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7 ABSTRACT

The present invention provides an antenna for multiple bands
employing a single antenna element 10, capable of operating
in multiple frequency bands, and ideal for size reduction
purposes. One end A of an antenna element 10 is electrically
connected to a feeding point 12 and intermediate points B and
C and the other end thereof is electrically connected via
switches SWb, SWc, and SWd to a ground conductor 14. The
electrical lengths of the antenna element 10 from the terminal
to the intermediate points B and C plus connection lines from
these points via the switches SWb and SWc to the ground
conductor 14 and the electrical length from the one end A to
the other end D plus a connection line from the other end via
the switch SWd to the ground conductor 14 are set to be
capable of resonating different desired frequency bands. By
closing one of the switches SWb, SWc, and SWd, one of the
desired frequencies can be selected and the antenna can reso-
nate with that frequency. Thus, the antenna employing the
single antenna element 10 can operate in multiple frequency
bands.
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s0 as to be approximately mutually perpendicular and so that
respective open ends are adjacent, and with respect to a
straight line that passes between open ends of the first and
second monopole conductive elements and through a center
of a conductive ground plane, a first conductive ground plane
portion formed on a first monopole conductive element-side
of the straight line among the conductive ground plane and
the first monopole conductive element are formed so as to be
approximately symmetrical to a second conductive ground
plane portion formed on a second monopole conductive ele-
ment-side of the straight line among the conductive ground
plane and the second monopole conductive element.
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(57) ABSTRACT

A plurality of heating wires 2 have a plurality of detours 1
formed therein, the heating wires 2 have inlets 10 formed
therein for connection with the detours 1, and both ends of
each of the inlets 10 and both ends of each of the detours 1 are
connected by a pair of connection lines 9. When a shorter one
of the shortest spacing between the paired connection lines 9
and the shortest spacing between both ends of the inlets 10 is
called W_, when the maximum width of the detours 1 in a
horizontal direction is called W,, when a received frequency
has a wavelength of A, in the air, and when the formula of
{(W-W,)/2}=L, is established, the formula of
LIZO.OOSSO»O is satisfied.

43 Claims, 11 Drawing Sheets

6a

14



US007420518B2

az United States Patent (10) Patent No.: US 7,420,518 B2
Boisbouvier et al. 45) Date of Patent: Sep. 2, 2008
(54) PLANAR ANTENNA WITH MATCHED 7,227,507 B2* 6/2007 Minard et al. ............... 343/767
IMPEDANCE AND/OR POLARIZATION
(75) Inventors: Nicolas Boisbouvier, Rennes (FR); FOREIGN PATENT DOCUMENTS
Philippe Minard, Saint Medard sur Ille
(FR); Ali Louzir, Rennes (FR) EP 1367673 AL 122003
GB 1546 571 A 5/1979
(73) Assignee: Thomson Licensing, RU 1775757 AL 11/1992
Boulogne-Billancourt (FR)
(*) Notice:  Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent is extended or adjusted under 35 Ta . . . .
pan Abstract 05267923; published Oct. 15, 1993; Kokusai Kagaku
US.C. 154(b) by 120 days. Shinko Zaldan; vol. 16, No. 038.
. Dual-Loop Slot Antenna With Simple Feed; Stevenage, Herts; Elec-
(21)  Appl. No.: 11/287,999 tronics Letters; pp. 1218-1219; vol. 25, No. 18; Aug. 31, 1989.
(22) Filed: Nov. 28. 2005 Search Report dated May 11, 2005.
* cited by examiner
(65) Prior Publication Data
Primary Examiner—Michael C Wimer
US 2006/0152425 Al Jul. 13, 2006 (74) Attorney, Agent, or Firm—Joseph J. Laks; Robert D.
Shedd; Brian J. C rt
(30) Foreign Application Priority Data iedd; Brian J tromarty
Dec. 13,2004 (FR) oo 0452048  (57) ABSTRACT
(51) Imt.CL . . .
The present invention relates to a planar antenna carried by a
H01Q 13/12 (2006.01) - .
. substrate comprising a slot in the form of a closed curve
(52) US. CL oo 343/769; 343/767 dimensioned to operate at a given frequency, supplied by a
(58) Field of Classification Search ................ 33443%//776679, feeder line intersecting the slot at a point known as an exci-
S lication file fi | hhi - tation point, characterized in that at least two short circuits in
ce application file for complete search hustory. parallel on the slot are positioned with respect to the excita-
(56) References Cited tion point so as to match the impedance to the excitation point
U.S. PATENT DOCUMENTS and/or the polarization of the antenna.
2,977,595 A * 3/1961 Zisleretal. ................. 343/769 6 Claims, 4 Drawing Sheets
l H D2
(8] D3
: . ° . .
Configuration n®1 Configuration n°2
01,03 On D4 01,03 Off
D2,D4 Off D2.064 On
Polar H Polar V

