land patterns 23-1 and 23-2,
respectively, and throughhole conductors 27-1 and 27-2
which guide the power supply lines 26-1 and 26-2 to the back
side of the substrate 20, and has, on its back side, a ground
pattern 29 (a second ground pattern). A region X indicated by
the dashed line of the ground clearance region 21 is the region
onto which the surface-mounted antenna 10 is provided (pro-
vided region). Although not shown, other various electronic
components for configuring radio communication equipment
are mounted on the substrate 20.

[0042] The ground clearance region 21 is provided along
the corner portion of the substrate 20. Two directions around
the ground clearance region 21 are surrounded by the ground
pattern 22. Other two directions form an open space in which
the substrate 20 does not exist.

[0043] The ground pattern 29 on the back side exists imme-
diately below the region X. The surface-mounted antenna 10
is of the so-called on-ground type.

[0044] The land patterns 23-1 and 23-2 are provided in the
positions corresponding to the conductors 13B and 14B of the
surface-mounted antenna 10, respectively, and are solder con-
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nected to these conductors. The land pattern 23-1 is contacted
with the ground pattern 22 at an end 23-1a so that the power
supply line 26-1 and the ground pattern 22 are connected. The
land patterns 24-1 and 24-2 are provided in the positions
corresponding to the conductors 13C and 14C of the surface-
mounted antenna 10, respectively, and are solder connected to
these conductors. The land pattern 25 is provided in the posi-
tion corresponding to the conductor 15 of the surface-
mounted antenna 10 and is solder connected to the conductor
15.

[0045] The power supply lines 26-1 and 26-2 are connected
to the land patterns 23-1 and 23-2, respectively. Chip reactors
28a and 285 for impedance adjustment are mounted between
the power supply lines 26-1 and 26-2 and the ground pattern
22. The chip reactors 28a and 285 are preferably mounted in
the positions outside the ground clearance region 21 and as
closely as possible to the ground clearance region 21. The
power supply lines 26-1 and 26-2 are introduced into the back
side by the throughhole conductors 27-1 and 27-2 and are
connected to signal lines (not shown) on the back side.
[0046] Chip reactors 28¢ and 284 for frequency adjustment
are mounted between the land patterns 24-1 and 24-2 and the
ground pattern 22, respectively. The chip reactors 28c and 284
are inserted in series between lead portions 24-1a and 24-2a
of the land patterns 24-1 and 24-2 and the ground pattern 22,
respectively. The chip reactors 28¢ and 284 are preferably
mounted in the positions outside the ground clearance region
21 and as closely as possible to the ground clearance region
21.

[0047] The chip reactor 284 need be an inductor, a capaci-
tor, or a short circuit. As will be described later, the conduc-
tors 14C and 14E function as the short stubs in the antenna
element 14. This is realized by connecting the conductors
14C and 14E to the ground pattern 22.

[0048] The land pattern 25 is not connected to other pat-
terns of the substrate 20 and is in a floating state.

[0049] The surface-mounted antenna 10 and the substrate
20 have the above-described configurations. The antenna ele-
ments 13 and 19 function as an inverted-F antenna. In the
antenna element 13, the power supply electrode 13D and the
conductor 13B function as the short stubs of the inverted-F
antenna, and the end 13Ea of the conductor 13E on the gap
13g side functions as the open end of the inverted-F antenna.
In the antenna element 14, the conductors 14E and 19C func-
tion as the short stubs of the inverted-F antenna, and the end
14Da of the conductor 14D on the gap 14g side functions as
the open end of the inverted-F antenna.

[0050] The resonance frequencies of the antenna elements
13 and 19 are determined by the lengths and widths of the
conductors formed on the surface of the base 11 and the
apparent dielectric constant of the base 11. In the antenna
device 1la, fine adjustment of the resonance frequencies is
enabled by appropriately adjusting the reactances of the chip
reactors 28¢ and 284.

[0051] The antenna element 13 relatively located outside
the substrate 20 is preferably used for the radio communica-
tion system of a relatively low frequency. The antenna ele-
ment 14 relatively located inside the substrate 20 is preferably
used for the radio communication system of a relatively high
frequency. By way of example, when they cope with GPS
reception using a frequency in a 1.5 GHz bandwidth and
IEEE802.11b communication using a frequency ina 2.5 GHz
bandwidth, it is preferable that the resonance frequency of the
antenna element 13 be adjusted to the 1.5 GHz bandwidth and
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that the resonance frequency of the antenna element 14 be
adjusted to the 2.5 GHz bandwidth.

[0052] The surface-mounted antenna 10 has a characteris-
tic in the power supply method of the radiation electrodes
13A and 14A. The radiation electrode 13A is subjected to
direct power supply and the radiation electrode 14A is sub-
jected to capacitive coupling power supply. Here, direct
power supply means that the radiation electrode and the
power supply line on the substrate 20 are connected by a
series of continuous conductors (direct connection), and the
capacitive coupling power supply means that the radiation
electrode and the power supply line on the substrate are
connected via the gap (capacitive coupling connection).
[0053] Specifically, the power supply line 26-1, the land
pattern 23-1, the conductor 13B, the power supply electrode
13D, and the radiation electrode 13A become a series of
continuous conductors, thereby realizing the direct power
supply of the radiation electrode 13A. The power supply line
26-2, the land pattern 23-2, the conductor 14B, the power
supply electrode 14D, and the radiation electrode 14A
become a series of continuous conductors except that they
have the gap 14g partway, thereby realizing the capacitive
coupling power supply of the radiation electrode 14A.
[0054] By using the above power supply method, the phase
of an electric current flowing through the radiation electrode
14A is advanced by 90° as compared with an electric current
flowing through the radiation electrode 13A. The interference
of an electromagnetic field between the antenna elements 13
and 14 can be reduced. As compared with the case of using the
same power supply method for both the radiation electrodes,
the radiation electrodes 13A and 14A can be closer to each
other. The smaller surface-mounted antenna of a combo
antenna type can be provided.

[0055] FIG. 4 is a graph showing the comparison of the
characteristic of the surface-mounted antenna 10 according to
this embodiment (Example 1) and the characteristic in which
the gap 14g is eliminated from the surface-mounted antenna
10 and the conductors 14E and 14C are separated from each
other (Comparative Example 1). The horizontal axis indicates
a frequency and the vertical axis indicates the rate of the
amplitude of a signal outputted from the power supply line
26-2 when the signal is inputted from the power supply line
26-1 (called an “S21 value”). This graph shows that the inter-
ference of an electromagnetic field between the antenna ele-
ments 13 and 14 is reduced as the value is smaller.

[0056] FIG. 10 shows a perspective view showing the con-
figuration of an antenna device is according to Comparative
Example 1. FIG. 11 shows a developed view of the surface-
mounted antenna 10 according to Comparative Example 1.
As shown in these drawings, in Comparative Example 1, the
gap 14g is eliminated, the conductor 14B and the power
supply electrode 14D are contacted, a gap 14/ is provided
between the conductors 14C and 14E, and these are sepa-
rated. The short stubs and the open ends of the antenna ele-
ment 19 of Example 1 and Comparative Example 1 are
inverted with respect to each other. In the antenna element 14,
an end 14Ea of the conductor 14E on the gap 144 side func-
tions as the open end of the inverted-F antenna, and the
conductors 14D and 14B function as the short stubs of the
inverted-F antenna.

[0057] In performing the measurement of characteristic
shown in FIG. 4, the lengths and the like of the respective
portions are adjusted to obtain the best characteristic. Spe-
cifically, x1=14 mm, x2=3 mm, x3=3 mm, wl=1 mm, w2=1
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mm, L1=11.9 mm, L.2=2.2 mm, [.3=1.0 mm, L4=8.9 mm,
h=0.2 mm, and the widths of the gaps 13g, 14g, and 14/ are
0.4 mm, 0.3 mm, and 1.0 mm, respectively.

[0058] AsshowninFIG. 4, the S21 values of Example 1 are
smaller than those of Comparative Example 1 in the entire
range (1 to 3 GHz) of the measured frequencies including the
resonance frequency bandwidths of the antenna elements 13
and 14. By this, it is understood that the interference of an
electromagnetic field between the antenna elements 13 and
14 of Example 1 is smaller than that of Comparative Example
1

[0059] As described above, in the surface-mounted antenna
10 and the antenna device 1a using the same, the radiation
electrode 13A is subjected to direct power supply and the
radiation electrode 14A is subjected to capacitive coupling
power supply. The interference of an electromagnetic field
between the antenna elements 13 and 14 is smaller than the
related art. The radiation electrodes 13A and 14A can be
closer to each other. The smaller surface-mounted antenna of
a combo antenna type can be provided.

[0060] In the surface-mounted antenna 10, the open ends
(the ends 13Ea and 14Da) of the antenna elements 13 and 14
are formed on the two surfaces (the side surfaces 11B and
11F) of the base 11 formed at an angle of 90°. The antenna
characteristics of the antenna elements 13 and 14 can be
improved.

[0061] In the surface-mounted antenna 10, both the short
stubs of the antenna elements 13 and 14 (the power supply
electrode 13D and the conductor 13B in the antenna element
13 and the conductors 14E and 14C in the antenna element
14) can be closer to the corner portion of the substrate 20. The
inverted-F antenna is an antenna using an image generated on
the substrate via the short stubs. In the surface-mounted
antenna 10, both the short stubs of the antenna elements 13
and 14 are located at the corner portion of the substrate 20.
Both the antenna elements 13 and 14 can realize efficient
image generation. The antenna efficiencies of the antenna
elements 13 and 14 can be thus improved.

[0062] The convex surfaces 12 for forming the radiation
electrodes are provided to the top surface 11C of the base 11.
The position shift when the radiation electrodes are formed
by screen printing can be prevented. The portion between the
radiation electrodes is relatively recessed. This reduces the
volume of the base 11. The antenna characteristic can be
therefore improved. The interference of an electromagnetic
field between the antenna elements 13 and 14 can also be
reduced.

Second Embodiment

[0063] FIG. 5 is a perspective view showing the configura-
tion of an antenna device 15 according to a second embodi-
ment of the present invention. FIG. 6 shows a developed view
of the surface-mounted antenna 10 configuring the antenna
device 15. FIGS. 7A and 7B show plan views showing the
configuration of the substrate 20 configuring the antenna
device 15b. FIG. 7A is a plan view of the face side of the
substrate 20. FIG. 7B is a plan view of the back side of the
substrate 20.

[0064] The antenna device 15 forcefully guides an electric
current flowing through each of the conductors on the base 11
to the ground in the antenna device 1a and attempts to reduce
the interference of an electromagnetic field between the
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antenna elements 13 and 14. This is realized by providing
plural land patterns at a ground potential in the provided
region X.

[0065] Specifically, as shown in FIGS. 5, 7A, and 7B, a
large number of land patterns 25 in a floating state which is
not connected to other patterns are provided on the face side
of'the substrate 20. The space for providing the land patterns
25 is secured by reducing the areas of the land patterns 23-1
and 23-2, and 24-1 and 24-2. Each of'the land patterns 25 and
the ground pattern 29 on the back side are connected by a
throughhole conductor 30. The throughhole conductor 30 is
preferably provided near the center of each of the land pat-
terns 25.

[0066] To make the land patterns 25 be at a ground poten-
tial, as described above, the throughhole conductor 30 is used
to prevent the wiring on the face side from becoming com-
plicated. Where possible, the land patterns 25 and the ground
pattern 22 on the face side may be directly connected without
using the throughhole conductors 30. FIG. 7A also shows the
thus-provided land patterns. In the example of FIG. 7A, a
portion of the ground pattern 22 is extended into the ground
clearance region 21 (an extended portion 22a). The extended
portion 22a functions as one of the land patterns at a ground
potential.

[0067] The ground patterns 22 and 29 may be connected by
the throughhole conductor 30. In this case, as shown in FIGS.
5, 7A, and 7B, the throughhole conductor 30 is preferably
provided near the contacted portion of the land pattern 23-1
and the ground pattern 22.

[0068] FIGS.8A, 8B, 8C, and 8D are substantially perspec-
tive views in which the vicinity of the surface-mounted
antenna 10 of the antenna device 15 is seen from four direc-
tions of the side surfaces of the substrate 20. FIGS. 8A, 8B,
8C, and 8D correspond to a direction A, a direction B, a
direction C, and a direction D shown in FIG. 7A. InFIGS. 8A,
8B, 8C, and 8D, only the throughhole conductors 30 are
shown by perspective views and other configurations are
shown by plan views. As shown in FIGS. 8A, 8B, 8C, and 8D,
the throughhole conductors 30 penetrate through the sub-
strate 20 and electrically connect the patterns on the face side
and the patterns on the back side.

[0069] As shown in FIGS. 5 and 6, on the side of the
surface-mounted antenna 10, the conductor 15 which is not
contacted with other conductors on the surface of the base 11
is provided in the position corresponding to each of the land
patterns 25. The conductor 15 and the land pattern 25 are
solder connected. The surface potential of the base 11 is
reliably a ground potential. For convenience of manufacture,
it is preferable that the conductor 15 be not provided in the
position of the throughhole conductor 30.

[0070] As described above, in the antenna device 15, the
plural land patterns 25 at a ground potential are provided in
the provided region X. The interference of an electromagnetic
field between the antenna elements 13 and 14 can be reduced.
[0071] FIG. 9 is a graph showing the comparison of the
characteristic of the surface-mounted antenna 10 according to
this embodiment (Example 2) and the characteristic of the
surface-mounted antenna 10 according to the first embodi-
ment (Example 1) shown in FIG. 4. The horizontal axis and
the vertical axis are similar to FIG. 4.

[0072] When the characteristic of Example 2 is measured,
the lengths and the like of the respective portions are adjusted
to obtain the best characteristic. Specifically, x1=14 mm,
x2=3 mm, x3=3 mm, wl1=1.0 mm, w2=0.5 mm, L1=10.2
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mm, 12=2.2 mm, L.3=1.0 mm, [.4=6.2 mm, 1.5=12.0 mm,
h=0.2 mm, and the widths of the gaps 13g and 14g are 0.5 mm
and 0.3 mm, respectively. A thickness w3 of the extended
portion along the gap 14g of the conductor 14D is larger than
w2 and is 1.3 mm. As shown in FIG. 6, a notch 13EDb is
provided near the folded portion of the conductor 13E. The
portion of the conductor 13C formed on the side surface 11B
is removed. The width w4 of a portion of the radiation elec-
trode 13A (the portion having a length L5 (<x1)=1.0 mm
from the side surface 11F) is smaller than w1 and is 0.9 mm.
This is realized by reducing the width of a portion of the
convex surface 12.

[0073] AsshowninFIG.9,the S21 values of Example 2 are
smaller than those of Example 1 in the entire range (1 to 3
GHz) of the measured frequencies including the resonance
frequency bandwidths of the antenna elements 13 and 14.
From this, it is understood that in Example 2, the interference
of an electromagnetic field between the antenna elements 13
and 14 is smaller than Example 1.

[0074] The numbers and positions of the throughhole con-
ductors 30 and the land patterns 25 are determined by the
experiment so as to obtain the best characteristic. The num-
bers and positions of the throughhole conductors 30 and the
land patterns 25 shown in this embodiment are considered to
be optimum according to the currently advanced experiment.
The experiment results can vary due to various factors. The
present invention does not mean that the numbers and posi-
tions of the throughhole conductors 30 and the land patterns
25 shown in this embodiment are absolutely optimum. The
numbers and positions of the throughhole conductors 30 and
the land patterns 25 can take various forms other than those
shown in this embodiment.

[0075] The preferred embodiments of the present invention
have been described above. The present invention is not lim-
ited to such embodiments. Needless to say, the present inven-
tion can be embodied by various forms in the scope without
departing from its purport.

What is claimed is:

1. A surface-mounted antenna comprising:

a base having a substantially rectangular parallelepiped
shape;

a first antenna element formed on the surface of the base
and having a first radiation electrode subjected to direct
power supply; and

asecond antenna element formed on the surface of the base
and having a second radiation electrode subjected to
capacitive coupling power supply.

2. The surface-mounted antenna as claimed in claim 1,

wherein

the first antenna element further has a first power supply
electrode which directly connects a first power supply
line formed on a substrate on which the surface-mounted
antenna is provided and the first radiation electrode, and

the second antenna element further has a second power
supply electrode which connects a second power supply
line formed on the substrate and the second radiation
electrode via a gap.

3. The surface-mounted antenna as claimed in claim 2,

wherein

a first ground pattern connected to the first power supply
line is formed on the substrate,

the first antenna element further has a first conductor hav-
ing one end contacted with the first radiation electrode
and the other end not contacted with other conductors,
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the second antenna element further has a second conductor
which connects the second radiation electrode and the
first ground pattern,

the second power supply electrode is formed on a first
surface of the base, and

the first conductor is formed on a second surface orthogo-
nal to the first surface of the base.

4. The surface-mounted antenna as claimed in claim 3,

wherein

the first and second radiation electrodes are extended in
parallel with each other from one end of the substrate to
the other end thereof, and

the first power supply electrode and the second conductor
are contacted with the first and second radiation elec-
trodes in the portions closer to the other end of the base,
respectively.

5. The surface-mounted antenna as claimed in claim 1,

wherein

the base has convex surfaces protruded with respect to a
different portion on the surfaces on which the first and
second radiation electrodes are provided, and

the first and second radiation electrodes are provided on the
convex surfaces.

6. An antenna device comprising:

a surface-mounted antenna; and

a substrate on which the surface-mounted antenna is pro-
vided, wherein

the surface-mounted antenna comprises:

a base having a substantially rectangular parallelepiped
shape;

a first antenna element formed on the surface of the base
and having a first radiation electrode subjected to direct
power supply; and

a second antenna element formed on the surface of the base
and having a second radiation electrode subjected to
capacitive coupling power supply.

7. The antenna device as claimed in claim 6, wherein

the substrate has plural land patterns at a ground potential
in the provided region of the surface-mounted antenna.

8. The antenna device as claimed in claim 7, wherein

the substrate comprises:

a second ground pattern provided on the back side thereof;,
and

plural throughhole conductors which connect the second
ground pattern and the face side thereof, wherein

each of the plural land patterns is connected to the second
ground pattern by any one of the plural throughhole
conductors.

9. Radio communication equipment comprising an

antenna device wherein

the antenna device comprises:

a surface-mounted antenna; and

a substrate on which the surface-mounted antenna is pro-
vided,

the surface-mounted antenna comprises:

a base having a substantially rectangular parallelepiped
shape;

a first antenna element formed on the surface of the base
and having a first radiation electrode subjected to direct
power supply; and

a second antenna element formed on the surface of the base
and having a second radiation electrode subjected to
capacitive coupling power supply.

sk sk sk sk sk
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A slot antenna includes a substrate, a radiator, a signal-feed-
ing segment, a signal-feeding end, a first extension section
and a second extension section. The substrate includes a first
plane and a second plane. The radiator is set on the first plane
of the substrate, and includes a slot. The signal-feeding seg-
ment is set in a position on the second plane of the substrate
corresponding to the slot. The signal-feeding end is electri-
cally connected to the signal-feeding segment, and is utilized
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SLOT ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a slot antenna, and
more particularly, to a slot antenna for reducing an area, and
increasing a bandwidth.

[0003] 2. Description of the Prior Art

[0004] Inrecentyears, as the wireless communication tech-
nology develops and expands, higher demands for wireless
communication are increased. Since more information is
transmitted through wireless network, a wide bandwidth of an
antenna for transmitting and receiving wireless signals is
necessary. In addition, as regards sizes of communication
devices, space for designs is limited, which influences
designs of the antenna.

[0005] Please referto FIG. 1, which is a schematic diagram
of a slot antenna 10 utilized in a wireless network. The slot
antenna 10 includes a substrate 100, a radiator 102, and a
signal-feeding segment 104. The substrate 100 includes a
front plane and a rear plane. The radiator 102 is set on the
front plane of the substrate 100, and the signal-feeding seg-
ment 104 is set on the rear plane of the substrate 100. As can
be seen in FIG. 1, the radiator 102 is bent to form a slot 106,
and a length of the radiator 102 near a side of the slot 106 can
be adjusted for generating a desired resonant frequency. A
position of the signal-feeding segment 104 is corresponding
to the slot 106, and includes a signal-feeding end 108 for
receiving signals. When a signal is fed into the signal-feeding
end 108, energy is coupled to the radiator 102 via the signal-
feeding segment 104, so as to transmit signals.

[0006] However, the slot antenna 10 of the prior art occu-
pies a large area, and the bandwidth of the slot antenna 10 is
not sufficient, so the slot antenna 10 needs to be improved to
fulfill utilization requirements.

SUMMARY OF THE INVENTION

[0007] It is therefore a primary objective of the present
invention to provide a slot antenna, to improve shortcomings
of the prior art.

[0008] An embodiment of the invention discloses a slot
antenna, which includes a substrate, a radiator, a signal-feed-
ing segment, a signal-feeding end, a first extension section
and a second extension section. The substrate includes a first
plane and a second plane. The radiator is set on the first plane
of the substrate, and includes a slot. The signal-feeding seg-
ment is set in a position on the second plane of the substrate
corresponding to the slot. The signal-feeding end is electri-
cally connected to the signal-feeding segment, and is utilized
for transmitting signals. The first extension section is set on a
first side of the signal-feeding segment on the second plane of
the substrate, and is utilized for increasing a bandwidth of the
slot antenna. The second extension section is set on a second
side of the signal-feeding segment on the second plane of the
substrate, and is utilized for increasing the bandwidth of the
slot antenna.

[0009] An embodiment of the invention further discloses a
slot antenna, which includes a substrate, a radiator, a signal-
feeding segment, and a signal-feeding end. The substrate
includes a first plane and a second plane. The radiator is set on
the first plane of the substrate, and includes a slot. The signal-
feeding segment is set in a position on the second plane of the
substrate corresponding to the slot, and is bend extension
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shaped. The signal-feeding end is electrically connected to
the signal-feeding segment, and is utilized for transmitting
signals.

[0010] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram of a slot antenna
according to the prior art.

[0012] FIG. 2 is a schematic diagram of a slot antenna
according to an embodiment of the invention.

[0013] FIG. 3 is a schematic diagram of voltage standing
wave ratios of slot antennas shown in FIG. 1 and FIG. 2.
[0014] FIG. 4~16 are schematic diagrams of slot antennas
according to embodiments of the invention.

[0015] FIG. 17 is a schematic diagram of a slot antenna bent
into a three dimensional shape according to an embodiment
of the invention.

DETAILED DESCRIPTION

[0016] Please referto FIG. 2, which is a schematic diagram
of'a slot antenna 2 according to an embodiment of the inven-
tion. A main operating frequency band of the slot antenna 2 is
2300 MHz~2700 MHz, and the slot antenna 2 includes a
substrate 20, a radiator 22, a signal-feeding segment 24, a
signal-feeding end 25, a first extension section 26, and a
second extension section 28. The substrate 20 includes a first
plane 200 and a second plane 201 opposite to the first plane
200, and can be made of FR4 or other material. The radiator
22 is set on the first plane 200 of the substrate 20, and includes
afirst radiating segment 220, a second radiating segment 222,
athird radiating segment 224, and a fourth radiating segment
226. As canbe seen in FIG. 2, the first radiating segment 220,
the second radiating segment 222, the third radiating segment
224, and the fourth radiating segment 226 are respectively
perpendicular to an adjacent radiating segment, which means
that the fourth radiating segment 226 is perpendicular to the
first radiating segment 220, the first radiating segment 220 is
perpendicular to the second radiating segment 222, and the
second radiating segment 222 is perpendicular to the third
radiating segment 224. In other words, these four radiating
segments form a slot 228. A length of the slot 228 is about a
quarter of a wavelength corresponding to the frequency band
(2300 MHz~2700 MHz), namely around 31.3 millimeter. In
addition, the third radiating segment 224 is electrically con-
nected to a ground, and the ground is preferably made of
copper foil. Note that, besides utilizing the third radiating
segment 224 electrically connected to a ground, the first radi-
ating segment 220 or the second radiating segment 222 can be
electrically connected to a ground also. These three imple-
ment methods are included in the invention. In addition, a
function of the fourth radiating segment 226 is to reduce an
area occupied by the slot antenna 2. Compare with the prior
art shown in FIG. 1, the area occupied by the slot antenna 2
can be reduced about 26% due to a bend of the fourth radiat-
ing segment 226.

[0017] Inthe slot antenna 2, the signal-feeding segment 24
is set on the second plane 201 of the substrate 20, and approxi-
mately corresponding to a center of the slot 228. The signal-
feeding segment 24 is rectangle shaped, and is parallel to the
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second radiating segment 222. An end of the signal-feeding
segment 24 is electrically connected to the signal-feeding end
25, and used for receiving signals transmitted from a signal
cable 250. The first extension section 26 and the second
extension section 28 are set on the second plane 201 of the
substrate 20, electrically connected to the signal-feeding seg-
ment 24, and extended to sides of the signal-feeding segment
24, for increasing the bandwidth of the slot antenna 2.
[0018] As can be seen, the invention reduces the area occu-
pied by the slot antenna 2 via the fourth radiating segment
226, and increases the frequency band of the slot antenna 2 via
the first extension section 26 and the second extension section
28.

[0019] Please referto FIG. 3, which is a schematic diagram
of voltage standing wave ratios (VSWR) of the slot antenna
10 and the slot antenna 2 respectively shown in FIG. 1 and
FIG. 2. A curve al represents VSWR of the slot antenna 2
corresponding to frequencies, and a curve bl represents
VSWR of the slot antenna 10 corresponding to frequencies.
As can be seen, between 2 GHz~3 GHz, the curve al is wider
than the curve b1 when VSWR is small than 2. In comparison,
the frequency band of the slot antenna 2 of the invention is
wider than the prior art shown in FIG. 1 because the slot
antenna 2 of the invention adds the first extension section 26
and the second extension section 28, to realize the function of
increasing the frequency band.

[0020] Note that, the first extension section 26 and the
second extension section 28 are rectangle shaped in FIG. 2. In
practical, the first extension section 26 and the second exten-
sion section 28 can be other shapes, such as triangle (refer to
FIGS. 4 and 5), semi-circle (refer to FIG. 6), or semi-ellipse
(referto FIG. 7), and sizes of the first extension section 26 and
the second extension section 28 can be designed differently.
In addition, the number of the first extension section 26 or the
second extension section 28 is not limited to a certain value,
and can be realized by a plurality of extension sections 27
shown in FIGS. 8, 9, and 10. Moreover, the first extension
section 26 and the second extension section 28 are separated
with the signal-feeding segment 24 by a preset distance as
shown in FIG. 11. Certainly, a plurality of extension sections
29 can be added in this situation as shown in FIG. 12. Designs
as mentioned above can increase the frequency band of the
slot antenna 2, and are not limited herein.

[0021] Inaddition, please refer to FIG. 13, which is a sche-
matic diagram of a slot antenna 3 according to an embodiment
of the invention. A structure of the slot antenna 3 shown in
FIG. 13 is similar to the slot antenna 2 shown in FIG. 2. The
only difference is that the slot antenna 3 does not utilize the
first extension section 26 and the second extension section 28
as shown in FIG. 2, but utilizes a bent extension signal-
feeding segment 34 for increasing the frequency band of the
slot antenna 3. Similarly, a shape of the signal-feeding seg-
ment 34 can be varied, as shown in FIG. 14, which also can
realize the goal of increasing the frequency band of the slot
antenna 3.

[0022] Note that, the slot antenna 2 shown in FIG. 2 can
eliminate the fourth radiating segment 226, and increase the
lengths of other radiating segments (as shown in FIG. 15), or
eliminate the first extension section 26 and the second exten-
sion section 28 (as shown in FIG. 16). In addition, the above-
mentioned slot antenna 2 and 3 can be made of micro-strip
lines or some harder materials, and can be bent into a three
dimensional shape, for increasing varieties and flexibilities of
the design. For example, please refer to F1G. 17, a slot antenna
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6 is bent into a three dimensional shape, and installed in a
holder 70 of an electrical device (such as a notebook). The
holder 70 can separate a radiator 60 of the slot antenna 6 and
a signal-feeding segment 62. Therefore, when the slot
antenna 6 is bent into a three dimensional shape, the area
occupied by the slot antenna 6 is smaller, and can be used in
a smaller electrical device.

[0023] In conclusion, the slot antenna of the invention uti-
lizes the fourth radiating segment for reducing the area occu-
pied by the antenna, and utilizes the first extension section
and the second extension section for increasing the frequency
band of the antenna, to achieve the goal of the invention.
[0024] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention.

What is claimed is:

1. A slot antenna comprising:

a substrate comprising a first plane and a second plane;

a radiator set on the first plane of the substrate, and com-
prising a slot;

a signal-feeding segment set in a position on the second
plane of the substrate corresponding to the slot;

a signal-feeding end electrically connected to the signal-
feeding segment, for transmitting signals;

a first extension section set on a first side of the signal-
feeding segment on the second plane of the substrate, for
increasing a bandwidth of the slot antenna; and

a second extension section set on a second side of the
signal-feeding segment on the second plane of the sub-
strate, for increasing the bandwidth of the slot antenna.

2. The slot antenna of claim 1, wherein the first extension
section and the second extension section are rectangle
shaped.

3. The slot antenna of claim 1, wherein the first extension
section and the second extension section are triangle shaped.

4. The slot antenna of claim 1, wherein the first extension
section and the second extension section are semi-circle
shaped.

5. The slot antenna of claim 1, wherein the first extension
section and the second extension section are semi-ellipse
shaped.

6. The slot antenna of claim 1, wherein the first side and the
second side are in opposition.

7. The slot antenna of claim 1, wherein the first extension
section and the second extension section are electrically con-
nected to the signal-feeding segment.

8. The slot antenna of claim 1, wherein the first extension
section and the second extension section are separated with
the signal-feeding segment by a preset distance.

9. The slot antenna of claim 1, wherein the radiator com-
prising:

a first radiating segment;

a second radiating segment electrically connected to the

first radiating segment; and

a third radiating segment electrically connected to the sec-
ond radiating segment.

10. The slot antenna of claim 9, wherein the second radi-
ating segment is perpendicular to the first radiating segment
and the third radiating segment is perpendicular to the second
radiating segment.
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11. The slot antenna of claim 9 further comprising a fourth
radiating segment electrically connected to an end of the first
radiating segment, which is not electrically connected to the
second radiating segment.

12. The slot antenna of claim 11, wherein the fourth radi-
ating segment is parallel to the second radiating segment.

13. The slot antenna of claim 9, wherein the first radiating
segment, the second radiating segment, or the third radiating
segment is electrically connected to a ground.

14. A slot antenna comprising:

a substrate comprising a first plane and a second plane;

a radiator set on the first plane of the substrate, and com-

prising a slot;

a signal-feeding segment set in a position on the second

plane of the substrate corresponding to the slot, and
being bend extension shaped; and

a signal-feeding end electrically connected to the signal-
feeding segment, for transmitting signals.

Apr. 29,2010

15. The slot antenna of claim 14, wherein the radiator
comprising:

a first radiating segment;

a second radiating segment electrically connected to the

first radiating segment; and

a third radiating segment electrically connected to the sec-

ond radiating segment.

16. The slot antenna of claim 15, wherein the second radi-
ating segment is perpendicular to the first radiating segment
and the third radiating segment is perpendicular to the second
radiating segment.

17.The slot antenna of claim 15 further comprising a fourth
radiating segment electrically connected to an end of the first
radiating segment, which is not electrically connected to the
second radiating segment.

18. The slot antenna of claim 17, wherein the fourth radi-
ating segment is parallel to the second radiating segment.

19. The slot antenna of claim 15, wherein the first radiating
segment, the second radiating segment, or the third radiating
segment is electrically connected to a ground.

sk sk sk sk sk
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A parasitic dipole assisted WLAN antenna for creating a
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PARASITIC DIPOLE ASSISTED WLAN
ANTENNA

TECHNICAL FIELD

[0001] The subject invention relates generally to portable
computers and communication devices, and more particu-
larly to antennas attached to circuit boards for allowing trans-
mission to and reception from a wireless local area network.

BACKGROUND

[0002] Computing and communication devices such as
handheld computers and cellular telephones are have become
a necessary tool for today’s worker and are carried by almost
every member of modern society. The utility of the device has
led to greater use of the device and a corresponding explosion
in the number of applications has occurred, including appli-
cations requiring connectivity to the internet and other com-
munications networks. The greater utilization of applications
requiring connectivity to other networks and devices has
increased the bandwidth requirements of the devices and
exceeded the ability of the devices to perform at the level
expected by the consumer.

[0003] Many of today’s computing and communication
devices also require connectivity to multiple networks oper-
ating at different frequencies. This trend requires the use of
multiple antennas designed and tuned to effectively transmit
and receive at each frequency. The combination of a require-
ment for multiple antennas and the desire to make a smaller
device for the consumer has led to market pressure for anten-
nas that provide greater bandwidth while maintaining the
same physical footprint.

[0004] The necessity of incorporating multiple antennas
into close proximity has also created problems relating to the
interconnection of the antennas. Physical real estate on the
printed circuit boards has become harder to provide requiring
the interconnection of antennas where practical. It is some-
times difficult and counterproductive to interconnect anten-
nas for different frequencies because the antennas will inter-
fere with each other if they are not connected at the
appropriate location.

[0005] Market demand has created the requirement for
smaller computing and communication devices with anten-
nas interconnected to preserve space on the printed circuit
board while providing sufficient bandwidth to allow the user
to communicate over the selected network at the performance
level expected by the user. In some instances, the antenna
system must replace a currently existing antenna system
while providing better performance without requiring any
additional space on the printed circuit board.

SUMMARY

[0006] The following presents a simplified summary in
order to provide a basic understanding of some aspects
described herein. This summary is neither an extensive over-
view nor is intended to identify key/critical elements or to
delineate the scope of the various aspects described herein. Its
sole purpose is to present some concepts in a simplified form
as a prelude to the more detailed description presented later.
[0007] The subject innovation includes a one wavelength
loop shaped in a rectangular structure and connected on one
end to the feed pin and on the other end to the ground pin. The
rectangular loop produces a resonance at the frequency of
interest. A second one half wavelength resonance is produced
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by including a parasitic dipole structure joined to the loop
structure at the top of the feed pin and ground pin respectively.
[0008] Inanother aspect of the subject innovation, another
resonance form a separate antenna branch for different fre-
quency is attached to the loop structure at the point on the loop
structure where it is high impedance of the loop resonance.
Because the loop resonant frequency is two times higher than
this different frequency, the connection point has low imped-
ance at the resonance of the separate antenna. Locating the
connection between the two antennas at this point assures
minimum impact between the separate antenna and the loop
structure.

[0009] To the accomplishment of the foregoing and related
ends, certain illustrative aspects are described herein in con-
nection with the following description and the annexed draw-
ings. These aspects are indicative of various ways which can
be practiced, all of which are intended to be covered herein.
Other advantages and novel features may become apparent
from the following detailed description when considered in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an embodiment of the components
of a parasitic dipole assisted WL AN antenna, including the
printed circuit board, the one wavelength loop structure, the
one-half wavelength dipole structure and the one-quarter
wavelength secondary frequency monopole structure.
[0011] FIG. 2 illustrates an embodiment of the components
of a parasitic dipole assisted WLAN antenna including the
connection between the one wavelength loop structure and
the one-quarter wavelength monopole structure at the high
impedance point of resonance from one wavelength loop
structure.

[0012] FIG. 3 illustrates an embodiment of the components
of a parasitic dipole assisted WLAN antenna including the
non-conductive mounting block supporting the one wave-
length loop structure, the dipole structure and the one-quarter
wavelength secondary frequency monopole structure
mounted on a perpendicular face of the mounting block.
[0013] FIG. 4 illustrates an embodiment of a parasitic
dipole assisted WL AN antenna displaying the H field strength
of'the loop and dipole structure at A band along the antenna.
[0014] FIG. 5 illustrates an embodiment of a parasitic
dipole assisted WL AN antenna displaying the H field strength
of'the loop, dipole structure and one-quarter wavelength sec-
ondary frequency monopole structure at B/G band along the
antenna.

[0015] FIG. 6 illustrates the entire bandwidth provided by
the combination one wavelength loop structure and the one-
half wavelength dipole structure.

[0016] FIG. 7 illustrates the improvement in bandwidth
coverage provided by the parasitic dipole assisted WLAN
antenna with respect to existing antenna capabilities.

[0017] FIG. 8 illustrates the parasitic dipole assisted
WLAN antenna mounted on a typical mobile computing
device.

[0018] FIG. 9 illustrates a method for determining the cor-
rect position to attach the one-quarter wavelength secondary
frequency monopole structure to the one wavelength loop
structure.

DETAILED DESCRIPTION

[0019] Systems and methods are provided enabling the
attachment of a parasitic dipole assisted WLAN antenna to a





US 2010/0103064 Al

mobile computing device or a mobile communication device.
The design and assembly of the parasitic dipole assisted
WLAN antenna provides for an additional resonance in the A
band frequency and accordingly improves the bandwidth
allowing the use of applications requiring greater bandwidth
than that provided by a single resonance antenna. The para-
sitic dipole assisted WLAN antenna also provides attachment
of a B/G band monopole antenna connected at a point of
maximum impedance of the A band, therefore allowing sup-
port for the reception of the different bands while incurring
minimum interference between the bands. It should be noted
that although this innovation is illustrated with WLAN A and
B/G band applications, it is not limited therewith. This inno-
vation is applicable to scaling of the geometry to allow for
other frequencies for additional dual-band or tri-band appli-
cations.

[0020] Inone aspect of the subject disclosure, the parasitic
dipole assisted WL AN antenna is mounted on a plastic block
support structure allowing for placement of the dipole
assisted A band loop antenna on one face ofthe plastic mount-
ing block and the B/G band monopole antenna on a perpen-
dicular face of the plastic mounting block. For example, the A
band parasitic dipole assisted WLAN loop antenna is
mounted on the face of the plastic block parallel to and away
from the printed circuit board and the B/G band monopole
antenna is mounted on the long dimension face of the plastic
block perpendicular to the printed circuit board and on the
opposite side of the plastic block from the feed and ground pin
connectors. It should be noted that the mounting block can be
constructed of any non-conductive material. It should also be
noted that depending on the available space on the printed
circuit board, the B/G band monopole antenna can be
mounted in the same plane as the A band loop antenna and in
some embodiments does not require a mounting block and
can be mounted directly to a printed circuit board.

[0021] It should be noted that although useful for describ-
ing the invention, the subject innovation is not limited to
mobile computing or mobile communication devices. The
parasitic dipole assisted WL AN antenna is equally applicable
to any computing device, mobile or stationary. It should also
be noted that although useful for describing the subject inven-
tion, the parasitic dipole assisted WLAN antenna is not lim-
ited to internal installation in a device, the parasitic dipole
assisted WLAN antenna can be connected as an external
antenna.

[0022] As used herein, the term to “infer” or “inference”
refer generally to the process of reasoning about or inferring
states of the system, environment, user, and/or intent from a
set of observations as captured via events and/or data. Cap-
tured data and events can include user data, device data,
environment data, implicit and explicit data, etc. Inference
can be employed to identify a specific context or action, or can
generate a probability distribution over states, for example.
The inference can be probabilistic, that is, the computation of
a probability distribution over states of interest based on a
consideration of data and events. Inference can also refer to
techniques employed for composing higher-level events from
a set of events and/or data. 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 and data
sources.
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[0023] Referring initially to FIG. 1, a view of the printed
circuit board 102 of a mobile computing device or a mobile
communication device with a parasitic dipole assisted
WLAN antenna 100 is represented. The parasitic dipole
assisted WLAN antenna comprises an A band one wave-
length loop antenna 104, two one-quarter wavelength dipole
antenna elements 106, one connected at the feed pin 110 and
one connected at the ground pin 112 and a one quarter wave-
length B/G band monopole antenna 108, connected to the A
band one wavelength loop antenna.

[0024] Inone aspect of the subject innovation, the parasitic
dipole assisted WL AN antenna 100 is a planar structure
mounted on top of a ground plane, the printed circuit board
102 is the ground plane in this example. The parasitic dipole
assisted WLAN antenna 100 consists of three parts, two parts
for the A band 104, 106 and one part for the B/G band 108 in
addition to a feed pin 110 and a ground pin 112. With regard
to the A band, one resonance is created from the one wave-
length loop structure 104 and another is created from the
one-half wavelength dipole structure 106. It should be noted
that the dipole structure is a combination of two one-quarter
wavelength antenna elements summing to a one-half wave-
length dipole. With regard to the B/G band, a resonance is
created from the one-quarter wavelength monopole structure
108 connected to the A band one-wavelength loop structure
104.

[0025] Referring next to FIG. 2, a close-up of the parasitic
dipole assisted WLAN antenna 100 is represented without the
plastic mounting block. In one aspect of the subject innova-
tion, the A band one-wavelength loop 104 is connected to the
B/G band one-quarter wavelength monopole 108 at a point on
the A band one-wavelength loop 104 where the impedance of
the A band is at a maximum. In another aspect of the subject
innovation, the parasitic dipole antenna 106 is connected to
the A band one-wavelength loop antenna 104 at the locations
where the A band one-wavelength loop antenna 104 is con-
nected to the feed pin 110 and to the ground pin 112.

[0026] Referring now to FIG. 3, a view of the parasitic
dipole assisted WL AN antenna is represented attached to the
plastic mounting block 302. The A band one-wavelength loop
antenna 104, including the two one-quarter wavelength
dipole antenna elements 106 are illustrated on one face of the
plastic mounting block 302. On one of the long faces of the
plastic mounting block 302 perpendicular to the face where
the A band one-wavelength loop antenna 104 is located, is the
feed pin 110 and the ground pin 112 connectors, attached to
the printed circuit board 102. On the opposite long face of the
plastic mounting block 302 from the feed pin 110 and the
ground pin 112 is the B/G band one-quarter wavelength
monopole antenna 108 connected to the A band one-wave-
length loop antenna 104 at the point on the loop where the
impedance of the A band is at a maximum 304. It should be
noted that the mounting block used in this innovation can be
manufactured of any non-conductive material.

[0027] Referring now to FIG. 4, a heat map type graph 400
representing the H field strength of the band (A band) asso-
ciated with the parasitic dipole assisted WL AN loop antenna
is presented. The H field strength heat map graph shows the
high field strength located around the parasitic dipoles 402,
indicating the cumulative increase in the signal strength based
on the combined use of the A band one-wavelength loop
antenna 104 and the two one-quarter wavelength dipole
antenna elements 106. In another aspect of the H field
strength heat map 500 illustrated at 404, the field strength of
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the A band at this point is at a minimum and therefore indi-
cates the location where the B/G band one-half wavelength
monopole antenna 108 will be attached to the A band one-
wavelength loop antenna 104.

[0028] Referring next to FIG. 5, another heat map type
graph 500 representing the H field strength at B/G band is
presented. The heat map graph illustrates the H field strength
of the band associated with the monopole antenna. For
example, the B/G band one-quarter wavelength monopole
antenna 502. The H field strength heat map graph shows the
high field strength, or current flow, from the first band loop
antenna to the second band monopole antenna 504. As a result
of the high impedance at the resonance of the first band
antenna and the low impedance at the resonance of the second
band antenna at the connection point 506 of the two antennas,
a minimum impact and amount of interference between the
loop antenna and the monopole antenna is assured.

[0029] Referring now to FIG. 6, a signal strength graph 600
plotting the A band signal strength against the frequency is
represented. In one aspect of the subject innovation, the graph
has two inverted peaks 602 and 604. Peak 602 of the signal
strength graph 600 represents the signal strength provided by
the A band one-wavelength loop antenna. Peak 604 of the
signal strength graph 600 represents the signal strength pro-
vided by the two A band one-quarter wavelength dipole
antennas. As illustrated by the graph, the bandwidth of the
subject innovation is significantly wider than the bandwidth
provided by the A band one-wavelength antenna.

[0030] Referring nextto FIG. 7, a signal strength graph 700
plotting the A band and the B/G band of the subject innovation
compared to a presently available antenna covering the same
bands is represented. In one aspect of the subject innovation
illustrated at 702, the B/G band signal strength of the cur-
rently available antenna is represented. When compared with
the B/G band signal strength of the subject innovation, it is
clear that the two antennas have similar and acceptable cov-
erage of the B/G band frequency.

[0031] In another aspect of the subject innovation, the A
band coverage of the currently available antenna is repre-
sented by the graph with the A band peak at 710. The subject
innovation A band peaks, located at 708 for the one-wave-
length loop antenna and at 706 for the one-half wavelength
dipole antennas combine to form a dual resonance with a
bandwidth much wider than current A band antennas provide.
[0032] Referring now to FIG. 8, a representation of a typi-
cal mobile computing device 800 is presented. Installed on
the printed circuit board of the mobile computing device 800
is a plastic mounting block 302 with the subject innovation
parasitic dipole assisted WL AN antenna. The one wavelength
loop antenna is depicted at 104 and the two one-quarter wave-
length dipole antenna elements are depicted at 106. In another
aspect of the subject innovation, the connection point of the
one-quarter wavelength B/G band monopole antenna is vis-
ible at 304. It should be noted that the B/G band one-quarter
wavelength is present but not visible in this depiction.
[0033] Referring next to FIG. 9, a method 900 of creating a
parasitic dipole assisted WL AN antenna is depicted. At step
902, the one wavelength loop antenna is analyzed to generate
a field strength mapping. This mapping is illustrated by FIG.
4 and FIG. 5. The diagram highlights areas where the field
strength is at its weakest and at its strongest.

[0034] In another aspect of the subject method 900 illus-
trated at step 904, the location of the maximum impedance is
determined for the A band one wavelength loop antenna. This
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location allows for the connection of another monopole
antenna, such as the B/G band one-quarter wavelength mono-
pole antenna, supporting a different frequency with an
expected least interference between the two frequency bands.
It should be noted that the subject innovation is not limited to
the A and B/G bands of a wireless network.

[0035] In another aspect of the subject method 900 illus-
trated at step 906, the secondary band monopole antenna, the
B/G band quarter-wavelength monopole antenna in this
example, is connected to the primary band loop antenna, the
A band one wavelength loop antenna, at the point of maxi-
mum impedance of the A band. Connecting the two bands at
this point provides for maximum field strength of the two
bands with minimal interference between the two bands.
[0036] In another aspect of the subject method 900 illus-
trated at step 908, the A band half wavelength dipole antennas
are attached at the A band one wavelength loop antenna feed
pin and ground pin respectively. These two locations are areas
of maximum H field strength at the A band and allow the
dipole antennas to generate additional A band resonance thus
enhance one wave length loop structure resonant bandwidth
and accordingly improve signal strength.

[0037] The word “exemplary” is used herein to mean serv-
ing 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. Fur-
thermore, to the extent that the terms “includes,” “has,” “con-
tains,” 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 pre-
cluding any additional or other elements.

[0038] 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 permuta-
tions and combinations of the foregoing. Sub-components
can also be implemented as components communicatively
coupled to other components rather than included within
parent components (hierarchical). Additionally, it should be
noted that one or more components may be combined into a
single component providing aggregate functionality or
divided into several separate sub-components, and that any
one or more middle layers, such as a management layer, may
be provided to communicatively couple to such sub-compo-
nents in order to provide integrated functionality. Any com-
ponents described herein may also interact with one or more
other components not specifically described herein but gen-
erally known by those of skill in the art.

[0039] In view of the exemplary systems described above,
methodologies that can be implemented in accordance with
the described subject matter will be better appreciated with
reference to the flowcharts of the various figures. While for
purposes of simplicity of explanation, the methodologies are
shown and described as a series of blocks, it is to be under-
stood and appreciated that the claimed subject matter is not
limited by the order of the blocks, as some blocks may occur
in different orders and/or concurrently with other blocks from
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what is depicted and described herein. Where non-sequential,
or branched, flow is illustrated via flowchart, it can be appre-
ciated that various other branches, flow paths, and orders of
the blocks, may be implemented which achieve the same or a
similar result. Moreover, not all illustrated blocks may be
required to implement the methodologies described herein-
after.

[0040] In addition to the various embodiments described
herein, it is to be understood that other similar embodiments
can be used or modifications and additions can be made to the
described embodiment(s) for performing the same or equiva-
lent function of the corresponding embodiment(s) without
deviating therefrom. Accordingly, no single embodiment
shall be considered limiting, but rather the various embodi-
ments and their equivalents should be construed consistently
with the breadth, spirit and scope in accordance with the
appended claims.

[0041] While, for purposes of simplicity of explanation, the
methodology is shown and described as a series of acts, it is to
be understood and appreciated that the methodology is not
limited by the order of acts, as some acts may occur in dif-
ferent orders and/or concurrently with other acts from that
shown and described herein. For example, those skilled in the
art will understand and appreciate that a methodology could
alternatively be represented as a series of interrelated states or
events, such as in a state diagram. Moreover, not all illustrated
acts may be required to implement a methodology as
described herein.

What is claimed is:

1. A parasitic dipole assisted antenna for creating addi-
tional resonance and maximizing the usable bandwidth for a
computing or communication device, the apparatus compris-
ing:

a first band loop antenna for creating a resonance at a first

band frequency;

afirst band frequency dipole structure connected to the first

band loop antenna for creating a second resonance at the
first band frequency; and

a second band monopole antenna, connected to the first

band loop antenna, for creating a resonance at a second
band frequency.

2. The apparatus of claim 1, the first band comprises a
wireless local area network A band.

3. The apparatus of claim 1, the second band comprises a
wireless local area network B/G band.

4. The apparatus of claim 2, the A band loop antenna
comprises a one wavelength loop antenna.

5. The apparatus of claim 3, the A band dipole structure
comprises two one-quarter wavelength antenna elements.

6. The apparatus of claim 1, the parasitic dipole assisted
antenna structure is attached to a non-conductive mounting
block.

7. The apparatus of claim 6, the non-conductive mounting
block is plastic.
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8. The apparatus of claim 6, the non-conductive mounting
block is attached to the printed circuit board of the computing
or communication device.

9. The apparatus of claim 1, the second band monopole
antenna is connected to the first band loop antenna at a point
onthe first band loop antenna where the impedance of the first
band is at a maximum.

10. The apparatus of claim 1, the dipole structure is con-
nected to the first band loop antenna as a first element con-
nected to a feed pin and a second element connected to a
ground pin.

11. The apparatus of claim 10, the attached dipole elements
are within the first band loop antenna.

12. The apparatus of claim 11, the attached dipole elements
are in the same plane as the first band loop antenna.

13. The apparatus of claim 9, the second band monopole
antenna is attached in a plane perpendicular to the plane of
first band loop antenna.

14. The apparatus of claim 3, the B/G band antenna com-
prises a one-quarter wavelength monopole antenna.

15. A method of creating a parasitic dipole assisted antenna
for a computing device or a communication device, the
method comprising:

analyzing a first band loop antenna to determine a field

strength mapping;

determining the location on the first band loop antenna of

maximum impedance;

attaching a second band monopole antenna at the location

of the first band loop antenna maximum impedance; and
attaching a first band dipole antenna structure at the first
band antenna loop feed pin and ground pin locations.

16. The method of claim 15, further comprising attaching
the parasitic dipole assisted antenna to a non-conductive
mounting block.

17. The method of claim 15, further comprising orienting
the second band monopole antenna in a plane perpendicular
to the plane of the first band loop antenna.

18. A parasitic dipole assisted antenna, the apparatus com-
prising:

means for creating a first resonance at a first band fre-

quency;

means for creating a second resonance at the first band

frequency; and

means for creating a resonance at a second band frequency.

19. The apparatus of claim 18, further comprising means
for attaching the parasitic dipole assisted antenna to a printed
circuit board.

20. The apparatus of claim 18, further comprising means
for mounting means for creating the resonance at the second
band frequency in a plane perpendicular to a plane for mount-
ing means for creating the first resonance at the first band
frequency.
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ANTENNA STRUCTURE FOR A MOBILE
PHONE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an antenna structure

for a mobile phone, and especially to an antenna structure for

a mobile phone of which metal is used to obscure around a

base board of the antenna to improve the hearing aid compat-

ibility (HAC) character of the antenna structure.

[0003] 2. Description of the Prior Art

[0004] A standardization corporation ANSI (American

National Standards Institute) in the U.S.A. stipulated a speci-

fication of ANSI C63.19, the FCC (Federal Communication

Commission) asked the manufacturers and service agents of

mobile phones for the necessity of over 50% satisfaction in

meeting the regulation of the limitation of EMI for hearing
aids stipulated in ANSI C63.19 on products input to the

U.S.A. since Feb. 18, 2008.

[0005] The standard in testing stipulated by the specifica-

tion on the hearing aid compatibility (HAC) in ANSI C63.19

is as below:

[0006] a. to use a testing probe for measuring the quantity
of the electromagnetic field of 5x5 cm? and 15 mm above
a sound outputting hole of a mobile phone;

[0007] b.to dividethetested plane into 9 blocks, each block
is separately tested on its electromagnetic field strength;
[0008] c. to omit the electromagnetic field strengths of the
largest three blocks among the 9 blocks, and to take the
block with the largest electromagnetic field strength
among the remaining six blocks to define the category of

HAC;

[0009] d. different categories of HAC are defined by having
adifference of value of 5 dB between every two categories,
and include the categories of M1, M2, M3, M4 etc. (in
which M3 and M4 are categories meeting the standard of
stipulation).

[0010] Therefore, normally people will observe the HAC
categories of electric field and the magnetic field at the same
time of an antenna structure, and also omit the field strengths
of the largest three blocks, but to take the block with the
largest electromagnetic field strength among the remaining
six blocks to define the HAC at the present frequency.

[0011] In order to meet the specification for the antenna

structure under the condition not to lower efficiency, the

present invention provides a brand new measure of solution to
elevate the category of the antenna structure.

SUMMARY OF THE INVENTION

[0012] The present invention provides an antenna structure
for a mobile phone to improve its hearing aid compatibility
(HAC) character by metal obscuring, the antenna structure
mainly is composed of an antenna base board and a copper
foil; the antenna base board is provided in a housing of the
mobile phone near a sound outputting hole, and a metallic
thin layer is made in the housing of the mobile phone in
corresponding by position with the antenna base board, the
ground surface between the metallic thin layer and a circuit
board in the housing of the mobile phone will form an elec-
trically conductive connection. With this structure, distribu-
tion of the strength ofthe electric field of the antenna structure
will be improved; thereby HAC near the sound outputting
hole in testing can be evidently improved.
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[0013] The metallic thin layer of the present invention can
be made on the surface of the housing of the mobile phone,
and also can be shaped and embedded in the housing; other-
wise, it can be made by copper covering.

[0014] The present invention will be apparent in its struc-
ture and functions after reading the detailed description of the
preferred embodiment thereof in reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an anatomic perspective view of the
present invention showing making of a metallic thin layer
from a copper foil, in which the copper foil has not been stuck;
[0016] FIG. 2 is a perspective view of the present invention
after assembling, in which the copper foil has been stuck on
the housing of a mobile phone;

[0017] FIG. 3 is a perspective view of the present invention
seeing in another direction;

[0018] FIG. 4 is a schematic perspective view of the present
invention seeing in a further direction;

[0019] FIG. 5 is a chart showing a test result of the present
invention for a high frequency range (1850 MHZ) HAC;
[0020] FIG. 6 is a chart showing a test result of the present
invention for the high frequency range (1850 MHZ) HAC
under the condition ofhaving no copper foil covered an empty
electric circuit board;

[0021] FIG. 7 is an anatomic perspective view of the
present invention showing a metallic thin layer is made on the
housing of amobile phone in which the metallic thin layer has
not been attached;

[0022] FIG. 8 is a perspective view of FIG. 7 after assem-
bling;

[0023] FIG. 9is a partial sectional view taken from FIG. 8;
[0024] FIG. 10 is a schematic sectional view showing the

metallic thin layer is shaped and embedded in the housing of
the mobile phone.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0025] Referring to FIGS. 7-9, an antenna structure 3 pro-
vided in the present invention is assembled in a mobile phone
4 having a sound outputting hole 44, the antenna structure 3 is
connected with a circuit board 42 (having a ground surface) in
a housing (composed of an upper housing part 41 and a lower
housing part 43) of the mobile phone 4 for wireless signal
transmitting. The antenna structure 3 comprises mainly an
antenna base board 31 and a metallic thin layer 32.

[0026] The antenna base board 31 is provided in the hous-
ing composed of the upper housing part 41 and the lower
housing part 43 of the mobile phone 4 and near the sound
outputting hole 44. The metallic thin layer 32 is shaped and
embedded in the housing of the mobile phone 4 in corre-
sponding by position with the antenna base board 31 to
obscure around the latter, and can be or can be not electrically
connected with the ground surface of the circuit board 42; as
is shown in the drawing, when being grounded, it is connected
with a grounding line 45 extending out of the circuit board 42.
[0027] The present invention has the antenna base board 31
obscured by the metallic thin layer 32 therearound, thereby
distribution of the strength of the electric field of the antenna
structure near the sound outputting hole 44 will be improved
as compared with the case without the metallic thin layer 32
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no matter the metallic thin layer 32 is or is not connected with
a ground surface; thereby the HAC character can be evidently
improved.

[0028] And more, in the embodiment of the present inven-
tion, taking the length and the width of the metallic thin layer
32 to be 60 mm and 40 mm respectively, the test results for
HAC for the metallic thin layer 32 being and being not con-
nected with a ground surface using the operation frequency
range of DCS512 (1710 MHZ) and DCS700 (1747 MHZ)
respectively are shown in the table below:

Time avg. of

electric field
Channel Name (V/m) Category Efficiency
512 grounded 78.1 M3 83.37%
700 grounded 77.7 M3 72.2%
512 not grounded 86.3 M2 77.48%
700 not grounded 89.9 M2 67.17%

Note:
DCS512 (1710 MHZ) and DCS700 (1747 MHZ)

[0029] We can see from the above table that the metallic
thin layer 32 can elevate the category of HAC whether being
or being not connected with a ground surface.

[0030] Referring to FIG. 10, this is another embodiment of
the present invention, a metallic thin layer 32' in the antenna
structure 3 of the present invention can be shaped and embed-
ded in the upper housing part 41 of the mobile phone (such as
by injection enveloping) to obscure the antenna base board 31
near the sound outputting hole 44.

[0031] And more, a metallic thin layer of the present inven-
tion can be made from a covering copper foil. As shown in
FIGS. 1-3, the antenna structure is provided in the mobile
phone to connect with an electric circuit board 22 having a
ground surface in a housing 21 of a mobile phone for wireless
signal transmitting. The antenna structure of the present
invention mainly comprises an antenna base board 11 and a
copper foil 12.

[0032] The antenna base board 11 of the present invention
is provided in the housing 21 of the mobile phone near a sound
outputting hole, and there are insulating pads 13 provided on
three edges inside of the housing 21 of the mobile phone
surrounding the antenna base board 11. The copper foil 12
envelops the antenna base board 11 from outside of the hous-
ing 21 at an area where the antenna base board 11 is, and the
copper foil 12 is composed of a main copper foil 12a and two
wing copper foils 125, 12¢ for enveloping the housing 21 of
the mobile phone with their edges folded upwards toward the
vertical outer surfaces of the insulating pads 13 to form a kind
of'inverse “U” shaped enveloping, the ground surfaces of the
copper foil 12 and the electric circuit board 22 form electric
conductive connection; Referring to FIG. 4, the electric cir-
cuit board 22 has a grounding line 14 extending out to the
wing copper foil 12¢, thereby after enveloping, the copper foil
12 contacts the grounding line 14 to form electric conductive
connection with the ground.

[0033] Referring to FIG. 3 showing an embodiment of cop-
per foil enveloping of the present invention, wherein a length
L, a right side length RL, a width W and a height H that the
copper foil 12 surrounds by enveloping the antenna base
board 11 are respectively 40 mm, 35 mm, 60 mm and 13.3
mm. A table of HAC tests taking the embodiment of the
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present invention and an empty circuit board for operation
under different frequency ranges is obtained as shown below:

Time avg. of

electric field
Channel Name (V/m) Category  Efficiency
512 Copper foil enveloping 54.2 M3 53.06%
38 Copper foil enveloping 162.9 M3 60.24%
512 Empty circuit board 113.8 M2 58.36%
38 Empty circuit board 186.3 M2 48.74%
Note:
PCS512 (1850 MHZ) and EGSM38 (848 MIZ)
[0034] We can see from the above table that, when the

present invention is operated under a high frequency range
(1850 MHZ), as compared with the empty circuit board with-
out being enveloped with a copper foil, it has a close effi-
ciency to that of the latter, but HAC of the present invention is
much improved.

[0035] Moreover, FIG. 5 shows a test result for this embodi-
ment enveloped with a copper foil of the present invention for
a high frequency range (1850 MHZ) HAC; while FIG. 6
shows a test result for the embodiment without being envel-
oped with a copper foil also for a high frequency range (1850
MHZ) HAC.

[0036] FIGS. 5 and 6 present some 9 grid charts for com-
paring strengths of E-fields; the present invention is envel-
oped with a copper foil, as compared with the empty circuit
board, HAC canbe elevated from M2 (being failed to meet the
regulation stipulated in ANSI C63.19) to M3 (meeting the
regulation stipulated in ANSI C63.19).

[0037] Evidently, after the antenna base board 11 is sur-
rounded by enveloping of the copper foil 12 and is connected
with the ground surface, its strength of E-field is larger than
that of the empty circuit board, thereby the hearing aid com-
patibility (HAC) character can be improved evidently.
[0038] In conclusion, the bran new structure of the present
invention as stated above meets the element requirement for a
patent. While the embodiment given is only for illustrating
preferred embodiments of the present invention, and not for
giving any limitation to the scope of the present invention; it
will be apparent to those skilled in this art that various modi-
fications or changes without departing from the spirit of this
invention shall also fall within the scope of the appended
claims.

