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(37) ABSTRACT

An electronic device may be provided with antenna structures
that are embedded in a dielectric such as plastic. The plastic
may be molded over the antenna structures using molding
equipment. Antenna structures may be embedded in molded
plastic structures such as plastic electronic device housing
structures. The plastic electronic device housing structures
may form housing structures such as housing wall structures.
The antenna structures may be embedded within the housing
wall structures in the vicinity of an exterior surface of the
housing wall structures. Embedded antenna structures may
also be mounted under other dielectric structures such por-
tions of a display cover layer.
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(57) ABSTRACT

An antenna device includes two conductor surfaces at oppos-
ing positions with a space interposed between the conductor
surfaces, a first connection conductor connecting the two
conductor surfaces galvanically at one location, and an
antenna coil arranged in proximity to the first connection
conductor. The antenna coil is arranged at a position at which
the antenna coil causes an induced current to flow through the
first connection conductor by electromagnetic induction.
Currents in the opposite directions flow through peripheral
edge portions of the two conductor surfaces. so that a mag-
netic field is radiated from A space across which the two
conductor surfaces oppose each other. This enables a conduc-
tor surface defined by a metal plate or the like to be used as a
radiation element without providing a slit or an opening in the
metal plate so as to avoid problems of a decrease in mechani-
cal strength, design restrictions, and a decrease in an electric
field shielding effect.
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An antenna includes a feeding element connected to a feeding
point, a first radiating element that is spaced apart from the
feeding element and is coupled to the feeding element
through electromagnetic field coupling, a second radiating
element that is spaced apart from the feeding element and is
coupled to the feeding element through electromagnetic field
coupling, a first control element that is connected to the
feeding element via a first impedance variable unit, and a
second control element that is connected to the feeding ele-
ment via a second impedance variable unit, and a control unit
that controls the first impedance variable unit to adjust the
connection between the feeding element and the first control
element and controls the second impedance variable unit to
adjust the connection between the feeding element and the
second control element.
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According to the present invention, a mobile terminal
includes a main body including a front side with which a
display unit is combined, a first antenna mounted on the main
body, extended in a first direction and including a first slot of
which one end is closed and another end is opened, a second
antenna mounted on the main body, extended in a second
direction corresponding to a direction opposite to the direc-
tion to which the first slot is extended and including a second
slot of which one end is closed and another end is opened, a
power supply unit mounted in the inside of the main body, a
first feeder configured to supply power to the first antenna
from the power supply unit and a second feeder configured to
supply power to the second antenna from the power supply
unit.
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30) Foreign Application Priority Data signal source. The bridge element is disposed between the
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(57) ABSTRACT

An electronic device may have wireless circuitry with anten-
nas. An antenna may have an inverted-I antenna resonating
element, an antenna ground, and other resonating element
structures. A tip of the antenna resonating element and the
antenna ground may be separated by a peripheral housing gap
filled with plastic. The antenna may be sensitive to capaci-
tance changes induced by the presence of a user’s hand over-
lapping the gap or other portions of the antenna. A hand
capacitance sensing electrode may be mounted in the plastic
of the gap or elsewhere in the vicinity of the antenna. A
transmission line may couple the hand capacitance sensing
electrode to the antenna to retune the antenna in the event that
the user’s hand overlaps the antenna.
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(57) ABSTRACT
A wireless communication device includes a circuit board, a
metal frame, and a slot antenna. The circuit board includes a
multiple bandpass filter, a plurality of matching circuits, and
a plurality of Radio Frequency (RF) modules. The metal
frame surrounds the circuit board. The slot antenna includes a
feeding portion, at least one grounding portion, and a radiat-
ing portion. The feeding portion and the at least one ground-
ing portion are connected between the circuit board and the
metal frame, the radiating portion and the circuit board
enclose a slot. The radiating portion is formed on a portion of
the metal frame. The slot antenna, the multiple bandpass

HO4M 1/02 (2006.01) filter, the plurality of matching circuits, and the plurality of
HH04W 88/06 (2006.01) RF modules are electrically connected in that order.
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(51) Int.CL
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(57) ABSTRACT

