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(57) ABSTRACT

An antenna with swappable and selective radiation direction
includes a first arm, a second arm electrically connected to
the first arm, a third arm is electrically connected to the first
arm, a first impedance tuning circuit coupled to the second
arm for connecting the second arm to a ground or a first
matching component according to a control signal, and a
second impedance tuning circuit coupled to the third arm for
connecting the third arm to the ground or a second matching
component according to the control signal. By tuning
impedance of the antenna, the antenna operates in a first
mode corresponding to a first radiation direction or a second
mode corresponding to a second radiation direction.
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(57) ABSTRACT

An antenna including a first conductive element having a
first length and including a first connecting interface to
connect, at a first end, the antenna structure to an electrical
circuit, a second conductive element having a second length,
the second conductive element connecting, at a first end, to
a second end of the first conductive element, and a third
conductive element having a third length and connecting at
a first end to a second end of the second conductive element
and oriented at an angle that is orthogonal to the orientation
axis for the first conductive element and the second con-
ductive element. The antenna can be placed by machine
without the antenna moving or tilting in any direction prior
attaching to a printed circuit board.
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57 ABSTRACT

Afirst end of a first conductor pattern of a first coil conductor
is connected to a power supply terminal, and a second end
of the first conductor pattern is connected to an antenna
terminal. A second conductor pattern includes second coil
conductors. A first end of the second conductor pattern is
connected to the antenna terminal and the second end of the
first conductor pattern, and a second end of the second
conductor pattern is connected to a ground terminal. The
second conductor pattern magnetically couples with the first
conductor pattern. The second end of the first conductor
pattern and the first end of the second conductor pattern are
connected to the antenna terminal via a routing pattern that
extends to magnetically couple with at least either the first
conductor pattern or the second conductor pattern.
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The disclosure concerns an antenna subsystem that can be
used in various repeater systems to optimize gain of the
repeater by increasing isolation between donor and server
antennas, wherein at least one of the donor and server
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(57) ABSTRACT

An anti-interference microwave antenna includes a refer-
ence ground and at least a radiating source spacedly dis-
posed at the reference ground to define a radiating clearance
between the radiating source and the reference ground,
wherein the radiating source is electrically connected to the
reference ground to ground the radiating source so as to
narrow a bandwidth of the antenna. When a electromagnetic
excitation signal is received at a feed point of the radiating
source, the bandwidth of the antenna is narrowed down to
prevent any interference of the electromagnetic wave signal
received or generated by the antenna in response to nearby
electromagnetic radiation frequency or stray radiation fre-
quency of the adjacent frequency bands.
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cuitry. The wireless circuitry may include antenna structures
such as an antenna resonating element arm and an antenna
ground. A split return path may be coupled between the
antenna resonating element arm and the antenna ground. The
antenna structures may form one or more inverted-F anten-
nas when operated at non-near-field communications fre-
quencies. The antenna structures may be coupled to near-
field communications transceiver circuitry using a
conductive path. When operated at near-field communica-
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element arm, the return path, and the antenna ground. A
capacitor may be coupled between the conductive path and
an antenna ground. The capacitor may short non-near-field
communications signals to the antenna ground and block
near-field communications signals from passing from the
conductive path to the antenna ground.
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57 ABSTRACT

According to one embodiment, an antenna module includes
a substrate, a first antenna, an array antenna, and a radio
frequency (RF) module. The first antenna includes a first
radiation element arranged on the substrate and a first
ground plane arranged on the substrate. The array antenna
includes a plurality of second radiation elements arranged on
the substrate. The substrate includes a first surface and a

second surface. The first ground plane is arranged on at least
the first surface of the substrate. The plurality of second
radiation elements are arranged on the second surface of the
substrate and opposed to the first ground plane via the
substrate.
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57 ABSTRACT

An antenna structure includes a metal housing, a first feed
source, and a first radiator. The metal housing includes a
front frame, a backboard, and a side frame. The side frame
defines a slot and the front frame defines a gap. The metal
housing is divided into at least a long portion and a short
portion by the slot and the gap. The radiator is positioned in
the housing and includes a first radiating portion and a
second radiating portion. One end of the first radiating
portion is electrically connected to the first feed source and
another end of the first radiating portion is spaced apart from
the long portion. One end of the second radiating portion is
electrically connected to the first feed source and another
end of the second radiating portion is spaced apart from the
short portion.
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A mobile terminal device is disclosed. The mobile terminal
device includes a metal rear cover; a metal frame forming an
accommodation space with the metal rear cover; a printed
circuit board assembly; and an antenna module inside the
accommodation space and electrically connected with the
printed circuit board assembly. The antenna module includes
a grounding terminal and a feeding point disposed on the
printed circuit board assembly. The metal rear cover
includes a first metal part, a second metal part, a third metal
part and the two coupled gap. The first metal part and the
third metal part are connected to both ends of the second
metal part.
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A patch array antenna includes a ground plane and a
plurality of radiation elements that are disposed being dis-
tanced from the ground plane. A conductive metal member
is disposed above a surface on which the plurality of
radiation elements are disposed. The metal member overlaps
with part of a region of each of the plurality of radiation
elements in a direction orthogonal to an array direction of
the patch array antenna and does not overlap with the other
part of the region, and continuously extends from the
radiation element at one end to the radiation element at the
other end in the array direction.
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(57) ABSTRACT