1. An antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring, said antenna structure is provided in said
mobile phone having a sound outputting hole and is con-
nected with a circuit board (having a ground surface) in a
housing of said mobile phone for wireless signal transmitting:
said antenna structure comprises:

an antenna base board provided in said housing of said

mobile phone near said sound outputting hole; and

a metallic thin layer being shaped and embedded in said

housing of said mobile phone in corresponding by posi-
tion with said antenna base board to obscure around said
antenna base board.

2. The antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring as defined in claim 1, wherein said metallic
thin layer form an electrically conductive connection with
said circuit board having said ground surface.
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3. The antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring as defined in claim 1, wherein said metallic
thin layer is a copper foil which envelops said antenna base
board from outside of said housing of said mobile phone at an
area where said antenna base board is.

4. The antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring as defined in claim 3, wherein said antenna
base board is surrounded by three insulating pads provided on
three edges inside of said housing of said mobile phone, and
said copper foil is composed of a main copper foil and two
wing copper tfoils for enveloping said housing of said mobile
phone with their edges folded upwards toward vertical outer
surfaces of said insulating pads to form a kind of inverse “U”
shaped enveloping.
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5. The antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring as defined in claim 4, wherein said electric
circuit board has a grounding line extending out to one of said
wing copper foils, in order that said copper foil contacts said
grounding line to form electric conductive connection with
said ground surface of said electric circuit board.

6. The antenna structure for a mobile phone having its
hearing aid compatibility (HAC) character improved by
metal obscuring as defined in claim 4, wherein a length [, a
right side length, a width and a height that said copper foil
surrounds by enveloping said antenna base board are respec-
tively 40 mm, 35 mm, 60 mm and 13.3 mm.

sk sk sk sk sk
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WIDE-BAND PLANAR ANTENNA

[0001] This application claims the priority based on a Tai-
wanese patent application No. 097141365, filed on Oct. 28,
2008, the disclosure of which is incorporated herein by ref-
erence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a wide-band
antenna; more particularly, the present invention relates to a
wide-band planar antenna for wireless network communica-
tions.

[0004] 2. Description of the Prior Art

[0005] As the physical Internet becomes more and more
popular, people pay much attention to a wireless, long-dis-
tance, and wide-band network in place of the physical Inter-
net to increase the popularity in wideband communications.
Thus, more advanced wireless communication network tech-
nologies and standards continuously emerge. For example,
Wi-Fi wireless network standard is previously defined in
IEEE 802.11 by Institute of Electrical and Electronics Engi-
neers (IEEE); Worldwide Interoperability for Microwave
Access (WiMAX) is recently defined in IEEE 802.16. Espe-
cially for WiMAX, the transmission distance has been
increased from meters to kilometers, and the bandwidth
becomes wider over the prior art.

[0006] In order to comply with the progress of wireless
communication network technology, the antenna needs to be
enhanced for receiving/transmitting wireless signals accord-
ingly. FIG. 1 shows a traditional dual-band antenna disclosed
in the U.S. Pat. No. 6,861,986. The dual-band antenna
includes a first radiator 31 and a second radiator 32, both
connected to a ground 4. Signals are fed through a feed-in
point 61 directly to excite the first radiator 31 to generate a
high frequency band mode, whose central operating fre-
quency is about 5.25 GHz. The direct fed-in signal can also
excite the second radiator 32 to generate a low frequency band
mode, whose central operating frequency is about 2.45 GHz.
Furthermore, the length of the second radiator 32 is about one
quarter (%4) of the wavelength at its operating frequency.
[0007] Because the antenna is fed with signals in a direct-
feed-in manner, the bandwidth of the low frequency band
mode is about 200 MHz, which cannot satisfy WiMAX
requirement. Furthermore, in order to meet the operating
frequency of the low frequency band mode, the length of the
second radiator 32 cannot be further reduced resulting in the
restriction of miniaturization of the electronic devices.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a
wide-band planar antenna to reduce required materials for
same functional design and to significantly reduce the pro-
duction cost.

[0009] It is another object of the present invention to pro-
vide a wide-band planar antenna having three different fre-
quency bands through direct feed-in and coupling feed-in
methods to accommodate the needs of different frequencies.
[0010] It is a further object of the present invention to
provide a wide-band antenna, which prevents reflective
waves in a specific bandwidth so as to enhance the power of
electromagnetic waves and to save more electrical power
compared with a general antenna.

[0011] The wide-band planar antenna of the invention
includes a substrate, a first radiator, a second radiator, a third
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radiator, a ground, and a signal source. The substrate includes
a first surface and a second surface corresponding to the first
surface. In other words, the first surface and the second sur-
face are two opposite surfaces of the substrate. The first
radiator is disposed on the first surface. The second radiator
connects to the first radiator at a connection part. The second
radiator is disposed on either the first surface or the second
surface. In other words, the second radiator and the first
radiator can be disposed on a same surface or different sur-
faces of the substrate.

[0012] The third radiator is disposed on either the first
surface or the second surface. In other words, the third radia-
tor can be disposed on the first surface or the second surface
in accordance with different designs or field patterns. The
ground connects to the third radiator and includes a first
ground part and a second ground part. The third radiator
includes a shorter side and a longer side connected to the
shorter side. The shorter side connects to the ground. A
lengthwise direction of the shorter side is perpendicular to a
lengthwise direction of the longer side. The longer side
extends toward the first radiator. The second radiator is dis-
posed between the third radiator and the ground.

[0013] The signal source feeds a high frequency signal
including a positive signal and a negative signal. The positive
signal is directly fed through the connection part to excite the
first radiator and the second radiator to generate a first fre-
quency band mode and a second frequency band mode
respectively. The negative signal couples with the ground to
be fed into and excite the third radiator to generate a third
frequency band mode by a coupling effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows a schematic view of a traditional dual-
band antenna.
[0015] FIG. 2A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.

[0016] FIG. 2B shows a schematic view of a second surface
of FIG. 2A.
[0017] FIG. 3A shows a schematic view of a voltage stand-

ing wave ratio (VSWR) diagram of the embodiment illus-
trated in FIG. 2A.

[0018] FIG. 3B shows a schematic view of a field pattern of
FIG. 2A.
[0019] FIG. 4A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.

[0020] FIG. 4B shows a schematic view of a second surface
of FIG. 4A.
[0021] FIG. 5A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.

[0022] FIG. 5B shows a schematic view of a second surface
of FIG. 5A.
[0023] FIG. 6A shows a schematic view of a VSWR dia-

gram of the embodiment illustrated in FIG. 5A.

[0024] FIG. 6B shows a schematic view of a field pattern of
FIG. 5A.
[0025] FIG. 7A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.

[0026] FIG. 7B shows a schematic view of a second surface
of FIG. 7A.
[0027] FIG. 8A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.
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[0028] FIG. 8B shows a schematic view of a second surface
of FIG. 8A.
[0029] FIG.9A shows a schematic view of a first surface of

an antenna in accordance with an embodiment of the inven-
tion.

[0030] FIG.9B shows a schematic view of a second surface
of FIG. 9A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] It is an object of the invention to provide a wide-
band planar antenna and a manufacture process thereof. By a
smaller and thinner design, the production cost can be dras-
tically decreased. By designing the radiator for a specific
bandwidth, reflective waves can be reduced to increase the
power of electromagnetic waves so as to save more electrical
power. In an embodiment, a wide-band planar antenna has a
wireless communication function applicable to various elec-
tronic devices. The electronic devices preferably include lap-
tops, desktop computers, motherboards, mobile phones, per-
sonal digital assistants, global positioning systems, electronic
game devices, and so on. The wireless signal transmitted/
received by the wide-band planar antenna can be applied to
wireless local area network (WLAN), WiMAX, and other
wireless communication protocols or standards.

[0032] FIG. 2A and FIG. 2B show schematic views of the
wide-band antenna of the invention. With reference to FIG.
2A and FIG. 2B, the wideband planar antenna 100 includes a
substrate 200, a first radiator 300, a second radiator 400, a
third radiator 500, a ground 600, and a signal source 700. The
substrate 200 is preferably made of polyethylene terephtha-
late (PET) or other dielectric materials. For example, a
printed circuit board (PCB) or a flexible printed circuit board
(FPCB) can be used as the substrate 200. In the embodiment,
the thickness of the substrate 200 is less than, but not limited
to, 1 mm. The substrate 200 includes a first surface 210 and a
second surface 220 corresponding to the first surface 210.
FIG. 2A shows a schematic view of the first surface 210 of the
antenna. FIG. 2B shows a schematic view of the second
surface 220 of the antenna.

[0033] With reference to FIG. 2A, the first radiator 300 is
disposed on the first surface 210 of the substrate 200. In the
embodiment, the first radiator 300 is disposed on the first
surface 210 as a metal strip or a metal microstrip in other
geometric shapes. The first radiator 300 is preferably printed
on the first surface 210; however, in other embodiments, the
first radiator 300 can be disposed by other processes. Further-
more, the area and the shape of the first radiator 300 can be
adjusted according to the impedance matching design.
[0034] Thesecond radiator 400 connects to the first radiator
300 at a connection part 800. The second radiator 400 is
preferably disposed on the first surface 210; however, in
another embodiment, the second radiator 400 can be disposed
on the second surface 220. In other words, the first radiator
300 and the second radiator 400 can be disposed on different
surfaces. In such a case, the connection part 800 can penetrate
the substrate 200 to connect to the first radiator 300 on the first
surface 210 and to the second radiator 400 on the second
surface 220. The second radiator 400 is preferably printed as
a metal strip or a metal microstrip in other geometric shapes.
In the embodiment shown in FIG. 4A and FIG. 4B, the area
and the shape of the second radiator 400 can be adjusted
according to the impedance matching design.

[0035] Inthe embodiment shown in FIG. 2A and FIG. 2B,
the second radiator 400 and the first radiator 300 are disposed
on a same surface, i.e., the first surface 210. For example, the
first radiator 300 and the second radiator 400 are two opposite
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ends of a same metal microstrip. However, in another
embodiment, the first radiator 300 and the second radiator
400 are disposed on different surfaces, for example, the first
surface 210 and the second surface 220 respectively. In such
a case, the first radiator 300 and the second radiator 400 are
distanced by the thickness of the substrate 200. In the embodi-
ment, when the second radiator 400 is disposed on the second
surface 220, the projection area of the second radiator 400
does not overlap with the first radiator 300. In the embodi-
ment shown in FIG. 2A and FIG. 2B, the second radiator 400
extends away from the first radiator 300. However, in another
embodiment shown in FIG. 7A and FIG. 7B, the second
radiator 400 and the first radiator 300 can extend toward the
same direction.

[0036] The third radiator 500 can be disposed on the first
surface 210 or the second surface 220 of the substrate 200.
The third radiator 500 is preferably printed as a metal strip or
ametal microstrip. The area and the shape of the third radiator
500 can be adjusted according to the impedance matching
design. In the embodiment shown in FIG. 2A and FIG. 2B, the
third radiator 500 is disposed on the second surface 220 and
extends toward the first radiator 300. The third radiator 500 is
disposed on the surface where the first radiator 300 and the
second radiator 400 are not disposed. In the embodiment
shown in FIG. 2A and FIG. 2B, the third radiator 500 includes
a longer side 510 and a shorter side 530. A lengthwise direc-
tion of the shorter side 530 is perpendicular to a lengthwise
direction of the longer side 510. In other words, a right angle
is formed between the shorter side 530 and the longer side
510. The third radiator 500 connects the ground 600 through
the shorter side 530. The connecting method includes cou-
pling, welding, and metal printing. The third radiator 500
preferably extends in a direction away from the ground 600.
In the embodiment, the shorter side 530 of the third radiator
500 is distributed on the substrate 200 in a zigzag manner,
such as the shorter side 530 shown in FIG. 9A and FIG.9B. In
such an arrangement, it is possible to increase a path length of
the third radiator 500 so as to increase or change the band-
width of the third frequency band mode without requiring
additional space. Therefore, the bandwidth of a larger antenna
can be achieved by a smaller antenna resulting in the size
reduction of the antenna.

[0037] The ground 600 includes a first ground part 610 and
a second ground part 630. In the embodiment shown in FIG.
2A and FIG. 2B, the third radiator 500 connects to the second
ground part 630. The second ground part 630 and the third
radiator 500 are disposed on the second surface 220. Because
the shorter side 530 connects to the second ground part 630
and intersects with the longer side 510, the longer side 510
extends toward the first radiator 300. In the embodiment, the
first ground part 610 and the second ground part 630 are
disposed on the first surface 210 and the second surface 220,
respectively. The first ground part 610 and the second ground
part 630 are two metal pieces connected to form the ground
600. However, in other embodiments, the first ground part
610 and the second ground part 630 can be disposed indepen-
dently as two grounding points. For example, the first ground
part 610 can indirectly connect to the second ground part 630
when the two ground parts are disposed on two different
surfaces. Furthermore, the antenna can achieve a better per-
formance when the second ground part 630 and the first
ground part 610 are disposed on different surfaces of the
substrate 200 and indirectly connected to each other.

[0038] Inthe embodiment shown in FIG. 2A and FIG. 2B,
the projection areas of the third radiator 500 and the first
ground part 610 on the first surface 210 encircles a semi-open
region 900. The second radiator 400 partially extends into the
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semi-open region 900. In other words, the second radiator 400
is disposed between the third radiator 500 and the ground 600.
The semi-open region 900 of the embodiment is a region in a
long strip shape. The second radiator 400 extends along the
long strip region. Moreover, the first radiator 300 extends
from the connection part 800 and opposite to the semi-open
region 900. In other words, the second radiator 400 extends
away from the first radiator 300. For space utilization, one end
of the first radiator 300 extending outside the semi-open
region 900 forms a bending part 310. The bending part 310 is
bent and then extends toward the first ground part 610. In
other words, the first radiator 300 extends from the connec-
tion part 800 in a direction away from the second radiator 400
and includes the bending part 310 extending toward the
ground 600. However, in another embodiment, the first radia-
tor 300 can directly extend without bending. Furthermore, in
other embodiment, an extending end of the bending part 310
in the first radiator 300 can be bent to face the longer side 510
(not shown).

[0039] Inthe embodiment shown in FIG. 2A and FIG. 2B,
the semi-open region 900 is defined by the ground 600, the
shorter side 530, and the longer side 510. The shorter side 530
and the longer side 510 form a reversed L shape to connect to
the ground 600. Because of the reversed L shape design, the
size of the wideband antenna can be reduced to save the
required space. However, in other embodiments, the third
radiator 500 can be a reversed F shape, an S shape, or other
geometric shapes.

[0040] The signal source 700 feeds signals into the wide-
band planar antenna 100 to excite the first radiator 300 and the
second radiator 400 for generating wireless frequency band
modes. With reference to FIG. 2A and FIG. 2B, the signal
feed-in method of the wideband planar antenna of the inven-
tion are a direct feed-in method and a coupling method. The
signal source 700 feeds a high frequency signal including a
positive signal and a negative signal. The positive signal is
directly fed through the connection part 800 to excite the first
radiator 300 and the second radiator 400 to generate a first
frequency band mode 730 and a second frequency band mode
750, respectively. The negative signal couples with the
ground 600 to excite the third radiator 500 to generate a third
frequency band mode 770 by coupling effect. Particularly, the
feed-in location of the positive signal of the signal source 700
connects to the connection part 800, while the negative signal
feed-in location couples with the first ground part 610. The
second ground part 630 indirectly connects to the first ground
part 610. The second radiator 400 is disposed within the
semi-open region 900 encircled by the longer side 510, the
shorter side 530, and the first ground part 610 of the ground
600. The positive signal feed-in location of the signal source
700 (i.e. the connection part 800) is disposed outside the
semi-open region 900. However, in other embodiments, the
arrangement of the metal strip can be adjusted in accordance
with different designs and field patterns.

[0041] FIG. 3A shows a schematic view of a voltage stand-
ing wave ratio (VSWR) diagram of the invention. In the
embodiment, with the reference to FIG. 3A, the first fre-
quency band mode 730 is a second high frequency band
mode. The first frequency band mode preferably has a fre-
quency band between 3.3 GHz and 3.8 GHz. The second
frequency band mode 750 is a first high frequency band mode
and preferably has a frequency band between 5.15 GHz and
5.85 GHz. In the embodiment, the VSWR of the first fre-
quency band mode 730 and the second frequency band mode
750 can be controlled fewer than 2. In the embodiment shown
in FIG. 3A, the third frequency band mode 770 is a low
frequency band mode and preferably has a frequency band
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between 2.3 GHz and 2.7 GHz. In the embodiment, the
VSWR of the third frequency band mode 770 can be con-
trolled fewer than 2. The above-identified frequency band is
an exemplary portion of the actual frequency band in the third
frequency band mode 770. With reference to FIG. 3A,
because the third frequency band mode 770 is generated by a
coupling-feed-in manner, the actual frequency band thereof
exceeds the above-identified range. Consequently, the first
frequency band mode 730 partially overlaps with the third
frequency band mode 770, but the first frequency band mode
730 does not overlap with the second frequency band mode
750. Besides, in the embodiment, the first frequency band
mode 730 overlaps with the third frequency band mode 770 to
form a broader frequency band. In other words, with refer-
ence to FIG. 3A, because the first frequency band mode 730
partially overlaps with the third frequency band mode 770,
possible wave peaks generated in these modes may be elimi-
nated and the VSWR may be controlled under 2, and there-
fore, the overall frequency band may be considered as the
combination of the frequency bands of the first frequency
band mode 730 and the third frequency band mode 770.

[0042] In the embodiment shown in FIG. 3A, the first fre-
quency band mode 730 has a frequency band between 3.3
GHz and 3.8 GHz, and the field pattern of the first frequency
band mode 730 is illustrated in FIG. 3B. The second fre-
quency band mode 750 has a frequency band between 5.15
GHz and 5.85 GHz, and the field pattern of the second fre-
quency band mode 750 is illustrated in FIG. 3B. The third
frequency band mode 770 has a frequency band between 2.3
GHz and 2.7 GHz, and the field pattern of the third frequency
band mode 770 is illustrated in FIG. 3B. The above-men-
tioned field patterns are characterized in that there is no free
field effect (where a recess is formed in the field pattern and
the radiation power is extremely low) in East, South, West,
and, North directions.

[0043] Inthe embodiment shown in FIG. 5A and FIG. 5B,
the extending end 515 of the longer side 510 of the third
radiator 500 is bent toward the shorter side 530. In the
embodiment, the first radiator 300, the second radiator 400,
the third radiator 500, and the ground 600 are disposed on the
first surface 210. In other words, the second surface 220 does
not have any metal strip or metal microstrip. Because of the
bend of the extending end 515 and the arrangement of the
radiators on the same surface, it is allowed to maintain 50%
power and not to create any free field effect. In the embodi-
ment, the shorter side 530 of'the third radiator 500 connects to
the second ground part 630. The second ground part 630 and
the first ground part 610 are formed as a metal piece disposed
on the first surface 210 so that the second ground part 630 and
the first ground part 610 are combined as an integrated ground
600. In the embodiment, the second radiator 400 extends into
the semi-open region 900 in a direction away from the first
radiator 300. In other words, the free ends of the first radiator
300 and the second radiator 400 extend away from each other.
Besides, the second radiator 400 is disposed within the semi-
open region 900 encircled by the longer side 510, the short
side 530, and the ground 600. However, in another embodi-
ment, the free ends of first radiator 300 and the second radia-
tor 400 can extend toward the same direction, as shown in
FIG. 8A and FIG. 8B. In the embodiment shown in FIG. SA
and FIG. 5B, the first radiator 300, the second radiator 400,
and the third radiator 500 are preferably printed as metal
strips or metal microstrips. The area or the shape of the first
radiator 300, the second radiator 400, and the third radiator
500 can be adjusted in accordance with the impedance match-
ing design. In the embodiment, the shorter side 530 of the
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third radiator 500 can be distributed on the substrate 200 in a
zigzag manner, such as the shorter side 530 shown in FIG. 9A
and FIG. 9B.

[0044] FIG. 6A shows a schematic view of a VSWR dia-
gram of the embodiment illustrated in FIG. 5A and FIG. 5B.
As shown in FIG. 6 A, the third frequency band mode 770 is a
low frequency band mode having a frequency band between
2.3 GHz and 2.7 GHz. In the embodiment, the VSWR of the
third frequency band mode 770 can be controlled fewer than
2. The above-identified frequency band is an exemplary por-
tion of the actual frequency band in the third frequency band
mode 770. In other words, with reference to FIG. 6A, because
the third frequency band mode 770 is generated in a coupling-
feed-in manner, the actual frequency band may exceed the
above-identified range. Consequently, because the first fre-
quency band mode 730 partially overlaps with the third fre-
quency band mode 770, possible wave peaks generated in
these modes may be eliminated and the VSWR may be con-
trolled fewer than 2. Therefore, the overall frequency band
may be considered as the combination of the frequency bands
of'the first frequency band mode 730 and the third frequency
band mode 770.

[0045] Inthe embodiment shown in FIG. 6A and FIG. 6B,
the first frequency band mode 730 has a frequency band
between 3.3 GHz and 3.8 GHz, and the field pattern of the first
frequency band mode 730 is illustrated in FIG. 6B. The sec-
ond frequency band mode 750 has a frequency band between
5.15 GHz and 5.85 GHz, and the field pattern of the second
frequency band mode 750 is illustrated in FIG. 6B. The third
frequency band mode 770 has a frequency band between 2.3
GHz and 2.7 GHz, and the field pattern of the third frequency
band mode 770 is illustrated in FIG. 6B. The above-men-
tioned field patterns are characterized in that there is no free
field effect (where a recess is formed in the field pattern and
the radiation power is extremely low) in East, South, West,
and, North directions.

[0046] Although the embodiments of the invention have
been described herein, the above description is merely illus-
trative. Further modification of the invention herein disclosed
will occur to those skilled in the respective arts and all such
modifications are deemed to be within the scope of the inven-
tion as defined by the appended claims.

What is claimed is:

1. A wideband planar antenna, comprising:

a substrate including a first surface and a second surface
opposite to the first surface;

a first radiator disposed on the first surface;

a second radiator connecting to the first radiator at a con-
nection part, wherein the second radiator is disposed on
either the first surface or the second surface;

a third radiator disposed on either the first surface or the
second surface;

a ground connecting to the third radiator, wherein the
ground includes a first ground part and a second ground
part, the third radiator includes a shorter side and a
longer side, the shorter side connects to the ground, a
lengthwise direction of the shorter side is perpendicular
to a lengthwise direction of the longer side, the longer
side extends toward the first radiator, and the second
radiator is disposed between the third radiator and the
ground; and

a signal source feeding a high frequency signal including a
positive signal and a negative signal, wherein the posi-
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tive signal is directly fed through the connection part to
excite the first radiator and the second radiator to gen-
erate a first frequency band mode and a second fre-
quency band mode respectively, and the negative signal
couples with the ground to be fed into and excite the
third radiator to form a third frequency band mode.

2. The antenna of claim 1, wherein the second radiator
extends away from the first radiator.

3. The antenna of claim 1, wherein the third radiator
extends away from the ground.

4. The antenna of claim 1, wherein the second ground part
connects to the first ground part, and the second ground part
and the first ground part are disposed on different surfaces of
the substrate.

5. The antenna of claim 1, wherein the first radiator extends
from the connection part in a direction away from the second
radiator to form a bending part extending toward the ground.

6. The antenna of claim 1, wherein the first frequency band
mode partially overlaps with the third frequency band mode,
the first frequency band mode and the second frequency band
mode are not overlapped.

7. The antenna of claim 1, wherein the connection part
penetrates the substrate to connect to the first radiator on the
first surface and to the second radiator on the second surface
respectively.

8. The antenna of claim 1, wherein an end of the longer side
is bent to extend toward the shorter side.

9. The antenna of claim 1, wherein an extending end of the
first radiator is bent to be opposite to the longer side.

10. The antenna of claim 1, wherein the shorter side is
distributed on the substrate in a zigzag manner.

11. The antenna of claim 1, wherein the third radiator is
disposed on the second surface and extends toward the first
radiator, and the first radiator and the second radiator are
disposed on the first surface.

12. The antenna of claim 11, wherein the positive signal of
the signal source is fed into the connection part, the negative
signal couples with the first ground part, the second ground
part connects to the first ground part, and the second radiator
disposed on a semi-open region encircled by the longer side,
the shorter side, and the ground.

13. The antenna of claim 1, wherein the first ground part,
the second ground part, the first radiator, and the second
radiator are disposed on the first surface, a free end of the first
radiator extends away from a free end of the second radiator,
the second ground part connects to the first ground part, and
the second radiator is disposed on a semi-open region
encircled by the longer side, the shorter side, and the ground.

14. The antenna of claim 13, wherein an end of the longer
side is bent to extend toward the shorter side.

15. The antenna of claim 1, wherein the third frequency
band mode has a frequency band between 2.3 GHz and 2.7
GHz, the first frequency band mode has a frequency band
between 3.3 GHz and 3.8 GHz, and the second frequency
band mode has a frequency band between 5.15 GHz and 5.85
GHz.

16. The antenna of claim 1, wherein the second ground part
is indirectly connected to the first ground part, and the second
ground part and the first ground part are disposed on different
surfaces of the substrate respectively.

sk sk sk sk sk
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ANTENNA DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present Application is a Divisional Application
of U.S. patent application Ser. No. 12/010,156, filed on Jan.
22, 2008, which is a Divisional Application of U.S. patent
application Ser. No. 11/131,186, filed on May 18, 2005, now
U.S. Pat. No. 7,443,345.

[0002] The present application is based on Japanese patent
application Nos. 2003-198478, 2003-201823, and 2004-
035117, the entire contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] This invention relates to an antenna device used in a
base station antenna or the like for mobile communications,
and more particularly to an antenna device in which a desired
directivity angle is realized by a simple construction.

[0005] 2. Description of the Related Art

[0006] In a base station antenna for mobile communica-
tions, a service area from which communication service can
be provided is influenced remarkably by a directivity in the
horizontal plane of the base station antenna. In case of estab-
lishing a base station antenna, it is desirable to locate it in the
best place where all the service areas intended to cover can be
fully provided without accompanying any unnecessary
details. In other words, even if an electric power is delivered
to an area where no mobile station exists, resulting in a loss of
energy, while it becomes a problem, when no electric power
is delivered to an area where some mobile stations exist.
[0007] Inreality, there is a case where the best placeison a
road or the other places where an antenna is hardly set up.
Thus, there are frequently such a case where an antenna must
be set up in a place where is that near to the best place, i.e. a
next-best place. For instance, when it is intended to contain
principally a service area along a longitudinal direction of a
road 91 as shown in FIG. 1 by the use of an antenna having a
directivity of an 8-figure shape in the horizontal plane, the
best place is in the central point 92 of the road. However, the
antenna cannot be located at the central point of the road, so
that it is disposed on an electric pole, a telephone booth and
the like positioned at a side of the road in reality.

[0008] In this case, however, when a base station antenna
having an 8-figure shape directivity 94 is set up at a point 93
on a side of the road as shown in FIG. 1, an area contains
inevitably a region which is not required principally for a
service area, in other words, a building 96 faced to the road
which is unnecessary for the service area is contained inevi-
tably therein, so that there are useless regions. In FIG. 1, even
if an antenna having omnidirectivity (a circular directivity) in
the horizontal plane is used in place of an antenna having an
8-figure shape directivity, a demand for containing princi-
pally a region extending along the longitudinal direction of
the road 91 cannot be attained.

[0009] A directivity in the horizontal plane of an ideal
antenna suitable for a place shown in FIG. 1 in which an
antenna is to be set up is that as indicated by a broken line 97.
When the antenna has the directivity as indicated by the
broken line 97, it can reduce a region in a service area cover-
ing the building 96.
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[0010] Inrecentyears, the number of mobile stations exist-
ing in a narrow area increases with progress of mobile station
instruments. In this connection, when a base station antenna
applying an omnidirectional antenna thereto is set up as
shown in FIG. 2A to establish a circular service area sur-
rounding a setting place 201, the sufficient number of chan-
nels cannot be ensured for the number of mobile stations,
because of the limited number of channels which can be
provided by a single base station. Under the circumstances, it
is considered for ensuring the sufficient number of channels
in each service area that a plurality of antennas each having a
comparatively narrow directivity is set up at the same place,
whereby different directions are covered to establish service
areas, respectively. For instance, when three antennas each
having 120° directivity angle are set up at the same setting
place 201 as shown in FIG. 2B, service areas each having a
sector form directing to a different direction, respectively, are
shared, so that the number of channels being three times
larger than that in the case where circular service areas are set
up can be ensured.

[0011] However, when the number of mobile stations
increases further, it is required that four or more of antennas
are set up at the same setting place 201 so as to obtain
narrower service areas as shown in FIG. 2C. In this case, since
each service area 202 has each narrower angle, a directivity
must be remarkably narrowed in each antenna.

[0012] Japanese patent application laid-open No. 11-31915
(prior art 1) discloses such a technology that omnidirectivity
is obtained over a comparatively broad band by means of a
substrate type antenna wherein electric supply lines com-
posed of microstrip lines and antenna elements composed of
microstrip lines are formed on a dielectric substrate.

[0013] On one hand, Japanese patent application laid-open
No. 8-125435 (prior art 2) discloses such a technology that a
reflector plate is opposed to an omnidirectional antenna,
whereby such characteristics wherein a characteristic con-
figuration of omnidirectivity is shifted unidirectionally are
obtained, so that a circular service area is deviated away from
a building.

[0014] However, even when a reflector plate is disposed so
as to oppose to an omnidirectional antenna as in the prior art
2, only a directivity with a narrow directivity angle is
obtained. Accordingly, such directivity in the horizontal
plane of an antenna which can reduce a service area covering
a side of the building as desired in FIG. 1, in other words, a
wide directivity more than 120° directivity angle is not easily
obtained. On the other hand, the directivity in the horizontal
plane indicated by the broken line 97 cannot be obtained by an
omnidirectional antenna as in the prior art 1.

[0015] Furthermore, when plural antennas are set up at the
same place in order that a service area is divided into narrower
regions, it is required that a directivity angle of each of the
antennas has a desired narrow angle in response to the number
of division.

[0016] As is apparent from the above description, such an
antenna in which a desired directivity angle extending over a
range of from a wide directivity angle of 180° to a narrow
directivity angle of about 30° is obtained by a simple con-
struction is demanded.

SUMMARY OF THE INVENTION

[0017] Itis anobject of the invention to provide an antenna
device that a desired directivity angle can be obtained by a
simple construction.
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[0018] (1) According to one aspect of the invention, an
antenna device, comprises:

[0019] a plurality of substrate type antennas arranged in a
direction, each of the substrate type antennas comprising a
dielectric substrate, an electric supply line that comprises a
microstrip line and is formed on the dielectric substrate, and
antenna elements each of which includes microstrip lines and
formed on the dielectric substrate; and

[0020] a reflector plate located along the direction that the
substrate type antennas are arranged,

[0021] wherein the substrate type antennas each have dif-
ferent angles of inclination relative to the reflector plate.
[0022] In the antenna device the substrate type antennas
may have an elliptical directivity.

[0023] Further, the antenna device may further include:
[0024] a plurality of subsidiary reflector plates that are
orthogonal to the reflector plate,

[0025] wherein the dielectric substrate is sandwiched by
the two subsidiary reflector plates.

[0026] (2) According to another aspect of the invention, an
antenna device comprises:

[0027] a dielectric substrate;

[0028] an electric supply line that comprises a microstrip
line and is formed on the dielectric substrate;

[0029] an antenna element that comprises a microstrip line
and is formed on the dielectric substrate; and

[0030] a reflector plate disposed on the dielectric substrate
at a predetermined angle of inclination,

[0031] wherein the reflector plate is allowed to move rela-
tive to the dielectric substrate while keeping the predeter-
mined angle of inclination.

[0032] In the antenna device, the electric supply line and
the antenna element may deviate from a dimensional factor
that allows the electric supply line and the antenna element to
have an omnidirectivity, and the electric supply line and the
antenna element may have a dimensional factor that allows
the electric supply line and the antenna element to have an
elliptical directivity.

[0033] Further, in the antenna device the electric supply
line and the antenna element may deviate from a dimensional
factor that allows the electric supply line and the antenna
element to have an omnidirectivity, and the electric supply
line and the antenna element may have a dimensional factor
that allows the electric supply line and the antenna element to
have an elliptical directivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The present invention will be explained in more
detail in conjunction with appended drawings, wherein:
[0035] FIG.11isaplanview showing a road and a periphery
thereof wherein a base station antenna is set up on a side of the
road;

[0036] FIGS. 2A to 2C are plan views each showing an
appearance wherein a plurality of service areas is established
around a place at which one base station antenna is set up;
[0037] FIG. 3 is a perspective view showing an antenna
device according to a first embodiment of the present inven-
tion;

[0038] FIG. 4 is aside view showing the antenna device of
FIG. 3 viewed from z-axis direction;

[0039] FIG. 5 is a characteristic diagram showing a direc-
tivity in the horizontal plane (omnidirectivity) of a conven-
tional antenna device;
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[0040] FIG. 6 is a characteristic diagram showing a direc-
tivity in the horizontal plane of an elementary substrate of the
antenna device shown in FIG. 3;

[0041] FIG. 7 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 3,

[0042] FIG. 8 is a perspective view showing an antenna
device according to a second embodiment of the present
invention;

[0043] FIG. 9 is a side view showing the antenna device of
FIG. 8 viewed from z-axis direction;

[0044] FIG. 10 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 8;

[0045] FIG. 11 is a characteristic diagram showing a direc-
tivity in the horizontal plane of a modification of the antenna
device shown in FIG. 3;

[0046] FIGS.12 and 13 are perspective views each showing
an antenna device according to a third embodiment of the
present invention;

[0047] FIGS. 14A to 14F are side views each showing an
antenna device according to a fourth embodiment of the
present invention;

[0048] FIG. 15 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 14F;

[0049] FIGS. 16A to 16D are side views each showing an
antenna device according to a fifth embodiment of the present
invention;

[0050] FIG. 17 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 3 wherein an angle of inclination . of the antenna is 45°
according to a sixth embodiment of the present invention;
[0051] FIG. 18 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 3 wherein an angle of inclination a of the antenna is
-45° according to the sixth embodiment of the present inven-
tion;

[0052] FIG. 19 is a perspective view showing a multi-di-
rectivity substrate type antenna according to a seventh
embodiment of the present invention;

[0053] FIG. 20 is a side view showing a multi-directivity
substrate type antenna according to an eighth embodiment of
the present invention;

[0054] FIG. 21 is a side view showing a multi-directivity
substrate type antenna according to an ninth embodiment of
the present invention;

[0055] FIG. 22 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 21,

[0056] FIG. 23 is a perspective view showing a substrate
type antenna device according to a tenth embodiment of the
present invention;

[0057] FIG. 24 is a side view showing the substrate type
antenna device shown in FIG. 23;

[0058] FIG. 25 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the substrate type antenna
device shown in FIG. 23 (an angle of inclination o of the
antenna is 45°);

[0059] FIG. 26 is a side view showing a substrate type
antenna device according to an eleventh embodiment of the
present invention wherein a reflector plate of the antenna
device of FIG. 24 is shifted;
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[0060] FIG.27 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 26;

[0061] FIG. 28 is a side view showing a substrate type
antenna device according to a twelfth embodiment of the
present invention;

[0062] FIG. 29 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 28;

[0063] FIG. 30 is a side view showing a substrate type
antenna device according to a thirteenth embodiment of the
present invention;

[0064] FIG. 31 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device shown in
FIG. 30,

[0065] FIG. 32 is a characteristic diagram showing a direc-
tivity in the horizontal plane of the antenna device according
to a fourteenth embodiment of the present invention;

[0066] FIG. 33 is a side view showing a substrate type
antenna device according to a fifteenth embodiment of the
present invention;

[0067] FIG. 34 is a side view showing a substrate type
antenna device according to a sixteenth embodiment of the
present invention; and

[0068] FIG. 35 is a side view showing a substrate type
antenna device according to a seventeenth embodiment of the
present invention.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0069] Exemplary embodiments of the present invention
will be described in detail hereinafter.

First Embodiment

[0070] As shown in FIGS. 3 and 4, an antenna device 1
according to the present invention includes a substrate type
antenna 10 which is fabricated by such a manner that an
electric supply line (called also open-end line) 3 composed of
microstrip lines extending along the longitudinal direction of
a substrate 2, antenna elements 5 each composed of micros-
trip lines, and electric supply lines 4 each composed of
microstrip lines and for connecting the electric supply line 3
with the antenna element 5 are formed on either surface of the
substrate 2, while a passive element 7 composed of microstrip
wires, and a ground 8 made of an electric conductor are
formed the other surface of the substrate 2.

[0071] The ground 8 is positioned on the reverse side of the
electric supply line 3, and the passive element 7 is positioned
on the reverse side of the antenna elements 5. A coaxial cable
9 for supplying electric power from an external transmission
and reception instrument (not shown) to the substrate is
located along the ground 8.

[0072] It is to be noted that although the passive element 7
is disposed at a position corresponding to that of the antenna
element 5 on the reverse side thereof on which the antenna
element 5 is formed in the substrate type antenna according to
the present embodiment, the passive element 7 may be
located on the same side of the substrate 2 on which the
antenna elements 5 are disposed so as to be parallel thereto.
The antenna element 5 has half a wavelength in electrical
length along the longitudinal direction.

[0073] InFIGS. 3 and 4, a direction indicated by z-axis is
the vertical direction with respect to the horizontal plane.
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Namely, the substrate 2 is set up in such that the longitudinal
direction of the substrate 2 is kept to be vertical with respect
to the horizontal plane. Dimensional factors of the electric
supply line 4 and the antenna element 5 for deciding a direc-
tivity of the antenna device 1 include a length of the electric
supply line 4 (a distance between the open-end line 3 and the
antenna element 5), a distance between two adjacent electric
supply lines 4 positioned on the open-end line 3 along the
longitudinal direction of the substrate 2, a distance between
two adjacent antenna elements 5, 5 along the longitudinal
direction of the substrate 2 and the like. When these dimen-
sional factors are made to be either values obtained through
multiplication of an applied frequency A by an integer, or ones
being each simple common fraction of such frequency A,
omnidirectivity (a circular figure directivity) in the horizontal
plane can be obtained. Details are as described in the prior art
1.

[0074] An example of such circular figure directivity is
shown in FIG. 5 wherein although a gain at £180° (the reverse
direction to the x-axis in FIG. 3) is somewhat small with
respect to a gain at 0° (the x-axis direction in FIG. 3), but it is
in a degree of experimental error.

[0075] Inthe present invention, a dimensional factor due to
which the above-described omnidirectivity is achieved is
intentionally avoided, and, for example, a value which cannot
be easily obtained from the applied frequency is used,
whereby a dimensional factor due to which an elliptical direc-
tivity in the horizontal plane is obtained is adopted. More
specifically, a distance between two adjacent antenna ele-
ments 5, 5 along the longitudinal direction of the substrate 2
due to which omnidirectivity is obtained is changed to
another distance.

[0076] An example of the elliptical directivity thus
obtained is shown in FIG. 6 wherein a gain at +90° (the y-axis
direction in FIG. 3) is around 3 dB smaller than that of 0° and
+180° (the x-axis direction in FIG. 3) as shown in the figure.
[0077] Returning to FIGS. 3 and 4, a reflector plate 6 is
disposed so as to have 90° angle of inclination in the horizon-
tal plane with respect to the substrate 2 in the antenna device
1 according to the present invention. In other words, the
substrate 2 extends along the x-axis, while the reflector plate
6 is disposed in parallel to the y-axis.

[0078] FIG. 7 shows a directivity in the horizontal plane of
the antenna device 1 shown in FIG. 3 wherein a directivity
deviating remarkably to a semicircle on the side including 0°
is obtained as shown in the figure. When viewed an angle at
which -3 dB gain is obtained on the basis of the maximum
gain, it is +80°, i.e. 160° directivity angle is obtained.
[0079] When the antenna device 1 of FIG. 3 having char-
acteristics as shown in FIG. 7 is applied to the environment as
shown in FIG. 1 wherein an antenna device is to be set up, the
resulting directivity in the horizontal plane becomes that indi-
cated by the broken line 97, so that a service area which covers
inevitably a side of the building 96 is reduced, whereby a
region along the longitudinal direction of the road 91 can be
contained principally in the service area. When the charac-
teristics indicated by the broken line 97 are compared with
those which are achieved by shifting unidirectionally an
omnidirectional characteristic figure as described in the prior
art 2, a less electric power than that of the prior art case is
delivered to an area in which any mobile station cannot abso-
lutely exist. In other words, it is an economical way.

[0080] The antenna device 1 shown in FIG. 3 is obtained by
such a manner that a dimensional factor of a conventional
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omnidirectional substrate type antenna is deviated intention-
ally to acquire another dimensional factor due to which the
elliptical directivity of FIG. 6 is achieved. Besides, the reflec-
tor plate 6 is disposed to the substrate 2 so as to have 90° angle
of inclination in the horizontal plane. Accordingly, the char-
acteristics shown in FIG. 7, which cannot be attained by such
an arrangement that even if a reflector plate is added to an
omnidirectional substrate type antenna as in the prior art 2,
can be realized.

[0081] It is to be noted that the reflector plate 6 may be
disposed with respect to the substrate 2 so as either to be in
contact with the edge thereof, or to be suitably apart from the
edge of the substrate 2. A distance from the antenna element
5 to the reflector plate 6 may be adjusted so as to obtain a good
directivity in FIG. 7. A width in the y-axis direction may be
also adjusted so as to obtain a good directivity in FIG. 7. A
length of the reflector plate 6 in the z-axis direction is made to
be substantially equal to that of the substrate 2 in the z-axis
direction. In FIG. 3, although only four stages of the antenna
elements 5 in the z-axis direction are shown, they may be
more or less than four stages.

Second Embodiment

[0082] As shown in FIGS. 8 and 9, a reflector plate 6 is
disposed with respect to a substrate 2 so as to have 0° angle of
inclination in the horizontal plane in an antenna device 1. In
other words, when the substrate 2 extends along y-axis, the
reflector plate 6 is located in parallel to the y-axis. The sub-
strate 2 is the same as that shown in FIG. 3. Namely, the
substrate 2 has such a dimensional factor due to which an
elliptical directivity wherein a gain at £90° (x-axis direction
in FIG. 8) is around 3 dB smaller than that at 0° and £180°
(y-axis direction in FIG. 8) in the horizontal plane is achieved.
A distance from the antenna element 5 to the reflector plate 6
may be adjusted so as to have a good directivity in FIG. 10. On
onehand, a width of the reflector plate 6 in the y-axis direction
may be adjusted so as to have the good directivity in FIG. 10.
Inthis case, a length of the reflector plate 6 in z-axis direction
is made to be substantially the same as that of the substrate 2
in the z-axis direction.

[0083] FIG.10shows adirectivity in the horizontal plane of
the antenna device 1 of FIG. 8 wherein a directivity having
120° directivity angle is achieved as shown in the figure.
When viewed an angle at which -3 dB is achieved on the basis
of'a gain at 0° at which the gain becomes the maximum, it is
+60°, namely, 120° directivity angle is obtained.

[0084] When a plurality of the antenna devices 1 of FIG. 8
each having characteristics of a small directivity angle of a
directivity in the horizontal plane as shown in FIG. 10 is set up
in the same place at each different direction, respectively, a
service area can be divided into small regions as shown in
FIG. 2B or FIG. 2C.

[0085] FIG.11shows adirectivity in the horizontal plane of
the antenna device 1 of FIG. 3 as in the case of FIG. 7. FIG. 11
differs from FIG. 7 in elliptical directivity under a situation of
which there is no reflector plate 6. More specifically, a dis-
tance between two adjacent antenna elements 5, 5 in the
longitudinal direction of the substrate 2 is allowed to differ
from that based on which the characteristics shown in FIG. 6
are obtained. As shown in FIG. 11, a directivity which devi-
ates remarkably to a side including 0° of a semicircular figure
is achieved. When an angle at which -3 dB is obtained is
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observed on the basis of the maximum gain, it is +90°,
namely, 180° directivity angle is achieved.

Third Embodiment

[0086] Inan antenna device 1 shown in FIG. 12 or FIG. 13,
aplurality of substrates 2 are disposed wherein the respective
substrates 2 are parallel to each other, and an angle of each
substrate 2 with a reflector plate 6 is the same as that in any of
them. As in these examples of FIGS. 12 and 13, when a
plurality of substrate type antennas 10 are set up so as to
obtain an elliptical directivity in the horizontal plane and
further, the reflector plate 6 is disposed, desired directivities
in the horizontal planes shown in FIGS. 7, 10, 11 and the
others can be achieved, respectively.

[0087] Inthese cases, when it is adjusted in such that each
of the substrate type antennas 10 radiates a different radio
wave, it becomes possible to respond to a plurality of station
wave-numbers by only a single antenna device according to
the antenna device as shown in FIG. 12 or 13.

Fourth Embodiment

[0088] FIGS. 14A to 14F are views each showing an
antenna device according to the fourth embodiment of the
present invention wherein a plurality of reflector plates 6 are
disposed with respect to one substrate type antenna 10.
[0089] In these circumstances, the respective reflector
plates 6 are located so as to have a variety of angles of
inclination with respect to a substrate 2. More specifically,
one reflector plate 6 is disposed so as to have 90° angle of
inclination with respect to the substrate 2, while other two
reflector plates 6, 6 are disposed in parallel to the substrate 2
s0 as to be in contact with the opposite ends of the one
reflector plate 6 in FIG. 14A.

[0090] InFIG.14B,one reflector plate 6 is disposed so as to
have 90° angle of inclination with respect to a substrate 2,
while other two reflector plates 6, 6 are disposed at about
+130° angles of inclination with respect to the substrate 2,
respectively, so as to be in contact with the opposite ends of
the reflector plate 6.

[0091] In FIG. 14C, two reflector plates 6 are disposed at
about +45° angles of inclination with respect to a substrate 2,
respectively.

[0092] In FIG. 14D, one reflector plate 6 is disposed in
parallel to a substrate 2, while other two reflector plates 6, 6
are disposed at 90° angles of inclination with respect to the
substrate 2, respectively, so as to be in contact with the oppo-
site ends of the one reflector plate 6.

[0093] In FIG. 14E, one reflector plate 6 is disposed in
parallel to a substrate 2, while other two reflector plates 6, 6
are disposed at about +60° angles of inclination with respect
to the substrate 2, respectively, so as to be in contact with the
opposite ends of the one reflector plate 6.

[0094] InFIG. 14F, two reflector plates 6, 6 are disposed at
about +45° angles of inclination with respect to a substrate 2,
respectively.

[0095] FIG. 15 shows a directivity in the horizontal plane of
the antenna device 1 shown in FIG. 14F wherein when an
angle at which -3 dB gain is attained is observed on the basis
of'a gain of 0° at which the maximum gain is achieved, it is
+25°, namely 50° directivity angle is obtained. As described
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above, when a configuration of the reflector plates 6 is modi-
fied, directivity angle can be easily adjusted.

Fifth Embodiment

[0096] FIGS.16A to 16D show antenna devices 11 each of
which is arranged by employing a plurality of reflector plates
6 as shown in FIGS. 3, 8 and others. These reflector plates 6
are disposed at a predetermined crossed axes angle, respec-
tively, so as to configure a polygonal figure in the horizontal
plane, and the same number of substrates 2 as that of the
reflector plates 6 are disposed in such that each of the sub-
strates 2 is located with respect to each of the corresponding
reflector plates 6 at an equal angle of inclination. Since a set
of'such antenna device 11 composed of a pair of the substrate
2 and the reflector plate 6 has a directivity angle of a narrow
directivity in the horizontal plane, it is suitable for applying
the antenna device 11 wherein a plurality of the antenna
devices 1 are disposed at the same place to such purpose for
dividing a service area 202 into narrower regions as in the
case of FIG. 2B or 2C by means of each directivity of the
antenna devices 1.

Sixth Embodiment

[0097] Anangle ofinclination o in the reflector plate 6 may
be selected to any value in 360° with respect to the substrate
2.

[0098] FIG.17 showsa directivity in the horizontal plane in
the case where the angle of inclination a is +45° wherein an
angle at which a gain becomes the maximum deviates by
about 10°, and an angle at which -3 dB is attained is —40° and
+70°, respectively, as shown in the figure, whereby it is under-
stood that the directivity is shifted totally to the +angle side.
[0099] FIG. 18 shows a directivity in the horizontal plane in
the case where an angle of inclination o is —45° wherein an
angle at which a gain becomes the maximum deviates by
about —10°, and an angle at which -3 dB is attained is +40°
and -70°, respectively, as shown in the figure, whereby it is
found that the directivity is shifted totally to the —angle side.
[0100] As is understood from the characteristics shown in
FIGS. 17 and 18, when the angle of inclination o of a reflector
plate 6 is changed with respect to a substrate 2, an orientation
of directivity can be changed. On one hand, when a distance
extending from the reflector plate 6 to the substrate 2 is
changed, an orientation of directivity can be also changed.
[0101] Based on the above description, embodiments of a
multi-directivity substrate type antenna according to the
present invention will be further described.

Seventh Embodiment

[0102] As shown in FIG. 19, a multi-directivity substrate
type antenna device 101 is prepared by such a manner that
first, a substrate type antenna 1 is obtained by forming electric
supply lines 3 and 4 each composed of microstrip lines, and
antenna elements 5 each composed of microstrip lines on a
substrate 2; a plurality of the resulting substrate type antennas
1, each of which is disposed in such that the longitudinal
direction of the substrate 2 is made to be vertical with respect
to the horizontal plane, is aligned in a row with a distance
along the horizontal direction; and a reflector plate 6 is
located in the aligned direction of the substrate type antennas
1. Besides, angles of'inclination in the horizontal planes of the
respective substrates 2 are allowed to differ in every antennas
1 with respect to the reflector plate 6.
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[0103] As explained in FIGS. 17 and 18, an orientation of a
directivity in the substrate type antenna 1 changes due to an
angle of inclination o of the reflector plate 6 with respect to
the substrate 2. Accordingly, the antenna device 101 shown in
FIG. 19 has such characteristics obtained by overlapping
directivities of the respective substrate type antennas 1 with
each other.

Eighth Embodiment

[0104] As shown in FIG. 20, a multi-directivity substrate
type antenna device 102 is provided with a plurality of sub-
sidiary reflector plates 60 wherein each of the subsidiary
reflector plates 60 is perpendicular to a reflector plate 6, and
one end of each subsidiary reflector plate 60 is disposed so as
to be in contact with the reflector plate 6. In FIG. 20, the
reflector plate 6 is sectioned with a predetermined distance, so
that one end of each subsidiary reflector plate 60 is sand-
wiched in between sectioned pieces of the reflector 6. The
subsidiary reflector plates 60 are disposed at the opposite
ends of the reflector plate 6 as well as at each intermediate
position in between dispositions of the substrate type anten-
nas 1. Thus, each substrate 2 in the respective substrate type
antennas 1 is sandwiched in between two subsidiary reflector
plates 60, respectively.

[0105] In the antenna device 102 shown in FIG. 20, three
substrate type antennas 1 are located so as to have a different
angle of inclination o with respect to the reflector plate 6,
respectively. Each angle of inclination o of a surface in a
substrate type antenna 1 on which antenna elements 5 are
disposed with the reflector plate 6 is about 45° in the substrate
type antenna 1 on the right side, 90° in the substrate type
antenna 1 in the central region, and -45° in the substrate type
antenna 1 on the left side of the drawing.

Ninth Embodiment

[0106] In an antenna device 103 shown in FIG. 21, each
angle of inclination a in each substrate type antenna 1 of the
antenna device 102 of FIG. 20 is changed. Namely, an angle
of inclination o of a substrate type antenna 1 in the central
region is 0°, while each angle of inclination « in substrate
type antennas 1 on the right and left sides of the drawing is 45°
and -45°.

[0107] FIG. 22 shows a directivity in the horizontal plane of
the antenna device 103 shown in FIG. 21. From FIG. 22, itis
found that the antenna device 103 has directivity angles of
about 60°, respectively, and has three different directivities at
which each of the maximum gains is obtained along the
directions of about 45°, 0°, and —45°, respectively. These
three directivities correspond to those of the substrate type
antennas 1 shown in FIGS. 14A to 14F, respectively. In the
respective substrate type antennas 1, when values of angles of
inclination o, or dimensions of reflector plates 6 or subsidiary
reflector plates 60, and relative positions among the reflector
plates 6, the subsidiary reflector plates 60, and substrates 2 are
adjusted, directivity angles and directions along which the
maximum gains are achieved, respectively, may be suitably
changed.

[0108] As described above, since a plurality of substrate
type antennas 1 aligned in a row is disposed so as to have
different angles of inclination o with respect to the reflector
plate 6 in the above-described seventh to ninth embodiments,
directivities derived from the respective substrate type anten-
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nas 1 and the reflector plate 6 may be overlapped with each
other to realize multi-directivity thereof.

[0109] These antenna devices 101 to 103, inclusive, have a
two-dimensional structure wherein a plurality of the substrate
type antennas 1 is aligned along the reflector plate 6 with each
other. Accordingly, these antenna devices 101 to 103 have
simpler structures and smaller spaces (volume) occupied by
their components than that of the case where individual anten-
nas each having the same directivity are located in different
directions, respectively. Even in a case where each directivity
angle of an individual antenna makes further smaller and
increases further more of the number of such individual
antennas, the number of the substrate type antennas 1 to be
aligned along the reflector plate 6 increases simply, the struc-
ture itself is not complicated in the present invention.

Tenth Embodiment

[0110] AsshowninFIGS. 23 and 24, an antenna device 1 of
the tenth embodiment is constructed in such that a reflector
plate 6 is positioned so as to have a predetermined angle of
inclination in the horizontal plane with respect to a substrate
2, and the reflector plate 6 is made to be relatively movable
with respect to the substrate 2 while maintaining the above-
described angle of inclination. In the tenth embodiment,
although the angle of inclination . is 45°, any degree of angle
may be selected for obtaining a desired directivity.

[0111] In FIGS. 23 and 24, the reflector plate 6 is in its
initial position wherein the reflector plate 6 is set up option-
ally apart from the substrate 2.

[0112] FIG. 25 shows a directivity in the horizontal plane in
the case when the angle of inclination « is 45° in the antenna
device 1. As is apparent from FIG. 25, an angle at which the
maximum gain is achieved deviates by about 10° from the
vertical line, while an angle at which -3 dB is obtained is —40°
and +70°, whereby it is found that the directivity shifts totally
to the +angle side.

Eleventh Embodiment

[0113] In the present embodiment, an offset S (a distance
between an end of the substrate 2 and the reflector plate 6 in
the y-axis direction of the antenna device 1 shownin FIGS. 23
and 24 is called by the name of “offset S”) is changed by
moving a reflector plate 6.

[0114] FIG. 26 shows a situation wherein the reflector plate
6 in the antenna device 1 of FIG. 24 is shifted. In FIG. 24,
although a central position in the width direction of the sub-
strate 2 and a central position in the width direction of the
reflector plate 6 are at the same position along the y-axis,
while the substrate 2 is shifted relatively to the minus direc-
tion of the y-axis, so that the offset S decreases in FIG. 26.
[0115] Inthiscase, althoughitis sufficient to shift relatively
the substrate 2 and the reflector plate 6, only the reflector plate
6 is shifted herein because of such reasons that since a coaxial
electric supply line 9 is attached and wired to the substrate 2,
it is difficult to shift the substrate 2, and that directivities are
compared on the basis of the substrate 2 as the starting point.
[0116] FIG.27 shows adirectivity in the horizontal plane of
the antenna device 1 shown in FIG. 26 wherein an angle at
which the maximum gain is obtained deviates by about 30°
from the vertical line, and hence it is found that the directivity
shifts totally to the +angle side as compared with the result of
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FIG. 25. As described above, when the offset S is changed
simply from the situation of FIG. 24 to that of FIG. 26, their
directivities can be scanned.

Twelfth Embodiment

[0117] An antenna device 1A shown in FIG. 28 is obtained
by adding another reflector plate (subsidiary reflector plate)
60 to the antenna device 1 of FIG. 26 wherein the subsidiary
reflector plate 60 is allowed to have an angle of inclination in
the horizontal plane different from the angle of inclination o
in the reflector plate 6 of FIG. 26 with respect to a substrate 2.
In this case, an angle [} ofthe subsidiary reflector plate 60 with
a reflector plate 6 is selected to make the former angle of
inclination with respect to the substrate 2 different from the
latter angle of inclination a.. The subsidiary reflector plate 60
is provided integrally with the reflector plate 6, and it is
shifted together with the reflector plate 6.

[0118] FIG. 29 shows a directivity in the horizontal plane of
the antenna device 1A of FIG. 28 wherein it is not different
from FIG. 27 in that an angle at which the maximum gain is
attained is about 30°, but no side lobe is observed in the
present embodiment of FIG. 29 unlike the case of FIG. 27
where a side lobe appears at —60°.

Thirteenth Embodiment

[0119] An antenna device 1B shown in FIG. 30 is prepared
by adding another subsidiary reflector plate 60 to the antenna
device 1 of FIG. 26 wherein an angle § of the subsidiary
reflector plate 60 with the reflector plate 6 differs from that of
the antenna device 1A of FIG. 28, and it is 90° in the present
embodiment.

[0120] FIG. 31 shows a directivity in the horizontal plane of
the antenna device 1B shown in FIG. 30 wherein it is not
different from those of FIGS. 27 and 29 in that an angle at
which the maximum gain is achieved is about 30°, but no side
lobe is observed in FIG. 31, so that such ideal profile that an
angle at which -3 dB is attained is 0° and +60° is obtained.

Fourteenth Embodiment

[0121] As is apparent from the above description, when an
offset S defined between a substrate 2 and a reflector plate 6 is
changed simply, a directivity to be obtained may be scanned
in the present invention.

[0122] The reflector plate 6 may be shifted continuously or
in a step-by-step manner. When the reflector plate 6 (or the
subsidiary reflector plate 60 and the reflector plate 6) is (are)
shifted by a suitable distance, a directivity in a desired orien-
tation, for example, a directivity with —45° angle at which the
maximum gain is attained can be realized as shown in FIG.
32. Unlike a conventional mechanical scan antenna, the
antenna device according to the present invention is neither
required to move a whole antenna device including a radiator,
nor to add complicated circuit elements unlike an electronic
scan antenna. Besides, since the antenna device of the inven-
tion is sufficient to shift only the reflector plate 6 along a
uniaxial direction, a required shifting mechanism can be sim-
ply constructed. More specifically, a scannable substrate type
antenna can be manufactured inexpensively in a compact and
simple structure according to the present invention.

Fifteenth Embodiment

[0123] A size of a reflector plate 6 or a subsidiary reflector
plate 60 may be suitably adjusted in view of a profile in
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directivity. For instance, an antenna device 1C shown in FIG.
33 contains a reflector plate 6 having a narrower width than
that of the antenna device 1B shown in FIG. 30, while a
subsidiary reflector plate 60 having a wider width than that of
the antenna device 1B of FIG. 30.

Sixteenth Embodiment

[0124] A subsidiary reflector plate 60 may be attached to
the opposite ends of the reflector plate 6. In an antenna device
1D shown in FIG. 34, subsidiary reflector plates 60 and 60' are
positioned on the opposite ends of a reflector plate 6, which
has an angle of inclination o with respect to a substrate 2, at
both the angles p=90°, respectively. In the case when a plu-
rality of subsidiary reflector plates 60 are provided, each of
the subsidiary reflector plates 60, and 60' may be differed with
each other as described above.

Seventeenth Embodiment

[0125] A mechanism for shifting a reflector plate will be
described in the present embodiment.

[0126] AsshowninFIG. 35, a plurality of teeth 171 aligned
along a shifting direction of a reflector plate 6 is formed
thereon. A gear 172 is meshed with the teeth 172, and the gear
172 is rotated by a drive unit such as a motor (not shown),
whereby the reflector plate 6 is shifted to be capable of chang-
ing a offset S. The teeth 171 are not necessarily required to
form directly on the reflector plate 6, but it may be formed into
a movable member incorporated with the reflector plate 6.
The gear 172 may be a ball gear.

[0127] The invention is not limited to the construction as
shown in FIG. 35, but any mechanism is applicable so far as
the reflector plate 6 is relatively movable with respect to the
substrate 2 while maintaining the angle of inclination a.
[0128] Itwill be appreciated by those of ordinary skill in the
art that the present invention can be embodied in other spe-
cific forms without departing from the spirit or essential char-
acteristics thereof.
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[0129] The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restrictive.
The scope of the invention is indicated by the appended
claims rather than the foregoing description, and all changes
that come within the meaning and range of equivalents
thereof are intended to be embraced therein.

1. An antenna device, comprising:

a dielectric substrate;

an electric supply line that comprises a microstrip line and

is formed on the dielectric substrate;

an antenna element that comprises a microstrip line and is

formed on the dielectric substrate; and

a reflector plate disposed on the dielectric substrate at a

predetermined angle of inclination,

wherein the reflector plate is allowed to move relative to the

dielectric substrate while keeping the predetermined
angle of inclination.

2. The antenna device according to claim 1, wherein the
electric supply line and the antenna element deviate from a
dimensional factor that allows the electric supply line and the
antenna element to have an omnidirectivity, and

wherein the electric supply line and the antenna element

have a dimensional factor that allows the electric supply
line and the antenna element to have an elliptical direc-
tivity.

3. The antenna device according to claim 1, wherein a
distance between the antenna element and an adjacent
antenna element along a longitudinal direction of the dielec-
tric substrate deviates from a distance between the antenna
element and the adjacent antenna element along the longitu-
dinal direction of the dielectric substrate that allows the elec-
tric supply line and the antenna element to have an
omnidirectivity.
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ANTENNA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application is the continuation of U.S. patent
application Ser. No. 12/172,879 filed on Jul. 14, 2008, which
claims priority of Taiwan Patent Application No. 97202097,
filed on Jan. 31, 2008, the entirety of which are incorporated
by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to an antenna, and more par-
ticularly to an antenna with increased bandwidth.

