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(57) ABSTRACT

An apparatus and associated method are provided involving
a housing having a periphery configured to operate as a
second antenna, a third antenna, and a fourth antenna. The
periphery includes a top wall having a first slot formed
therein, a first side wall having a second slot formed therein,
and a second side wall having a third slot formed therein.
The top wall is arranged between the first side wall and the
second side wall, and a top portion of the periphery is
defined between the second slot and the third slot. The top
portion is divided into a first top side portion and a second
top side portion via the first slot. Further, the first top side
portion operates as the second antenna, and the second top
side portion operates as both the third antenna and the fourth
antenna.
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(57) ABSTRACT

A mobile terminal includes a terminal body and an antenna
device configured to generate a resonant frequency of a
frequency band for 5G communication system. Further, the
antenna device is an antenna array including a plurality of
dielectrics operating as a resonator. The mobile terminal also
includes a circuit board including a feeding unit and a
ground plane and configured to be inserted into each of the
dielectrics such that a portion of the circuit board protrudes
outward.
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(57) ABSTRACT

Disclosed is an electronic device. The electronic device
includes a housing that includes a first plate facing a first
direction, a second plate facing a second direction opposite
the first direction, and a side housing surrounding a space
between the first plate and the second plate, wherein the
second plate includes an outer surface facing the second
direction and being substantially flat and an inner surface
facing the first direction and being substantially flat, an inner
plate interposed between the first plate and the second plate,
wherein the inner plate includes a surface facing the inner
surface of the second plate and an opening, an antenna
structure comprising a substrate including a first surface
facing the inner surface of the second plate and a second
surface facing away from the inner surface, at least one
conductive pattern on the first surface and/or embedded in
the substrate, a surrounding portion including a hole pen-
etrating the second surface, the antenna structure being
disposed in the opening, and a support coupler including a
protrusion extending to an interior of the hole.
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(57) ABSTRACT

An electronic apparatus includes: a first antenna board
having a plate shape and extending with a first length; a
second antenna board having a plate shape and extending
with a second length; and a rectangular parallelepiped upper
casing for accommodating the first antenna board and the
second antenna board. The first antenna board and the
second antenna board are arranged such that a longitudinal
direction of the first antenna board and a longitudinal
direction of the second antenna board are parallel to one side
of one main surface of the rectangular parallelepiped upper
casing. The first antenna board and the second antenna board
are arranged parallel to each other.
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A film antenna according to an embodiment of the present
invention includes a first electrode layer, a dielectric layer
having a thickness in a range from 50 um to 1,000 um and
having a dielectric constant in a range from 2 to 10 on the
first electrode layer, and a second electrode layer on the
dielectric layer. The dielectric constant and the thickness of
the dielectric layer are controlled to improve high-frequency
driving property of the film antenna.
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(57) ABSTRACT

The invention provides an antenna system, includes a sys-
tem ground unit and a dual polarized millimeter wave
antenna unit. The dual polarization millimeter wave antenna
unit includes a first substrate layer, a second substrate layer
and a third substrate layer, a ground layer attached to a side
of the first substrate layer away from the second substrate
layer and electrically connected to the system ground unit,
a feeder sandwiched between the first substrate layer and the
second substrate layer and a radiator fixed on one side of the
third substrate layer away from the second substrate layer.
The feeder is provided with a horizontally polarized feed
port and a vertically polarized feed port. The feeder is
coupled to the radiator. Compared with the relevant tech-
nology, the communication signal of the antenna system is
strong and stable.
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the antenna system are provided. The mobile terminal has a

(21) Appl. No.: 16/699,702 metal frame and a system grounding. The antenna system
has at least a first antenna module, a second antenna module,

(22) Filed: Dec. 1, 2019 a third antenna module and a fourth antenna module. The
first antenna module has a radiating body and a parasitic