(3)

(b)oJ I~—>(c)




az United States Patent

US007420521B2

(10) Patent No.: US 7,420,521 B2

Hauck 45) Date of Patent: Sep. 2, 2008
(54) WIDEBAND SEGMENTED DIPOLE (56) References Cited
ANTENNA U.S. PATENT DOCUMENTS
(75)  Inventor: Bryan L. Hauck, West Warwick, RI 3,656,167 A *  4/1972 Lea woooreeeeeeeeeran 343/793
(US) 3,716,867 A * 2/1973 Mayesetal. ..... 343/701
. . . 5,969,690 A * 10/1999 Yamabayashi et al. 343/792
(73) Assignee: Applied Radar Inc., North Kingstown, 6,100,848 A * 82000 Hayes ... . 343/702
RI(US) 6,407,719 B1* 6/2002 Ohiraetal. ... wrr 343/893
¥ . . . . . 6,515,634 B2* 2/2003 Desclos et al. .. 343/818
(*) Notice: Subject. to any dlsclalmer,. the term of this 6.633.263 B2* 10/2003 Beltin et al. .. 3431725
patent is extended or adjusted under 35 6.917,340 B2* 7/2005 Lindenmeier . . 343/725
U.S.C. 154(b) by 82 days. 6,987,493 B2*  1/2006 Chen ........ . 343/893
(21) Appl. No.: 11/650,616
(22) Filed: Jan. 8,2007 OTHER PUBLICATIONS
. . Antenna Engineering Handbook, 3rd Edition, Richard C. Johnson,
(65) Prior Publication Data Publisher, pp. 4-1 to 4-34.
US 2008/0165077 A1 Jul. 10,2008 ¥ cited by examiner
(51) Int.ClL ) Primary Examiner—Trinh V Dinh
HoIQ 21/00 (2006.01) (74) Attorney, Agent, or Firm—Maurice M. Lynch
HOIQ 9/16 (2006.01)
HO0I1Q 1/32 (2006.01) 57 ABSTRACT
(52) US.CL ... 343/817, 343/817, 343/818,;
343/825; 343/833; 343/792 A wideband antenna comprised of two or more conductive
(58) Field of Classification Search ..... 343/817, segments that are parasitically coupled.

343/818, 833, 834
See application file for complete search history.

1 Claim, 4 Drawing Sheets

La

G2

JL

La

o0p — i~ G3

Lo

_~G1

1L




a2 United States Patent

US007423592B2

(10) Patent No.: US 7,423,592 B2

Pros et al. (45) Date of Patent: Sep. 9, 2008
(54) MULTI-BAND MONOPOLE ANTENNAS FOR (56) References Cited
MOBILE COMMUNICATIONS DEVICES R .
U.S. PATENT DOCUMENTS
(75)  Inventors: Jjaume Anguera Pros, Castellon (ES); 4,123,756 A 10/1978 Nagata
Carles Puente Baliarda, Barcelona (ES
(73) Assignee: Fractus, S.A., Barcelona (ES) (Continued)
(*) Notice: Subjcc‘t_ to any disclaimcr._ the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. EP 0884 796 12/1998
(21) Appl. No.: 10/584,442 (Continued)
(22) PCT Filed: Jan. 28, 2005 OTHER PUBLICATIONS
- i - C. Puente et al., “Small But Long Koch Fractal Monopole™, Elec-
(86) PCTNo.: i tronics Letters, Jan. 8, 1998, vol. 34, No. 1, pp. 9-10.
§ 371 (c)(1), (Continued)
(2). (4) Date:  Jul. 18, 2006
Primary Fxaminer—Hoang V Nguyen
(87) PCT Pub. No.: 'WO2005/076407 (74) Attorney, Agent, or Firm—Winstead PC
PCT Pub. Date: Aug. 18, 2005 (57) ABSTRACT
(65) Prior Publication Data Antennas for use in mobile communication devices are dis-
US 2007/0046548 Al Mar. 1. 2007 closed. The antennas disclosed can include a substrate with a
base, a top, a front side and a back side; a first conductor can
Related U.S. Application Data be located on the first side of the antenna substrate; and a
fiih i S i T second conductor can be located on the second side of the
(63) Continuation-in-part of application No. PCT/EP02/ 4ptenna substrate. The conductors can have single or multiple
14706, filed on Dec. 22, 2002. branches. If a conductor is a single branch it can, for example,
(60) Provisional application No. 60/540,450, filed on Jan. be a spiral conductor ora conducting plate. If a conductor has
30, 2004. multiple branches, each branch can be set up to receive a
different frequency band. A conductor with multiple branches
(51) Int.Cl can have a linear branch and a space-filling or grid dimension
HOIQ 1738 (2006.01) branch. A conducting plate can act as a parasitic reflector
(52) US.Cl oo, 343/700 MS; 343/805;  plane to tune or partially tune the resonant frequency of
343/702 another conductor. The first and second conductors can be
(58) Field of Classification Search ......... 343/700 Ms,  clectrically connected.

