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(73) Assignee: KOREA ELECTRONICS (57) ABSTRACT
TECHNOLOGY INSTITUTE,
S -si (KR
congnam-si (KR) A patch antenna having a single patch fed with multiple
(21 Appl. No.: 13/886,316 signals 1s provided. The patch antenna includes: a first patch;
a first feeder and a second feeder which are connected to the
(22) Filed: May 3, 2013 first patch; and a second patch which is parallel to the first
patch. Accordingly, since multiple signals can be fed into a
(30) Foreign Application Priority Data single patch, a MIMO antenna can be embodied by using a
patch antenna which has high isolation between feeders with-
Dec. 26,2012 (KR) .ovvvviviniiiiieniens 1020120153117 out increasing its size.
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(57) ABSTRACT

An antenna includes a sintered body block with a predeter-
mined magnetic permeability or a predetermined dielectric
constant, the sintered body block having at least one air cav-
ity; and an antenna pattern formed on a surface of the sintered
body block.

200




US 20140176378A1

a9 United States
a2y Patent Application Publication

Yu et al.

(10) Pub. No.: US 2014/0176378 Al
(43) Pub. Date: Jun. 26, 2014

(54)

70

(72)

(3

@n
(22)

(60)

MULTI-BAND ANTENNA

Applicants: Yen-Hao Yu, Taipei City (TW);

Chieh-Tsao Hwang, Taipei City (TW);

Shih-Chia Liu, Taipei City (TW)
Inventors: Yen-Hao Yu, Taipei City (TW);
Chieh-Tsao Hwang, Taipei City (TW);
Shih-Chia Liu, Taipei City (TW)
Assignee: COMPAL ELECTRONICS, INC.,
Taipei City (TW)

Appl. No.: 14/074,649

Filed: Nov. 7, 2013

Related U.S. Application Data

Provisional application No. 61/745,806, filed on Dec.
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HO1Q 13/10 (2006.01)

U.S. CL

CPC ..o HOIQ 5/001 (2013.01); HOIQ 13/10
(2013.01)

USPC v 343/767

ABSTRACT

A multi-band antenna including a metal plate and a radiation
element is provided. The metal plate is electrically connected
to a ground plane and has a slot. A resonant path is formed by
the edges of the slot. The radiation element has a feeding point
and is located in the slot of the metal plate. A feeding signal
from the radiation element is coupled to the metal plate, and
the multi-band antenna excites a resonant mode by the reso-
nant path of the metal plate, so as to receive or transmit a first
radio frequency signal.
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An antenna device (10) includes: an antenna (100) including
(22) Filed: Feb. 3, 2014 a radiating element (101) and an internal ground (103); a
coaxial cable (200) whose internal conductor (204) is con-
.\ Lo nected with the radiating element (101) and whose external
Related U.S. Application Data conductor (203) is connected with the internal ground (103);
(63) Continuation of application No. PCT/IP2012/071354, and an external ground (500) capacitive-coupled with the

filed on Aug. 23, 2012.

external conductor (203) of the coaxial cable (200).




US 20140179239A1

a2y Patent Application Publication (o) Pub. No.: US 2014/0179239 A1

a9 United States

Nickel et al.

(43) Pub. Date: Jun. 26, 2014

(54) METHODS AND APPARATUS FOR Publication Classification
PERFORMING PASSIVE ANTENNA TESTING
WITH ACTIVE ANTENNA TUNING DEVICE (51) Int.CL
CONTROL HO4W 24/00 (2006.01)
(52) US.CL
(71) Applicant: APPLE INC., Cupertino, CA (US) CPC . HO4W 24/00 (2013.01)
USPC i 455/67.14; 455/67.11
(72) Inventors: Joshua G. Nickel, San Jose, CA (US); (57) ABSTRACT

Jr-Yi Shen, Sunnyvale, CA (US);
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(22) Filed: Dec. 21, 2012