[0004] 2. Description of the Related Art

[0005] U.S. Pat. No. 6,812,892, No. 7,161,543 and No.
6,891,504 disclose three conventional antennas, wherein the
conventional antennas have narrow bandwidths, and cannot
satisfy present transmission requirements. For example, FIG.
1a shows a conventional antenna 1 disclosed in U.S. Pat. No.
6,812,892, which has a ground element 10, a conductive
element 20 and a radiator 30. The conductive element 20 is
connected to the ground element 10. The radiator 30 is con-
nected to the conductive element 20. A coaxial cable 40 is
electrically connected to the ground element 10 and the con-
ductive element 20. The radiator 30 has a first section 31 and
a second section 32. The first section 31 transmits a high
frequency signal, and the second section 32 transmits a low
frequency signal.

[0006] FIG. 15 shows signal transmission of the conven-
tional antenna 1, wherein the bandwidth of the antenna 1
(bandwidth is defined as signals having voltage standing
wave ratio less than 2) is between about 2.39 GHz to 2.53
GHz and between 4.84 GHz to 5.80 GHz. The conventional
antennas have narrow bandwidth, and cannot satisfy present
transmission requirements.

BRIEF SUMMARY OF THE INVENTION

[0007] A detailed description is given in the following
embodiments with reference to the accompanying drawings.
[0008] An antenna is provided. The antenna has a ground
element, aradiator and a conductive element. The radiator has
a body, wherein the body has a first edge, a second edge, a
third edge and a fourth edge, the first edge is parallel to the
third edge, a length of the first edge is shorter than a length of
the third edge, the first edge is close to the ground element, the
second edge connects the first edge and the third edge, a
fourth edge connects the first edge and the third edge, and a
first slot is formed on the radiator. The second edge and the
fourth edge extend separately from the first edge to the third
edge. The conductive element connects the ground element
and the radiator.

[0009] The antennas of the embodiments of the invention
provide wider bandwidth and improved transmission with
decreased antenna dimension.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0011] FIG. 1a shows a conventional antenna disclosed in
U.S. Pat. No. 6,812,892;
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[0012] FIG. 15 shows signal transmission of the conven-
tional antenna in FIG. 1a;

[0013] FIG. 2a is a perspective view of an antenna of a first
embodiment of the invention;

[0014] FIG. 25 is a front view of the antenna of the first
embodiment of the invention;

[0015] FIG. 3 shows signal transmission of the antenna of
the first embodiment of the invention;

[0016] FIG. 4a shows signal transmission path of a first
wireless signal (2.55 GHz);

[0017] FIG. 4b shows signal transmission path of a second
wireless signal (4 GHz);

[0018] FIG. 4¢ shows signal transmission path of a third
wireless signal (5.05 GHz);

[0019] FIG. 4d shows signal transmission path of a first
wireless signal (6.75 GHz);

[0020] FIG. 5 shows an antenna of a second embodiment of
the invention;
[0021] FIG. 6 shows an antenna of a third embodiment of
the invention;
[0022] FIG. 7a shows an antenna ofa fourth embodiment of
the invention;
[0023] FIG. 76 shows an antenna of a modified example of

the fourth embodiment of the invention; and
[0024] FIG. 8 shows an antenna of a fifth embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The following description is of the best-contem-
plated 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.

[0026] FIG. 2a is a perspective view of an antenna 100 of a
first embodiment of the invention, and F1G. 254 is a front view
of the antenna 100 of the first embodiment of the invention.
With reference to FIGS. 2a and 25, the antenna 100 has a
ground element 110, a conductive element 120 and a radiator
160. The conductive element 120 is connected to the ground
element 110 and the radiator 160. The radiator 160 has a body
130, a first slot 141, a second slot 142 and an extending
portion 150. The body 130 has a first edge 131, a second edge
132, athird edge 133 and a fourth edge 134. The first edge 131
is parallel to the third edge 133. The length of the first edge
131 is shorter than the length of the third edge 133. The first
edge 131 is close to the ground element 110. The second edge
132 connects the first edge 131 and the third edge 133. The
fourth edge 134 connects the first edge 131 and the third edge
133. The second edge 132 and the fourth edge 134 extend
separately from the first edge 131 to the third edge 133.
[0027] The first slot 141 is formed on the second edge 132.
The first slot 141 extends parallel to the first edge 131. The
antenna 100 further has a first datum line 101. The first datum
line 101 extends from the second edge 132 to the fourth edge
134. The first datum line 101 is parallel to the first edge 131.
The first slot 141 extends along the first datum line 101. The
length of the first slot 141 is not longer than half'the length d2
of the first datum line 101.

[0028] The second slot 142 is formed on the fourth edge
134. The second slot 142 extends parallel to the firstedge 131.
The antenna 100 further has a second datum line 102. The
second datum line 102 extends from the second edge 132 to
the fourth edge 134. The second datum line 102 is parallel to
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the first edge 131. The second slot 142 extends along the
second datum line 102. The length of the second slot 142 is
not longer than half the length d1 of the second datum line
102.

[0029] The conductive element 120 is connected to the
fourth edge 134. The antenna 100 further has a feed point 170.
The feed point 170 is located on the first edge 131. A coaxial
cable 180 feeds the radiator 160 at the feed point 170. The
distance between the feed point 170 and the second edge 132
is not longer than half the length d3 of the first edge 131.
[0030] With reference to FIGS. 2a and 24, the extending
portion 150 is connected to the third edge 133. The extending
portion 150 has a first section 151 and a second section 152.
The first section 151 is perpendicular to the second section
152. The first section 151 is connected to the body 130 and
perpendicular thereto. The second section 152 is connected to
the first section 151 and parallel to the body 130.

[0031] In the first embodiment, a width of the first slot 141
is about 1.5 mm, and a width of the second slot 142 is about
1 mm. However, the dimensional description does not limit
the scope of the invention.

[0032] FIG. 3 shows signal transmission of the antenna 100
of the first embodiment of the invention, wherein the band-
width of the antenna 100 (bandwidth is defined as signals
having voltage standing wave ratio less than 2) is between
2.45 GHz to 7 GHz. Therefore, the antenna 100 of the
embodiment provides wider bandwidth and improved trans-
mission with decreased antenna dimension.

[0033] FIGS. 4ato 4d shows signal transmission path in the
first embodiment of the invention. F1G. 4a shows signal trans-
mission path of a first wireless signal (2.55 GHz). FIG. 46
shows signal transmission path of a second wireless signal (4
GHz). FIG. 4c¢ shows signal transmission path of a third
wireless signal (5.05 GHz). FIG. 44 shows signal transmis-
sion path of a first wireless signal (6.75 GHz).

[0034] FIG. 5 shows an antenna 201 of a second embodi-
ment of the invention, wherein the second slot further has an
L-shaped section 1421 and a straight section 1422. The
L-shaped section 1421 is connected to the straight section
1422. In a modified example, the first slot can further have an
L-shaped section and a straight section, and the L-shaped
section is connected to the straight section.

[0035] FIG. 6 shows an antenna 202 of a third embodiment
of the invention, wherein the extending portion is omitted,
and the radiator 202 transmits wireless signals simply via the
body 130.

[0036] FIG. 7a shows an antenna 203 of a fourth embodi-
ment of the invention, wherein a notch 211 is formed on the
radiator. The notch 211 is located on the second edge 132, and
connected to the first slot 141. The notch 211 is substantially
triangular shaped. FIG. 75 shows an antenna 203' of a modi-
fied example of the fourth embodiment of the invention,
wherein a notch 212 and a notch 213 are formed on the
radiator. The notch 212 is trapezoid and connected to the first
slot 141. The notch 213 is parallelogram shaped and con-
nected to the second slot 142. In the embodiments of the
invention, the shape of the notches can be modified.

[0037] FIG. 8 shows an antenna 204 of a fifth embodiment
of'the invention, wherein locations of the first groove 141 and
the second groove 142 can be modified to satisfy various
signal transmission requirements.

[0038] In the embodiments of the invention, the second
edge 132 is perpendicular to the first edge 131. However, the
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invention is not limited thereby. Additionally, the body can be
various polygon shapes, and is not limited to be a trapezoid
shape.

[0039] 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 arrangements (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 radiator, having a body, wherein the body has a first edge,

a second edge, a third edge and a fourth edge, and the
first edge is between the ground element and the third
edge, the second edge connects the first edge and the
third edge, the fourth edge connects the first edge and the
third edge, and a first slot is formed on the radiator; and

a conductive element, connecting the ground element and

the radiator.

2. The antenna as claimed in claim 1, wherein a second slot
is formed on the fourth edge of the radiator, and the second
slot is parallel to the first edge.

3. The antenna as claimed in claim 2, further having a
second datum line defined from the second edge to the fourth
edge and parallel to the first edge, wherein the second slot is
formed on the second datum line, and the second slot equals
to a half of the second datum line.

4. The antenna as claimed in claim 2, further having a
second datum line defined from the second edge to the fourth
edge and parallel to the first edge, wherein the second slot is
formed on the second datum line, and the second slot is
shorter than a half of the second datum line.

5. The antenna as claimed in claim 2, wherein the first slot
is formed on the second edge, and the first slot extends par-
allel to the first edge.

6. The antenna as claimed in claim 2, further having a first
datum line defined from the second edge to the fourth edge
and parallel to the first edge, wherein the first slot is formed on
the first datum line, and the first slot is not longer than a half
of the first datum line.

7. The antenna as claimed in claim 2, wherein a notch is
formed on the fourth edge of the radiator connected to the
second slot.

8. The antenna as claimed in claim 1, further comprising a
feed point disposed on the first edge.

9. The antenna as claimed in claim 8, wherein the conduc-
tive element is connected to the fourth edge, and a distance
between the feed point and the second edge equals to half the
length of the first edge.

10. The antenna as claimed in claim 8, wherein the con-
ductive element is connected to the fourth edge, and a dis-
tance between the feed point and the second edge is shorter
than half the length of the first edge.

11. The antenna as claimed in claim 1, wherein the second
edge is perpendicular to the first edge.

12. The antenna as claimed in claim 1, wherein a notch is
formed on the second edge of the radiator.

13. The antenna as claimed in claim 12, wherein the notch
is located between the first slot and the third edge.

14. The antenna as claimed in claim 12, wherein the notch
is formed on the first edge and the second edge.
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15. The antenna as claimed in claim 1, wherein the radiator
further has an extending portion connected to the third edge,
the extending portion has a first section and a second section,
the first section is perpendicular to the second section, the first
section is connected to the body and perpendicular thereto,
and the second section is connected to the first section and
parallel to the body.

16. The antenna as claimed in claim 1, wherein the first slot
has an L-shaped section and a straight section, and the
L-shaped section is connected to the straight section.
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17. The antenna as claimed in claim 1, wherein the con-
ductive element is L-shaped.

18. The antenna as claimed in claim 1, wherein the body
further has a bending portion located between the third edge
and the first slot, the first slot and the first edge is located on
a first plane, and the third edge is located on a second plane
separated from the first plane and parallel thereto.

sk sk sk sk sk
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UNIDIRECTIONAL ANTENNA COMPRISING
A DIPOLE AND A LOOP

BACKGROUND OF THE INVENTION
Technical Field

[0001] This invention relates generally to wireless commu-
nications, and more particularly to a printed unidirectional
antenna for use in wireless communications.

[0002] An antenna is an important element in a wireless
communication device. Examples of a wireless communica-
tion device include a cellular phone, personal digital assistant
and a wireless controller. The antenna in a wireless commu-
nication device serves as an aerial interface for transmitting
and receiving radio frequency waves.

[0003] For the radiation patterns used in the wireless com-
munications, omni-directional like antennas are very popular
in small device applications as these antenna can be used in
any orientation with respect to the radiating source. However,
for some applications that require the wireless device to have
a directional pattern such as home wireless audio where the
transmission between speakers and the transceiver must be
directed, and some handheld device that desire to radiate in a
particular direction., a conventional printed small antenna
may not be a good choice for fulfilling such requirement.
While there are some designs for a directional printed
antenna, some of these designs use a large ground plane
placed below the antenna element, while others place a reflec-
tor in the printed surface for providing a directional pattern.
However, placing a large ground plane and reflector in the
antenna element results in enlarging the antenna and there-
fore such solutions are cost ineffective for small wireless
device implementation.

[0004] The conceptofacomplementary antenna consisting
of'an electric dipole and a magnetic dipole is known. It is also
known that an electric dipole has a radiation pattern of figure-
‘8’ in the E-plane and a radiation pattern as a circle in the
H-plane; while a magnetic dipole has a radiation pattern of
nearly circular in the E-plane and a radiation pattern of figure-
8’ in the H-plane. When both electric and magnetic dipoles
are excited simultaneously with appropriate amplitude and
phase, a directional radiation and identical E and H planes can
be realized by the superposition of these two radiating
sources. However, prior complementary antennas have been
too large for implementing into small directional devices.

SUMMARY OF THE INVENTION

[0005] According to the present invention there is provided
a unidirectional antenna for transmitting and/or receiving
radio frequency waves, the antenna comprising a dipole
antenna and a rectangular loop antenna connected by means
of'a metallic connecting element wherein the dipole antenna,
the loop antenna and the metallic connecting element are
formed on a substrate.

[0006] In preferred embodiments of the invention such an
antenna generates a unidirectional radiation pattern with
front-to-back ratio of 20 dB.

[0007] The dipole antenna may be a fat dipole, while the
loop antenna may be a rectangular loop antenna, or a circular
or square loop antenna.

[0008] Preferably no ground plane is provided, and the
dipole antenna and the loop antenna are formed on a printed
circuit board. Preferably end of the loop antenna is connected
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to an SMA connector and the other end of the loop antenna is
connected to ground. The antenna may be fed without a balun.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will now be described by way
of example and with reference to the accompanying draw-
ings, in which:

[0010] FIG. 1 is a schematic diagram illustrating a dipole
and loop antenna on a printed circuit board, in accordance
with one example of the present invention,

[0011] FIG. 2a is a radiation pattern illustrating the vertical
and horizontal polarization of a dipole antenna, in vertical
configuration, in accordance with another example of the
present invention,

[0012] FIG. 25 is a radiation pattern illustrating the vertical
and horizontal polarization of a dipole antenna, in horizontal
configuration, in accordance with another example of the
present invention, and

[0013] FIG. 3 is a graph illustrating the gain of the antenna
of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] The following detailed description with reference to
the appended drawings is intended as a description of
examples of the currently preferred embodiments of the
present invention, and is not intended to represent the only
form in which the present invention may be practiced. It is to
be understood that the same or equivalent functions may be
accomplished by different embodiments that are intended to
be encompassed within the spirit and scope of the present
invention.

[0015] In one example of the present invention, a printed
dipole antenna connecting with a loop antenna is provided for
transmitting and receiving radio frequency waves. In the
example of the present invention described below, a unidirec-
tional antenna includes two antenna elements on one single
printed layer. The design comprises a rectangular loop
antenna, which has magnetic dipole characteristics, and a
dipole antenna, which has electric dipole characteristics, with
the dipole antenna and the loop antenna being connected by a
metallic connecting element. The loop antenna, the dipole
antenna and the connecting element are all formed on a sub-
strate, for example, they are printed on a printed circuit board.
[0016] Itis will also be seen below that one end of the loop
antenna is connected to an SMA (SubMiniature version A)
connector. In some wireless communication devices, the
folded dipole antenna is connected to a microwave circuit
through a balun. The balun functions to transform a balanced
signal to an unbalance signal, and vice versa. However, the
balun results in increased utilization of PCB area. Further, as
an RF switch needs to be used for transmission as well as for
reception but this increases the PCB area occupied by the
antenna.

[0017] FIG.1 isaschematic diagram illustrating an antenna
composed of a dipole 102 and a loop antenna 104 is shown, in
accordance with one example of the present invention. The
dipole 102 is preferably a fat dipole so that it reduces the
antenna size compared with a traditional half-wavelength
dipole antenna. The loop antenna has a total length equal to
one wavelength and is in a rectangular loop shape. A transi-
tion element 106 connects the dipole and loop antenna
together and functions as a connecting element. One end of
the loop antenna is connected to a SMA connector 1 and the
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other end of the loop is directly connected to the ground 2 of
the connector. A co-planar strip line is used for a better match-
ing.

[0018] As seen in the FIG. 1, the feed lines are realized by
two parallel strips of line width 0.5 mm, length 1=8.4 mm and
separated by a gap of g=1.2 mm. The proposed balanced
antenna has been measured using an unbalanced feed line
without a balun. There will be some distortion on both radia-
tion pattern and impedance matching measurements from the
induced currents on the outside of the coaxial shield. The
results can be improved by using the balun which transform
the balanced signal to an unbalance signal, and vice versa;
nevertheless, the drawbacks of balun are that it causes the
antenna to be larger in size and cost ineffective in cost for
some applications.

[0019] In various examples of the present invention, the
rectangular loop antenna 104 may be a square shape or a
circular loop. The antenna performance is the same for equal
wavelength. The dipole 102 may use a half wavelength dipole
along the Z-axis. All of the antenna element may be formed
using aradiating material such as copper or aluminum formed
on a printed circuit board.

[0020] TableIbelow shows the values ofthe various dimen-
sions labeled in FIG. 1 in mm for an antenna designed for
transmission/reception at 2.4 GHz.

TABLE I
Parameters
L \ L, L,
Values, mm 51 41 17.1 18.2
Parameters
L, L, D, D,
Values, mm 8.8 1.8 8.2 15.7
Parameters
D, D, g 1 T
Values, mm 3 2.8 1.2 8.4 1.6

[0021] It will of course be understood that the dimensions
of the parameters would vary with wavelength and therefore
Table II below shows the same parameters as approximate
wavelength fractions.

TABLE I
Parameters
L \ L, L,
Values, A 0.41 0.33 0.14 0.15
Parameters
L, L, D, D,
Values, A 0.07 0.015 0.066 0.125
Parameters
D, D, g 1 T
Values, A 0.025 0.022 0.01 0.067 0.013
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[0022] Referring now to FIG. 24, a radiation pattern illus-
trating the vertical and horizontal polarization of the loop and
dipole antenna, in vertical configuration, is shown for an
antenna in accordance with an example of the present inven-
tion. Radiation pattern 302 illustrates vertical polarization of
the proposed antenna in vertical configuration, while radia-
tion 304 illustrates horizontal polarization of the antenna in
vertical configuration. Both the radiation patterns, 302 and
304, were measured at a radiating frequency of 2.4 GHz. FIG.
2a shows that the antenna, in vertical configuration, has a
dominant front to back ratio of 20 dB along the z-axis, which
fulfills the unidirectional antenna requirement.

[0023] Referring now to FIG. 25, a radiation pattern illus-
trating the vertical and horizontal polarization of the loop and
dipole antenna, in horizontal configuration, is shown for an
antenna in accordance with an embodiment of the present
invention. Radiation pattern 402 illustrates vertical polariza-
tion of the proposed antenna in vertical configuration, while
radiation 404 illustrates horizontal polarization of the antenna
in vertical configuration. Both the radiation patterns, 402 and
404, were measured at a radiating frequency of 2.4 GHz. FIG.
4 shows that the antenna, in horizontal configuration, has a
dominane propagation wave front in a direction along its
Z-axis.

[0024] FIG. 3 illustrates the measured gain of the antenna in
the frequency range of 2.22 GHz to 2.54 GHz. The peak
measured gain is 4.2 dbi at 2.44 GHz.

[0025] In the present invention, the antenna is a good can-
didate for applications that require a small device that has a
directional radiation pattern, for example in-home wireless
audio for transmission between the speakers and the trans-
ceiver, and some handheld devices that require radiation in a
particular direction. By using the present antenna, the radiat-
ing element radiates a unidirectional radiation pattern which
increases the direct power transfer efficiency.

[0026] While the above examples of the present invention
have been illustrated and described, it will be clear that the
present invention is not limited to these examples only.
Numerous modifications, changes, variations and equivalents
will be apparent to those skilled in the art, without departing
from the spirit and scope of the present invention, as
described in the claims.

1. A unidirectional antenna for at least one of transmitting
and receiving radio frequency waves, the unidirectional
antenna comprising a dipole antenna and a loop antenna
connected by a metallic connecting element, wherein the
dipole antenna, loop antenna and metallic connecting ele-
ment are formed on a substrate.

2. The antenna of claim 1, wherein the unidirectional
antenna generates a unidirectional radiation pattern with
front-to-back ratio of 20 dB.

3. The antenna of claim 1, wherein the dipole antenna is a
fat dipole.

4. The antenna of claim 1, wherein the loop antenna is a
rectangular loop antenna.

5. The antenna of claim 1, wherein the loop antenna has a
shape that is one of circular and square.

6. The antenna of claim 1, wherein no ground plane is
provided.

7. The antenna of claim 1, wherein the substrate comprises
a printed circuit board.
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8. The antenna of claim 1, wherein one end of the loop
antenna is connected to a SubMiniature version A (SMA)
connector and the other end of the loop antenna is connected
to ground.

9. The antenna of claim 1, wherein the unidirectional
antenna is fed without a balun.
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10. A unidirectional antenna for at least one of transmitting
and receiving radio frequency waves, the unidirectional
antenna comprising a dipole antenna and a loop antenna
coupled by a metallic element, wherein the dipole antenna,
loop antenna and metallic element are formed on a substrate.

sk sk sk sk sk
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DUAL-BAND ANTENNA

TECHNICAL FIELD

[0001] The present invention relates to a compact dual-
band antenna that is operated at two frequencies.

BACKGROUND ART

[0002] In an antenna used in in-vehicle radio communica-
tion, from the viewpoint of an operating principle of the
antenna, there is concern that electromagnetic radiation nega-
tively affects a passenger in a vehicle cabin during transmis-
sion. Therefore, frequently the antenna is placed outside the
vehicle such as a roof panel. However, because there is a
limitation to an antenna height of the antenna projected
toward the outside of the vehicle due to regulations, there is a
demand for the low-profile and compact antenna.

[0003] Conventionally, in cases where the antenna that per-
forms reception and transmission in the desired two different
frequency bands is required, two resonances is obtained by
providing a choke coil between antenna elements, two out-
puts are obtained at two frequencies using the two indepen-
dent antennas, or an output is obtained by combining the two
outputs at the two frequencies.

DISCLOSURE OF THE INVENTION
Problem that the Invention is Intended to Solve

[0004] In the conventional dual-band antenna, the choke
coil is required in the case of the one antenna. However, when
the choke coil is used, unfortunately a low-frequency-side
resonant band is narrowed by influence of the choke coil.

[0005] An object of the invention is to provide a dual-band
antenna that can be operated in two different frequency bands
without providing the choke coil.

Means for Solving the Problem

[0006] To achieve the above object, a dual-band antenna
according to the present invention includes a first element that
is formed into a planar shape in one of surfaces of an insulat-
ing board; a second element that is formed in the other surface
of the board so as not to overlap the first element; power
feeding means for feeding power to the lower end of the first
element; and a throughhole that is made in an end portion of
a power feeding line and connected to a middle of the first
element in one of surfaces of the board, the power feeding line
being led out from the second element, wherein a slit is
formed in a region of the first element, the region of the first
element corresponding to the power feeding line.

EFFECT OF THE INVENTION

[0007] In the dual-band antenna in accordance with the
invention, the first element is operated on the high frequency
side in the two different frequency bands, the second element
is operated on the low frequency side, and the power feeding
line through which the power is fed to the second element acts
as the inductance. Therefore, the choke coil can be elimi-
nated. The first element and the second element are formed by
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the print patterns, so that the first element and the second
element can be matched by the shapes of the print patterns.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 is a front view illustrating a configuration of
a dual-band antenna according to an embodiment of the
invention.

[0009] FIG. 2is arear view illustrating the configuration of
the dual-band antenna according to the embodiment of the
invention.

[0010] FIG. 3 is a Smith chart illustrating frequency char-
acteristics of an impedance of the dual-band antenna accord-
ing to the invention.

[0011] FIG. 4 is a view illustrating frequency characteris-
tics of VSWR of the dual-band antenna according to the
invention.

[0012] FIG. 5 is a view illustrating directivity characteris-
tics in a horizontal plane of each frequency in an AMPS band
and a PCS band when the dual-band antenna according to the
invention has an elevation angle of 0°.

[0013] FIG. 6 is a view illustrating directivity characteris-
tics in the horizontal plane of each frequency in the AMPS
band and PCS band when the dual-band antenna according to
the invention has the elevation angle of 10°.

[0014] FIG. 7 is a view illustrating directivity characteris-
tics in the horizontal plane of each frequency in the AMPS
band and PCS band when the dual-band antenna according to
the invention has the elevation angle of 20°.

[0015] FIG. 8 is a view illustrating directivity characteris-
tics in the horizontal plane of each frequency in the AMPS
band and PCS band when the dual-band antenna according to
the invention has the elevation angle of 30°.

EXPLANATION OF THE REFERENCE

SYMBOLS
[0016] 1: dual-band antenna
[0017] 10: print board
[0018] 11: first element
[0019] 11a: slit
[0020] 11&: tapered portion
[0021] 12: throughhole
[0022] 13: power feeding point
[0023] 14: gland
[0024] 21: second element
[0025] 21a: power feeding line

BEST MODE FOR CARRYING OUT THE
INVENTION

[0026] FIGS. 1 and 2 illustrate a configuration of a dual-
band antenna 1 according to an embodiment of the invention,
which is operated at two different frequency bands. FIG. 1 is
a front view illustrating the configuration of the dual-band
antenna 1, and FIG. 2 is a rear view illustrating the configu-
ration of the dual-band antenna 1.

[0027] As illustrated in FIGS. 1 and 2, the dual-band
antenna 1 includes a first element 11 and a second element 21.
The first element 11 is formed as a print pattern in a surface of
an insulating print board 10 such as a glass epoxy board, and
the second element 21 is formed as the print pattern in a rear
surface of the insulating print board 10. The print board 10 is
formed into a long and thin rectangle having a height H and a
width W, and the print board 10 is substantially vertically
provided on a planar gland 14. The first element 11 is formed
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as the planar print pattern substantially having the width W
and a length [.1 from a lower end of the surface of the print
board 10. A tapered portion 115 is formed in a lower portion
of'the first element 11, and a width of the tapered portion 115
is gradually narrowed toward the lower end to adjust an
impedance. A slit 11a having a width S is formed downward
from a substantial center of an upper edge of the first element
11. An electric power is fed from the lower end to the first
element 11, and a power feeding point 13 is provided at the
lower end of the first element 11. A throughhole 12 is made in
the substantial center of the print board 10 so as to be electri-
cally connected to the rear surface. The throughhole 12 is
located at a height [.3 from the power feeding point 13 that is
of the lower end of the print board 10.

[0028] The second element 21 is formed as the planar print
pattern having the width W and a length .2 from an upper end
of'the rear surface of the print board 10, and both sides of the
second element 21 are folded downward. The second element
21 is formed in an upper portion of the print board 10 such that
the second element 21 does not overlap the first element 11
formed in the surface of the print board 10. A narrow power
feeding line 214 having a width D is drawn from the substan-
tial center of the second element 21, and regions on both the
folded sides of the second element 21 act as top loading. The
power feeding line 21a acts also as the antenna, the power
feeding line 21a is substantially perpendicularly formed from
the lower end of the print board 10 to the position of the height
L3, and the lower end of the power feeding line 21a is elec-
trically connected to the throughhole 12. Because the power
feeding line 214 is formed long and thin, the impedance of the
power feeding line 21a is increased to a signal component on
a lower frequency side of the two frequencies by an induc-
tance component generated in the power feeding line 21a,
whereby the low-frequency-side signal component is hardly
transmitted on the power feeding line 21a. Thus, the power of
the low-frequency-side signal component transmitted at the
power feeding line 21a from the power feeding point 13
through the first element 11 and throughhole 12 is fed to the
second element 21 because the power feeding line 21a acts as
an equivalent choke coil. A low-frequency-side receiving sig-
nal of the second element 21 is combined with a high-fre-
quency-side receiving signal of the first element 11 through
the power feeding line 214 and throughhole 12 and supplied
from the power feeding point 13. The width S of the slit 11a
in the first element 11 is wider than the width D of the power
feeding line 21a, the power feeding line 21a is located in the
slit 11a, and the slit 11a prevents the electric connection
between the first element 11 and the power feeding line 21a as
much as possible.

[0029] The dual-band antenna 1 can be operated at two
different frequency bands including an AMPS (Advanced
Mobile Phone Service) band of 824 to 894 MHz and a PCS
(Personal Communication Services) band of 1850 to 1990
MHz or at two different frequency bands including a GSM
(Global System for Mobile Communications) 900 band of
88010 960 MHz and a GSM 1800 band 0f 1710 to 1880 MHz.
At this point, an example of dimensions of the dual-band
antenna 1 will be described below. The print board 10 has the
width W of about 15 mm, the height H of about 50 mm, a
thickness of about 1.6 mm, and a relative permittivity er of
about 4.6. In the first element 11 that is operated on the high
frequency side (PCS/GMS 1800) in the two frequencies, the
length L1 is set to about 34.5 mm that is expressed by about
0.21%,; when the 1850-MHz wavelength is set to A, and the
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slit 11a has the width S of about 2 mm. In the second element
21 that is operated on the low frequency side (AMPS/GMS
900) in the two frequencies, the length 1.2 is set to about 15
mm that is expressed by about 0.04A, when the 824-MHz
wavelength is set to A,, and the height .3 of the throughhole
12 is set to about 10 mm that is expressed by about 0.06A, or
about 0.03A,.

[0030] FIG. 3 is a Smith chart illustrating frequency char-
acteristics of the impedance of the dual-band antenna 1 hav-
ing the above-described dimensions. Referring to FIG. 3, a
resistance becomes about 25.8Q2 and a reactance becomes
about —21.5Q2 at the low-frequency-side frequency of 824
MHz, and the resistance becomes about 48.9€2 and the reac-
tance becomes about 41.4Q at the frequency of 894 MHz. The
resistance becomes about 62.8Q2 and a reactance becomes
about 0.1Q2 at the high-frequency-side frequency of 1850
MHz, and the resistance becomes about 74.2€2 and the reac-
tance becomes about —7.6Q2 at the frequency of 1990 MHz.
Thus, the better impedance characteristics are exerted on the
high frequency side.

[0031] FIG. 4 illustrates frequency characteristics of a Volt-
age Standing Wave ratio (VSWR) of the dual-band antenna 1
having the above-described dimensions. Referring to FIG. 4,
VSWR of about 2.41 is obtained at low-frequency-side fre-
quency of 824 MHz, VSWR of about 2.27 is obtained at the
frequency of 894 MHz, and the best VSWR of about 1.5 is
obtained in the low-frequency-side frequency band of 824 to
894 MHz. VSWR of about 1.26 is obtained at the high-
frequency-side frequency of 1850 MHz, VSWR of about 1.51
is obtained at the frequency of 1990 MHz, and the best VSWR
0f'1.26 is obtained in the high-frequency-side frequency band
of 1850 to 1990 MHz. Thus, the better VSWR characteristics
are exerted on the high frequency side. Generally, it is neces-
sary that VSWR be equal to or lower than about 2.5. In the
example of FIG. 4, the maximum VSWR becomes about 2.4
(840 MHz) in the AMPS band, and the maximum VSWR
becomes about 1.5 (1990 MHz) in the PCS band. Therefore,
the good VSWR characteristics are obtained in the two fre-
quencies. Alternatively, the better VSWR may be obtained
when a matching circuit is added to feed the power to the
power feeding point 13.

[0032] FIGS. 5 to 8 illustrate directivity characteristics in a
horizontal plane of each frequency of the dual-band antenna
1 according to the invention. At this point, the dimensions of
the dual-band antenna 1 are similar to those described above,
the dual-band antenna 1 is vertically provided in the substan-
tial center of the circular gland 14 having a diameter of about
1 m, and a vertically-polarized wave is used as a polarized
wave.

[0033] FIG. 5 illustrates directivity characteristics in the
horizontal plane of each frequency in the AMPS band and
PCS band when the dual-band antenna 1 according to the
invention has an elevation angle of 0°. Referring to FIG. 5, in
a lower limit frequency of 824 MHz of a transmitting band in
the AMPS band, a maximum gain is about -1.7 dBi, a mini-
mum gain is about -2.2 dBi, an average gain is about -2.0
dB4i, and a ripple is about 0.6 dB. Therefore, the substantially
omnidirectional, good directivity characteristics are
obtained. In an upper limit frequency of 849 MHz of the
transmitting band in the AMPS band, the maximum gain is
about -0.8 dBi, the minimum gain is about —1.5 dBi, the
average gain is about —1.2 dBi, and the ripple is about 0.7 dB.
Therefore, the substantially omnidirectional, good directivity
characteristics are obtained, and the gain is slightly improved.
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In a lower limit frequency of 869 MHz of a receiving band in
the AMPS band, the maximum gain is about -1.0 dBi, the
minimum gain is about —1.7 dBi, the average gain is about
-1.4 dBi, and the ripple is about 0.8 dB. Therefore, the sub-
stantially omnidirectional, good directivity characteristics
are obtained. In an upper limit frequency of 894 MHz of the
receiving band in the AMPS band, the maximum gain is about
-1.4 dBi, the minimum gain is about -2.3 dBi, the average
gain is about —1.8 dBi, and the ripple is about 1.0 dB. There-
fore, the substantially omnidirectional, good directivity char-
acteristics are obtained.

[0034] Referring to FIG. 5, when the elevation angle is set
to 0°, in the lower limit frequency of 1850 MHz of the trans-
mitting band in the PCS band, the maximum gainis about 0.5
dBi, the minimum gain is about —0.9 dBi, the average gain is
about —0.2 dBi, and the ripple is about 1.4 dB. Therefore, the
substantially omnidirectional, good directivity characteris-
tics are obtained, and the high gain is obtained. In the upper
limit frequency of 1910 MHz of the transmitting band in the
PCS band, the maximum gain is about 1.0 dBi, the minimum
gain is about 0.5 dBi, the average gain is about 0.2 dBi, and
the ripple is about 1.5 dB. Therefore, the substantially omni-
directional, good directivity characteristics are obtained, and
the higher gain is obtained. In the lower limit frequency of
1930 MHz of the receiving band in the PCS band, the maxi-
mum gain is about 1.2 dBi, the minimum gain is about -0.3
dBi, the average gain is about 0.5 dB4i, and the ripple is about
1.5 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the higher gain is
obtained. In the upper limit frequency of 1990 MHz of the
receiving band in the PCS band, the maximum gain is about
0.3 dBi, the minimum gain is about —1.0 dB4i, the average gain
is about -0.3 dBi, and the ripple is about 1.3 dB. Therefore,
the substantially omnidirectional, good directivity character-
istics are obtained, and the high gain is obtained.

[0035] FIG. 6 illustrates directivity characteristics in the
horizontal plane of each frequency in the AMPS band and
PCS band when the dual-band antenna 1 according to the
invention has the elevation angle of 10°. Referring to FIG. 6,
in the lower limit frequency of 824 MHz of the transmitting
band in the AMPS band, the maximum gain is about 0.2 dBi,
the minimum gain is about -0.4 dBi, the average gain is about
-0.2 dBi, and the ripple is about 0.6 dB. Therefore, the sub-
stantially omnidirectional, good directivity characteristics
are obtained, and the gain is improved. In the upper limit
frequency of 849 MHz of the transmitting band in the AMPS
band, the maximum gain is about 1.0 dBi, the minimum gain
is about 0.5 dB4i, the average gain is about 0.7 dBi, and the
ripple is about 0.5 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the gain is further improved. In the lower limit frequency of
869 MHz of the receiving band in the AMPS band, the maxi-
mum gain is about 1.0 dBi, the minimum gain is about 0.4
dBi, the average gain is about 0.8 dB4i, and the ripple is about
0.6 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained. In the upper limit
frequency of 894 MHz of the receiving band in the AMPS
band, the maximum gain is about 1.0 dBi, the minimum gain
is about 0.2 dB4i, the average gain is 0.7 dBi, and the ripple is
about 0.7 dB. Therefore, the substantially omnidirectional,
good directivity characteristics are obtained.

[0036] Referring to FIG. 6, when the elevation angle is set
to 10°, in the lower limit frequency of 1850 MHz of the
transmitting band in the PCS band, the maximum gain is
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about 4.5 dBi, the minimum gain is about 3.4 dBi, the average
gain is about 3.9 dBi, and the ripple is about 1.1 dB. There-
fore, the substantially omnidirectional, good directivity char-
acteristics are obtained, and the high gain is obtained. In the
upper limit frequency of 1910 MHz of the transmitting band
in the PCS band, the maximum gain is about 4.4 dBi, the
minimum gain is about 3.4 dBi, the average gain is about 3.9
dBi, and the ripple is about 1.1 dB. Therefore, the substan-
tially omnidirectional, good directivity characteristics are
obtained, and the high gain is maintained. In the lower limit
frequency of 1930 MHz of the receiving band in the PCS
band, the maximum gain is about 4.6 dBi, the minimum gain
is about 3.5 dBi, the average gain is about 4.1 dBi, and the
ripple is about 1.1 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the higher gain is obtained. In the upper limit frequency of
1990 MHz of the receiving band in the PCS band, the maxi-
mum gain is about 3.6 dBi, the minimum gain is about 2.6
dBi, the average gain is about 3.1 dB4i, and the ripple is about
1.0 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the high gain is
obtained.

[0037] FIG. 7 illustrates directivity characteristics in the
horizontal plane of each frequency in the AMPS band and
PCS band when the dual-band antenna 1 according to the
invention has the elevation angle of 20°. Referring to FIG. 7,
in the lower limit frequency of 824 MHz of the transmitting
band in the AMPS band, the maximum gain is about 1.8 dBi,
the minimum gain is about 1.4 dBi, the average gain is about
1.7 dB4i, and the ripple is about 0.4 dB. Therefore, the sub-
stantially omnidirectional, good directivity characteristics
are obtained, and the high gain is obtained. In the upper limit
frequency of 849 MHz of the transmitting band in the AMPS
band, the maximum gain is about 2.6 dBi, the minimum gain
is about 2.2 dBi, the average gain is about 2.4 dBi, and the
ripple is about 0.5 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the gain is further improved. In the lower limit frequency of
869 MHz of the receiving band in the AMPS band, the maxi-
mum gain is about 3.1 dBi, the minimum gain is about 2.7
dBi, the average gain is about 2.9 dB4i, and the ripple is about
0.4 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the gain is further
improved. In the upper limit frequency of 894 MHz of the
receiving band in the AMPS band, the maximum gain is about
3.0 dBi, the minimum gain is about 2.6 dBi, the average gain
is 2.8 dBi, and the ripple is about 0.4 dB. Therefore, the
substantially omnidirectional, good directivity characteris-
tics are obtained, and the high gain is obtained.

[0038] Referring to FIG. 7, when the elevation angle is set
to 20°, in the lower limit frequency of 1850 MHz of the
transmitting band in the PCS band, the maximum gain is
about 6.6 dBi, the minimum gain is about 5.8 dBi, the average
gain is about 6.1 dBi, and the ripple is about 0.8 dB. There-
fore, the substantially omnidirectional, good directivity char-
acteristics are obtained, and the high gain is obtained. In the
upper limit frequency of 1910 MHz of the transmitting band
in the PCS band, the maximum gain is about 6.6 dBi, the
minimum gain is about 5.7 dBi, the average gain is about 6.2
dBi, and the ripple is about 0.9 dB. Therefore, the substan-
tially omnidirectional, good directivity characteristics are
obtained, and the high gain is maintained. In the lower limit
frequency of 1930 MHz of the receiving band in the PCS
band, the maximum gain is about 6.7 dBi, the minimum gain
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is about 5.7 dB4i, the average gain is about 6.3 dBi, and the
ripple is about 1.0 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the higher gain is obtained. In the upper limit frequency of
1990 MHz of the receiving band in the PCS band, the maxi-
mum gain is about 5.7 dBi, the minimum gain is about 5.0
dBi, the average gain is about 5.4 dB4i, and the ripple is about
0.7 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the high gain is
obtained.

[0039] FIG. 8 illustrates directivity characteristics in the
horizontal plane of each frequency in the AMPS band and
PCS band when the dual-band antenna 1 according to the
invention has the elevation angle of 30°. Referring to FIG. 8,
in the lower limit frequency of 824 MHz of the transmitting
band in the AMPS band, the maximum gain is about 2.9 dBi,
the minimum gain is about 2.5 dBi, the average gain is about
2.7 dBi, and the ripple is about 0.3 dB. Therefore, the sub-
stantially omnidirectional, good directivity characteristics
are obtained, and the high gain is obtained. In the upper limit
frequency of 849 MHz of the transmitting band in the AMPS
band, the maximum gain is about 3.4 dBi, the minimum gain
is about 3.0 dB4i, the average gain is about 3.2 dBi, and the
ripple is about 0.4 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the gain is further improved. In the lower limit frequency of
869 MHz of the receiving band in the AMPS band, the maxi-
mum gain is about 4.0 dBi, the minimum gain is about 3.5
dBi, the average gain is about 3.8 dBi, and the ripple is about
0.5 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the gain is further
improved. In the upper limit frequency of 894 MHz of the
receiving band in the AMPS band, the maximum gain is about
3.9 dBi, the minimum gain is about 3.5 dBi, the average gain
is 3.8 dBi, and the ripple is about 0.5 dB. Therefore, the
substantially omnidirectional, good directivity characteris-
tics are obtained, and the high gain is obtained.

[0040] Referring to FIG. 8, when the elevation angle is set
to 30°, in the lower limit frequency of 1850 MHz of the
transmitting band in the PCS band, the maximum gain is
about 5.1 dBi, the minimum gain is about 3.5 dBi, the average
gain is about 4.5 dBi, and the ripple is about 1.7 dB. There-
fore, the substantially omnidirectional, good directivity char-
acteristics are obtained, and the high gain is obtained. In the
upper limit frequency of 1910 MHz of the transmitting band
in the PCS band, the maximum gain is about 5.5 dBi, the
minimum gain is about 3.9 dB4i, the average gain is about 4.9
dB4i, and the ripple is about 1.7 dB. Therefore, the substan-
tially omnidirectional, good directivity characteristics are
obtained, and the high gain is maintained. In the lower limit
frequency of 1930 MHz of the receiving band in the PCS
band, the maximum gain is about 5.7 dBi, the minimum gain
is about 4.2 dBi, the average gain is about 5.1 dBi, and the
ripple is about 1.5 dB. Therefore, the substantially omnidi-
rectional, good directivity characteristics are obtained, and
the higher gain is obtained. In the upper limit frequency of
1990 MHz of the receiving band in the PCS band, the maxi-
mum gain is about 4.8 dBi, the minimum gain is about 3.5
dBi, the average gain is about 4.3 dBi, and the ripple is about
1.3 dB. Therefore, the substantially omnidirectional, good
directivity characteristics are obtained, and the high gain is
obtained.

[0041] As described above, the dual-band antenna 1 of the
invention is operated in the two different frequency bands
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including the AMPS band and the PCS band, and the substan-
tially omnidirectional directivity characteristics can be
obtained when the elevation angle ranges from 0° to 30°. In
the two different frequency bands including the AMPS band
and the PCS band of'the dual-band antenna 1 according to the
invention, the gain tends to be increased in the PCS band on
the high frequency side. At this point, because the dipole
antenna has the gain of 2.15 dBi, the gain largely exceeding
the gain of the dipole antenna is obtained in the two different
frequency bands depending on the elevation angle. Even if the
two different frequency bands are set to GSM 900 and GSM
1800 bands, the electric characteristics similar to those
described above can be obtained in the dual-band antenna 1 of
the invention. Accordingly, the dual-band antenna 1 of the
invention can sufficiently be operated in the two different
frequency bands. When the two different frequency bands
operated are changed from the 900-MHz band or 1800-MHz
band to other bands, the dimensions of the first element 11 or
second element 21 are changed according to the band, which
allows the dual-band antenna 1 ofthe invention to be operated
in the desired two different frequency bands. The dual-band
antenna 1 according to the invention can be formed in a
compact and low-profile antenna having the height of about
50 mm and the width of about 15 mm. Further, the first
element 11 and the second element 21 are formed by the print
pattern of the print board 10 to configure the dual-band
antenna 1 of the invention, so that the simple dual-band
antenna can be configured at low cost.

INDUSTRIAL APPLICABILITY

[0042] In the dual-band antenna 1 according to the inven-
tion, the power feeding line 21a through which the power is
fed to the second element 21 may be formed into a meander
shape to suppress the antenna height of the dual-band antenna
1 to a lower level. When the dual-band antenna 1 of the
invention is mounted on the vehicle, the dual-band antenna 1
is fixed to an antenna base attached to the vehicle, and a
radome that is of a resin cover with which the dual-band
antenna 1 is covered is preferably attached to the antenna
base.

[0043] Inthe dual-band antenna 1 of the invention, the two
different frequency bands are matched with each other by the
pattern shapes of the first element 11 formed in the surface of
the print board 10 and the second element 21 formed in the
rear surface, so that the miniaturization and cost reduction can
be achieved in the dual-band antenna 1. Therefore, the dual-
band antenna 1 of the invention can easily be combined with
an AM/FM broadcasting receiving antenna, a GPS signal
receiving antenna, a terrestrial digital broadcasting receiving
antenna, a DAB (Digital Audio Broadcast) receiving antenna,
and an SDARS (Satellite Digital Audio Radio) receiving
antenna.

1. A dual-band antenna comprising:

a first element that is formed into a planar shape in one of
surfaces of an insulating board from a lower end of the
board toward an upper portion of the board;

a second element that is formed in an upper portion of the
other surface of the board so as not to overlap the first
element;

a gland that is disposed at the lower end of the board;

power feeding means for feeding power to the lower end of
the first element; and

a throughhole that is made in an end portion of a power
feeding line and connected to a middle of the first ele-
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ment, the power feeding line being led out from the
second element formed in the other surface of the board,
wherein a slit is formed in a region of the first element, the
region of the first element corresponding to the power
feeding line.
2. The dual-band antenna according to claim 1, wherein a
tapered portion is formed toward a lower end from at the
middle of the first element.
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3. The dual-band antenna according to claim 1, wherein
both sides of the second element are folded downward, and
the power feeding line is drawn from a substantial center of
the second element.

4. The dual-band antenna according to claim 1, wherein the
first element and the second element include print patterns
formed on the board.
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(57) ABSTRACT

An antenna for receiving electric waves, a manufacturing
method thereof, and an electronic device with the antenna are
provided. The antenna includes a substrate, a grounding unit,
a radiator, a coupling unit, and a signal transmission line. The
substrate has a first surface and a second surface which are
opposite to each other. The grounding unit is disposed on the
first surface of the substrate. The radiator is disposed on the
second surface of the substrate and connected to the ground-
ing unit. The coupling unit is disposed on the first surface of
the substrate and partially overlaps the projection of the radia-
tor. The signal transmission line includes a signal line and a
ground line, the signal line being connected to the coupling
unit while the ground line being connected to the grounding
unit.
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ANTENNA FOR RECEIVING ELECTRIC
WAVES, A MANUFACTURING METHOD
THEREOF, AND AN ELECTRONIC DEVICE
WITH THE ANTENNA

[0001] This application claims priority based on a Taiwan-
ese patent application No. 097141374, filed Oct. 28, 2008, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an antenna for
receiving electric waves, a manufacturing method thereof,
and an electronic device with the antenna. Particularly, the
present invention relates to an antenna which applicable to
technology domains such as Wireless LAN, an electronic
device with the antenna, and a manufacturing method of the
antenna.

[0004] 2. Description of the Related Art

[0005] With the increasing demands for wireless commu-
nications in recent years, various wireless communication
network standards and their related technologies are released
to match up the increasingly strict demands for the speed and
the quality of wireless communications. Either the Wi-Fi
wireless network standard defined by IEEE in IEEE 802.11 or
the Worldwide Interoperability for Microwave Access
(WiMAX) standard defined in IEEE 802.16 reflects this ten-
dency.

[0006] Meanwhile, the design of antennas needs to be
enhanced correspondingly, so as to work with new network
technologies. F1G. 1 shows a conventional dual-band antenna
of U.S. Pat. No. 6,861,986. This dual-band antenna includes
a first radiating element 1 and a second radiating element 2
which are both connected to a grounding surface 4. Signals
are directly fed through a feed-in point 3 to excite the first
radiating element 1 to provide a high frequency band mode
which has a center frequency of 5.25 GHz. The direct feed-in
signal can also excite the second radiating element 2 to pro-
vide a low frequency band mode which has a center frequency
of 2.45 GHz. In this conventional dual-band antenna, the
length of the second radiating element 2 is about one quarter
of'its operating frequency.

[0007] Consequently, in order to meet the operating fre-
quency in the low frequency band mode, the length of the
second radiating element 2 cannot be reduced, and the
demands of various small electronic devices cannot be ful-
filled.

SUMMARY OF THE INVENTION

[0008] Itis an objective of the present invention to provide
an antenna for receiving electric waves and a manufacturing
method thereof, which makes the antenna becoming smaller
and having less requirements for space.

[0009] It is another objective of the present invention to
provide an electronic device, including an antenna which can
selectively serve as an engaging unit to ensure the close
configuration of the housing of the electronic device.

[0010] The antenna of the present invention includes a sub-
strate, a grounding unit, a radiator, a coupling unit, and a
signal transmission line. The substrate has a first surface and
a second surface which are opposite to each other. The
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grounding unit is disposed on the first surface of the substrate.
Theradiator is disposed on the second surface of the substrate
and connected to the grounding unit. The coupling unit is
disposed on the first surface of the substrate and partially
overlaps the projection region of the radiator. The signal
transmission line includes a signal line and a ground line. The
signal line is connected to the coupling unit, while the ground
line is connected to the grounding unit.

[0011] The signal transmission line feeds signals through
the coupling unit to excite the radiator by coupling effect to
generate at least two frequency band modes. In one embodi-
ment, adopting a coaxial cable can serve as the signal trans-
mission line to connect the signal line to the coupling unit and
the metallic shield to the grounding unit, and then respec-
tively excites a portion of the radiator or the entire radiator
through the coupling unit by coupling effect to generate both
the high frequency and the low frequency band modes.
Wherein the high frequency band mode can be a 5 GHz ISM
band, and the low frequency band mode canbe a 2.4 GHz ISM
band. The length of the radiator can be shorter than one
quarter of the wavelength at the center frequency of the low
frequency band mode.

[0012] The manufacturing method of the antenna of the
present invention includes the following steps: disposing a
grounding unit on a first surface of a substrate; disposing a
radiator on a second surface of the substrate to be connected
to the grounding unit; and disposing a coupling unit on the
first surface of the substrate in a manner that the projections of
the coupling unit and the second metal arm partially overlap.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic view of a conventional dual-
band antenna;
[0014] FIG. 2 is a schematic view of an embodiment of a

first surface of the antenna of the present invention;

[0015] FIG. 3 is a schematic view of an embodiment of a
second surface of the antenna of the present invention;
[0016] FIG. 4 is a schematic view of another embodiment
of the antenna of the present invention;

[0017] FIG. 5is a schematic view of an embodiment of the
electronic device of the present invention;

[0018] FIG. 6 is a schematic view of yet another embodi-
ment of the antenna of the present invention;

[0019] FIG. 7 is a flow chart of an exemplary method of
manufacturing the antenna of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] The present invention provides an antenna for
receiving electric waves, an electronic device with the
antenna, and a manufacturing method of the antenna. In a
preferred embodiment, the antenna of the present invention is
applied to various electronic devices for receiving/transmit-
ting wireless signals. Electronic devices preferably include
computer motherboards, laptop computers, desktop comput-
ers, mobile phones, personal digital assistants, electronic
game devices, etc. The possible applications of the wireless
signal received/transmitted include wireless local area net-
work (WLAN) and other technologies in need of antennas.

[0021] FIG. 2 is a schematic view of an embodiment of a
first surface of the antenna of the present invention. As shown
in FIG. 2, the antenna includes a substrate 10, a grounding
unit 20, a radiator 30, a coupling unit 40, and a signal trans-
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mission line 50. The substrate 10 is preferably made of plas-
tics or other dielectric materials, such as printed circuit boards
(PCB) or flexible printed circuit (FPC). The substrate 10 is a
base material having a thickness and includes two opposite
surfaces. FIG. 2 is an arrangement embodiment of a first
surface 11 while FIG. 3 is a corresponding arrangement
embodiment of a second surface 12. Both surfaces can be
used for various components to be mounted thereon.

[0022] As shown in FIG. 2, the grounding unit 20 is dis-
posed on the first surface 11 of the substrate 10 and preferably
ametal surface formed through printing. The coupling unit 40
is disposed on the first surface 11 of the substrate 10 and
preferably a metal surface formed through printing. Further-
more, the shape and the size of the coupling unit 40 can be
adjusted in accordance with the impedance matching require-
ment.

[0023] As shown in FIG. 3, the radiator 30 is disposed on
the second surface 12 of the substrate 10. In a preferred
embodiment, the radiator 30 is a metal strip or a metal micros-
trip in other geometric shapes which formed on the second
surface 12. The radiator 30 is preferably formed on the second
surface 12 through printing. However, in other embodiments,
other methods can be used to form the radiator 30. The radia-
tor 30 includes a first metal arm 31, a second metal arm 32,
and a connecting portion 33. In this embodiment, the projec-
tions of the first metal arm 31 and the grounding unit 20
partially overlap. One end of the first metal arm 31 is con-
nected to the grounding unit 20 through a conductive hole,
while the other end perpendicularly connects to the connect-
ing portion 33. However, in other embodiments, other meth-
ods such as electromagnetic radiation can be adopted to
enable the first metal arm 31 and the grounding unit 20
become electrically connected. In this embodiment, the
length of the first metal arm 31 is larger than that of the second
metal arm 32, and the first metal arm 31 is disposed in the
same direction as the second metal arm 32. However, in other
embodiments, the length of the first metal arm 31 can be equal
to that of the second metal arm 32. “Disposed in the same
direction” means the first metal arm 31 and the second metal
arm 32 are preferably approximately parallel to each other
within a tolerance range. The width of the first metal arm 31
can be adjusted in accordance with the impedance matching
requirement. One end of the second metal arm 32 is perpen-
dicularly connected to the connecting portion 33, while the
other end is spaced apart from the grounding unit 20 by a
distance. The second metal arm 32 has an area larger than that
of'the coupling unit 40 and the projection of the second metal
arm 32 partially overlaps the coupling unit 40. The coupling
effect is affected by the overlap area, and accordingly adjust-
ing the size of the area can change the operating frequency of
the antenna. In a preferred embodiment, the first metal arm 31
connects to the second metal arm 32 through the connecting
portion 33 so that the entire radiator 30 forms a shape similar
to the Greek character “I"”. The first metal arm 31 and the
second metal arm 32 are respectively the longer arm and the
shorter arm disposed perpendicularly on two sides, and the
connecting portion 33 is a horizontal arm disposed therebe-
tween.

[0024] As shown in FIG. 2, the signal transmission line 50
includes a signal line 51 and a ground line 52. The signal line
51 is across the grounding unit 20 and connects to the cou-
pling unit 40. The ground line 52 connects to the grounding
unit 20. The combination of the coupling unit 40, the substrate
10, the radiator 30, the grounding unit 20, and the signal
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transmission line 50 forms a closed loop. The signal trans-
mission line 50 feeds signals through the coupling unit 40 to
excite the radiator 30 by coupling effect to generate at least
two frequency band modes. In a preferred embodiment, the
signal transmission line 50 is a coaxial cable, wherein the
center core is connected to the coupling unit 40 while the
metallic shield is connected to the grounding unit 20, and then
through the coupling unit 40 excites the entire radiator 30 or
the second arm 32 of the radiator 30 by coupling effect to
generate both the high frequency and the low frequency band
modes. The high and low frequency band modes respectively
have a center frequency. In a preferred embodiment, the high
frequency band mode is the 5 GHz ISM band defined in IEEE
802.11a while the low frequency band mode is the 2.4 GHz
ISM band defined in IEEE 802.11b. The lengths of the radia-
tor 30 and the second metal arm 32 are respectively smaller
than one quarter of the wavelength at the center frequency of
the high frequency band mode and the low frequency band
mode, and preferably one sixth to one eighth of the wave-
length in the high and low frequency band modes respec-
tively, but not limited to the above-mentioned length.

[0025] FIG. 4 is another embodiment of the antenna of the
present invention. As shown in FIG. 4, the difference between
this embodiment and the embodiment in FIG. 2 is that the first
metal arm 31 of the radiator 30 has a bending portion 311 for
increasing the length of the first metal arm 31. By increasing
the length of the first metal arm 31, the center frequency of the
low frequency band mode can become even lower. Besides, to
increase the length of the first metal arm 31 by forming more
bends in the bending portion 311 according to different
design is feasible.

[0026] FIG. 5 is a schematic view of an embodiment of an
electronic device of the present invention. As shown in FIG. 5,
the electronic device includes a housing 60, an antenna 70,
and a hook 80. The housing 60 includes a first housing 61 and
a second housing 62 which are opposite to each other. In a
preferred embodiment, the housing 60 is a housing of laptop
computers. The first housing 61 is the upper cover, and the
second housing 62 is the body. However, in other embodi-
ments, the electronic device can be a cell phone, a personal
digital assistant, a portable entertainment device, or other
devices in need of wireless communications.

[0027] AsshowninFIG. 5,the antenna 70 is disposed on an
edge of the first housing 61. As shown in FIG. 6, the antenna
70 includes a grounding unit 71, a radiator 72, a substrate 73,
a coupling unit 74, and a signal transmission line 75. The
grounding unit 71 includes a third surface 711 and a fourth
surface 712 which are opposite to each other. The third sur-
face 711 is tightly close to the first housing 61 while the
radiator 72 perpendicularly extends out the forth surface 712.
The radiator 72 includes a first metal arm 721, a second metal
arm 722, and a connecting portion 723. In this embodiment,
one end of the first metal arm 721 perpendicularly connects to
the grounding unit 71, while the other end perpendicularly
connects to the connecting portion 723. The length of' the first
metal arm 721 is larger than that of the second metal arm 722
and is disposed in the same direction as the second metal arm
722. “Disposed in the same direction” means the first metal
arm 31 and the second metal arm 32 are preferably approxi-
mately parallel to each other within a tolerance range. One
end of the second metal arm 722 is perpendicularly connected
to the connection portion 723 while the other end is spaced
apart from the grounding unit 71 by a distance. In a preferred
embodiment, the first metal arm 721 connects to the second
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metal arm 722 through the connecting portion 723 in a man-
ner that the entire radiator 72 forms a shape similar to the
Greek character “I".

[0028] The substrate 73 is a base material having a thick-
ness, and includes a first surface 731 and a second surface 732
which are opposite to each other. The two surfaces can be
utilized for various components to be mounted thereupon. As
shown in FIG. 6, the second surface 732 of the substrate 73
connects to the second metal arm 722 of the radiator 72. The
substrate 73 is preferably made of polyethylene terephthalate
(PET) or other dielectric materials, such as printed circuit
boards (PCB) or flexible printed circuit (FPC). The coupling
unit 74 is disposed on the first surface 731 of the substrate 73
and preferably a metallic surface formed by printing. Besides,
the shape and the size of the coupling unit 74 can be adjusted
in accordance with the impedance matching requirement. The
second metal arm 722 has an area larger than that of the
coupling unit 74 and the projection of the second metal arm
722 partially overlaps the coupling unit 74 with the substrate
73 in between. The coupling eftect is affected by the overlap
area, and accordingly adjusting the size of the area can change
the operating frequency of the antenna.

[0029] As shown in FIG. 6, the signal transmission line 75
includes a signal line 751 and a ground line 752. The signal
line 751 connects to the coupling unit 74. The ground line 752
connects to the forth surface 712 of the grounding unit 71. The
combination of the coupling unit 74, the substrate 73, the
radiator 72, the grounding unit 71 and the signal transmission
line 75 forms a closed loop. The signal transmission line 75
feeds signals through coupling unit 74 to excite the radiator
72 by coupling effect to generate at least two frequency band
modes. In a preferred embodiment, the signal transmission
line 75 is a coaxial cable, wherein the center core is connected
to the coupling unit 74, and the metallic shield is connected to
the grounding unit 71 and then through the coupling unit 74
excites entire radiator 72 or the second metal arm 722 of the
radiator 72 by coupling effect to generate both the high fre-
quency and the low frequency band modes. The high and low
frequency band modes respectively have a center frequency.
In a preferred embodiment, the high frequency band mode is
the 5 GHz ISM band defined in IEEE 802.11a while the low
frequency band mode is the 2.4 GHz ISM band defined in
IEEE 802.11b. The lengths of the radiator 72 and the second
metal arm 722 are respectively smaller than one quarter of the
wavelength at the center frequency of the high frequency
band mode and the low frequency band mode, and preferably
one sixth to one eighth of the wavelength in the high and low
frequency band modes respectively, but not limited to the
above-mentioned length.

[0030] As shown in FIG. 5, the hook 80 is disposed on the
edge of the second housing 62 corresponding to the antennas
70 on the first housing 61. When the first housing 61 covers
the second housing 62, the hook 80 engages with the radiators
72 on the first housing 61. The hook 80 is preferably engages
with the connecting portion 723 of the radiator 72. However,
in other embodiments, the hook 80 can engage with the first
metal arm 721 or the second metal arm 722 as appropriate. In
a preferred embodiment, the radiator 72 can be disposed on
the upper cover of laptop computers to serve as a tenon. The
hook 80 can be disposed on the computer body to cooperate
with the radiator 72 to ensure the close configuration of the
upper cover and the computer body. When the housing of
laptop computer is in an open configuration, the radiator 72
can operate as an antenna.
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[0031] FIG. 7 is a flow chart of an exemplary method of
manufacturing the antenna of the present invention. The
method includes Step 91, disposing a grounding unit on a first
surface of a substrate. In a preferred embodiment, the ground-
ing unit is a metallic surface formed by printing.

