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57 ABSTRACT

A multiband antenna comprises a feeder member, a radiation
conductor, a short-circuit member, a grounding plane and a
feeder cable. The feeder member has a first coupling side.
Two end of the short-circuit member are respectively con-
nected with the radiation conductor and the grounding plane.
The short-circuit member has a second coupling side parallel
to and conformable to the first coupling side with a gap
existing therebetween. The feeder cable has a central wire and
an outer wire respectively connected with the feeder member
and the grounding plane. The feeder member transmits a
high-frequency fed-in signal to the short-circuit member in a
capacitive coupling way. The multiband antenna of the
present invention has a simplified antenna structure, a minia-
turized size and wide frequency bands.
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Antennas are provided for electronic devices such as portable
computers. An electronic device may have a housing in which
an antenna is mounted. The housing may have an antenna
window for the antenna. The antenna window may be formed
from dielectric or from antenna window slots in a conductive
member such as a conductive wall of the electronic device
housing. An antenna may have an antenna resonating element
that is backed by a conductive antenna cavity. The antenna
resonating element may have antenna resonating element
slots or may be formed using other antenna configurations
such as inverted-F configurations. The antenna cavity may
have conductive vertical sidewalls and a conductive rear wall.
The antenna cavity walls may be formed from conductive
layers on a dielectric antenna support structure.

21 Claims, 17 Drawing Sheets

12A




US0088964838B2

a2 United States Patent (10) Patent No.: US 8,896,488 B2
Ayala Vazquez et al. (45) Date of Patent: Nov. 25, 2014
(54) MULTI-ELEMENT ANTENNA STRUCTURE 6,124,831 A 9/2000 Rutkowski et al.
WITH WRAPPED SUBSTRATE 6,285,324 Bl 9/2001 Korisch et al.
6,456,250 BL* 9/2002 Yingetal. ... e 343/702
. . 6,664,931 Bl 122003 N t al.
(75) Inventors: Enrique Aya.la Vazquez, Watsonville, 6.037.192 B2 $/2005 Mi:;}zizllli: ;; al.
CA (US); Erik A. Uttermann, San 7,383,067 B2* 6/2008 Phillipsetal. ........... 455/575.1
Francisco, CA (US); Salih Yarga, 2004/0116157 Al 6/2004 Vance et al.
Sunnyvale, CA (US); Qingxiang Li, 2004/0263403 Al 12/2004 Zafar et al.
R . 2007/0109204 Al* 52007 Phillipsetal. ............. 343/702
Mountain View, CA (US); Robert W. 2008/0316121 AL* 1212008 Hobson etal. ........... 343/702
Schlub, Cupertino, CA (US) 2009/0051611 AL 2/2009 Shamblin et al.
. . 2009/0058735 Al 3/2009 Hill et al.
(73) Assignee: Apple Inc., Cupertino, CA (US) (Continued)
. - . o N .
(*) Notice: Subjcct_ to any dlbclalmcr,_ the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.8.C. 154(b) by 0 days. CN 101958460 1/2011
EP 2065971 6/2009

(21) Appl. No.: 13/038,300 (Continued)

(22) Filed: Mar. 1, 2011 OTHER PUBLICATIONS

(65) Prior Publication Data Pance, Aleksander, et al. U.S. Appl. No. 12/861,640, filed Aug. 23,
US 2012/0223866 A1 Sep. 6, 2012 2010.

(51) TInt.CL Primary Examiner — Gl‘ﬂ%’lﬂlll Smith )
HO1Q 1724 (2006.01) (74) Attorney, Agent, or Firm — Treyz Law Group; G. Victor
H010 1/38 (2006.01) Treyz; Michael H. Lyons
Ho10 5/00 (2006.01)

HO10 9/42 (2006.01) (57) ABSTRACT
H01Q 21728 (2006.01) Antennas are provided for electronic devices such as portable