A hinge antenna comprises a major conductor, a first rotating
element and a second rotating element. The stretching arms
on both sides of the major conductor are assembled to the first
rotating element and the second rotating element, respec-
tively. The first rotating element further comprises a torque
device and a first vice conductor, and the second rotating
element further comprises a signal feeding line, a connection
device, and a second vice conductor. The signal feeding line
is electrically connected to the connection device and the
second vice conductor, by which a high frequency signal can
be passed to the major conductor, and then passed to the
torque device on the other side and the first vice conductor.
The aforementioned configuration is utilized to form an
antenna loop. In addition, the configuration of this antenna
can be applied to a foldable electronic device.
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(57) ABSTRACT

A user-wearable device include a wireless transceiver, a pri-
mary radiator antenna and a secondary radiator antenna. The
primary radiator antenna produces a first radio frequency
(RF) radiation pattern when driven by the wireless trans-
ceiver, wherein the first RF radiation pattern is at least par-
tially circularly polarized. The secondary radiator antenna,
which is spaced apart from the primary radiator antenna, is
configured to modify the first RF radiation pattern produced
by the primary radiator antenna to thereby produce a second
RF radiation pattern having increased RF radiation in a spe-
cific direction (e.g., away from the user’s/wearer’s skin) com-
pared to the first RF radiation pattern. Inclusion of both the
primary radiator antenna and the secondary radiator antenna
increases an overall antenna efficiency (e.g., by about 3 dB) in
the specific direction compared to if only the primary radiator
antenna was included.
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An antenna comprising an IMD element and one or more
parasitic and active tuning elements is disclosed. The IMD
element, when used in combination with the active tuning and
parasitic elements, allows antenna operation at multiple reso-
nant frequencies. In addition, the direction of antenna radia-
tion pattern may be arbitrarily rotated in accordance with the
parasitic and active tuning elements. Unique antenna archi-
tectures for beam steering in Wi-Fi band applications is fur-
ther described.
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(57) ABSTRACT

An electronic device having a housing formed of a condutive
material, and an antenna device thereof. The electronic device
includes a housing provided with a plurality of housing mod-
ules, and a printed circuit board positioned inside the housing,
and having an antenna power feeding unit electrically con-
nected to the printed circuited board. The plurality of housing
modules may be at least partially formed of a conductive
material. At least one of the conductive materials of the plu-
rality of housing modules may be electrically connected to
the antenna power feeding unit of the printed circuit board so
as to function as an antenna of the electronic device. Various
embodiments may be made based on the technical idea of the
present disclosure.
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(22) Filed: May 6, 2015 ing a feed terminal, an intermediate grounding terminal, a tail
grounding terminal, a conductive head section and a conduc-
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HOIQ 7700 (2006.01) intermediate section extends from the intermediate ground-
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(57) ABSTRACT

A slot antenna includes a dielectric substrate, a conductive
layer, a slot and a feeding strip. The dielectric substrate
includes a first surface and a second surface opposite the first
surface. The conductive layer is positioned on the first surface
of the dielectric substrate, and is configured to electronically
couple to ground. The slot is defined in the conductive layer
and terminates on an edge of the conductive layer. The feed-
ing strip is positioned on the second surface of the dielectric
substrate and extends across the slot. The feeding strip is
configured to feed current signal and resonate with the con-
ductive layer.
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Applicant: Apple Inc., Cupertino, CA (US)
Inventors: Harish Rajagopalan, San Jose, CA

(US): Huan-Chu Huang, Taoyuan
County (TW): Ke Sun, Beijing (CN);

Qingxiang Li, Mountain View, CA (US);

Robert W. Schlub, Cupertino, CA (US);
Rodney A. Gomez Angulo, Sunnyvale,
CA (US); Umar Azad, San Jose, CA
(US)

Appl. No.: 14/510,724

(52) US.CL
CPC .......... HOIQ 214005 (2013.01); HOIQ 13/18
(2013.01); HO1Q 9/045 (2013.01)

