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dielectric substrate. The main antenna member includes a
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An antenna system for reception of channel signals form the
UHF band by a receiver, including an electrically small
antenna and, connected between the port connected to the
antenna and that of the receiver, an active impedance match-
ing device controlled by command signals depending on the
quality of the signal received by the receiver to compensate
for the impedance variations due to the environment associ-
ated with the antenna and o reject the frequencies of inter-
fering channels adjacent to the reception channel without
interfering with the active impedance matching of the
antenna.
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The invention provides a portable communication device and
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user’s head is facilitated. The device comprises: a case: a
speaker port; an antenna located in the bottom of the case; and
a spacer located on the front of the case for resting against a
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An antenna pattern frame includes an antenna radiator receiv-
ing an external signal and transmitting the received external
signal to an electronic device, a radiator frame having the
antenna radiator on a surface thereof, and a guide boss pro-
truding from the radiator frame and preventing the radiator
frame from moving vertically in a mold for manufacturing an
electronic device case having an inner space having a shape
corresponding to that of an electronic device case.
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(57) ABSTRACT

A flexible antenna comprises a filmed layer, a flexible radia-
tion conductor and a support member. The flexible radiation
conductor has a crooked form and a feeder terminal. The
filmed layer covers the upper surface of the flexible radiation
conductor. The support member has a through-hole. The
lower surface of the flexible radiation conductor is stuck to the
upper surface of the support member. The feeder terminal is
inserted through the through-hole to protrude from the lower
surface of the support member. The flexible radiation conduc-
tor and the crooked feeder terminal thereof replace the con-
ventional radiation conductor circuit layer and metallic con-
tact terminal to overcome the problem that the conventional
contact terminal damages the radiation conductor layer and
protrudes the filmed layer. Further, the present invention inte-
grates FPC and LDS technologies to enable the flexible radia-
tion conductor to be arbitrarily stuck to complicated planes or
complicated curved surfaces.

6 Claims, 2 Drawing Sheets

132

Acrobdt 374



a2z United States Patent
Suzuki et al.

US008643552B2

US 8,643,552 B2
Feb. 4,2014

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

(54) RECEIVER WITH PLURALITY OF ANTENNA

(75) Inventors: Kazuaki Suzuki, Kyoto (JP); Keisuke

Kinoshita, Osaka (JP)
(73)
(*)

Assignee: Panasonic Corporation, Osaka (JP)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 132 days.

(21)
(22)

Appl. No.: 12/921,454

PCT Filed: Dec. 3, 2009

PCT No.: PCT/IP2009/006574

§ 371 (¢)(1),
(2), (4) Date:

(86)

Sep. 8, 2010

(87) PCT Pub. No.: WO02010/095200

PCT Pub. Date: Aug. 26, 2010

Prior Publication Data

US 2012/0019730 Al Jan. 26, 2012

(65)

(30) Foreign Application Priority Data

Feb. 18,2009  (IP) .. 2009-034953
(51) Int.Cl
HoiQ 1/38
U.S. ClL
USPC ... 34377025 343/872
Field of Classification Search

USPC .. 343/702, 872
See application file for complete search history.

(2006.01)
(52)

(58)

(56) References Cited
U.S. PATENT DOCUMENTS

4/2001 Schneider et al.
3/2002 Kane et al.

6,218,989 Bl
6,362,784 Bl

2006/0109185 AL*
2008/0018542 AlL*
2008/0143614 AlL*
2008/0211723 AlL*
2008/0231538 AlL*

5/2006 Iwaietal. ........... 343/702
1/2008 Yamazaki et al. . 343/702
6/2008 Park etal. ... . 343/702
9/2008 Tsubono et al. . 343/702
9/2008 Inoueetal. ........... 343/872

FOREIGN PATENT DOCUMENTS

JP 63-129310 8/1988

JP 09-130140 5/1997

JP 09-275308 10/1997

JP 2006-108830 A 4/2006

JP 2006-304064 A 11/2006
OTHER PUBLICATIONS

International Search Report for International Application No. PCT/
JP2009/006574, Mar. 9, 2010, Panasonic Corporation.

* cited by examiner

Primary Examiner — Douglas W Owens
Assistant Examiner — Collin Dawkins

(74) Attorney, Agent, or Firm — RatnerPrestia

(57) ABSTRACT

The receiver diversity-receives radio wave with a plurality of
antennas. The receiver includes a conductive case having a
receiving section for executing diversity-receiving process-
ing, a first through hole and a second through hole that are
disposed on the surface of the same side of the case and
penetrate the case from the outside to the inside, a first
antenna and a second antenna for supplying a received signal
to the receiving section, and a first hinge and a second hinge
that are fixed to the inside of the case, pass the first through
hole and the second through hole, directly or indirectly sup-
port the first antenna and the second antenna, and are mov-
able, respectively. A partition is disposed between the first
through hole and the second through hole.

