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Disclosed is an antenna apparatus, including: a multi-layer
substrate having at least two substrates in a stacking manner
and having a first through hole; an amplifying circuit on one
face of the multi-layer substrate; a ground pattern formed
between two adjacent substrates of the multi-layer substrate;
an antenna pattern formed on the other face of the multi-layer
substrate; and a first comb electrode having comb teeth and a
second comb electrode having comb teeth, both of which are
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connected to the antenna pattern. The second comb electrode
is electrically connected to the ground pattern through the
first through hole. The comb teeth of the first comb electrode
and the comb teeth of the second comb electrode are spaced
from one another at predetermined intervals in a staggered
manner.
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(57) ABSTRACT

A wireless communication device includes: a case made of a
first dielectric material; a cover made of a second dielectric
material which covers an outer surface of the case; a wireless
communication circuit which is housed in the case; an
antenna element made of a conductive material and provided
on the outer surface of the case between the case and the
cover, the antenna element being ¢lectrically connected to the
wireless communication circuit by a connection member that
penetrates the case; and an adhesive layer which is disposed
between the antenna element and the case to adhere the
antenna element onto the case, the adhesive layer being made
of a third dielectric material.
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A high frequency wave glass antenna for an automobile
includes an antenna conductor formed in a loop shape and
disposed in or an automobile window glass sheet, the antenna
conductor having a discontinuity and feeding portions at both
ends of the discontinuity or in the vicinity of said both ends,
the discontinuity being formed of a portion of the loop shape
cut by a length. The antenna conductor includes a detour in a
portion of the loop shape, the detour being formed of a single
or a plurality of detour elements, the detour being disposed in
a position, which satisfies that a rate of a distance from a
center of the discontinuity of the original loop shape to a
center of the detour of the original loop shape with respect to
a length of an inner peripheral edge or an outer peripheral
edge of the original loop shape ranges from 0.18 to 0.4.
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(57) ABSTRACT

According to one embodiment, an electronic apparatus
includes a housing, a first board contained in the housing, a
second board contained in the housing on the inner side of the
first board, a first antenna part, and a second antenna part. The
first antenna part includes a loop antenna provided on the first
board, and configured to communicate with a communication
module opposed to the loop antenna. The second antenna part
includes an element part provided in an area surrounded by
the loop antenna, and positioned in the same plane as the loop
antenna, and a ground part provided on the second board, and
configured to communicate with a communication module
opposed to the element part.
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A dual polarized antenna element having improved antenna
isolation is disclosed by the present invention. The antenna
element includes a first feeder for feeding the antenna ele-
ment in a first polarization direction, and a second feeder for
feeding the antenna element in a second polarization direc-
tion. According to the present invention, a compensation line
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respectively, thereby giving the compensation line an essen-
tially inductive character.

10 Claims, 10 Drawing Sheets

409

401
/

407, 408
405 —— — 406
o
> P1 P2

Acrobat Document



US008120539B2

a2z United States Patent (10) Patent No.: US 8,120,539 B2
Hong et al. (45) Date of Patent: Feb. 21, 2012

(54) ANTENNA FORMED WITH CASE AND 2003/0189520 Al* 10/2003 Goto etal. .......cccovee. 343/702
METHOD OF MANUFACTURING THE SAME 2004/0041733 Al* 3/2004 Milosavljevic ,,,,,,,, 343/700 MS

2005/0001767 Al 1/2005 Wulff et al.

. 2006/0170597 Al 8/2006 Kurashi t al.
(75) Inventors: Ha Ryong Hong, Gyunggi-Do (KR); Hashima ¢t &

