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(57) ABSTRACT

Various mobile communication terminals, apparatuses, and
methods having antenna improvements are discussed. An
apparatus is described which includes an outer front side
having a display disposed therein; an outer rear side a con-
ductive part and a non-conductive part; a battery disposed
between the outer front side and the outer rear side; and an
antenna including a radiation unit capable of receiving a
signal, at least a portion of the radiation unit being disposed
between the outer front side and the non-conductive part of
the outer rear side, a feeding unit which electrically connects
the radiation unit to a circuit board, and a ground part which
electrically connects the radiation unit to the conductive part
of the outer rear side.
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(57) ABSTRACT

A handheld device including a ground plane, a first antenna
element and a second antenna element is provided. The
ground plane includes a short edge and a first long edge
adjacent to each other to form a first corner. The first antenna
element is opposite to the short edge of the ground plane. The
second antenna element is opposite to the first long edge of
the ground plane and includes a first radiation portion. An end
of the first radiation portion is electrically connected to the
first long edge and adjacent to the first corner. The handheld
device uses the second antenna element to adjust an equiva-
lent ground plane length of the first antenna element.
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(57) ABSTRACT

System and method embodiments are provided for a broad-
band switchable antenna. The embodiments enable an easily
tunable, temporally switchable antenna with good low- and
high-band performance with controlled high impedance loci
that easily coexists with other wireless device components. In
an embodiment, a broadband switchable antenna includes an
antenna feed; a high-band antenna arm comprising a first end
electrically coupled to an antenna feed and a second end
electrically coupled to ground: a switch coupled to the
antenna feed at a position proximate to the first end of the
high-band antenna arm; and a low-band antenna arm com-
prising a first end electrically coupled to the switch, wherein
the antenna is configured to operate in a high-band mode
when the switch is open and to operate in a low-band mode
when the switch is closed.
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In an antenna, a first element is connected to a GND of a
feeder, on the same plane as a GND of a wireless circuit, and
isolated from the GND of the wireless circuit. A second
element is on the same plane as the GND of the wireless
circuit and a first end connected to the first element and a
second end as an open end. The third element has a first end
connected to a power source of the feeder and located in a
region occupied by the first element perpendicularly to the
first element so that its first end source faces down. The fourth
element has a first end connected to a second end of the third
element and a second end as an open end, is parallel to the first
element, and is perpendicular to a line connecting the first and
second ends of the second element.
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(57) ABSTRACT

An electronic device may be provided with antennas. Anten-
nas for the electronic device may be formed from slot antenna
structures. A slot antenna structure may be formed from por-
tions of a metal housing for an electronic device. The slots of
the slot antenna structures may be indirectly fed to form first
and second indirectly fed slot antennas. The first and second
indirectly fed slot antennas may be formed from slots in a rear
surface of an electronic device and a sidewall of the electronic
device. The slots may have open ends along an edge of the
sidewall and may have closed ends that face each other. A
hybrid antenna may also be formed in the electronic device.
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(57) ABSTRACT

Systems and methods are provided for an antenna structure
(100) configured for attachment to a circuit board (102). The
antenna structure includes a main body (103) having a first
end (105), a second end (107) opposite from the first end, and
a side (109) extending between the first end and the second
end. The antenna structure further includes a first support
(104) formed from the first end, a second support (106)
formed from the second end, and a third support (108) extend-
ing from the side of the main body. The main body, the first
support, the second support, and the third support are formed
from a single conductive sheet. Each of the supports is
mechanically attached to the circuit board, and only one of the
supports is electrically coupled to an antenna feed of the
circuit board.
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A portable electronic device includes a rear housing formed
entirely of a modified plastic material configured for laser
§ 371 (c)(1), direct structuring, and an antenna formed on a surface of the
(2), (4) Date:  May 28, 2015 rear housing using laser direct structuring.
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(57) ABSTRACT