A wireless electronic device may contain at least one adjust-
able antenna tuning element for use in tuning the operating
frequency range of the device. The antenna tuning element
may include radio-frequency switches, continuously/semi-
continuously adjustable components such as tunable resis-
tors, inductors, and capacitors, and other load circuits that
provide desired impedance characteristics. A test system that
is used for performing passive radio-frequency (RF) testing
on antenna tuning elements in partially assembled devices is
provided. The test system may include an RF tester and a test
host. The tester may be used to gather scattering parameter
measurements from the antenna tuning element. The test host
may be used to ensure that power and appropriate control
signals are being supplied to the antenna tuning element so
that the antenna tuning element is placed in desired tuning
states during testing.

g ,
=== ====m==== 1 |
[ 1
I N 40T-1 !
a9 ! a2 i
[N i :
LSTgTTlTITIIIIT . I
42-1 \ &2
L 40
45 45"
rge
TRANSCEIVER ™12
CIRCUITRY (E.G., LTE,
GSM. WLAN, GPS OR
QOTHER SATELLITE, BT, ETC.)
48 48
TX X
5§- coe X
.
/40
e
1 : ]
44 i 40B-2 40B-1 i
!
: I'___T_ ________ :
_____ “\__________T_________________



US 20140184448A1

12y Patent Application Publication o) Pub. No.: US 2014/0184448 A1

a9y United States

Ridgeway

(43) Pub. Date: Jul. 3, 2014

(54) RESONANT EMBEDDED ANTENNA

(71) Applicant: Robert Wayne Ridgeway, Saratoga
Springs, UT (US)

(72) Inventor: Robert Wayne Ridgeway, Saratoga
Springs, UT (US)

(21) Appl. No.: 13/733,469
(22) Filed: Jan. 3, 2013

Publication Classification

(51) Int.Cl
HOIQ 1/38 (2006.01)
HOIP 11/00 (2006.01)

(52) US.CL
CPC . HOIQ 138 (2013 01) HOIP 11/00 (2013.01)
USPC ... . . 343/700 MS:; 29/600

(57) ABSTRACT

A planar antenna, such as included as a portion of a printed
circuit board assembly, can include a first conductive layer
comprising a feed conductor and a patch. The planar antenna
can include a second conductive layer comprising a reference
conductor, a first arm defined by a first arm length and a first
arm width, and a second arm located parallel to the first arm
and defined by a second arm length and a second arm width.
The first and second arms can be respectively coupled to the
reference conductor, and at least a portion of the first arm and
at least a portion of the second arm can overlap with a foot-
print of the patch projected vertically from a plane of the first
conductive layer onto a plane of the second conductive layer.
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(57) ABSTRACT

(72) Inventors: Chao DONG, Pa-Te City (TW); Bo
_Z‘HOL‘I-* Pa-Te C:_llyf (TW); Chia-Lun An antenna structure includes a carrier body, a circuit board,
TANG, Pa-Te City (TW) a metal coupling sheet, a first grounding part, a second

(73) Assignee: AUDEN TECHNO.CORP, Pa-Te City grounding part, and a metal frame. A first slot and a second

(TW) slotare between the metal frame and the carrier body atter the

parts mentioned above are assembled. The metal coupling

(21) Appl. No.: 13/728,587 sheet, the first grounding part, and the first slot form a first

’ communication path. The first communication path forms a

(22) Filed: Dec. 27, 2012 low-frequency resonance and a high-frequency resonance as

well, so that the antenna structure is applied to a four bands

Publication Classification GSMB850/900/1800/1900. The metal coupling sheet, the sec-

ond grounding part, and the second slot form a second com-

(51) Int.CIL munication path. The second communication path forms the

H01Q 13/10 (2006.01) WCDMAZ2100 resonance, so that the antenna structure is
HO1Q 5/00 (2006.01) applied to a five bands 850/900/1800/1900/2100.

vt

/
-y
w

I

T e m e o D




US 20140184450A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2014/0184450 A1

KOO et al.

