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57) ABSTRACT

A dual-band inverted-F antenna including a radiation ele-
ment, a ground element, a conductive pin, and a signal feed-in
portion is described. The radiation element includes a loop
portion, a first radiation portion, and a second radiation por-
tion. After being fed in through the signal feed-in portion, a
first band signal and a second band signal are wirelessly
transmitted/received by the first radiation portion and the
second radiation portion respectively in one aspect, and trans-
mitted to the conductive pin through the loop portion and
finally to the ground element in another aspect. The loop
portion is directly short-grounding, such that the bandwidths
of the first and the second band signals in operation are
increased, thereby improving the overall radiation efficiency.
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67 ABSTRACT

A mobile communications device includes a circuit board and
a monopole antenna. The monopole antenna includes a feed
part electrically connected to the circuit board and directed
away from the circuit board at an acute angle, a connecting
part extending from the feed part in a direction substantially
perpendicular to the circuit board, a first radiating part
extending from the connecting part, and a second radiating
part also extending from the connecting part.
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57 ABSTRACT

Generalized non-limiting embodiments include employing a
dipole antenna and/or a half slot antenna. Each of the anten-
nas constitutes three mutually perpendicular radiating ele-
ments to achieve good isolation and low antenna signal cor-
relation between the three ports. In one generalized non-
limiting embodiment the antennas are fabricated on FR-4
epoxy boards. Experimental results show that the antennas
resonate a reasonable frequency and have a desired mutual
coupling. In addition experimental results for the diversity
performance and the MIMO channel capacity are also pro-
vided for these antennas and these results show that the herein
described antennas offer good diversity gain and the channel
capacity can be increased by as much as three times by using
these antennas over conventional antennas.
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An antenna includes a dielectric substrate, a grounding plane,
first and second grounding elements, and first and second
radiating elements. The grounding plane is formed on the
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second radiating elements. The first and second grounding
elements extend from the grounding plane away from each
other. The first and second radiating elements are coupled
electromagnetically to the first and second grounding ele-
ments, respectively.

20 Claims, 18 Drawing Sheets

12—"\ 29mm

13— 7T

82. 5mm

11

o |

.'ll.\-
Adobe

Acrobat S {F




US007714795B2

a2 United States Patent (10) Patent No.: US 7,714,795 B2
Wen et al. 5) Date of Patent: May 11, 2010
(54) MULTI-BAND ANTENNA APPARATUS 6,097,934 A * 82000 Spalletal. ............ 455/575.7
DISPOSED ON A THREE-DIMENSIONAL 6,112,102 A * 82000 Zhinong ... . 455/552.1
SUBSTRATE, AND ASSOCIATED 6,407,710 B2* /2002 Keilen etal. oo 343/702
METHODOLOGY, FOR A RADIO DEVICE 6,433,755 B1* 8/2002 Kuramoto . ... 343/895
6,542,124 Bl* 4/2003 Yoon ........ . 343/700 MS
s
(75) Inventors: Geyi Wen, Waterloo (CA); Qinjiang gjéigﬁié gg* ?;5882 gt[ﬁf: ra; al. : 343/372;) /;\/(IE
Rao, Waterloo (CA); Mark Pecen, 6,987,494 B2* 1/2006 Keren ... . 343/895
Waterloo (CA) 7,042,418 B2* 5/2006 Fujimura et al. . 343/895
7,084,825 B2* 8/2006 Sakaeetal. ... . 343/788
(73) Assignee: Research in Motion Limited, Waterloo 7,236,141 B2*  6/2007 Huang ........cccccorvveen. 343/895
(CA) 2002/0145569 A1  10/2002 Onaka et al.
2004/0125032 Al 7/2004 Ikuta et al.
(*) Notice: Subject to any disclaimer, the term of this 2005/0156790 Al 7/2005 Asaietal.
patent is extended or adjusted under 35 2007/0222697 Al1* 9/2007 Caimietal. ............... 343/861
U.S.C. 154(b) by 176 days. 2008/0036666 Al*  2/2008 Shih ....cccovvuveiiiiinnins 343/702
Q1) Appl. No.: 11/843,840 FOREIGN PATENT DOCUMENTS
EP 1414108 A2 4/2004
(22) Filed: Aug. 23,2007 woO 2006073034 Al 7/2006
(65) Prior Publication Data * cited by examiner
US 2009/0051615 Al Feb. 26, 2009 Primary Examiner—Douglas W Owens
Assistant Examiner—Chuc D Tran
(51) Imt.ClL
HOIQ 138 (2006.01) 67N ABSTRACT
(52) US.CL s 343/860; 343/700 MS; Antenna apparatus, and an associated methodology, for a
X . . 343/702; 343/895 multi-frequency-band-capable radio device, such as a quad-
(58) Field of Classification Search ................ 343/745, band mobile station. The antenna apparatus is formed from a
343/749, 791, 860, 895, 900, 700 MS, 702, three-dimensional rectilinear non-conductive dielectric
L 343/750, 793, 795, 896> 850, 852 antenna substrate, such as cube. An elongated radiation ele-
See application file for complete search history. ment is disposed over multiple surfaces of the antenna sub-
(56) References Cited strate. A T-shaped impedance matching element located at the
end of the radiation element permits the antenna input imped-
U.S. PATENT DOCUMENTS ance to be matched to a communications device. The length of
3.573.840 A *  4/1971 Gouillou et al. wo......... 343/395 the radiation element is selected to be substantially eqqal toa
4323900 A * 4/1982 Krall etal. .. 343/700 MS quarter wavelength of the lowest frequency band at which the
5134422 A * 7/1992 Auriol .......... ... 343/895 ~ antenna operates.
5,324,553 A * 6/1994 Ovshinsky et al .. 427/571
6,054,956 A * 4/2000 Mandai etal. .............. 343/702 43 Claims, 10 Drawing Sheets