An active antenna system includes a printed circuit board, an
antenna radiation element, a metal ground surface, and a first
switching circuit. The printed circuit board has an antenna
clearance region. The antenna radiation element has a feed
port, a first physical position and a second physical position.
The metal ground surface is formed on a first layer of the
printed circuit board and outside the antenna clearance
region. A first terminal of the first switching circuit is con-
nected to the first physical position. A second terminal of the
first switching circuit is connected to the second physical
position. A control terminal of the first switching circuit
receives a control signal. The first physical position and the
second physical position are selectively connected with each
other or disconnected from each other according to the con-
trol signal.
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There is disclosed a multiband antenna device comprising a
conductive elongate antenna element configured for electri-
cal connection to a conductive groundplane at a grounding
point, and for electrical connection to a radio transmitter/
receiver at a feeding point. The antenna element comprises a
first portion and a second portion. The first portion is config-
ured to extend in a first direction along a first outside edge of
the groundplane, and then in a second direction along a sec-
ond outside edge of the groundplane. The second portion of
the antenna element is configured to double back next to the
first portion in a third, substantially counter-parallel direction
back along the second outside edge of the groundplane, and
then in a fourth direction along the first outside edge of the
groundplane. The second portion of the antenna element ter-
minates with a high impedance portion, and the high imped-
ance portion of the antenna element is positioned between the
first edge of the ground plane and the first portion of the
antenna element so as to form a narrow gap that electromag-
netically couples the first and second portions of the antenna
element.
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ABSTRACT

a rear cover configured to attach to at least a portion of a rear

side

of the electronic device, and a front cover configured to

removably cover at least a portion of a front side of the

elec
that
ana

tronic device. The case also includes a connection portion
connects the front cover and the rear cover, and includes
ntenna structure for transmitting and receiving signals in

at least one frequency band.
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ABSTRACT

An antenna capable of operating among all LTE bands, and
also capable of operation among all remote side cellular
applications, such as GSM, AMPS, GPRS, CDMA,
WCDMA, UMTS, and HSPA among others. The antenna
provides a low cost alternative to active-tunable antennas
suggested in the prior art for the same multi-platform objec-

tive.
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A swilchable antenna includes a substrate, a first antenna
element, a second antenna element, a first switch element, a
second switch element, a first radiating portion on an upper
surface of the substrate including a first center, a first bend
section and a second bend section, and a second radiating
portion on an lower surface of the substrate including a sec-
ond center, a third bend section and a fourth bend section. The
third and the fourth bend sections extending from the second
center are respectively disposed corresponding to the first and
the second bend sections extending from the first center. The
first and the second antenna elements on the upper surface are
disposed corresponding to the first and the second bend sec-
tions. The first and the second switch elements are respec-
tively configured to switch the first and the second antenna
elements between a reflector and a parasitic radiating ele-
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A multiband antenna includes a feeding element connected to
a feeding point, a radiating element functioning as a radiating
conductor, the radiating element being positioned apart from
the feeding element and fed with electric power by electro-
magnetically coupling to the feeding element, a ground plane,
and a non-feeding element being positioned close to the radi-
ating element and connected to the ground plane via a reac-
tance element. The reactance element has a reactance that
causes the multiband antenna to match with a frequency other
than a resonance frequency of a resonance mode of the radi-
ating element.
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(57) ABSTRACT

A reradiation antenna including an insulation panel; a ground
contact formed on one side of the insulation panel; a slot
formed by eliminating a part of the ground contact by expos-
ing the insulation panel; a power feeding unit formed on the
insulation panel between the slot and separated from the
ground contact and connected with a power source using a
first end of the power feeding unit; and a radiation unit formed
on one side of the insulation panel, and connected with a
second end of the power feeding unit positioned at an opened
end of the slot.

100
//\ /\
4 )
~ yd -
7T~
\V / 0a
200

7

W
////2///%////;;{%///%7/// A~
e o

7
e

Ll
Z

Z N T

120




US 20150288071A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2015/0288071 A1l

Toyao

(43) Pub. Date: Oct. 8, 2015

(54)

QY

(72)

(73)
(21)
(22)

(86)

(30)

ANTENNA AND WIRELESS
COMMUNICATION DEVICE

Applicant: NEC Corporation, Minato-ku, Tokyo
(IP)

Inventor:  Hiroshi Toyao, Tokyo (JP)

Assignee:  NEC Corporation, Tokyo (JP)
Appl.No:  14/437,253
PCT Filed: Nov. 12, 2013

PCT No.: PCT/JP2013/080586

§ 371 (1),
(2) Date: Apr. 21, 2015

Foreign Application Priority Data

Nov. 12,2012 (IP) .. 2012-248169

Publication Classification

(51) Int.CL

HO1Q 15/00 (2006.01)
(52) US.CL

CPC oo HOIQ 15/0086 (2013.01)
(57) ABSTRACT

A small antenna operating at a plurality of frequency bands
includes a first conductor plane in which a first split ring
resonator and a second split ring resonator that have different
resonant frequencies are formed and a feed line including a
first branch line, a second branch line and a branch portion.
Each of the split ring resonators includes a conductor region
along an opening edge of an opening formed in the first
conductor plane and a split portion cutting through a portion
of the conductor region. One end of the first branch line is
connected to the first split ring resonator and the other end
extends to the branch portion across the conductor region; one
end of the second branch line is connected to the second split
ring resonator and the other end extends to the branch portion
across the conductor region.
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(57) ABSTRACT