[0032] The method further includes Step 92, disposing a
radiator on a second surface of the substrate to be connected
to the grounding unit. In a preferred embodiment, the radiator
is a metal strip or a metal microstrip in other geometric shapes
formed on the second surface. The radiator is preferably
formed on the second surface through printing. However, in
other embodiments, other methods can be used to form the
radiator. The radiator includes a first metal arm, a second
metal arm, and a connecting portion. In this embodiment, the
projections of the first metal arm and the grounding unit
partially overlap. One end of the first metal arm is connected
to the grounding unit through a conductive hole, while the
other end perpendicularly connects to the connecting portion.
However, in other embodiments, other methods can be
adopted to enable the first metal arm and the grounding unit
become electrically connected. The length of the first metal
arm is larger than that of the second metal arm, and the first
metal arm is disposed in the same direction as the second
metal arm. “Disposed in the same direction” means the first
metal arm and the second metal arm are preferably approxi-
mately parallel to each other within a tolerance range. The
width of the first metal arm can be adjusted in accordance
with the impedance matching requirement. One end of the
second metal arm is perpendicularly connected to the con-
necting portion, while the other end is spaced apart from the
grounding unit by a distance. The second metal arm has an
area larger than that of the coupling unit and the projection of
the second metal arm partially overlaps the coupling unit. The
coupling effect is affected by the overlap area, and accord-
ingly adjusting the size of the area can change the operating
frequency of the antenna. In a preferred embodiment, the first
metal arm connects to the second metal arm through the
connecting portion so that the entire radiator forms a shape
similar to the Greek character “I". Besides, in a preferred
embodiment, a portion of the first metal arm can be disposed
on the first surface of the substrate in a bending manner to
increase the length of the first metal arm. By increasing the
length of the first metal arm, the center frequency of the low
frequency band mode can become even lower. Besides, to
increase the length of the first metal arm by forming more
bends in the bending portion according to different design is
feasible.

[0033] The method also includes Step 93, disposing a cou-
pling unit on the first surface of the substrate in a manner that
the projections of the coupling unit and the second metal arm
partially overlap. In a preferred embodiment, the coupling
unit is a metallic surface formed by printing. The shape and
the size of the coupling unit can be adjusted in accordance
with the impedance matching requirement. Furthermore, step
93 further includes connecting a signal line of a signal trans-
mission line to the coupling unit, and connecting a ground
line of the signal transmission line to the grounding unit. The
signal transmission line feeds signals through the coupling
unit to excite the radiator by coupling effect to generate at
least two frequency band modes. In a preferred embodiment,
the signal transmission line is a coaxial cable, wherein the
center core is connected to the coupling unit, and the metallic
shield is connected to the grounding unit and then through the
coupling unit excites the entire radiator or the second metal





US 2010/0103056 Al

arm of the radiator by coupling effect to generate both the
high frequency and the low frequency band modes. The high
and low frequency band modes respectively have a center
frequency. Wherein the high frequency band mode is the 5
GHz ISM band defined in IEEE 802.11a while the low fre-
quency band mode is the 2.4 GHz ISM band defined in IEEE
802.11b. The lengths of the radiator and the second metal arm
are respectively smaller than one quarter of the wavelength at
the center frequency of the high frequency band mode and the
low frequency band mode, and preferably one sixth to one
eighth of the wavelength in the high and low frequency band
modes respectively, but not limited to the above-mentioned
length.

[0034] Although the present invention has been described
through the above-mentioned related embodiments, the
above-mentioned embodiments are merely the examples for
practicing the present invention. What need to be indicated is
that the disclosed embodiments are not intended to limit the
scope of the present invention. On the contrary, the modifi-
cations within the essence and the scope of the claims and
their equivalent dispositions are all contained in the scope of
the present invention.

What is claimed is:

1. An antenna, comprising:

a substrate including a first surface and a second surface
opposite to the first surface;

a grounding unit disposed on the first surface of the sub-
strate;

a radiator disposed on the second surface of the substrate,
including a first metal arm, a second metal arm, and a
connecting portion, wherein the first metal arm and the
second metal arm are at least partially distributed in the
same direction, the first metal arm has a length larger
than or equal to that of the second metal arm, the first
metal arm is connected to the grounding unit, two ends
of'the connecting portion are connected to the first metal
arm and the second metal arm respectively and substan-
tially across a space between the first metal arm and the
second metal arm;

a coupling unit disposed on the first surface, wherein the
projections of the coupling unit and the second metal
arm partially overlap; and

a signal transmission line including a signal line and a
ground line, wherein the signal line is connected to the
coupling unit and the ground line is connected to the
grounding unit.

2. The antenna of claim 1, wherein the first metal arm has

at least one bending portion.

3. The antenna of claim 1, wherein the connecting portion
is connected to an end of at least one of the first metal arm and
the second metal arm.

4. The antenna of claim 1, wherein the first metal arm and
the second metal arm are substantially parallel to each other.

5. The antenna of claim 1, wherein the second metal arm
has an area larger than that of the coupling unit.

6. The antenna of claim 1, wherein a distance is provided
between the second metal arm and the grounding unit.

7. The antenna of claim 1, wherein the projections of the
first metal arm and the grounding unit partially overlap, the
substrate includes a conductive hole formed in an overlap
between the projections of the grounding unit and the first
metal arm, and the first metal arm and the grounding unit are
connected through the conductive hole.
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8. The antenna of claim 1, wherein the radiator is excited
through coupling effect by the coupling unit to selectively
generate at least one of a first frequency band mode and a
second frequency band mode.

9. The antenna of claim 8, wherein the first frequency band
mode has a first center frequency and a first wavelength
corresponding to the first center frequency, the length of the
second metal arm is substantially equal to a wavelength rang-
ing from one sixth to one eighth of the first wavelength.

10. The antenna of claim 8, wherein the second frequency
band mode has a second center frequency and a second wave-
length corresponding to the second center frequency, the total
length of the radiator is substantially equal to a wavelength
ranging from one sixth to one eighth of the second wave-
length.

11. An electronic device including an antenna, the antenna
comprising:

a substrate including a first surface and a second surface

opposite to the first surface;

a grounding unit disposed on the first surface of the sub-
strate;

a radiator disposed on the second surface of the substrate,
including a first metal arm, a second metal arm, and a
connecting portion, wherein the first metal arm and the
second metal arm are at least partially distributed in the
same direction, the first metal arm has a length larger
than or equal to that of the second metal arm, the first
metal arm is connected to the grounding unit, two ends
of the connecting portion are connected to the first metal
arm and the second metal arm respectively and substan-
tially across a space between the first metal arm and the
second metal arm;

a coupling unit disposed on the first surface, wherein the
projections of the coupling unit and the second metal
arm partially overlap; and

a signal transmission line including a signal line and a
ground line, wherein the signal line is connected to the
coupling unit and the ground line is connected to the
grounding unit.

12. The electronic device of claim 11, further comprising:

a housing including a first housing and a second housing,
wherein the antenna is disposed on an edge of the first
housing; and

a hook disposed on an edge of the antenna for selectively
engaging with the radiator.

13. The electronic device of claim 11, wherein the first

metal arm includes at least a bending portion.

14. The electronic device of claim 11, wherein the connect-
ing portion is connected to an end of at least one of the first
metal arm and the second metal arm.

15. The electronic device of claim 11, wherein the first
metal arm and the second metal arm are substantially parallel
to each other.

16. The electronic device of claim 11, wherein the area of
the second metal arm is larger than that of the coupling unit.

17. The electronic device of claim 11, wherein a distance is
provided between the second metal arm and the grounding
unit.

18. The electronic device of claim 11, wherein the projec-
tions of the first metal arm and the grounding unit partially
overlap, the substrate includes a conductive hole formed in a
overlap between the projections of the grounding unit and the
first metal arm, the first metal arm and the grounding unit are
connected through the conductive hole.
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19. The electronic device of claim 11, wherein the radiator
is excited through coupling effect by the coupling unit to
selectively generate at least one of a first frequency band
mode and a second frequency band mode.

20. The antenna of claim 19, wherein the first frequency
band mode has a first center frequency and a first wavelength
corresponding to the first center frequency, the length of the
second metal arm is substantially equal to a wavelength rang-
ing from one sixth to one eighth of the first wavelength.

21. The antenna of claim 19, wherein the second frequency
band mode has a second center frequency and a second wave-
length corresponding to the second center frequency, the total
length of the radiator is substantially equal to a wavelength
ranging from one sixth to one eighth of the second wave-
length.

22. A method for manufacturing an antenna, comprising:

disposing a grounding unit on a first surface of a substrate;

disposing a radiator on a second surface of the substrate to
be connected to the grounding unit, wherein the second
surface is opposite to the first surface, the radiator
includes a first metal arm, a second metal arm, and a
connecting portion, the first metal arm and the second
metal arm are at least partially parallel to each other, the
first metal arm has a length larger than or equal to that of
the second metal arm, two ends of the connecting por-
tion are respectively connected to the first metal arm and
the second metal arm, and substantially across a space
between the first metal arm and the second metal arm;
and
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disposing a coupling unit on the first surface in a manner
that the projections of the coupling unit and the second
metal arm partially overlap.

23. The method of claim 22, wherein the step of disposing
the radiator comprises:

distributing the first metal arm and the second metal arm in

a same direction;

connecting the connecting portion to an end of at least one

of the first metal arm and the second metal arm.

24. The method of claim 22, wherein the step of disposing
the radiator further comprises:

forming at least a conductive hole on the substrate, so that

the projections of the first metal arm and the grounding
unit partially overlap in a region near the conductive
hole; and

connecting the first metal arm to the grounding unit

through the conductive hole.

25. The method of claim 22, wherein the step of disposing
the radiator comprises disposing a portion of the first metal
arm on the first surface of the substrate in a bending manner.

26. The method of claim 25, further comprising exciting
the radiator to selectively generate at least one of a first
frequency band mode and a second frequency band mode by
coupling effect.

27. The method of claim 26, wherein the step of exciting
the radiator comprises:

connecting a signal line of a signal transmission line to the

coupling unit; and

connecting a ground line of the signal transmission line to

the grounding unit
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Exemplary embodiments are provided of omnidirectional
MIMO antennas with polarization diversity. In one exem-
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FREQUENCY (GHz) 24-2.5
GAIN WITH 60-INCH CABLE 3 dBi NOMINAL
NUMBER OF ELEMENTS 3
VSWR 2.0:1
POLARIZATION 2 LINEAR VERTICAL, 1 LINEAR HORIZONTAL
AZIMUTH BEAMWIDTH OMNIDIRECTIONAL
ELEVATION BEAMWIDTH 55 DEGREES NOMINAL
SIZE 208 x 104 x 36 mm
8.2x 4.2 x 1.4 INCHES
POWER 2W

FIG. 5
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OMNIDIRECTIONAL MULTIPLE INPUT
MULTIPLE OUTPUT (MIMO) ANTENNAS
WITH POLARIZATION DIVERSITY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/196,837 filed Oct. 21, 2008. The
entire disclosure of the above application is incorporated
herein by reference.

FIELD

[0002] The present disclosure relates to omnidirectional
MIMO antennas with polarization diversity.

BACKGROUND

[0003] This section provides background information
related to the present disclosure which is not necessarily prior
art.

[0004] Generally, an omnidirectional antenna is an antenna
that radiates power generally uniformly in one plane with a
directive pattern shape in a perpendicular plane, where the
pattern is often described as “donut shaped.”

[0005] MIMO antennas generally use multiple antennas at
both the transmitter and receiver to improve communication
performance. MIMO antennas are commonly used in wire-
less communications, since MIMO antennas may offer sig-
nificant increases in data throughput and link range without
additional bandwidth or transmit power. Existing MIMO
antennas provide linear vertical polarization on all ports.

SUMMARY

[0006] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its full
scope or all of its features.

[0007] According to various aspects, exemplary embodi-
ments are disclosed of omnidirectional MIMO antennas with
polarization diversity. In an exemplary embodiment, an
omnidirectional MIMO antenna generally includes an array
of radiating antenna elements having a linear horizontal
polarization and radiating omnidirectionally in azimuth. The
antenna also includes at least one radiating antenna element
having a linear vertical polarization and radiating omnidirec-
tionally in azimuth. The vertically polarized radiating
antenna is spaced-apart from the array. The antenna is oper-
able for producing omnidirectional, vertically polarized cov-
erage for at least one port, as well as omnidirectional, hori-
zontally polarized coverage for at least one other port.

DRAWINGS

[0008] The drawings described herein are for illustrative
purposes only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure in any way.

[0009] FIG. 1 is a perspective view of an omnidirectional
MIMO antenna, according to an exemplary embodiment of
the present disclosure, where the internal antenna compo-
nents (typically covered and hidden from view by the
radome) are shown for clarity;

[0010] FIG. 2 is a perspective view of the omnidirectional
MIMO antenna of FIG. 1, and further illustrating the anten-

na’s ceilinlg-mountin clips and three ports;
This i
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[0011] FIG. 3 is a perspective view of the antenna of FIGS.
1 and 2, and illustrating the radome;

[0012] FIG. 4 is a perspective view of the antenna of FIGS.
1 through 3 mounted to a ceiling via the ceiling-mounting
clips shown in FIG. 3;

[0013] FIG. 5 is a table setting forth exemplary operational
parameters, characteristics, features, and dimensions for the
antenna 100 shown in FIG. 1, which are provided for pur-
poses of illustration only according to exemplary embodi-
ments;

[0014] FIGS. 6A and 6B illustrate exemplary H-Plane (el-
evation) radiation patterns (where the radiation patterns are
shown in broken lines and were simulated in an RF Electro-
magnetic software tool) for the exemplary horizontally polar-
ized element of the antenna shown in FIG. 1 at a frequency of
2.45 Gigahertz, where an illustration of the antenna is super-
imposed on the graph to help clarify the antenna orientation
relative to the radiation patterns (which radiation patterns are
shown in broken lines, as the dashed line in bold forming a
circle is used in the software to help visualize and report some
other parameters of the pattern performance);

[0015] FIG. 7illustrates an exemplary H-Plane (azimuth 45
degrees from horizon) radiation pattern (simulated in an RF
Electromagnetic software tool) for the exemplary vertically
polarized element of the antenna shown in FIG. 1 at a fre-
quency of 2.45 Gigahertz, where an illustration of the antenna
is superimposed on the graph to help clarify the antenna
orientation relative to the radiation pattern;

[0016] FIGS. 8A and 8B illustrate exemplary E-Plane (el-
evation) radiation patterns (which radiation patterns are
shown in broken lines and were simulated in an RF Electro-
magnetic software tool) for the exemplary vertically polar-
ized element of the antenna shown in FIG. 1 at a frequency of
2.45 Gigahertz, where an illustration of the antenna is super-
imposed on the graph to help clarify the antenna orientation
relative to the radiation patterns (which radiation patterns are
shown in broken lines, as the dashed line in bold forming a
circle is used in the software to help visualize and report some
other parameters of the pattern performance);

[0017] FIG. 9 illustrates an exemplary E-Plane (azimuth at
45 degrees from the horizon) radiation pattern (simulated in
an RF Electromagnetic software tool) for the exemplary hori-
zontally polarized element of the antenna shown in FIG. 1 at
a frequency of 2.45 Gigahertz, where an illustration of the
antenna is superimposed on the graph to help clarify the
antenna orientation relative to the radiation pattern;

[0018] FIG. 10 is a perspective view of an omnidirectional
MIMO antenna, according to another exemplary embodiment
of'the present disclosure, and illustrating a frame-style mount
that may be used for mounting the antenna to a wallboard or
other non-gridded ceiling system;

[0019] FIG. 11 is another perspective view of the antenna
shown in FIG. 10;

[0020] FIG. 12 is another perspective view of the antenna
shown in FIG. 10 and illustrating the frame-style mount (and
screws and anchor members) assembled to the antenna
according to exemplary embodiments; and

[0021] FIG. 13 is a side view of the antenna shown in FIG.
12.

DETAILED DESCRIPTION
[0022] In the following description, numerous specific

details are set forth such as examples of specific components,
devices, methods, in order to provide a thorough understand-

DF of U.S. Published Application 20100097286 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 16 of 20



http://www.PatentFetcher.com

http://www.StrokeOfColor.com



US 2010/0097286 Al

ing of embodiments of the present disclosure. It will be appar-
ent to a person of ordinary skill in the art that these specific
details need not be employed, and should not be construed to
limit the scope of the disclosure. In the development of any
actual implementation, numerous implementation-specific
decisions must be made to achieve the developer’s specific
goals, such as compliance with system-related and business-
related constraints. Such a development effort might be com-
plex and time consuming, but is nevertheless a routine under-
taking of design, fabrication and manufacture for those of
ordinary skill.

[0023] According to various aspects, exemplary embodi-
ments are disclosed of omnidirectional MIMO antennas with
polarization diversity. In an exemplary embodiment, an
omnidirectional MIMO antenna generally includes an array
of radiating antenna elements having a linear horizontal
polarization and radiating omnidirectionally in azimuth. The
antenna also includes at least one radiating antenna element
having a linear vertical polarization and radiating omnidirec-
tionally in azimuth. The vertically polarized radiating
antenna is spaced-apart from the array. The antenna is oper-
able for producing omnidirectional, vertically polarized cov-
erage for at least one port, as well as omnidirectional, hori-
zontally polarized coverage for at least one other port.

[0024] In some exemplary embodiments, the antenna
includes three ports, two vertically polarized antenna ele-
ments, and an array of four horizontally polarized dipole
elements. In such embodiments, the antenna may be operable
for producing omnidirectional, vertically polarized coverage
for two of the antenna’s three ports. The antenna may also be
operable for producing omnidirectional, horizontally polar-
ized coverage for the third port.

[0025] In other exemplary embodiments, the antenna
includes three ports, one vertically polarized antenna ele-
ments, and two arrays each having four horizontally polarized
dipole elements. In such embodiments, the antenna may be
operable for producing omnidirectional, horizontally polar-
ized coverage for two of the antenna’s three ports. The
antenna may also be operable for producing omnidirectional,
vertically polarized coverage for the third port.

[0026] Accordingly, various exemplary embodiments dis-
closed herein have a dual-polarized design that may provide
reduced coupling of the radiating antenna elements and
allows for closer spacing of the radiating antenna elements
and smaller size. Various exemplary embodiments disclosed
herein may also provide enhanced performance compared
with standard market products. And, as compared to some
existing MIMO antennas that provide vertical polarization on
all ports, various exemplary embodiments disclosed herein
may include vertically polarized radiating antenna elements
and horizontally polarized radiating elements in various con-
figurations to enhance MIMO performance through polariza-
tion diversity.

[0027] Various exemplary embodiments include omnidi-
rectional MIMO antennas in which each port is provided with
omnidirectional vertically or horizontally polarized cover-
age, and there is spatial separation of the horizontally polar-
ized radiating antenna elements from the vertically polarized
radiating antenna elements. In such exemplary embodiments,
the horizontally polarized radiating antenna elements are thus
not co-located with the vertically polarized radiating antenna
elements. Accordingly, in such embodiments, there is both
polarization diversity and spatial diversity.

Apr. 22,2010

[0028] In various exemplary embodiments, the horizon-
tally polarized radiating antenna elements and the vertically
polarized radiating antenna elements may be housed in rela-
tively low profile ceiling-mountable or tabletop appropriate
packages. Example layouts include linear antenna element
groupings, triangular antenna element groupings, although
other configurations are possible which increase in number as
the number of radiating antenna elements increase.

[0029] Asrecognized by the inventors hereof, spatial sepa-
ration/diversity and reduced coupling of radiating antenna
elements are parameters that should be considered, although
the rich scattering seen in indoor WLAN environments intro-
duces depolarization. Accordingly, a MIMO system that
includes one or more of the embodiments of the omnidirec-
tional MIMO antenna disclosed herein may benefit from
antenna polarization diversity. By way of example, an omni-
directional MIMO antenna disclosed herein may be used in
systems and/or networks such as those associated with wire-
less internet service provider (WISP) networks, broadband
wireless access (BWA) systems, wireless local area networks
(WLANS), cellular systems, etc. The antenna assemblies may
receive and/or transmit signals from and/or to the systems
and/or networks within the scope of the present disclosure.

[0030] FIG. 1 illustrates an omnidirectional MIMO
antenna 100 embodying one or more aspects of the present
disclosure. As shown, the antenna 100 includes an array 104
of radiating antenna elements 108 having a linear horizontal
polarization and radiating omnidirectionally in azimuth. The
antenna 100 also includes two radiating antenna elements
112, 116 that are spaced-apart from the array 104. Each
radiating antenna element 112, 116 has a linear vertical polar-
ization and radiates omnidirectionally in azimuth.

[0031] As shown in FIGS. 2 and 3, the antenna 100 also
includes three ports 120, 124, and 128 that are generally
linearly aligned in a row with the second or middle port 124
between and generally equidistant from each ofthe other two
ports 120, 128. For this particular illustrated embodiment, the
antenna 100 produces omnidirectional, horizontally polar-
ized coverage for the middle port 124 and omnidirectional,
vertically polarized coverage for the outer ports 120, 128.
More specifically, the array 104 of radiating antenna elements
108 operable for producing or providing omnidirectional,
horizontally polarized coverage for the middle port 124,
while the two radiating vertically polarized antenna elements
112, 116 are each operable for producing or providing omni-
directional, vertically polarized coverage for the respective
outer ports 120, 128. Alternative embodiments may include
different configurations for the ports (e.g., ports positioned in
a non-linear arrangement, ports positioned in a triangular
arrangement, etc.) and/or more or less than three ports.

[0032] Other embodiments may include different polariza-
tions for the ports. For example, another exemplary embodi-
ment of an omnidirectional MIMO antenna may produce
omnidirectional, horizontally polarized coverage for the two
outer ports and omnidirectional, vertically polarized cover-
age for the middle port. In this example, the antenna may
include a first array of radiating antenna elements having a
linear horizontal polarization and radiating omnidirectionally
in azimuth, a second array of radiating antenna elements
having a linear horizontal polarization and radiating omnidi-
rectionally in azimuth, and a vertically polarized radiating
antenna element spaced apart from and generally between the
first and second arrays.
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[0033] In this illustrative example, the antenna 100 pro-
vides each port 120, 124, 128 with omnidirectional coverage.
Alternative embodiments may include one or more ports that
are not provided with omnidirectional coverage.

[0034] Eachport120,124, 128 is shown in FIGS.2 and 3 in
alignment with a corresponding electrical connector 132,
136, 140. The ports 120, 124, 128 may be configured for a
pluggable connection to the electrical connectors 132, 136,
140 for communicating signals received by the antenna 100 to
another device. Exemplary types of electrical connections
that may be used include coaxial cable connectors, ISO stan-
dard electrical connectors, Fakra connectors, SMA connec-
tors, an I-PEX connector, a MMCX connector, etc.

[0035] With reference to FIGS. 2 and 4, the antenna 100
may be mounted to and suspended from a ceiling (FIG. 4) via
ceiling mounting clips 144 (FIG. 2). As shown in FIG. 2, a
mounting clip 144 is provided along each of the four sides of
the antenna 100. Alternative embodiments may include more
or less than four clips and/or other means (e.g., differently
configured mounting clips, mechanical fasteners, adhesives,
frame-style mounts, etc.) for mounting and suspending the
antenna from a ceiling or other suitable structure. For
example, FIGS. 10 through 13 illustrate another exemplary
embodiment of an omnidirectional MIMO antenna 200 that
includes a frame-style mount that may be used for mounting
the antenna 200 to a wallboard or other non-gridded ceiling
system. As shown in FIG. 10, this exemplary embodiment
includes a frame 268, screws 272, and anchor members 276
that may be used for mounting and suspending the antenna
200 from a wallboard or non-gridding ceiling system. This
exemplary embodiment also includes mounting clips 244,
which may be used for mounting the antenna 200 to gridded
ceiling system or other supporting structure. While FIG. 10
illustrates an embodiment that includes both the mounting
clips 244 and frame style mount, other embodiments may
include only the frame style mount without any mounting
clips 244. Still other embodiments may be configured for
positioning on a tabletop or other support surface, in which
case, the antenna in such embodiments may not include any
mounting clips or frame style mount.

[0036] The illustrated antenna assembly 100 generally
includes a chassis or plate 148 (broadly, a support member)
and a radome or housing 152 removably mounted to the
chassis 148. The radome 152 may help protect the compo-
nents of the radiating antenna elements 108, 112, and 116
(and other antenna components) enclosed within the internal
space defined by the radome 152 and chassis 148. Theradome
152 may also provide an aesthetically pleasing appearance to
the antenna 100. Other embodiments may include radomes
and covers configured (e.g., shaped, sized, constructed, etc.)
differently than disclosed herein within the scope of the
present disclosure.

[0037] The radome 152 may be attached to the chassis 148
by mechanical fasteners 156 (e.g., screws, other fastening
devices, etc.). Alternatively, the radome 152 may be snap fitto
the chassis 148 or via other suitable fastening methods/means
within the scope of the present disclosure.

[0038] A wide range of materials, configurations (e.g.,
sizes, shapes, constructions, etc.), and manufacturing pro-
cesses may be used for the chassis 148 (which may also or
instead be referred to as a ground plane) and radome 152. In
various exemplary embodiments, the radome 152 is injection

molded plastic or vacuum formed out of thermoglastic, and
This PDF of U.S. Published Application 20100097
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the chassis or ground plane 148 may be electroconductive
(e.g., aluminum, etc.) for electrically grounding the radiating
antenna elements.

[0039] For the antenna 100 illustrated in FIG. 1, the radiat-
ing antenna elements 108 of the array 104 comprise horizon-
tally polarized dipole elements. In addition, the antenna 100
also includes a feed network 156 for feeding the horizontally
polarized dipole elements. In this example, the feed network
156 (e.g., microstrip transmission line, twin-line transmis-
sion line, etc.) and the horizontally polarized dipole elements
comprise traces 160 on a printed circuit board 164. This is but
one example of a type of feed that may be used with the
antenna 100, as other types of feeds may be used in other
embodiments. Alternative feed networks may also be used,
such as other microstrip transmission lines, serial or corporate
feeding networks, etc.

[0040] With further reference to FIG. 1, the array 104
includes four horizontally polarized dipole elements dis-
posed on opposite sides or walls, which, in turn, are in gen-
erally rectangular configuration. Each horizontally polarized
dipole element generally faces another dipole element and is
generally orthogonal to the other two dipole elements. Alter-
native embodiments may include arrays with different con-
figurations, such as more or less than four dipole elements
and/or dipole elements in different orientations relative to
each other than what is shown in FIG. 1.

[0041] Some embodiments may include one or more verti-
cally polarized antenna elements that are identical or substan-
tially similar to a vertically polarized antenna element of the
Cushcraft™ Squint™ antenna. Alternative embodiments
may include vertically polarized antenna elements having a
different configuration than what is shown in FIG. 1. By way
of general background, Squint™ antennas are designed to
radiate vertically polarized energy when mounted on an elec-
trically-conductive ground plane. The antenna is designed as
a shorted, loaded monopole element. The resonant frequency
of the antenna is determined by the total height and phase
length from the feed point to the ground. The impedance of
the antenna is a function of the ratio between the two flat
sections at the feed point and grounding section. The compact
structure and monopole configuration allow it to be relatively
easily integrated into a housing to be mounted on the ceiling
(for downward looking radiation) or mounted to a vehicle or
other flat surface facing upwards (for upward looking radia-
tion). The antenna may be relatively easily manufactured
using stamping die and press. The feedpiont of the antenna
may be attached to a RF source either through a coaxial
transmission line from a cable or connector, or from a micros-
trip transmission line.

[0042] FIG. 5 is a table setting forth exemplary operational
parameters, characteristics, features, and dimensions for the
antenna 100 shown in FIG. 1, which are provided for pur-
poses ofillustration only and not for purposes of limitation. In
alternative embodiments, an omnidirectional MIMO antenna
may include none of or less than all of what is set forth in FIG.
5. For example, other embodiments of an omnidirectional
MIMO antenna may be dimensionally sized larger or smaller
than what is disclosed in FIG. 5. Further embodiments may
include a voltage standing wave ratio greater than or less than
2:1 for an operating frequency between about 2.4 GHz and
2.5 GHz (or over a wider band to provide utility for WiMax
(Worldwide Interoperability for Microwave Access) and
other BWA (broadband wireless access) systems).
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[0043] FIGS. 6A and 6B illustrate exemplary H-Plane (el-
evation) radiation patterns (simulated in an RF Electromag-
netic software tool) for the exemplary horizontally polarized
element of the antenna 100 shown in FIG. 1 at a frequency of
2.45 Gigahertz, where an illustration of the antenna is super-
imposed on the graph to help clarify the antenna orientation
relative to the radiation patterns. FIG. 7 illustrates an exem-
plary H-Plane (azimuth 45 degrees from horizon) radiation
pattern (simulated in an RF Electromagnetic software tool)
for the exemplary vertically polarized element of the antenna
100 shown in FIG. 1 at a frequency of 2.45 Gigahertz, where
an illustration of the antenna is superimposed on the graph to
help clarify the antenna orientation relative to the radiation
pattern. FIGS. 8A and 8B illustrate exemplary E-Plane (el-
evation) radiation patterns (simulated in an RF Electromag-
netic software tool) for the exemplary vertically polarized
element of the antenna 100 shown in FIG. 1 at a frequency of
2.45 Gigahertz, where an illustration of the antenna is super-
imposed on the graph to help clarify the antenna orientation
relative to the radiation patterns. FIG. 9 illustrates an exem-
plary E-Plane (azimuth at 45 degrees from the horizon) radia-
tion pattern (simulated in an RF Electromagnetic software
tool) for the exemplary horizontally polarized element of the
antenna 100 shownin FIG. 1 at a frequency of2.45 Gigahertz,
where an illustration of the antenna is superimposed on the
graph to help clarify the antenna orientation relative to the
radiation pattern. In FIGS. 6A, 6B, 8A, and 8B, the radiation
patterns are shown in broken lines, as the dashed lines in bold
forming circles in those figures are used in the software to
help visualize and report some other parameters of the pattern
performance, which are not of significant importance or rel-
evance to the present disclosure.

[0044] The radiation patterns shown in FIGS. 6 through 9
were simulated in an RF FElectromagnetic software tool in
order to better allow one to see the radiation patterns that are
not easily measured on a two-dimensional range. As noted
above, the radiation patterns are shown in broken lines in
FIGS. 6 through 9. The dashed line in bold forming a circle is
used in the software to help visualize and report some other
parameters of the pattern performance not used herein. Spe-
cifically, the dashed line forming a circle can be used to read
Front-to-Back ratio, however, the antenna 100 does not gen-
erally have a well defined Front-to-Back ratio in all planes, so
the dashed line can be ignored for purposes of the present
disclosure. To produce this simulated radiation patterns, the
antenna is modeled in a free space condition (similar to when
measured in an anechoic chamber). The peak of the beam is
inclined at an angle of approximately 45 degrees relative to
the ground plane, with a peak gain of approximately 3 to 4 (in
decibels referenced to isotropic gain (dBi)). According to
exemplary embodiments disclosed herein, the radiation pat-
terns of the antenna elements are designed to radiate at an
angle that is inclined relative to the back surface of the
antenna so that when the antenna is mounted on a ceiling or
overhead area, the energy is directed downwards to a cover-
age area that is conical in shape. In such exemplary embodi-
ments, the antenna is not designed to radiate with the peak of
the beam in the horizontal plane.

[0045] Numerical dimensions, values, and specific materi-
als are provided herein for illustrative purposes only. The
particular dimensions, values and specific materials provided
herein are not intended to limit the scope of the present
disclosure.
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[0046] Terms such as “upper,” “lower,” “inner,” “outer,”
“inwardly,” “outwardly,” and the like when used herein refer
to positions of the respective elements as they are shown in
the accompanying drawings, and the disclosure is not neces-
sarily limited to such positions. Terms such as “first,” “sec-
ond,” and other numerical terms when used herein do not
imply a sequence or order unless clearly indicated by the
context.

[0047] When introducing elements or features and the
exemplary embodiments, the articles “a,” “an,” “the” and
“said” are intended to mean that there are one or more of such
elements or features. The terms “comprising,” “including,”
and “having” are intended to be inclusive and mean that there
may be additional elements or features other than those spe-
cifically noted. It is further to be understood that the method
steps, processes, and operations described herein are not to be
construed as necessarily requiring their performance in the
particular order discussed or illustrated, unless specifically
identified as an order of performance. It is also to be under-
stood that additional or alternative steps may be employed.
[0048] The foregoing description of the embodiments of
the present invention has been provided for purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise forms disclosed. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or
described.

What is claimed is:

1. An omnidirectional multiple input multiple output
(MIMO) antenna with polarization diversity, the antenna
comprising:

at least one array of radiating antenna elements having a

linear horizontal polarization and configured for radiat-
ing omnidirectionally in azimuth;

at least one radiating antenna element spaced-apart from

the array and having a linear vertical polarization and
configured for radiating omnidirectionally in azimuth;
whereby the antenna is operable for producing:
omnidirectional, vertically polarized coverage for at
least one port; and
omnidirectional, horizontally polarized coverage for at
least one other port.

2. The antenna of claim 1, wherein the array includes
horizontally polarized dipole elements.

3. The antenna of claim 1, further comprising a network for
feeding the radiating antenna elements.

4. The antenna of claim 1, wherein:

the array includes first, second, third, and fourth horizon-

tally polarized dipole elements;

the first and third horizontally polarized dipole elements

are generally facing each other and generally orthogonal
to the second and fourth horizontally polarized dipole
elements; and

the second and fourth horizontally polarized dipole ele-

ments are generally facing each other and generally
orthogonal to the first and third horizontally polarized
dipole elements.

5. The antenna of claim 1, wherein the at least one verti-
cally polarized radiating antenna element includes:

a first radiating antenna element having a linear vertical

polarization and operable for radiating omnidirection-
ally in azimuth; and
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a second radiating antenna element having a linear vertical
polarization and operable for radiating omnidirection-
ally in azimuth.

6. The antenna of claim 5, wherein the array is spaced apart
from and generally between the first and second vertically
polarized radiating antenna elements.

7. The antenna of claim 6, wherein:

the antenna includes first, second, and third ports;

the antenna is operable for producing omnidirectional, ver-
tically polarized coverage for the first and third ports;
and

the antenna is operable for producing omnidirectional,
horizontally polarized coverage for the second port.

8. The antenna of claim 1, wherein the at least one array

includes:

a first array of radiating antenna elements having a linear
horizontal polarization and configured for radiating
omnidirectionally in azimuth; and

a second array of radiating antenna elements having a
linear horizontal polarization and configured for radiat-
ing omnidirectionally in azimuth.

9. The antenna of claim 8, wherein the vertically polarized
radiating antenna element is spaced apart from and generally
between the first and second arrays.

10. The antenna of claim 9, wherein:

the antenna includes first, second, and third ports;

the antenna is operable for producing omnidirectional,
horizontally polarized coverage for the first and third
ports; and

the antenna is operable for producing omnidirectional, ver-
tically polarized coverage for the second port.

11. The antenna of claim 1, wherein:

the antenna includes first, second, and third ports;

the first, second, and third ports are linearly aligned in a
row with the second port between the first and third
ports; and

the second port is generally equidistant from the first and
third ports.

12. The antenna of claim 1, wherein at least one port

includes an electrical connector comprising at least one of:

a coaxial cable connector; or

at least one ISO standard electrical connector; or

a Fakra connector; or

an SMA female or male connector portion; or

an I-PEX connector; or

a MMCX connector; or

a male or female connector portion configured for making
a pluggable electrical connection with a corresponding
male or female connector portion disposed at an end of
at least one communication link.

13. The antenna of claim 1, wherein the radiating antenna
elements are configured such that the antenna has spatial
diversity and polarization diversity

14. The antenna of claim 1, further comprising one or more
mounting clips for mounting the antenna to supporting struc-
ture with the antenna suspended from the supporting struc-
ture.

15. The antenna of claim 1, further comprising:

a plurality of ceiling mounting clips for mounting the

antenna to the ceiling of a room; or
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a frame style mount for wallboard or other non-gridded

ceiling systems.

16. The antenna of claim 1, further comprising means for
mounting the antenna to supporting structure with the
antenna suspended from the supporting structure.

17. The antenna of claim 1, further comprising a ground
plane for electrically grounding the radiating antenna ele-
ments.

18. The antenna of claim 1, further comprising an electro-
conductive plate operable for electrically grounding the radi-
ating antenna elements, and a radome coupled to the plate
with the radiating antenna elements enclosed within the inter-
nal spaced cooperatively defined between the radome and
plate.

19. The antenna of claim 1, wherein:

the antenna has a length of about 208 millimeters, a width

of about 104 millimeters, and a thickness of about 36
millimeters;

the antenna is configured such that voltage standing wave

ratio is about 2:1 or less for an operating frequency
between about 2.4 GHz and 2.5 GHz; and/or

the antenna is configured such that gain with a 60-inch

cable is about 3 dBi for the operating frequency between
about 2.4 GHz and 2.5 GHz; and/or

the antenna is configured such that the azimuth beamwidth

is omnidirectional and the elevation beamwidth is about
55 degrees nominal.

20. The antenna of claim 1, further comprising a printed
circuit board including a transmission line in communication
with feed points of the array of radiating antenna elements for
feeding the array of radiating antenna elements.

21. The antenna of claim 1, wherein each port is provided
with omnidirectional coverage by the antenna.

22. An omnidirectional multiple input multiple output
(MIMO) antenna with polarization and spatial diversity and
operable for producing omnidirectional, vertically polarized
coverage for at least one port and omnidirectional, horizon-
tally polarized coverage for at least one other port, the antenna
comprising:

at least one array of horizontally polarized dipole elements

having a linear horizontal polarization and configured
for radiating omnidirectionally in azimuth, the array
including first, second, third, and fourth horizontally
polarized dipole elements, the first and third horizon-
tally polarized dipole elements are generally facing each
other and generally orthogonal to the second and fourth
horizontally polarized dipole elements, and the second
and fourth horizontally polarized dipole elements are
generally facing each other and generally orthogonal to
the first and third horizontally polarized dipole ele-
ments;

first and second radiating antenna elements spaced-apart

from the array such that the array is generally between
the first and second vertically polarized radiating
antenna elements; the first and second radiating antenna
elements having linear vertical polarizations and config-
ured for radiating omnidirectionally in azimuth; and
first, second, and third ports linearly aligned in a row with
the second port between the first and third ports and
generally equidistant from the first and third ports.

sk sk sk sk sk

This PDF of U.S. Published Application 20100097286 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 20 of 20



http://www.PatentFetcher.com

http://www.StrokeOfColor.com




_1334134619.pdf
US 20100097272A1

a2y Patent Application Publication (o) Pub. No.: US 2010/0097272 Al

a9 United States

Kim et al.

43) Pub. Date: Apr. 22,2010

(54) INTERNAL ANTENNA WITH AIR GAP

Jongsoo Kim, Gyeonggi-do (KR);
Inyoung Lee, Gyeonggi-do (KR);
IThoon Cho, Gyeonggi-do (KR);
Sanghyeok Cho, Incheon (KR);
Jungmin Kim, Incheon (KR);
Juhwan Sin, Gyeonggi-do (KR)

(75) Inventors:

Correspondence Address:
HOSOON LEE
9600 SW OAK ST. SUITE 525
TIGARD, OR 97223 (US)
(73) Assignee: AMOTECH CO., LTD.,
GYEONGGI-DO (KR)
(21) Appl. No.: 12/528,325

(22) PCT Filed: Jan. 15, 2008

(86) PCT No.:

§371 (),
(2), (4) Date:

PCT/KR08/00235

Aug. 23, 2009

30) Foreign Application Priority Data

Feb. 22,2007 (KR) 10-2007-017817

Nov. 15,2007 (KR) .... .. 10-2007-0116501
Publication Classification
(51) Int.ClL
H01Q 1/38 (2006.01)
(52) US.CL oo 343/700 MS
57 ABSTRACT

An air gap for minimizing a dielectric constant is formed
between dielectric blocks having conductor patterns in order
to minimize interference between conductor patterns, thereby
providing a slim internal antenna that has a wide bandwidth in
a low frequency band as well as in a high frequency band.
According to the present invention, it is possible to obtain an
antenna that simply and quickly obtains desired characteris-
tics by easily adjusting the thickness of the air gap. Further,
the internal antenna is formed by layering dielectric blocks
that have conductor patterns. Accordingly, while maintaining
the interconnection between the conductor patterns, the inter-
nal antenna can change resonant frequency thereof into low
frequency as compared with an antenna having the same
volume of a dielectric. That is, it is possible to effectively
reduce the size of an antenna without significantly affecting
the characteristics of the antenna.
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[Fig. 13]
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[Fig. 24]
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[Fig. 25]
Pwr Sum
No|Freq. [MHz | Eff.|%] Avg.[dBi]
1 830.0 39.08 -4.08
2 856.0 64 .90 -1.88
3 915.0 90.70 -0.42
4 925.0 95.69 -0.19
5 941.0 76,48 -1.17
6 960.0 49.96 =-3.01
7 1710.0 45 22 -3.45
3 1747.0 54,46 -2.64
9 1785.0 59.34 -2.27
10 1805.0 59.37 —2.26
11 1842.0 69.27 -1.59
12 1850.0 69.51 -1.58
13 1880.0 67.83 -1.689
14 1910.0 67.36 -1.72
15 1930.0 79.69 -0.99
16 1960.0 85.00 -0.71
17 1990.0 70.72 -1.50
18 2100.0 67.72 -1.69
16 2140.0 70.77 -1.50
20 2170.0 84.43 -0.73
(a)
Pwr Sum
No| Freq. [MHz] Eff.[%]| Avg.[dBi]
1 880.0 45.20 -3.45
2 896.0 72.66 -1.39
3 915.0 05.41 -0.20
4 G25.0 O7.12 -0.13
5 841.0 74.68 -1.27
6 960.0 48.89 -3.11
7 1710.0 53.53 -2.71
8 1747 .0 64.00 -1.94
%) 1785.0 65.81 -1.82
10 1805.0 63.74 -1.96
11 1842.0 67.45 -1.71
12 1850.0 66.68 -1.76
13 1880.0 61,91 -2.08
14 1510.0 62.40 -2.05
15| 1930.0 76.51 | -1.16
16 1660.0 31.31 -0.90
17 1990.0 66.42 -1.78
18 2100.0 69.78 -1.56
19 2140.0 74.51 -1.28
20 2170.0 89.38 -0.49

(b)
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INTERNAL ANTENNA WITH AIR GAP

TECHNICAL FIELD

[0001] The present invention relates to an internal antenna
of'a mobile communication terminal, and more particularly,
to a multilayer internal antenna that includes multilayer
dielectric blocks and an air gap between the dielectric blocks
and has a broadband radiation characteristic in multiple
bands.

BACKGROUND ART

[0002] As new applications, such as navigation systems,
wireless Internet, and Bluetooth, which use a GPS (Global
Positioning System) function, have appeared in recent years,
new derivative information products capable of creating prof-
its are being created. These wireless communication systems
have been developed so as to be used while being connected
with generalized cellular and PCS (Personal Communication
Service) mobile communication systems. Actually, in recent
years, emergency services have been enacted to be provided
against dangerous situations, such as fires and disasters, at
home and abroad, and a GPS function has been required in
newly released mobile terminal so that a GPS function and
LBS (Location-Based Service) systems are connected with
personal mobile communication. For this reason, supplemen-
tary services, such as various traffic, security, and distribution
services, are widely provided, so that new added values are
created. To develope for an information-oriented society,
miniaturization and multi-functionalization are needed in
order to improve the mobility of a mobile communication
personal terminal. Further, a compact antenna, which has a
broadband radiation characteristic in multiple bands, has
been required to make passive/active components of the
entire RF-Front End in the form of a SOC (System on Chip).
Accordingly, in order to increase the effective current length
of a resonant antenna, a method of modifying a radiation
patch or designing a three-dimensional radiation structure has
come into the spotlight in recent years as a method for
embodying a compact antenna that has a broadband radiation
characteristic in multiple bands. In particular, as resonant
structure where reactance is minimized in a power feeding
direction has been combined with simple modified structure
where slits are provided similar to PIFA (Planar Inverted
F-Antenna) structure, various compact chip antennas have
been proposed.

[0003] FIG. 1 is a view showing an internal antenna (Ko-
rean Patent No. 10-0442053) having a multilayer structure
that is used to embody a compact antenna having broadband
radiation characteristics in multiple bands in the related art.

[0004] FIGS. 1A, 1B, 1C, and 1D are a perspective view
and plan views showing positions of conductor patterns and
via holes that are formed on dielectric blocks of an internal
antenna in the related art.

[0005] FIG. 1A shows conductor patterns that are separated
into first conductor patterns 31 and 32, second conductor
patterns 41, 42,43, and 44, and a third conductor pattern 51 by
layered structure. In this case, the conductor patterns formed
on dielectric blocks 10 are formed on upper, middle, and
lower layers so as to a predetermined line width 30a and a
predetermined distance 3056 between lines. The first conduc-
tor patterns 31 and 32 and the second conductor patterns 41,
42, 43, and 44 are electrically connected to one another by a
first via hole 61. The first via hole is formed by punching the

Apr. 22,2010

dielectric blocks to form a circular hole and filling the circular
hole with a conductor. The second conductor patterns and the
third conductor pattern are connected to a second via hole 62.
[0006] Since the dielectric blocks are layered in the internal
antenna in the related art, it is possible to reduce the size of the
internal antenna, and to change resonant frequency thereof
into low frequency as compared with an antenna having the
same volume of a dielectric.

[0007] However, since the dielectric blocks having conduc-
tor patterns are layered as shown in FIG. 1, distances between
the first conductor patterns, the second conductor patterns,
and the third conductor patterns are decreased. For this rea-
son, minute mutual interference is generated. Since it is dif-
ficult to adjust impedance due to the minute mutual interfer-
ence, it is difficult to adjust minutely resonant frequency to be
obtained. Further, the bandwidth of the resonant frequency to
be obtained is decreased. Furthermore, the conductor patterns
of the antenna are very complicated, and too many factors
should be adjusted to obtain desired radiation characteristics.
For this reason, it is difficult to manufacture an antenna cor-
responding to standard.

DISCLOSURE OF INVENTION
Technical Problem

[0008] The present invention has been made to solve the
above-mentioned problems, and it is an object of the present
invention to provide an internal antenna that can quickly
obtain desired radiation characteristics by easily adjusting
impedance in accordance with the change of a terminal envi-
ronment. Further, it is another object of the present invention
to embody an internal antenna, which has a wide bandwidth
in multiple bands, by minimizing interference between upper
and lower conductor patterns.

Technical Solution

[0009] According to an embodiment of the present inven-
tion, an internal antenna with an air gap includes an upper
dielectric block on which a first conductor pattern is formed,
a lower dielectric block on which a second conductor pattern
is formed, and a middle dielectric block that is interposed
between the upper and lower dielectric blocks. The middle
dielectric block forms an air gap, and electrically connects the
first conductor pattern with the second conductor pattern.
[0010] Further, the middle dielectric blocks may be inte-
grally formed with the lower dielectric block at both ends of
the lower dielectric block.

[0011] Furthermore, the middle dielectric block may be
interposed between the upper and lower dielectric blocks by
fastening means.

[0012] The fastening means includes fitting grooves
formed at both ends of the upper dielectric blocks, fitting
grooves formed at both ends of the lower dielectric block, and
fitting protrusions formed at upper and lower portions of the
middle dielectric blocks.

[0013] Inaddition, the internal antenna with an air gap may
further include a horizontal dielectric block on which a third
conductor pattern is formed, the horizontal dielectric block
may be supported between the upper and lower dielectric
blocks by the middle dielectric block, the first conductor
pattern may be electrically connected to the third conductor
pattern, and the third conductor pattern may be electrically
connected to the second conductor pattern.
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[0014] The middle dielectric block may include one or
more air gaps that are perforated in a vertical direction.
[0015] The middle dielectric block may be an I-shaped
dielectric block.

[0016] Thefirstand second conductor patterns may be elec-
trically connected to each other through a via hole that is
formed in the middle dielectric block.

[0017] Each ofthe first and second conductor patterns may
be a conductor pattern that has the shape of a meander line.
[0018] The lower dielectric block may include a power
feeding pad, and the power feeding pad may be electrically
connected to the first conductor pattern.

[0019] Each of the upper diclectric block, the middle
dielectric block, and the lower dielectric block may be formed
of a printed circuit board (PCB).

[0020] The thickness of the middle dielectric block may be
larger than the thickness of each of the upper and lower
dielectric blocks.

[0021] The thickness of the lower dielectric block may be
smaller than the thickness of each of the upper and middle
dielectric blocks.

[0022] The first conductor pattern may be formed on one or
more surfaces of the upper and lower surfaces of the upper
dielectric block.

[0023] The second conductor pattern may be formed on one
or more surfaces of the upper and lower surfaces of the lower
dielectric block.

Advantageous Effects

[0024] According to the present invention, it is possible to
obtain the following advantages.

[0025] It is possible to obtain an antenna that simply and
quickly obtains desired characteristics by easily adjusting the
thickness of the air gap. For this reason, precision processes,
which are required for changing the shape of the conductor
pattern or the kind of'the dielectric material, do not need to be
performed. Therefore, it is possible to reduce cost.

[0026] Further, the internal antenna is formed by layering
dielectric blocks that have conductor patterns. Accordingly,
while maintaining the interconnection between the conductor
patterns, the internal antenna can change resonant frequency
thereof into low frequency as compared with an antenna
having the same volume of a dielectric. That is, it is possible
to effectively reduce the size of an antenna without signifi-
cantly affecting the characteristics of the antenna.

[0027] Furthermore, an air gap for minimizing a dielectric
constant is formed between dielectric blocks having conduc-
tor patterns in order to minimize interference between con-
ductor patterns, thereby embodying a slim internal antenna
that has a wide bandwidth in a low frequency band as well as
in a high frequency band.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1is aview showing an internal antenna having
multilayer structure that is used to embody a compact antenna
having broadband radiation characteristics in multiple bands
in the related art;

[0029] FIG. 2 is an exploded perspective view of an internal
antenna with an air gap according to a firstembodiment of the
present invention;

[0030] FIG.3isanassembled view of a portion A of FIG. 2;
[0031] FIG.4isanassembled view of a portion B of FIG. 2;
[0032] FIG. 5 is an assembled view of FIG. 2;
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[0033] FIG. 6 is an exploded perspective view of an internal
antenna with an air gap according to a second embodiment of
the present invention;

[0034] FIG.7is anassembled view of a portion A of FIG. 6;
[0035] FIG. 8is anassembled view of a portion B of FIG. 6;
[0036] FIG. 9 is an assembled view of FIG. 6;

[0037] FIG. 10 is an exploded perspective view of an inter-

nal antenna with an air gap according to a third embodiment
of the present invention;

[0038] FIG. 11 is an assembled view of a portion A of FIG.
10;

[0039] FIG. 12 is an assembled view of a portion B of FIG.
10;

[0040] FIG. 13 is an assembled view of FIG. 10;

[0041] FIG. 14 is an exploded perspective view of an inter-

nal antenna with an air gap according to a fourth embodiment
of the present invention;

[0042] FIG. 15is an assembled view of a portion A of FIG.
?(;‘(;)43] FIG. 16 is an assembled view of a portion B of FIG.
?(;‘(;)44] FIG. 17 is an assembled view of a portion C of FIG.
?(;‘(’)45] FIG. 18 is an assembled view of FIG. 14;

[0046] FIG. 19 is an exploded perspective view of an inter-

nal antenna with an air gap according to a fifth embodiment of
the present invention;

[0047] FIG. 20 is an assembled view of a portion A of FIG.
?09(;)48] FIG. 21 is an assembled view of a portion B of FIG.
?09(;)49] FIG. 22 is an assembled view of a portion C of FIG.
?09(’)50] FIG. 23 is an assembled view of FIG. 19;

[0051] FIGS. 24A and 24B are graphs illustrating a radia-

tion characteristic of the internal antenna according to the
fifth embodiment of the present invention that is shown in
FIGS. 23; and

[0052] FIGS. 25A and 25B are graphs illustrating a radia-
tion characteristic of the internal antenna according to the
fifth embodiment of the present invention that is shown in
FIG. 23.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0053] An internal antenna with an air gap according to
embodiments of the present invention will be described below
with reference to accompanying drawings. Repeated descrip-
tion, and known functions and structure that may unnecessar-
ily make the gist unclear will be omitted in this specification.
Rather, these embodiments of the present invention are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the concept of the invention to those
skilled in the art. Therefore, the shapes and sizes of compo-
nents in drawings may be exaggerated for clearer description.

First Embodiment

[0054] FIG. 2 is an exploded perspective view of an internal
antenna with an air gap according to a first embodiment of the
present invention. FIG. 4 is an assembled view of a portion A
of FIG. 2. FIG. 3 is an assembled view of a portion B of FIG.
2. FIG. 5 is an assembled view of FIG. 2.
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[0055] Aninternal antenna with an air gap according to the
first embodiment of the present invention includes an upper
dielectric block 10 that has a plate shape and a first conductor
pattern formed thereon, and a U-shaped dielectric block 20
that includes a second conductor pattern formed thereon.

[0056] Holes 10a and 106 are formed at corners of the
upper dielectric block 10 in a diagonal direction thereof. A
conductive material is applied on the inner surfaces of the via
holes 10a and 105. An upper conductor pattern 12, which has
the shape of a meander line, is formed on the upper surface of
the upper dielectric block 10. One end of the upper conductor
pattern 12 covers an upper opening of the via hole 10q, and
the other end of the upper conductor pattern 12 covers an
upper opening of the via hole 105.

[0057] Further, a lower conductor pattern 15 having a pre-
determined shape is formed on the lower surface of the upper
dielectric block 10. One end of the lower conductor pattern 15
is connected to a lower opening of the via hole 104, and the
other end of the lower conductor pattern 15 is positioned at a
corner closest to the corner where the via hole 104 is formed.
Furthermore, conductive connection pads 16, 17, and 18 are
formed on the lower surface of the upper dielectric block 10
at other corners except for the corner where the other end of
the lower conductor pattern 15 is positioned, respectively.
The connection pad 18 comes in contact with a lower opening
of the via hole 105.

[0058] In this case, the upper and lower conductor patterns
12 and 15 of the upper dielectric block 10 are generally
referred to as a ‘first conductor pattern’. The first conductor
pattern may include both upper conductor pattern 12 and the
lower conductor pattern 15, or may include only one of the
upper and lower conductor patterns. This depends on desired
resonant frequency. Further, the length and line width of the
conductor pattern and a distance between lines of the conduc-
tor pattern vary depending on the desired resonant frequency.

[0059] Meanwhile, the U-shaped dielectric block 20 is
composed of a horizontal part 20a that has a predetermined
width and length, and vertical parts 205 and 20c that are
formed on the upper surface of the horizontal part 20a at both
ends of the horizontal part to protrude upward. The horizontal
part 20q is integrally formed with the vertical part 205. The
horizontal part 20a corresponds to a lower dielectric block in
the present invention, and the vertical part 2056 corresponds to
a middle dielectric block in the present invention.

[0060] A second conductor pattern 22, which has the shape
of a predetermined meander line, is formed on the lower
surface of the horizontal part 20a. The second conductor
pattern 22 may be formed on the upper surface of the hori-
zontal part 20a. Although not shown, the second conductor
pattern 22 may be formed on both upper and lower surfaces of
the horizontal part 20a. In this case, the patterns are connected
to each other by a via hole (not shown) on which a conductive
material is applied or a metal pin (not shown).

[0061] A conductive connection pad 24 that is connected to
the connection pad 16 and a conductive connection pad 25
that is connected to the other end of the lower conductor
pattern 15 are provided on the upper surface of the vertical
part 205. Further, a conductive connecting pad 26 is formed
onone side surface of the vertical part 206 so as to close to the
upper surface of the vertical part 205. One end of the conduc-
tive connecting pad 26 is connected to the connection pad 25,
and the other end thereofis connected to the second conductor
pattern 22. Although not shown, the first conductor pattern
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(12 and 15) and the second conductor pattern 22 may be
connected to each other through not the conductive connect-
ing pad 26 but a via hole.

[0062] A conductive connection pad 29, which comes in
contact with the connection pads 17 and 18, is provided on the
upper surface of the vertical part 20c. A ground pad 27 is
provided on one side surface of the vertical part 20c¢ so as to
close to the upper surface of the vertical part 20¢. One end of
the ground pad 27 is connected to one end of the connection
pad 29. A power feeding pad 28 is provided on the other side
surface (that is, the surface positioned to face the side surface
on which the ground pad 27 is provided) of the vertical part
20c so as to close to the upper surface of the vertical part 20c.
One end of the power feeding pad 28 is connected to the other
end of the connection pad 29.

[0063] Further, lower pads 30 and 31 are provided on the
lower surface of the horizontal part 20a at corners of the
horizontal part 20a so as to be spaced apart from the second
conductor pattern 22. The lower pad 30 is connected to the
other end of the ground pad 27, and the lower pad 31 is
connected to the other end of the power feeding pad 28.
[0064] As a terminal environment has been changed, the
shape of the conductor pattern or the kind of a dielectric
material has been changed in the related art. However, in the
internal antenna with an air gap according to the first embodi-
ment of the present invention that is shown in FIG. 5, it is
possible to quickly obtain desired characteristics by adjusting
the heights of the vertical parts 206 and 20¢ (that is, removing
or adding the vertical parts as needed) without changing the
shape of the conductor pattern or the kind of the dielectric
material. That is, it is possible to quickly obtain desired char-
acteristics by adjusting the thickness of an air gap between the
upper dielectric block 10 and the lower dielectric block 20.
Therefore, it is possible to reduce precision processes and
cost that are required for changing the shape of the conductor
pattern or the kind of the dielectric material. In this case, it is
preferable that each of the upper dielectric block 10 and the
lower dielectric block 20 be composed of a printed circuit
board (PCB). The reason for this is that the printed circuit
board can be used to quickly obtain desired characteristics by
adjusting the heights of the vertical parts 205 and 20c.
[0065] Meanwhile, since the resonant frequency bands of
the first and second conductor patterns are different from each
other, the internal antenna with an air gap according to the
first embodiment of the present invention can be easily
applied to multiple bands and solves a problem that a narrow-
band radiation characteristic occurs in the multiple bands due
to mutual capacitance between the first and second conductor
patterns.

[0066] A dielectric constant is smallest in a vacuum state
where any material does not exist, and air has substantially the
same dielectric constant as that in the vacuum state. Since an
air gap is formed between the upper dielectric block 10 and
the lower dielectric block 20 in the present invention, it is
possible to reduce mutual interference, that is, mutual capaci-
tance between the conductor patterns formed on the upper
and lower dielectric blocks 40 and 46. As a result, it is possible
to embody an internal antenna that has a broadband radiation
characteristic in multiple bands.

Second Embodiment

[0067] FIG. 6 is an exploded perspective view of an internal
antenna with an air gap according to a second embodiment of
the present invention. FIG. 7 is an assembled view of a portion
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A of FIG. 6. FIG. 8 is an assembled view of a portion B of FI1G.
6. FIG. 9 is an assembled view of FIG. 6.

[0068] An internal antenna with an air gap according to the
second embodiment of the present invention includes an
upper dielectric block 40 that has a plate shape, a lower
dielectric block 46 that has a plate shape, and middle dielec-
tric blocks 54 and 56 that are interposed between the upper
and lower dielectric blocks 40 and 46 so as to form an air gap.

[0069] A viahole 40a and a through hole 405 are formed at
corners of the upper dielectric block 40 in a diagonal direction
thereof. A conductive material is applied on the inner surface
of'the via hole 40q. Further, C-shaped fitting grooves 40c and
404 are formed at both ends of the upper dielectric block 40.

[0070] An upper conductor pattern 43, which has the shape
of a predetermined meander line, is formed on the upper
surface of the upper dielectric block 40. One end of the upper
conductor pattern 43 comes in contact with an upper opening
of the via hole 40a, a through hole 434 is formed at the other
end of the upper conductor pattern 43, and the through hole
43a is positioned on the through hole 4056 of the upper dielec-
tric block 40.

[0071] Further, a lower conductor pattern 41, which has a
predetermined shape (for example, C shape), is formed on the
lower surface of the upper dielectric block 40 at one side of
the upper dielectric block. One end of the lower conductor
pattern 41 comes in contact with a lower opening of the via
hole 40a, and the other end of the lower conductor pattern 41
is positioned at a corner closest to the corner where the via
hole 40qa is formed. Furthermore, a conductive connecting
pattern 42, which has a predetermined shape (for example, C
shape), is formed on the lower surface of the upper dielectric
block 40 at the other side of the upper dielectric block. A
through hole 42a is formed at one end of the connecting
pattern 42, and the through hole 424 is positioned below the
through hole 405 of the upper dielectric block 40.

[0072] In this case, the upper and lower conductor patterns
43 and 41 of the upper dielectric block 40 are generally
referred to as a ‘first conductor pattern’. The first conductor
pattern may include both upper conductor pattern 43 and the
lower conductor pattern 41, or may include only one of the
upper and lower conductor patterns. This depends on desired
resonant frequency. Further, the length and line width of the
conductor pattern and a distance between lines of the conduc-
tor pattern vary depending on the desired resonant frequency.

[0073] Meanwhile, through holes 464, 465, and 46¢ are
formed at three corners of the lower dielectric block 46 except
for one corner of the lower dielectric block.