2004/0150569 Al* 82004 Proctoretal. .............. 343/702 13 Claims, 9 Drawing Sheets
401
103 452
403
%04 405 06 410 408 408
41 101
J / / /

]

ik

o

409 430 408

451

PDF

Acrobdt 374



a2z United States Patent

US008643557B2

(10) Patent No.: US 8,643,557 B2

Nakano et al. (45) Date of Patent: Feb. 4, 2014
(54) ANTENNA APPARATUS AND RADIO (56) References Cited
COMMUNICATION APPARATUS
U.S. PATENT DOCUMENTS
(75) Inventors: Shinichi Nakano, Kanagawa-ken (JF); 7671815 B2*  3/2010 Thorell-Persetal. ...... 343/722
Kazunari Kawahata, Kanagawa-ken 2005/0243001 Al 11/2005 Miyata et al.
(JP); Nobuhito Tsubaki, Kanagawa-ken 2006/0268191 Al 11/2006 Hsieh
(IP); Kenichi Ishizuka, Kanagawa-ken
(JP); Shigeyuki Fujieda, Ishikawa-ken FOREIGN PATENT DOCUMENTS
(P DE 11 2004 000 869 T5 3/2006
EP 1843432 Al * 10/2007
(73) Assignee: Murata Manufacturing Co., Ltd., EP 2043 196 fﬂ\l 4/2009
Kyoto-Fu (JP) Ip 2002-158529 A 5/2002
P 2002158529 A * 5/2002
. i P . ~ . pl - > 2
ey WO atioul A1 Snos
{)J SC {54(b) by 45 dayQJ s ' OTHER PUBLICATIONS
L Tony R. Kuphaldt, Lessons In Electric Circuits, Jul. 25, 2007, The
(21)  Appl. No.: 12/710,945 Design Science License, Sixth Edition, vol. 2, pp. 189-215.*
(22) Filed: Feb. 23, 2010 (Continued)
(65) Prior Publication Data Primary Examiner — Hoang V Nguyen
Assistant Examiner — Kyana R McCain
US 2010/0149053 Al Jun. 17, 2010 (74) Attorney, Agent, or Firm — Studebaker & Brackett PC
(57) ABSTRACT
Related U.S. Application Data An antenna apparatus and a radio communication apparatus
(63) Continuation of application No. PCT/JP2008/060962 are capable of separately controlling a resonance frequency in
filed on Jun. 16. 2008 ' ’ abasic mode and a resonance frequency in a higher mode and
T . have a wide bandwidth in which the resonance frequency in
. it — the basic mode is variable. The antenna apparatus includes a
30 F Application Priority Dat
(30) orelgn Application Triorlly et feeding electrode 2, a loop-shaped radiation electrode 3, a
Aug. 24,2007 (IP) coooooooeoeeeeee 2007-217968 capacitance portion 4, and inductors 5 and 6. The capacitance
portion 4 is formed by a gap between an open end 3a of the
51y Int. CL loop-shaped radiation electrode 3 and the feeding electrode 2.
(51)
HOIQ 11/12 (2006.01) The inductor 5 is disposed at a position where a large current
(52) US.CL is obtained in the basic mode and a small current is obtained
USPC oo, 343/744; 343/745; 343/748 in the higher mode. The inductor 6 is disposed at a position
(58) Field of Classification Search where a large current is obtained in the higher mode and a
T USPC 343/702, 744, 745,748, 750, 722 Small current is obtained in the basic mode.

See application file for complete search history.

INDUCTOR

18 Claims, 9 Drawing Sheets

LOOP-SHAPED
RADIATION ELECTRODE

ANTENHA APPARATUS

Acrobdt 374



US008643558B2

a2 United States Patent (10) Patent No.: US 8,643,558 B2
Tseng et al. (45) Date of Patent: Feb. 4, 2014
(54) MULTI-FREQUENCY ANTENNA (56) References Cited
(75) Inventors: Hsien-Sheng Tseng, New Taipei (TW); U.S. PATENT DOCUMENTS
%h““]':M‘“”éChI:J“" N_FW T"."pe{éTW]‘ 2005/0168384 Al* 82005 Wangetal. ... 343/700 MS
en-Fong Su, New Taipei (TW) 2007/0285321 Al* 12/2007 Chungetal. ............... 343/702
. 2011/0080332 Al* 4/2011 Montgomery etal. ... 343/843
(73) Assignee: Hon Hai Precision Industry Co., Ltd.,
New Taipei (TW) FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this CN 101106213 A 1/2008
patent is extended or adjusted under 35 * cited b .
U.S.C. 154(b) by 358 days. cited by examiner
(21) Appl. No.: 13/069,386 Primary Examiner — Kristy A Haupt
(22) Filed: Mar. 23, 2011 (74) Attorney, Agent, or Firm — Wei Te Chung; Ming Chieh
Chang
(65) Prior Publication Data
US 2011/0267246 Al Now. 3, 2011 (57) ABSTRACT
(30) Foreign Application Priority Data A multi-frequency antenna (1) includes a grounding portion
(1) extending along a transversal direction; a radiating arm
Apr. 28,2010 (TW) oo 99113420

(11) extending along a transversal direction and disposed
above the grounding portion; a connecting arm (12) con-

(51) Int.ClL nected to the grounding portion and the radiating arm; a

HOIQ 5/00 (2006.01) capacitor (13) connected to the radiating portion and the
(52) US.CL connecting arm; and a cable (15) having an inner conductor
USPC v 343/750; 343/749; 343/829; 343/830: connected to the connecting arm and an outer conductor
343/846 connected to the grounding portion.
(58) Field of Classification Search
USPC ..o 343/750, 749, 829, 830, 846
See application file for complete search history. 20 Claims, 3 Drawing Sheets

142

103451 10011900

121931

Acrobdt 374



a2z United States Patent
Cheng et al.