An antenna device (1) comprising a non-conductive substrate
(2), wherein the antenna is in the form of a conductive pattern
printed on either one or both sides of the non-conductive
substrate. The conductive printed pattern includes an antenna
element (5) configured for electrical connection to a coplanar
groundplane (8) at a ground connection (13,13"), and further
configured for electrical connection to a transmitter/receiver
at a feed connection, and a passive antenna arm (115) con-
nected to the coplanar groundplane at a passive antenna arm
ground connection (116). A SAR reduction system compris-
ing a grounded parasitic resonating conducting element is
positioned on one side of the non-conductive substrate and is
adapted to couple with the passive antenna arm and reduce the
electromagnetic field generated by the antenna element at a
predetermined frequency.
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57 ABSTRACT

An electronic device with an antenna, e.g., for near field
communication (NFC) is disclosed. The electronic device
includes a display, a fixing frame fixing the display and
including a bezel area at a periphery of the display, and a
communication module disposed at the bezel area. The com-
munication module includes a circuit board, which has an
antenna radiator and a communication circuit disposed
thereon. The communication module performs wireless com-
munication with an external apparatus via the communication

circuit and antenna radiator.
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57 ABSTRACT

An electronic device having antenna structure is provided.
The electronic device includes a first body, a pivot assembly,
asecond body and an antenna structure. The pivotassembly is
pivoted to the first body along a first axis. The second body is
pivoted to the pivot assembly along a second axis. The
antenna structure is disposed in the pivot assembly and has a
first radiation portion, a second radiation portion and a third
radiation portion. The first radiation portion and the second
radiation portion have a slot therebetween to form a slot
antenna. The third radiation portion forms a monopole
antenna and is aligned to the slot. The third radiation portion
and the slot are not coplanar.
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(57) ABSTRACT

An antenna system is provided, including a first antenna, a
second antenna, a ground plane, and a resonant isolator
coupled to the first and second antennas. Each of the antennas
is configured to be a capacitively-coupled compound loop
antenna, and the resonant isolator is configured to provide
isolation between the two antennas at resonance. The two
antennas may be symmetrical or asymmetrical and include a
first element that emits a magnetic field and a second element
that generates an electrical field that is orthogonal to the
magnetic field. The radiating element of the second element
may be capacitively coupled to the remainder of the second
element. The resonate isolator may be comprised of a single
conductive element or two conductive elements that are
capacitively coupled.
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A wideband antenna module includes a ground conductor,
two radiating conductors and a decoupling inductor. Each of
(21) Appl. No.: 14/570,326 the radiating conductors includes a feed-in portion, a ground
portion and three radiating portions. The feed-in portion is
spaced apart from the ground conductor and has a feed-in end
. part. The ground portion is connected to the feed-in portion
(22)  Filed: Dec. 15, 2014 and the ground conductor. For each of the radiating conduc-
tors, the radiating portions are arranged in sequence from the
(30) Foreign Application Priority Data feed-in portion to a free end part. The decoupling inductor is
connected between the free end parts of the two radiating
Apr. 11,2014 (TW) oo 103113461 conductors.
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(21) Appl. No.: 14/438,476 antenna and a method of operation are provided to enable
both wide and multiple frequency band response. The
(22) PCT Filed: Oct. 26,2012 antenna may include a feeding arm and a parasitic element.
The feeding arm may include a conductive loop antenna and
(86) PCT No.: PCT/IB2012/055928 a conductive excitation arm portion. The loop antenna portion

may extend from a first end that is configured to be grounded
to a second end that is configured to be driven by radio
frequency circuitry. The excitation arm may be coupled at a
first end to the loop antenna portion and extend outwardly
therefrom to an open end. The parasitic element may extend
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57 ABSTRACT

An antenna device includes a first antenna element. The first
antenna element includes a first conductive line portion
extending from a power supply point, a first turn-back portion
connected to the first conductive line portion, a second con-
ductive line portion extending from the first turn-back por-
tion, a second turn-back portion connected to the second
conductive line portion, a third conductive line portion
extending from the second turn-back portion, a first shortcir-
cuit portion shortcircuiting the first conductive line portion
and the second conductive line portion, the first shortcircuit
portion being located between a reference portion and the first
turn-back portion, the reference portion being located
between the first turn-back portion and the second turn-back
portion, and a second shortcircuit portion shortcircuiting the