A multi-band WLAN antenna device, comprising a layer of
conductive material forming a planar ground plane, having
a first side edge in which a first cutout is formed, having an
indented cutout edge and first and second connecting edges.
A first antenna structure is formed in the cutout, comprising
a first member projecting from the first connecting edge and
extending parallel to the indented cutout edge. The antenna
structure also includes a second member having a first part
projecting from a feed point at the indented cutout edge,
extending through the first member, and a second part
connected to the first part and extending parallel to the first
member away from the first connecting edge.
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An antenna device includes a metal mechanism element, a
ground plane, a feeding element, a grounding extension
element, and a dielectric substrate. The metal mechanism
element has a slot. The feeding element has a feeding point
coupled to a signal source. The feeding element extends
across the slot. The grounding extension element is coupled
to the ground plane. A vertical projection of the grounding
extension element at least partially overlaps the slot. An
antenna structure is formed by the feeding element, the
grounding extension element, and the slot of the metal
mechanism element. The antenna structure is capable of
covering a low-frequency band and a high-frequency band.
The distance between the feeding point and one end of the
slot is less than or equal to 0.1 wavelength of a central
frequency of the low-frequency band.
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An antenna for a terminal includes: a metal frame surround-
ing four sides of the terminal, a circuit board positioned
within the metal frame and at least two radiation units
arranged on the circuit board. The metal frame includes a
bottom frame and a side frame defined by two breaking
joints disposed on a side of the metal frame. A signal feed
point is arranged on the circuit board, the signal feed point
is connected with the bottom frame through a first radiation
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two first grounding points are connected with the bottom
frame through a second radiation unit, and the bottom frame
is configured to generate low-frequency resonance.
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An electronic device is provided. The electronic device
includes a housing including a first surface, a second surface
facing the first surface, and side surfaces surrounding a
space between the first surface and the second surface, a first
conductive member and a second conductive member form-
ing at least part of the side surfaces, being parallel to the first
surface, and extending parallel to each other, a first noncon-
ductive member disposed between the first conductive mem-
ber and the second conductive member to electrically isolate
the first conductive member and the second conductive
member from each other, and a communication circuit that
performs wireless communication by using the first conduc-
tive member and the second conductive member as radia-

tors.
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57 ABSTRACT

A MIMO antenna is provided that includes a ground plane,
and a plurality of dipole antenna elements that are arranged
in the vicinity of the ground plane. Each of the plurality of
dipole antenna elements includes a radiating element includ-
ing a conductor portion extending along an outer edge
portion of the ground plane, and a feeding portion that feeds
the radiating element.

20 Claims, 16 Drawing Sheets

H3 ‘ }\«HO

31
H2 s}s 02
g 7

H1 | / 480




US010283870B2

a2 United States Patent

Nishizono et al.

US 10,283,870 B2
May 7, 2019

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

(54)
(71)

(72)

(73)

")

@

(22)

(65)

(30)

May 26, 2015

(1)

(52)

(58)

TUNABLE ANTENNA

Applicant: Kyocera Corporation, Kyoto-shi,
Kyoto (JP)

Inventors: Mitsuhiro Nishizono, Hachioji (JP);

Daisuke Togashi, Yokohama (JP);

Kouhei Sugawara, Yokohama (JP)

Assignee: KYOCERA CORPORATION, Kyoto

(IP)
Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 125 days.

Appl. No.: 15/163,671

Filed: May 25, 2016

Prior Publication Data

US 2016/0352017 Al Dec. 1, 2016
Foreign Application Priority Data

(IP) 2015-106461

Int. CL.
HO1Q 930
HO1Q 9/32
HO01Q 5/328
HO01Q 5/357
U.S. CL
CPC

(2006.01)
(2006.01)
(2015.01)
(2015.01)

HO010Q 9/32 (2013.01); HO1Q 5/328
(2015.01); HO1Q 5/357 (2015.01)
Field of Classification Search
CPC HO1Q 9/0442; HO1Q 9/32; HO1Q 9/40;
HO1Q 5/30; HO1Q 5/314; HO1Q 5/328
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

7,079,079 B2* 72006 JO .ooceeoiiriiiiiieis HO1Q 1/243
343/700 MS

7,420,511 B2 9/2008 Oshiyama et al.
9,548,535 B1* 1/2017 KUO .ooceevervivivenrns HO1Q 3/34

2006/0097918 Al 5/2006 Oshiyama et al.
2007/0176836 Al* 8/2007 Abramov ............. HO1Q 1/2291
343/702

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 2000-114860 A 4/2000
Jp 2001-136019 A 5/2001
(Continued)

OTHER PUBLICATIONS

Office Action in JP Application No. 2015-106461, dated Feb. 7,
2017, for which an explanation of relevance is attached.

Primary Examiner — Dameon E Levi
Assistant Examiner — Hasan Z Islam
(74) Attorney, Agent, or Firm — Hauptman Ham, LLP

(57) ABSTRACT

A tunable antenna includes an antenna element having a feed
point at one end thereof, a feed line being connected to the
feed point, and a switcher that switches the resonance
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to the antenna element at a position that is at a distance other
than (A,/4)xn from the one end towards another end of the
antenna element, where A, represents the wavelength cor-
responding to any resonance frequency of the antenna
element, and n is a positive, odd number.
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An electronic device is provided. The electronic device
includes a housing including a window that forms a first side
of the electronic device, and a second side that is disposed
opposite to the first side, a touch sensor disposed adjacent to
the window and configured to generate a capacitance, an
input circuit operably connected to the touch sensor and
configured to detect an input based on a variation in the
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ground operably disposed between the first side and the
second side, a communication circuit operably connected to
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ing circuit operably connected to the touch sensor and the
input circuit.
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