US008643563B2

US 8,643,563 B2
Feb. 4,2014

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

(54) ANTENNA WITH EMI SHELTER
(75) Inventors: Shih-Chieh Cheng, Kaohsiung (TW):
Yong-Xiang Hsieh, Chiayi County
(TW); Kuo-Chang Lo, Miaoli County
(TW)
(73) Assignee: Arcadyan Technology Corporation,
Hsinchu (TW)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 203 days.
(21) Appl. No.: 13/276,402
(22) Filed: Oct. 19, 2011
(65) Prior Publication Data
US 2013/0002506 A1 Jan. 3, 2013
(30) Foreign Application Priority Data
Jul. 1, 2011 (TW) e, 100123279 A
(51) Imnt.Cl
HoiQ 1/52 (2006.01)
(52) U.S.CL
USPC ... 343/841; 343/700 MS; 343/702;
343/846; 343/909
(58) Field of Classification Search

USPC . 3437841
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
7,106,257 B2 *

7,312,760 B1*
2007/0188384 Al*

9/2006 Liuetal. ...
12/2007 Cheng et al.
82007 Liu ..o

343/700 MS
... 343/702
s 343/700 MS

* cited by examiner

Primary Examiner — Jerome Jackson, Ir.
Assistant Examiner — Hai Tran
(74) Attorney, Agent, or Firm — WPAT, PC; Justin King

(57) ABSTRACT

An antenna with electromagnetic interference (EMI) shelter
is disclosed, which comprises: an EMI shelter, mounted on a
substrate while covering the same; a radiation unit; an induc-
tion current steering unit, disposed at a position between the
EMI shelter and the radiation unit; and a signal feed-in unit,
electrically connected with the radiation unit; wherein, the
induction current generated by the radiation unit when it is
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tion of radio circuit elements that are mounted on the sub-
strate from being interfered by the electric wave resulting
from the induction current. With the aforesaid configuration,
not only the EMI effect can be significantly suppressed and
the overall manufacturing cost of the antenna can be effec-
tively reduced, but also the signal transmission efficiency is
improved.
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propagation direction of a high-frequency signal is less than
V4 the wavelength of the operating frequency of the antenna
element.

7 Claims, 21 Drawing Sheets

107 110 107 108
) N

o
_—

vz ~106

I
LESS THAN A/4

NACN

Y
104J

102

T Y27 108

!

(
101

Acrobdt 374



United States Patent

US008654020B2

(12) (10) Patent No.: US 8,654,020 B2
Kim et al. (45) Date of Patent: Feb. 18, 2014
(54) ANTENNA HAVING CAPACITIVE ELEMENT 6,882,317 B2* 4/2005 Koskiniemi et al. ... 343/700 MS
2001/0035843 Al  11/2001 Boyle
. - i . 2004/0070537 Al 4/2004 Kadambi et al.
(73) - Inventors: ;I.ye;:ng d"?g K“;" S?‘ES(_R)‘ 2007/0200766 Al 82007 McKinzie et al.
in-hyung Jeon, Seoul (KR); 2010/0065647 Al* 32010 Ritamakietal. ............ 235/492
Hyeng-cheul Choi, Seoul (KR)
. X FOREIGN PATENT DOCUMENTS
(73) Assignee: Radina Co., Ltd, Seoul (KR)
Ip 05-259724 A 10/1993
(*) Notice:  Subject to any disclaimer, the term of this IP 2005-210568 A 8/2005
patent is extended or adjusted under 35 EE {8%882'882223 i g:zggg
U.S.C. 154(b) by 330 days. KR 10-2009-0076839 A 7/2009
(21) Appl.No:  12/997,992
OTHER PUBLICATIONS
(22) PCT Filed: Aug. 25,2010 . . . . .
International Search Report in International Application No. PCT/
(86) PCT No.: PCT/KR2010/005675 KR2010/005675, dated Apr. 27, 2011.
§ 371 (1), * cited by examiner
(2), (4) Date:  Dec. 14, 2010
(87) PCT Pub. No.: 'WO2012/026635 Primary Examiner — Tan Ho
PCT Pub. Date: Mar. 1, 2012 (74) Artorney, Agent, or Firm — Park, Kim & Suh, LLC
(65) Prior Publication Data
(57 ABSTRACT
US 2012/0050121 Al Mar. 1, 2012
An antenna having a capacitive element is disclosed. Herein,
(51) Int. CL the antenna is configured of a radiator, a ground plane being
HoIQ 9/00 (2006.01) spaced apart to a predetermined distance from the radiator, a
(52) US.CL ground pin electrically connected to the radiator and the
[{SPC 343/745; 343/700 MS ground plane, a capacitive element located between the radia-
(58) Field of Classification Search tor and the ground plane, a first branch arm electrically con-
USPC i 343/702, 700 MS, 846, 745 necting the capacitive element and the radiator, and a second
See application file for complete search history. branch arm electrically connecting the capacitive element and
(56) References Cited the ground plane. Thus, multiple band and broad band char-

U.S. PATENT DOCUMENTS

5917450 A *
6,538,604 B1*

6/1999 Tsunekawa et al. ... 343/700 MS
3/2003 Isohatala etal. ...... 343/700 MS

acteristics can be realized by the simple structure of the
antenna.