(57) ABSTRACT

An electronic device may be provided with wireless circuitry.
The wireless circuitry may include cavity antennas. A cavity
antenna may be formed from a metal antenna cavity and
resonating element structures. The metal antenna cavity may
be formed from metal traces on a dielectric carrier. The reso-

Filed: Oct. 9, 2014 nating element structures may include directly fed and indi-
Publication Classification rectly fed slot antenna resonating elements and monopole
antenna resonating elements. The metal antenna cavity may
Int. Cl. exhibit a resonance that is tuned using a transmission line
Hoi1Q 21/00 (2006.01) tuning stub. Filters and duplexer circuits may be used in
Ho1Q 9/04 (2006.01) routing signals at different frequency bands among the
HOIQ 13/18 (2006.01) antenna resonating elements.
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ANTENNA SYSTEM AND TERMINAL

Applicant: Huawei Device Co., Ltd.,
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Inventors: Heongyu Wang, Shenzhen (CN);
Shuwen Lv, Shanghai (CN); Huimin
Zhang, Shenzhen (CN); Bin Wu,

Shenzhen (CN)
Appl. No.: 14/973,016

Filed: Dec. 17, 2015

Related U.S. Application Data

Continuation of application No.
075941, filed on Apr. 22, 2014.

PCT/CN2014/

Publication Classification

(51) Int.CL
H01Q 21/00 (2006.01)

................................. HOI1Q 21/0006 (2013.01)

(57) ABSTRACT

An antenna system includes a first antenna and a second
antenna, where the first antenna and the second antenna are
connected in parallel to an antenna feeding point, and a phase-
shift apparatus is connected in series between the first antenna
or the second antenna and the antenna feeding point, so that an
imaginary part of impedance at the antenna feeding point is
canceled out near a central frequency channel number. The
antenna system provides an expansion in radio frequency
bandwidth in free space and an increase in average efliciency.
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US 20160111771A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2016/0111771 A1

Su et al. 43) Pub. Date: Apr. 21, 2016
(54) COMMUNICATION DEVICE AND ANTENNA (52) US.CL
THEREOF CPC i HO01Q 1/243 (2013.01)
(71) Applicant: KING SLIDE TECHNOLOGY CO., (67 ABSTRACT
LTD., Kaohsiung City (TW) An antenna of a communication device includes a metal
. . . frame, a metal back cover and a printed circuit board. The
(72)  Inventors: HSI"'Cheng Su, KaqhsmngClty (TW); printed circuit board includes a first circuit block and a second
Chun-Ta Ll“_’ Kaohs1gng C”,y (TW); circuit block electrically connected to the first circuit block. A
Shu-Chen Lin, Kaohsiung City (TW) first conductor is connected between a first part of the metal
frame and a signal terminal of the first circuit block. A second
(21)  Appl. No.: 14/515,494 conductor is connected between a second part of the metal
frame and a ground terminal of the first circuit block. A third
(22) Filed: Oct. 15,2014 conductor is connected to a third part of the metal frame. A
fourth conductor is connected to a ground terminal of the
Publication Classification second circuit block, and at least one coupling gap is defined
between the third conductor and the fourth conductor. A
(51) Imt.Cl. signal terminal of the second circuit block is electrically
HOI1Q 124 (2006.01) connected to a fourth part of the metal frame.
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a2y Patent Application Publication (0 Pub. No.: US 2016/0111772 A1

Lilja (43) Pub. Date: Apr. 21, 2016
(54) LOOP ANTENNA WITH A PARASITIC (52) US.CL
ELEMENT INSIDE CPC . H01Q 1/243 (2013.01); HO1Q 7/00 (2013.01)
(71) Applicant: 1(\{Ijisc)rosoft Corporation, Redmond, WA 7 ABSTRACT
(72) Inventor: Juha Lilja, Tampere (FI) A loop antenna with a parasitic element inside is described. In
an embodiment, the loop antenna comprises a loop element
(21)  Appl. No.: 14/516,356 that has a feed contact and a ground contact. The loop antenna

further comprises a first parasitic element that is arranged

(22)  Filed: Oct. 16,2014 inside the loop element and that acts as a first slot radiator. A

