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A portable electronic device cover, according to the present
invention, comprises a conductive plate which is spaced at
a predetermined distance from an antenna mounted in a
portable electronic device and is arranged at a position
overlapped with at least a part of the antenna when the
portable electronic device is mounted in the portable elec-
tronic device cover.
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(57) ABSTRACT

A wireless communication apparatus includes a substrate, an
electrical insulation cover, a first antenna and a second
antenna. The substrate has a ground surface. The electrical
insulation cover covers the substrate. The electrical insula-
tion cover has first and second surfaces. The first antenna is
disposed on the first surface and is electrically connected to
the ground surface. The second antenna is disposed on the
second surface and includes first and second capacitive
coupling portions, a signal feeding portion and a first slit.
The signal feeding portion connects the first and second
capacitive coupling portions. The first slit is located between
the first and second capacitive coupling portions. The first
antenna can generate first and second resonant modes with
the first and second capacitive coupling portions in a manner
of capacitive coupling, respectively. The first and second
resonant modes have different frequency bands.
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A wireless communication device comprising a housing
comprising a plurality of edges and configured to serve as an
external surface for the wireless communication device, and
an antenna adjacent to at least a first edge of the housing,
wherein the antenna comprises at least a conductive strip
and at least one slot and wherein the antenna is configured
to receive and transmit wireless signals, wherein the first
edge of the housing is one of an edge of the housing nearest
an ear piece and an edge of the housing that is opposite the
edge of the housing nearest the ear piece, and wherein the
conductive strip and the slot are adjacent to at least the first
edge of the housing.
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An antenna module is provided in the present disclosure.
The antenna module includes a printed circuit board and a
metal frame surrounding the printed circuit board. The metal
frame includes a metal radiating portion, and a first feed
point, a second feed point, a first ground point and a second
ground point are disposed on the printed circuit board and
electrically connected to the metal radiating portion. The
first feed point and the second feed point are symmetrically
disposed at two opposite sides of a central axis of the printed
circuit board; the first ground point and the second ground
point are respectively disposed corresponding to the first
feed point and the second feed point. The present disclosure
also provides a mobile device using the antenna module.
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An antenna apparatus and a wireless communications
device, where the antenna apparatus includes a feeding part,
a grounding part, and a closed frame, where the closed frame
encircles a main body of the wireless communications
device. The feeding part and the grounding part are electri-
cally connected to the closed frame, and the closed frame,
the feeding part, and the grounding part form a first current
loop and a second current loop, where resonance is gener-
ated between the first current loop and the second current
loop. There is no need to dispose a slit on the closed frame
of the wireless communications device that uses a metal
appearance, and a position of the feeding part of a radio
frequency feeder is used, to mitigate impact, of a closed
environment caused by not disposing the slit on the closed
frame, on antenna radiation performance, thereby improving
antenna performance and user experience.

107 102

LTS




US 20170005397A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2017/0005397 A1

Jiang et al. (43) Pub. Date: Jan. 5, 2017
(54) TUNABLE MULTIBAND ANTENNA WITH (52) U.S.CL
PASSIVE AND ACTIVE CIRCUITRY CPC ..o HOIQ 1/243 (2013.01); HO1Q 5/392
(2015.01); HOIQ 1/48 (2013.01)
(71) Applicant: Apple Inc., Cupertino, CA (US)
(72) Inventors: Yi Jiang, Sunnyvale, CA (US); Siwen
Yong, Santa Clara, CA (US); Gordon 67 ABSTRACT
Coutts, Santa Clara, CA (US); Lijun
%?aﬁ%’ug;?f{}?:‘; C(? A(I(Jgg’).Qﬁz%iﬁng An electronic device may have an antenna for providing
W’ Schlub, Cupe rtino CA (L}S) coverage in wireless communications bands of interest such
’ ’ as a low frequency communications band and a high fre-
(21) Appl. No.: 15/264,500 quency communications band. The antenna may have an
antenna ground and an antenna resonating element. The
(22) Filed: Sep. 13, 2016 antenna resonating element may have a high band arm that
. contributes to a first high band resonance in the high band
Related U.S. Application Data and may have a low band arm that exhibits a low band
(63) Continuation of application No. 13/864,968, filed on resonance in the low band. A passive filter that is coupled
Apr. 17, 2013, now Pat. No. 9,496,608. between first and second portions of the antenna resonating
R . . element may be configured to exhibit a short circuit imped-
Publication Classification ance associated with a bypass path that allows the antenna
(51) Imt. CL resonating element to contribute to a second high band
HO01Q 124 (2006.01) resonance in the high band. A tunable inductor coupled to
HOIQ 1/48 (2006.01) the antenna resonating element may be used to tune the low
HO01Q 5/392 (2006.01) band resonance.