(43) Pub. Date:

Jul. 3, 2014

(54

(1)

(72)

(73)

(21)

(22)

SLOT ANTENNA AND INFORMATION
TERMINAL APPARATUS USING THE SAME

Applicants: Korea Advanced Institute of Science
and Technology, Daejeon (KR); LG
Display Co., Ltd., Seoul (KR)

Inventors: Hyungjoon KOO, Seoul (KR); Heejung
HONG, Seoul (KR); Seoji LEE, Daegu
(KR); Kyoungsub OH, Gyeonggi-do

(KR); Jongwon YU, Daejeon (KR)
Assignees: Korea Advanced Institute of Science

and Technology, Daejeon (KR); LG
Display Co., Ltd., Seoul (KR)

Appl. No.: 14/136,571

Filed: Dec. 20, 2013

(30)

Dec. 28, 2012

(51)

(52)

(57)
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Publication Classification
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(2013.01)

USPC ... 343/702: 343/767,;, 343/770

ABSTRACT

A slot antenna and an information terminal apparatus using
the same are provided. The slot antenna comprises: a conduc-
tive housing: and at least one slot formed on the corner and
edge of the conductive housing.
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HANDHELD DEVICE
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Publication Classification

(51) Int.CL
HO10 1/24 (2006.01)
(52) US.CL
CPC oo HOTQ 1/242 (2013.01)
L0553 Y * 7 7.
(57) ABSTRACT

A handheld device at least including a functional element, an
appearance and a planar antenna is provided. The appearance
at least includes a communicating space. In addition, the
communicating space passes through the appearance, and the
communicating space is a channel for transmitting signals
from the functional element, or the communicating space is
configured to expose the functional element. The planar
antenna is disposed on an external surface of the appearance,
and extended to an internal surface of the appearance through
the communicating space.
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Publication Classification

(51) Int.CI
HOI1Q 1/24 (2006.01)
(52) US.CL
CPC oo HOIQ 17241 (2013.01)
USPC oo, 34377023 20/600
(57) ABSTRACT

A method and computer system for integrating an antenna
radiator during the manufacturing of an electronic device
comprising providing a first chassis component, providing
the radiator into the first chassis and providing a second
chassis component over the radiator so as to integrate it
between the first and the second chassis components (e.g.,
using a two-shot molding technique). A chassis may be
defined by at least the first and the second chassis elements. A
mobile device having networking capabilities comprising an
antenna comprising a radiator and a hardware module for
providing a function other than the networking capabilities to
the mobile device. The radiator is at least partially integrated
with the hardware module. The hardware module may further
integrate a connector. The hardware module may be a struc-

Mar. 28,2012 (GB) e 1205431.8 tural chassis of the mobile device and the chassis may further
Dec. 10,2013 (GB) oo 1321806.0 integrate additional components.
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Tun-Yuan TSOU, Taoyuan City (TW);
Kuo-Cheng CHEN, Taoyuan City (TW) 6N ABSTRACT
A mobile device includes a ground element, a conductive
bezel, a nonconductive layer, and a feeding element. The
(73)  Assignee: HTC CORPORATION, Taoyuan City conductive bezel is substantially independent of the ground
(TW) element. A slot is formed in the conductive bezel. The non-
conductive layer is affixed to the conductive bezel and covers
(21) Appl. No.: 13/728,583 the slot of the conductive bezel. The feeding element is close

(22)

Filed:

Dec. 27, 2012

to the slot of the conductive bezel and is coupled to a signal
source. An antenna structure is formed by the feeding element
and the slot.
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Publication Classification

(51) Int.CL

HO10 %14 (2006.01)
HOIQ 1/50 (2006.01)
(52) US.ClL
CPC . HOIQ 9/145 (2013.01); HO1Q 1/50 (2013.01)
USPC covooeocessreeeeececrssiesesssessossisnenssnssonns. 343/850
(57) ABSTRACT