(52) US.CL computers. Multiple resonating elements may be formed on a

CPC ..o HOIQ 17243 (2013.01); HO1Q 1/38 flexible antenna resonating element substrate. The flexible
(2013.01); HO1Q 5/0062 (2013.01); HOIQ 9/42 antenna resonating element substrate may have a first antenna

. (2013.01); HO1Q 21/28 (2013.01) resonating element at one end and a second antenna resonat-
USPC e 3702 o element at an opposing end. The flexible antenna resonat-

(58)  Field of Classification Search ing substrate may be wrapped around a dielectric carrier and
None o . mounted within an electronic device under an inactive display
See application file for complete search history. region and above a dielectric housing window. Conductive

structures such as conductive housing structures may form

(56 Refi Cited :

36) clerences Lite antenna ground. The resonating elements and antenna ground
U.S. PATENT DOCUMENTS may form first and second antennas. A parasitic antenna reso-
B nating element may form part of the first antenna.
4,546,357 A * 10/1985 Laughonetal. ... 343/702

5917450 A 6/1999 Tsunekawa et al.

20 Claims, 8 Drawing Sheets

38 54
- T2 N 68 ~62A
59{ f f =
23 4 76— 6
A—| 0
| : T I = 70 62A
f ! !
79 78 58



a2 United States Patent

Larsen et al.

US008896489B2

US 8,896,489 B2
Nov. 25, 2014

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

(54) ANTENNA

(75) Inventors: Niels B. Larsen, Escondido, CA (US);
Ping Hui, San Diego. CA (US);
Yonghua Wei, San Diego, CA (US),
Francis McGaffigan, Escondido, CA
(US); Nan Xu, San Diego, CA (US);
Kiril Stoynov, San Diego, CA (US)

(73)

")

Assignee: Nokia Corporation, Espoo (FI)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 153 days.

21)
(22)

Appl. No.: 13/475,345
Filed: May 18, 2012

Prior Publication Data

US 2013/0307736 Al Nov. 21, 2013

(65)

Int. CI.
HOI1Q 1724
Ho1Q 1/38
U.S. CL
USPC i, 343/702; 343/700 MS
Field of Classification Search

USPC v 343/700 MS, 702
See application file for complete search history.

(51)
(2006.01)
(2006.01)
(52)

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

7,126,539 B2* 102006 Lietal ... e 343/700 MS
2003/0112200 Al 6/2003 Marino . ... 343/824
2006/0055615 Al 3/2006 Zhou ..... . 343/790
2009/0135082 Al 5/2009 Hou ... .. 343/878

2010/0253579 Al* 10/2010 Ryouetal. ... ;“;43.“700 MS

FOREIGN PATENT DOCUMENTS

EP 1298760 Al 4/2003

* cited by examiner

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — Harrington & Smith

(57) ABSTRACT

An apparatus including an antenna; a first antenna carrier
forming a first support substrate for a first portion of the
antenna; and a different second antenna carrier forming a
second support substrate for a second portion of the antenna.
The first and second antenna carriers are coupled to each
other. The antenna extends across a joint between the first and
second antenna carriers.

25 Claims, 10 Drawing Sheets

42

44

50



a2 United States Patent
Wong et al.

US008897843B2

US 8,897,843 B2
*Nov. 25, 2014

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

(54) RF RADIATION REDIRECTION AWAY FROM
PORTABLE COMMUNICATION DEVICE
USER

(75) Inventors: AHred Y. Wong, Los Angeles, CA (US);
Robert Moreno, Acton, CA (US); Karl
Richard Shields, North Hills, CA (US);
Rong Wang, Sherman Oaks, CA (US)

(73) Assignee: Pong Reseach Corporation, Encinitas,
CA (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 194 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 13/492,518

(22) Filed: Jun. 8,2012
(65) Prior Publication Data
US 2012/0242549 Al Sep. 27, 2012

Related U.S. Application Data

(63) Continuation of application No. 12/724,290, filed on
Mar. 15, 2010, now Pat. No. 8,214,003, which 1s a
continuation-in-part of application No. 12/614,132,
filed on Nov. 6, 2009, now Pat. No. 8,208,980.