/-10




US 20170005413A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2017/0005413 A1

Tai

43) Pub. Date: Jan. 5, 2017

(54)

()

(72)

@1

(22)

(60)

TUNABLE ANTENNA MODULE USING
FREQUENCY-DIVISION CIRCUIT FOR
MOBILE DEVICE WITH METAL COVER

Applicant: MEDIATEK INC., Hsin-Chu (TW)

Inventor: Chen-Fang Tai, New Taipei City (TW)
Appl. No.: 14/965,819
Filed: Dec. 10, 2015

Related U.S. Application Data

Provisional application No. 62/188,130, filed on Jul.

2, 2015.

Publication Classification

(51) Int.CL
HO1Q 13/10 (2006.01)
H01Q 1/24 (2006.01)
HO01Q 1/48 (2006.01)
(52) US.CL
CPC oo HO1Q 13/10 (2013.01); HOIQ 1/48
(2013.01); HOIQ 1/243 (2013.01)
67 ABSTRACT

A tunable antenna module for a mobile device includes an
antenna, a frequency-division circuit and one or more
impedance-tuning circuits. The frequency-division circuit is
coupled to a radiator of the antenna for forming one or more
signal paths for one or more of component frequencies of a
radio-frequency signal of the antenna. One or more the
impedance-tuning circuits are coupled to the frequency-
division circuit for tuning an impedance of the antenna at
one or more of the component frequencies of the radio-
frequency signal.
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A mobile device includes a metal back cover and a feeding
(22) Filed: Feb. 9, 2016 antenna element. The metal back cover has a slot. The slot
has an open end and a closed end. The feeding antenna
(30) Foreign Application Priority Data element is coupled to a signal source, and extends across the
slot. An antenna structure is formed by the metal back cover,
Jul. 3, 2015 (TW) e 104121616 the slot, and the feeding antenna element.
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(30) Foreign Application Priority Data point are formed at two opposite sides of the metal frame; a
first gap and a second gap are respectively formed at two
Jul. 9,2015  (CN) v 2015204930512 opposite sides of the metal back cover for defining a first
Publication Classification clearance area and a second clearance area. The first feed
’ point is located in the first clearance area and contacts a left
(51) Imt. ClL frame portion of the metal frame; the second feed point is
H01Q 124 (2006.01) located in the second clearance area and contacts a right
HO0I1Q 5/50 (2006.01) frame portion of the metal frame.

1

S 103B

(
)

110

h112

AIN\__-104
O\ 116

L\

106" N

T~__-107




(19)

a2 Patent Application Publication

US 20170012

United States

LAI et al.

342A1

(10) Pub. No.: US 2017/0012342 A1
43) Pub. Date: Jan. 12, 2017

(54)

(71

(72)

(21

(22)

(30)

TRANSFORMABLE MOBILE DEVICE

Applicant: Quanta Computer Inc., Taoyuan City
(TW)

Inventors: Chun-Nan LAI, Taoyuan City (TW);

Chun-I LIN, Taoyuan City (TW); Hui

LIN, Taoyuan City (TW)