A first antenna element 102, a second antenna element 103,
and a MEMS (micro-electromechanical system) switch 104
are provided, and a feeding point 110 is provided at one end
ofthe first antenna element 102. The other end 113 of'the first
antenna element 102 is connected to a first terminal 106 ofthe
MEMS switch 104, and one end 114 of the second antenna
element 103 is connected to a second terminal 107 of the
MEMS switch 104. The one end of the first antenna element
102 is grounded to a ground pattern 101 via an inductor 115,
and a ground terminal 105 of the MEMS switch 104 is con-
nected to the other end 113 of the first antenna element 102.
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(51) Int. CL
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HO1Q 1/50 (2006.01)
(52) US.CL
CPC . 1101Q 2130 (2011 01); IM]Q /50 (2013.01)
USPC .......... . 343/860; 343/700 MS
57) ABSTRACT

A communication device including a ground element and an
antenna element is provided. The antenna element is close to
the ground element. The antenna element includes a first
radiation element and a second radiation element. The first
radiation element provides a first current path and operates in
a first band. The second radiation element provides a second
current path and operates in a second band. The frequencies of
the second band are higher than those of the first band, and the
length of second current path is greater than that of first

Jan. 3, 2013 (TW) e 102100075 current path.
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Publication Classification

(51) Int.CL
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(52) US.CL
CPC oo HOIQ 17243 (2013.01), HO4R 1/028
(2013.01)
USPC oovcvveeesceesessnesnnn, 381/388; 381/394; 20/600
(57) ABSTRACT

A portable computing device is disclosed. The portable com-
puting device can take many forms such as a laptop computer,
a tablet computer, and so on. The portable computing device
can include a single piece housing formed from a radio
opaque material with a cover formed from a radio transparent
material. To implement a wireless interlace, an antenna stack-
up can be provided that allows an antenna to be mounted to a
bottom of the cover. Methods and apparatus are provided for
improving wireless performance. For instance, in one
embodiment, a metal housing can be thinned to improve
antenna performance. As another example, a faraday cage can
be formed around speaker drivers to improve antenna perfor-
mance.
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(US); Navid Nader, San Diego, CA
(US); Guangdong Jiang, Beijing (CN) (57 ABSTRACT
A method for tuning an antenna comprising determining an
(73) Assignee: Futurewei Technologies, Inc., Plano, operating frequency band of the antenna, and adjusting a
TX (US) capacitance of a tunable load uccording to the operating fre-
quency band, wherein the tunable load is electromagnetically
coupled to the antenna via a parasitic arm, and wherein the
(21) Appl. No.: 13/732,097 operating frequency band depends on the capacitance.
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Publication Classification
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37 ABSTRACT

An antenna structure includes a feed portion, a ground por-
tion, a first radiating body, a second radiating body and a third
radiating body. The first radiating body is connected to the
feed portion and configured to obtain a first resonance fre-
quency band. The second radiating body is connected to the
feed portion. The third radiating body includes a first connec-
tion section connected the ground end, a second connection
section, and a third connection section perpendicularly con-
nected between the first connection section and the second
connection section. The first connection section and the sec-
ond connection section are positioned at two opposite sides of
the second radiating body so that the third radiating body and
the second radiating body cooperatively obtain a second reso-
nance frequency band.
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(57) ABSTRACT

A broadband antenna is mounted in a metal piece and
includes a radiating portion, a ground portion, and a feed
portion. The radiating portion includes a main portion and a
plurality of radiating arms extending from the main portion in
multiple directions, the radiating arms extend to contact the
metal piece. The main portion, the radiating arms, and the
metal piece enclose several slots. The ground portion is con-
nected to a plurality ofend portions of the radiating arms. The
feed portion is connected to the metal piece and is adjacent to
the radiating portion. The feed portion, the ground portion,
the main portion, and the plurality of radiating arms form
different current paths, thus to form different resonance
nodes, thereby tender the broadband antenna to work at multi
frequency bands. A wireless communication device employ-
ing the broadband antenna is also described.
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(57) ABSTRACT