10 Claims, 4 Drawing Sheets

Acrobdt 374



(12)

US008654021B2

United States Patent

Brown et al.

US 8,654,021 B2
Feb. 18, 2014

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

(54)

(75)

(73)

*)

(21
(22)

(65)

(60)

(51
(52)

(58)

(56)

SINGLE-SIDED MULTI-BAND ANTENNA

Inventors: Forrest James Brown, Carson City, NV
(US); Ryan James Orsi, San Diego, CA
(US): Matthew Robert Foster, San
Diego, CA (US)

Assignee: Dockon AG, Zurich (CH)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 186 days.

Appl. No.: 13/402,777

Filed: Feb. 22, 2012
Prior Publication Data

US 2013/0057440 A1 Mar. 7, 2013

Related U.S. Application Data

Provisional application No. 61/530,902, filed on Sep.
2,2011.

Int. CI.
HOIQ 7/00
U.S. CL

(2006.01)

343/748; 343/726; 343/728
ification Search

USPC ... .. 343/726, 728, 741, 745, 748, 866
See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS

4,809.009
5.061.938
5,198,826
5.376.942 .
5,505,881
5,751,252

2/1989
10/1991
3/1993
12/1994
10/1996
5/1998

Grimes et al.
Zahn et al.
Tto

Shiga
Phillips
Phillips

e g g

900

Y

/

904

5,771,024 A 6/1998 Reece

5,771,025 A 6/1998 Reece

5,781,159 A 7/1998 Desargant

5,883,599 A 3/1999 Hall

6,437,750 Bl 8/2002 Grimes et al.

6,545,647 Bl 4/2003 Sievenpiper et al.
(Continued)

FOREIGN PATENT DOCUMENTS

EP 1672735 Al 6/2006
EP 1684379 Al 7/2006
(Continued)
OTHER PUBLICATIONS

“Antenna Theory: A review,"Balanis, Proc. IEEE, Jan. 1992, 80(1).
(Continued)

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — Baker & Hostetler LLP

(57) ABSTRACT

Embodiments provide multi-band, compound loop antennas
(multi-band antennas). Embodiments of the multi-band
antennas produce signals at two or more frequency bands,
with the two or more frequency bands capable of being
adjusted and tuned independently of each other. Embodi-
ments of a multi-band antenna are comprised of at least one
electric field radiator and at least one monopole formed out of
the magnetic loop. At a particular frequency, the at least one
electric field radiator in combination with various portions of
the magnetic loop resonate and radiate an electric field at a
first frequency band. At yet another particular frequency, the
at least one monopole in combination with various portions of
the magnetic loop resonate and radiate an electric field at a
second frequency band. The shape of the magnetic loop can
be tuned to increase the radiation efficiency at particular
frequency bands and enable the multi-band operation of
antenna embodiments.

23 Claims, 18 Drawing Sheets

902
906

\
\

N~

N

N
812~ 908
. |
(= N\ 916
910
916 914
PDF

Acrobdt 374



US008654022B2

a2z United States Patent

Brown et al.

US 8,654,022 B2
Feb. 18, 2014

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

(54)

(75)

(73)

*)

(21
(22)

(65)

(60)

(51
(52)

(58)

(56)

MULTI-LAYERED MULTI-BAND ANTENNA

Inventors: Forrest James Brown, Carson City, NV
(US); Ryan James Orsi, San Diego, CA
(US): Matthew Robert Foster, San

Assignee:

Notice:

Appl. No.:

Filed:

Diego, CA (US)

Dockon AG, Zurich (CH)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 198 days.

13/402,806

Feb. 22, 20

12

Prior Publication Data

US 2013/0057442 A1

Mar. 7, 2013

Related U.S. Application Data

Provisional application No. 61/530,902, filed on Sep.

2,2011

Int. CI.

HOIQ 7/00

US. CL

USPC

4,809.009
5.061.938
5,198,826
5.376.942
5.565.881
5,751,252

(2006.01)

343/748; 343/726; 343/728

ification Search

.. 343/726, 728, 741, 745, 748, 866
See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

A
A
A
A
A
A

1100

H

2/1989
10/1991
3/1993
12/1994
10/1996
5/1998

Grimes et al.
Zahn et al.

Tto

Shiga

Phillips
Phillips

1114

Is

1

5,771,024 A 6/1998 Reece
5,771,025 A 6/1998 Reece
5,781,159 A 7/1998  Desargant
5,883,599 A 3/1999 Hall

6,437,750 Bl 8/2002 Grimes et al.
6,545,647 Bl 4/2003 Sievenpiper et al.