Publication Classification first end of the first parasitic element is physically connected
to the loop element thereby forming a closed end of the first
(51) Imt.Cl. slot radiator. The first slot radiator further has an open end that
HO01Q 1724 (2006.01) is closer to the feed contact and the ground contact than its
HO1Q 7/00 (2006.01) closed end.
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a2 Patent Application Publication o) Pub. No.: US 2016/0111777 A1l

a9 United States

YANG (43) Pub. Date: Apr. 21, 2016
(54) MOBILE DEVICE H01Q 904 (2006.01)
H0IQ 2128 (2006.01)
(71) Applicant: Acer Incorporated, New Taipei City (52) U.S.CL
(TW) CPC ... HO01Q 1/521 (2013.01); HO1Q 21/28
L (2013.01); HO1Q 1/50 (2013.01); HO1Q 9/04
(72) Inventor: Chung-Wen YANG, New Taipei City (2013.01)
(TwW)
7 ABSTRACT
(21) Appl. No.: 14/614,433 A mobile device at least includes an antenna system. The
antenna system includes a first antenna, a second antenna, a
(22) Filed: Feb. 5, 2015 first isolation element, and a second isolation element. The
first antenna is excited by a first signal source. The second
(30) Foreign Application Priority Data antenna is excited by a second signal source. A first end of the

first isolation element is coupled to a ground region, and a

Oct. 15,2014 (TW) v, 103135623 second end of the first isolation element is open. A first end of
the second isolation element is coupled to the ground region,
Publication Classification and a second end of the second isolation element is open. The
first isolation element and the second isolation element are
(51) Imt.Cl. both disposed between the first antenna and the second
HOIQ 1/52 (2006.01) antenna, and are configured to enhance the isolation of the
HO0IQ 1/50 (2006.01) antenna system.
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a2y Patent Application Publication () Pub. No.: US 2016/0111778 A1

Zhou et al. (43) Pub. Date: Apr. 21, 2016
(549) MULTIPLE-INPUT MULTIPLE-OUTPUT H01Q 2128 (2006.01)
ANTENNA SYSTEM AND APPARATUS H0IQ /12 (2006.01)
. ! (52) US.CL
(71) Apphcant: VERTU CORPORATION LIMITED, CPC ... H01Q 1/521 (201301)‘ H01Q 12

Fleet, Hampshire (GB) (2013.01); HO1Q 1/526 (2013.01); HOIQ 21/30

(72) Inventors: Dawei Zhou, Woking (GB); Andy (2013.01); HOIQ 21728 (2013.01)

Hannigan, Thatcham (GB); Zidong Liu,

Poole (GB) (57) ABSTRACT
(21) Appl. No: 147781,679 A multiple-input multiple-output (MIMO) antenna system
(22) PCT Filed: Apr. 2,2013 includes a first elongated antenna connected to a first feed
point, comprising a radiator configured to resonate in at least
(86) PCT No.: PCT/EP2013/056866 one frequency band; a second elongated antenna connected to

asecond feed point, comprising a radiator configured to reso-
nate in at least one frequency band; a support element,

§ 371 (0)(1),

(2) Date: Dec. 2, 2015 whereto the first and the second elongated antenna being

Publication Classification attached parallel with a first distance. The antenna system

further includes an elongated conductive element connected

(51) Imt.Cl. to a ground and attached to the support element, the elongated

HOI1Q 1/52 (2006.01) conductive element configured to reduce coupling between
HOIQ 21/30 (2006.01) the first and the second radiator.
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ANTENNA SYSTEMS, DEVICES, AND
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SPACING
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Filed: Oct. 16, 2015

Related U.S. Application Data

Provisional application No. 62/065,106, filed on Oct.

17, 2014.