343/895, 702
See application file for complete search history.

15 Claims, 17 Drawing Sheets




United States Patent

US0074235

LAWIFER AW

93B2

(12) (10) Patent No.: US 7,423,593 B2
Puente Baliarda et al. (45) Date of Patent: Sep. 9, 2008
(54) BROADSIDE HIGH-DIRECTIVITY 6,133,882 A 10/2000 LaFleur et al.
MICROSTRIP PATCH ANTENNAS 6,133,883 A 10/2000 Munson et al.
6,140,975 A 1072000 Cohel
(76) Inventors: Carles Puente Baliarda, Londres 57 4™ i i Ln
274 Gan Cugat del Valles, Barcelona (ES) 6,160,513 A 12/2000 Davidson et al.
08036; Jaume Anguera Pros, P. Blasco 6,181,281 Bl 1/2001 Desclos et al.
Ibanez N. 15 2™, Vinards (ES) 12500;
Carmen Borja Borau, Tvra. de Dalt, 67,
Barcelona (ES) 08024 .
{Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 i AN it
U.S.C. 154(b) by 0 days. EP 0753897 A2 1/1997
(21) Appl. No.: 11/186,538
(22) Filed: Jul. 21, 2005 (Cantinued)
(65) Prior Publication Data OTHER PUBLICATIONS
US 2005/0285795 Al Dec. 29, 2005 Borja, C. et al., “High directivity fractal boundary microstrip patch
(51) Int.Cl antenna,” Electronics Letters, vol. 36, No. 9, Apr. 27, 2000 (2 pp.).
HOIQ 1/38 (2006.01) (Continucd)
(S2) RISy s i 343/700 MS . i _ i
(58) Field of Classification Search .......... 343/700 MS,  Primary Examiner—Michael C Wimer
343/833, 834 -
See application file for complete search history. G ABSTRACT
(56) References Cited

U.S. PATENT DOCUMENTS

4,197,544 A 4/1980 Kaloi

5220335 A *  6/1993 Huang ................. 343/700 MS
5.497.164 A 3/1996 Croq

5,576,718 A * 11/1996 Burallietal. ......... 343/700 MS
5,627,550 A 5/1997 Sanad

5,657,028 A 8/1997 Sanad

5,680,144 A 10/1997 Sanad

5,903,240 A 5/1999 Kawahata et al.

5955994 A *  9/1999 Stakeretal. .......... 343/700 MS
5,986,609 A 11/1999 Spall

6,049314 A 4/2000 Munson et al.

6075485 A 6/2000 Lilly et al.

6,104,349 A 8/2000 Cohen

6,127977 A 10/2000 Cohen

High-directivity microstrip antennas comprising a driven
patch and at least one parasitic element placed on the same
plane, operate at a frequency larger than the fundamental
mode of the driven patch in order to obtain a resonant fre-
quency with a high-directivity broadside radiation pattern.
Thedriven patch, the parasitic elements and the gaps between
them may be shaped as multilevel and/or Space Filling geom-
etries. The gap defined between the driven and parasitic
patches according to the invention is used to control the
resonant frequency where the high-directivity behaviour is
obtained. The invention provides that with one single element
is possible to obtain the same directivity than an array of
microstrip antennas operating at the fundamental mode.