(Continued)

FOREIGN PATENT DOCUMENTS

EP 1672735 Al 6/2006
EP 1684379 Al 7/2006
(Continued)
OTHER PUBLICATIONS

U.S. Appl. No. 13/402.777. filed Feb. 22, 2012, Brown Forrest James.
(Continued)

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — Baker & Hostetler LLP

(57) ABSTRACT

Embodiments provide multi-band, compound loop antennas
(multi-band antennas). Embodiments of the multi-band
antennas produce signals at two or more frequency bands,
with the two or more frequency bands capable of being
adjusted and tuned independently of each other. Embodi-
ments of a multi-band antenna are comprised of at least one
electric field radiator and at least one monopole formed out of
the magnetic loop. At a particular frequency, the at least one
electric field radiator in combination with various portions of
the magnetic loop resonate and radiate an electric field at a
first frequency band. At yet another particular frequency, the
at least one monopole in combination with various portions of
the magnetic loop resonate and radiate an electric field at a
second frequency band. The shape of the magnetic loop can
be tuned to increase the radiation efficiency at particular
frequency bands and enable the multi-band operation of
antenna embodiments.

14 Claims, 18 Drawing Sheets

1104

1112
» (]

il |

-

>

[ ’ ittt ,

N L AR .

1118 : __ L‘_ _______ 5_ ] i 1ths
1114 1116 e 1106

Acrobdt 374



US008654023B2

United States Patent

(12) (10) Patent No.: US 8,654,023 B2
Brown et al. (45) Date of Patent: Feb. 18, 2014
(54) MULTI-LAYERED MULTI-BAND ANTENNA 5,751,252 A 5/1998 Phillips
WITH PARASITIC RADIATOR 2771024 A 61998 Reece
5,771,025 A 6/1998 Reece
(75) Inventors: Forrest James Brown, Carson City, NV 5781159 A 71998 _Des'“g"m[
(US): Ryan James Orsi, San Diego, CA (Continued)
(US); Matthew Robert Foster, San
Diego, CA (US) FOREIGN PATENT DOCUMENTS
. . EP 1672735 Al 6/2006
(73) Assignee: Dockon AG, Zurich (CH) EP 1684379 Al 7/2006
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 OTHER PUBLICATIONS
U.S.C. 154(b) by 183 days.
International Patent Application No. PCT/US12/53235: Interna-
(21) Appl. No.: 13/402,817 tional Search Report and Written Opinion dated Nov. 2, 2012, 12
pages.
(22) Filed: Feb. 22,2012 (Continued)
(65) Prior Publication Data Primary Examiner — Hoang V Nguyen
US 2013/0057441 Al Mar. 7, 2013 (74) Attorney, Agent, or Firm — Baker & Hostetler LLP
Related U.S. Application Data (57) ABSTRACT
(607 Provisional application No. 61/530,902, filed on Sep. Embodiments provide multi-band, compound loop antennas
2.2011. (multi-band antennas). Embodiments of the multi-band
antennas produce signals at two or more frequency bands,
5 nt. C1. with the two or more frequency bands capable of being
51) Int.Cl ith tk fi band ble of bei
HOI1Q 7/00 (2006.01) adjusted and tuned independently of each other. Embodi-
(52) US.CL ments of a multi-band antenna are comprised of at least one
USPC ........... 343/748; 343/749; 343/741; 343/866 electric field radiator and at least one monopole formed out of
(58) Field of Classification Search the magnetic loop. At a particular frequency, the at least one
USPC oo 343741, 745, 748, 749, 866 electric field radiator in combination with various portions of
See application file for complete search history. the magnetic loop resonate and radiate an electric field at a
° first frequency band. At yet another particular frequency, the
(56) References Cited at least one monopole in combination with various portions of
the magnetic loop resonate and radiate an electric field at a
U.S. PATENT DOCUMENTS second frequency band. The shape of the magnetic loop can
e ; be tuned to increase the radiation efficiency at particular
;‘gg?ggg : lai;g? (Z};ilnn“; :ﬁﬂl frequency bands and enable the multi-band operation of
5.198.826 A 3/1993 Tto antenna embodiments.
5376942 A 12/1994 Shiga
5.565.881 A 10/1996 Phillips 10 Claims, 18 Drawing Sheets
820 800
818 81ls Va4
/ 3\ Y N
\ \ 802
’ 3 4/\/
1
1
814 o 81? !
810~} ! |
________ ! ~~810
| gl iiel 1
- 1
Ablm=m——————— = 1
(LD 2 g
/ 5 / ) 5 /
804 806 812
808 801 808
POF