[0074] A second conductor pattern 48, which has the shape
of a predetermined meander line, is formed on the lower
surface of the lower dielectric block 46. One end of the second
conductor pattern 48 comes in contact with the through hole
46a. The second conductor pattern 48 may be formed on the
upper surface of the lower dielectric block 46. Although not
shown, the second conductor pattern 48 may be formed on
both upper and lower surfaces of the lower dielectric block
46. In this case, the patterns are connected to each other by via
holes (not shown) on which a conductive material is applied
or metal pins (not shown). Lower surface pads 49 and 50,
which are spaced apart from the second conductor pattern 48
and comes in contact with the through holes 465 and 46¢, are
formed on the lower surface of the lower dielectric block 46.
Further, C-shaped fitting grooves 464 and 46¢ are formed at
both ends of the lower dielectric block 46.
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[0075] The middle dielectric block 54 has a cross shape. A
through hole 54a, which faces the through hole 464 of the
lower dielectric block 46, is vertically formed on one side
portion of a body of the middle dielectric block 54. A fitting
protrusion 545, which is formed at an upper central portion of
the body of the middle dielectric block 54, is fitted into the
fitting groove 40c¢ of the upper dielectric block 40. A fitting
protrusion 54¢, which is formed at a lower central portion of
the body of the middle dielectric block 54, is fitted into the
fitting groove 464 of the lower dielectric block 46.

[0076] Further, the middle dielectric block 56 has a cross
shape. Through holes 56a and 564 are vertically formed on
both side portions of a body of the middle dielectric block 56.
The through hole 564 faces the through hole 465 of the lower
dielectric block 46. An upper opening of the through hole 565
faces the through holes 405 and 424, and a lower opening of
the through hole 565 faces the through hole 46¢. A fitting
protrusion 56¢, which is formed at an upper central portion of
the body of the middle dielectric block 56, is fitted into the
fitting groove 404 of the upper dielectric block 40. A fitting
protrusion 564, which is formed at a lower central portion of
the body of the middle dielectric block 56, is fitted into the
fitting groove 46¢ of the lower dielectric block 46.

[0077] Meanwhile, in the present invention, the fitting
grooves 40c¢ and 40d that are formed at both ends of the upper
dielectric block 40, the fitting grooves 464 and 46¢ that are
formed at both ends of the lower dielectric block 46, and the
fitting protrusions 545, 54c¢, 56¢, and 56d that are formed at
upper and lower portions of the middle dielectric blocks 54
and 56 correspond to fastening means that interpose the
middle dielectric blocks 54 and 56 between the upper and
lower dielectric blocks 40 and 46. However, fastening means
to be applied to the second embodiment are not limited to the
above-mentioned fastening means, and may be embodied by
other fastening means that can be easily devised by those
skilled in the art.

[0078] The following processes are performed in order to
assemble the internal antenna according to the second
embodiment, which is disassembled as shown in FIG. 5.
[0079] First, the upper conductor pattern 43 is formed on
the upper surface of the upper dielectric block 40. Then, the
lower conductor pattern 41 is formed on the lower surface of
the upper dielectric block 40 at one side ofthe upper dielectric
block, and the connecting pattern 42 is formed on the lower
surface of the upper dielectric block 40 at the other side of the
upper dielectric block.

[0080] Further, the second conductor pattern 48 and the
lower surface pads 49 and 50 are formed on the lower surface
of the lower dielectric block 46.

[0081] After that, the fitting protrusion 54c¢ of the middle
dielectric block 54 is fitted into the fitting groove 464 of the
lower dielectric block 46, and the fitting protrusion 564 of the
middle dielectric block 56 is fitted into the fitting groove 46e
of the lower dielectric block 46.

[0082] Then, a connection pin 62 is inserted into the
through hole 54a of the middle dielectric block 54 and the
through hole 464 of the lower dielectric block 46 so as to
come in contact with the surface of the second conductor
pattern 48. Further, a ground pin 60 is inserted into the
through hole 56a of the middle dielectric block 56 and the
through hole 465 of the lower dielectric block 46 so as to
come in contact with the lower surface pad 49.

[0083] Subsequently, the upper dielectric block 40 is com-
bined with the middle dielectric blocks 54 and 56. That is, the
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fitting protrusion 545 of the middle dielectric block 54 is fitted
into the fitting groove 40c¢ of the upper dielectric block 40, and
the fitting protrusion 56¢ of the middle dielectric block 56 is
fitted into the fitting groove 404 of the upper dielectric block
40. When the upper dielectric block 40 is combined, the first
conductor pattern (41 and 43) of the upper dielectric block 40
is electrically connected to the second conductor pattern 48 of
the lower dielectric block 46 by the connection pin 62.
[0084] Finally, a power feeding pin 58 is sequentially
inserted into the through holes 43a, 405, 424, 565, and 46¢ so
as to come in contact with the lower surface pad 50.

[0085] The internal antenna with an air gap shown in FIG.
9 is manufactured by the above-mentioned processes. Ifall of
the components are shown in FIG. 9 by a solid line and a
hidden line, FIG. 9 becomes complicated, so that it is difficult
to understand the FIG. 9. For this reason, only some of the
components, which should be shown by a solid line and a
hidden line, have been shown. Although some components
have been omitted in FIG. 9, those skilled in the art can
sufficiently understand the relationships between the compo-
nents of the second embodiment of the present invention with
reference to FIGS. 6 to 8.

[0086] As a terminal environment has been changed, the
shape of the conductor pattern or the kind of a dielectric
material has been changed in the related art. However, in the
internal antenna with an air gap according to the second
embodiment of the present invention that is shown in FIG. 9,
it is possible to quickly obtain desired characteristics by
adjusting the heights of the middle dielectric blocks 54 and 56
without changing the shape of the conductor pattern or the
kind of the dielectric material. That is, it is possible to quickly
obtain desired characteristics by adjusting the thickness of an
air gap between the upper dielectric block 40 and the lower
dielectric block 46. Therefore, it is possible to reduce preci-
sion processes and cost that are required for changing the
shape of the conductor pattern or the kind of the dielectric
material.

[0087] Itis preferablethat each of the upper dielectric block
40, the middle dielectric blocks 54 and 56, and the lower
dielectric block 46 be composed of a printed circuit board
(PCB). The reason for this is that the printed circuit board can
be used to adjust the thickness of the air gap by changing the
shape thereof.

[0088] Meanwhile, since the resonant frequency bands of
the first and second conductor patterns are different from each
other, the internal antenna with an air gap according to the
second embodiment of the present invention can be easily
applied to multiple bands and solves a problem that a narrow-
band radiation characteristic occurs in the multiple bands due
to mutual capacitance between the first and second conductor
patterns.

[0089] A dielectric constant is smallest in a vacuum state
where any material does not exist, and air has substantially the
same dielectric constant as that in the vacuum state. Since an
air gap is formed between the upper dielectric block 40 and
the lower dielectric block 46 in the present invention, it is
possible to reduce mutual interference, that is, mutual capaci-
tance between the conductor patterns formed on the upper
and lower dielectric blocks 10 and 20. As aresult, it is possible
to embody an internal antenna that has a broadband radiation
characteristic in multiple bands.

Third Embodiment

[0090] FIG. 10 is an exploded perspective view of an inter-
nal antenna with an air gap according to a third embodiment
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of the present invention. FIG. 11 is an assembled view of a
portion A of FIG. 10. FIG. 12 is an assembled view of a
portion B of FIG. 10. FIG. 13 is an assembled view of FIG. 10.
[0091] When the structure of a third embodiment is com-
pared with that of the above-mentioned second embodiment,
the third embodiment is different from the second embodi-
ment in that the third embodiment further includes a horizon-
tal dielectric block 84 and a third conductor pattern 85 and the
shapes of middle dielectric blocks 90 and 92 and an upper
conductor pattern 43 are different from those of the second
embodiment. Accordingly, in the following description, the
same components as those of the above-mentioned second
embodiment are indicated by the same reference numerals,
and the detailed description thereof will be omitted.

[0092] Thehorizontal dielectric block 84 has a plate shape.
Through holes 84a, 845, and 84¢ are formed at three corners
of the horizontal dielectric block 84 except for one corner of
the horizontal dielectric block. Further, C-shaped fitting
grooves 84d and 84e are formed at both ends of the horizontal
dielectric block 84.

[0093] A third conductor pattern 85, which has the shape of
a predetermined meander line, is formed on the lower surface
of the horizontal dielectric block 84. A through hole 85a is
formed at one end of the third conductor pattern 85, and the
through hole 85« faces the through hole 844 and the through
hole 464 of the lower dielectric block 46. The third conductor
pattern 85 may be formed on the upper surface of the hori-
zontal dielectric block 84. Although not shown, the third
conductor pattern 85 may be formed on both upper and lower
surfaces of the horizontal dielectric block 84. In this case, the
patterns are connected to each other by a via hole (not shown)
on which a conductive material is applied or a metal pin (not
shown).

[0094] Further, lower surface pads 86 and 87, which are
spaced apart from the third conductor pattern 85 and face the
through holes 845 and 84c, are provided on the lower surface
of the horizontal dielectric block 84. Through holes 864 and
87a are formed through the lower surface pads 86 and 87,
respectively.

[0095] Furthermore, the middle dielectric block 90 has a
shape where two cross-shaped bodies are integrally formed
with each other. A through hole 90a is formed at one side
portion (also, referred to as wings) of a body of the middle
dielectric block 90. A fitting protrusion, which is formed at an
upper central portion of the body of the middle dielectric
block 90, is fitted into the fitting groove 40¢ of the upper
dielectric block 40. A fitting protrusion, which is formed at a
lower central portion of the body of the middle dielectric
block 90, is fitted into the fitting groove 464 of the lower
dielectric block 46. In addition, the central portion of the body
of the middle dielectric block 90 is fitted into the fitting
groove 84d.

[0096] Furthermore, the middle dielectric block 92 has a
shape where two cross-shaped bodies are integrally formed
with each other. Through holes 92a and 925 are formed at
both wings of a body of the middle dielectric block 92. A
fitting protrusion, which is formed at an upper central portion
of'the body of the middle dielectric block 92, is fitted into the
fitting groove 404 of the upper dielectric block 40. A fitting
protrusion, which is formed at a lower central portion of the
body of the middle dielectric block 92, is fitted into the fitting
groove 46¢ of the lower dielectric block 46. In addition, the
central portion of the body ofthe middle dielectric block 92 is
fitted into the fitting groove 84e.
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[0097] The internal antenna with an air gap according to the
third embodiment, which is disassembled as shown in FIG.
10, is easily assembled using the method of the above-men-
tioned second embodiment. Therefore, a method of assem-
bling the internal antenna with an air gap according to the
third embodiment is substituted with the method of the sec-
ond embodiment. If all of the components are shown in FIG.
13 by a solid line and a hidden line, FIG. 13 becomes com-
plicated, so that it is difficult to understand the FIG. 13. For
this reason, only some of the components, which should be
shown by a solid line and a hidden line, have been shown.
Although some components have been omitted in FIG. 13,
those skilled in the art can sufficiently understand the rela-
tionships between the components of the third embodiment of
the present invention with reference to FIGS. 10 to 12.
[0098] As a terminal environment has been changed, the
shape of the conductor pattern or the kind of a dielectric
material has been changed in the related art. However, in the
internal antenna with an air gap according to the third
embodiment of the present invention that is shown in FI1G. 13,
it is possible to quickly obtain desired characteristics by
adjusting the heights of the middle dielectric blocks 90 and 92
without changing the shape of the conductor pattern or the
kind of the dielectric material. That is, since it is possible to
easily adjust the thickness of an air gap between the upper
dielectric block 40 and the lower dielectric block 46 by using
the middle dielectric blocks 90 and 92, it is possible to reduce
precision processes and cost that are required for changing
the shape of the conductor pattern or the kind of the dielectric
material.

[0099] Itis preferable that each of the upper dielectric block
40, the middle dielectric blocks 90 and 92, the lower dielectric
block 46, and the horizontal dielectric block 84 be composed
of'a printed circuit board (PCB). The reason for this is that the
printed circuit board can be used to adjust the thickness of the
air gap by changing the shape thereof.

[0100] Meanwhile, since the resonant frequency bands of
the first, second, and third conductor patterns are different
from each other, the internal antenna with an air gap accord-
ing to the third embodiment of the present invention can be
easily applied to multiple bands and solves a problem that a
narrowband radiation characteristic occurs in the multiple
bands due to mutual capacitance between the first and third
conductor patterns and between the third and second conduc-
tor patterns.

[0101] A dielectric constant is smallest in a vacuum state
where any material does not exist, and air has substantially the
same dielectric constant as that in the vacuum state. An air gap
is formed between the upper dielectric block 40 and the
horizontal dielectric block 84 and between the horizontal
dielectric block 84 and the lower dielectric block 46 in the
present invention. Therefore, it is possible to reduce mutual
interference, that is, mutual capacitance between the conduc-
tor patterns formed on the upper dielectric block 40, the
horizontal dielectric block 84, and the lower dielectric block
46. As a result, it is possible to embody an internal antenna
that has a broadband radiation characteristic in multiple
bands.

Fourth Embodiment

[0102] FIG. 14 is an exploded perspective view of an inter-
nal antenna with an air gap according to a fourth embodiment
of the present invention. FIG. 15 is an assembled view of a
portion A of FIG. 14. FIG. 16 is an assembled view of a
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portion B of FIG. 14. FIG. 17 is an assembled view of a
portion C of FIG. 14. FIG. 18 is an assembled view of FIG. 14.
[0103] Aninternal antenna with an air gap according to the
fourth embodiment of the present invention includes an upper
dielectric block 100 that has a plate shape and a conductor
pattern formed thereon, a lower dielectric block 300 that has
a plate shape and a conductor pattern formed thereon, and a
middle dielectric block 200 that is interposed between the
upper and lower dielectric blocks 100 and 300 and is perfo-
rated therethrough in a vertical direction to form one or more
air gaps 295a and 2955.

[0104] Viaholes 110a and 1105 are formed at corners ofthe
upper dielectric block 100 in a diagonal direction thereof. A
conductive material is applied on the inner surfaces of the via
holes 110a and 1105. An upper conductor pattern 120, which
has the shape of a meander line, is formed on the upper
surface of the upper dielectric block 100. First and second
lower conductor patterns 130 and 140 are formed on the lower
surface of the upper dielectric block 100. One end of the upper
conductor pattern 120 is electrically connected to one end of
the first lower conductor pattern 130 through the via hole
1104, and the other end of the upper conductor pattern 120 is
electrically connected to the other end of the second lower
conductor pattern 140 through the via hole 110a. The other
end of the first lower conductor pattern 130 is positioned at a
corner closest to the corner where the via hole 1105 is formed,
and comes in contact with a conductive connection pad 220
formed on the middle dielectric block 200. The other end of
the second lower conductor pattern 140 is positioned at a
corner closest to the corner where the via hole 110a is formed,
and comes in contact with a conductive connection pad 250
formed on the middle dielectric block 200.

[0105] Inthis case, the upper and lower conductor patterns
120, 130, and 140 of the upper dielectric block 100 are gen-
erally referred to as a “first conductor pattern’. The shape of
the first conductor pattern may be changed depending on
desired resonant frequency, and the line width of the first
conductor pattern and a distance between lines of the first
conductor pattern may vary depending on the desired reso-
nant frequency.

[0106] Meanwhile, the middle dielectric block 200 is per-
forated therethrough in a vertical direction to form one or
more air gaps 295a and 2955, and each of the air gaps 295a
and 2956 has a length [ and a width M. The middle dielectric
block 200 includes two air gaps 295a and 2955 in the fourth
embodiment. However, the number of the air gaps is not
limited thereto, and may vary depending on desired resonant
frequency. Further, the shape of each of the air gaps 295a and
2955, and the length I and width M of the through hole may
vary depending on desired resonant frequency.

[0107] Conductive connection pads 220 to 290 are pro-
vided on the upper and lower surfaces of the middle dielectric
block 200 at corners of the middle dielectric block. Among
the pads, three conductive connection pads 220, 230, and 250
provided on the upper surface are electrically connected to
three conductive connection pads 280, 290, and 270 formed
on the lower surface through via holes 210a, 2105, and 210¢
of which inner surfaces are covered with a conductive mate-
rial, respectively. The conductive connection pads 240 and
260 are provided on the upper and lower surfaces at a corner
where a via hole is not formed.

[0108] A second conductor pattern 390, which has the
shape of a meander line, is formed on the upper surface of the
lower dielectric block 300. In this case, since the second
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conductor pattern 390 is formed on the upper surface of the
lower dielectric block 300, the second conductor pattern 390
is spaced apart from a terminal substrate by at least height of
the lower dielectric block 300 when the internal antenna
according to the present invention is mounted on the terminal
substrate. Therefore, a space, which should be assigned to the
terminal substrate in order to form a no-ground (NO-GND)
region, is decreased. As a result, it is possible to provide an
internal antenna that corresponds to slimness and miniatur-
ization of the terminal.

[0109] One end of the second conductor pattern 390 comes
in contact with the conductive connection pad 270 formed on
the middle dielectric block 200.

[0110] A ground pad 370 and a power feeding pad 380 are
provided on the lower surface of the lower dielectric block
300 at corners of one end of the lower dielectric block. The
ground pad 370 is electrically connected to a conductive
connection pad 320 through a via hole 310qa of which inner
surface is covered with a conductive material, and the power
feeding pad 380 is electrically connected to a conductive
connection pad 330 through a via hole 3105 of which inner
surface is covered with a conductive material.

[0111] Connection pads 340 and 350 are provided on the
upper and lower surfaces of the lower dielectric block 300 at
acorners where a via hole is not formed, and a connection pad
360 is also provided at a corner adjacent to the corner where
the connection pad 350 is provided.

[0112] As shown in FIG. 18, the middle dielectric block
200 is layered one the upper surface of the lower dielectric
block 300, and the upper dielectric block 100 is layered on the
upper surface of the middle dielectric block 200. Accord-
ingly, the second lower conductor pattern 140 of the upper
dielectric block 100 and the second conductor pattern 390
formed on the upper surface of the lower dielectric block 300
are electrically connected to each other through a via hole
210c of which inner surface is covered with a conductive
material, and the first conductor pattern (120 to 140) and the
second conductor pattern 390 form one radiation line. Fur-
ther, the power feeding pad 380 is connected to one end of the
first lower conductor pattern 130 through the via holes 3105
and 2104, and the ground pad 370 is connected to the other
end of the first lower conductor pattern 130 through the via
holes 3104 and 210a.

[0113] As a terminal environment has been changed, the
shape of the conductor pattern or the kind of a dielectric
material has been changed in the related art. However, in the
internal antenna with an air gap according to the fourth
embodiment of the present invention that is shown in FIG. 18,
it is possible to quickly obtain desired characteristics by
changing the shapes and the number of the air gaps 2954 and
295p without changing the shape of the conductor pattern or
the kind of the dielectric material. That is, it is possible to
easily change the shapes and the number of the air gaps 295a
and 295b. Therefore, it is possible to reduce precision pro-
cesses and cost that are required for changing the shape of the
conductor pattern or the kind of the dielectric material.
[0114] Further, since the resonant frequency bands of the
first and second conductor patterns are different from each
other, the internal antenna with an air gap according to the
fourth embodiment of the present invention can be easily
applied to multiple bands and solves a problem that a narrow-
band radiation characteristic occurs in the multiple bands due
to mutual capacitance between the first and second conductor
patterns.
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[0115] A dielectric constant is smallest in a vacuum state
where any material does not exist, and air has substantially the
same dielectric constant as that in the vacuum state. Since an
air gap is formed between the upper dielectric block 100 and
the lower dielectric block 300 in the present invention, it is
possible to reduce mutual interference, that is, mutual capaci-
tance between the conductor patterns formed on the upper
and lower dielectric blocks 100 and 300. As a result, it is
possible to embody an internal antenna that has a broadband
radiation characteristic in multiple bands.

[0116] Meanwhile, it is preferable that each of the upper
dielectric block 100, the middle dielectric block 200, and the
lower dielectric block 300 be composed of a printed circuit
board (PCB). The reason for this is that the printed circuit
board is suitable to form air gaps and to quickly obtain desired
characteristics by adjusting the length I and a width M of the
air gap.

[0117] Further, it is preferable that the thickness of the
lower dielectric block 300 be set to be the smallest and the
thickness of the middle dielectric block 200 be set to be the
largest among the upper, middle, and lower dielectric blocks
100, 200, and 300. If the thickness of the middle dielectric
block 200 is set to be larger than the thickness of other
dielectric blocks in order to ensure a sufficient air gap, the
interference between the first and second conductor patterns
is minimized. Therefore, it is possible to embody an internal
antenna that has a broadband radiation characteristic in mul-
tiple bands. If the thickness of the lower dielectric block 300
is set to be smaller than the thickness of other dielectric
blocks, it is possible to reduce the entire size of the antenna.

Fifth Embodiment

[0118] FIG. 19 is an exploded perspective view of an inter-
nal antenna with an air gap according to a fifth embodiment of
the present invention. FIG. 20 is an assembled view of a
portion A of FIG. 19. FIG. 21 is an assembled view of a
portion B of FIG. 19. FIG. 22 is an assembled view of a
portion C of FIG. 19. FIG. 23 is an assembled view of FIG. 19.
[0119] Asshown in FIG. 19, the internal antenna according
to the present invention includes an upper dielectric block 400
that has a plate shape and a conductor pattern formed thereon,
a lower dielectric block 600 that has a plate shape and a
conductor pattern formed thereon, and a middle dielectric
block 500 that is interposed between the upper and the lower
dielectric blocks 400 and 600 and forms an air gap.

[0120] Viaholes 410a and 4105 are formed at corners ofthe
upper dielectric block 400 in a diagonal direction thereof. A
conductive material is applied on the inner surfaces of the via
holes 410a and 4105. An upper conductor pattern 420, which
has the shape of a meander line, is formed on the upper
surface of the upper dielectric block 400. The shape of the first
conductor pattern 420 may be changed depending on desired
resonant frequency, and the line width of the first conductor
pattern 420 and a distance between lines of the first conductor
pattern may vary depending on the desired resonant fre-
quency. C-shaped first and second lower conductor patterns
430 and 440 are formed on the lower surface of the upper
dielectric block 400.

[0121] One end of the upper conductor pattern 420 is elec-
trically connected to one end of the first lower conductor
pattern 430 through the via hole 41056. The other end of the
first lower conductor pattern 430 comes in contact with a
conductive connection pad 520 provided on the upper surface
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of the middle dielectric block 500 at a corner closest to the
corner where the via hole 4105 is formed.

[0122] The other end of the upper conductor pattern 420 is
electrically connected to one end of the second lower conduc-
tor pattern 440 through the via hole 410a. The other end of the
second lower conductor pattern 440 comes in contact with a
conductive connection pad 550 provided on the upper surface
of the middle dielectric block 500 at a corner closest to the
corner where the via hole 4104 is formed.

[0123] In this case, the upper conductor pattern 420 of the
upper dielectric block 400 and the first and second lower
conductor patterns 430 and 440 are generally referred to as a
“first conductor pattern’. The shape of the first conductor
pattern may be changed depending on desired resonant fre-
quency, and the line width of the first conductor pattern and a
distance between lines of the first conductor pattern may vary
depending on the desired resonant frequency.

[0124] The middle dielectric block 500 is an I-shaped
dielectric block, and interposed between the upper and lower
dielectric blocks 400 and 600. Accordingly, air gaps are
formed in predetermined spaces between the upper and lower
dielectric blocks 400 and 600.

[0125] Theoretically, in order to minimize mutual capaci-
tance between the conductor patterns that are formed on the
upper and lower dielectric blocks 400 and 600, it is most
preferable that a dielectric block be not formed in a region K
(see FIG. 21) of the middle dielectric block 500 like in the first
embodiment of the present invention. However, if the dielec-
tric block is not formed in the in the region K (see FIG. 21) of
the middle dielectric block 500 (if the region K is empty), the
upper dielectric block 400 may be bent downward or sank in
a general manufacturing process. By reference, in the manu-
facturing process, after an adhesive tape (for example, epoxy)
is placed on the middle dielectric block 500, the upper dielec-
tric block 400 is layered on the middle dielectric block 500 by
applying heat and pressure to the adhesive tape using a press.
Therefore, if the upper dielectric block 400 is bent downward
or sank, mutual capacitance is changed between the first
conductor pattern (420, 430, and 440) and a second conductor
pattern 690. For this reason, it is difficult to manufacture an
antenna having a constant radiation characteristic.

[0126] The middle dielectric block 500, which is applied to
the fifth embodiment of the present invention, is composed of
an [-shaped block in order to prevent the upper dielectric
block 400 from being bent downward or sank when the upper
dielectric block 400 is layered. That is, the dielectric block
formed in the region K of the middle dielectric block 500
prevents the upper dielectric block 400 from being bent
downward or sank during the manufacturing process. For this
reason, the internal antenna according to the fifth embodi-
ment of the present invention is more advantageous than the
internal antenna according to the first embodiment of the
present invention during mass production.

[0127] Meanwhile, it is preferable that a width W be as
small as possible in order to maximize an air gap formed
between the upper and lower dielectric blocks 400 and 600.
[0128] Conductive connection pads 520 to 590 are pro-
vided on the upper and lower surfaces of the middle dielectric
block 500 at corners of the middle dielectric block. Three
conductive connection pads 520, 530, and 550, which are
provided on the upper surface thereof, of the pads are electri-
cally connected to three conductive connection pads 580,
590, and 570 that are provided on the lower surface thereof
through via holes 5104, 5105, and 510¢ of which inner sur-
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faces are covered with a conductive material. The conductive
connection pads 540 and 560 are provided on the upper and
lower surfaces thereof at a corner where a via hole is not
formed, respectively.

[0129] The second conductor pattern 690, which has the
shape of a meander line, is formed on the upper surface of the
lower dielectric block 600. In this case, since the second
conductor pattern 690 is formed on the upper surface of the
lower dielectric block 600, the second conductor pattern is
spaced apart from a terminal substrate by at least the height of
the lower dielectric block 600 when the internal antenna
according to the present invention is mounted on the terminal
substrate. Therefore, a space, which should be assigned to the
terminal substrate in order to form a no-ground (NO-GND)
region, is decreased. As a result, it is possible to provide an
internal antenna that corresponds to slimness and miniatur-
ization of the terminal.

[0130] One end of the second conductor pattern 690 comes
in contact with the conductive connection pad 570 provided
on the middle dielectric block 500. A ground pad 670 and a
power feeding pad 680 are provided on the lower surface of
the lower dielectric block 600 at one end of the lower dielec-
tric block. The ground pad 670 is electrically connected to a
conductive connection pad 620 through a via hole 610a of
which inner surface is covered with a conductive material,
and the power feeding pad 680 is electrically connected to a
conductive connection pad 630 through a via hole 61056 of
which inner surface is covered with a conductive material.
Conductive connection pads 640 and 650 are provided on the
upper and lower surfaces of the lower dielectric block 600 at
corners where a via hole is not formed, respectively. A con-
ductive connection pad 660 is also provided at a corner adja-
cent to the corner where the conductive connection pad 650 is
provided.

[0131] As shown in FIG. 19, the middle dielectric block
500 is layered one the upper surface of the lower dielectric
block 600, and the upper dielectric block 400 is layered on the
upper surface of the middle dielectric block 500. Accord-
ingly, the second lower conductor pattern 440 of the upper
dielectric block 400 and the second conductor pattern 690
formed on the upper surface of the lower dielectric block 600
are electrically connected to each other through a via hole
510c of which inner surface is covered with a conductive
material, and the first conductor pattern (420, 430, and 440)
and the second conductor pattern 690 form one radiation line.
Further, the power feeding pad 680 is connected to one end of
the first lower conductor pattern 430 through the via holes
51056 and 6105, and the ground pad 670 is connected to the
other end of the first lower conductor pattern 430 through the
via holes 510a and 610a.

[0132] As a terminal environment has been changed, the
shape of the conductor pattern or the kind of a dielectric
material has been changed in the related art. However, in the
internal antenna with an air gap according to the fiftth embodi-
ment of the present invention that is shown in FIG. 23, it is
possible to quickly obtain desired characteristics by changing
the shapes and the number of the air gaps without changing
the shape of the conductor pattern or the kind of the dielectric
material. That is, it is possible to easily change the shapes and
the number of the air gaps. Therefore, it is possible to reduce
precision processes and cost that are required for changing
the shape of the conductor pattern or the kind of the dielectric
material.
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[0133] Further, since the resonant frequency bands of the
first and second conductor patterns are different from each
other, the internal antenna with an air gap according to the
fifth embodiment of the present invention can be easily
applied to multiple bands and solves a problem that a narrow-
band radiation characteristic occurs in the multiple bands due
to mutual capacitance between the first and second conductor
patterns.

[0134] A dielectric constant is the smallest in a vacuum
state where any material does not exist, and air has substan-
tially the same dielectric constant as that in the vacuum state.
Since an air gap is formed between the upper dielectric block
400 and the lower dielectric block 600 in the present inven-
tion, it is possible to reduce mutual interference, that is,
mutual capacitance between the conductor patterns formed
on the upper and lower dielectric blocks 400 and 600. As a
result, it is possible to embody an internal antenna that has a
broadband radiation characteristic in multiple bands.

[0135] Meanwhile, it is preferable that each of the upper
dielectric block 400, the middle dielectric block 500, and the
lower dielectric block 600 be composed of a printed circuit
board (PCB). The reason for this is that the printed circuit
board s suitable to form air gaps and to quickly obtain desired
characteristics by adjusting the length and a width of the air
gap.

[0136] Further, it is preferable that the thickness of the
lower dielectric block 600 be set to be the smallest and the
thickness of the middle dielectric block 500 be set to be the
largest among the upper, middle, and lower dielectric blocks
400, 500, and 600. If the thickness of the middle dielectric
block 500 is set to be larger than the thickness of other
dielectric blocks in order to ensure an air gap as large as
possible, the interference between the first and second con-
ductor patterns is minimized. Therefore, it is possible to
embody an internal antenna that has a larger bandwidth. If the
thickness of the lower dielectric block 600 is set to be smaller
than the thickness of other dielectric blocks, it is possible to
reduce the entire size of the antenna.

[0137] FIGS. 24A and 24B are graphs illustrating a radia-
tion characteristic of the internal antenna according to the
fifth embodiment of the present invention that is shown in
FIG. 23. In the graphs, a vertical axis represents a voltage
standing wave ratio (VSWR), and a horizontal axis represents
frequency in the range of 700 to 2500 MHz.

[0138] First,in FIG. 24 A, the thickness of the upper dielec-
tric block 400 of the internal antenna according to the fifth
embodiment of the present invention is 1.3 mm, the thickness
of the middle dielectric block 500 thereof'is 1.3 mm, and the
thickness of the lower dielectric block 600 thereof is 0.8 mm
(see FIG. 23). Further, the entire dimension is 22x5.5x3.4
mm. In FIG. 24B, the thickness of the upper dielectric block
400 of'the internal antenna according to the fiftth embodiment
of'the present invention is 1.3 mm, the thickness of the middle
dielectric block 500 thereof is 1.8 mm, and the thickness of
the lower dielectric block 600 thereof is 0.8 mm (see FIG. 23).
Further, the entire dimension is 22x5.5x3.9 mm.

[0139] FIGS. 24A and 24B are inspected by using a point,
which has a voltage standing wave ratio of 3 in the frequency
range of 880 to 960 MHz, as reference. At a point that has a
voltage standing wave ratio of 3 in the frequency range of 880
to 960 MHz, a bandwidth of FIG. 24A is 62 MHz, and a
bandwidth of FIG. 24B is 73 MHz. It can be seen that the
bandwidth of FIG. 24B further expands as compared with the
bandwidth of FIG. 24A by 11 MHz. As the thickness of the
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middle dielectric block 500 is increased by 0.4 mm, mutual
interference, that is, mutual capacitance between the radia-
tion patterns formed on the upper and lower dielectric blocks
400 and 600 is decreased. Therefore, it can be seen that an
antenna having an expanded bandwidth in a low frequency
band is embodied. That is, it can be seen that it is possible to
adjust a resonance bandwidth in a low frequency band by
adjusting the thickness of the middle dielectric block 500 of
the internal antenna with an air gap according to the present
invention.

[0140] FIGS. 25A and 25B are graphs illustrating a radia-
tion characteristic of the internal antenna according to the
fifth embodiment of the present invention that is shown in
FIG. 23.

[0141] First, in FIG. 25A, the thickness of the upper dielec-
tric block 400 of the internal antenna according to the fifth
embodiment of the present invention is 1.3 mm, the thickness
of the middle dielectric block 500 thereof'is 1.3 mm, and the
thickness of the lower dielectric block 600 thereof is 0.8 mm
(see FIG. 23). Further, the entire dimension is 22x5.5x3.4
mm. In FIG. 25B, the thickness of the upper dielectric block
400 of'the internal antenna according to the fiftth embodiment
of'the present invention is 1.3 mm, the thickness of the middle
dielectric block 500 thereof is 1.8 mm, and the thickness of
the lower dielectric block 600 thereof is 0.8 mm (see F1G. 23).
Further, the entire dimension is 22x5.5x3.9 mm.

[0142] Referring to FIGS. 25A and 25B, it can be seen that
radiation efficiency (Eff) and an omnidirectional radiation
characteristic corresponding to FIG. 25B are generally
improved as compared with those corresponding to FIG. 25A
in a low frequency band (880 to 960 MHz) and a high fre-
quency band (2100 to 2170 MHz). The reason for this is as
follows: as the thickness of the middle dielectric block 500 is
increased by 0.4 mm, mutual capacitance between the radia-
tion patterns formed on the upper and lower dielectric blocks
400 and 600 is decreased.

[0143] As described above, the internal antenna with an air
gap according to the present invention is formed by layering
dielectric blocks that have conductor patterns. Accordingly,
while maintaining the interconnection between the conductor
patterns, the internal antenna can change resonant frequency
thereof into low frequency as compared with an antenna
having the same volume of a dielectric. That is, it is possible
to effectively reduce the size of an antenna without signifi-
cantly affecting the characteristics of the antenna.

[0144] Further, since the internal antenna with an air gap
according to the present invention has different resonant fre-
quency bands, the internal antenna can be easily applied to
multiple bands and solves a problem that a narrowband radia-
tion characteristic occurs in the multiple bands due to mutual
capacitance between the conductor patterns. Therefore, there
is provided an internal antenna that has a broadband radiation
characteristic in multiple bands.

[0145] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, the
present invention is not limited to the above-mentioned spe-
cific embodiments. Further, those skilled in the art will appre-
ciate that various modifications, additions and substitutions
are possible, without departing from the scope and spirit of
the invention as disclosed in the accompanying claims. These
modifications should not be understood independently of the
scope and spirit of the invention.
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1. An internal antenna with an air gap comprising:
an upper dielectric block on which a first conductor pattern
is formed;
a lower dielectric block on which a second conductor pat-
tern is formed; and
a middle dielectric block that is interposed between the
upper and lower dielectric blocks, forms an air gap, and
electrically connects the first conductor pattern with the
second conductor pattern.
2. The internal antenna with an air gap as set forth in claim
1, wherein the middle dielectric blocks are integrally formed
with the lower dielectric block at both ends of the lower
dielectric block.
3. The internal antenna with an air gap as set forth in claim
1, wherein the middle dielectric block is interposed between
the upper and lower dielectric blocks by fastening means.
4. The internal antenna with an air gap as set forth in claim
3, wherein the fastening means includes:
fitting grooves formed at both ends of the upper dielectric
blocks;
fitting grooves formed at both ends of the lower dielectric
block; and
fitting protrusions formed at upper and lower portions of
the middle dielectric blocks.
5. The internal antenna with an air gap as set forth in claim
3, further comprising:
a horizontal dielectric block on which a third conductor
pattern is formed,
wherein the horizontal dielectric block is supported
between the upper and lower dielectric blocks by the
middle dielectric block,
the first conductor pattern is electrically connected to the
third conductor pattern, and
the third conductor pattern is electrically connected to the
second conductor pattern.
6. The internal antenna with an air gap as set forth in claim
1, wherein the middle dielectric block includes one or more
air gaps that are perforated in a vertical direction.

10
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7. The internal antenna with an air gap as set forth in claim
1, wherein the middle dielectric block is an I-shaped dielec-
tric block.

8. The internal antenna with an air gap as set forth in claim
1, wherein the first and second conductor patterns are electri-
cally connected to each other through a viahole that is formed
in the middle dielectric block.

9. The internal antenna with an air gap as set forth in claim
1, wherein each of the first and second conductor patterns is a
conductor pattern that has the shape of a meander line.

10. The internal antenna with an air gap as set forth in claim
1, wherein the lower dielectric block includes a power feeding
pad, and

the power feeding pad is electrically connected to the first

conductor pattern.

11. The internal antenna with an air gap as set forth in claim
1, wherein each of the upper dielectric block, the middle
dielectric block, and the lower dielectric block is formed of a
printed circuit board (PCB).

12. The internal antenna with an air gap as set forth in claim
1, wherein the thickness of the middle dielectric block is
larger than the thickness of each of the upper and lower
dielectric blocks.

13. The internal antenna with an air gap as set forth in claim
1, wherein the thickness of the lower dielectric block is
smaller than the thickness of each of the upper and middle
dielectric blocks.

14. The internal antenna with an air gap as set forth in claim
1, wherein the first conductor pattern is formed on one or
more surfaces of the upper and lower surfaces of the upper
dielectric block.

15. The internal antenna with an air gap as set forth in claim
1, wherein the second conductor pattern is formed on one or
more surfaces of the upper and lower surfaces of the lower
dielectric block.
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MULTI-BAND COMPACT ANTENNA SYSTEM
FOR HANDHELD DEVICES

FIELD OF INVENTION

[0001] The present invention relates to antenna systems,
and more specifically to multi-band antenna systems for
handheld devices.

BACKGROUND OF THE INVENTION

[0002] A number of communication standards/services
(e.g., Global System for Mobile (GSM), Universal Mobile
Telecommunications System (UMTS), Global Positioning
System (GPS), WiFi, Bluetooth etc) have been developed for
wireless communication devices, such as handheld devices.
Especially, the demand for a handheld device (e.g., Personal
Digital Assistant (PDA)) operable for multiple communica-
tion standards has been rapidly expanded. Using the multiple
communication standards, global customers can use the same
device anywhere in the world.

[0003] Conventionally, the handheld device needs to
employ multiple antennas in order to support multiple com-
munication standards. However, this costs a lot of trouble in
designing, ordering, manufacturing the device.

[0004] There is a need to provide a multi-band compact
antenna and a handheld device for the multi-band compact
antenna that can support multiple communication standards.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide a multi-
band antenna system that obviates or mitigates at least one of
the disadvantages of existing systems.

[0006] According to an aspect of the present invention there
is provided a multi-band antenna which includes: a radiating
layer having a first radiating antenna pattern for a plurality of
first bands; a second radiating antenna pattern for a plurality
of second bands, and a third radiating antenna pattern for a
third band; and a ground layer; and a dielectric layer sand-
wiched between the ground layer and the radiating layer.
[0007] According to another aspect of the present invention
there is provided a handheld device which includes: a multi-
band antenna board having a plurality of antenna patterns
having a GPS radiating antenna pattern, a low bands radiating
antenna pattern and a high bands radiating antenna pattern,
the low bands radiating antenna pattern or the high bands
radiating antenna pattern being formed between the other
radiating antenna patterns; and components for wireless com-
munications having an audio speaker, a microphone and a
processor for the operation of the handheld device, the audio
speaker and the microphone being placed on the front side of
the handheld device. The multi-band antenna board is placed
into the handheld device so that the front side of the handheld
device is closer to the GPS radiating antenna pattern than the
low bands radiating antenna pattern and the high bands radi-
ating antenna pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features of the invention will
become more apparent from the following description in
which reference is made to the appended drawings wherein:
[0009] FIG.1is aperspective front view of an example of a
handheld device with a multi-band antenna in accordance
with an embodiment of the present invention, with a front
cover;
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[0010] FIG. 2 is a perspective view of front side compo-
nents in the handheld device of FIG. 1 with the front cover and
a rubber gasket;

[0011] FIG. 3 is a perspective side top view of the handheld
device of FIG. 2;

[0012] FIG. 4 is another perspective side top view of the
handheld device of FIG. 2 with the front cover;

[0013] FIG. 5 is a perspective top view of the handheld
device of FIG. 2;

[0014] FIG. 6 is a perspective front view of the handheld
device of FIG. 1 with the front cover, the back cover and the
rubber gasket;

[0015] FIG. 7 is another perspective front view of the hand-
held device of FIG. 6;

[0016] FIG. 8 is a bottom view of the handheld device of
FIG. 6;
[0017] FIG. 9 is a perspective back view of the handheld

device of FIG. 6;

[0018] FIG. 10 is another perspective back view of the
handheld device of FIG. 6;

[0019] FIG. 11 is a further perspective back view of the
handheld device of FIG. 6 and a battery cover of the handheld
device;

[0020] FIG. 12 is a cross sectional view of an example of
the multi-band antenna applied to the handheld device of FI1G.
1

[0021] FIG. 13 is an example of a dielectric layer of the
multi-band antenna of FIG. 1;

[0022] FIG. 14 is a view of a ground plane antenna pattern
in the multi-band antenna of FIG. 1;

[0023] FIG. 15is aview of aradiating plane antenna pattern
in the multi-band antenna of FIG. 1;

[0024] FIG. 16 is a front view of the multi-band antenna of
FIG. 1;

[0025] FIG. 17 is a back view of the multi-band antenna of
FIG. 16;

[0026] FIG. 18 is another back view of the multi-band

antenna of FIG. 1 with antenna cables;

[0027] FIG. 19 is another front view of the multi-band
antenna of FIG. 18;

[0028] FIG. 20 is a view showing the handheld device of
FIG. 1 with the multi-band antenna of FIGS. 12-19;

[0029] FIG. 21 shows areturn loss graph for GPS measure-
ment for the multi-band antenna of FIGS. 12-19;

[0030] FIG. 22 shows a return loss graph for GMS, GPRS,
UMTS bands measurement for the multi-band antenna of
FIGS. 12-19;

[0031] FIG. 23 is a perspective view of a WiFi antenna
applied to the handheld device of FIG. 1, with a WiFi cable;
[0032] FIG. 24 shows a return loss graph for the WiFi
antenna of FIG. 23; and

[0033] FIG. 25 shows a simulated 3-D radiation pattern
example for high bands from the multi-band antenna and the
WiFi antenna.

DETAILED DESCRIPTION

[0034] One or more currently preferred embodiments have
been described by way of example. It will be apparent to
persons skilled in the art that a number of variations and
modifications can be made without departing from the scope
of the invention as defined in the claims.

[0035] Referring to FIGS. 1-10, a handheld device with a
multi-band antenna is described in detail. The handheld
device 2 of FIGS. 1-12 is a palm sized portable computer, e.g.,
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a personal digital assistant (PDA). In the description, the
terms “portable” and “handheld” are used interchangeably.
As described below, the multi-band antenna is an integrated
miniature antenna for supporting operations of the handheld
device 2 with multi-bands.

[0036] The handheld device 2 includes a cover having a
front cover 4, a back cover 6, a gasket 8, and a battery cover
10. The gasket 8 is a rubber gasket in an H form to seal the
front cover 4 and the back cover 6. In the description, the
terms “cover”, “housing” and “enclosure” are used inter-
changeably.

[0037] The handheld device 2 includes one or more data
acquisition and communication components. The one or
more data acquisition and communication components
include, for example, a display 20, a keyboard 22 having a
plurality of keys, a cell phone audio speaker 24, and a micro-
phone 26 for the cell phone functionality, a volume button 28
for controlling an audio speaker level, a speaker 30, a camera
(camera lens and flash) 32, a visual indicator (LED) 34. In the
description, the terms “cell phone” and “mobile phone” are
used interchangeably.

[0038] The one or more data acquisition and communica-
tion components of the handheld device 2 further include, for
example, a scanner 40 (e.g., barcode scanner). The cover has
a scanner window 46 for the scanner 40. The one or more data
acquisition and communication components of the handheld
device 2 further include scan buttons 42, 43, scan keys 44, a
scroll button 46. The handheld device 2 turns on/off by a
power button 16.

[0039] The battery cover 10 has cover latches 50 for con-
necting the battery cover 10 to the back cover 6. One of
ordinary skill in the art could appreciate that the handheld
device 2 includes a battery for supplying power to the com-
ponents of the handheld device 2.

[0040] The handheld device 2 includes modules/electron-
ics for the operations of the handheld device 2, such as a
processor, a memory and an interface for wireless/wired com-
munications with external devices (e.g., server, other hand-
held devices). The processor may include a module for pro-
cessing data/signals acquired. For example, the handheld
device 2 includes a SIM card (SIM card holder 54) for the cell
phone functionality, and a SD memory card (MicroSD card
holder 56). The handheld device 2 further includes a docking
port 60 and a docking latch 62 for docking, and a DC input
port 64.

[0041] The handheld device 2 has a built-in GPS, GSM,
GPRS, UMTS, WiFi and Bluetooth connectivity options. One
of ordinary skill in the art could appreciate the operation of
each of the connectivity options.

[0042] The handheld device 2 further includes compo-
nents, such as a headset port 38 and a handstrap bar 72. One
of ordinary skill in the art could appreciate that the handheld
device 2 may include further modules/electronics/circuit
boards for operating the handheld device 2, not illustrated in
the drawings.

[0043] In the description, for clarity and without loss of
generality, the side of the handheld device 2 having the cell
phone audio speaker 24 and the microphone 26 (cell phone
functionality) is referred to as a front side of the handheld
device 2. The back side of the handheld device 2 is the side
opposite to the front face of the handheld device 2. As well
understood by one of ordinary skill in the art, the handheld
device 2 further has its top (side), bottom side and left/right
side.
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[0044] In the drawings, “A” refers to the front side of the
handheld device 2, “B” refers to the back side of the handheld
device 2, and “C” refers to one side of the handheld device 2.
[0045] The data acquisition components are placed on the
front side of the handheld device 2. The user’s head of the
handheld device 2 is close to the front side of the handheld
device 2 when the handheld device 2 is used as a cell phone.
[0046] The handheld device 2 includes a WiFi antenna 90
and a multi-band antenna 100. Each of the WIFi antenna 90
and the multi-band antenna 100 is designed as an internal
antenna so that it can be integrated in the handheld device 2.
The outline of the multi-band antenna 100 is designed so that
it is adapted to fit the handheld device 2. For example, the
multi-band antenna 100 is designed to fit in the space of
23.6x60x0.85 mm.

[0047] The multi-band antenna 100 is an integrated minia-
ture antenna for supporting the handheld device 2 that oper-
ates in a plurality of frequency bands. The multi-band antenna
100 is, for example, a 6 band high performance miniature
antenna as described below. The multi-band antenna 100 is
placed on the top front side of the handheld device 2 and is
close to the cell phone audio speaker 24.

[0048] The WiFi antenna 90 has an antenna body and a
cable 92 as shown in FIG. 23. The WiF1i antenna is placed on
the left side of the handheld device 2 in FIGS. 2-5. The WiFI
antenna 90 has an antenna pattern, for example, as shown in
FIG. 24.

[0049] Referring to FIGS. 12-22, an example of the multi-
band antenna 100 is described in detail. The multi-band
antenna 100 of FIGS. 12-22 is a 6 band high performance
miniature antenna and includes a GPS antenna area, a high
bands antenna area and a low bands antenna area, as described
in detail below. In this example, the high bands are 1800 MHz
band, 1900 MHz band and 2100 MHz band. In this example,
the low bands are 850 MHz band and 900 MHz band. It would
be understood by one of ordinary skill in the art that each of
the bands has an operation range covering the specific fre-
quency. The multi-band antenna 100 is a compact antenna
board that is inserted into the handheld device 2.

[0050] The GPS antenna of the multi-band antenna 100 is a
receiving antenna. The center frequency of the GPS antenna
may be, for example, but not limited to, 1,575.42 MHz. The
GPS antenna only receives energy and does not radiate
energy. The low bands and high bands antennas are used for
transmission and reception of electromagnetic energy by con-
verting radio waves into electrical signals vice versa.

[0051] The multi-band antenna 100 is designed so that the
GPS antenna area is closer to the front side of the handheld
device (2), than the low bands and high bands antenna areas,
when it is mounted on the front top side of the handheld
device (2).

[0052] The high band antenna of the multi-band antenna
100 is placed next to the GPS antenna. The high band antenna
is a high frequency slotted patch (directional) antenna. The
high band antenna may be a directional antenna disclosed in
U.S. Pat. No. 7,050,009, which is incorporated herewith by
reference. The high band antenna is positioned in the complex
antenna structure to minimize the amount of energy blasted
towards the human head when the handheld device 2 is used
as a cell phone. The least energy is radiated towards the
human head, especially human hearing passage through the
head scull. The low band antenna is located next to the high
band antenna. The low band antenna is a branched meander
line antenna.
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[0053] The data acquisition components (cell phone func-
tionality) of the handheld device (2) are placed on the top
front side of the handheld device (2). Thus, in the handheld
device (2), the GPS antenna of the multi-band antenna 100 is
placed in the best position for receiving the energy when the
handheld device (2) is used as a data terminal.

[0054] In addition, the GPS antenna of the multi-band
antenna 100 is the closest to the human head when the hand-
held device (2) is used as a cell phone. The position of the GPS
antenna reduces the amount of energy to which the human
head is exposed when talking on the handheld device (2).
[0055] In FIGS. 12-22, the high bands antenna pattern is
located next to the GPS antenna pattern. However, the low
bands antenna pattern may be located next to the GPS antenna
pattern.

[0056] The multi-band antenna 100 includes a bottom con-
ductive layer 102 (referred to as “ground plane 102”), a top
conductive layer 104 (referred to as “radiating plane 104”),
and a thick radio frequency (RF) grade dielectric 106 sand-
wiched between, for example, positioned between, the
ground plane 102 and the radiating plane 104. The width of
the dielectric layer 106 is wider than those of the ground plane
102 and the radiating plane 104. In one example, each of the
ground plane 102 and the radiating plane 104 is 0.0014"
(0.035 mm) thin, and the dielectric layer 106 is 0.030" (0.75
mm) thick in width.

[0057] The ground plane 102 and the radiating plane 104
are thin layers so that the overall size and weight of the
multi-band antenna 100 are suitable for handheld devices
(e.g., 2). The outline of the antenna 100 is adapted to the
handheld device (2) in order to use at maximum the available
internal area of the handheld device (2). In this example, the
antenna 100 is designed so that the scanner device (40) and
the multi-band antenna 100 can be placed on the top side of
the handheld device (2). The dielectric layer 106, the ground
plane 102, and the radiating plane 104 may be formed into a
non-flat shape e.g., curved, so as to fit into a specific space of
the handheld device.

[0058] In this example, the dielectric layer 106 is the sub-
strate portion of a printed circuit board (PCB). The PCB
material is, for example, not limited to, TACONIC RF-32-
0300-S1/S1 that is a 0.030" thick double sided PCB (with
copper on each side) built on a substrate material with a
dielectric constant of 3.2.

[0059] In another example, the dielectric layer 106 may be
another non-conductive material such as a silicon wafer or a
rigid or flexible plastic material.

[0060] In this example, the ground plane 102 and the radi-
ating plane 104 are copper layers. The ground plane 102 and
the radiating plane 104 may be created by covering the sub-
strate dielectric layer 106, through lamination, roller-clad-
ding.

[0061] The ground plane 102 includes a low and high bands
ground plane 110 and a GPS ground plane 120. The radiating
plane 104 includes a low bands radiating plane 130, a high
bands radiating plane 140, and a GPS radiating plane 150.
The low bands radiating plane 130 and the high bands radi-
ating plane 140 are connected to each other.

[0062] In this example, the low and high bands ground
plane 110 includes a L-shaped ground slot that has a leg 112
extending parallel to the longitudinal axis A-C of the antenna
and a leg 114 extending the axis A-B traverse to the axis A-C.
The axial leg 112 and the transverse leg 114 of the slots are
aligned with one another.
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[0063] Inthis example, the GPS ground plane 120 includes
a-shaped ground slotthat has a leg 122 extending parallel to
the longitudinal axis A-C of the antenna and a leg 124 extend-
ing the axis A-B traverse to the axis A-B. The axial leg 122
and the transverse leg 124 of the slots are aligned with one
another.

[0064] The low bands radiating plane 130 has a meander
line structure having a plurality of branch strips that has
horizontal and vertical conductors with gaps. The high bands
radiating plane 140 includes radiating slots 142 and 144
extending the axis A-B. The GPS radiating plane 150 includes
radiating slots 152 and 154 extending the axis A-B.

[0065] The source slots and ground slots are created by
etching, or otherwise removing, conductive material from the
conductive planes 112 and 114 respectively. The branch strips
and slots are designed for specific resonance frequencies.
[0066] The low and high bands ground plane 110 has a
connection point (terminal) 160 for connecting a low and high
bands antenna cable 162. The connection point 160 is a feed
point for the low and high bands antenna. The other end of the
low and high bands antenna cable 162 has an antenna port
164. The low and high bands ground plane 110 has a connec-
tion point (terminal) 170 for connecting a low bands extra
connection 172. The connection point 170 is a main ground
point for connecting to the terminal and is directed to a main
logic board of the handheld device 2. The GPS ground plane
120 has a connection point (terminal) 180 for connecting a
GPS antenna cable 182. The connection point 180 is a feed
point for the GPS antenna. The other end of the GPS antenna
cable 182 has an antenna port 184.

[0067] Thehighbands radiating plane 140 has a connection
point (terminal) 190 at which the low and high bands antenna
cable 162 is terminated. The GPS radiating plane 150 has a
connection point (terminal) 192 at which the GPS antenna
cable 182 is terminated.

[0068] The lower bands antenna part has multi-frequency
operation stemming from multi resonances for 850 MHz
band and 900 MHz band. The branch strips of the meander
line are designed to have resonances for these bands.

[0069] The high bands antenna part has multi-frequency
operation stemming from multi resonances for 1800 MHz
band, 1900 MHz band, and 2100 MHz band.

[0070] The high bands antenna of the multi-band antenna
100 exhibits a radiation pattern that tends to be directional,
which is null along the axis of the antenna 100, so as to inhibit
the intensity of radiation emanating from the ground plane
102.

[0071] It is well understood by one of ordinary skill in the
art that the high band frequency range (e.g., 1710-2180 MHz)
is the most dangerous for the human body, especially the
human head. By using the directional high band antenna, the
radiation energy is not blasting directly in the user’s head. The
high bands are used in the highly dense populated areas and
highly converted in order to address the high numbers ofusers
and not focused for long range. For long range on low densely
populated areas the low bands (824-960 MHz) are used and
these low frequencies are not proved to be harmful to the
human health.

[0072] One of ordinary skill in the art could appreciate that
the operating frequencies are adjusted by optimizing the
dimensions of the antenna patterns and arrangements related
to each other. For example, the length of each branch of the
meander line antenna (low bands antenna) is determined
based on the desired operation bands. For example, the high
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bands antenna pattern has a straight structure that is sufficient
long enough for the desired high bands operations. For
example, each antenna pattern and the structure of connecting
the low bands antenna pattern and the high bands antenna
pattern may be adjusted based on the desired bandwidth and
return loss. The relative positioning and sizing of the slots on
the radiating plane 140 for the high bands the ground plane
110 may be adjusted so as to enhance the radiation intensity in
the forward direction and reduce the radiation intensity in the
backward direction. This may be accomplished by consider-
ing the relative phases of the radiation component from each
plane. Similarly, the spacing between the planes may be
adjusted to optimize the interaction of the radiation from each
plane to attain the desired radiation pattern.

[0073] The impedance of each antenna may be: 50 Ohms
for the low bands antenna; 50 Ohms for the high bands
antenna; 50 Ohms for the GPS antenna. Voltage Standing
Wave Ratio (VSWR) of each antenna may be: <3:1 over the
specified frequency range for the low bands antenna; <3:1
over the specified frequency range for the high bands antenna;
<3:1 over the specified frequency range for the GPS antenna.
The gain of each antenna may be: 0 dBi for the low bands
antenna; 1.9 dBi for the high bands antenna; 1.9 dBi for the
GPS antenna.

[0074] Asknow by aperson skilled in the art, the return loss
is used as a performance parameter to quantify the percentage
of power that will be reflected at the input of the antenna. FIG.
21 shows the return loss for GPS measurement using the
antenna 100 of FIGS. 12-20. FIG. 22 shows the return loss for
GMS, GPRS, UMTS bands measurement using the antenna
100 of GPS antenna in FIGS. 12-20. As shown in FIGS.
21-22, the multi-band antenna 100 provides desirable trans-
mission/reception characteristics at GPS, GMS, GPRS,
UMTS bands. In addition, FIG. 25 shows a simulated 3-di-
mensional radiation pattern example for the high bands from
the multi-band antenna 100 and the WiFi antenna 90.

[0075] One of ordinary skill in the art would appreciate that
the handheld device (2 of FIGS. 1-10) may be custom con-
figured with different types of components: e.g., radios, scan-
ners, imagers, digital cameras, RFID readers. All the different
as_Fcombinations are affecting the hardware ground plane
structure of the multi-band antenna 100.

What is claimed is:

1. A multi-band antenna comprising:

a radiating layer comprising:

a first radiating antenna pattern for a plurality of first
bands;

a second radiating antenna pattern for a plurality of
second bands, and

a third radiating antenna pattern for a third band

a ground layer; and

adielectric layer sandwiched between the ground layer and

the radiating layer.

2. A multi-band antenna as claimed in claim 1, wherein the
first radiating antenna pattern comprises:

a branched meander line antenna pattern.

3. A multi-band antenna as claimed in claim 1, wherein the
second radiating antenna pattern comprises:

a slotted patch antenna pattern.

4. A multi-band antenna as claimed in claim 1, wherein the
first radiating antenna pattern comprises a branched meander
line antenna pattern, wherein the second radiating antenna
pattern comprises a slotted patch antenna pattern, and
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wherein the first radiating antenna pattern is connected to the
second radiating antenna pattern.

5. A multi-band according to claim 1, wherein the ground
layer comprises:

a first ground antenna pattern for the first radiating antenna

pattern and the second radiating antenna pattern; and

a second ground antenna pattern for the third radiating
antenna pattern.

6. A multi-band according to claim 5, further comprising:

a first signal line connected to the first ground antenna
pattern; and

a second signal line connected to the second ground
antenna pattern.

7. A multi-band according to claim 1, wherein the first

bands comprise an 850 MHz band and a 900 MHz band.

8. A multi-band according to claim 1, wherein the second
bands comprise an 1800 MHz band, a 1900 MHz band, and a
2100 MHz band.

9. A multi-band according to claim 1, wherein the third
band comprises a GPS band.

10. A multi-band according to claim 1, wherein one of the
first antenna pattern and the second antenna pattern is posi-
tioned between the other antenna patterns.

11. A handheld device comprising:

a multi-band antenna board having a plurality of antenna
patterns comprising a GPS radiating antenna pattern, a
low bands radiating antenna pattern and a high bands
radiating antenna pattern, one of the low bands radiating
antenna pattern and the high bands radiating antenna
pattern positioned between the other radiating antenna
patterns; and

components for wireless communications comprising an
audio speaker, a microphone and a processor for the
operation of the handheld device, the audio speaker and
the microphone placed on a front side of the handheld
device,

wherein the multi-band antenna board is positioned in the
handheld device wherein the front side of the handheld
device is closer to the GPS radiating antenna pattern than
the low bands radiating antenna pattern and the high
bands radiating antenna pattern.

12. A handheld device as claimed in claim 11, wherein the

first radiating antenna pattern comprises:

a branched meander line antenna pattern.

13. A handheld device as claimed in claim 11, wherein the
second radiating antenna pattern comprises:

a slotted patch antenna pattern.

14. A handheld device as claimed in claim 11, wherein the
first radiating antenna pattern comprises a branched meander
line antenna pattern, wherein the second radiating antenna
pattern comprises a slotted patch antenna pattern, and
wherein the first radiating antenna pattern is connected to the
second radiating antenna pattern.

15. A handheld device according to claim 11, wherein the
ground layer comprises:

a first ground antenna pattern for the first radiating antenna

pattern and the second radiating antenna pattern; and

a second ground antenna pattern for the third radiating
antenna pattern.

16. A handheld device according to claim 15, further com-

prising:

a first signal line connected to the first ground antenna
pattern; and





US 2010/0097282 Al

a second signal line connected to the second ground
antenna pattern.

17. A handheld device according to claim 11, wherein the

first bands comprise a 850 MHz band and a 900 MHz band.

18. A handheld device according to claim 11, wherein the

second bands comprise a 1800 MHz band, a 1900 MHz band,
and a 2100 MHz band.

19. A handheld device according to claim 11, wherein the
third band comprises a GPS band.
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20. A handheld device according to claim 11, wherein one
of the first and the second antenna pattern is positioned
between the other antenna patterns.

21. A handheld device according to claim 11, wherein the
multi-band antenna board operates for GPS, GMS, GPRS,
and UMTS bands.

22. A handheld device according to claim 11, further com-
prising:

a WiFi antenna board.

sk sk sk sk sk
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A radome and a microstrip patch antenna having the same are
disclosed. The gain value of the microstrip patch antenna
having the disclosed radome can be increased while the size
thereof remains in a limited size. The disclosed radome com-
prises: a radome body, having an upper surface and a lower
surface; a first gain-enhancing pattern, locating on the upper
surface and including a plurality of first ring gain-enhancing
units; and a second gain-enhancing pattern, locating on the
lower surface and including a plurality of second ring gain-
enhancing units. The first ring gain-enhancing unit includes a
first conductive ring and a second conductive ring, and the
second ring gain-enhancing unit includes a third conductive
ring and a fourth conductive ring. Besides, the opening direc-
tion of the third conductive ring is perpendicular to the open-
ing direction of the first conductive ring.
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RADOME AND MICROSTRIP PATCH
ANTENNA HAVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] A radome and a microstrip patch antenna having the
same are disclosed. More particularly, the gain value of the
disclosed microstrip patch antenna having the disclosed
radome can be increased while the size thereof remains in a
limited size.