HOI1Q 904 (2006.01) reference portion and the third conductive line portion.
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57 ABSTRACT

An antenna apparatus includes antenna elements, each made
of a conductive plate. The antenna elements are provided
along a reference axis passing through first and second posi-
tions of the antenna apparatus, and close to a section between
the first and second positions. Each of the antenna elements
has first and second portions along a circumference of the
antenna element, the first portion is close to the reference axis
and electromagnetically coupled to the other antenna ele-
ment, and the second portion is remote from the reference
axis. The first portions of the respective antenna elements are
shaped so that the antenna elements are the closest to each
other near the first position, and a distance between the
antenna elements gradually increases from the first position
to the second position. The antenna apparatus has feed points
provided on the antenna elements, respectively, and near the
first position.
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(57) ABSTRACT

The present invention relates to a communication device
antenna, including a metal housing, a first antenna and a
second antenna. The metal housing has a first lateral side and
a second lateral side. The first antenna includes a first metal
part, a second metal part, a third metal part and a fourth metal
part. The third metal part is connected between the first and
second metal parts, and adjacent to the first lateral side of the
metal housing. The fourth metal part is connected to the metal
housing. The second antenna includes a first metal part and a
second metal part. The first metal part of the second antenna
is connected to the signal feed point and the second metal part
of the first antenna. The second metal part of the second
antenna is connected to the ground point and the fourth metal
part of the first antenna.
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(57) ABSTRACT

The present invention relates to a communication device
antenna, including a metal housing, an antenna and a conduc-
tor. The metal housing has a first lateral side and a second
lateral side. The antenna includes a first metal part, a second
metal part, a third metal part and a fourth metal part. The third
metal part is extended and connected between the first metal
part and the second metal part, and the third metal part is
located adjacent to the first lateral side of the metal housing.
The fourth metal part is connected to a ground point, and the
fourth metal part is connected to the first metal part and the
metal housing. The conductor is located adjacent to the sec-
ond metal part of the antenna. A coupling gap is defined
between the conductor and the second metal part. The con-
ductor is connected to a signal feed point.
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(57) ABSTRACT

The present invention relates to a communication device
antenna including a metal housing and an excitation compo-
nent. The metal housing has a first lateral side, a second lateral
side and a connection side extended and connected between
the first lateral side and the second lateral side. An opening is
formed and located adjacent to the connection side. A cou-
pling gap is defined between the excitation component and
the connection side of the metal housing. The excitation com-
ponent is connected to the signal feed point and the ground
point. The excitation component is configured to perform
electromagnetic energy excitation, such that the metal hous-
ing can be utilized as a radiation unit.
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(57) ABSTRACT

A manufacturing method of antenna shaping includes provid-
ing a nonplanar insulating substrate; coarsening and modify-
ing a surface of the substrate and rendering the substrate
surface hydrophilic by a plasma process to form a modified
substrate; performing copper electroless plating on the modi-
fied substrate; electroplating a copper layer to attain a
required thickness; defining antenna wiring width and clear-
ance by multi-axis mechanical processing; and performing
antenna metal wiring shaping with a copper etching plating
solution. Furthermore, metal wiring shaping and processing
is performed with a mechanical cutting tool of a multi-axis
processing machine without using any photomask, so as to
control substrate surface coarsening uniformity and enhance
hydrophilicity of the surface of the modified substrate, with a
precise plating technique for enhancing the quality of copper
wire coating, cutting costs, and speeding up the processing
process.
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(57) ABSTRACT

A manufacturing method of nonplanar 3D antenna shaping
includes providing a nonplanar insulating substrate; perform-
ing coarsening and modification on the surface of the sub-
strate, followed by rendering the substrate surface hydro-
philic in a plasma process to form a modified substrate;
performing copper electroless plating on the modified sub-
strate to plate a copper layer on the substrate, 5o as to achieve
a required thickness. The width of the metal wiring is effi-
ciently reduced to microscale by 3D photolithography: there-
fore, the range of its low-frequency application is reduced to
less than 2 GHz. The method involves controlling substrate
surface coarseness uniformity, modifying the substrate sur-
face hydrophilic, and applying a precise plating technique
with a view to enhancing the quality of copper wire coating.
The method not only enhances antenna low-frequency per-
formance but is also conducive to miniaturization of anten-
nas, thereby allowing a tool carrying an antenna to reduce
weight and power consumption.
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ABSTRACT