Acrobdt 374



a2z United States Patent

US008654024B2

(10) Patent No.: US 8,654,024 B2

Chou (45) Date of Patent: Feb. 18, 2014
(54) ANTENNA MODULE (58) Field of Classification Search
USPC i 343/702, 700, 846
(75) Inventor: Ming-Yu Chou, New Taipei (TW) See application file for complete search history.
(73) Assignee: Chi Mei Communications Systems, (56) References Cited
Inec., New Taipei (TW) U.S. PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this 7,791,546 B2* 9/2010 Hottaetal. ... 343/702
patent is extended or adjusted under 35 2003/0174092 AL*  9/2003 Sullivan et al. . 343/702
2009/0201209 AL* 82009 Boyle ... . 343/702
U.S.C. 154(b) by 283 days. 2010/0141536 Al* 62010 Zhangetal. ... 343/702
(21)  Appl. No.: 13/052,206 * cited by examiner
_— Primary Examiner — Daniel Hess
(22)  Filed: Mar. 21, 2011 Assistant Examiner — Steven ] Malone
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Altis Law Group, Inc.
US 2012/0127048 Al May 24, 2012 67 ABSTRACT
An antenna includes a first antenna portion, a second antenna
(30) Foreign Application Priority Data portion, a third antenna portion, a feed portion, and a ground
portion. The first antenna portion perpendicularly connects to
Nov. 23,2010 (TW) wooovceeeveeereeereneenen. 99140269 the feed portion and the ground portion. The second antenna
portion connects to the first antenna portion. The third
(51) Int.CL antenna portion connects to the feed portion. The first antenna
HOIQ 900 (2006.01) portion and the second antenna portion are both located on a
(52) US.Cl plane perpendicular to the feed portion. The feed portion, the
U-SI.’C ) 343/749: 343/702: 343/700 MS: ground portion, and the third antenna portion are coplanar.

343/846

4 Claims, 3 Drawing Sheets

PDF

Acrobdt 374



a2z United States Patent

Tsai et al.

US008654026B2

(10) Patent No.: US 8,654,026 B2
(45) Date of Patent: Feb. 18, 2014

(54) ANTENNA MODULE

(75) Inventors: Wen-Yi Tsai, New Taipei (TW);
Kuan-Jen Chung, New Taipei (TW);
Chia-Wei Su, New Taipei (TW)

(73) Assignee: Wistron Corporation, Hsichih, New
Taipei (TW)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 190 days.

(21) Appl. No.: 13/364,294

(22) Filed: Feb. 1, 2012

(65) Prior Publication Data
US 2013/0135167 Al May 30, 2013

(30) Foreign Application Priority Data
Nov. 25,2011 (TW) v 1002223350
(51) Int.ClL
HoiQ 19/00 (2006.01)
HoiQ 1/38 (2006.01)
(52) US.CL
USPC ...oocvvieee. 343/833; 343/700 MS; 343/817
(58) Field of Classification Search
None

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,707,428 B2* 3/2004 Gram ................... 343/700 MS
7439916 B2* 10/2008 Wang et al. . 343/700 MS

7,808,442 B2* 10/2010 Chiuetal. .. ... 343/826
7,999,743 B2* 82011 Huber et al. . 343/700 MS
2008/0246668 Al* 10/2008 Qietal. ... ... 343/702
2010/0048266 Al*  2/2010 Maruyama . 455/575.7
2011/0156960 Al*  6/2011 Tsengetal. ....... 343/700 MS

* cited by examiner

Primary Examiner — Trinh Dinh

(74) Attorney, Agent, or Firm — Winston Hsu; Scott Margo
(57) ABSTRACT

An antenna module includes a substrate, a main radiation
structure, a strip-shaped radiation structure, a grounding
structure, a shorting structure, a parasitic radiation structure
and a melal radiation member. An acute angle is included
between a first edge of the main radiation structure and a
longitudinal edge of the substrate. The main radiation struc-
ture has a signal feeding portion and a connecting portion.
The strip-shaped radiation structure is extended from a sec-
ond edge of the main radiation structure. The shorting struc-
ture is U-shaped. A first end of the shorting structure is con-
nected to the signal feeding portion and a second end of the
shorting structure is connected to the grounding structure.
The parasitic radiation structure is extended from the ground-
ing structure and parallel to the first edge. A constant distance
is between the parasitic radiation structure and the first edge.
The metal radiation member is connected to the connecting
portion.

8 Claims, 6 Drawing Sheets

gg
\

w 124 120 180

A —
s 0 7
P e

.

NPT

l()]b'
'I/(// \é@%——*lm a
G prrereciicesicd 14
. 2
10

Acrobdt 374



a2z United States Patent

US008654029B2

US 8,654,029 B2
Feb. 18, 2014

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

Fan et al.
(54) HOUSING OF PORTABLE ELECTRONIC
DEVICE AND METHOD FOR MAKING THE
SAME
(75) Inventors: Yong-Fa Fan, Shenzhen (CN): Yong
Yan, Shenzhen (CN); Zhi-Guo Zhao,
Shenzhen (CN); Zhao-Yi Wu, Shenzhen
(CN)

(73) Assignees: Shenzhen Futaihong Precision
Industry Co., Ltd., Shenzhen (CN);
FIH (Hong Kong) Limited, Kowloon
(HK)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 446 days.

(21) Appl. No.: 12/967,150

(22) Filed: Dec. 14, 2010

(65) Prior Publication Data
US 2011/0316759 Al Dec. 29, 2011

(30) Foreign Application Priority Data

Jun. 28,2010 (CN) ... 2010 1 0210968

(51) Int.Cl

HOI1Q 1/40 (2006.01)
(52) US.CL

USPC ... 343/873; 343/702; 29/600
(58) Field of Classification Search

USPC ............. weeeeeeeneeee. 343/702, 873; 29/600

See application file for complete search history.