A housing, a handheld device and a manufacturing method of
a housing are provided. The housing includes a body, a metal
antenna layer, and a conductive element. The body includes a
through hole and an appearance surface and an inner surface
opposite to the appearance surface. The metal antenna layer is
disposed on the appearance surface and covers the through
hole, wherein an edge of the metal antenna layer is connected
to the appearance surface seamlessly, and a surface of the
metal antenna layer is at least partially exposed by the body.
The conductive element is disposed in the through hole and
directly contacts the metal antenna layer to transmit signals
received by the metal antenna layer.
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ABSTRACT

A method for selecting a multi-antenna transmission mode of
an electronic device is provided. The method includes deter-
mining, by using a detection signal from a sensor, whether
there is a contact with a human body, changing a second
transmission mode to a first transmission mode when there is
a contact with a human body that affects the electromagnetic
field around an antenna, and transmitting the same data
stream through at least two antennas according to the first
transmission mode.
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The present disclosure relates to the field of antenna technolo-
gies and discloses a feeding matching apparatus of a multi-
band antenna, a multiband antenna, and a radio communica-
tion device to improve a bandwidth and efficiency of a lower
frequency band. The feeding matching apparatus of a multi-
band antenna includes: a grounding portion; a feeding portion
connected to a signal source, where a signal of the signal
source is input into the feeding portion; and two or more
ground cable branches with different lengths, where one end
of each ground cable branch is electrically connected to the
feeding portion, the other end is electrically connected to the
grounding portion, at least one ground cable branch is con-
nected in series to a signal filtering component, and the signal
filtering component is capable of preventing a signal lower
than a frequency point corresponding to the signal filtering
component from passing through it.
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A low-frequency radiating element and a high-frequency
radiating element are configured so as to respectively operate
in a relatively low frequency band and a relatively high fre-
quency band that are non-contiguous with each other. A
matching circuit is inserted between a transmission/reception
circuit and a branching point. A high-frequency variable reac-
tance circuit is inserted between the branching point and the
high-frequency radiating element. A low-frequency variable
reactance circuit is inserted between the branching point and
the low-frequency radiating element. The high-frequency
variable reactance circuit and the low-frequency variable
reactance circuit are configured such that their reactances can
be adjusted independently of each other.
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A mobile device inclades a system circuit board, a ground
element, & communication meduie, a first antenna, a second
antenna, a first ASM (Antenna Switch Module), and a second
ASM. The first antenna is configured to receive or transmit a
first signal in a first frequency band. The second antenna is
configured to receive or transmit a second signal in a second
frequency band. The second frequency band is difterent from
the first frequency band. The first ASM is coupled between
the first antenna and the communication moedule, and is con-
figured to separate frequencies of the first signal. The second
ASM is coupled between the second antenna and the com-
munication module, and 15 configured (o separate fregoencies
of the second signal.




US 20140198832A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2014/0198832 A1l

Rao et al.

(43) Pub. Date: Jul. 17, 2014

(54) MULTIPLE INPUT MULTIPLE OUTPUT
ANTENNA MODULE AND ASSOCIATED

(1)
(72)

(73)
20
(22)

(62)