(60) Provisional application No. 61/160,282, filed on Mar.
13, 2009, provisional application No. 61/112,141,
filed on Nov. 6, 2008, provisional application No.
61/158,551, filed on Mar. 9, 2009.

(51) Int.CL

HO4M 1/00 (2006.01)
HO10 19/28 (2006.01)
HOIO 124 (2006.01)
HO1Q 19/00 (2006.01)
(52) US.CL
CPC ..o, TIOIQ 17243 (2013.01); HOIQ 19/28

(2013.01); HO1Q 19/005 (2013.01); HOIQ
1/245 (2013.01)

USPC ..o 455/575.7, 455/575.5; 455/575.1;
455/575.6; 455/575.8; 455/90.3; 343/702
(58) Field of Classification Search

CPC ...... HO1Q 1/243; HO1Q 1/48; HO1Q 19/005;
HO1Q 19/28
e 455/757.5, 575.1, 550.1, 67.11, 90.3,
455/557, 552.1, 553.1, 422.1, 403, 445,
455/426.2,41.2,41.1, 575.5, 575.7, 575 .8,
455/575.6; 343/702, 718, 720, 782

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,278,571 A
5,338,896 A

1/1994 Helfrick
8/1994 Danforth

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1918745 A 2/2007
EP 1292042 A2 3/2003
(Continued)

OTHER PUBLICATIONS

Office Action for U.S. Appl. No. 13/491.747, mailed Sep. 7, 2012.
(Continued)

Primary Examiner — Tan Trinh

(74) Attorney, Agent, or Firm — Cooley LLP

(57) ABSTRACT

A case for a wireless device includes a number of RF coupling
elements mounted in the case and configured such that RF
radiation is coupled from an internal antenna of the wireless
device out of the device to a first RF coupling element, and
from the first RF coupling element to a RF redirector coupling
element that redirects the RF radiation in a direction outward
from said wireless device that is opposite to a user side of the
wireless device. A corrugated metallic shield is optionally
provided on an opposite side of the case, facing a user of the
device.
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A mobile communication device including a first appearance
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A stand-alone multi-band antenna includes an antenna
ground plate, a shielding metal wall, a first radiating unit, and
asignal feed-in source. The first radiating unit connected to at
least one side of the antenna ground plate and located above
the antenna ground plate is an antenna structure generating
the fringing-field. The first radiating unit provides a first
operating band and a second operating band. The shielding
metal wall is connected to a plurality of the adjacent sides of
the antenna ground plate, and the height thereof is larger than
orequal to that of the first radiating unit, therefore limiting the
fringing-field of the first radiating unit within the stand-alone
multi-band antenna. The signal feed-in source has a signal
feed-in point and a ground point. The signal feed-in point is
electrically connected to the first radiating unit, and the
ground point is electrically connected to the shielding metal
wall.
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side and a second radiating element on a second side. The first
radiating element and the second radiating element are linear
conductors that each extend from a first end to a second end
(an openend), and are parallel or substantially parallel to each
other in a direction from the first end to the second end. The
first end of the first radiating element is connected to a first
port of a coupling degree adjustment circuit, and the first end
of the second radiating element is connected to a second port
of the coupling degree adjustment circuit. The first radiating
element and the second radiating element are mainly coupled
to each other in the coupling degree adjustment circuit.
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portion coupling the first slit portion with the second slip
portion, and a cutting portion coupling the third slit portion
with the third side.
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(57) ABSTRACT

A wireless communication apparatus includes a first commu-
nication system, and a second communication system con-
figured to transmit a transmission signal in a communication
frequency band which is the same or substantially the same as
that of the first communication system and at an electric
power which is stronger than that of a reception signal of the
first communication system. The first communication system
includes a feeder circuit having a resonant frequency, the
resonant frequency being within the communication fre-
quency band if a reception signal of the first communication
system is input, and the resonant frequency being out of the
communication frequency band if a transmission signal of the
second communication system is input.
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