120

Publication Classification

(51) Int.ClL
HO1Q 5/314 (2006.01)
HOIQ 9/04 (2006.01)
(52) US.CL
CPC oo HOIQ 5/314 (2015.01); HOIQ 9/0414
(2013.01)
57 ABSTRACT

The present subject matter relates to antenna systems,
devices, and methods that provide efficient coverage of low
frequency bands (e.g., 700 MHz-bands and 600 MHz-bands)
for the new generations of mobile communication. For
example, a dual-resonant radiating system can include a
ground plane, a radiating coupler spaced apart from but in
communication with the ground plane, and a ground plane
extension in communication with the ground plane. In this
arrangement, one or both of the radiating coupler and the
ground plane extension are tunable to tune a dual-resonance
frequency response.
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Lilja (43) Pub. Date: Apr. 21, 2016
(54) LOOP ANTENNA WITH A MAGNETICALLY Publication Classification
COUPLED ELEMENT
(51) Int.ClL
(71) Applicant: Microsoft Corporation, Redmond, WA HO01Q 7/06 (2006.01)
(US) HO0IQ 1724 (2006.01)
(52) US.CL
(72) Inventor: Juha Lilja, Tampere (FI) CPC . H01Q 7/06 (2013.01); HO1Q 1/243 (2013.01)
(57) ABSTRACT

A loop antenna with a magnetically coupled element is
described. In an embodiment, the loop antenna comprises a
loop element that has a feed contact and a ground contact. The
loop antenna further comprises an open ended conductor that
(22) Filed: Oct. 16,2014 is magnetically coupled around the ground contact.

(21) Appl. No.: 14/516,431
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a9 United States

CHANG et al. (43) Pub. Date: Apr. 21, 2016
(54) ANTENNA STRUCTURE AND ELECTRONIC (52) US.CL
DEVICE HAVING SAME CPC ..ccoovvvune HO01Q 9/0407 (2013.01); HOIQ 1/243
(2013.01); HO1Q 9/0442 (2013.01); HOIQ 1/48
(71) Applicant: Chiun Mai Communication Systems, (2013.01)
Inc., New Taipei (TW)
(72) Inventors: TZE-HSUAN CHANG, New Taipei (57) ABSTRACT

(TW); CHO-KANG HSU, New Taipei
(TW)

(21) Appl. No.: 14/527,127
(22) TFiled:  Oct.29,2014

(30) Foreign Application Priority Data

Oct. 15,2014  (CN) v 201410544108.7

Publication Classification

(51) Int.Cl
HO1Q 9/04
HO1Q 1/48
HO1Q 1/24

(2006.01)
(2006.01)
(2006.01)

A dual-band Wi-Fi antenna structure includes a metallic
middle frame of a casing of a handheld electronic device, a
grounding plane received in the middle frame, an antenna
body connected to the grounding plane, and an adjusting
element. The grounding plane defines a rectangular recess in
a corner thereof. The antenna body has a radiation patch
having a part located over the recess. The adjusting element is
located in the recess. An effective length of the recess is
adjustable by adjusting a parameter of the adjusting element,
which is a coefficient of self-inductance when the adjusting
element is an adjustable inductor. By adjusting the effective
length of the recess, a resonant frequency of the antenna
structure at a low frequency band is adjustable, while a reso-
nant frequency thereofat a high frequency band is not altered.
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(71) Applicant: Fractus Antennas, S.L., Barcelona (ES)

(72) Inventors: Jaume ANGUERA PROS, Vinaros
(ES); Aurora ANDUJAR LINARES,
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(22) Filed:  Oct.8,2015

Related U.S. Application Data

(60) Provisional application No. 62/159,998, filed on May
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filed on Oct. 16, 2014, provisional application No.
62/072,671, filed on Oct. 30, 2014, provisional appli-
cation No. 62/152,991, filed on Apr. 27, 2015.