[0003] 2. Description of Related Art

[0004] In recent years, in order to improve the gain for
emitting a high frequency signal (both circularly polarized or
linearly polarized) of a microstrip patch antenna, and elimi-
nate the need to apply a much-complicated method (i.e. the
power combining techniques), the industry has proposed a
method called resonance gain method. This method includes
the step of stacking plural dielectric layers on each other, and
the following step of placing the resulting multi-layered
dielectric layer structure on top of a microstrip patch antenna,
wherein an air-layer may be sandwiched by the multi-layered
dielectric layer structure and the microstrip patch antenna.
[0005] However, the microstrip patch antenna having the
multi-layered dielectric layer structure thereon has a certain
thickness, which limits the application field of this kind of
microstrip patch antenna. Moreover, as the resonance gain
method includes the step of continuously stacking plural
dielectric layers each having certain thickness, the manufac-
turing cost of this method is much higher. Therefore, the
radome made by this method has not yet been evaluated in the
application of emitting/receiving circularly polarized high
frequency signals.

[0006] As aresult, it is desired to have a radome which can
improve the gain value of a microstrip patch antenna having
the radome, without increasing the thickness of the microstrip
patch antenna, and can improve the operation performance of
the microstrip patch antenna in emitting/receiving circularly
polarized high frequency signals.

SUMMARY OF THE INVENTION

[0007] The main object of the present invention is to pro-
vide radome, wherein the gain value of the microstrip patch
antenna having the radome can be increased, and the antenna
can have better performance while emitting or receiving a
circularly polarized signal.

[0008] The secondary object of the present invention is to
provide microstrip patch antenna, wherein the gain value of
the antenna can be increased while the size thereof remains in
a limited size.

[0009] To achieve the above object, the radome of the
present invention comprises: a radome body, having an upper
surface and a lower surface; a first gain-enhancing pattern,
locating on the upper surface and including a plurality of first
ring gain-enhancing units; and a second gain-enhancing pat-
tern, locating on the lower surface and including a plurality of
second ring gain-enhancing units.

[0010] To achieve the above object, the microstrip patch
antenna of the present invention comprises: a substrate; an
antenna body, locating on the surface of the substrate; and a
radome, locating above the antenna body, and the antenna
body being located between the substrate and the radome;
wherein the radome includes a radome body having an upper
surface and a lower surface, a first gain-enhancing pattern and
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a second gain-enhancing pattern. The first gain-enhancing
pattern locates on the upper surface and includes a plurality of
first ring gain-enhancing units, and the second gain-enhanc-
ing pattern locates on the lower surface and includes a plu-
rality of second ring gain-enhancing units.

[0011] Therefore, by having the radome body that com-
prises a first gain-enhancing pattern and a second gain-en-
hancing pattern on the upper surface and the lower surface
thereof respectively, wherein the first gain-enhancing pattern
includes a plurality of first ring gain-enhancing units and the
second gain-enhancing pattern includes a plurality of second
ring gain-enhancing units, the gain value of'a microstrip patch
antenna having the radome of the present invention can be
increased significantly. Moreover, the thickness of the
radome of'the present invention almost equals to the thickness
of the radome body thereof (i.e. 0.8 mm), which is signifi-
cantly thinner than the conventional radome. As a result, the
gain value of the microstrip patch antenna having the radome
of the present invention (i.e. the microstrip patch antenna of
the present invention) can be increased significantly, and the
circular property of the microstrip patch antenna can also be
maintained at a certain level, while the size of the antenna
remains in a limited size.

[0012] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A is a perspective view of the radome accord-
ing to one embodiment of the present invention.

[0014] FIG. 1B is a top view showing the upper surface of
the radome body of the radome according to one embodiment
of the present invention.

[0015] FIG. 1C is a top view showing the lower surface of
the radome body of the radome according to one embodiment
of the present invention.

[0016] FIG. 2A is a perspective view of the radome accord-
ing to the other embodiment of the present invention.

[0017] FIG. 2B is a top view showing the upper surface of
the radome body of the radome according to the other
embodiment of the present invention.

[0018] FIG. 2C is a top view showing the lower surface of
the radome body of the radome according to the other
embodiment of the present invention.

[0019] FIG.3A s aperspective view ofthe microstrip patch
antenna according to one another embodiment of the present
invention.

[0020] FIG. 3B is a top view showing the antenna body of
the microstrip patch antenna according to one another
embodiment of the present invention.

[0021] FIG. 3C is a top view showing the upper surface of
the radome of the microstrip patch antenna according to one
another embodiment of the present invention.

[0022] FIG. 3D is a top view showing the lower surface of
the radome of the microstrip patch antenna according to one
another embodiment of the present invention.

[0023] FIG. 3E shows the first ring gain unit of the first
gain-enhancing pattern of the radome of the microstrip patch
antenna according to one another embodiment of the present
invention.

[0024] FIG. 4A is a schematic diagram showing the varia-
tion between the axial ratio and the frequency of a microstrip
patch antenna capable of emitting or receiving a circularly
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polarized high frequency signal, obtained from the simulation
performed by an electromagnetic simulation software.
[0025] FIG. 4B is a schematic diagram showing the varia-
tion between the return loss and the frequency of a microstrip
patch antenna capable of emitting or receiving a circularly
polarized high frequency signal, obtained from the simulation
performed by an electromagnetic simulation software.
[0026] FIG. 5A is a schematic diagram showing the varia-
tion between the return loss and the frequency of a microstrip
patch antenna according to one another embodiment of the
present invention, obtained from the simulation performed by
an electromagnetic simulation software and from the mea-
surement on the microstrip patch antenna.

[0027] FIG. 5B is a schematic diagram showing the varia-
tion between the axial ratio and the frequency of a microstrip
patch antenna according to one another embodiment of the
present invention, obtained from the simulation performed by
an electromagnetic simulation software and from the mea-
surement on the microstrip patch antenna.

[0028] FIG. 5C is a schematic diagram showing the varia-
tion between the gain and the frequency of a microstrip patch
antenna according to one another embodiment of the present
invention, obtained from the simulation performed by an
electromagnetic simulation software and from the measure-
ment on the microstrip patch antenna.

[0029] FIG. 6Aisaperspective view of the microstrip patch
antenna according to still another embodiment of the present
invention.

[0030] FIG. 6B is a top view showing the upper surface of
the radome of the microstrip patch antenna according to still
another embodiment of the present invention.

[0031] FIG. 6C is a top view showing the lower surface of
the radome of the microstrip patch antenna according to still
another embodiment of the present invention.

[0032] FIG.7Aisaperspective view ofthe microstrip patch
antenna according to still another embodiment of the present
invention.

[0033] FIG. 7B is a top view showing the upper surface of
the radome of the microstrip patch antenna according to still
another embodiment of the present invention.

[0034] FIG. 7C is a top view showing the lower surface of
the radome of the microstrip patch antenna according to still
another embodiment of the present invention.

[0035] FIG. 8A is a schematic diagram showing the varia-
tions between the return loss and the frequency of the micros-
trip patch antennas according to one another embodiment,
still another embodiment, and still another embodiment of the
present invention, respectively, obtained from the simulation
performed by an electromagnetic simulation software.
[0036] FIG. 8B is a schematic diagram showing the varia-
tions between the gain and the frequency of the microstrip
patch antennas according to one another embodiment, still
another embodiment, and still another embodiment of the
present invention, respectively, obtained from the simulation
performed by an electromagnetic simulation software.
[0037] FIG. 8C is a schematic diagram showing the varia-
tions between the axial ratio and the frequency of the micros-
trip patch antennas according to one another embodiment,
still another embodiment, and still another embodiment of the
present invention, respectively, obtained from the simulation
performed by an electromagnetic simulation software.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] Withreference to FIG.1A, FIG. 1B and FIG. 1C, the
radome according to one embodiment of the present inven-
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tion comprises: a radome body 11, a first gain-enhancing
pattern 12, and a second gain-enhancing pattern 13, wherein
the radome body 11 has an upper surface 111 and a lower
surface 112. The first gain-enhancing pattern 12 is located on
the upper surface 111 and includes a plurality of first ring
gain-enhancing units 121. The second gain-enhancing pat-
tern 13 is located on the lower surface 112 and includes a
plurality of second ring gain-enhancing units 131.

[0039] In the present embodiment, the radome body 11 is
an FR-4 substrate having the thickness h=0.8 mm. Besides,
the first gain-enhancing pattern 12 includes 25 first ring gain-
enhancing units 121, wherein these first ring gain-enhancing
units 121 are arranged as a 5 by 5 matrix on the upper surface
111 of the radome body 11. The second gain-enhancing pat-
tern 13 includes 25 second ring gain-enhancing units 131,
wherein these second ring gain-enhancing units 131 are
arranged as a 5 by 5 matrix on the lower surface 112 of the
radome body 11. Moreover, as shown in FIG. 1A, the first
gain-enhancing pattern 12 and the second gain-enhancing
pattern 13 are formed on the upper surface 111 and the lower
surface 112 of the radome body 11 correspondingly and
respectively.

[0040] As shown in FIG. 1B and FIG. 1C, the first ring
gain-enhancing units 121 is a first single ring 122, while the
second ring gain-enhancing units 131 is a second single ring
132. Besides, the first single ring 122 and the second single
ring 132 have an opening 123, 133, respectively. Moreover,
the opening direction of the first single ring 122 (i.e. the
X-direction of FIG. 1B) is perpendicular to the opening direc-
tion of the second single ring 132 (i.e. the Y-direction of F1G.
10).

[0041] It should be noticed that, even though the first single
ring 122 and the second single ring 132 are rectangular ring in
the present embodiment, the first single ring 122 and the
second single ring 132 can be any kind of rings, such as
circular ring or elliptical ring, depending on the requirement
in different applications.

[0042] Withreferenceto FIG.2A, FIG. 2B and FIG. 2C, the
radome according to the other embodiment of the present
invention comprises: a radome body 21, a first gain-enhanc-
ing pattern 22, and a second gain-enhancing pattern 23,
wherein the radome body 21 has an upper surface 211 and a
lower surface 212. The first gain-enhancing pattern 22 is
located on the upper surface 211 and includes a plurality of
first ring gain-enhancing units 221. The second gain-enhanc-
ing pattern 23 is located on the lower surface 212 and includes
a plurality of second ring gain-enhancing units 231.

[0043] In the present embodiment, the radome body 21 is
an FR-4 substrate having the thickness h=0.8 mm. Besides,
the first gain-enhancing pattern 22 includes 25 first ring gain-
enhancing units 221, wherein these first ring gain-enhancing
units 221 are arranged as a 5 by 5 matrix on the upper surface
211 of the radome body 21. The second gain-enhancing pat-
tern 23 includes 25 second ring gain-enhancing units 231,
wherein these second ring gain-enhancing units 231 are
arranged as a 5 by 5 matrix on the lower surface 212 of the
radome body 21. Moreover, as shown in FIG. 2A, the first
gain-enhancing pattern 22 and the second gain-enhancing
pattern 23 are formed on the upper surface 211 and the lower
surface 212 of the radome body 21 correspondingly and
respectively.

[0044] As shown in FIG. 2B and FIG. 2C, the first ring
gain-enhancing units 221 is a first split ring resonator 222,
while the second ring gain-enhancing units 231 is a second
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split ring resonator 232. The first split ring resonator 222
includes a first conductive ring 223 and a second conductive
ring 224, wherein the second conductive ring 224 is enclosed
by the first conductive ring 223. The second split ring reso-
nator 232 includes a third conductive ring 233 and a fourth
conductive ring 234, wherein the fourth conductive ring 234
is enclosed by the third conductive ring 233.

[0045] Besides, as shown in FIG. 2B and FIG. 2C, the first
conductive ring 223 and the second conductive ring 224 have
an opening 225, 226, respectively. The opening direction of
the first conductive ring 223 is opposite to the opening direc-
tion of the second conductive ring 224. The third conductive
ring 233 and the fourth conductive ring 234 have an opening
235, 236, respectively. The opening direction of the third
conductive ring 233 is opposite to the opening direction of the
fourth conductive ring 234. Moreover, the opening direction
of the first conductive ring 223 (i.e. the X-direction of FIG.
2B) is perpendicular to the opening direction of the third
conductive ring 233 (i.e. the Y-direction of FIG. 2C).

[0046] It should be noticed that, even though the first con-
ductive ring 223, the second conductive ring 224, the third
conductive ring 233 and the fourth conductive ring 234 are
rectangular ring in the present embodiment, the first conduc-
tive ring 223, the second conductive ring 224, the third con-
ductive ring 233 and the fourth conductive ring 234 can be any
kind of rings, such as circular ring or elliptical ring, depend-
ing on the requirement in different applications.

[0047] With reference to FIG. 3A, the microstrip patch
antenna according to one another embodiment of the present
invention comprises: a substrate 31, an antenna body 32 and
a radome 33, wherein the antenna body 32 is located on the
surface 311 of the substrate 31, and the radome 33 is located
above the antenna body 32. The antenna body 32 is located
between the substrate 31 and the radome 33. Besides, in the
present embodiment, the substrate 31 is an FR-4 substrate
having the thickness H=1.6 mm. The radome 33 is also an
FR-4 substrate having the thickness h=0.8 mm. Moreover, an
air layer is sandwiched between the antenna body 32 and the
radome 33, having the thickness hg=13 mm.

[0048] Asshown in FIG. 3B, the antenna body 32 is located
on the surface 311 of the substrate 31. Since the antenna body
32 is truncated, the microstrip patch antenna according to one
another embodiment of the present invention can emit or
receive a high frequency signal having a circular polarization.
The values of the labels in FIG. 3B for showing the size of the
antenna body 32 and the substrate 31 are listed in the Table 1
below:

TABLE 1
Label Value (mm) Label Value (mm) Label Value (mm)
GL 69 L 29 Ls 20
W 2 Le 4
[0049] Withreferenceto FIG.3A, FIG.3C andFIG. 3D, the

radome 33 includes a radome body 331, a first gain-enhanc-
ing pattern 332, and a second gain-enhancing pattern 333,
wherein the radome body 331 has an upper surface 3311 and
a lower surface 3312. The first gain-enhancing pattern 332 is
located on the upper surface 3311 and includes a plurality of
first ring gain-enhancing units 3321. The second gain-en-
hancing pattern 333 is located on the lower surface 3312 and
includes a plurality of second ring gain-enhancing units 3331.

Apr. 22,2010

[0050] Besides, in the present embodiment, the first gain-
enhancing pattern 332 includes 25 first ring gain-enhancing
units 3321, wherein these first ring gain-enhancing units 3321
are arranged as a 5 by 5 matrix on the upper surface 3311 of
the radome body 331. The second gain-enhancing pattern 333
includes 25 second ring gain-enhancing units 3331, wherein
these second ring gain-enhancing units 3331 are arranged as
a 5 by 5 matrix on the lower surface 3312 of the radome body
331. Moreover, as shown in FIG. 3 A, the first gain-enhancing
pattern 332 and the second gain-enhancing pattern 333 are
formed on the upper surface 3311 and the lower surface 3312
of the radome body 331 correspondingly and respectively.
[0051] As shown in FIG. 3C and FIG. 3D, the first ring
gain-enhancing units 3321 is a first split ring resonator 3322,
while the second ring gain-enhancing units 3331 is a second
split ring resonator 3332. Besides, the first splitring resonator
3322 includes a first conductive ring 3323 and a second
conductive ring 3324, wherein the second conductive ring
3324 is enclosed by the first conductive ring 3323. The second
split ring resonator 3332 includes a third conductive ring
3333 and a fourth conductive ring 3334, wherein the fourth
conductive ring 3334 is enclosed by the third conductive ring
3333. Moreover, the neighboring first split ring resonator
3322 are separated by a distance s, while the neighboring
second split ring resonator 3332 are separated by a distancess,
too.

[0052] As shown in FIG. 3C and FIG. 3D, the first conduc-
tive ring 3323 and the second conductive ring 3324 have an
opening 3325, 3326, respectively. The opening direction of
the first conductive ring 3323 is opposite to the opening
direction of the second conductive ring 3324. The third con-
ductive ring 3333 and the fourth conductive ring 3334 have an
opening 3335, 3336, respectively. The opening direction of
the third conductive ring 3333 is opposite to the opening
direction of the fourth conductive ring 3334. Moreover, the
opening direction of the first conductive ring 3323 (i.e. the
X-direction of FIG. 3C) is perpendicular to the opening direc-
tion of the third conductive ring 3333 (i.e. the Y-direction of
FIG. 3D).

[0053] It should be noticed that, even though the first con-
ductive ring 3323, the second conductive ring 3324, the third
conductive ring 3333 and the fourth conductive ring 3334 are
rectangular ring in the present embodiment, the first conduc-
tive ring 3323, the second conductive ring 3324, the third
conductive ring 3333 and the fourth conductive ring 3334 can
be any kind of rings, such as circular ring or elliptical ring,
depending on the requirement in different applications.
[0054] The values of the labels in FIG. 3E for showing the
size of the first split ring resonator 3322 are listed in the Table
2 below:

TABLE 2
T 3.1 c 0.4 d 0.4
g 0.2 s 0.4 s 0.4

[0055] Moreover, the size of the aforementioned second
split ring resonator 3332 is the same as that of the first split
ring resonator 3322. The only difference between them is the
opening direction of the conductive rings they have, respec-
tively.

[0056] Therefore, thetotal thickness ofthe microstrip patch
antenna according to one another embodiment of the present
invention, i.e. the sum of the thickness of the substrate 31





US 2010/0097271 Al

(H=1.5 mm), the thickness of the air layer (hg=13 mm), and
the thickness of the radome 33 (h=0.8 mm), is 15.3 mm,
which is much thinner than the total thickness of the conven-
tional microstrip patch antenna having a multi-layered dielec-
tric layer. Moreover, the thickness of the air layer of the
microstrip patch antenna according to one another embodi-
ment of the present invention is only about 0.1 times of the
wavelength of the high frequency signal (the frequency
thereof is about 2.5 GHz), which is much thinner than the
thickness of the air layer of the conventional microstrip patch
antenna having a multi-layered dielectric layer.

[0057] FIG. 4A and FIG. 4B are the schematic diagrams
showing the variation between the axial ratio and the fre-
quency and the variation between the return loss of a micros-
trip patch antenna capable of emitting or receiving a circu-
larly polarized high frequency signal, obtained from the
simulation performed by an electromagnetic simulation soft-
ware. Besides, the size and the consisting material of the
substrate and the antenna body of this microstrip patch
antenna are the same as those of the substrate and the antenna
body of the microstrip patch antenna according to one another
embodiment of the present invention. In FIG. 4A, the curve A
shows the variation between the axial ratio and the frequency
of the circularly polarized high frequency signal obtained
from the simulation. In FIG. 4B, the curve B shows the
variation between the return loss and the frequency of the
circularly polarized high frequency signal obtained from the
simulation.

[0058] Besides, as shown in FIG. 4A and FIG. 4B, the
resonant frequency of this microstrip patch antenna (without
any radome) is about 2.495 GHz, while the 10-dB bandwidth
of the return loss thereof is about 0.12 GHz. Moreover, the
3-dB bandwidth of the axial ratio of this microstrip patch
antenna is about 0.2 GHz, while the flat gain between the 2.47
GHz and 2.52 GHz is about 2.8 dBic.

[0059] Moreover, FIG. 5A, FIG. 5B and FIG. 5C are the
schematic diagrams showing the variation between the return
loss and the frequency, the variation between the axial ratio
and the frequency, and the variation between the gain and the
frequency of a microstrip patch antenna according to one
another embodiment of the present invention, obtained from
the simulation performed by an electromagnetic simulation
software and from the measurement on the microstrip patch
antenna. In FIG. 5A, the curve C and the curve D show the
variation between the return loss and the frequency of the
circularly polarized high frequency signal obtained from the
simulation and the measurement, respectively. In F1G. 5B, the
curve E and the curve F show the variation between the axial
ratio and the frequency of the circularly polarized high fre-
quency signal obtained from the simulation and the measure-
ment, respectively. In FIG. 5C, the curve G and the curve H
show the variation between the gain and the frequency of the
circularly polarized high frequency signal obtained from the
simulation and the measurement, respectively.

[0060] As shown in FIG. 5A, FIG. 5B and FIG. 5C, the
10-dB bandwidth of the return loss of the microstrip patch
antenna according to one another embodiment of the present
invention (having a radome) is about 0.146 GHz, and the 3-dB
bandwidth of the axial ratio thereof is about 0.025 GHz. The
maximum gain of the microstrip patch antenna according to
one another embodiment of the present invention is about 7.1
dBic (around 2.48 GHz). Moreover, the resonant frequency
and the gain obtained from the measurement are both a little
higher than those obtained from the simulation.
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[0061] Asaresult, by having aradome, the microstrip patch
antenna according to one another embodiment of the present
invention can increase the gain value (from 2.8 dBic to 7.1
dBic), while maintaining the waveform of the circularly
polarized high frequency signal.

[0062] As shown in FIG. 6 A, the microstrip patch antenna
according to still another embodiment of the present inven-
tion comprises: a substrate 61, an antenna body 62 and a
radome 63, wherein the antenna body 62 is located on the
surface 611 of the substrate 61, and the radome 63 is located
above the antenna body 62. The antenna body 62 is located
between the substrate 61 and the radome 63. Besides, as the
size and the form of the antenna body 62 of the microstrip
patch antenna according to still another embodiment of the
present invention are the same as those of the antenna body 32
of the microstrip patch antenna according to one another
embodiment of the present invention, detailed description on
the antenna body 62 will be omitted here.

[0063] Ontheotherhand, the composition of the radome 63
of the microstrip patch antenna according to still another
embodiment of the present invention is similar to that of the
radome 33 of the microstrip patch antenna according to one
another embodiment of the present invention, the only differ-
ence thereinbetween are the form (i.e. the opening direction)
of the “first split ring resonator” and the “second split ring
resonator”. Nevertheless, the size of the “first split ring reso-
nator” and the “second split ring resonator” of these two
radomes are the same, as listed in the aforementioned Table 2.

[0064] As shown in FIG. 6B, the first gain-enhancing pat-
tern 632 located on the upper surface 6311 of the radome
body 631 of the radome includes a plurality of first ring
gain-enhancing units 6321, wherein each of the first ring
gain-enhancing units 6321 is a first split ring resonator 6322.
Besides, the neighboring first split ring resonator 6322 are
separated by a distance s. The first split ring resonator 6322
includes a first conductive ring 6323 and a second conductive
ring 6324, wherein the second conductive ring 6324 is
enclosed by the first conductive ring 6323. The first conduc-
tive ring 6323 and the second conductive ring 6324 have an
opening 6325, 6326, respectively. The opening direction of
the first conductive ring 6323 is opposite to the opening
direction of the second conductive ring 6324. The opening
direction of the first conductive ring 6323 is parallel with the
Y-direction of FIG. 6B.

[0065] As shown in FIG. 6C, the second gain-enhancing
pattern 633 located on the lower surface 6312 of the radome
body 631 of the radome includes a plurality of second ring
gain-enhancing units 6331, wherein each of the second ring
gain-enhancing units 6331 is a second split ring resonator
6332. Besides, the neighboring second split ring resonator
6332 are separated by a distance s. The second split ring
resonator 6332 includes a third conductive ring 6333 and a
fourth conductive ring 6334, wherein the fourth conductive
ring 6334 is enclosed by the third conductive ring 6333. The
third conductive ring 6333 and the fourth conductive ring
6334 have an opening 6335, 6336, respectively. The opening
direction of the third conductive ring 6333 is opposite to the
opening direction of the fourth conductive ring 6334. The
opening direction of the third conductive ring 6333 is parallel
to the Y-direction of FIG. 6C. That is, in the present embodi-
ment, the opening direction of the first conductive ring 6323
(i.e. the Y-direction of FIG. 6B) of the first split ring resonator
6322 is parallel with the opening direction of the third con-
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ductive ring 6333 (i.e. the Y-direction of FIG. 6C) of the
second split ring resonator 6332.

[0066] As shown in FIG. 7A, the microstrip patch antenna
according to still another embodiment of the present inven-
tion comprises: a substrate 71, an antenna body 72 and a
radome 73, wherein the antenna body 72 is located on the
surface 711 of the substrate 71, and the radome 73 is located
above the antenna body 72. The antenna body 72 is located
between the substrate 71 and the radome 73. Besides, as the
size and the form of the antenna body 72 of the microstrip
patch antenna according to still another embodiment of the
present invention are the same as those of the antenna body 32
of the microstrip patch antenna according to one another
embodiment of the present invention, detailed description on
the antenna body 72 will be omitted here.

[0067] Onthe otherhand, the composition ofthe radome 73
of the microstrip patch antenna according to still another
embodiment of the present invention is similar to that of the
radome 33 of the microstrip patch antenna according to one
another embodiment of the present invention, the only differ-
ence thereinbetween are the form (i.e. the opening direction)
of the “first split ring resonator” and the “second split ring
resonator”. Nevertheless, the size of the “first split ring reso-
nator” and the “second split ring resonator” of these two
radomes are the same, as listed in the aforementioned Table 2.
[0068] As shown in FIG. 7B, the first gain-enhancing pat-
tern 732 located on the upper surface 7311 of the radome
body 731 of the radome includes a plurality of first ring
gain-enhancing units 7321, wherein each of the first ring
gain-enhancing units 7321 is a first split ring resonator 7322.
Besides, the neighboring first split ring resonators 7322 are
separated by a distance s. The first split ring resonator 7322
includes a first conductive ring 7323 and a second conductive
ring 7324, wherein the second conductive ring 7324 is
enclosed by the first conductive ring 7323. The first conduc-
tive ring 7323 and the second conductive ring 7324 have an
opening 7325, 7326, respectively. The opening direction of
the first conductive ring 7323 is opposite to the opening
direction of the second conductive ring 7324. The opening
direction of the first conductive ring 7323 is parallel with the
X-direction of FIG. 7B.

[0069] As shown in FIG. 7C, the second gain-enhancing
pattern 733 located on the lower surface 7312 of the radome
body 731 of the radome includes a plurality of second ring
gain-enhancing units 7331, wherein each of the second ring
gain-enhancing units 7331 is a second split ring resonator
7332. Besides, the neighboring second split ring resonators
7332 are separated by a distance s. The second split ring
resonator 7332 includes a third conductive ring 7333 and a
fourth conductive ring 7334, wherein the fourth conductive
ring 7334 is enclosed by the third conductive ring 7333. The
third conductive ring 7333 and the fourth conductive ring
7334 have an opening 7335, 7336, respectively. The opening
direction of the third conductive ring 7333 is opposite to the
opening direction of the fourth conductive ring 7334. The
opening direction of the third conductive ring 7333 is parallel
to the X-direction of FIG. 7C. That is, in the present embodi-
ment, the opening direction of the first conductive ring 7323
(i.e. the X-direction of FIG. 7B) of the first split ring resonator
7322 is parallel with the opening direction of the third con-
ductive ring 7333 (i.e. the X-direction of FIG. 7C) of the
second split ring resonator 7332.

[0070] FIG. 8A, FIG. 8B and FIG. 8C are the schematic
diagrams showing the variations between the return loss and
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the frequency, the variations between the gain and the fre-
quency, and the variations between the axial ratio and the
frequency of the microstrip patch antennas according to one
another embodiment, still another embodiment, and still
another embodiment of the present invention, respectively,
obtained from the simulation performed by an electromag-
netic simulation software.

[0071] InFIG. 8A, the curve I shows the variation between
the return loss and the frequency of the microstrip patch
antennas according to one another embodiment obtained
from the simulation, the curve J shows the variation between
the return loss and the frequency of the microstrip patch
antennas according to still another embodiment obtained
from the simulation, and the curve K shows the variation
between the return loss and the frequency of the microstrip
patch antennas according to still another embodiment
obtained from the simulation.

[0072] InFIG. 8B, the curve L shows the variation between
the gain and the frequency of the microstrip patch antennas
according to one another embodiment obtained from the
simulation, the curve M shows the variation between the gain
and the frequency of the microstrip patch antennas according
to still another embodiment obtained from the simulation, and
the curve N shows the variation between the gain and the
frequency of the microstrip patch antennas according to still
another embodiment obtained from the simulation.

[0073] InFIG. 8C, the curve O shows the variation between
the axial ratio and the frequency of the microstrip patch
antennas according to one another embodiment obtained
from the simulation, the curve P shows the variation between
the axial ratio and the frequency of the microstrip patch
antennas according to still another embodiment obtained
from the simulation, and the curve Q shows the variation
between the axial ratio and the frequency of the microstrip
patch antennas according to still another embodiment
obtained from the simulation.

[0074] As shown in FIG. 8A, the bandwidth of the return
loss of the microstrip patch antenna according to one another
embodiment is better than the bandwidths of the return loss of
the microstrip patch antennas according to the other two
embodiments (in the region from 2.46 GHz to 2.49 GHz). As
shown in FIG. 8B, the gain value of the microstrip patch
antenna according to one another embodiment is better than
the gain values of the microstrip patch antennas according to
the other two embodiments in the whole region (from 2.3
GHz to 2.7 GHz). Finally, as shown in FIG. 8C, the circular
property of the microstrip patch antenna according to one
another embodiment is better than the circular properties of
the microstrip patch antennas according to the other two
embodiments.

[0075] Asdescribed above, by having the radome body that
comprises a first gain-enhancing pattern and a second gain-
enhancing pattern on the upper surface and the lower surface
thereof respectively, wherein the first gain-enhancing pattern
includes a plurality of first ring gain-enhancing units and the
second gain-enhancing pattern includes a plurality of second
ring gain-enhancing units, the gain value of'a microstrip patch
antenna having the radome of the present invention can be
increased significantly. Moreover, the thickness of the
radome of'the present invention almost equals to the thickness
of the radome body thereof (i.e. 0.8 mm), which is signifi-
cantly thinner than the conventional radome. As a result, the
gain value of the microstrip patch antenna having the radome
of the present invention (i.e. the microstrip patch antenna of
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the present invention) can be increased significantly, and the
circular property of the microstrip patch antenna can also be
maintained at a certain level, while the size of the antenna
remains in a limited size.

[0076] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the scope of the invention as
hereinafter claimed.

What is claimed is:

1. A radome comprising:

a radome body, having an upper surface and a lower sur-

face;

afirst gain-enhancing pattern, locating on the upper surface

and including a plurality of first ring gain-enhancing
units; and

a second gain-enhancing pattern, locating on the lower

surface and including a plurality of second ring gain-
enhancing units;

wherein each of the plurality of the first ring gain-enhanc-

ing units and each of the plurality of the second ring
gain-enhancing units has an opening, respectively, and
the opening direction of the plurality of the first ring
gain-enhancing units is perpendicular to the opening
direction of the plurality of the second ring gain-enhanc-
ing units.

2. The radome as claimed in claim 1, wherein the first ring
gain-enhancing unit is a first single ring, and the second ring
gain-enhancing unit is a second single ring.

3. The radome as claimed in claim 2, wherein the first
single ring and the second single ring are a rectangular ring,
respectively.

4. The radome as claimed in claim 1, wherein the first ring
gain-enhancing unit is a first split ring resonator, and the
second ring gain-enhancing unit is a second split ring reso-
nator.

5. The radome as claimed in claim 4, wherein the first split
ring resonator includes a first conductive ring and a second
conductive ring, and the second conductive ring is enclosed
by the first conductive ring.

6. The radome as claimed in claim 5, wherein the second
split ring resonator includes a third conductive ring and a
fourth conductive ring, and the fourth conductive ring is
enclosed by the third conductive ring.

7. The radome as claimed in claim 6, wherein the first
conductive ring, the second conductive ring, the third con-
ductive ring, and the fourth conductive ring are rectangular
conductive rings.

8. The radome as claimed in claim 6, wherein the first
conductive ring and the second conductive ring have an open-
ing, respectively, and the opening direction of the first con-
ductive ring is opposite to the opening direction of the second
conductive ring.

9. The radome as claimed in claim 8, wherein the third
conductive ring and the fourth conductive ring have an open-
ing, respectively, and the opening direction of the third con-
ductive ring is opposite to the opening direction of the fourth
conductive ring.
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10. The radome as claimed in claim 9, wherein the opening
direction of the third conductive ring is perpendicular to the
opening direction of the first conductive ring.

11. a microstrip patch antenna comprising:
a substrate;

an antenna body, locating on the surface of the substrate;
and

aradome, locating above the antenna body, and the antenna
body being located between the substrate and the
radome;

wherein the radome includes a radome body having an

upper surface and a lower surface, a first gain-enhancing
pattern and a second gain-enhancing pattern; the first
gain-enhancing pattern locates on the upper surface and
includes a plurality of first ring gain-enhancing units; the
second gain-enhancing pattern locates on the lower sur-
face and includes a plurality of second ring gain-enhanc-
ing units;

wherein each of the plurality of the first ring gain-enhanc-

ing units and each of the plurality of the second ring
gain-enhancing units has an opening, respectively, and
the opening direction of the plurality of the first ring
gain-enhancing units is perpendicular to the opening
direction of the plurality of the second ring gain-enhanc-
ing units.

12. The microstrip patch antenna as claimed in claim 11,
wherein the microstrip patch antenna emits a high frequency
signal having a circular polarization.

13. The microstrip patch antenna as claimed in claim 11,
wherein the first ring gain-enhancing unit is a first split ring
resonator, and the second ring gain-enhancing unit is a second
split ring resonator.

14. The microstrip patch antenna as claimed in claim 13,
wherein the first split ring resonator includes a first conduc-
tive ring and a second conductive ring, and the second con-
ductive ring is enclosed by the first conductive ring.

15. The microstrip patch antenna as claimed in claim 14,
wherein the second split ring resonator includes a third con-
ductive ring and a fourth conductive ring, and the fourth
conductive ring is enclosed by the third conductive ring.

16. The microstrip patch antenna as claimed in claim 15,
wherein the first conductive ring, the second conductive ring,
the third conductive ring, and the fourth conductive ring are
rectangular conductive rings.

17. The microstrip patch antenna as claimed in claim 15,
wherein the first conductive ring and the second conductive
ring have an opening, respectively, and the opening direction
of'the first conductive ring is opposite to the opening direction
of the second conductive ring.

18. The microstrip patch antenna as claimed in claim 17,
wherein the third conductive ring and the fourth conductive
ring have an opening, respectively, and the opening direction
of the third conductive ring is opposite to the opening direc-
tion of the fourth conductive ring.

sk sk sk sk sk
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ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 97138711, filed on Oct. 8, 2008.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to antennas,
and more particularly, to an antenna operable in multiple
frequency bands.

[0004] 2. Description of Related Art

[0005] With advancement of science and technology, wire-
less communications become more and more popular. For
example, cell phones, personal digital assistants (PDAs)
accessible to wireless network, and global positioning sys-
tems (GPSs) have been widely applied to wireless communi-
cations. Nevertheless, an antenna is often required for trans-
mitting information.

[0006] Architectures of antennas can be categorized into
different types, e.g., dipole antennas, bow-tie antennas, horn
antennas, etc., each of which is featured by individual char-
acteristics and performance. For example, dipole antennas
are characterized by omni-directions fields, bow-tie antennas
are featured by relatively wide operation frequency bands,
and horn antennas have larger gains. Correspondingly, each
of these types of antennas also features by particular disad-
vantages. For example, a dipole antenna usually has a nar-
rower operation frequency band. A field of a bow-tie antenna
is usually inconsistent when the antenna is operated at difter-
ent frequencies. A horn antenna is not suitable in mobile
communication. Therefore, antennas should be designed in
accordance with practical demands on different kinds of wire-
less communications.

[0007] Generally, an antenna for a typical wireless elec-
tronic apparatus is often a planar inverted-F antenna (PIFA).
The fundamental mode of the PIFA is operated at a 14 wave-
length, and therefore the length of the PIFA can be reduced.
However, current and future wireless electronic products are
demanded or desired to be lighter, slimmer, smaller, and more
compact than ever before. As such, even though the length of
the PIFA can be reduced when designing an antenna, a certain
distance between the PIFA and the ground plane should be
maintained, and therefore the PIFA unavoidably occupies a
certain space of the wireless electronic product. The design of
the wireless electronic product is limited, especially when the
features of lightness and slimness are highly desired.

[0008] Further, current wireless electronic products are apt
to be designed with multiple functions, i.e., a plurality of
wireless communication applications are consciously inte-
grated into an individual wireless electronic product. How-
ever, different wireless communication applications have dif-
ferent frequency bands, and even a single wireless
communication application may have multiple frequency
bands. For example, a conventional global system for mobile
communication (GSM) employs four frequency bands. As
such, the design of an antenna operable at multiple frequency
bands is a trend of wireless communications.
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[0009] In accordance with the design concept of multiple
frequencies and lightness and slimness, antennas are little by
the architectures of a loop antenna or a folded dipole antenna
for achieving the required operation frequency bands and
radiation features, thus effectively reducing the sizes of the
antennas.

[0010] U.S.Pat. No. 7,307,591 discloses a multi-band loop
antenna. Unfortunately, a second mode and a third operation
mode cannot be easily adjusted by means of the multi-band
loop antenna, and therefore it is difficult for the multi-band
loop antenna to be operated at a desired frequency and a
frequency band. U.S. Pat. No. 7,265,726 discloses a multi-
band antenna integrating a loop antenna with a folded dipole
antenna. However, such a multi-band antenna disadvanta-
geously occupies an excessive area. Further, the feed point of
the multi-band antenna is overly far away from the ground
point, and thus the multi-band antenna is not suitable for
being applied in mobile phones. U.S. Patent Application Pub-
lications No. 2006/0232477, No. 2007/0115200, No. 2007/
0222699, and U.S. Pat. No. 7,042,402 disclose 3-dimensional
(3D) loop antennas and folded dipole antennas. Although
these disclosed 3D antennas are suitable for multi-band
operations, the 3D structures increase the costs and structural
complexity of fabricating the antennas. In addition to the
aforementioned disadvantages and defects, it is also inconve-
nient for fine tuning the operation frequencies of the antennas
by conducting any of the previously mentioned conventional
techniques, which further increases the difficulty and com-
plexity in developing and designing the antenna.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to an
antenna operable at multiple operation frequencies. The
antenna includes a plurality of conductive antenna tracks. All
of the conductive antenna tracks are located in a same plane.
Areas defined by the conductive antenna tracks are not over-
lapped with one another.

[0012] The present invention is further directed to an
antenna having multiple operation frequencies. The antenna
includes a plurality of conductive antenna tracks. Parts of the
conductive antenna tracks are located in different planes. The
antenna has a plurality of resonant frequencies. The resonant
frequencies constitute several frequency bands. The opera-
tion frequencies are included in the frequency bands. Each of
the resonant frequencies is independent.

[0013] The present invention provides an antenna appli-
cable for handled device and operating at a plurality of opera-
tion frequencies. The antenna includes a feed element, a
ground element, and M conductive antenna tracks. The M
conductive antenna tracks are located in a same plane. The M
conductive antenna tracks have an end coupled to the feed
element and the other end coupled to the ground element
respectively, and therefore each of the conductive antenna
tracks forms an area. The area starts from a joint of the
conductive antenna track and the feed element and extends
along the conductive antenna track to a joint of the conductive
antenna track and the ground element. A k™ conductive
antenna track defines a k™ area. An i area is not overlapped
with a j area, in which M is a positive integer greater than or
equalto 2,1, j, and k are positive integers smaller than or equal
to M, and i is not equal to j.

[0014] According to an embodiment of the present inven-
tion, the conductive antenna tracks respectively correspond to
a plurality of resonant frequencies, and constitute a plurality
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of frequency bands. Each of the frequency bands covers one
of the operation frequencies operable for the antenna. The
resonant frequencies correspond to a plurality of wave-
lengths, respectively. A length of each of the conductive
antenna track approximates to half of a wavelength corre-
sponding to the resonant frequency of the conductive antenna
track.

[0015] The present invention further provides an antenna
applicable for handled device and operating at a plurality of
operation frequencies. The antenna includes a feed element, a
ground element, and at least two conductive antenna tracks.
The conductive antenna tracks are located in different planes.
Each of the conductive antenna tracks includes an end
coupled to the feed element and the other end coupled to the
ground element. The conductive antenna tracks respectively
correspond to a plurality of resonant frequencies and consti-
tute a plurality of frequency bands covering the operation
frequencies corresponding thereto.

[0016] According to an embodiment of the present inven-
tion, when the resonant frequency of each of the conductive
antenna tracks operated at the antenna is double, current zeros
configured on the conductive antenna tracks comprises a first
current zero and a second current zero, the antenna further
includes a conductive element having a first end coupled to
the first current zero and the other end coupled to the second
current zero.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated 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.

[0018] FIG.1A is aside view of an antenna according to an
embodiment of the present invention.

[0019] FIG. 1B is atop view of an antenna according to an
embodiment of the present invention.

[0020] FIG. 2A is a side view of an antenna according to
another embodiment of the present invention.

[0021] FIG. 2B is a top view of an antenna according to
another embodiment of the present invention.

[0022] FIG. 2C is diagram depicting a return loss of an
antenna according to another embodiment of the present
invention.

[0023] FIG. 3 is a side view of an antenna according to a
further embodiment of the present invention.

[0024] FIG. 4A is a side view of an antenna according to a
further embodiment of the present invention.

[0025] FIG. 4B is a top view of an antenna according to a
further embodiment of the present invention.

[0026] FIG. 5A is a top view of an antenna according to a
still further embodiment of the present invention.

[0027] FIG.5Bis atop view of an antenna further including
a conductive element according to a still further embodiment
of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0028] 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.
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[0029] FIGS. 1A and 1B respectively illustrate a side view
and a top view of an antenna according to an embodiment of
the present invention. Referring to FIGS. 1A and 1B, an
antenna 100 is shown. The antenna 100 includes a feed ele-
ment 120, a ground element 130, M conductive antenna
tracks (e.g., a first conductive antenna track 140, a second
conductive antenna track 150, and a third conductive antenna
track 160, as exemplified in the current embodiment), in
which M is a positive integer greater than or equal to 2. The
ground element 130 is suitable for connecting a ground plane
110. The ground plane 110, for example, can be a ground
plane of a system or a backplate of an LCD which includes a
large metal surface. The number of the conductive antenna
tracks is merely exemplary for illustration purpose. The first
conductive antenna track 140, the second conductive antenna
track 150, and the third conductive antenna track 160 extend
outward from the feed element 120 and return back to the
ground element 130. The first conductive antenna track 140,
the second conductive antenna track 150, and the third con-
ductive antenna track 160 are located in different planes. For
example, these three conductive antenna tracks 140, 150, and
160 are located in three different planes which are parallel
with one another and are parallel with the ground plane 110.

[0030] Widths of'the first conductive antenna track 140, the
second conductive antenna track 150, and the third conduc-
tive antenna track 160 can be equivalent, not equivalent, or
partially equivalent. In other words, a width of the first con-
ductive antenna track 140, a width of the second conductive
antenna track 150, and a width of'the third conductive antenna
track 160 at any cross-section thereof are adjustable. It can be
learned from FIGS. 1A and 1B that there exists a separation
space 170 between the feed element 120 and the ground
element 130. The first conductive antenna track 140, the
second conductive antenna track 150, and the third conduc-
tive antenna track 160 are distributed outside the separation
space 170.

[0031] Asshownin FIGS. 1A and 1B, the track 140 defines
an area 144, the track 150 defines an area 154, and the track
160 defines an area 164. As shown in FIG. 1B, an orthogonal
projection area of the area 144 projected on the plane in which
the area 154 is located is not completely overlapped with the
area 154, and an orthogonal projection area of the area 144
projected on the plane in which the area 164 is located is also
not completely overlapped with the area 164. Similarly, an
orthogonal projection area of the area 154 projected on the
plane in which the area 144 is located is not completely
overlapped with the area 144, and an orthogonal projection
area of the area 154 projected on the plane in which the area
164 is located is also not completely overlapped with the area
164. Likewise, an orthogonal projection area of the area 164
projected on the plane in which the area 144 is located is not
completely overlapped with the area 144, and an orthogonal
projection area of the area 164 projected on the plane in which
the area 154 is located is also not completely overlapped with
the area 154. Briefly, an orthogonal projection area of any one
of'the areas 144, 154, and 164 projected on another one of the
three areas 144, 154, and 164 is not completely overlapped
with the another one of the three areas 144, 154, and 164.

[0032] Further, the first conductive antenna track 140, the
second conductive antenna track 150, and the third conduc-
tive antenna track 160 correspond to three resonant frequen-
cies, respectively. Because of the ground element 130,
lengths of the conductive antenna tracks can be shortened to
about halves of wavelengths respectively corresponding
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thereto. In other words, the length of the first conductive
antenna track 140 is approximately half of a wavelength
corresponding to the resonant frequency corresponding to the
first conductive antenna 140. The length of the second con-
ductive antenna track 150 is approximately half of a wave-
length corresponding to the resonant frequency correspond-
ing to the second conductive antenna 150. The length of the
third conductive antenna track 160 is approximately half of a
wavelength corresponding to the resonant frequency corre-
sponding to the third conductive antenna 160. Three fre-
quency bands at which the antenna 100 can be operated are
thus correspondingly formed around these three resonant fre-
quencies. These three frequency bands cover the operation
frequencies of the antenna 100, and therefore the antenna 100
can be operated at any of the operation frequencies. In other
words, if the antenna 100 includes M conductive antenna
tracks, the length of the n” conductive antenna track is
approximately half of a wavelength corresponding to the
resonant frequency corresponding to the n” conductive
antenna track, in which M is a positive integer greater than or
equal to 2, and n is a positive integer smaller than or equal to
M

[0033] Theantenna 100 has three resonant frequencies con-
trolled by the first conductive antenna track 140, the second
conductive antenna track 150, and the third conductive
antenna track 160, respectively. Therefore, the three resonant
frequencies of the antenna 100 are independent from one
another. As such, when any one of the three resonant frequen-
cies is to be adjusted, only the length of the conductive
antenna track corresponding to the resonant frequency to be
adjusted is required to be changed, while the lengths of the
rest of conductive antenna tracks corresponding to resonant
frequencies which are not desired to be adjusted remain
unchanged. For example, when it is desired to lower the
resonant frequency corresponding to the first conductive
antenna track 140, the first conductive antenna track 140
should be elongated, while the second conductive antenna
track 150 and the third conductive antenna track 160 need not
to be changed.

[0034] FIGS. 2A and 2B respectively illustrate a side view
and a top view of an antenna according to another embodi-
ment of the present invention. Referring to FIGS. 2A and 2B,
an antenna 200 is shown. The antenna 200 includes a feed
element 220, a ground element 230, M conductive antenna
tracks (e.g., a first conductive antenna track 240 and a second
conductive antenna track 250 as exemplified in the current
embodiment), in which M is a positive integer greater than or
equal to 2. The ground element 230 is suitable for connecting
a ground plane 210. The ground plane 210, for example, can
be a ground plane of a system or a backplate of an LCD which
includes a large metal surface. The first conductive antenna
track 240 and the second conductive antenna track 250 extend
outward from the feed element 220 and return back to the
ground element 230. The first conductive antenna track 240
and the second conductive antenna track 250 are distributed
outside a separation space 270 between the feed element 220
and the ground element 230. The first conductive antenna
track 240 and the second conductive antenna track 250 are
located in a same plane. The first conductive antenna track
240 defines an area 244, and the second conductive antenna
track 250 defines an area 254. The area 244 and the area 254
are not overlapped with each other.

[0035] Compared with the embodiment as shown in FIGS.
1A and 1B, the current embodiment differs in that the first
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conductive antenna track 240 and the second conductive
antenna track 250 are located in a same plane which is parallel
with the ground plane 210. As such, if only one of the first
conductive antenna track 240 and the second conductive
antenna track 250 does not encompass the other conductive
antenna track, the area 244 and the area 254 are not over-
lapped each other.

[0036] For example, the ground plane has an area of
55%100 mm?, and the first conductive antenna track 240 and
the second conductive antenna track 250 are both printed on
a glass fiber plate (e.g., an FR4 substrate) and disposed for
example 3 mm to 10 mm away from the ground plane 210. A
width of the first conductive antenna track 240 for example is
1 mm. A track-to-track distance of the first conductive
antenna track 240 for example is 0.5 mm. A total length of the
first conductive antenna track 240 for example is 57 mm A
width of the second conductive antenna track 250 for example
is 1 mm. A track-to-track distance of the second conductive
antenna track 250 for example is 1 mm. A total length of the
second conductive antenna track 250 for example is 100 mm.
In this case, the return loss is shown in FIG. 2C. When
operated at a frequency of about 900 MHz, the antenna 200
has a resonant frequency and forms a frequency band, and
when operated at a frequency of about 1850 MHz, the antenna
200 has another resonant frequency and forms another fre-
quency band.

[0037] FIG. 3 is a side view of an antenna according to a
further embodiment of the present invention. Referring to
FIG. 3, an antenna 400 includes a feed element 420, a ground
element 430, a first conductive antenna track 440, and a
second conductive antenna track 450. A ground plane 410 is
coupled with the ground element 430. The architecture and
the operating principle explained the current embodiment are
similar to those described in the embodiment shown in FIGS.
1A and 1B and therefore are not to be iterated hereby.
[0038] However, it should be noted that the current embodi-
ment differs from the embodiment of FIGS. 1A and 1B in that
the first conductive antenna track 440 is located in a plane in
which the ground plane 410 is also located. As shown in FIG.
3, the first conductive antenna track 440 is directly distributed
in the plane of the ground plane 410.

[0039] FIGS. 4A and 4B respectively illustrate a side view
and a top view of an antenna according to a further embodi-
ment of the present invention. Referring to FIGS. 4A and 4B,
an antenna 600 includes a feed element 620, a first ground
sub-element 6304, a second ground sub-element 6305, a first
conductive antenna track 640, and a second conductive
antenna track 650. A ground plane 610 is coupled to the first
ground sub-element 630a and the second ground sub-element
6304. The architecture and the operating principle explained
in the current embodiment are similar to the embodiment
shown in FIGS. 2A and 2B. The first conductive antenna track
640 extends out from the feed element 620 and returns back to
the first ground sub-element 630a. The first conductive
antenna track 640 is distributed outside a first separation
space 670a between the feed element 620 and the first ground
sub-element 630a. The second conductive antenna track 650
extends out from the feed element 620 and returns back to the
second ground sub-element 6305. The second conductive
antenna track 650 is distributed outside a second separation
space 6705 between the feed element 620 and the second
ground sub-element 6305. The first conductive antenna track
240 and the second conductive antenna track 250 are located
in a same plane. The track 640 defines an area 644, and the
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track 650 defines an area 654. The arca 644 and the area 654
are not overlapped with each other.

[0040] However, it should be noted that the current embodi-
ment differs from the embodiment of FIGS. 2A and 2B in that
the current embodiment replaces the ground element 230 of
FIGS. 2A and 2B with the first ground sub-element 630a and
the second ground sub-element 6305 of FIGS. 4A and 4B. As
such, the first conductive antenna track 640 and the second
conductive antenna track 650 can be individually coupled to
the first ground sub-element 630a and the second ground
sub-element 63054, respectively.

[0041] FIG. 5A is a top view of an antenna according to a
still further embodiment of the present invention. Referring to
FIG. 5A, it shows an antenna 700. The antenna 700 includes
a feed element 720, a ground element 730, a first conductive
antenna track 740, and a second conductive antenna track
750. The first conductive antenna track 740 and the second
conductive antenna track 750 are located in the same plane. A
ground plane 710 is coupled to the ground element 730. The
architecture and the operating principle explained in the cur-
rent embodiment are similar to the embodiment shown in
FIGS. 2A and 2B. The first conductive antenna track 740 and
the second conductive antenna track 750 extend outward
from the feed element 720 and return back to the ground
element 730. The first conductive antenna track 740 and the
second conductive antenna track 750 are distributed outside a
separation space 770 between the feed element 720 and the
ground element 730. The first conductive antenna track 740
defines an area 744, and the second conductive antenna track
750 defines an area 754. The area 744 and the area 754 are not
overlapped with each other.

[0042] Compared with the embodiment as shown in FIGS.
2A and 2B, the current embodiment differs in that the first
conductive antenna track 740 and the second conductive
antenna track 750 are extendingly configured with more
turns. In such a way, the first conductive antenna track 740
and the second conductive antenna track 750 can be more
flexibly distributed and adjusted so as to achieve specific
characteristic requirements. Further, although the angles of
the turns made by the extending conductive antenna tracks are
shown as right angles, the present invention is not restricted to
those described above. The turns can be made with any other
angles, or even turns in an arc shape.

[0043] Further, due to some coupling correlations, in addi-
tion to a first resonant frequency corresponding to the first
conductive antenna track 740 and a second resonant fre-
quency corresponding to the second conductive antenna track
750, the antenna 700 further has a third resonant frequency.
The third resonant frequency for example is an average of the
first resonant frequency and the second resonant frequency.
When it is desired to depress the third frequency, for example
as shown in FIG. 5B, a conductive element 780 is provided.
One end of the conductive element 780 is connected to the
second conductive antenna track 750 of the antenna 700 at a
place where a first current zero 781 is located around. The
other end of the conductive element 780 is connected to the
second conductive antenna track 750 of the antenna 700 at a
place where a second current zero 782 is located around. The
positions of the first current zero 781 and the second current
zero 782 are positions of current zeros formed on the second
conductive antenna track 750 when the antenna 700 is oper-
ated at the double frequency of the second resonant fre-
quency, i.e., the third resonant frequency (for example posi-
tions in a distant of Y4 wavelength corresponding to the
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second resonant frequency away from the feed element and
the ground element). The depression of the resonant fre-
quency according to the present invention is not restricted to
those described above. For example, the conductive element
780 can also be connected to anywhere else of the second
conductive antenna track 750, e.g., a 16 wavelength corre-
sponding to the second resonant frequency. Similarly, the
conductive element 780 can also be coupled to the first con-
ductive antenna track 740 for depressing another additional
resonant frequency.

[0044] It should be clarified that the feed elements and the
ground elements illustrated in all of the embodiments dis-
cussed above can be located at a boundary or a corner of the
ground plane. Further, all above-illustrated antennas can be
either folded dipole antennas or loop antennas. Furthermore,
the widths of the conductive antennas can be varied, or a part
of the tracks can be modified to be zigzag formed or formed
with turns, so as to adjust the antenna characteristics as
desired.

[0045] In summary, the antenna of the present invention
includes a plurality of conductive antenna tracks correspond-
ing to a plurality of resonant frequencies, respectively. The
resonant frequencies are independent from one another and
do not affect one another. When it is desired to adjust a
resonant frequency, only the resonant frequency desired to be
adjusted and the conductive antenna track corresponding
thereto are needed to be adjusted. As such, when the operation
frequency bands of the antenna increases, the antenna can
adaptively increase the conductive antenna track which cor-
responds to the increased operation frequency bands without
varying the original conductive antenna track. In such a way,
the antenna is simple and convenient to design. The present
invention has the advantages of a simple structure, an easily
controlled operation frequency, a small area, and a close feed
point to the short circuit point. Further, the invention is dif-
ferent from most of the conventional antennas in which feed
point and short circuit points must be positioned at the center
of'the ground planes from the mobile phone systems. The feed
point and the short circuit point of the antenna according to
the present invention can be distributed at a boundary or a
corner ofthe ground plane of the system, thus achieving better
flexibility in applications, especially for handheld device.
Moreover, if a coupling phenomenon occurs between the
increased conductive antenna track and the original conduc-
tive antenna track, the conductive element can be used for
depressing the additional resonant frequency caused by the
coupling phenomenon.

[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture 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, applicable for handled device and operating
at a plurality of operation frequencies, comprising:

a feed element;

a ground element; and

M conductive antenna tracks, located in a same plane,
having an end coupled to the feed element and the other
end coupled to the ground element respectively, wherein
each of the conductive tracks forms an area for starting
from a joint of the conductive antenna track and the feed
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element and extending along the conductive antenna
track to a joint of the conductive antenna track and the
ground element, wherein a k” conductive antenna track
defines a k” area, and an i area is not overlapped with
aj™ area, M is an integer greater than or equal to 2, i, j,
and k are positive integers smaller than or equal to M,
and i is not equal to j.

2. The antenna according to claim 1, wherein the conduc-
tive antenna tracks respectively correspond to a plurality of
resonant frequencies, thus forming a plurality of frequency
bands correspondingly covering the operation frequencies,
respectively.

3. The antenna according to claim 2, wherein a length of
each of the conductive antenna tracks is half of a wavelength
corresponding to the resonant frequency of the conductive
antenna track.

4. The antenna according to claim 2, wherein when the
resonant frequency of each of the conductive antenna tracks
operated at the antenna is double, current zeros configured on
the conductive antenna tracks comprises a first current zero
and a second current zero, the antenna further comprises a
conductive element having a first end coupled to the first
current zero and the other end coupled to the second current
Zero.

5. The antenna according to claim 1, wherein the antenna is
a folded dipole antenna or a loop antenna.

6. The antenna according to claim 1, wherein said plane in
which the conductive antenna tracks are located is parallel
with a ground plane.

7. The antenna according to claim 1, wherein the conduc-
tive antenna tracks are located in a ground plane.

8. The antenna according to claim 1, wherein the feed
element and the ground element are located at boundary or
corner of a ground plane.

9. The antenna according to claim 1, wherein the ground
element further comprises a plurality of ground sub-ele-
ments, for connecting the conductive antenna tracks.

10. The antenna according to claim 1, wherein a part of
each of the conductive antenna tracks is zigzag formed or
formed with many turns.

11. An antenna, applicable for handled device and operat-
ing at a plurality of operation frequencies, the antenna com-
prising:
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a feed element;
a ground element; and

at least two conductive antenna tracks, located in different
planes, and each of the conductive antenna tracks com-
prises an end coupled to the feed element and the other
end coupled to the ground element, the conductive
antenna tracks respectively corresponding to a plurality
of resonant frequencies, thus forming a plurality of fre-
quency bands correspondingly covering the operation
frequencies, respectively.

12. The antenna according to claim 11, wherein a length of
each of the conductive antenna track is half of a wavelength
corresponding to the resonant frequency of the conductive
antenna track.

13. The antenna according to claim 11, wherein when the
resonant frequency of each of the conductive antenna tracks
operated at the antenna is double, current zeros configured on
the conductive antenna tracks comprises a first current zero
and a second current zero, the antenna further comprises a
conductive element having a first end coupled to the first
current zero and the other end coupled to the second current
Zero.

14. The antenna according to claim 11, wherein the antenna
is a folded dipole antenna or a loop antenna.

15. The antenna according to claim 11, wherein planes in
which the conductive antenna tracks are located are parallel
with a ground plane.

16. The antenna according to claim 11, wherein a part of
each of the conductive antenna tracks is zigzag formed or
formed with turns.

17. The antenna according to claim 11, wherein a part of
the conductive antenna tracks is located in a plane in which a
ground plane is located.

18. The antenna according to claim 11, wherein the feed
element and the ground element are located at boundary or
corner of a ground plane.

19. The antenna according to claim 11, wherein the ground
element further comprises a plurality of ground sub-ele-
ments, for connecting the conductive antenna tracks.

sk sk sk sk sk
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MULTI-FREQUENCY ANTENNA AND AN
ELECTRONIC DEVICE HAVING THE
MULTI-FREQUENCY ANTENNA THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a multi-frequency
antenna, and more particularly, to a multi-frequency antenna
which enables broadband transmission through slot adjust-
ments.

[0003] 2. Description of the Related Art

[0004] With technology advancement, wireless transmis-
sion system has become prevalent amongst electronic prod-
ucts. However, the traditional antenna can no longer satisfy
the needs for the transmission process of large data volume,
such as the multi-media files; therefore, an antenna with a
larger transmission bandwidth is needed.

[0005] The prior art technology discloses a type of antenna.
Please refer to FIG. 1A. FIG. 1A is a schematic drawing of a
prior art antenna 90 disclosed in U.S. Pat. No. 6,812,892 B2.
The antenna 90 of the prior art comprises a radiating element
91; a connecting element 92; a grounding element 93 and a
feeding point F. The connecting element 92 comprises the
first end 921 and the second end 922. The first end 921 is
connected to the radiating element 91; the second end 922 is
connected to the grounding element 93. The antenna 90 is
able to feed signals into the feeding point F for electronic
signal transmission.

[0006] Next, please refer to FIG. 1B which shows the Volt-
age Standing Wave Ratio (VSWR) at different frequencies for
the antenna 90 as shown in FIG. 1A. As shown in FIG. 1B that
the antenna 90 can only operate in the frequency range about
2.5 GHz and 5.5 GHz. Take frequency 2.5 GHz for example,
the bandwidth of the antenna 90 at this frequency is approxi-
mately 250 MHz, the center frequency is approximately 2450
MHz, therefore the ratio is approximately (250 MHz/2450
MHz)=10.2%. As a result, the antenna 90 has limited trans-
mission frequency bands and cannot sustain the frequency
bandwidth requirements of the present multi-frequency
antenna.

[0007] Therefore, it is desirable to provide a new multi-
frequency antenna design in order to solve the aforemen-
tioned problem.

SUMMARY OF THE INVENTION

[0008] A main object of the present invention is to provide
a multi-frequency antenna which enables broadband trans-
mission through slot adjustments.

[0009] Another object of the present invention is to provide
an electronic device which comprises the multi-frequency
antenna.