(30) Foreign Application Priority Data element coupled to the radiating body. The radiating body is
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first antenna module further has a first tuning circuit and a
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An antenna module and a mobile terminal are provided. The
antenna module is used for a mobile terminal having a metal
frame and a system grounding spaced apart from the metal
frame. The antenna module has a radiating body formed on
the metal frame and a parasitic element electrically con-
nected to the system grounding and coupled to the radiating
body. The antenna module supports carrier aggregation of
the LTE low frequency harmonic, the LTE medium fre-
quency harmonic and the LTE high frequency harmonic.
The antenna module further includes a capacitor connected
in series between the parasitic element and the system
grounding, and a capacitance of the capacitor is less than 0.8
pF. The antenna module of the present invention covers all
the LTE low, medium and high frequency bands as a single
antenna, and has enhanced performance in low frequency.
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(57) ABSTRACT

A multi-antenna system includes a conductive plane with
four adjacent sides, a main antenna unit disposed on any one
of the four sides, a first secondary antenna unit disposed on
any one of the four side, a second secondary antenna unit
disposed on any one of the four sides of the conductive plane
except the side on which the main antenna unit is disposed,
a switching circuit disposed on the conductive plane and is
selectively electrically connected to the first secondary
antenna unit or the second secondary antenna unit and a
wireless communications module disposed on the conduc-
tive plane and electrically connected to the switching circuit

H01Q 124 (2006.01) and the main antenna unit. The first secondary antenna unit
HO01Q 9/04 (2006.01) is spaced apart from the main antenna unit by a spacing,
HO01Q 1738 (2006.01) where the spacing is greater than 0.5 times a wavelength
HO01Q 5378 (2006.01) distance of a low-frequency operating frequency of the
HO01Q 9/42 (2006.01) multi-antenna system.
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An antenna system 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
system provides a low cost alternative to active-tunable
antennas suggested in the prior art for the same multi-
platform objective.
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Examples of an integrated slot antenna are described. The
integrated slot antenna comprises a first slot, a second slot
and a separating member. The first slot is an open-ended slot
and is coupled to a first antenna member to form a first slot
antenna. The first slot antenna operates in a first predeter-
mined range of frequencies. The second slot is a close-ended
slot and is separated from the first slot by the separating
member.
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Inventors: Yasunori TAKAKI, Minato-ku, Tokyo
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Tokyo (JP)

Appl. No.: 16/620,985
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PCT No.: PCT/IP2018/028687

§ 371 (e)(D),
(2) Date: Dec. 10, 2019

Foreign Application Priority Data
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Publication Classification

(51) Int. CL

HO1Q 21/08 (2006.01)

HOIQ 9/42 (2006.01)

HOIQ 1/48 (2006.01)
(52) US.CL

CPC oo HOIQ 21/08 (2013.01); HOIQ 1/48

(2013.01); HOIQ 9/42 (2013.01)

(57) ABSTRACT

A multiaxial antenna includes an antenna unit, the antenna
unit including a planar antenna which includes a planar
radiation conductor and a ground conductor, the planar
radiation conductor and the ground conductor being spaced
away from each other in a third axis direction in a first
right-handed Cartesian coordinate system which has first,
second and third axes, and at least one linear antenna which
is spaced away from the planar antenna in a first axis
direction, the linear antenna including one or two linear
radiation conductors extending in a second axis direction.
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(54) ANTENNA SYSTEM AND MOBILE H04M 1/02 (2006.01)
TERMINAL HO010Q 3/34 (2006.01)
) . (52) US. CL
(71)  Applicant: AAC Technologies Pte. Ltd., CPC ... HO01Q 1/243 (2013.01); HOIQ 9/0407
Singapore City (SG) (2013.01); HOIQ 3/34 (2013.01); HO1Q 9/045
(2013.01); H04M 1/0283 (2013.01)
(72) Inventors: Zhengdong Yong, Shenzhen (CN);
Zhimin Zhu, Shenzhen (CN); Chao
Wang, Shenzhen (CN) 57) ABSTRACT
(21) Appl. No.: 16/702,566
(22) Filed: Dec. 4, 2019 The present disclosure provides an antenna system, which is
applied to a mobile terminal. The mobile terminal includes
(30) Foreign Application Priority Data a housing made of 3D glass or a ceramic material, and the
housing includes a backplate and a sidewall connected to the
Dec. 31, 2018 (CN) ......................... 201811653398.3 backplate. The antenna system includes a LLCP antenna
Publication Classificati attached to at least one of an inside surface of the backplate
ublication € lassification or an inside surface of the sidewall, and the LCP antenna
(51) Int. CL includes antenna units arranged in an array sequentially in a
H01Q 124 (2006.01) same direction, and a phase shifter connected to the antenna
HO010 9/04 (2006.01) units.
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A compact dual-band MIMO antenna and a mobile terminal
are provided, and the antenna includes a system ground unit,
a radiation arm having an open-circuit end and a short-
circuit end, a first antenna formed at the open-circuit end and
a second antenna formed at the short-circuit end. The first
antenna includes a grounding arm connecting the radiation
arm with the system ground unit, and a first feeding arm
located between the grounding arm and the open-circuit end.
The second antenna includes a second feeding arm located
between the short-circuit end and the grounding arm. Com-
pared with the related art, the present invention has follow-
ing beneficial effects: the antenna has compact structure and
high isolation; it has dual-band, and it has excellent perfor-
mance in the dual bands; it has a simple structure, a small
volume and a light weight, and it is convenient to manu-
facture and thus for mass production.