28 Claims, 10 Drawing Sheets




(12)

United States Patent

Li et al.

US007423597B2

US 7,423,597 B2
Sep. 9, 2008

(10) Patent No.:
(45) Date of Patent:

(54) DUAL BAND WLAN ANTENNA
(75) Inventors: James Li, Santa Clara, CA (US); Jing
Jiang, San Jose, CA (US)
(73) Assignee: Marvell World Trade Ltd., St. Michael
(BB)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 11/519,979
(22) Filed: Sep. 12, 2006
(65) Prior Publication Data
US 2007/0182643 Al Aug. 9, 2007
Related U.S. Application Data
(60) Provisional application No. 60/771,634, filed on Feb.
9, 2006.
(51) Int.CL
HO1Q 124 (2006.01)
(52) US.CL e 343/702; 343/700 MS
(58) Field of Classification Search ............... 343/702,
343/700 MS, 846, 795
See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
4343976 A * 8/1982 Nasretdinetal. ......... 219/748
5,714,961 A 2/1998 Kotetal.
6,184,828 Bl 2/2001 Shoki
6,597,316 B2 7/2003 Rao et al.
7,006,043 BL* 2/2006 Nalbandian .......... 343/700 MS
2002/0163473 AL™ 11/2002 Koyamaetal. .......... 343/718

0z L

|D|-3f

2003/0210187 Al 11/2003 Luetal.

2004/0004572 Al 1/2004 Ma

2004/0239568 Al 12/2004 Masutani

2005/0062652 Al™  3/2005 Huang ................. 343/700 MS
2005/0140551 Al 6/2005 Kaluzni et al.

FOREIGN PATENT DOCUMENTS

EP 0795926 A2 9/1997
WO WO02/49153 Al 6/2002
WO WO2005/062422 7/2005

OTHER PUBLICATIONS

IEEE Std 802.11a-1999 (Supplement to IEEE Std 802.11-1999)
[Adopted by ISOVIEC and redesignated as ISO/TEC 8802-11: 1999/
Amd 1:2000(E)]; Supplement to IEEE Standard for Information
technology— Telecommunications and  information exchange
between systems—Local and metropolitan area networks—Specific
requirements—Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications High-speed Physi-
cal Layer in the 5 GHz Band; LAN/MAN Standards Committee of
the IEEE Computer Society; 91 pages.

(Continued)
Primary Examiner—HoangAnh T Le

(57) ABSTRACT

An antenna system comprises first, second, and third anten-
nas that are arranged on a printed circuit board (PCB) and that
include an arc-shaped element having a concave side and a
convex side, and a conducting element that extends substan-
tially radially from a center of the concave side.

42 Claims, 38 Drawing Sheets




(12)

US007423598B2

United States Patent
Bit-Babik et al.

US 7,423,598 B2
Sep. 9, 2008

(10) Patent No.:
(45) Date of Patent:

(54)

(75)

(73)
(i

(€2))]
(22)

(65)

(51)
(52)

(58)

(56)

COMMUNICATION DEVICE WITH A
WIDEBAND ANTENNA

Inventors: Giorgi G. Bit-Babik, Sunrise, FL (US):
Carlo Dinallo, Plantation, FL. (US);
Antonio Faraone, Plantation, FL. (US)

Assignee: Motorola, Inc., Schaumburg, IL (US)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 11/567,430

Filed: Dec. 6, 2006

Prior Publication Data
US 2008/0136727 Al Jun. 12, 2008

Int. C1.

HOIQ 1724 (2006.01)

US.CL .. 343/702; 343/700 MS;
343/846

343/700 MS,

343/702, 846

See application file for complete search history.

Field of Classification Search

References Cited
U.S. PATENT DOCUMENTS
3,587,109 A

6,762,723 B2
6,867,736 B2

6/1971 Martino
7/2004 Nallo
3/2005 Faraone et al.