[0010] In order to achieve the above objectives, the elec-
tronic device according to an embodiment of the invention
comprises a multi-frequency antenna and a wireless signal
module. The multi-frequency antenna is electrically coupled
with the wireless signal module. The multi-frequency
antenna comprises a base board, a radiating element, a
grounding element, a shorting element, and a feeding point.
The radiating element, the grounding element and the short-
ing element are disposed on the base board and the grounding
element is used for grounding the multi-frequency antenna.
The shorting element comprises a first end and a second end;
the first end is connected to the radiating element and the
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second end is connected to the grounding element; wherein, a
first slot is disposed between the radiating element and the
shorting element. The feeding point is used to feed a signal;
wherein the feeding point is substantially disposed between
one edge of the base board and the shorting element.

[0011] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A is a schematic drawing of an antenna ofthe
prior art.
[0013] FIG. 1B shows the VSWR at different frequencies

of the antenna shown in FIG. 1A.

[0014] FIG. 2A is a schematic drawing of a first embodi-
ment of a multi-frequency antenna of the invention.

[0015] FIG. 2B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
2A.

[0016] FIG. 2C shows the efficiency at different frequen-
cies of the embodiment according to the invention shown in
FIG. 2A.

[0017] FIG. 2D shows the radiation pattern on a horizontal
plane of the embodiment according to the invention shown in
FIG. 2A.

[0018] FIG. 3A is aschematic drawing ofa second embodi-
ment of a multi-frequency antenna of the invention.

[0019] FIG. 3B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
3A.

[0020] FIG. 4A is a schematic drawing of a third embodi-
ment of a multi-frequency antenna of the invention.

[0021] FIG. 4B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
4A.

[0022] FIG. 5A is a schematic drawing of a fourth embodi-
ment of a multi-frequency antenna of the invention.

[0023] FIG. 5B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
5A.

[0024] FIG. 6A is a schematic drawing of a fifth embodi-
ment of a multi-frequency antenna of the invention.

[0025] FIG. 6B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
6A.

[0026] FIG. 7A is a schematic drawing of a sixth embodi-
ment of a multi-frequency antenna of the invention.

[0027] FIG. 7B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
7A.

[0028] FIG. 8A is a schematic drawing of a seventh
embodiment of a multi-frequency antenna of the invention.
[0029] FIG. 8B shows the VSWR at different frequencies
of the embodiment according to the invention shown in FIG.
8A.

[0030] FIG. 9 shows a functional block diagram of an elec-
tronic device according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] Theadvantages and innovative features of the inven-
tion will become more apparent from the following preferred
embodiments.
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[0032] Please refer to FIG. 2A. FIG. 2A is a schematic
drawing of a first embodiment of a multi-frequency antenna
of the invention.

[0033] In the first embodiment, a multi-frequency antenna
10q is a flat board structure. The multi-frequency antenna 10a
comprises a base board 20, a radiating element 30, a ground-
ing element 40, a shorting element 50, and a feeding point F.
The base board 20 can be a printed circuit board (PCB), a
plastic board, or a glass fiber board, but the base board 20 of
the invention is not only limited to these materials. The radi-
ating element 30, the grounding element 40, and the shorting
element 50 can either be printed directly onto the base board
20, or they can be produced as a separate iron piece and then
attached to the baseboard 20. When current is fed into the
radiating element 30, the radiating element 30 emits radiation
energy. The radiating element 30 comprises a first radiation
area 311, a second radiation area 312, and a matching element
32. The matching element 32 comprises a first matching area
321 and a second matching area 322. The grounding element
40 is used for grounding the multi-frequency antenna 10a.
The shorting element 50 comprises a firstend 51 and a second
end 52; the first end 51 is connected to the radiating element
30 and the second end 52 is connected to the grounding
element 40.

[0034] A first slot S1 is mounted between the radiating
element 30 and the shorting element 50; a second slot S2 is
mounted between the first radiation area 311 and the second
radiation area 312; a third slot S3 is mounted between the first
matching area 321 and the second matching area 322. The
second slot S2 and the third slot S3 are substantially parallel
to the first radiation area 311. The matching impedance of the
radiating element 30 can be tuned by adjusting the length of
the first slot S1, the second slot S2, and the third slot S3 to
yield different resonance frequency bands. In order to obtain
a desirable effect from the resonance, both the length of the
first slot S1 and the length [.2 of the second radiation area 312
must exceed half the length 1 of the first radiation area 311,
and the length of the third slot S3 must exceed half the length
L3 of the first matching area 321. Also, the height of the
second radiation area 312 must exceed the height of the first
slot S1; the height of the second matching area 322 must
exceed the height of the third slot S3.

[0035] The multi-frequency antenna 10a further comprises
the feeding point F; the feeding point F is substantially dis-
posed between the edge of the base board 20 and the shorting
element 50. In the first embodiment of the invention, the
feeding point F is mounted on the radiating element 30, and is
substantially mounted at the midpoint between the first end
51 of the shorting element 50 and the edge of matching
element 32. The feeding point F is electrically coupled with a
feeding wire (not shown) to feed the electric signals. The
feeding wire canbe a RF cable, but the invention is not limited
to this material.

[0036] Through the above mentioned slots and the configu-
ration of the multi-frequency antenna 10a, a frequency band
atapproximately 2 GHz can beresonated by the first radiation
area 311; a frequency band at approximately 3 GHz can be
resonated by the second radiation area 312; a frequency band
at approximately 5 GHz can be resonated by the second
matching area 322;

[0037] Next, please refer to FIG. 2B~FIG. 2D simulta-
neously. FIG. 2B shows the VSWR at different frequencies of
the embodiment according to the invention shown in FIG. 2A.
FIG. 2C shows the efficiency at different frequencies of the
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embodiment according to the invention shown in FIG. 2A.
FIG. 2D shows the radiation pattern on a horizontal plane of
the embodiment according to the invention shown in FIG. 2A.
[0038] It is apparent from FIG. 2B that through the above
mentioned slots and the configuration of the multi-frequency
antenna 10a, frequency bands can be operated at approxi-
mately 2.3 GHz~2.7 GHz, 3.3 GHz~3.8 GHz, and 5.15
GHz~5.85 GHz. It can be seen from FIG. 2C that the effi-
ciency of the frequency bands at approximately 2.3 GHz~2.7
GHz, 3.3 GHz~3.8 GHz, and 5.15 GHz~5.85 GHz is over
40%, therefore the multi-frequency antenna 10a possesses a
good transmission efficiency. Lastly, it is apparent from FIG.
2D that the multi-frequency antenna 10g is an omnidirec-
tional antenna. Therefore the multi-frequency antenna 10a of
the invention has a better transmission ability as compared
with the antenna 90 of the prior art.

[0039] The multi-frequency antenna 10qa of the invention is
not only limited to the configuration as mentioned in the first
embodiment. Next, please refer to FIG. 3A~3B for the dia-
grams relating to a second embodiment of the invention. FIG.
3A is a schematic drawing of the second embodiment for the
multi-frequency antenna of the invention. FIG. 3B shows the
VSWR at different frequencies of the embodiment according
to the invention shown in FIG. 3A.

[0040] Inthe second embodiment of the invention, the radi-
ating element 30a of a multi-frequency antenna 105 is
entirely formed of a metal board. By comparing the second
embodiment with FIG. 2A, it is clear that the radiating ele-
ment 30a does not comprise the second slot S2 and the third
slot S3. In this configuration, the multi-frequency antenna
105 has the VSWR values as shown in FIG. 3B. The multi-
frequency antenna 105 can have an operating frequency band
from 2.8 GHz to 6 GHz. Therefore the multi-frequency
antenna 105 of the invention has a wider range of operating
frequency bands as compared with the antenna 90 of the prior
art.

[0041] Next, please refer to FIG. 4A-4B for the diagrams
relating to a third embodiment of the invention. FIG. 4A is a
schematic drawing of the third embodiment for the multi-
frequency antenna of the invention. FIG. 4B shows the
VSWR at different frequencies of the embodiment according
to the invention shown in FIG. 4A.

[0042] In the third embodiment of the invention, the radi-
ating element 305 of a multi-frequency antenna 10¢ only
comprises the first radiation area 311 and the second radiation
area 312, and does not comprise the matching element 32 as
shown in FIG. 2A. In this configuration, the multi-frequency
antenna 10c¢ has the VSWR as shown in FIG. 4B. Through
resonance, the multi-frequency antenna 10c¢ can also yield
frequency bands at approximately 2.7 GHz, 3.5 GHz~3.8
GHz, and 5 GHz.

[0043] Next, refer to FIG. SA~5B for the diagrams relating
to a fourth embodiment of the invention. FIG. 5A is a sche-
matic drawing of the fourth embodiment of the multi-fre-
quency antenna for the invention. FIG. 5B shows the VSWR
at different frequencies of the embodiment according to the
invention shown in FIG. 5A.

[0044] Inthe fourth embodiment of the invention, the feed-
ing point F and the radiating element 30 of a multi-frequency
antenna 104 are mounted on opposite surfaces of the base
board 20. The feeding point F is substantially located between
the edge of the base board 20 and the projection of the short-
ing element 50. The grounding element 40 is extended to the
opposite surface of the base board 20. In this configuration,
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the multi-frequency antenna 104 has the VSWR as shown in
FIG. 5B. The multi-frequency antenna 104 can yield reso-
nance frequency bands at approximately 2.8 GHz and above
3.8 GHz.

[0045] Take note that the shape and position of the slots for
the invention are not only limited to the above mentioned
configurations.

[0046] Next, please refer to FIG. 6 A~6B for the diagrams
relating to a fifth embodiment of the invention. FIG. 6A is a
schematic drawing of the fifth embodiment of the multi-
frequency antenna for the invention. FIG. 6B shows the
VSWR at different frequencies of the embodiment according
to the invention shown in FIG. 6A.

[0047] In the fifth embodiment of the invention, the shape
of a second slot S2' of a multi-frequency antenna 10e is
different from the second slot S2 as mentioned in the previous
embodiments. The second slot S2'is [.-shaped, wherein the
opening is substantially perpendicular to the first radiation
area 311. Therefore, a frequency band at approximately 3
GHz can be resonated by the first radiation area 311; a fre-
quency band at approximately 2 GHz can be resonated by the
second radiation area 312. In this configuration, the multi-
frequency antenna 10e has the VSWR as shown in FIG. 6B.
Through resonance, the multi-frequency antenna 10e can also
create operable frequency bands at approximately 2 GHz, 3
GHz, and 5 GHz.

[0048] Next, please refer to FIG. 7A~7B for the diagrams
relating to a sixth embodiment of the invention. FIG. 7A is a
schematic drawing of the sixth embodiment of the multi-
frequency antenna for the invention. FIG. 7B shows the
VSWR at different frequencies of the embodiment according
to the invention shown in FIG. 7A.

[0049] In the sixth embodiment of the invention, the shape
of a third slot S3' of a multi-frequency antenna 10f'is also
L-shaped, and it is substantially perpendicular to the first
radiation area 311. In this configuration, the multi-frequency
antenna 10/ has the VSWR as shown in FIG. 7B. Through
resonance, the multi-frequency antenna 10f can also yield
operable frequency bands at approximately 2 GHz, 3 GHz,
and 5 GHz.

[0050] Next, please refer to FIG. 8 A~8B for the diagrams
relating to a seventh embodiment of the invention. FIG. 8A is
a schematic drawing of the seventh embodiment of the multi-
frequency antenna. FIG. 8B shows the VSWR at different
frequencies of the embodiment according to the invention
shown in FIG. 8A.

[0051] The position of the connection between the shorting
element 50 and the grounding element 40 can be adjusted. In
the seventh embodiment of the invention, the connection
between the second end 52 and the grounding element 40 of
a multi-frequency antenna 10g is closely located to a bottom
of'the grounding element 40. In this configuration, the multi-
frequency antenna 10g has the VSWR as shown in FIG. 8B.
Through resonance, the multi-frequency antenna 10g can also
yield operable frequency bands at approximately 2 GHz, 3
GHz, and 5 GHz.

[0052] Lastly, refer to FIG. 9 for a functional block diagram
of an electronic device according to an embodiment of the
invention.

[0053] Inoneembodiment,an electronic device 60 canbe a
device such as a laptop computer, but the invention is not only
limited to this device. As shown in FIG. 9, the electronic
device 60 of the invention comprises the multi-frequency
antenna 10a and a wireless signal module 61. The electronic
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device 60 can be electrically coupled with the wireless signal
module 61 by feeding a RF cable (not shown) to the multi-
frequency antenna 104, so that signals of the multi-frequency
antenna 10a can be transmitted or received by the wireless
signal module 61. As a result, the electronic device 60 is able
to receive or transmit wireless signal to other devices (not
shown) by means of the multi-frequency antenna 10q, thus
enabling wireless communication.

[0054] Take note that the device 60 is not only limited to
comprise the multi-frequency antenna 10a. In order to receive
or transmit wireless signals at various frequency bands, the
multi-frequency antenna 10a can be replaced by anyone of
the multi-frequency antennas 105~10g for different design
requirements.

[0055] Although the present invention has been explained
in relation to its preferred embodiment, it is also of vital
importance to acknowledge that many other possible modi-
fications and variations can be made without departing from
the spirit and scope of the invention as hereinafter claimed.

What is claimed is:

1. A multi-frequency antenna comprising:

a base board;

a radiating element disposed on the base board;

a grounding element disposed on the base board and used
for grounding the multi-frequency antenna;

a shorting element disposed on the base board, wherein the
shorting element comprises a first end and a second end;
the firstend is connected to the radiating element and the
second end is connected to the grounding element;
wherein, a first slot is disposed between the radiating
element and the shorting element, and the first slot is
used to adjust operating frequency bands of the multi-
frequency antenna; and

a feeding point used to feed an electric signal, wherein the
feeding point is substantially disposed between one edge
of the base board and the shorting element.

2. The multi-frequency antenna as claimed in claim 1,
wherein the radiating element further comprises a first radia-
tion area and a second radiation area; a second slot is mounted
between the first radiation area and the second radiation area,
wherein the second slot is used for adjusting the operating
frequency bands of the multi-frequency antenna.

3. The multi-frequency antenna as claimed in claim 2,
wherein the length of the second slot exceeds half the length
of the first radiation area.

4. The multi-frequency antenna as claimed in claim 2,
wherein the second slot comprises an opening, and the open-
ing is substantially perpendicular or parallel to the first radia-
tion area.

5. The multi-frequency antenna as claimed in claim 2,
wherein the radiating element further comprises a matching
element, wherein the matching element comprises a first
matching area and a second matching area; a third slot is
mounted between the first matching area and the second
matching area, wherein the third slot is used for adjusting the
operating frequency bands of the multi-frequency antenna.

6. The multi-frequency antenna as claimed in claim 5,
wherein the length of the third slot exceeds half the length of
the first matching area.

7. The multi-frequency antenna as claimed in claim 5,
wherein the third slot is substantially perpendicular or paral-
lel to the first radiating area.
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8. The multi-frequency antenna as claimed in claim 1,
wherein the feeding point and the radiating element on the
base board can locate either on the same surface, or locate on
opposite surfaces.

9. The multi-frequency antenna as claimed in claim 1,
wherein the second end of the shorting element is connected
to a bottom of the grounding element.

10. The multi-frequency antenna as claimed in claim 1,
wherein the radiating element, the grounding element and the
shorting element can either be printed directly onto the base
board, or they can be produced as a separate iron piece and
then attached to the base board.

11. An electronic device having a multi-frequency antenna
capable of wireless transmission; the electronic device com-
prising:

a wireless signal module; and

a multi-frequency antenna comprising:

a base board;

a radiating element disposed on the base board;

a grounding element disposed on the base board and used
for grounding the multi-frequency antenna;

a shorting element disposed on the base board, wherein the
shorting element comprises a first end and a second end;
the firstend is connected to the radiating element and the
second end is connected to the grounding element;
wherein, a first slot is disposed between the radiating
element and the shorting element, and the first slot is
used to adjust operating frequency bands of the multi-
frequency antenna; and

a feeding point used to feed an electric signal, wherein the
feeding point is substantially disposed between one edge
of the base board and the shorting element.

12. The electronic device as claimed in claim 11, wherein

the radiating element further comprises a first radiation area
and a second radiation area; a second slot is mounted between
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the first radiation area and the second radiation area, wherein
the second slot is used for adjusting the operating frequency
bands of the multi-frequency antenna.

13. The electronic device as claimed in claim 12, wherein
the length of the second slot exceeds halfthe length of the first
radiation area.

14. The electronic device as claimed in claim 12, wherein
the second slot comprises an opening, and the opening is
substantially perpendicular or parallel to the first radiation
area.

15. The electronic device as claimed in claim 12, wherein
the radiating element further comprises a matching element,
wherein the matching element comprises a first matching area
and a second matching area; a third slot is mounted between
the first matching area and the second matching area, wherein
the third slot is used for adjusting the operating frequency
bands of the multi-frequency antenna.

16. The electronic device as claimed in claim 15, wherein
the length of the third slot exceeds half the length of the first
matching area.

17. The electronic device as claimed in claim 15, wherein
the third slot is substantially perpendicular or parallel to the
first radiating area.

18. The electronic device as claimed in claim 11, wherein
the feeding point and the radiating element on the base board
can locate either on the same surface, or on opposite surfaces.

19. The electronic device as claimed in claim 11, wherein
the second end of the shorting element is connected to a
bottom of the grounding element.

20. The electronic device as claimed in claim 11, wherein
the radiating element, the grounding element and the shorting
element can either be printed directly onto the base board, or
they can be produced as a separate iron piece and then
attached to the base board.

sk sk sk sk sk
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EMBEDDED UWB ANTENNA AND
PORTABLE DEVICE HAVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an embedded UWB
antenna and a portable electronic device having the same,
specifically to an embedded UWB antenna that can excite
vertical current and have an omni-direction radiation pattern
and to a portable electronic device having the embedded
UWB antenna.

[0003] 2. Description of the Related Art

[0004] With the development of wireless communication
technology, the demand for wireless communications grows
with each passing day. Many electronic products equipped
with wireless communication functions have been available
on the market, such as mobile phones, Global Positioning
Systems (GPSs), Personal Digital Assistants (PDAs), and
notebooks, etc. All of them utilize wireless communication
technology extensively to transmit information. Meanwhile,
the demand for broad bandwidth increases as more and more
information is transmitted via wireless internet.

[0005] With the development and popularization of wire-
less communication technology, the wireless communication
technology have been developed many different band groups
of operation in the prior arts, such as Ultra-Wide Band
(UWB), WiMAX, WiFi, or 3G wireless communication tech-
nology, etc. Therefore, a multi-band antenna has become a
future trend for the technology development to fulfill the need
for wireless communications with different band groups.
[0006] Generally, the operating frequencies of UWB today
are defined as follows: the first band group with 3-5 GHz; the
second band group with 5-6 GHz; the third band group with
6-8 GHz; the fourth band group with 8-9 GHz; and the fifth
band group with 9-10 GHz. Not every band group, however,
is required to be used in practical use. Therefore, sometimes
it is necessary to cut off some undesired band groups to avoid
interference.

[0007] Various embedded UWB antennas with enough
bandwidth have been developed. However, due to the restric-
tion on the design of flat surfaces for embedded antennas,
radiation patterns in the horizontal plane are not quite omni-
directional. Therefore, it is necessary to provide a multi-band
UWB antenna to solve problems with respect to omni-direc-
tion patterns.

[0008] In addition, in order to prevent some other band
groups (such as WLAN with 5-6 G) being interfered by the
UWRB (such as 3-8 G), a flexible design of the antenna is also
necessary to cut off certain frequencies and decrease interfer-
ence.

SUMMARY OF THE INVENTION

[0009] In order to overcome the drawbacks of the prior art,
the present invention provides an embedded UWB antenna
and a portable electronic device having the same to excite
vertical current and have an omni-direction radiation pattern.
[0010] An embodiment of the invention provides an
embedded Ultra-Wide Band (UWB) antenna comprising a
grounding element, a radiating element and a plurality of
sleeve elements. The radiating element has a horizontal por-
tion and a vertical portion. The horizontal portion and the
vertical portion together form the radiating element in a sub-
stantially T shape, but the intersection of the vertical portion
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and the horizontal portion substantially depends on the
required frequency of an antenna. The horizontal portion
further comprises at least one opening for cutting off undes-
ired band groups. The vertical portion further comprises a
feed point for feeding current to resonate frequency. The
plurality of sleeve elements respectively extends from the
grounding element and are located on both sides of the ver-
tical portion, wherein the plurality of sleeve elements and the
vertical portion are parallel to each other (i.e., not connected).
[0011] In one embodiment of the invention, the horizontal
portion is substantially perpendicular to the vertical portion to
obtain a certain bandwidth, but which is not used to limit the
invention. The horizontal portion can be disposed at an angle
to the vertical portion rather than perpendicular to it for
obtaining some other bandwidths.

[0012] An embodiment of the invention provides the plu-
rality of sleeve elements comprising a pair of substantially
identical sleeve elements respectively symmetrically located
on both sides of the vertical portion. More particularly, in one
embodiment, the plurality of sleeve elements comprise two
substantially identical first sleeve elements respectively sym-
metrically located on both sides of the vertical portion. The
plurality of sleeve elements can further comprise two sub-
stantially identical second sleeve elements respectively sym-
metrically located on the outer side (i.e. more far away from
the vertical portion) of the first sleeve elements, and the
second sleeve elements are substantially shorter than the first
sleeve elements. In one embodiment, at least one opening
substantially comprises a strip-shaped opening to obtain band
groups of 3-5 GHz and 6-8 GHz, but which is notused to limit
the invention. The shape or size of the opening(s) can be used
to control band groups and to cut off undesired bandwidth(s).
Therefore, in another embodiment, for example, the at least
one opening comprises substantially two strip-shaped open-
ings, and the distance between the two strip-shaped openings
is substantially equal to the width of the vertical portion so as
to obtain a non cut-off band group of 3-10 GHz.

[0013] The above-mentioned embedded UWB antenna can
be applied to a portable electronic device. Thus, an embodi-
ment of the invention also discloses a portable electronic
device comprising a wireless transmission module and the
above-mentioned embedded UWB antenna. The wireless
transmission module is electrically connected with the
embedded UWB antenna to transmit data wirelessly.

[0014] Preferably, the portable electronic device substan-
tially can be a mobile phone, a global positioning system, a
personal digital assistant, or a notebook.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A is a schematic drawing of an embedded
UWB antenna in accordance with one embodiment of the
invention.

[0016] FIG. 1B illustrates the dB values at different fre-
quencies of the embedded UWB antenna in accordance with
the embodiment of the invention shown in FIG. 1A.

[0017] FIGS. 2A and 2B are schematic drawings of the
current distribution of the embedded UWB antenna shown in
FIG. 1A when the frequency is at 3.5 GHz and 4.5 G, respec-
tively.

[0018] FIG. 2C illustrates a radiation pattern of the embed-
ded UWB antenna shown in FIG. 1A with a band group of 3-5
GHz.
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[0019] FIGS. 3A and 3B are schematic drawings of the
current distribution of the embedded UWB antenna shown in
FIG. 1A when the frequency is at 6.5 GHz and 7.5 G, respec-
tively.

[0020] FIG. 3C illustrates a radiation pattern of the embed-
ded UWB antenna shown in FIG. 1A with aband group of 6-8
GHz.

[0021] FIG. 4A is a schematic drawing of an embedded
UWB antenna in accordance with another embodiment of the
invention.

[0022] FIG. 4B illustrates the dB values at different fre-
quencies of the embedded UWB antenna in accordance with
the embodiment of the invention shown in FIG. 4A.

[0023] FIG. 5A is a schematic drawing of an embedded
UWB antenna in accordance with the other embodiment of
the invention.

[0024] FIG. 5B illustrates the dB values at different fre-
quencies of the embedded UWB antenna in accordance with
the embodiment of the invention shown in FIG. 5A.

[0025] FIG. 6 is a functional block drawing of a portable
electronic device in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] Theadvantages and innovative features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

[0027] Please refer to FIG. 1A. An embodiment of the
invention provides an embedded Ultra-Wide Band (UWB)
antenna 1 comprising a grounding element 11, a radiating
element 12, and a plurality of sleeve elements 13a-13¢. The
shape or size of the grounding element 11 can be various
depending on the required frequency. The radiating element
12 has a horizontal portion 121 and a vertical portion 122. The
horizontal portion 121 and the vertical portion 122 together
form the radiating element 12 substantially in a T shape. The
horizontal portion 121 further comprises at least one opening
1211 for cutting off undesired band groups (that will be
described in more details below). The vertical portion 122
further comprises a feed point F for feeding current to reso-
nate frequency. The plurality of sleeve elements 13a-13¢
respectively extends from the grounding element 11 and are
located on both sides of the vertical portion 122, wherein the
plurality of sleeve elements 13a-13¢ and the vertical portion
122 are parallel to each other (i.e., not connected with each
other).

[0028] The intersection of the vertical portion 122 and the
horizontal portion 121 substantially depends on the required
frequency of an antenna. As shown in FIG. 1A, the left portion
(i.e., on the left side of the intersection of the vertical portion
122 and the horizontal portion 121) of the horizontal portion
121 is longer than the right portion of the horizontal portion
121 so that the left portion of the horizontal portion 121 canbe
excited to a frequency, such as 3 GHz, and the right portion of
the horizontal portion 121 can be excited to another fre-
quency, such as 4 GHz, but which is not used to limit the
invention. The left portion of the horizontal portion 121 can
also be much shorter than the right portion of the horizontal
portion 121 (not shown in the figures) with a different inter-
section of the vertical portion 122 and the horizontal portion
121, and the two excited frequencies will be reversed.
[0029] In one embodiment of the invention, as shown in
FIG. 1A, the horizontal portion 121 is substantially perpen-

Apr. 15,2010

dicular to the vertical portion 122 so as to obtain a certain
bandwidth, but which is not used to limit the invention. The
horizontal portion 121 can be disposed at an angle to the
vertical portion 122 rather than perpendicular to it for obtain-
ing some other bandwidths, which will be described in detail
in other embodiments below.

[0030] In this embodiment, the invention provides the plu-
rality of sleeve elements comprising a pair of substantially
identical sleeve elements respectively symmetrically located
on both sides of the vertical portion 122. More particularly, in
one embodiment, as shown in FIG. 1A, the plurality of sleeve
elements 13a-13¢ comprise two substantially identical first
sleeve elements 13a respectively symmetrically located on
both sides of the vertical portion 122. The plurality of sleeve
elements 13a-13¢ can further comprise two substantially
identical second sleeve elements 135 respectively symmetri-
cally located on the outer side (i.e. more far away from the
vertical portion 122) of the first sleeve elements 13, and the
second sleeve elements 135 are substantially shorter than the
first sleeve elements 13a. The plurality of sleeve elements of
the invention can have some pairs of substantially identical
sleeve elements respectively symmetrically located on both
sides of the vertical portion 122 and arranged in order with a
staircase shape so as to adjust frequency as desired. In this
embodiment, the embedded UWB antenna 1 of the invention
can be excited to a frequency of 6-7 GHz and 7-8 GHz by the
sleeve elements 135 and the sleeve elements 13¢, respec-
tively.

[0031] Designers may want to cut off some band groups so
as to avoid unnecessary interference (such as interference
with WLAN or other band groups, etc.) so a cut-off band
group can be set accordingly. In one embodiment, as shown in
FIG. 1A, the opening 1211 of the invention is substantially a
strip-shaped opening for cutting off a band group of 5-6 GHz,
but which is not used to limit the invention. The shape or size
of'the opening can be used to control band groups and to cut
off undesired bandwidths (which will be described in more
detail shown in below).

[0032] For example, please also refer to FIG. 1B, which
illustrates the dB values at different frequencies for showing
the performance of the antenna. The illustration is in accor-
dance with the structure of the antenna shown in FIG. 1A.
When Return Loss (RL) is below 10 dB (RL=10 dB can be
equivalent to Voltage Standing Wave Ratio (VSWR)=2.), the
corresponding band groups are 3-5 GHz and 6-8 GHz. Thus it
can be seen that, in the structure of the UWB antenna as
shown in FIG. 1A, a band group of 3-8 GHz of the UWB
antenna can be obtained and a band group of 5-6 GHz can be
cut off.

[0033] Furthermore, the vertical portion 12 and the sleeve
elements 13a-13¢ are parallel to each other. The vertical
portion 122 can be used for an excitation path for vertical
current. The sleeve elements 13a on both sides of the vertical
portion 122 can enhance current in the same direction. Please
refer to FIGS. 2A and 2B, schematic drawings of current
distribution respectively at 3.5 GHz and 4.5 G in accordance
with the structure of the embedded UWB antenna 1 shown in
FIG. 1A. As can be seen apparently, the embedded UWB
antenna 1 of the invention can have preferable vertical cur-
rent. Please also refer to FIG. 2C. Therefore, the pattern in
X-Y plane is more omni-directional when the band group is at
3-5 GHz.

[0034] FIGS. 3A and 3B are schematic drawings of current
distribution respectively at 6.5 GHz and 7.5 G in accordance
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with the structure of the embedded UWB antenna 1 shown in
FIG. 1A. Apparently, the embedded UWB antenna 1 of the
invention can have preferable vertical current again. Please
also refer to FIG. 3C. Therefore, the pattern in X-Y plane is
also more omni-directional when the band group is at 6-8
GHz.

[0035] Although the horizontal portion 121 is perpendicu-
lar to the vertical portion 122 in FIG. 1A, this is not used to
limit the invention. Please refer to FIG. 4A. As mentioned
above, the horizontal portion 421 can be disposed at an angle
to the vertical portion 422 rather than perpendicular to it. As
mentioned above, the shape or size of the opening can be used
to control band groups and to cut off undesired bandwidths. In
the embodiment of FIG.4A, the at least one opening com-
prises substantially two strip-shaped openings 4211, 4212,
and the distance between the two strip-shaped openings 4211,
4212 is substantially equal to the width of the vertical portion
422. Please also refer to FIG. 4B, which illustrates the dB
values at different frequencies. Apparently, a non cut-off band
group of 3-8 GHz can be obtained in accordance with the
structure of the UWB antenna shown in FIG. 4A.

[0036] Please refer to FIG. 5A for another embodiment.
The structure of the embedded UWB antenna 5 of this
embodiment is similar to that shown in FIG. 4A. In this
embodiment, the horizontal portion 521 comprises only one
strip-shaped opening 5211 and one more pair of sleeve ele-
ments 534 comparing with FIG. 4A. It can be realized that the
sleeve elements 13a-13¢, 43a-43¢, or 53a-53d of the inven-
tion do not have to have the same width or height. In this
embodiment, the embedded UWB antenna 5 can be excited to
a wide band of 10 GHz by the shorter and wider sleeve
elements 53d. Please refer to FIG. 5B, which illustrates the
dB values at different frequencies. The embedded UWB
antenna 5 of this embodiment can has two ultra-wide band
groups, 3-4.7 GHz and 6.3-10 GHz.

[0037] The embedded UWB antenna 1, 4, or 5 mentioned
above can be applied to a portable electronic device. In order
to simplify the description, we only use the reference number
1 for the embedded UWB antenna 1 as the example. Please
refer to FIG. 6. Anembodiment of the invention also discloses
a portable electronic device 60. The portable electronic
device 60 comprises a wireless transmission module 61 and
the embedded UWB antenna 1. The wireless transmission
module 61 is electrically connected with the embedded UWB
antenna 1 (e.g., connected by a cable, fed current through the
feed point F of the embedded UWB antenna 1, and grounded
at the ground point G) to transmit data wirelessly. Also, the
embedded UWB antenna 4 or 5 can replace the embedded
UWRB antenna 1 shown in FIG. 6.

[0038] The wireless transmission module 61 can process
the signals of the UWB antenna 1, 4, or 5, such as emitting or
receiving signals. Therefore, the portable electronic device 60
can receive wireless signals or transmit them to other devices
(not shown in figures) by using the UWB antenna 1, 4, or 5 to
transmit data wirelessly. Preferably, the portable electronic
device 60 can substantially be a mobile phone, a global posi-
tioning system, a personal digital assistant, or a notebook.

[0039] It is noted that the above-mentioned embodiments
are only for illustration, it is intended that the present inven-
tion cover modifications and variations of this invention pro-
vided they fall within the scope of the following claims and
their equivalents. Therefore, it will be apparent to those
skilled in the art that various modifications and variations can
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be made to the structure of the present invention without
departing from the scope or spirit of the invention.

What is claimed is:

1. An embedded ultra-wide band antenna comprising:

a grounding element;

a radiating element comprising a horizontal portion and a
vertical portion, and the horizontal portion and the ver-
tical portion together formed the radiating element sub-
stantially in a T shape, wherein the horizontal portion
further comprises at least one opening, and the vertical
portion further comprises a feed point for feeding cur-
rent to resonate frequency; and

a plurality of sleeve elements respectively extending from
the grounding element, and the sleeve elements being
located on both sides of the vertical portion, wherein the
plurality of sleeve elements and the vertical portion are
substantially parallel to each other.

2. The embedded ultra-wide band antenna as claimed in
claim 1, wherein the horizontal portion is substantially per-
pendicular to the vertical portion.

3. The embedded ultra-wide band antenna as claimed in
claim 1, wherein the plurality of sleeve elements comprise a
pair of substantially identical sleeve elements respectively
symmetrically located on both sides of the vertical portion.

4. The embedded ultra-wide band antenna as claimed in
claim 2, wherein the plurality of sleeve elements comprise
two substantially identical first sleeve elements respectively
symmetrically located on both sides of the vertical portion.

5. The embedded ultra-wide band antenna as claimed in
claim 4, wherein the plurality of sleeve elements comprise
two substantially identical second sleeve elements respec-
tively symmetrically located on the outer side of the first
sleeve elements, and the second sleeve elements are substan-
tially shorter than the first sleeve elements.

6. The embedded ultra-wide band antenna as claimed in
claim 2, wherein the at least one opening is substantially a
strip-shaped opening.

7. The embedded ultra-wide band antenna as claimed in
claim 1, wherein the at least one opening comprises substan-
tially two strip-shaped openings, and the distance between the
two strip-shaped openings is substantially equal to the width
of the vertical portion.

8. A portable electronic device comprising a wireless trans-
mission module and an embedded ultra-wide band antenna,
wherein the wireless transmission module is electrically con-
nected with the embedded ultra-wide band antenna to trans-
mit data wirelessly, wherein the embedded ultra-wide band
antenna comprises:

a grounding element;

a radiating element comprising a horizontal portion and a
vertical portion, the horizontal portion and the vertical
portion together formed the radiating element substan-
tially in a T shape, wherein the horizontal portion further
comprises at least one opening, and the vertical portion
further comprises a feed point for feeding current to
resonate frequency; and

a plurality of sleeve elements respectively extending from
the grounding element, and the sleeve elements being
located on both sides of the vertical portion, wherein the
plurality of sleeve elements and the vertical portion are
parallel to each other.
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9. The portable electronic device as claimed in claim 8,
wherein the portable electronic device is substantially a
mobile phone, a global positioning system, a personal digital
assistant, or a notebook.

10. The portable electronic device as claimed in claim 8,
wherein the horizontal portion of the embedded ultra-wide
band antenna is substantially perpendicular to the vertical
portion of the embedded ultra-wide band antenna.

11. The portable electronic device as claimed in claim 8,
wherein the plurality of sleeve elements of the embedded
ultra-wide band antenna comprise a pair of substantially iden-
tical sleeve elements respectively symmetrically located on
both sides of the vertical portion.

12. The portable electronic device as claimed in claim 10,
wherein the plurality of sleeve elements of the embedded
ultra-wide band antenna comprise two substantially identical
first sleeve elements respectively symmetrically located on
both sides of the vertical portion.
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13. The portable electronic device as claimed in claim 12,
wherein the plurality of sleeve elements of the embedded
ultra-wide band antenna comprise two substantially identical
second sleeve elements respectively symmetrically located
on the outer side of the first sleeve elements, and the second
sleeve elements are substantially shorter than the first sleeve
elements.

14. The portable electronic device as claimed in claim 10,
wherein the at least one opening of the embedded ultra-wide
band antenna comprises substantially a strip-shaped opening.

15. The portable electronic device as claimed in claim 8,
wherein the at least one opening of the embedded ultra-wide
band antenna comprises substantially two strip-shaped open-
ings, and the distance between the two strip-shaped openings
is substantially equal to the width of the vertical portion.

sk sk sk sk sk
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Aloop antenna used in a cell phone having a circuit board and
a casing housing the circuit board is disclosed to include a
loop extending around the border of the circuit board, a
ground end extending from one end of the loop and electri-
cally connected to a ground plane of the circuit board, a feed
end extending from the opposite end of the loop and electri-
cally connected to the circuit board for signal input, and two
cut-oft ends formed in a middle part of the loop to cut off the
loop. The two cut-off ends are electrically connected to the
casing of the cell phone if the casing is a metallic casing, or
short-circuited if the casing of the cell phone is a non-metallic
casing.
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LOOP ANTENNA FOR CELL PHONE HAVING
A METALLIC OR NON-METALLIC CASING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a cell phone antenna
and more particularly, to a high-performance loop antenna
practical for use in a cell phone having a metallic or non-
metallic casing.

[0003] 2. Description of the Related Art

[0004] A cell phone generally comprises an antenna elec-
trically connected to the circuit board thereof for signal input/
output. Following the market tendency toward the design
having a compact characteristic, the space in a cell phone for
antenna is limited. To save space occupation, loop antenna is
the best choice for cell phone.

[0005] Conventionally, a loop antenna for cell phone is
formed of a strip-like metal conductor arranged inside the
casing ofthe cell phone in the form of a loop and electrically
connected to the circuit board of the cell phone for multi-band
operation.

[0006] The casing of a cell phone may be prepared from a
metallic material. Surrounding the loop antenna of a cell
phone with a metallic casing may cause a shielding effect,
weakening the signal.

[0007] Therefore, it is desirable to provide a loop antenna
for cell phone that eliminates the aforesaid problem.

SUMMARY OF THE INVENTION

[0008] The present invention has been accomplished under
the circumstances in view. It is therefore the main object of
the present invention to provide a loop antenna, which is
practical for use in a cell phone having a metallic casing as
well as a cell phone having a non-metallic casing without
encountering any shielding effect.

[0009] To achieve this and other objects of the present
invention, the loop antenna is used in a cell phone having a
circuit board and a casing that houses the circuit board, com-
prising a loop extending around the border-of the circuit
board, a ground end extending from one end of the loop and
electrically connected to a ground plane of the circuit board,
a feed end extending from the other end of the loop and
electrically connected to the circuit board for signal input, and
two cut-off ends formed in a middle part of the loop to cut off
the loop. Ifthe casing of the cell phone is a metallic casing, the
two cut-off ends are electrically connected to the metallic
casing of the cell phone. If the casing of the cell phone is a
non-metallic casing, the two cut-off ends are short-circuited.

[0010] Therefore, when the loop antenna is used in a cell
phone having a metallic casing, the metallic casing of the cell
phone works as a part of the loop antenna, avoiding a shield-
ing effect. When the loop antenna is used in a cell phone
having a non-metallic casing, the two cut-off ends of the loop
antenna are short-circuited. Therefore, the design of the loop
antenna in accordance with the present invention is suitable
for use in any of a variety of cell phones.

[0011] Further, the loop antenna can be integrally formed in
the circuit board of a cell phone. Alternatively, the loop
antenna can be separately made and then installed in the
circuit board of a circuit board.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of a loop antenna
installed in a circuit board according to the present invention
(the imaginary line indicates the circuit board).

[0013] FIG. 2isanoblique top elevation of the circuit board
with the loop antenna according to the present invention.

[0014] FIG. 3 is an oblique bottom elevation of the circuit
board with the loop antenna according to the present inven-
tion.

[0015] FIG. 4 is an exploded view of a cell phone con-
structed according to the present invention.

[0016] FIG. 5 is a VSWR diagram obtained from a loop
antenna with a metallic casing according to the present inven-
tion.

[0017] FIG. 6 is a VSWR diagram obtained from a loop
antenna without a metallic casing according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] Referring to FIGS. 13, a loop antenna 1 is shown
used in a cell phone 2 that (see FIG. 4) comprises an upper
cover shell 21, a bottom cover shell 23, a packing frame 22
and a circuit board 24. The loop antenna 1 comprises a loop
11, a ground end 12, a feed end 13, and two cut-off ends 14.

[0019] The loop 11 extends along the border of the circuit
board 24 of the cell phone 2. The ground end 12 extends from
one end of the loop 11, and is electrically connected to the
ground plane 25 of the circuit board 24. The feed end 13
extends from the other end of the loop 11, and is electrically
connected to the circuit board 24 for signal input. The middle
part of the loop 11 is cut off, forming two cut-off ends 14.

[0020] Iftheupper cover shell 21 and bottom cover shell 23
of'the cell phone 2 are metallic shells and the packing frame
22 is a plastic packing member, the two cut-off ends 14 are
electrically connected to the metallic upper cover shell 21 to
have the metallic upper cover shell 21 be a part of the loop
antenna, preventing the metallic casing of the cell phone from
shielding the loop antenna. If the upper cover shell 21 and
bottom cover shell 23 of the cell phone 2 are plastic shells, as
shown in FIG. 4, the two cut-off ends 14 are short-circuited.

[0021] Referring to FIGS. 13 again, the loop antenna 1 is
divided into multiple segments, i.e., the first segment 11a
started from the ground end 12 and extending along the bor-
der of the top wall of the circuit board 24 to one lateral side of
the circuit board 24, the second segment 115 vertically down-
wardly extending from one end of the first segment 11a
remote from the ground end 12 across the wall thickness of
the circuit board 24 to the bottom side of the circuit board 24,
the substantially t-shaped third segment 11¢ extending along
the border of the bottom wall of the circuit board 24 to the
other lateral side of the circuit board 24, a fourth segment 114
vertically upwardly extending from one end of the third seg-
ment 11c¢ opposite to the second segment 115 across the wall
thickness of the circuit board 24 to the top side of the circuit
board 24 and then terminating in one cut-off end 14, and the
fifth segment 11f extending from the other cut-off end 14
along the border of the top wall of the circuit board 24 to the
feed end 13 that is electrically connected to the circuit board
24 for signal input.
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[0022] FIG. 5 and FIG. 6 are VSWR diagrams obtained
from two loop antenna samples (one installed in a cell phone
having a metallic casing and the other installed in a cell phone
having a plastic casing) according to the present invention.
[0023] The following table is a 3D Gain Table obtained
from a loop antenna with a metallic casing according to the
present invention:
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What the invention claimed is:

1. A loop antenna installed in a cell phone comprising a
casing and a circuit board mounted in said casing, the loop
antenna comprising:

a loop extending around the border of said circuit board;

a ground end extending from one end of said loop and

glect(riically connected to a ground plane of said circuit
oard,

Frequency Directivity Radiation Mismatch  Total
System (MHz) VSWR  (dBi)  Gain(dBi) Eff (%) Eff  Eff (%)
800 1.8 4.16 0.84 46.51 90.85 4225
920 2.1 3.26 2.29 79.85 86.95 69.44
960 12 4.48 2.73 66.83 97.85 65.4
1710 3.9 5.47 2.84 54.6 6688  36.52
1800 44 5.96 4.12 65.49 5644 3696
1800 5 5.49 3.53 63.66 5575 3549
1990 1.8 4.29 1.98 58.68 90.21 52.94
2179 2.8 5.77 3.99 66.43 80.71 53.62
[0024] The following table is a 3D Gain Table obtained a feed end extending from an opposite end of said loop and

from a loop antenna without a metallic casing (with a non-

electrically connected to said circuit board for signal

metallic casing) according to the present invention: input; and
Frequency Directivity Radiation Mismatch  Total
System (MHz) VSWR  (dBi)  Gain(dBi) Eff (%) Eff  Eff (%)
800 2.7 1.99 -2.02 39.61 78.57 31.12
920 29 2.08 -1.39 44.92 75.26 33.8
960 3.4 2.12 -1.08 47.77 69.38 33.14
1710 1.8 3.01 -0.42 4535 91.22 41.37
1800 3.8 3.85 1.1 53.14 65.76 34.94
1880 43 4.09 1.85 59.72 60.87 36.36
1990 3.2 4.42 2.31 61.57 7171 4415
2179 2.7 4.47 0.1 36.57 77.94 28.5
[0025] From the above two tables, itis fully understood that two cut-off ends formed in a middle part of said loop to cut

the loop antenna constructed in accordance with the present
invention is practical for application to a cell phone with a
metallic casing as well as a cell phone with a non-metallic
casing, providing multiple excellent operation bands.

[0026] Further, during fabrication of the loop antenna 1, it
can be directly formed in the circuit board 24 by means of an
etching technique, or separately made and then installed in
the circuit board 24.

[0027] Although particular embodiments of the invention
have been described in detail for purposes of illustration,
various modifications and enhancements may be made with-
out departing from the spirit and scope of the invention.
Accordingly, the invention is not to be limited except as by the
appended claims.

off said loop;

wherein said two cut-off ends are electrically connected to
the casing of said cell phone when the casing of said cell
phone is a metallic casing; said two cut-off ends are
short-circuited when the casing of said cell phone is a
non-metallic casing.

2. The loop antenna as claimed in claim 1, wherein said
loop, said ground end and said feed end are formed integrally
in said circuit board by an etching technique.

3. The loop antenna as claimed in claim 1, wherein said
loop, said ground end and said feed end are formed in integ-
rity beyond said circuit board and then installed in said circuit
board.
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RADIO APPARATUS AND ANTENNA DEVICE
FOR MOBILE RADIO SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2008-248960 filed on Sep. 26, 2008;

the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a radio apparatus
and an antenna device for a mobile radio system, and in
particular to a radio apparatus having a plurality of housing
sections and an antenna device adapted for such aradio appa-
ratus.

[0004] 2. Description of the Related Art

[0005] Most of radio apparatuses such as mobile phones in
recent years have a configuration in which two housing sec-
tions are movably connected in such a way as to be open and
closed to each other, so as to meet the requirement for mul-
tiple functions and high performance and the requirement for
downsizing and thinning at the same time. The radio appara-
tus connects the two housing sections by using a flip type
structure, a flip type structure with a two-axis hinge (may be
called a swivel type) or a slide type structure. The above flip
type structure and the swivel type structure has a hinge sec-
tion and the two housing sections are rotatably connected to
each other through the hinge section.

[0006] Meanwhile, most of antenna devices of radio appa-
ratuses such as mobile phones are of a built-in type in the
housing rather than a type to be extended out of the housing
and used such as a whip antenna. The radio apparatus can
raise an aesthetic or operational aspect by using such a built-
in type antenna device. As described above, however, the
radio apparatus is required to have multiple functions and
high performance and to be downsized and thinned at the
same time. Thus, the antenna device is required to give nec-
essary performance while being arranged in limited space
inside the housing.

[0007] In order to meet the above requirement, a mobile
radio apparatus is constituted by including an antenna in a
hinge section as disclosed in Japanese Patent Publication of
Unexamined Applications (Kokai), No. 2007-88692. The
mobile radio apparatus of JP 2007-88692 is constituted by a
first housing section and a second housing section rotatably
connected to each other through a hinge section. A hinge core
forming a hinge axis is arranged in the hinge section.

[0008] According to JP 2007-88692, the above hinge core
is constituted by including a first member and a second mem-
ber connected to each other. The first member is mechanically
fixed to the second housing section and electrically connected
to a circuit board included in the second housing section. The
second member is mechanically fixed to the first housing
section but not electrically connected to a circuit board
included in the firsthousing section. The first member is made
of conductive material such as metal and is shaped to be
almost cylindrical or columnar, and so is the second member.
Dueto the above configuration, the hinge core can be fed from
the circuit board included in the second housing section as an
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antenna element while not being electrically connected to the
circuit board included in the first housing section.

[0009] Inthe mobile radio apparatus of JP 2007-88692, the
whole hinge core forming the hinge axis is constituted by the
conductive members and is fed as the antenna element.
According to the paragraph “0026” of the specification of JP
2007-88692, the hinge core is constituted by the conductive
members such as metal and is shaped to be almost cylindrical
or columnar. The first member and the second member are on
the side of the second housing section and on the side of the
first housing section, respectively, and are mechanically con-
nected to each other in such a way as to rotate coaxially. The
hinge core includes a mechanism configured to provide reten-
tion force for a click feeling, and a mechanism configured to
provide rotation force for an unaided rotation.

[0010] A spring may be arranged in an axial direction of the
rotation so as to give rotational resistance, as an example of
the above “mechanism configured to provide rotation force
for an unaided rotation”. In general, the spring is made of
metal and is conductive, and may thereby affect an antenna
characteristic upon changing its shape depending upon an
open/closed state determined by the rotation between the two
housing sections (e.g., an angle between the two housing
sections of the flip type mobile phone). As the open/closed
state usually changes in accordance with the purpose ofuse of
the radio apparatus, it is not preferable for the antenna char-
acteristic to be affected as described above.

SUMMARY OF THE INVENTION

[0011] Accordingly, an advantage of the present invention
is to provide an antenna device constituted by using members
of'a hinge section connecting two housing sections, and hav-
ing a characteristic not to be easily affected by the open/
closed state determine by the rotation between the two hous-
ing sections.

[0012] To achieve the above advantage, one aspect of the
present invention is to provide a radio apparatus including a
first housing section, a second housing section and a hinge
section. The second housing section is rotatably connected to
the firsthousing section. The second housing section includes
anantenna feed circuit and a ground circuit. The hinge section
is constituted by an axis member fixed to the second housing
section and a bearing member fixed to the first housing sec-
tion. The axis member is put through the bearing member for
forming an axis of rotation of the second housing section with
respect to the first housing section. The axis member has a
conductive portion connected to the antenna feed circuit at a
feed point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1is aperspective view showing a configuration
of'a mobile communication terminal, i.e., a radio apparatus of
a first embodiment of the present invention.

[0014] FIG. 2 illustrates a configuration of a hinge section
of the mobile communication terminal of the first embodi-
ment.

[0015] FIG. 3 illustrates a mechanical relationship between
an axis member and a bearing member both constituting the
hinge section of the mobile communication terminal of the
first embodiment.

[0016] FIG. 4 illustrates a state in which a spring is
arranged on an inner wall of the bearing member of the first
embodiment.
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[0017] FIG. 5illustrates an electrical connection of the axis
member of the first embodiment.

[0018] FIG. 6 illustrates an electrical connection of an
exposed portion of an axis member of a first modification of
the first embodiment.

[0019] FIG. 7 is a three-side view showing a shape of an
axis member of a second modification of the first embodi-
ment.

[0020] FIG. 8 shows a configuration and an electrical con-
nection of a third modification of the first embodiment.
[0021] FIG. 9 is a cross-sectional view showing a configu-
ration of the exposed portion of the axis member of the third
modification of the first embodiment.

[0022] FIG.10 shows aconfiguration and an electrical con-
nection of a fourth modification of the first embodiment.
[0023] FIG. 11 shows a configuration and an electrical con-
nection of a fifth modification of the first embodiment.
[0024] FIG. 12 is a perspective view showing a configura-
tion of a mobile communication terminal, i.e., a radio appa-
ratus of a second embodiment of the present invention.
[0025] FIG. 13 shows an internal configuration of the
mobile communication terminal of the second embodiment.
[0026] FIG. 14 shows an example of measurement of radia-
tion efficiency of the mobile communication terminal of the
second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, embodiments of the present invention
will be described in detail. In following descriptions, terms
such as upper, lower, left, right, horizontal or vertical used
while referring to a drawing shall be interpreted on a page of
the drawing unless otherwise noted. A same reference
numeral given in no less than two drawings shall represent a
same member or a same portion.

[0028] A first embodiment of the present invention will be
described with reference to FIGS. 1-11. FIG. 1 is a perspec-
tive view showing a configuration of a mobile communication
terminal 1, i.e., a radio apparatus of the first embodiment of
the present invention. The mobile communication terminal 1
is constituted by a first housing section 11 and a second
housing section 12 rotatably connected through a hinge sec-
tion 13 in such a way as to be open and closed to each other.
An upper left side shown in FIG. 1 corresponds to a front
direction of the mobile communication terminal 1 being in
use.

[0029] A mechanism that enables the first housing section
11 and the second housing section 12 to be open and closed to
each other may be of a flip type or a two-axis hinge (swivel)
type, and is not limited to those types. The hinge section 13 is
aportion including the mechanism that is placed between the
firsthousing section 11 and the second housing section 12 and
enables the first housing section 11 and the second housing
section 12 to be open and closed to each other. The hinge
section 13 is indicated by a dashed ellipse surrounding it in
FIG. 1.

[0030] A display unit constituted by, e.g., a liquid crystal
device is arranged on a front face of the first housing section
11 (another display unit may be arranged on other faces
including backs of'the first housing section 11 and the second
housing section 12). An operation section constituted by a
plurality of operation keys is arranged on a front face of the
second housing section 12 (some of the operation keys may
be arranged on other faces including side faces of the first
housing section 11 and the second housing section 12).
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[0031] FIG. 2 illustrates a configuration of the hinge section
13. As shown by a curved block arrow in FIG. 2, a portion of
the hinge section 13 on the side of the second housing section
12 accommodates an axis member 15. The axis member 15 is,
e.g., made of metallic material shaped like a shaft. The axis
member 15 may have one portion made of metallic material
and another portion made of nonconductive material. As
shown by another curved block arrow in FIG. 2, a portion of
the hinge section 13 on the side of the first housing section 11
accommodates a bearing member 16. The bearing member 16
is constituted by a cover section 16a and a head section 165.
[0032] The axis member 15 is, as shown by a block arrow
directed to the bearing member 16, put through the bearing
member 16 that is shaped like a hollow cylinder. FIG. 3
illustrates a mechanical relationship between the axis mem-
ber 15 and the bearing member 16, i.e., a state in which the
axis member 15 is put through the bearing member 16. The
axis member 15 is mechanically fixed to the second housing
section 12. The bearing member 16 is mechanically fixed to
the first housing section 11. Due to such a structure, the
second housing section 12 can rotate with respect to the first
housing section 11 around an axis formed by the axis member
15.

[0033] As shown in FIG. 4, a spring 17 (indicated by a
spiral dotted line, omitted to be shown in FIGS. 2-3 for
avoiding complicated drawings) is arranged on an inner wall
of'the hollow cylinder of the cover section 16a. The spring 17
gives rotational resistance upon the second housing section
12 rotating with respect to the first housing section 11 as
described above. When the first housing section 11 and the
second housing section 12 are closed to each other, the spring
17 can thereby provide a moderate resistance feeling. When
the first housing section 11 and the second housing section 12
open to each other, the spring 17 can thereby provide a feeling
as if the first housing section 11 and the second housing
section 12 open by themselves to a certain extent. The cover
section 164 may have a mechanism that can give a moderate
click feeling while the first housing section 11 and the second
housing section 12 are being open and closed to each other.

[0034] FIG. 5illustrates an electrical connection of the axis
member 15. As described with reference to FIG. 2, the bear-
ing member 16 is arranged inside the portion of the hinge
section 13 on the side of the first housing section 11 (the
bearing member 16 is shown by dotted lines in FI1G. 5), and is
mechanically fixed to the first housing section 11. The axis
member 15 is arranged inside the portion of the hinge section
13 on the side of the second housing section 12 (the axis
member 15 is shown by dotted lines in FIG. 5), and is
mechanically fixed to the second housing section 12.

[0035] The first housing section 11 and the second housing
section 12 includes a first printed board (not shown in FIG. 5)
and a second printed board 22 (shown by dashed lines in FIG.
5), respectively. The second printed board 22 has an antenna
feed circuit 23 indicated by a symbol, and a ground circuit (a
conductive portion to be grounded) that is not shown. The axis
member 15 made of the metallic material is connected to the
antenna feed circuit 23 and can be excited as an antenna
element so as to constitute an antenna device of the mobile
communication terminal 1.

[0036] Themobile communication terminal 1 or its antenna
device configured as described above has following effects.
At first, as shown in FIG. 5, the mobile communication ter-
minal 1 having the antenna device that uses the axis member
15 as the antenna element arranged close to a right end of the
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hinge section 13 can arrange, e.g., another antenna device in
space on a left side of the hinge section 13, and can thereby
use mounting space efficiently.

[0037] Next, the axis member 15 that can be excited as the
antenna element is mechanically fixed to the second housing
section 12, and thus never changes its shape even if the second
housing section 12 rotates with respect to the first housing
section 11 so as to obtain a stable antenna characteristic.

[0038] Still, the length of the axis member 15 in the direc-
tion of the axis of the rotation can be selected within a certain
range regardless of the size of the bearing member 16 (the
axis member 15, e.g., can be extended leftward in FI1G. 5, i.e.,
at least a portion of the axis member 15 is exposed to the
outside of the bearing member 16). The mobile communica-
tion terminal 1 can thereby select a resonant frequency of the
antenna element within a certain range without upsizing the
hinge section 13.

[0039] As at least a portion of the axis member 15 is
exposed to the outside of the bearing member 16, as described
above, the connection or the shape of the exposed portion can
be modified in a couple of ways. FIG. 6 illustrates an electri-
cal connection of a first one of such modifications as viewed
from the front direction of the mobile communication termi-
nal 1 in FIG. 1, FIG. 2 or FIG. 5 while the mobile communi-
cation terminal 1 is being in use. Each of portions shown in
FIG. 6 which is a same as the corresponding one shown in
FIGS. 2-5 is given a same reference numeral, and its expla-
nation is omitted.

[0040] As shown in FIG. 6, the portion of the axis member
15 exposed to the outside of the bearing member 16 is con-
nected to the antenna feed circuit 23 at a feed point, and is
short-circuited to the grounded conductive portion of the
second printed board 22 that is not shown at another point.
The axis member 15 constitutes a so-called inverted-F
antenna due to such a connection and can adjust impedance as
viewed from the antenna feed circuit 23.

[0041] FIG. 7 is a three-side view showing a shape of the
axis member 15 of a second modification of the first embodi-
ment. The lower right of the three-side view is a front view as
viewed from the upper left in FIG. 1, 2 or 5 (the front direction
of the mobile communication terminal 1 being in use). The
portion of the axis member 15 exposed to the outside of the
bearing member 16 is shown on the left side of the front view
in FIG. 3 or 5. The exposed portion of the second modification
is shaped to have a half circular cross section.

[0042] Owing to the above shape of the axis member 15, as
shown by a block arrow in the above front view, e.g., a
connection pin can be stood from the lower side (from the
second printed board 22) and easily connected to the axis
member 15. The portion of the axis member 15 exposed to the
outside of the bearing member 16 can be preferably shaped to
be connected to the antenna feed circuit 23, e.g., as described
above.

[0043] FIG. 8 shows a configuration and an electrical con-
nection of a third modification of the first embodiment as
viewed from the same direction as in FIG. 6. Each of portions
shown in FIG. 8 which is a same as the corresponding one
shown in FIGS. 2-5 is given a same reference numeral, and its
explanation is omitted. As shown in FIG. 8, a nonconductive
surrounding member 25 is arranged around the portion of the
axis member 15 exposed to the outside of the bearing member
16. On an outer face of the nonconductive surrounding mem-
ber 25, a conductive pattern 26 is arranged by, e.g., being
plated. FI1G. 9 shows a configuration of the exposed portion of
the axis member 15 described above on a cross section that is
perpendicular to the page of FIG. 8.
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[0044] As shown in FIG. 8, the conductive pattern 26 is
connected to the antenna feed circuit 23 and is excited as the
antenna element so as to constitute the antenna device of the
mobile communication terminal 1. As the antenna device
configured as described above is separate from the axis mem-
ber 15 and the bearing member 16 by means of the noncon-
ductive surrounding member 25, the antenna device can be
effectively isolated from a change of relative positions of
metallic portions caused by the rotation between the axis
member 15 and the bearing member 16, and can thereby
maintain stability of the antenna characteristic.

[0045] FIG. 10 shows a configuration and an electrical con-
nection of a fourth modification of the first embodiment as
viewed from the same direction as in FIG. 6. Each of portions
shown in FIG. 10 which is a same as the corresponding one
shown in FIGS. 2-5 is given a same reference numeral, and its
explanation is omitted. As shown in FIG. 10, a parallel reso-
nance circuit 27 can be arranged between the axis member 15
and the antenna feed circuit 23 as a matching circuit. The
parallel resonance circuit 27 can be given a parallel resonant
frequency that is different from the resonant frequency of the
axis member 15 so that the antenna device can have plural
resonant frequencies.

[0046] FIG. 11 shows a configuration and an electrical con-
nection of a fifth modification of the first embodiment as
viewed from the same direction as in FIG. 6. Each of portions
shown in FIG. 11 which is a same as the corresponding one
shown in FIGS. 2-5 is given a same reference numeral, and its
explanation is omitted. The fifth modification includes an
antenna element 31 on the side of the second housing section
12 of the hinge section 13. The antenna element 31 is con-
nected to an antenna feed circuit 32 arranged on the second
printed board 22. The fifth modification includes an antenna
element 33 on the side of the second housing section 12 of the
hinge section 13. The antenna element 33 is connected to an
antenna feed circuit 34 arranged on the second printed board
22.

[0047] According to the fifth modification described above,
the mobile communication terminal 1 can have two antenna
devices in addition to the antenna device having the axis
member 15 as the antenna element. These antenna devices are
contained in the hinge section 13 so as to improve space
efficiency and to contribute to multiple functions as antennas
of a plurality of systems.

[0048] The antenna element constituted by the axis mem-
ber 15 and the antenna element 31 have inverted-L shapes
directed in opposite directions to each other, and the tips of
the antenna element constituted by the axis member 15 and
the antenna element 31 are arranged perpendicular to the
antenna element 33, so that the isolation among the antenna
elements can be improved rather than in a case where the
antenna elements are directed in a same direction. Various
arrangements can improve the isolation, such that the por-
tions of the antenna elements which are being fed at which
high voltage values are distributed are arranged separate, that
the antenna elements are arranged in such a way that the areas
of'the portions of the antenna elements facing each other are
small, that the antenna elements having resonant or third
harmonic frequencies which are close to each other are
arranged separate, and that the portions close to a feed end or
aportion away from the feed end by an odd number times the
quarter wavelength are arrange separate.