10

(56) References Cited
U.S. PATENT DOCUMENTS

8,462,054 B2* 6/2013 Yangetal. ............ 343/702
2012/0268348 Al* 10/2012 Zhang et al. . 343/904
2013/0002493 Al*  1/2013 Jiaetal. . 343/702
2013/0027252 Al* 1/2013 Lin ... . 343/700 MS
2013/0062109 Al* 3/2013 Kimura et al. . 174/260
2013/0084405 Al*  4/2013 Leeetal. .. . 427/555
2013/0126465 Al* 5/2013 Huetal. .. 216/13
2013/0176179 Al*  7/2013 Park ... ... 343/702

FOREIGN PATENT DOCUMENTS

CN 1518850 A 8/2004
CN 101500384 A 8/2009
™ 1254552 B 5/2006
™ M373574 U 2/2010

* cited by examiner

Primary Examiner — Tan Ho
(74) Attorney, Agent, or Firm — Altis Law Group, Inc.

(57) ABSTRACT

A portable electronic device includes a base, an antenna
radiator, an outer layer, and at least one conductive contact.
The antenna radiator is formed on the activated base by plat-
ing. The antenna radiator is sandwiched between the base and
the outer layer. One end of each conductive contact is elec-
trically connected to the antenna radiator, and the other end of
the each conductive contact is exposed.

14 Claims, 7 Drawing Sheets

Acrobdt 374



(12)

US0086540

United States Patent

Mercer

B1

30

US 8,654,030 B1
Feb. 18, 2014

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

(54)

(71

(72)

(73)

")

@1

(22)

(60)

(51
(52)

(58)

(56)

ANTENNA PLACEMENT 4,559,426 A 12/1985 Van Zeeland et al.
4,588,187 A 5/1986 Dell
. . . . . 4,607,147 A 8/1986 Ono et al.
Applicant: I\‘Iljlgrosoft Corporation, Redmond, WA 4651133 A 31987 Ciamecan ot al
(Us) 5220520 A 6/1993 Kikinis
Inventor: Sean Russell Mercer, Issaquah, WA (Continued)
us
(Us) FOREIGN PATENT DOCUMENTS
Assignee: lerosoft Corporation, Redmond, WA EP 2357978 82011
(Us) JP 10326124 12/1998
Notice:  Subject to any disclaimer, the term of this OTHER PUBLICATIONS
{);nscrg 115 52)((;&;3(1‘3?) gr ;deustcd under 35 Li, et al., “Characteristic Mode Based Tradeoff Analysis of Antenna-
e 3 by 0 days. Chassis Interactions for Multiple Antenna Terminals,” In IEEE
X Transactions on Antennas and Propagation, Retrieved from <http://
Appl. No.: 13/656,520 iecexplore.icee org/stamp/stamp. jsp?tp=&arnumber=6060882>,
‘el i it 2
Filed:  Oct. 19, 2012 (Feb. 2012), 13 pages.
(Continued)
Related US. Application Data Primary Examiner — Dieu H Duong
Provisional application No. 61/714,713, filed on Oct. (74) Attormey, Agent, or Firm — Jeremy Snodgrass; Glen
16, 2012. Johnson; Micky Minhas
Int. CI1. (57) ABSTRACT
511%‘5/24 (2006.01) Antenna placement techniques are described. In one or more
o embodiments, a computing device includes an antenna suite
U_SPC 343/876; 343/702; 343/893 having multiple different kinds of antennas. An antenna zone
Field of Classification Search for the antenna suite may be established along a particular
I:JSPC 343/725, 824, 872, 873, 89_3“ 702, 876 edge of the computing device. Non-interfering materials
See application file for complete search history. (e.g., RF transparent material) may be used within the
s antenna zone and other materials (e.g., metal) may be
References Cited employed for other regions of the device. The multiple dif-
U.S. PATENT DOCUMENTS ferent kinds of antennas in the antenna suite may then be
disposed within the established antenna zone. The antennas
4,046,975 A 9/1977 Seeger, Jr. may be placed to minimize interference between antennas
4?3;2‘619 A 123'{3;';’ gaﬂeli et al. and/or achieve performance objective for the suite of anten-
4,243,861 A 1/ Strandwitz . p aeh o C Bua - PR e
4302648 A 1L/1981 Sado et al n]db. In (ine igproarlgh, a 5u1lti_01 [(live]_dn‘le_:nnd]b n?;y be‘pla_ced
4317013 A /1982 Larson along a top edge of'a computing device in a landscape orien-
4365130 A 12/1982 Christensen tation.
4,492,829 A 1/1985 Rodrique
4,527.021 A 7/1985 Morikawa et al. 20 Claims, 13 Drawing Sheets
600
Antenra Zone 302
=
w2 - w0

Acassory Device 104

B4

Acrobdt 374



a2z United States Patent

Yoon et al.

US0086540

B2

32

US 8,654,032 B2
Feb. 18, 2014

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

(54) APPARATUS FOR MULTIPLE ANTENNAS IN
WIRELESS COMMUNICATION SYSTEM

(75) Inventors: Byung-Tae Yoon, Suwon-si (KR):
Jong-Wook Zeong, Seoul (KR);
Jae-Hoon Jo, Seoul (KR); Mi-Hyun
Son, Seoul (KR); Se-Hyun Park,
Suwon-si (KR); Hee-Jun Lee, Ansan-si
(KR)

(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 461 days.