6,982,675 B2* 12006 Kwaketal. ................ 343/702
7,339,531 B2*  3/2008 Desclos et al. .............. 343/702
2004/0233111 A1 11/2004 Desclos
2007/0069958 Al*  3/2007 Ozkar ............... 343/700 MS
2007/0268190 A1* 11/2007 Huynh ... veeenenns 343/702
FOREIGN PATENT DOCUMENTS
GB 2330695 A 4/1999

* cited by examiner

Primary Examiner—Tan Ho
(74) Attornev, Agent, or Firm—James Lamb; Anthony P.
Curtis

ABSTRACT

An apparatus is disclosed for a communication device (100)
with a wideband antenna (102) supporting at least two com-
mon and one differential resonant modes. An apparatus that
incorporates teachings of the present invention may include,
for example, the communication device having an antenna
(102) that includes a ground structure (202), a first elongated
conductor (204) spaced from the ground structure, a second
elongated conductor (206) separated from the first elongated
conductor, third and fourth conductors (212) each coupled to
the first and second elongated conductors forming a gap
(205), a ground conductor (208) coupling the ground struc-
ture to one among the first and second elongated conductors,
and a signal feed conductor (210) coupling to one among the
first and second elongated conductors spaced from the ground
conductor. Additional embodiments are disclosed. A -10 dB
bandwidth of at least (.5 can he realized using electrical
non-congruence.

(57)

20 Claims, 4 Drawing Sheets




United States Patent

US007423599B2

(12) (10) Patent No.: US 7,423,599 B2
Li et al. (45) Date of Patent: Sep. 9, 2008
(54) DUAL BAND WLAN ANTENNA 2005/0062652 A1*  3/2005 Huang .........cee.... 343/700 MS
(75) Inventors: James Li. Santa Clara, CA (US); Jing
Jiang, San Jose, CA (US)
(Continued)
(73) Assignee: Marvell World Trade Ltd.. St. Michael
(BB) FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this EP 0795926 A2 9/1997
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.
(21)  Appl. No.: 11/581,540 (Continued)
(22) Filed: Oct. 16, 2006 OTHER PUBLICATIONS
. £ s IEEE Std 802.11a-1999 (Supplement to IEEE Std 802.11-1999)
(65) Prior Publication Data [Adopted by ISO/IEC and redesignated as ISO/IEC §802-11: 1999/
US 2007/0182646 Al Aug. 9, 2007 Amd 1:2000(E)]; Supplement to IEEE Standard for Information
technology—Telecommunications and  information exchange
Related U.S. Application Data between systems—Local and metropolitan area networks—Specific
N . Lo requirements—Part 11: Wireless LAN Medium Access Control
(63) Continvation of application No. 11/519.979, filed on (MAC) and Physical Layer (PHY) specifications High-speed Physi-
Sep. 12, 2006. cal Layer in the 5 GHz Band; LAN/MAN Standards Committee of
(60) Provisional application No. 60/771,634, filed on Feb. the IEEE Computer Society: 91 pages.
9, 2006. N
(Continued)
(1) Int. Q1. Primary Examiner—HoangAnh T Le
HOIQ 124 (2006.01) :
(52) US.CL .. 343/702; 343/700 MS (57) ABSTRACT
(58) Field of Classification Search ................. 343/702,
343/700 MS, 725, 729, 846, 848
See application file for complete search history. An antenna system comprises a first antenna that is arranged
(56) References Cited on a printed circuit board (PCB) and that includes an arc-

U.S. PATENT DOCUMENTS

4,343,976 A 8/1982 Nasretdin et al.
5714961 A *  2/1998 Kotetal. ..occcoeeeeeeeeen. 343/769
6,184,828 Bl* 220001 Shoki ..oocooeeevievnnnnnnnn... 342/372
6,597,316 B2*  7/2003 Raoetal. .......... 343/700MS
7.006,043 Bl 2/2006 Nalbandian

2002/0163473 Al™ 11/2002 Koyamaetal. .......... 343/718

2003/0210187 Al 11/2003 Luetal.

2004/0004572 Al 1/2004 Ma

2004/0239568 Al 12/2004 Masutani

shaped element having a concave side and a convex side. A
conducting element extends substantially radially from a cen-
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and two side portions that extend from ends of the base
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outer ring that is concentric to the inner ring.
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A multi-frequency antenna with dual loops is provided. The
antenna includes a T-shaped radiator having a first arm and a
second arm of unequal lengths as a main body, and two
grounded L-shaped radiators, so as to form dual loops. Thus,
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with a gel component. The foamed component is formed by a
forming process, and an adhesive compound is provided
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tion (RFID) reader employing the dual polarization antenna.
The dual polarization antenna includes a ground plate and
four inverted F-type radiators set up on the ground plate.
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inverted F-type radiators each other. Currents of an inverted
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