[0049] According to the first embodiment of the present
invention, an axis member of the hinge section of a mobile
communication terminal constituted by two housing sections
rotatably connected to each other can be used as an antenna
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element so that the open/closed state caused by the rotation of
the housing sections with respect to each other hardly affects
the antenna characteristic.

[0050] A second embodiment of the present invention will
be described with reference to FIGS. 12-14. FIG. 12 is a
perspective view showing a configuration of a mobile com-
munication terminal 4, i.e., a radio apparatus of the second
embodiment of the present invention. The mobile communi-
cation terminal 4 is constituted by a first housing section first
housing section 41 and a second housing section 42 rotatably
connected through a hinge section 43 in such a way as to be
open and closed to each other. A mechanism that enables the
first housing section 41 and the second housing section 42 to
be open and closed to each other may be of a flip type or a
two-axis hinge (swivel) type, and is not limited to those types.
[0051] The hinge section 43 is a portion including the
mechanism that is placed between the first housing section 41
and the second housing section 42 and enables the first hous-
ing section 41 and the second housing section 42 to be open
and closed to each other. The hinge section 43 is indicated by
a dashed ellipse surrounding it in FIG. 12. The first housing
section 41 and the second housing section 42 have a display
unitand an operation section, respectively, on their front faces
similarly as the first embodiment.

[0052] The hinge section 43 is constituted similarly as the
hinge section 13 of the first embodiment, and accommodates
the axis member 15 and the bearing member 16 (they are not
shown in FIG. 12). The axis member 15 is mechanically fixed
to the second housing section 42, and is put through the
bearing member 16 that is mechanically fixed to the first
housing section 41.

[0053] FIG. 13 shows an internal configuration of the
mobile communication terminal 4. In FIG. 13, outlines of the
firsthousing section 41, the second housing section 42 and the
hinge section 43 are shown by dashed lines, and the internal
configuration is shown by solid lines. The first housing sec-
tion 41 and the second housing section 42 include a first
printed board 45 and a second printed board 46, respectively.
[0054] The second printed board 46 has an antenna feed
circuit 47 indicated by a symbol and a ground circuit that is
not shown. The axis member 15 made of metallic material is
connected to the antenna feed circuit 47 and is excited as an
antenna element so as to form an antenna device of the mobile
communication terminal 4.

[0055] As shown in FIG. 13, a lower right area of the first
printed board 45 is extended downwards. An area of the first
printed board 45 including the extended area has a conductive
portion that is not shown. Thus, the conductive portion of the
first printed board 45 is arranged in such a way that an end of
the conductive portion is close to the axis member 15. If the
axis member 15 is excited as the antenna element, the con-
ductive portion of the first printed board 45 is voltage (or
current) coupled to the axis member 15 as a kind of parasitic
element so as to enlarge an effective volume of the antenna
device of the mobile communication terminal 4 and to
increase the antenna gain.

[0056] The configuration shown in FIG. 13 may be modi-
fied in such a way that the conductive portion of the first
printed board 45 is arranged close to the feed end of the
antenna element. FIG. 14 shows an example of measurement
of the radiation efficiency of the antenna element in a fre-
quency range of digital terrestrial TV broadcasting (DTTB)
for mobile terminals, in condition that the conductive portion
of'the first printed board 45 is close, or not close, to the open
end or the feed end of the antenna element (an antenna ele-
ment other than the axis member 15 has been used for the
measurement). FIG. 14 has a horizontal axis representing
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frequencies (in a 470-770 megahertz (MHz) range) and a
vertical axis representing the radiation efficiency (in decibel
(dB)). Triangular plots shown in FIG. 14 denote measurement
data in condition that both the open end and the feed end are
arranged close to the conductive portion of the first printed
board 45. Circular plots denote measurement data in condi-
tion that only the open end is arranged close to the conductive
portion of the first printed board 45. Square plots denote
measurement data in condition that only the feed end is
arranged close to the conductive portion of the first printed
board 45. Diamond plots denote measurement data in condi-
tion that none of the open end and the feed end is arranged
close to the conductive portion of the first printed board 45.
[0057] As shown in FIG. 14, in the lower frequency range
around 520 MHz, it is contributing to the increased radiation
efficiency to arrange the open end of the antenna element
close to the conductive portion of the first printed board 45. In
the higher frequency range around 670 MHz, it is contributing
to the increased radiation efficiency to arrange the feed end of
the antenna element close to the conductive portion of the first
printed board 45.

[0058] Thus, in order that the antenna device for receiving
DTTB is tuned to the lower frequency range, the mobile
communication terminal 4 is configured as shown in FIG. 13
so that the antenna device is arranged close to one side of the
hinge section 43 and coupled to the conductive portion of the
first printed board 45. The mobile communication terminal 4
can satisfy the tuning requirement and can effectively use
space of the other side of the hinge section 43 in parallel.
[0059] If at least a portion of the first housing section 41 is
formed by conductive material a configuration in which the
portion formed by the conductive material is arranged close to
the axis member 15 can obtain an effect similar to that of the
second embodiment.

[0060] According to the second embodiment of the present
invention described above, the antenna element is coupled to
the printed board included in the housing of the mobile com-
munication terminal so that the space use efficiency and the
antenna characteristic can be improved.

[0061] In the above description of the embodiments, the
configurations, shapes and connections or positional relations
of'the mobile communication terminal, the hinge sections and
the antenna devices, the shapes and the arrangements of other
members, etc. are considered as exemplary only, and thus
may be variously modified within the scope of the present
invention.

[0062] The particular hardware or software implementa-
tion of the present invention may be varied while still remain-
ing within the scope of the present invention. It is therefore to
be understood that within the scope of the appended claims
and their equivalents, the invention may be practiced other-
wise than as specifically described herein.

What is claimed is:

1. A radio apparatus comprising:

a first housing section;

a second housing section rotatably connected to the first
housing section the second housing section including an
antenna feed circuit and a ground circuit; and

a hinge section constituted by an axis member fixed to the
second housing section and a bearing member fixed to
the first housing section, the axis member being put
through the bearing member for forming an axis of rota-
tion of the second housing section with respect to the
first housing section, the axis member having a conduc-
tive portion connected to the antenna feed circuit at a
feed point.
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2. The radio apparatus of claim 1, wherein the axis member
is arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member.

3. The radio apparatus of claim 1, wherein the axis member
is arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member and is connected to the ground circuit.

4. The radio apparatus of claim 1, wherein the axis member
is arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member and is preferably shaped for being connected
to the antenna feed circuit.

5. The radio apparatus of claim 1, wherein the axis member
has a nonconductive portion on which a conductive pattern is
arranged, the nonconductive portion being arranged exposed
to the outside of the bearing member, the conductive pattern
being connected to the antenna feed circuit.

6. The radio apparatus of claim 1, wherein the first housing
section further includes a printed board having a conductive
portion, the axis member and the printed board being rela-
tively arranged in such a way that the conductive portion of
the axis member and the conductive portion of the printed
board are positioned close to each other.

7. The radio apparatus of claim 1 wherein the first housing
section further includes a printed board having a conductive
portion, the axis member and the printed board being rela-
tively arranged in such a way that an end of the axis member
being farther from the feed point and the conductive portion
of the printed board are positioned close to each other.

8. The radio apparatus of claim 1, wherein the first housing
section further includes a printed board having a conductive
portion, the axis member and the printed board being rela-
tively arranged in such a way that the feed point and the
conductive portion of the printed board are positioned close to
each other.

9. The radio apparatus of claim 1, wherein at least a portion
of'the first housing section is formed by conductive material,
the conductive portion of the axis member being positioned
close to the portion of the first housing section formed by the
conductive material.

10. An antenna device adapted for a radio apparatus con-
stituted by a first housing section and a second housing sec-
tion rotatably connected to each other, the second housing
section having an antenna feed circuit and a ground circuit,
comprising:

an antenna element constituted by an axis member fixed to

the second housing section, the axis member having a
conductive portion connected to the antenna feed circuit
at a feed point, and
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a bearing member fixed to the first housing section, the axis
member being put through the bearing member for
forming an axis of rotation of the second housing section
with respect to the first housing section.

11. The antenna device of claim 10, wherein the axis mem-
beris arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member.

12. The antenna device of claim 10, wherein the axis mem-
beris arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member and is connected to the ground circuit.

13. The antenna device of claim 10, wherein the axis mem-
beris arranged in such a way that the conductive portion of the
axis member is at least partially exposed to the outside of the
bearing member and is preferably shaped for being connected
to the antenna feed circuit.

14. The antenna device of claim 10, wherein the axis mem-
ber has a nonconductive portion on which a conductive pat-
tern is arranged, the nonconductive portion being arranged
exposed to the outside of the bearing member, the conductive
pattern being connected to the antenna feed circuit.

15. The antenna device of claim 10, wherein the first hous-
ing section further includes a printed board having a conduc-
tive portion, the axis member and the printed board being
relatively arranged in such a way that the conductive portion
of the axis member and the conductive portion of the printed
board are positioned close to each other.

16. The antenna device of claim 10, wherein the first hous-
ing section further includes a printed board having a conduc-
tive portion, the axis member and the printed board being
relatively arranged in such a way that an end of the axis
member being farther from the feed point and the conductive
portion of the printed board are positioned close to each other.

17. The antenna device of claim 10, wherein the first hous-
ing section further includes a printed board having a conduc-
tive portion, the axis member and the printed board being
relatively arranged in such a way that the feed point and the
conductive portion of the printed board are positioned close to
each other.

18. The antenna device of claim 10, wherein at least a
portion of the first housing section is formed by conductive
material, the conductive portion of the axis member being
positioned close to the portion of the first housing section
formed by the conductive material.

sk sk sk sk sk
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MOBILE TERMINAL AND ANTENNA
CONNECTION CABLE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2008-0096797, filed on
Oct. 1, 2008, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a mobile terminal
and an antennal connection cable thereof, which can mini-
mize path loss and insertion loss, improve mechanical reli-
ability and reduce manufacturing cost by minimizing the
number of paths between an antenna and a radio frequency
(RF) input terminal.

[0004] 2. Description of the Related Art

[0005] Due to recent trends to smaller and slimmer mobile
terminals, more antennas are being designed to be embedded
in mobile terminals, rather than being exposed outside mobile
terminals. Most mobile terminals are small enough to be held
in hands, and are generally used while being gripped by their
users’ hands. Thus, most antennas for use in mobile terminals
are disposed at the ends of the main bodies of mobile termi-
nals in order to prevent the reception and transmission of
signals from being interfered with by the users’ hands.
[0006] However, it is generally difficult to find a proper
position for an antenna inside a mobile terminal. In most
cases, an antenna is disposed a predetermined distance apart
from a printed circuit board (PCB) in a mobile terminal. In
order to connect the antenna and the PCB, a feeding point
may be provided in the mobile terminal, and may be con-
nected to the antenna. In addition, the feeding point may be
connected to a wireless communication unit of the mobile
terminal by a coaxial cable. In order to connect the feeding
point and the wireless communication unit, a mobile switch
having the shape of a coaxial cable socket may be provided at
the feeding point. The coaxial cable may connect a mobile
switch of the wireless communication unit, which serves as
an input/output (I/O) port for the wireless communication
unit, and the mobile switch at the feeding point. In this case,
since the antenna and the wireless communication unit are
connected indirectly via a plurality of connection nodes (i.e.,
the feeding point, the mobile switch at the feeding point, the
coaxial cable, and the mobiles switch of the wireless commu-
nication unit), insertion loss may occur at the mobile switch at
the feeding point and the mobile switch of the wireless com-
munication unit, respectively, and path loss may occur along
the connection path between the antenna and the wireless
communication unit.

SUMMARY OF THE INVENTION

[0007] The present invention provides a mobile terminal
and an antennal connection cable thereof, which can mini-
mize path loss and insertion loss by minimizing the number of
paths between an antenna and a radio frequency (RF) input
terminal.

[0008] The present invention also provides a mobile termi-
nal and an antennal connection cable thereof, which can
improve mechanical reliability and reduce manufacturing
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cost by simplifying the connection between a wireless com-
munication unit and an antenna.

[0009] According to an aspect of the present invention,
there is provided a mobile terminal including a body includ-
ing a first case in which an antenna is disposed and a second
case in which a wireless communication unit is disposed; a
mobile switch which is disposed in the second case and serves
as a radio frequency (RF) input/output (I/O) port for the
wireless communication unit; and an antenna connection
cable which is formed in one body with the antenna and
includes a connector formed at one end of the antenna con-
nection cable, the antenna connection able being connected to
the mobile switch via the connector.

[0010] According to another aspect of the present inven-
tion, there is provided a mobile terminal having a body
including a first case in which an antenna is disposed and a
second case in which a wireless communication unit is dis-
posed, the mobile terminal including a first socket which is
connected to the antenna and is exposed on one side of the first
case; and a second socket which is formed in the second case
and is connected to the wireless communication unit,
wherein, when the first and second cases are coupled so as to
form the body, the first and second sockets face each other and
connect the antenna and the mobile switch.

[0011] According to another aspect of the present inven-
tion, there is provided an antenna connection device includ-
ing a socket which is coupled to a mobile switch formed on a
substrate of a mobile terminal; and an antenna connection
cable which has one end connected to an antenna and the
other end connected to the socket and is formed in one body
with a case in which the antenna is buried.

[0012] According to another aspect of the present inven-
tion, there is provided a mobile terminal having an antenna
and a mobile switch spaced apart from each other, the mobile
terminal including a mobile switch; a connector which is
formed in one body with the antenna, corresponds to the
mobile switch, and includes a connection groove for coupling
the connector to a test connector; and an antenna connection
cable which forms a connection path between the test con-
nector and the mobile switch when the test connector is
inserted into the connection groove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other features and advantages of the
present invention will become more apparent by describing in
detail preferred embodiments thereof with reference to the
attached drawings in which:

[0014] FIG. 1 illustrates a block diagram of a mobile ter-
minal according to an exemplary embodiment of the present
invention;

[0015] FIG. 2 illustrates a front perspective view of an
example of the mobile terminal shown in FIG. 1;

[0016] FIG. 3 illustrates a rear perspective view of the
mobile terminal shown in FIG. 2;

[0017] FIG. 4 illustrates an antenna connection cable for
use in a typical bar-type mobile terminal and how the antenna
connection cable is connected to the typical bar-type mobile
terminal;

[0018] FIG. 5 illustrates the structure of the antenna shown
in FIG. 4;
[0019] FIG. 6 illustrates an antenna connection cable

according to an exemplary embodiment of the present inven-
tion and a mobile terminal having the antenna connection
cable;
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[0020] FIG. 7 illustrates the structure of the antenna con-
nection cable shown in FIG. 6;

[0021] FIG. 8 illustrates an antenna connection cable
according to another exemplary embodiment of the present
invention and a mobile terminal having the antenna connec-
tion cable;

[0022] FIG.9 illustrates how a socket can be fixed to a front
case of a mobile terminal;

[0023] FIG. 10 illustrates an antenna connection cable
according to another exemplary embodiment of the present
invention and a mobile terminal having the antenna connec-
tion cable;

[0024] FIG. 11 illustrates perspective views of a test con-
nector, a connector and a mobile switch; and

[0025] FIG. 12 illustrates how to set a connection path with
the use of a connector.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention will hereinafter be described
in detail with reference to the accompanying drawings in
which exemplary embodiments of the invention are shown.
[0027] The term ‘mobile terminal’, as used herein, may
indicate a mobile phone, a smart phone, a laptop computer, a
digital broadcast receiver, a personal digital assistant (PDA),
a portable multimedia player (PMP), or a navigation device.
[0028] FIG. 1 illustrates a block diagram of a mobile ter-
minal 100 according to an embodiment of the present inven-
tion. Referring to FIG. 1, the mobile terminal 100 may
include a wireless communication unit 110, an audio/video
(A/V) input unit 120, a user input unit 130, a sensing unit 140,
an output unit 150, a memory 160, an interface unit 170, a
controller 180, and a power supply unit 190. Two or more of
the wireless communication unit 110, the A/V input unit 120,
the user input unit 130, the sensing unit 140, the output unit
150, the memory 160, the interface unit 170, the controller
180, and the power supply unit 190 may be incorporated into
a single unit, or some of the wireless communication unit 110,
the A/V input unit 120, the user input unit 130, the sensing
unit 140, the output unit 150, the memory 160, the interface
unit 170, the controller 180, and the power supply unit 190
may be divided into two or more smaller units.

[0029] Thewireless communication unit 110 may include a
broadcast reception module 111, a mobile communication
module 113, a wireless internet module 115, a short-range
communication module 117, and a global positioning system
(GPS) module 119.

[0030] The broadcast reception module 111 may receive a
broadcast signal and/or broadcast-related information from
an external broadcast management server through a broadcast
channel. The broadcast channel may be a satellite channel or
a terrestrial channel. The broadcast management server may
be a server which generates broadcast signals and/or broad-
cast-related information and transmits the generated broad-
cast signals and/or the generated broadcast-related informa-
tion or may be a server which receives and then transmits
previously-generated broadcast signals and/or previously-
generated broadcast-related information.

[0031] The broadcast-related information may include
broadcast channel information, broadcast program informa-
tion and/or broadcast service provider information. The
broadcast signal may be a TV broadcast signal, a radio broad-
cast signal, a data broadcast signal, the combination of a data
broadcast signal and a TV broadcast signal or the combina-
tion of a data broadcast signal and a radio broadcast signal.
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The broadcast-related information may be provided to the
mobile terminal 100 through a mobile communication net-
work. In this case, the broadcast-related information may be
received by the mobile communication module 113, rather
than by the broadcast reception module 111. The broadcast-
related information may come in various forms. For example,
the broadcast-related information may be electronic program
guide (EPG) of digital multimedia broadcasting (DMB) or
may be electronic service guide (ESG) of digital video broad-
cast-handheld (DVB-H).

[0032] The broadcast reception module 111 may receive
the broadcast signal using various broadcasting systems such
as digital multimedia broadcasting-terrestrial (DMB-T), digi-
tal multimedia broadcasting-satellite (DMB-S), media for-
ward link only (MediaFL.O), DVB-H, and integrated services
digital broadcast-terrestrial (ISDB-T). In addition, the broad-
cast reception module 111 may be configured to be suitable
for nearly all types of broadcasting systems other than those
set forth herein. The broadcast signal and/or the broadcast-
related information received by the broadcast reception mod-
ule 111 may be stored in the memory 160.

[0033] The mobile communication module 113 may trans-
mit wireless signals to or receives wireless signals from at
least one of a base station, an external terminal, and a server
through a mobile communication network. The wireless sig-
nals may include various types of data according to whether
the mobile terminal 100 transmits/receives voice call signals,
video call signals, or text/multimedia messages.

[0034] The wireless internet module 115 may be a module
for wirelessly accessing the internet. The wireless internet
module 115 may be embedded in the mobile terminal 100 or
may be installed in an external device. The wireless internet
module 115 may be embedded in the mobile terminal 100 or
may be installed in an external device.

[0035] The short-range communication module 117 may
be a module for short-range communication. The short-range
communication module 117 may use various short-range
communication techniques such as Bluetooth, radio fre-
quency identification (RFID), infrared data association
(IrDA), ultra wideband (UWB), and ZigBee.

[0036] The GPS module 119 may receive position informa-
tion from a plurality of GPS satellites.

[0037] TheA/V inputunit 120 may be used to receive audio
signals or video signals. The A/V input unit 120 may include
a camera 121 and a microphone 123. The camera 121 may
process various image frames such as still images or moving
images captured by an image sensor during a video call mode
or an image capturing mode. The image frames processed by
the camera 121 may be displayed by a display module 151.
[0038] Theimage frames processed by the camera 121 may
be stored in the memory 160 or may be transmitted to an
external device through the wireless communication unit 110.
The mobile terminal 100 may include two or more cameras
121.

[0039] The microphone 123 may receive external sound
signals during a call mode, a recording mode, or a voice
recognition mode with the use of a microphone and may
convert the sound signals into electrical sound data. In the call
mode, the mobile communication module 113 may convert
the electrical sound data into data that can be readily trans-
mitted to a mobile communication base station and then out-
put the data obtained by the conversion. The microphone 123
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may use various noise removal algorithms to remove noise
that may be generated during the reception of external sound
signals.

[0040] The user input unit 130 may generate key input data
based on user input for controlling the operation of the mobile
terminal 100. The user input unit 130 may be implemented as
a keypad, a dome switch, a touch pad (static pressure/static
voltage), a jog wheel, or a jog switch. In particular, if the user
input unit 130 is implemented as a touch pad and forms a layer
structure together with the display module 151, the user input
unit 130 and the display module 151 may be collectively
referred to as a touch screen.

[0041] The sensing unit 140 determines a current state of
the mobile terminal 100 such as whether the mobile terminal
100 is opened up or closed, the position of the mobile terminal
100 and whether the mobile terminal 100 is placed in contact
with a user, and generates a sensing signal for controlling the
operation of the mobile terminal 100. For example, when the
mobile terminal 100 is a slider-type mobile phone, the sens-
ing unit 140 may determine whether the mobile terminal 100
is opened up or closed. In addition, the sensing unit 140 may
determine whether the mobile terminal 100 is powered by the
power supply unit 190 and whether the interface unit 170 is
connected to an external device.

[0042] The outputunit 150 may output audio signals, video
signals and alarm signals. The output unit 150 may include
the display module 151, and an audio output module 153, an
alarm module 155.

[0043] The display module 151 may display various infor-
mation processed by the mobile terminal 100. For example, if
the mobile terminal 100 is in a call mode, the display module
151 may display a user interface (UI) or a graphic user inter-
face (GUI) for making or receiving a call. If the mobile
terminal 100 is in a video call mode or an image capturing
mode, the display module 151 may display a Ul or a GUI for
capturing or receiving images.

[0044] Ifthe display module 151 and the user input unit 130
form a layer structure together and are thus implemented as a
touch screen, the display module 151 may be used as both an
output device and an input device. If the display module 151
is implemented as a touch screen, the display module 151
may also include a touch screen panel and a touch screen
panel controller. The touch screen panel is a transparent panel
attached onto the exterior of the mobile terminal 100 and may
be connected to an internal bus of the mobile terminal 100.
The touch screen panel keeps monitoring whether the touch
screen panel is being touched by the user. Once a touch input
to the touch screen panel is detected, the touch screen panel
transmits a number of signals corresponding to the touch
input to the touch screen panel controller. The touch screen
panel controller processes the signals transmitted by the
touch screen panel, and transmits the processed signals to the
controller 180. Then, the controller 180 determines whether a
touch input has been generated and which part of the touch
screen panel has been touched based on the processed signals
transmitted by the touch screen panel controller.

[0045] The display module 151 may include at least one of
a liquid crystal display (LCD), a thin film transistor (TFT)-
LCD, an organic light-emitting diode (OLED), a flexible
display; a three-dimensional (3D) display and a transparent
display. The mobile terminal 100 may include two or more
display modules 151. For example, the mobile terminal 100
may include an external display module (not shown) and an
internal display module (not shown).
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[0046] The audio output module 153 may output audio data
received by the wireless communication unit 110 during a call
reception mode, a call mode, a recording mode, a voice rec-
ognition mode, or a broadcast reception mode or may output
audio data present in the memory 160. In addition, the audio
output module 153 may output various sound signals associ-
ated with the functions of the mobile terminal 100 such as
receiving a call or a message. The audio output module 153
may include a speaker and a buzzer.

[0047] The alarm module 155 may output an alarm signal
indicating the occurrence of an event in the mobile terminal
100. Examples of the event include receiving a call signal,
receiving a message, and receiving a key signal. Examples of
the alarm signal output by the alarm module 155 include an
audio signal, a video signal and a vibration signal. More
specifically, the alarm module 155 may generate vibration
upon receiving a call signal or a message. In addition, the
alarm module 155 may receive a key signal and may generate
vibration as feedback to the key signal. Therefore, the user
may be able to easily recognize the occurrence of an event
based on vibration generated by the alarm module 155. An
alarm signal for notifying the user of the occurrence of an
event may be output not only by the alarm module 155 but
also by the display module 151 or the audio output module
153.

[0048] The memory 160 may store various programs nec-
essary for the operation of the controller 180. In addition, the
memory 160 may temporarily store various data such as a
phonebook, messages, still images, or moving images.

[0049] The memory 160 may include at least one of a flash
memory type storage medium, a hard disk type storage
medium, a multimedia card micro type storage medium, a
card type memory (e.g., a secure digital (SD) or extreme
digital (XD) memory), a random access memory (RAM), and
a read-only memory (ROM). The mobile terminal 100 may
operate a web storage, which performs the functions of the
memory 160 on the internet.

[0050] The interface unit 170 may interface with an exter-
nal device that can be connected to the mobile terminal 100.
The interface unit 170 may be a wired/wireless headset, an
external battery charger, a wired/wireless data port, a card
socket for, for example, a memory card, a subscriber identi-
fication module (SIM) card or a user identity module (UIM)
card, an audio input/output (I/0) terminal, a video I/O termi-
nal, or an earphone.

[0051] The interface unit 170 may receive data from an
external device or may be powered by an external device. The
interface unit 170 may transmit data provided by an external
device to other components in the mobile terminal 100 or may
transmit data provided by other components in the mobile
terminal 100 to an external device.

[0052] The controller 180 may control the general opera-
tion of the mobile terminal 100. For example, the controller
180 may perform various control operations regarding mak-
ing/receiving a voice call, transmitting/receiving data, or
making/receiving a video call. The controller 180 may
include a multimedia play module 181, which plays multi-
media data. The multimedia play module 181 may be imple-
mented as a hardware device and may be installed in the
controller 180. Alternatively, the multimedia play module
181 may be implemented as a software program.
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[0053] The power supply unit 190 may be supplied with
power by an external power source or an internal power
source and may supply power to the other components in the
mobile terminal 100.

[0054] The exterior of the mobile terminal 100 will herein-
after be described in detail with reference to FIGS. 2 and 3.
For convenience, assume that the mobile terminal 100 is a
bar-type mobile terminal equipped with a full-touch screen.
However, the present invention is not restricted to a bar-type
mobile terminal. Rather, the present invention can be applied
to various mobile phones, other than a bar-type mobile ter-
minal.

[0055] FIG. 2 illustrates a front perspective view of an
example of the mobile terminal 100 shown in FIG. 1. Refer-
ring to FIG. 2, the exterior of the first body 100A may be
defined by a front case 100A-1 and a rear case 100A-2.
Various electronic devices may be installed in the space
formed by the front case 100A-1 and the rear case 100A-2. At
least one intermediate case may be additionally provided
between the front case 100A-1 and the rear case 100A-2. The
front case 100A-1 and the rear case 100A-2 may be formed of
a synthetic resin through injection molding. Alternatively, the
front case 100A-1 and the rear case 100A-2 may be formed of
a metal such as stainless steel (STS) or titanium (T1).

[0056] The display module 151, a first audio output module
153a, a first camera 121a and a first user input unit 130a may
be disposed in the front case 100A-1. A second audio output
module (not shown) may also be disposed in the front case
100A-1. The second audio output module may provide a
stereo function along with the first audio output module 1534,
or may be used during a speakerphone mode.

[0057] An antenna for receiving a call and an antenna for
receiving a broadcast signal may be disposed on one side of
the front case 100A-1. The antennas may be installed so as to
be able to be ejected from the front case 100A-1.

[0058] Second and third user input units 1305 and 130¢ and
the microphone 123 may be disposed on one side of the rear
case 100A-2.

[0059] Examples of the display module 151 include an
LCD and an OLED which can visualize information. Since a
touch pad is configured to overlap the display module 151 and
thus to form a layer structure, the display module 151 may
serve as touch screens. Thus, it is possible for the user to input
various information to the mobile terminal 100 simply by
touching the display module 151.

[0060] The first audio output module 1534 may be imple-
mented as a receiver or a speaker. The first camera 121a may
be configured to capture a still image or a moving image of the
user. The microphone 123 may be configured to properly
receive the user’s voice or other sounds.

[0061] The first through third user input units 130a through
130¢ may be collectively referred to as the user input unit 130.
The user input unit 130 may adopt various manipulation
methods as long as it can offer tactile feedback to the user.
[0062] For example, the user input unit 130 may be imple-
mented as a dome switch or a touch pad which receives a
command or information upon being pushed or touched by
the user. Alternatively, the user input unit 130 may be imple-
mented as a wheel, a jog dial, or a joystick.

[0063] The first user input unit 130a may allow the user to
input commands (such as ‘start’, ‘end’, and ‘send’), the sec-
ond user input unit 1305 may be used to switch from one
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operating mode to another, and the third user input unit 130¢
may be used as a hot key for activating certain functions ofthe
mobile terminal 100.

[0064] FIG. 3 illustrates a rear perspective view of the
mobile terminal 100 shown in FIG. 2. Referring to FIG. 3, a
fourth user input unit 1304, a fifth user input unit 130e and the
interface unit 170 may be disposed on one side ofthe rear case
100A-2, and a second camera 1215 may be disposed at the
rear of the rear case 100A-2.

[0065] The second camera 1215 may have a different pho-
tographing direction from that of the first camera 121a shown
in FIG. 2. In addition, the first and second cameras 121a and
1215 may have different resolutions. For example, the first
camera 121a may be used to capture and then transmit an
image of the face of the user during a video call. Thus, a
low-resolution camera may be used as the first camera 121a.
The second camera 1215 may be used to capture an image of
an ordinary subject. In this case, the image captured by the
second camera 1215 may not need to be transmitted. Thus, a
high-resolution camera may be used as the second camera
1215.

[0066] A mirror 125 and a cameral flash 126 may be dis-
posed near the second camera 1215. The mirror 125 may be
used for the user to prepare himself or herself for taking a self
shot. The cameral flash 126 may be used to illuminate a
subject when the user attempts to capture an image of the
subject with the second camera 1215.

[0067] The interface unit170 may serve as a path forallow-
ing the mobile terminal 100 to exchange data with an external
device. For example, the interface unit 170 may be a connec-
tor for connecting an earphone to the mobile terminal 100 in
an either wired or wireless manner, a port for short-range
communication or a power supply port for supplying power to
the mobile terminal 100. The interface unit 170 may be a card
socket for accommodating an exterior card such as a SIM or
UIM card or a memory card.

[0068] The second camera 1215 and the other elements that
have been described as being provided on the rear case
100A-2 may be provided on the front case 100A-1.

[0069] Inaddition, the first camera 121a may be configured
to be rotatable and thus to cover the photographing direction
of the second camera 12154. In this case, the second camera
1215 may be optional.

[0070] The power supply unit 190 may be disposed in the
rear case 100A-2. The power supply unit may be a recharge-
able battery and may be coupled to the rear case 100A-2 so as
to be attachable to or detachable from the rear case 100A-2.
[0071] FIG. 4 illustrates a typical antenna connection cable
101 for use in a typical bar-type mobile terminal, i.e., the
mobile terminal 100, and how the antenna connection cable
101 can be connected to the mobile terminal 100. Referring to
FIG. 4, the antenna connection cable 101 may include a
coaxial cable 101¢ and two connectors 101a and 1015 dis-
posed at either end of the coaxial cable 101c. The antenna
connection able 101 may connect mobile switches 102 and
103¢, which are disposed in the rear case 100A-2, and may
thus connect an antenna 215, which is disposed in the rear
case 100A-2, to the wireless communication unit 110.
[0072] The antenna 215 may be formed in a frame that can
be attached to or detached from an end of the front case
100A-1, and may include a terminal 210 for contacting metal
contacts 1034 and 1035 on the front case 100A-1. The struc-
ture of the antenna 215 will hereinafter be described in further
detail with reference to FIG. 5.
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[0073] Referring to FIG. 5, when the front case 100A-1 and
the rear case 100A-2 are coupled together so as to form the
body of the mobile terminal 100, the terminal 210 may be
placed in contact with a feeding point 103. The feeding point
103 may include the metal contacts 103a and 10356 and the
mobile switch 103¢. The mobile switch 103¢ may be con-
nected to the antenna connection cable 101, and may thus be
connected to the mobile switch 102 via the antenna connec-
tion cable 101. The mobile switch 102 may be connected to
the wireless communication unit 110, which is disposed on a
substrate.

[0074] In short, the antenna 215 may be connected to the
feeding point 103 via the terminal 210, the mobile switch
103¢ of the feeding point 103 may be connected to the con-
nector 1015 of the antenna connection cable 101, and the
connector 101a of the antenna connection cable 101, which is
connected to the mobile switch 103¢, may be connected to the
antenna 215 and the wireless communication unit 110 by
being connected to the mobile switch 102, which is disposed
on the substrate.

[0075] The mobile switches 102 and 103¢ may be able to be
attached to or detached from the connectors 101a and 1015,
respectively. When the mobile switches 102 and 103¢ are
connected to the connectors 101a and 1015, respectively,
insertion loss may be generated.

[0076] When the terminal 210 contacts the metal contacts
103a and 1035 of the feeding point 103, contact resistance
may be generated. Table 1 shows insertion loss measurements
obtained from the connectors 101a and 104 at various fre-
quencies.
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mobile switch 102, the greater the number of connection
paths and the more the insertion loss. In addition, propagation
loss may increase due to the additional resistance generated
by the metallic material for bonding the mobile switch 103¢ to
the feeding point 103.

[0080] Moreover, the complicated connection between the
connector 121 and the mobile switch 102 may decrease the
physical reliability of the antenna connection cable 101 and
increase the manufacturing cost of the mobile terminal 100.

[0081] FIG. 6 illustrates an antenna connection cable 220
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 6, the antenna connection cable 220
may be formed in one body with an antenna 215, which is
disposed in the front case 100A-1.

[0082] The antenna connection cable 220 may include a
connector 221, which can be attached to or detached from a
mobile switch 102 disposed in the rear case 100A-2, a coaxial
cable 223, and a node 222, which is formed in one body with
the antenna 215. The node 222 may be directly bonded to an
antenna pattern (not shown), or may extend from the antenna
pattern 211. In the latter case, the node 222 may be formed of
the same material as that of the antenna pattern. The node 222
may be connected to the coaxial cable 223. The connector 221
may be connected to an end of the coaxial cable 223. Thus, the
antenna 215 does not need any feeding point for connecting
the antenna 215 to the wireless communication unit 110 or
any metal contacts for placing a feeding point in contact with
the antenna 215. Therefore, the antenna connection cable
220, unlike a typical antenna connection cable, may not cause
contact resistance and may reduce insertion loss.

TABLE 1
ITEM TEST METHOD REQUIREMENTS
1 RATED VOLTAGE 30 Vrms.
2 CHARACTERISTIC 50Q
IMPEDANCE
3 VOLTAGE STANDING  45MHz~3 GHz V.S.W.R 13 MAX
WAVE RATIO (V.S.W.R)

4 INSERTION LOSS 1 GHz INSERTION 0.2 dB (typ)
2GHz LOSS 0.3 dB (typ)
3GHz 0.45 dB (typ)

5 INSULATION 100V DC. FOR 1 min. 500 MQ MIN

RESISTANCE CENTER CONTACT-OUTER CONTACT

6 VOLTAGE PROOF 200V AC. FOR 1 min. NO FLASHOVER OR
CENTER CONTACT-OUTER CONTACT BREAKDOWN.

7 CONTACT RESISTANCE ~ OPEN CIRCUIT: 1 kHz CENTER CONTACT 20 mQ MAX
TEST CURRENT: [10 mA MAX] OUTER CONTACT 10 mQ MAX

[0077] Referring to Table 1, when the frequency of signals
passing through the connectors 101a and 1015 is 1 GHz, an
insertion loss of about —0.28 db may be generated. On the
other hand, when the frequency of signals passing through the
connectors 101a and 1015 is 2 GHz, an insertion loss of about
-0.37 db may be generated. The more connectors and mobile
switches are provided between the antenna 215 and the
mobile switch 102, the more the insertion loss becomes.
[0078] Inaddition, since a metallic material for bonding the
mobile switch 103¢ to the feeding point 103 in order to mount
the mobile switch 103¢ on the feeding point 103 is different
from the material of the metal contacts 103q and 1035 and the
material of the mobile switch 103¢, additional resistance may
be generated.

[0079] Therefore, the greater the number of elements pro-
vided between the terminal 210 of the antenna 215 and the

[0083] Since the antenna connection cable 220 and the
antenna 215 are formed in one body with each other, they are
always coupled to each other, and this will hereinafter be
described in further detail with reference to FIG. 7.

[0084] Referring to FIG. 7, the antenna connection cable
220 may be formed in one body with the antenna 215. The
antenna connection cable 220 may be connected to the front
case 100A-1 via the node 222, and may be attached to the
antenna 215. The node 222 may be exposed on the surface of
the antenna 215 or may be buried in the antenna 215, and
particularly, in the front case 100A-1.

[0085] Ifthe node 222 is embedded in the front case 100A-
1, the coaxial cable 223 may be at least partially buried in the
front case 100A-1, and may thus be able to be firmly coupled
to the antenna 215. The antenna connection cable 220 may be
able to simplify the connection path between the antenna 215
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and the connector 221 regardless of whether the node 222 is
buried in the antenna 215, whereas, referring to FIG. 4, the
antenna connection cable 110 provides a connection path
involving a plurality of connection nodes such as the metal
contacts 210, the feeding point 103, the mobile switch 103c¢,
the connector 1015, the coaxial cable 101c¢, the connector
101a, and the mobile switch 102.

[0086] The simplification of the connection path between
the antenna 215 and the connector 221 may reduce insertion
loss caused by the mobile switch 102, additional resistance
caused by the use of different metallic materials for bonding
and contact resistance generated between the antenna 215 and
the contact points 103a and 1034.

[0087] In the exemplary embodiment of FIGS. 6 and 7,
there is no need to provide a feeding point in the mobile
terminal 100. In addition, it is possible to reduce the number
of mobile switches required in the mobile terminal 100 and
thus to reduce the manufacturing cost of the mobile terminal
100. Moreover, it is possible to efficiently use the space in the
front case 100A-1.

[0088] Referring to FIG. 7, the connector 221 may include
aconnection groove. The connection groove may be provided
for connecting the mobile terminal 100 to a test connector for
RF calibration purposes, and particularly, for selectively con-
necting the mobile switch 102 to one of the antenna 215 and
a test connector (not shown). RF calibration is a process for
adjusting the RF output of each RF element in consideration
of their properties. For this, the mobile terminal 100 may
include a mobile switch 224 for RF calibration. If the con-
nector 221 is designed to have a connection groove via which
a test connector can be connected to the mobile switch 102,
only one mobile switch (i.e., the mobile switch 102) may be
enough to serve both purposes: RF calibration and antenna
connection. The connection groove of the connector 102 will
be described later in further detail with reference to FIGS. 10
and 11.

[0089] FIG. 8 illustrates an antenna connection cable
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 8, when the front case 100A-1 and the
rear case 100A-2 are coupled together so as to form the body
of the mobile terminal 100, sockets 107 and 240 may face
each other and may establish a path of transmission of signals
between an antenna 215 and the wireless communication unit
110.

[0090] One of the sockets 107 and 240 may be a male
socket, and the other socket may be a female socket. In this
exemplary embodiment, the socket 240, which is disposed at
the front case 100A-1, may be a male socket, and the socket
107, which is disposed at the rear case 100A-2, may be a
female socket.

[0091] The socket 240 may be connected to a node 222 of
the antenna 215 via a cable 223. The cable 223 may be a
coaxial cable. The cable 223 may be connected to the socket
230 along the inner side of the front case 100A-1. More
specifically, the cable 223 may be bonded onto the inner side
of'the front case 100A-1, may be arranged along the inner side
of the front case 100A-1 or may be buried in the front case
100A-1.

[0092] The socket 240 may be fixed to the front case
100A-1 using a number of supporting elements, as shown in
FIG. 9. The supporting elements may be formed of the same
plastic material as that of the front case 100A-1 or may be
formed of a metal, such as titanium, stainless steel, or alumi-
num.
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[0093] FIG. 9 illustrates how to fix the socket 240 to the
front case 100A-1. Referring to FI1G. 9, the socket 240 may be
inserted and fixed into a hole formed in the front case 100A-1.
Forthis, rings A and B may be provided at the hole of the front
case 100A-1. The rings A and B may have arrow-shaped tips.
Thus, once inserted into the hole of the front case 100A-1, the
socket 240 may not be able to be easily disengaged from the
front case 100A-1 due to the rings A and B. If the socket 240
is a male socket, a connector ofthe cable 223) may be inserted
into a space 242, and a connector protrusion of the cable 223,
which is formed of a metallic material, may be exposed at a
location 241 The socket 107 may be fixed to the rear case
100A-2 in the same manner as that used to fix the socket 240
to the front case 100A-1. The sockets 107 and 240 must face
each other when the front case 100A-1 and the rear case
100A-2 are coupled together. In this exemplary embodiment,
when the front case 100A-1 and the rear case 100A-2 are
coupled together, the antenna 215 and the wireless commu-
nication unit 110 may be coupled together.

[0094] FIG. 10 illustrates an antenna connection cable
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 10, an antenna 215 and the mobile
switch 102 of the wireless communication unit 110 may be
disposed in the rear case 100A-2. For a better reception of
wireless signals, the antenna 215 may be disposed at an end of
the rear case 100A-2.

[0095] A node 222 of the antenna 215 may be connected to
the mobile switch 102 via a coaxial cable 223 and a connector
221. The connector 221 may include a connection hole 101-
1a formed on one side of the connector 221. The connector
221 may be connected to a test connector (not shown) for RF
calibration via the connection hole 101-1a.

[0096] The mobile switch 102 may have the same size and
shape as those of typical mobile switches for RF calibration.
Especially when the mobile terminal 100 is mounted on a
printed circuit board (PCB), the mobile switch 102 may
occupy space on the PCB and make it difficult to other ele-
ments to be mounted nearby. In this exemplary embodiment,
the wireless communication unit 110 may be selectively con-
nected to the antenna 215 and a test cable (not shown) using
a single mobile switch, i.e., the mobile switch 102, on the
contrary to a typical mobile terminal equipped with two
mobile switches.

[0097] FIG. 11 illustrates perspective views of a test con-
nector 101d, a connector 101a and a mobile switch 102.
Referring to FIG. 11, the connector 1014 may be connected to
the test connector 1014 and the mobile switch 102.

[0098] The connector 101a may include a connection hole

101-1a, which is formed through the connector 101a and
faces both the test connector 1014 and the mobile switch 102.

[0099] The connector 101a may be connected to the mobile
switch 102, and may thus be able to form a connection path
between the antenna 215 and the mobile switch 102.

[0100] Thereafter, the connector 101a may be connected to
the test connector 1014 via the connection hole 101-1a, and
may thus be able to form a connection path between the test
connector 1014 and the wireless communication unit 110.
[0101] That is, the connector 101a may selectively connect
the antenna 215 and the test connector 1014 to the wireless
communication unit 110 according to whether the test con-
nector 1014 is connected there to. It will hereinafter be
described in detail how the connector 101a sets a connection
path with reference to FIG. 12.
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[0102] FIG. 12 illustrates how to set a connection path with
the use of the connector 101a. Referring to FIG. 12, the
connector 101¢ may include an elastic element D, a first
contact element B and a second contact element C. When a
protrusion 1014-1 of the test connector 1014 is inserted into
the connection hole 101-14, the elastic element D may force
the protrusion 1014-1 into the first contact element B and may
thus maintain the protrusion 1014-1 to be electrically con-
nected to the first contact element B.

[0103] The first contact element B may be maintained to be
electrically connected to the second contact element C until
the protrusion 101d-1 of the test connector 1014 is inserted
into the connection hole 101-1a. That is, the first contact
element B may be electrically disconnected from the second
contact element C when protrusion 1014-1 of the test connec-
tor 1014 is inserted into the connection hole 101-1a.

[0104] When connected to a protrusion 102a of the mobile
switch 102 via the connection hole 101-1a, the connector
101a may provide a connection path between the antenna 215
and the mobile switch 102 via the cable 101c.

[0105] In this case, if the test connector 101d is connected
to the connector 101a via the connection hole 101-1a, the first
and second contact elements B and C may be electrically
disconnected, and the connector 101a may provide a connec-
tion path between the test connector 1014 and the mobile
switch 102.

[0106] In order to properly couple the mobile switch 102,
the connector 101a, and the test connector 1014 to one
another, diameters d1, d2 and d3 of the mobile switch 102, the
connector 101a, and the test connector 1014 may be set to
satisfy the following equation: d3>d2>d1.

[0107] The details set forth herein regarding the test con-
nector 1014 can directly apply to the exemplary embodiments
of FIGS. 4 through 7.

[0108] According to the present invention, it is possible to
reduce the number of connection paths between an antenna
and a wireless communication unit of a mobile terminal and
thus to minimize path loss. In addition, it is possible to reduce
the number of mobile switches provided between the antenna
and the wireless communication unit and thus to minimize
insertion loss. Moreover, it is possible to simplify an antenna
connection device for coupling the antenna to the mobile
terminal by burying the antenna connection device in a hous-
ing of the mobile terminal where the antenna is buried. There-
fore, it is possible to improve the reliability of the mobile
terminal and reduce the manufacturing cost of the mobile
terminal.

[0109] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. A mobile terminal comprising:

a body including a first case in which an antenna is dis-
posed and a second case in which a wireless communi-
cation unit is disposed;

a mobile switch which is disposed in the second case and
serves as a radio frequency (RF) input/output (I/O) port
for the wireless communication unit; and
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an antenna connection cable which is formed in one body
with the antenna and includes a connector formed at one
end of the antenna connection cable, the antenna con-
nection able being connected to the mobile switch via
the connector.

2. The mobile terminal of claim 1, wherein the antenna
includes a frame which can be attached to or detached from
the first case, and an antenna pattern which is formed on the
frame and is connected to the antenna connection cable.

3. The mobile terminal of claim 2, wherein the antenna
connection cable is fixed to the body by being buried in the
body.

4. The mobile terminal of claim 1, wherein the antenna
connection cable is a coaxial cable.

5. The mobile terminal of claim 1, wherein the connector
includes a connection groove for coupling the connector to a
test connector, the connector connecting the antenna and the
mobile switch when not connected to the test connector and
connecting the test connector and the mobile switch when
connected to the test connector.

6. A mobile terminal having a body including a first case in
which an antenna is disposed and a second case in which a
wireless communication unit is disposed, the mobile terminal
comprising:

a first socket which is connected to the antenna and is

exposed on one side of the first case; and

a second socket which is formed in the second case and is
connected to the wireless communication unit,

wherein, when the first and second cases are coupled so as
to form the body, the first and second sockets face each
other and connect the antenna and the mobile switch.

7. The mobile terminal of claim 6, further comprising a
cable which connects the antenna and the first socket.

8. The mobile terminal of claim 7, wherein the cable is
buried in the first case.

9. The mobile terminal of claim 6, wherein the first case
includes a through hole for fixing the first socket.

10. An antenna connection device comprising:

a socket which is coupled to a mobile switch formed on a

substrate of a mobile terminal; and

an antenna connection cable which has one end connected
to an antenna and the other end connected to the socket
and is formed in one body with a case in which the
antenna is buried.

11. A mobile terminal having an antenna and a mobile
switch spaced apart from each other, the mobile terminal
comprising:

a mobile switch;

a connector which is formed in one body with the antenna,
corresponds to the mobile switch, and includes a con-
nection groove for coupling the connector to a test con-
nector; and

an antenna connection cable which forms a connection
path between the test connector and the mobile switch
when the test connector is inserted into the connection
groove.

12. The mobile terminal of claim 11, wherein the connector
forms a connection path between the mobile switch and the
connection groove when the test connector is ejected from the
connection groove.
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WWAN PRINTED CIRCUIT ANTENNA WITH
THREE MONOPOLE ANTENNAS DISPOSED
ON A SAME PLANE

BACKGROUND OF THE INVENTION

[0001] 1. Field of Invention

[0002] The invention relates to a WWAN printed circuit
antenna and, more particularly, to a WWAN printed circuit
antenna using three monopole antennas disposed on a same
plane.

[0003] 2. Related Art

[0004] Wireless wide area network (WWAN) is a wireless
network whose transmission range may cross different cities
or different countries. Since the range is large, a special ser-
vice provider is usually needed to establish and maintain the
entire network. Common people just use the WWAN by a
terminal connection device. For example, global system for
mobile communications (GSM) which most mobile phones
use presently belongs to a kind of the WWAN. Consequently,
via connections made by GSM operators, a high-speed data
transfer rate can be provided, extensive data services includ-
ing high-speed Internet access, large files downloading,
streaming audio and video can be supported.

[0005] Consequently, all conventional portable electronic
devices are extensively set with antenna systems which sup-
port the WWAN. Generally speaking, all the most common
antennas are the changes based on a planar inverted-F
antenna. However, to obtain better transmission efficiency,
the structure changes of antennas usually refer to fine adjust-
ments toward three-dimensional structures, and the manufac-
ture is complicated. Meanwhile, a height of a common
antenna is between 3 mm and 5 mm. To the electronic devices
becoming more and more miniaturized, an exterior design is
usually rather limited, and particularly to small-size notebook
computers, the situation is more serious.

SUMMARY OF THE INVENTION

[0006] The invention discloses a WWAN printed circuit
antenna. The WWAN printed circuit antenna includes a
printed circuit board, a feeding monopole antenna, a first
radiating monopole antenna, and a second radiating mono-
pole antenna. The printed circuit board has a first surface and
a second surface opposite to the first surface. The feeding
monopole antenna, the first radiating monopole antenna, and
the second radiating monopole antenna are disposed on a
same surface. The first radiating monopole antenna, the sec-
ond radiating monopole antenna, and the feeding monopole
antenna are unconnected with each other. The feeding mono-
pole antenna is used to excite the first radiating monopole
antenna and the second radiating monopole antenna in an
electromagnetic coupling way.

[0007] The length of the feeding monopole antenna is
shorter than the length of the second radiating monopole
antenna. The length of the second radiating monopole
antenna is shorter than the length of the first radiating mono-
pole antenna. More preferably, the first radiating monopole
antenna operates at around 900 MHz, the second radiating
monopole antenna operates at about 1700 MHz, and the feed-
ing monopole antenna operates at about 1950-2050 MHz. As
a result, an operation bandwidth of the entire printed circuit
antenna is 880 to 960 MHz and 1710 to 2170 MHz.
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[0008] These and other features, aspects and advantages of
the present invention will become better understood with
regard to the following description, appended claims, and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A and FIG. 1B are schematic diagrams show-
ing a WWAN printed circuit antenna according to an embodi-
ment of the invention;

[0010] FIG. 2 is a schematic diagram showing a WWAN
printed circuit antenna according to another embodiment of
the invention;

[0011] FIG. 3 is an analogous schematic diagram showing
a reflection coefficient of a WWAN printed circuit antenna
according to an embodiment of the invention; and

[0012] FIG. 4A and FIG. 4B are measurement schematic
diagrams showing a reflection coefficient of a WWAN printed
circuit antenna after adjustments and checks according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] FIG. 1A and FIG. 1B are schematic diagrams show-
ing a WWAN printed circuit antenna according to an embodi-
ment of the invention.

[0014] A WWAN printed circuit antenna according to an
embodiment of the invention includes a printed circuit board
10, a feeding monopole antenna 20, a first radiating monopole
antenna 30, and a second radiating monopole antenna 40. The
printed circuit board 10 includes a first surface 11 (shown in
FIG. 1A) and a second surface 12 (shown in FIG. 1B) oppo-
site to the first surface 11. In other words, the first surface 11
and the second surface 12 are two layout side surfaces of the
printed circuit board 10.

[0015] The feeding monopole antenna 20, the first radiating
monopole antenna 30, and the second radiating monopole
antenna 40 are all disposed on a same side surface of the
printed circuit board 10. In FIG. 1B, the feeding monopole
antenna 20, the first radiating monopole antenna 30, and the
second radiating monopole antenna 40 are all disposed on the
first surface 11 of the printed circuit board 10. The feeding
monopole antenna 20, the first radiating monopole antenna
30, and the second radiating monopole antenna 40 are not
connected with each other.

[0016] The feeding monopole antenna 20 is a conductive
trace disposed on the first surface 11 of the printed circuit
board 10, and it includes a feeding line 21 and a coupling line
22 connected with the feeding line 21 used for receiving a
signal source. The coupling line 22 excites the first radiating
monopole antenna 30 and the second radiating monopole
antenna 40. Consequently, the coupling line 22 is approxi-
mately slender. The length of the coupling line 22 is larger
than that of the feed line 21. However, the width of the
coupling line 22 is narrower than that of the feeding line 21.
[0017] The first radiating monopole antenna 30 is a con-
ductive trace disposed on the first surface 11 of the printed
circuit board 10. The first radiating monopole antenna 30
includes a front part 31 and a back part 32. The width of the
front part 31 is narrower than that of the back part 32. The
front part 31 of the first radiating monopole antenna 30 is
closer to the coupling line 22 of the feeding monopole
antenna 20 to obtain a better electromagnetic coupling effect.
On the whole, to make the volume of the printed circuit board
10 smaller, the first radiating monopole antenna 30 is dis-
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posed on a left side or a top left side of the first surface 11 of
the printed circuit board 10, and thus its length can reach a
certain value, and the length of the printed circuit board 10
does not need to be too long. The length of the first radiating
monopole antenna 30 is about a quarter of a wavelength of the
first bandwidth over which the first radiating monopole
antenna 30 operates.

[0018] The second radiating monopole antenna 40 is a con-
ductive trace disposed on the first surface 11 of the printed
circuit board 10. Similarly, to make the volume of the printed
circuit board 10 smaller, the second radiating monopole
antenna 30 is disposed on a right side or a top right side of the
first surface 11 of the printed circuit board 10, and thus its
length can reach a certain value, and the length of the printed
circuit board 10 does not need to be too long. The length ofthe
second radiating monopole antenna 40 is about a quarter of a
wavelength of the second bandwidth over which the second
radiating monopole antenna 40 operates.

[0019] FIG. 2 is a schematic diagram showing a WWAN
printed circuit antenna according to another embodiment of
the invention.

[0020] Whena WWAN printed circuit antenna is used in an
electronic device, the first radiating monopole antenna 30 and
the second radiating monopole antenna 40 are connected to
ground. As a result, the first radiating monopole antenna 30
and the second radiating monopole antenna 40 are connected
to a first copper foil 51 and a second copper foil 52, respec-
tively. The first copper foil 51 and the second copper foil 52
notonly can be soldered to the electronic devices (not shown),
but also are connected to a ground layer of the electronic
device. Thus the first radiating monopole antenna 30 and the
second radiating monopole antenna 40 are connected to
ground.

[0021] On the other hand, the first radiating monopole
antenna 30 operates over a bandwidth between 880 MHz and
960 MHz. The second radiating monopole antenna 40 ope-
artes over a bandwidth between 1700 MHz to 2000 MHz. The
coupling line 22 of the feeding monopole antenna 20 operates
over a bandwidth about 1950-2050 MHz. Thus, the operation
bandwidth of the entire printed circuit antenna is 880 MHz to
960 MHz and 1710 MHz to 2170 MHz.

[0022] FIG. 3 is an analogous schematic diagram showing
the simulated reflection coefficient of a WWAN printed cir-
cuit antenna according to an embodiment of the invention.
[0023] FIG. 3 is an analog diagram according to a structure
of the printed circuit antenna in FIG. 2. In FIG. 3, there are
two operation bandwidths which are a high-frequency band-
width (1710-2170 MHz) and a low-frequency (880-960
MHz) bandwidth. According to a fundamental principle of
the monopole antenna, the length of the monopole antenna is
approximately a quarter of the wavelength. Consequently, the
length of the coupling line 22 of the feeding monopole
antenna 20 is shorter than that of the second radiating mono-
pole antenna 40. Furthermore, the length of the second radi-
ating monopole antenna 40 is shorter than that of the first
radiating monopole antenna 30.

[0024] FIG. 4A and FIG. 4B are measurement schematic
diagrams showing reflection coefficients of a WWAN printed
circuit antenna after adjustments and checks according to the
invention.

[0025] Better reflection coefficients can be obtained via
adjusting a variety of relevant data and conditions of the
feeding monopole antenna 20, the first radiating monopole
antenna 30, and the second radiating monopole antenna 40.
For example, it can be achieved by making the width of the
coupling line 22 of the feeding monopole antenna 20 nar-
rower than that of the second radiating monopole antenna 40,

Apr. 1,2010

making the width of the second radiating monopole antenna
40 narrower than that of the first radiating monopole antenna
30, adjusting the width of the coupling line 22 to a half of that
of the second radiating monopole antenna 40, adjusting the
width of the front part 31 of the first radiating monopole
antenna 30 to twice of that of the second radiating monopole
antenna 40, and adjusting the width of the back part 32 of the
first radiating monopole antenna 30 to more than a triple of
that of the second radiating monopole antenna 40, or adjust-
ing other relationships and distances between other lines.
[0026] The comparison table showing practical measure-
ment data of the printed circuit antenna according to the
invention and radiation efficiencies of three common planar
inverted-F antennas with conventional three-dimensional
structures is as follows:

TABLE 1
Frequency The
(MHz) invention Pattern 1 Pattern 2 Pattern 3
880 44.8 39.6 52.7 54.9
897 55.7 43.5 49.0 57.8
914 53.0 44.1 42.4 52.3
925 51.7 4.7 40.0 50.4
942 41.8 384 32.3 40.3
959 33.8 31.2 26.3 31.8
1710 60.3 41.8 48.6 47.6
1747 63.4 41.3 49.1 52.7
1784 68.8 44.2 48.4 54.6
1805 68.9 45.1 47.4 54.8
1842 65.7 48.1 45.8 50.9
1879 61.7 46.6 44.7 48.2
1922 58.6 43.3 45.2 48.5
1950 594 42.2 45.9 49.3
1977 54.6 424 44.6 48.9
2112 44.1 33.7 334 36.6
2140 41.3 32.6 32.0 34.8
2167 375 31.5 30.7 323
[0027] Obviously, the efficiency of the printed circuit

antenna according to the invention is obviously better than
that of the planar inverted-F antennas with the conventional
three-dimensional structures.

[0028] Consequently, the WWAN printed circuit antenna
according to the invention utilizes three monopole antennas
disposed on the printed circuit board to feed and radiate
signals, respectively, and it actuates the antenna to radiate
signals via the uncontacted electromagnetic coupling way. As
a result, not only the efficiency can be improved greatly, but
also a disadvantage that the planar inverted-F antennas with
the conventional three-dimensional structures utilize the
space poorly also can be overcome.

[0029] Although the present invention has been described
in considerable detail with reference to certain preferred
embodiments thereof, the disclosure is not for limiting the
scope of the invention. Persons having ordinary skill in the art
may make various modifications and changes without depart-
ing from the scope and spirit of the invention. Therefore, the
scope of the appended claims should not be limited to the
description of the preferred embodiments described above.

What is claimed is:

1. A WWAN printed circuit antenna, used for operating
over a first bandwidth and a second bandwidth, wherein the
second bandwidth is wider than the first bandwidth, compris-
ing:

a printed circuit board having a first surface and a second

surface opposite to the first surface;

a feed monopole antenna, disposed on the first surface, for

receiving a signal;
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a first radiating monopole antenna disposed on the first
surface, connected with a ground terminal without con-
necting with the feed monopole antenna, wherein the
length of the first radiating monopole antenna is corre-
sponding to the first bandwidth, and the first radiating
monopole antenna is actuated by the feed monopole
antenna in an electromagnetic coupling way to operate
over the first bandwidth; and

a second radiating monopole antenna disposed on the first
surface, connected with another ground terminal with-
out connecting with the feed monopole antenna and the
first radiating monopole antenna, wherein the length of
the second radiating monopole antenna is corresponding
to the second bandwidth, and the second radiating
monopole antenna is actuated by the feed monopole
antenna in an electromagnetic coupling way to operate
over the second bandwidth.

2. The WWAN printed circuit antenna according to claim
1, wherein the feed monopole antenna comprises a feed line
and a coupling line connected with the feed line.

3. The WWAN printed circuit antenna according to claim
2, wherein the width of the coupling line is narrower than the
width of the first radiating monopole antenna and the width of
the second radiating monopole antenna.

4. The WWAN printed circuit antenna according to claim
2, wherein the length of the coupling line is shorter than the
length of the first radiating monopole antenna and the length
of the second radiating monopole antenna.
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5. The WWAN printed circuit antenna according to claim
2, wherein the coupling line is operated over a third band-
width to radiate, and the third bandwidth is wider than the first
bandwidth and the second bandwidth.

6. The WWAN printed circuit antenna according to claim
5, wherein the third bandwidth is 1950-2050 MHz.

7. The WWAN printed circuit antenna according to claim
1, wherein the width of the first radiating monopole antenna is
narrower than the width of the second radiating monopole
antenna.

8. The WWAN printed circuit antenna according to claim
1, wherein the length of the first radiating monopole antenna
is shorter than the length of the second radiating monopole
antenna.

9. The WWAN printed circuit antenna according to claim
1, wherein the length of the first radiating monopole antenna
is corresponding to a quarter of a wavelength of the first
bandwidth.

10. The WWAN printed circuit antenna according to claim
1, wherein the length of the second radiating monopole
antenna is corresponding to a quarter of a wavelength of the
second bandwidth.

11. The WWAN printed circuit antenna according to claim
1, wherein the first radiating monopole antenna operates at
880 MHz to 960 MHz.

12. The WWAN printed circuit antenna according to claim
1, wherein the second radiating monopole antennas operates
at 1700 MHz to 2000 MHz.
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