(21) Appl. No.: 13/008,149
(22) Tiled:  Jan. 18,2011

(65) Prior Publication Data
US 2011/0175792 Al Jul. 21, 2011

(30) Foreign Application Priority Data
Jan. 21,2010 (KR) oo 10-2010-0005453
(531) Int.Cl.
Hoi1Q 21/10 (2006.01)
HOIQ 1724 (2006.01)
(52) US.CL
USPC ......... 343/893; 343/810; 343/853; 343/702
(58) Field of Classification Search
None

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7/2009 Iwaietal. ..
4/2012 Park et al.
2/2002 Masuda ...
12/2006 Moon et al.

343/702
... 343/702
e 343/700 MS

7,557,761 B2 *
8,164,525 B2 *
2002/0024466 Al *
2006/0279465 Al

2008/0150828 Al* 6/2008 Anetal. ............... 343/848
2008/0174508 Al 7/2008 Iwai et al.

2008/0278405 Al 11/2008 Montgomery et al.

2009/0102742 Al 4/2009 Park et al.

2011/0175792 Al*  7/2011 Yoonetal. .. 343/893
2013/0050052 AL* 2/2013 Parketal. ... 343/876

FOREIGN PATENT DOCUMENTS

JP 2002-076735 A 3/2002

* cited by examiner

Primary Examiner — Trinh Dinh
(74) Attorney, Agent, or Firm — Jelferson IP Law, LLP

(57) ABSTRACT

An apparatus for multiple antennas having a low coupling
coefficient in a wide frequency bandwidth in a wireless com-
munication system is provided. To obtain the low coupling
coefficient in the wide frequency bandwidth by minimizing
interference between antennas which are close to each other,
without an additional device, in the wireless communication
system, the apparatus includes a transceiver and a line for
decreasing a coupling coeflicient. The transmitter includes a
first antenna and a second antenna for transmitting and receiv-
ing signals over a radio channel and the line is indirectly
connected the first antenna and the second antenna using a
physically disconnected line.

8 Claims, 11 Drawing Sheets

CAPAGITANCE
- MATCHING
,/ STUB (921)
| GROUND PART
ANTENNA #2
capacy N (812)
NEU?HAL[ZJ;TION\ {a02)

ANTENNA #1
(801)

SRR

N

TAPERED
FEE[}g\IG‘ LINE

3

Acrobdt 374



(12)

United States Patent

Sakurai

US008655421B2

US 8,655,421 B2
Feb. 18, 2014

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

(54)

(75)
(73)

")

@1

(22)

(86)

(87)

(63)

(30)

(51)
(52)

(58)

PORTABLE WIRELESS DEVICE WITH
EXPANDABLE MECHANISM AND WIRELESS
COMMUNICATION METHOD

Inventor: Masanori Sakurai, Tokyo (JP)

Assignee: NEC Corporation, Tokyo (JP)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 227 days.

Appl. No.: 12/743,555
PCT Filed: Nov. 20, 2008
PCT No.: PCT/JP2008/071158

§ 371 (e)(1),

(2), (4) Date:  May 18, 2010

PCT Pub. No.: 'W02009/072404
PCT Pub. Date: Jun. 11, 2009

Prior Publication Data

US 2010/0279749 Al Nov. 4, 2010

Foreign Application Priority Data

Dec.3,2007  (JP) oo 2007-312515

Int. CI1.

H04M 1/00 (2006.01)

U.S. CL

USPC ....cccoeveen... 455/575.4; 455/550.1, 455/575.7

Field of Classification Search

None

(56)

See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

5438,690 A *  8/1995 Tsukuda ...................... 455/300

7,482,982 B2*  1/2009 Jenwatanavet et al. ....... 343/702
S
Tl 3

2003/0234743 Al 12/2003 Ponce De Leon et al.

2005/0075082 AL*  4/2005 Iwaietal. ... 455/90.3
2005/0237242 Al* 10/2005 Kim et al. . 343/702
2005/0239519 Al* 10/2005 Saitou et al 455/575.1
2006/0109185 ALl* 5/2006 Iwaietal. ... 343/702
2008/0024893 Al* 1/2008 Vanjani etal. . 360/1
2008/0146298 Al* 62008 Kwak ... 455/575.4

FOREIGN PATENT DOCUMENTS

DE 202006 013752 Ul 11/2006
DE 202007 002281 Ul 4/2007
EP 1329981 A2 7/2003
EP 1524822 Al 4/2005
EP 1594185 A1 11/2005
Jp 2004172896 A 6/2004
r 2005006097 A 1/2005
Ip 2005303721 A 10/2005
(Continued)
OTHER PUBLICATIONS

International Search Report for PCT/JP2008/071158 mailed Mar. 3,
2009.

(Continued)
Primary Examiner — Suhail Khan
(57) ABSTRACT

A portable wireless device and a wireless communication
method, which can transmit and receive wireless signal with-
out affecting influence from metallic part that is included in
an expandable mechanism, are provided. In the portable wire-
less device taking two statuses of an expanded status in which
an upper housing 2 and a lower housing 7 are arranged
approximately in series and a contracted status in which the
upper housing 2 and the lower housing 7 are overlapped each
other, at least a part of rotating mechanism 1 which makes the
expanded status and the contracted status variable is formed
of'metal, and the metal part of rotating mechanism 1 operates
as an antenna.
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