Publication Classification

METHOD (51) Int.ClL
HO04B 17/00 (2006.01)
Applicant: BlackBerry Limited, Waterloo (CA) (52) US.CL
CPC .. . HO4B 17/008 (2013.01)
Inventors: Qinjiang Rao, Ottawa (CA); James — USPC ... 3751224
Paul Warden, Ft. Worth, TX (US);
Mina Ayatollahi, Waterloo (CA) (57) ABSTRACT
Assignee: BlackBerry Limited, Waterloo (CA) A multiple input multiple output (MIMO) antenna module,
comprising a first signal feed port coupled to a first antenna
Appl. No.: 14/210,922 element disposed along a first edge of a PCB, a second signal
_— feed port coupled to a second antenna element disposed on the
Filed: Mar. 14, 2014 PCB and a transceiver operable to be selectively coupled to
Related US. Application Data either or both of the first and second signal feed ports. The first
-+ APP and second antenna elements form a plurality of antenna
Division of application No. 12/834,675, filed on Jul. elements confined to a peripheral section surrounding a cen-
12, 2010. tral region of the PCB of the MIMO antenna module.
100
- 104 ¥
)
N S
i Z __’_‘ Signals 102 118
Receiver | —
160 1067 5 C‘ ol - Auxiliary 1/0
& 108 ONtro 120
IEOS I»110 -H‘Senal Port
114 112 122
( . ) 5 1 Display
P v Signals )| ¥ @ 21
Transmitter DSP [ & | Reboecd
116 ontrol =
(@) I B 126
162 I =
149 | ,| Transport Stack |\ ~ 138 128
144 _ Programs Flash Memory |«— 1
145 ——_Device State SIM/RUIM 130
148 ——_Address Book Interface N RAM
150 —1__Other PM 35
152 —1 Other
134 Other Device Other - 132
™| Subsystems Communications




US 20140199950A1

a9 United States
a2 Patent Application Publication

Ash, JR. et al.

(10) Pub. No.: US 2014/0199950 A1
(43) Pub. Date: Jul. 17, 2014

(54)

(71
(72)

(73)

21)
(22)

(63)

SLEEVE WITH ELECTRONIC EXTENSIONS
FOR A CELL PHONE

Applicant: MoJooese, Inc., Laguna Niguel, CA (US)

Inventors: Daniel R. Ash, JR., Laguna Niguel, CA
(US); Daniel R. Ash, SR., Sacramento,
CA (US); Joseph Storniolo, Long
Beach, CA (US); Jeremy Monroe,
Ventura, CA (US)

Assignee: MoJoose, Inc., Laguna Niguel, CA (US)

Appl. No.: 14/216,985

Filed: Mar. 17, 2014

Related U.S. Application Data

Continvation of application No. PCT/US2012/
056708, filed on Sep. 21, 2012, which is a continuation
of application No. 13/591,152, filed on Aug. 21, 2012,
now Pat. No. 8,559,869, which is a continuation of
application No. 13/591,171, filed on Aug. 21, 2012,
now Pat. No. 8,560,029, which is a continuation of
application No. 13/590,053, filed on Aug. 20, 2012,
now Pat, No. 8,519,885, which is a continuation of
application No. 13/238,894, filed on Sep. 21, 2011,
now Pat. No. 8,248.314, said application No. 13/591,
171 is a continuation-in-part of application No.
13/591.152, filed on Aug. 21, 2012, now Pat. No.
8,559,869, which is a continuation-in-part of applica-
tion No. 13/590,053, filed on Aug. 20, 2012, now Pat.
No. 8,519,885, which is a continuation-in-part of

(60)

(1)

(52)

(57)

application No. 13/238,894, filed on Sep. 21, 2011,
now Pat. No. 8,248,314, said application No. 13/591,
152 is a continuation-in-part of application No.
13/590,053, filed on Aug. 20, 2012, now Pat. No.
8,519,885, which is a continuation-in-part of applica-
tion No. 13/238,894, filed on Sep. 21, 2011, now Pat.
No. 8,248,314, said application No. 13/590,053 is a
continuation-in-part of application No. 13/238,894,
filed on Sep. 21, 2011, now Pat. No. 8,248,314,

Provisional application No. 61/385,386, filed on Sep.
22, 2010.

Publication Classification

Int. CI.