Jae Suk Sung, Gyunggi-Do (KR) FOREIGN PATENT DOCUMENTS
. DE 20050039586 Al 2/2007
(73) Assignee: Samsung Electro-Mechanics Co., Ltd., EP 1085597 A2 3/2001
Gyunggi-do (KR) EP 1225652 Al 7/2002
i EP 1439601 Al 7/2004
# car : : : : EP 1188534 Bl 8/2005
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this FP 1667282 Al 62006
patent is extended or adjusted under 35 EP 1686651 A2 8/2006
U.S.C. 154(b) by 374 days. GB 2380863 B 9/2003
JP 09321529 A 12/1997
(21) Appl. No.: 12/171,064 JP 11177327 A 7/1999
Jp 2000322545 11/2000
(22) Filed: Jul. 10, 2008 (Continued)
(65) Prior Publication Data OTHER PUBLICATIONS
US 2009/0015507 Al Jan. 15, 2009 Office Action for JP2008-178387 dated Jul. 13, 2010.
(30) Foreign Application Priority Data (Continued)
Primary Examiner — Hoanganh Le
Jul. 11,2007 (KR) v 10-2007-0069566 (74) Attorney, Agent, or Firm — Lowe, Hauptman, Ham &
(51) Int.CL Bemer, LLP
H01Q 1/24 (2006.01) (57) ABSTRACT
(52) US.CL .o 343/702; 343/906 . . .
(58) Field of Classification Search 343/873 There are provided an antenna integrally formed with a case

and a method of manufacturing the same. An antenna inte-
grally formed with a case according to an aspect of the inven-
tion includes: a case unit forming an exterior of an electronic
device, a radiator comprising a radiation unit tightly fixed to
an outer surface of the case unit and terminal units each
extending from an end portion of the radiation unit, passing
through the case unit, and exposed on the inside of the case

343/700 MS, 872, 343, 702, 906; 29/600
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2; ;gg% gzz ‘3‘; iggg g;uru et al~1 ~~~~~~~~~~~~ 343/3729/%2 unit, and contact pins provided on a board disposed in an
7971769 B2 9/2007 A:;znete;f o interior space of the case unit and electrically connected to the
7391378 B2* 6/2008 Mikkolaetal. ............ 343/702  individual terminal units.
7,468,709 B2* 12/2008 Niemi et al. .... ... 343/873
7,570,218 B2* 82009 Tsujimuraetal. .. .. 343/702 10 Claims, 8 Drawing Sheets
100
120 /
N L /2‘ )23 110a
: 1l T ‘!
122 131b b130 -
i
ﬁ// 131a
[ R
140
e

Acrobat Document



az United States Patent
Shoji

US008120542B2

US 8,120,542 B2
Feb. 21, 2012

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

(54) NOTCH ANTENNA AND WIRELESS DEVICE

(75) Inventor: Hideaki Shoji, Chiba (JP)

(73) Assignee: Sony Ericsson Mobile
Communications AB, Lund (SE)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 365 days.

(21) Appl. No.: 12/541,355

(22) Filed: Aug. 14,2009

(65) Prior Publication Data
US 2010/0060530 A1 Mar. 11, 2010

(30) Foreign Application Priority Data

Sep.5,2008  (IP) coooooooooeooeereeeeeeeeee 2008-228002

(51) Int.ClL
HO01Q 13/10 (2006.01)
(52) us.Cl ... 343/767, 343/700 MS; 343/702
(58) Field of Classification Search ........... 343/700 MS,
343/702,767, 770, 829, 846
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,130,822 A * 12/1978 Conroy ............. 343/700 MS
5,068,670 A * 11/1991 Maoz ...... .. 343/767

5,451,966 A * 9/1995 Duetal. 343/715

S+

12

13

14

6,664,931 B1* 12/2003 Nguyen et al. 343/767
7,187,338 B2* 3/2007 Boyleetal. ... 343/770
7,589,687 B2*  9/2009 Iwaietal. ... 343/767

FOREIGN PATENT DOCUMENTS

JP 5-110332 4/1992
JP 2000-36721 2/2000
JP 2004-32303 1/2004
JP 2004-274445 9/2004
JP 2004-336328 11/2004
JP 3844717 8/2006
JP 3916068 2/2007
wo WO 2006/097496 Al 9/2006
WO WO 2007/023442 A2 3/2007
WO WO 2007/023442 A3 3/2007

* cited by examiner

Primary Examiner — Tho G Phan

(74) Attorney, Agent, or  Firm — Oblon,
McClelland, Maier & Neustadt, L.L.P.

Spivak,

(57) ABSTRACT

A notch antenna includes a ground conductor having a slit and
a reactance circuit containing a capacitive reactance element
and an inductive reactance element, the reactance circuit
being placed at an open end of the slit so as to bridge the slit
and being connected to the ground conductor. The slit has a
closed end to which power is supplied, and the capacitance of
the capacitive reactance element and the inductance of the
inductive reactance element are set so that the reactance cir-
cuit has a capacitance desired to obtain a first antenna reso-
nance point at a first frequency and a capacitance desired to
obtain a second antenna resonance point at a second fre-
quency.