US 20200212568A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0212568 A1

Wu 43) Pub. Date: Jul. 2, 2020
(54) COMPACT DUAL-BAND MIMO ANTENNA (52) US. CL
CPC .......... HO01Q 5307 (2015.01); HO4B 7/0413
(71) Applicant: AAC Technologies Pte. Ltd., (2013.01); HO1Q 9/42 (2013.01); HO1Q 1/48
Singapore City (SG) (2013.01)
(72) Inventor: Jing Wu, Shenzhen (CN) 7 ABSTRACT . . . .
A compact dual-band MIMO antenna is provided, including:
a system ground unit, a radiation arm having an open-circuit
(21) Appl. No.: 16/706,834 end and a short-circuit end, a first antenna formed at the
open-circuit end and a second antenna formed at the short-
(22) Filed: Dec. 9, 2019 circuit end. The first antenna includes a grounding arm
connecting the radiation arm with the system ground unit, a
(30) Foreign Application Priority Data first feeding arm located between the grounding arm and the
open-circuit end, and a first parasitic arm connected to the
Dec. 31, 2018 (CN) ......................... 201811650610.0 system ground unit. The second antenna includes a second
feeding arm located between the short-circuit end and the
N . . rounding arm, and a second parasitic arm connected to the
Publication Classification fs%ystem g%ound unit. Compafed with the related art, the
(51) Int. CL present invention has following beneficial effects: the
HO01Q 5307 (2006.01) antenna has compact and simple structure, high isolation,
HO01Q 1/48 (2006.01) excellent performance in dual bands, a small volume and a
H01Q 9/42 (2006.01) light weight, and it is convenient for mass production.
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(2013.01); HOIQ 9/16 (2013.01); HO1Q 9/065
(2013.01); HO1Q 5/371 (2015.01)

(57) ABSTRACT

A dual band compatible antenna device includes a first
branch electrode having a first electrode portion connected
to a common electrode with a first adjustment element
interposed between the first electrode portion and the com-
mon electrode and a second branch electrode having a
second electrode portion connected to the common electrode
with a second adjustment element interposed between the
second electrode portion and the common electrode. The
first electrode portion and the second electrode portion are
provided on a line to have a length equal to or longer than
% of an electrical length of the first branch electrode and the
second branch electrode.
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(51) Int. CL
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HO1Q 21/06 (2006.01)
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(2013.01); HOIQ 21/065 (2013.01)

(57) ABSTRACT

An antenna-in-package system and a mobile terminal are
provided. The mobile terminal includes a main board. The
antenna-in-package system includes a substrate, a metal
antenna provided on a side of the substrate facing away from
the main board, an integrated circuit chip provided on a side
of the substrate close to the main board, and a circuit
provided in the substrate and connecting the metal antenna
to the integrated circuit chip. The circuit is connected to the
main board. The metal antenna is a patch antenna simulta-
neously fed with power by two feeding points. The two
feeding points are used to excite electromagnetic waves in
different bands. The antenna-in-package system provided by
the present disclosure achieves dual-band coverage of 28
GHz and 39 GHz, and a size is reduced to 18x5 mm, so that
an occupied area is greatly reduced, and a gain reduction is
small.
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Publication Classification