o |

.'ll.\-
Adobe

Acrobat S {F



a2 United States Design Patent (o) Patent No.:
Tsai et al.

US00D6155348

US D615,534 S

@5) Date of Patent: .+« May 11,2010

(54)

(75)

(73)

)
@n
(22)
(51)

(52)
(58)

(56)

MULTI-BAND ANTENNA

Inventors: Yung-Chih Tsai, Taipei (TW);
Jia-Hung Su, Taipei (TW); Kai Shih,

Taipei (TW)
Assignee: Cheng Uei Precision Industry Co.,
Ltd., Taipei (TW)
Term: 14 Years
Appl. No.: 29/351,119
Filed: Nov. 30, 2009
LOC (9 CL .o 14-03
US.CL e D14/230
Field of Classification Search D14/138,

D14/230-238, 299, 358; D12/42,43; 343/700 MS,
343/700 R-705, 711-713, 741, 748, 767,
343/795, 819, 840, 846, 866, 871-908; 455/90.2,
455/90.3, 91, 128, 269, 344, 347, 562.1;
333/193, 195

See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS

7,224,312 B2* 5/2007 Wenetal. ............. 343/700 MS

D608,354 S * 1/2010 Yangetal. ................. D14/230
2008/0030411 Al* 2/2008 Wenetal. ......c.cne. 343/702
2009/0267840 Al* 10/2009 Xuetal. ....... . 343/700 MS
2009/0284432 Al* 11/2009 Cozzolino etal. ........... 343/821

* cited by examiner

Primary Examiner—T. Chase Nelson
Assistant Examiner—John Windmuller

57 CLAIM

The ornamental design for multi-band antenna, as shown and
described.

DESCRIPTION
FIG. 1 is a perspective view of multi-band antenna showing
our new design;
FIG. 2 is a front elevational view thereof;
FIG. 3 is a rear elevational view thereof;
FIG. 4 is a left side elevational view thereof;
FIG. 5 is a right side elevational view thereof;
FIG. 6 is a top plan view thereof; and,
FIG. 7 is a bottom plan view thereof.
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A loop antenna includes a ground plane and a conductive
element with a first C-shaped element portion having an open
end and a closed end, with only the open end extending
directly above a first portion of the ground plane, a second
C-shaped element portion having an open end and a closed
end, with only the open end extending directly above a second
portion of the ground plane, and a transmission line element
disposed between the first C-shaped element portion and the
second C-shaped element portion and positioned directly
above a third portion of the ground plane.
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