(30) Foreign Application Priority Data
Oct. 16, 2014 14189253.9
Oct. 30, 2014 . 141911453
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Publication Classification

(51) Int.ClL
HO1Q 9/04 (2006.01)
HOIQ 1/38 (2006.01)
(52) US.CL
CPC oo HO1Q 9/0407 (2013.01); HO1Q 1/38
(2013.01)
57 ABSTRACT

A radiating system configured to operate electromagnetic
wave signals from first and second frequency regions,
wherein the lowest frequency of the second frequency region
is above the highest frequency of the first frequency region:
the radiating system comprising a radiating structure, a
radiofrequency system, and an external port. The radiating
structure comprises a first boosting element electrically con-
nected to a first conductive element, a second boosting ele-
ment electrically connected to a second conductive element,
and a ground plane layer. The radiofrequency system com-
prises a first matching network connected to the first conduc-
tive element and the external port, and a second matching
network connected to the second conductive element and a
ground port. The first and second matching networks are
configured to modify the impedance of the radiating structure
providing impedance matching to the radiating system, at the
external port, in the first and second frequency regions.
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(57) ABSTRACT

(21) Appl. No.: 14/603,621

(22) Filed: Jan. 23, 2015
(30) Foreign Application Priority Data

Oct. 15,2014 (TW) v, 103135622

Publication Classification

(51) Int.ClL
HO1Q 21/28
HOI1Q 9/04

(2006.01)
(2006.01)

An antenna system includes a first antenna and a second
antenna. The first antenna includes a first feeding element and
a first radiation element. The first feeding element is coupled
to a first signal source. A first end of the first radiation element
is coupled to a ground region, and a second end of the first
radiation element is open and adjacent to the first feeding
element. The second antenna includes a second feeding ele-
ment and a second radiation element. The second feeding
element is coupled to a second signal source. A first end ofthe
second radiation element is coupled to the ground region, and
a second end of the second radiation element is open and
adjacent to the second feeding element.
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Seoul (KR)
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Publication Classification

(51) Int.ClL
HOIQ 21/30 (2006.01)
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HOIQ 13/10 (2006.01)
(52) US.CL
CPC oo HO1Q 21/30 (2013.01); HO1Q 13/10
(2013.01); HOIQ 1/38 (2013.01)
57 ABSTRACT

An antenna device and an electronic device including the
same are provided. The antenna device includes a first radia-
tor in which a slot is formed, a second radiator, at least a
portion of which is disposed in the slot, and a feeder config-
ured to feed the same electricity to the first radiator and the
second radiator. The antenna device may have many reso-
nance frequencies in the same installation space, allowing
efficient use of the internal space of the electronic device.
Moreover, the antenna device and the electronic device
including the same may be implemented variously according
to various embodiments.
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Publication Classification
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An antenna structure includes a feed end, a ground end, a
main radiator, a coupling portion, a matching circuit, a
switching circuit, and a diplexer. The main radiator is coupled
to the feed end. The coupling portion is coupled to the ground
end and is spaced apart from the main radiator to allow current
to flow from the main radiator to the coupling portion. The
switching circuit is coupled to the ground end. The diplexer
includes a first port, a second port, and a third port, the first
port is coupled to the feed end, the second port is coupled to
a transceiver via the matching circuit, and the third port is
coupled to the transceiver. The diplexer separates high fre-
quency current from low frequency current output from the
feed end, the matching circuit and the switching circuit adjust
the high frequency current and the low frequency current.
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(71) Applicant: MediaTek Inc., Hsinchu (TW) (52) US.CL ( )
(72) Inventors: Kuo-Fong Hung, Changhua (TW); CPC e HO4M 1/026 (2013.01); H04£011/f%21§
Chia-Wei Chi, Taipei (TW); o
Shih-Huang Yeh, Hsinchu (TW) (57 ABSTRACT

Examples of a metal-frame slot antenna with one or more
matching circuits and apparatus thereof are described. A slot
(21) Appl. No.: 14/979,398 antenna may include a metallic frame, which may include a
primary sheet with plural peripheral sides surrounding the
primary sheet. The metallic frame may also include at least
(22) Filed: Dec. 27, 2015 one slot. Each slot of the at least one slot may extend along
one or more peripheral sides of the plural peripheral sides of
the metallic frame such that the plural peripheral sides of the
s metallic frame are continuous without an opening. The at
Related U.S. Application Data least one slot may include a first slot which may be generally
(60) Provisional application No. 62/100,156, filed on Jan. U-shaped or contiguous along at least three peripheral sides

6,2015.

of the plural peripheral sides.
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