Appl. No.: 14/838,765

Publication Classification

(51) Int.CL
HO1Q 1724 (2006.01)
H01Q 1/22 (2006.01)
H01Q 1/48 (2006.01)
(52) US.CL
CPC v HOIQ 1/243 (2013.01); HOIQ 1/48
(2013.01); HOIQ 1/2266 (2013.01)
(57) ABSTRACT

A transformable mobile device operating in a notebook
mode or a tablet mode is provided. The transformable
mobile device includes a base, an upper cover, a hinge, a
main antenna, and a ground metal plane. The hinge is
connected between the base and the upper cover. The main

Hiled: Ang 28,2015 antenna is disposed in the upper cover. The ground metal
plane is disposed in the base, or on an outer surface of the
Foreign Application Priority Data base. The ground metal plane includes a main portion and a
float portion. The float portion is completely separate from
Jul. 9, 2015 (TW) e 104122257 the main portion.
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A degree of freedom in design of a frame member that serves
as an antenna is improved without causing a decrease in
antenna characteristics. A frame member (1) has a first
reference electric potential connection point (6a) and a
second reference electric potential connection point (65),
each of which is connected to a reference electric potential
(G) of a housing. A wireless circuit (2) is connected to a feed
connection point (4) located between the first and second
reference electric potential connection points (6a and 65) of
the frame member (1).
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(57) ABSTRACT

An antenna structure for mobile phone includes a branch
antenna acting with a metal shell of the mobile phone, an
insulating body located in the metal shell, a main antenna
disposed on the insulating body to be coupled to the metal
shell and having a feed portion, and a feed-line including a
conductive portion welded with the feed portion. The metal
shell has a back cover and a ring-shaped metal frame
integrated with the back cover. A circuit board is located in
the metal shell. The main antenna has a ground portion
connected to a ground circuit of the circuit board, and the
feed-line includes a braid portion connected with the ground
circuit. The metal frame is formed into a continuous metallic
loop configuration to ensure integrality and beauty of the
metal shell for the mobile phone.
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An antenna device includes a conductor surface in which an
opening having an open edge portion in communication with
the outside is provided, a feed element including a first coil
connected to the feed element and a second coil magneti-
cally coupled to the first coil, a first mounting portion
disposed in the open edge portion and connected to a first
end of the second coil, and a second mounting portion
disposed in the open edge portion in a state isolated from the
first mounting portion and connected to a second end of the
second coil. The first mounting portion and the conductor
surface are directly or indirectly conducted to each other,
and the second mounting portion and the conductor surface
are directly or indirectly conducted to each other. A loop is
defined around the opening through the first mounting
portion, the second mounting portion, and the second coil.
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ABSTRACT

An antenna includes a first body having an array of reso-
nators; a spacer adjacent to the first body, and a second body
adjacent to the spacer such that the spacer is between the first
and second bodies. The first body can be configured as an
artificial metasurface ground plane and the second body can
be configured as a monopole.
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(57) ABSTRACT

An antenna module applicable to a mobile device is pro-
vided in the present disclosure. The antenna module includes
a metal frame, a circuit board surrounded by the metal
frame, and an antenna portion on the circuit board. The
circuit board includes a main board and a ground board
placed on the main board. The antenna portion includes at
least one low frequency (LF) ground point and at least one
high frequency (HF) ground point arranged on the ground
board, and a feed point arranged on the main board. The at
least one LF ground point and the at least one HF ground
point contact the metal frame: a first current path length
between the feed point and the at least one LF ground point
is greater than a second current path length between the feed
point and the at least one HIF ground point.
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An antenna system includes an antenna body, a tunable
component, and at least one of a first filter and a second filter.
The antenna body is connected to the tunable component.
The first filter is connected in parallel to the tunable com-
ponent, and the first filter presents a high impedance char-
acteristic in a low frequency band, and presents a low
impedance characteristic in a high frequency band. The
second filter is connected in series between the antenna body
and the tunable component, a first end of the second filter is
connected to the antenna body, and a second end of the
second filter is connected to the tunable component. The
second filter presents a low impedance characteristic in a
low frequency band, and presents a high impedance char-
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