11 Claims, 12 Drawing Sheets

A
e

Acrobat Document



a2 United States Patent

Sulima et al.

US008120543B2

(10) Patent No.: US 8,120,543 B2
(45) Date of Patent: Feb. 21, 2012

(54) TRANSMISSION LINE SLOT ANTENNA

(76) Inventors: Oleksandr Sulima, Toronto (CA);
Volodimir Veremey, Santa Clara, CA
Us)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 374 days.

(21) Appl. No.: 12/581,345

(22) Filed: Oct. 19, 2009

(65) Prior Publication Data
US 2011/0090128 A1 Apr. 21,2011

(51) Int.CL

HO01Q 13/10 (2006.01)
(52) uUS.CL ... 343/767;343/702; 343/841; 343/829;
343/846
(58) Field of Classification Search ....................... None

See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

2,508,085 A 5/1950 Alford
2,799,017 A 7/1957 Alford
5,724,048 A * 3/1998 Remondiere ....
5,825,333 A * 10/1998 Kudohetal. ...

.. 343/700 MS
.. 343/781 R

6,218,997 B1* 4/2001 Lindenmeieretal. ........ 343/725

6,307,520 B1 ~ 10/2001 Liu

6,384,793 B2*  5/2002 Scordilis ........ccevevnin 343/767
OTHER PUBLICATIONS

Nosich et al., “Principal and Higher Order Modes of Microstrip and
Slot Lines on a Cylindrical Substrate,” Electromagnetics, vol. 13,
1993, pp. 85-94.

Sulima, Cavity—Backed Slot Antenna, IEEE, Int. Antennas Propa-
gation. Symposium Digest, vol. 41, Jun. 2003, pp. 494-496.

100 103 [151
! !

Veremey, “Scattering from Structures Formed by Resonant Ele-
ments,” [EEE Transactions on Antennas and Propagation, vol. 46,
No. 4, Apr. 1998, pp. 494-501.

Veremey, et al., “Two-Dimensional Scattering from CBA with Reso-
nant Loading,” IEEE Antennas Propagat. Soc. Symp., Seattle, Wash-
ington, Jun. 1994, vol. 2, pp. 1090-1093.

Sulima, “Scattering of TE Waves by Cavity Backed Slots,” Proceed-
ings of the 32" European Microwave Conference, 2002, Milan,
Ttaly,. 4 pages.

Veremey et al., “Scatterers with Resonant Cavities,” Antennas and
Propagation Society International Symposium, Jun. 1995, pp. 422-
425.

Veremey, “Superdirective Antennas with Passive Reflectors,” IEEE
Antennas and Propagation Magazine, vol. 37, 1995, pp. 16-27.

* cited by examiner

Primary Examiner — Trinh Dinh
(74) Attorney, Agent, or Firm — Davis Wright Tremaine
LLP

57) ABSTRACT

A transmission line slot antenna is described. Although more
generally applicable, the antenna is particularly adapted to
conformal applications. The antenna has a ground plate with
a conductive top surface having a slot with a feed whose
ground reference terminal is connected to one side of the slot
and whose signal terminal is connected to the other side ofthe
slot. A conductive cylindrical screen, which can be of an
arbitrary cross section and non-uniform in the longitudinal
direction, is formed of one or more sections attached along
the bottom surface of the ground plate, with each of the
sections having a first and second edge conductively con-
nected to the top surface of the ground plate along opposite
sides of the slot. The antenna is tuned to support the funda-
mental mode (Hy,) of a slotted cylinder transmission line
formed by the screen sections and a part of the ground plate
with the slot.
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57 ABSTRACT

A multifunctional antenna chip is able to mate with many
kinds of matched circuits and is able to adjust the character of
an antenna structure of the multifunctional antenna chip, in
order that the antenna structure has one or multiple standard
working frequencies. The antenna structure is a folded
antenna structure basically; this can save its volume occupied.
And the multifunctional antenna chip has a non-signal input-
ting pin for connection to thereby increase shape of the
antenna for adjusting the style of the antenna structure
designed.
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