(51) Int. CL
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HO1Q 1/24 (2006.01)
(52) US.CL

CPC ... HO1Q 9/0485 (2013.01); H01Q 1/243

(2013.01); HOIQ 1/38 (2013.01)

(57) ABSTRACT

The present disclosure provides a dielectric resonator
antenna-in-package system applied to a mobile terminal.
The mobile terminal includes a mainboard. The dielectric
resonator antenna-in-package system includes a substrate, a
dielectric resonator antenna provided on a side of the
substrate facing away from the mainboard, an integrated
circuit chip provided on a side of the substrate close to the
mainboard, and a circuit provided in the substrate and
connecting the dielectric resonator antenna with the inte-
grated circuit chip. The circuit is connected to the main-
board.
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(72) Inventors: Wei Zhao, Shenzhen (CN), Zhimin 1243 (201301), H01Q 1/422 (201301),
Zhll, Shenzhen (CN); Zhengdong HO4M 1/0266 (2013.01)
Yong, Shenzhen (CN); Xiaoyue Xia,
Shenzhen (CN); Chao Wang, Shenzhen (57) ABSTRACT
(CN)
The present invention provides a mobile terminal, which
(21) Appl. No.: 16/702,475 includes a Vivaldi antenna system arranged in the mobile
terminal, wherein the Vivaldi antenna system includes two
(22) Filed: Dec. 3, 2019 pairs of Vivaldi antenna arrays, opening directions of one
pair of the Vivaldi antenna arrays are along a length direc-
(30) Foreign Application Priority Data tion of the mobile terminal, opening directions of the other
pair of the Vivaldi antenna arrays are along a thickness
Dec. 28, 2018  (CN) .cccooeiiiiices 201811627448.0

direction of the mobile terminal, and each pair of the Vivaldi
antenna arrays includes two Vivaldi antenna arrays with

Publication Classification opposite opening directions, and the Vivaldi antenna arrays

(51) Int. CL operate in a frequency band of 5G millimeter waves. Com-
HO01Q 13/08 (2006.01) pared with the related art, the mobile terminal provided by
HO01Q 1320 (2006.01) the present disclosure has wide and uniform beam band-
HO04M 1/02 (2006.01) widths in a non-scanning direction, thus achieving excellent
H01Q 124 (2006.01) spatial coverage efficiency.
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(71) Applicant: Samsung Electronics Co., Ltd., (2015.01); HO1Q 21/064 (2013.01); HO1Q
Gyeonggi-do (KR) 1/243 (2013.01)
(72) Inventors: Sungchul PARK, Gyeonggi-do (KR);
Wonjoon CHOIL, Gyeonggi-do (KR) 67 ABSTRACT
(21) Appl. No.: 16/724,920 Disclosed is an electronic device including a metal bezel
including a bezel patch separated through a bezel slit, a
(22) Filed: Dec. 23, 2019 printed circuit board including a first conductive pattern and
a second conductive pattern, which are separated through a
(30) Foreign Application Priority Data substrate slit and a communication module transmitting or
receiving an antenna signal, using an antenna element
Dec. 28, 2018 (KR) ........................ 10-2018-0171607 including the bezel patch, the first conductive pattern, and
A . . the second conductive pattern. The first conductive pattern is
Publication Classification connected to a part of the metal bezel. The bezel patch and
(51) Int. CL the second conductive pattern is arranged to be aligned

HO1Q 13/18
HO1Q 124

(2006.01)
(2006.01)

vertically. A bezel cavity is formed between the bezel patch
and the second conductive pattern.
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(2013.01); HOIQ 1/24 (2013.01); H0IQ 5/10
(2015.01); HOIQ 5/50 (2015.01); HOIQ 1/48
(2013.01)