HO4M 1/02 (2006.01)

GOI1S 7/02 (2006.01)

GOIS 13/86 (2006.01)

H01Q 1/52 (2006.01)

HO01Q 1/50 (2006.01)

US. CL

CPC .............. HO4M 1/026 (2013.01); HOIQ 1/521

(2013.01); HOIQ 1/50 (2013.01); GOIS 13/86
(2013.01); GO1S 7/02 (2013.01)

cvveeeeene. 485177, 343/841; 343/9006; 343/905;
455/556.1; 455/571; 342/57

ABSTRACT
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A passively re-radiating cell phone sleeve assembly capable
of receiving a nested cell phone provides signal boosting
capabilities and provides a radar enablement. Signal boosting
is enabled by use of an additional antenna, a pass-through
repeater, dual antenna isolation capability and other features.
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(57) ABSTRACT

An electronic device includes a body and an antenna unit. The
body has a casing, in which the casing includes a back cover
and a first side-wall. The antenna unit disposed in the casing
is adjacent to the first side-wall and has a plurality of slots, in
which the antenna unit includes a first conductor, a second
conductor and a third conductor. The first conductor faces the
first side-wall. The second conductor is bent connected to a
side-edge of the first conductor to face the back cover and
grounded to the back cover. The third conductor is bent con-
nected to the other side-edge of the first conductor, in which
the slots are formed on at least one of the first conductor and

the third conductor.
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Techniques for utilization of antenna loading for impedance
matching are described. In at least some embodiments, a
device (e.g.. a smart phone) includes multiple antennas that
are employed to send and receive wireless signals for the
device. The device further includes impedance matching
functionality communicatively connected to the antennas,
and configured to perform impedance matching for one of the
antennas based on loading (e.g., dielectric loading) of another
of the antennas.
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ABSTRACT

An antenna apparatus and a portable device having the same
are provided. The antenna apparatus includes a main antenna
having a first radiator pattern, and an auxiliary antenna sepa-
rated from the main antenna by a metal surface adjacent to the
main antenna. The auxiliary antenna is resonant at a resonant
frequency which is a function of at least one capacitor pro-
vided in a cut-out area of a printed circuit board (PCB) adja-
cent to the metal surface.
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(57) ABSTRACT

An antenna includes: a first conductor layer including a first
split ring part surrounding a first opening part, the first split
ring part having a first split part provided at a portion in a
circumferential direction, the first split ring part being con-
tinuous in an approximate C-shape: a second conductor layer
including a second split ring part opposing the first split ring
part, the second split ring part surrounding a second opening
part, the second split ring part having a second split part at a
portion in a circumferential direction, the second split ring
part being continuous in an approximate C-shape; a plurality
of conductor vias provided with an interval in a circumferen-
tial direction of the first split part and the second split part, the
conductor vias electrically connecting the first split ring part
and the second split ring part; and a power feed line provided
on a conductor layer different from the first conductor layer,
the power feed line having a first end and second end, the firs
end being electrically connected to at least one of the conduc-
tor vias, the second end spanning the first and the second
opening parts and extending to a region opposing the first split
ring part.
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(57) ABSTRACT

An antenna, multi-band antenna system, and antenna appa-
ratus for radio frequency communications are disclosed. The
antenna includes a first antenna core, a multi-band antenna
array located on the first antenna core, a second antenna core
laminated to the first antenna core, an antenna ground plane
located on the second core, and a plurality of feed networks
interspersed on the first antenna core and the second antenna
core, The first antenna core and the second antenna core form
dielectric columns between the multi-band antenna array and
the antenna ground plane. The antenna may also include a low
noise block feed connection located on the first antenna core.
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Various mobile communication terminals and methods there-
fore, concerning antenna improvements, are discussed. One
mobile communication terminal is described which includes
a battery between the front side and planar outer rear side of
the terminal, a display on the front side of the terminal, a first
part having conductive material and constituting a first por-
tion of the planar outer rear side of the mobile communication
terminal, a second part having a non-conductive material and
constituting a second portion of the planar outer rear side of
the terminal, and an antenna mounted within the terminal. At
least a part of the antenna is disposed between the front side
and the second portion of the planar outer rear side of the
terminal.