The disclosure concerns an antenna with open loops and
multipath current distribution to achieve ultra wideband char-
acteristics and antenna miniaturization, while simultaneously
keeping high performance for a more reliable WAN commu-
nication, with higher data transfer, less dropping connections
and improved sensitivity. To further reduce spatial require-
ments, the antenna may be incorporated on a flex substrate for
bending with the contour of a device housing or the like.
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(57) ABSTRACT

An electronic device is provided that includes a circuit board
and an antenna fed from the circuit board. The antenna
includes a plurality of conductive components. Each of the
plurality of conductive components is disposed on a portion
of a respective one of a plurality of electronic components of
the electronic device. The plurality of conductive components
are connected by at least one connection component.
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(57) ABSTRACT

An electronic device may be provided with antenna struc-
tures. The antenna structures may be coupled to non-near-
field communications circuitry such as cellular telephone
transceiver circuitry or wireless local area network circuitry.
When operated at non-near-field communication frequen-
cies, the antenna structures may be configured to serve as one
or more inverted-F antennas or other antennas for supporting
far field wireless communications. Proximity sensor circuitry
and near-field communications circuitry may also be coupled
to the antenna structures. When operated at proximity sensor
frequencies, the antenna structures may be used in forming
capacitive proximity sensor electrode structures. When oper-
ated at near-field communications frequencies, the antenna
structures may be used in forming an inductive near-field
communications loop antenna.
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(57) ABSTRACT

There is disclosed an antenna system for mobile handsets and
other devices. The antenna system comprises a dielectric
substrate having first and second opposed surfaces, a conduc-
tive track on the substrate, and a separate, directly driven
antenna to drive the parasitic loop antenna formed by the
conductive track. Two grounding points are provided adja-
cent to each other on the first surface of the substrate, with the
arms of the conductive track extending in generally opposite
directions from the grounding points. The conductive tracks
then extend towards an edge of the dielectric substrate, before
passing to the second surface of the dielectric substrate and
then passing across the second surface of the dielectric sub-
strate following a path generally following the path taken on
the first surface of the dielectric substrate. The conductive
tracks then connect to respective sides of a conductive
arrangement formed on the second surface of the dielectric
substrate that extends into a central part of a loop formed by
the conductive track on the second surface of the dielectric
substrate.
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A deformed dipole is suggested with trace elements config-
ured for wideband LTE and GPS operation. The deformed
dipole comprises a first dipole conductor disposed on a first
surface and first side of the circuit board and a second dipole
conductor disposed on an opposite surface and opposite side
of the circuit board.
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(57) ABSTRACT

A quadri-polarized antenna oscillator, a quadri-polarized
antenna, and a quadri-polarized multi-antenna array are pro-
vided. The quadri-polarized antenna oscillator comprises
four polarized oscillators, wherein midpoints of the four
polarized oscillators are coincident; a polarization direction
of a first polarized oscillator is a horizontal direction; a polar-
ization direction of a second polarized oscillator is perpen-
dicular to the horizontal direction; a polarization direction of
athird polarized oscillator has a 45 angle with the horizontal
direction; and a polarization direction of a fourth polarized
oscillator has a —-45° angle with the horizontal direction. By
integrating four polarized oscillators having different polar-
ization directions into one antenna oscillator, the width of the
MIMO multi-antenna is reduced, and the horizontal space
between two columns of dual-polarized antennas is not
required any more, thus the deployment of LTE and 4G net-
works are favourably implemented without extra space
requirement to the top surface of a base station.
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(57 ABSTRACT

A method is provided introducing a phase difference between
signals at antenna ports of an antenna such that a first signal at
one of the antenna ports has a different phase than a second
signal at another one of antenna ports to obtain an antenna
pattern control. A reduced power is used that is lower than the
power used in a non-pattern control operation of the antenna
such that a wireless link performance criteria is met with
equipment at a far-field point using the reduced power com-
pared to the non-pattern control operation, thereby reducing a
specific absorption rate.
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(57) ABSTRACT

An electronic device including an antenna device with an
integrated sensor is provided. In an embodiment, first and
second antenna radiators are operably connected. A commu-
nication module transmits or receive communication signals
through the first and/or second antenna radiator. A separation
circuit such as a series connected inductor is connected in a
path between the first and second antenna radiators. The
separation circuit prevents passage of the communication
signals through the path while enabling passage of a sensing
signal acquired through the first and second antenna radiators.
A sensor module such as a proximity sensor receives the
sensing signal acquired through the first and second antenna
radiators. A processor controls a function of the electronic
device based on the sensing signal.