(57) ABSTRACT

The present invention provides a millimeter wave array
antenna and mobile terminal. The millimeter wave array
antenna includes several antenna elements arranged in an
array, each antenna element includes a first radiation patch,
a second radiation patch, a first grounding plate, a power
divider layer and a second grounding plate sequentially
stacked from top to bottom. The first radiating patch is
spaced apart from and coupled to the second radiating patch.
The second radiating patch is provided with two feeding
ends, and each feeding end is provided with two feeding
notches. The power divider layer includes two transmission
lines, each includes one input port and two phase-inverted
output ports electrically connected to the input port. The two
phase-inverted output ports are respectively coupling-fed
two feeding notches of one feeding end. Fach antenna
element generates orthogonal polarization and dual-band
resonance under excitation of two input ports.
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CPC oo HOIQ 9/045 (2013.01); HOIQ 1/48
(2013.01)
(57) ABSTRACT

An antenna device includes first and second openings
formed inside a GND plate, a first feed conductor formed
from a first outer peripheral side, which is one of the outer
peripheral sides of the first opening, to a second outer
peripheral side, and supplied with AC power, a first split part
formed in an opening region of the first opening, a first feed
conductor formed from a third outer peripheral side, which
is one of the outer peripheral sides of the second opening, to
a fourth outer peripheral side, and supplied with the AC
power common to the first feed conductor, and a second split
part formed in an opening region of the second opening.

A10 ANTENNA DEVICE
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Publication Classification
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(52) US.CL
CPC oo HO1Q 1/521 (2013.01); HOIQ 1/243
(2013.01); HOIQ 9/30 (2013.01); H04B
7/0413 (2013.01)
(57) ABSTRACT

A 5G MIMO antenna system includes at least four antenna
units which are arrayed at intervals. Each antenna unit
includes a first branch and a second branch, wherein the first
branch is of an inverted-U structure, and two ends of an
opening of the first branch are grounded; the second branch
is located in an area defined by the first branch and is a
monopole branch, and a feed point is arranged at an end,
close to the opening of the first branch, of the second branch.
The first branches and the second branches generate two
different resonances, so that the 5G antenna system has a
broadband operation. Meanwhile, the 5G MIMO antenna
system has the characteristics of being small in size, good in
isolation and broad in frequency band.
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L .. 57 ABSTRACT
(63) Continuation of application No. 16/022,023, filed on
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plane part and a plurality of extension parts extending from
(30) Foreign Application Priority Data one end of the plane part in a first direction and arranged
along a second direction, a plurality of patch-type radiators
Jun. 28, 2017 (KR) .coceevvererinnne 10-2017-0081751 arranged on the plane part along the second direction and

configured to radiate vertical polarization, and a plurality of

Publication Classification straight radiators spaced apart from the ground member,

(51) Int. CL respectively arranged to be adjacent to the plurality of
HO01Q 324 (2006.01) extension parts, extending in the first direction, and config-
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(57) ABSTRACT

An antenna including a ground plane, a metal plate arranged
facing the ground plane, and a supply wire for connecting
the plate to a generator or a receiver, such that the antenna
has a first resonance frequency in a patch antenna mode. The
antenna further includes a ground wire connecting the plate
to the ground plane, and a capacitive element arranged in
series with the ground wire between the supply wire and the
ground plane, such that the antenna also has a second
resonance frequency in a wire-plate antenna mode.
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Antenga
Efficiency
(dB)

An antenna module and a mobile terminal are provided. The
mobile terminal has a metal frame and a system grounding
spaced apart from the metal frame. The antenna module has
a radiating body formed in the metal frame and a parasitic
element coupled to the radiating body. The radiating body is
configured for generating a main harmonic, and the parasitic
element is configured for generating a parasitic harmonic.
The antenna module further has a first tuning circuit con-
nected in series between the radiating body and the system
grounding, and a second tuning circuit connected in series
between the parasitic element and the system grounding.
The antenna system has at least four operation modes. The
antenna system of the present invention may cover the LTE
low, medium and high frequencies as a single antenna. A
flexible and convenient method for tuning the antenna
module is also provided.

Prequency (GHz)
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