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(57) ABSTRACT

The present disclosure discloses an antenna apparatus and an
electronic device. The antenna apparatus includes a circuit
board, an antenna stand arranged on the circuit board, and an
antenna structure arranged on the antenna stand. The
antenna structure includes a flexible printed circuit board, a
millimeter wave (mm-wave) antenna arranged on the flex-
ible printed circuit board, and a non-mm-wave antenna
arranged on the flexible printed circuit board.
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(57) ABSTRACT

A mobile device includes a first radiation element, a second
radiation element, a third radiation element, a fourth radia-
tion element, a fifth radiation element, and a dielectric
substrate. The first radiation element and the third radiation
element are coupled to a signal source. The second radiation
element is coupled to a ground voltage. The second radiation
element is adjacent to the first radiation element. The first
radiation element, the second radiation element, and the
third radiation element substantially extend in the same
direction. The fourth radiation element is coupled to the
ground voltage. The fourth radiation element is between the
first radiation element and the second radiation element. The
fifth radiation element is coupled to the ground voltage. An
antenna structure is formed by the first radiation element, the
second radiation element, the third radiation element, the
fourth radiation element, the fifth radiation element, and the
dielectric substrate.
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(57) ABSTRACT

An electronic device may be provided with first, second, and
third antennas and a dock flex. A first feed terminal for the
first antenna may be coupled to a second feed terminal for
the second antenna over a first path. The first path may be
coupled to ground over a second path. Tuning components
may be interposed on the first and second paths. The third
antenna may be patterned on a first portion of the dock flex.
Front end components for the first antenna may be mounted
to a second portion of the dock flex. The first and second
portions may extend from a tail of the dock flex. The tail
may be wrapped around a plastic support block to hold the
second portion over the first portion. The plastic support
block may have a snap hook clip that holds the second
portion in place.

402 404
e ) e PO
H ¥
i I —. :
1 11 5 ;
49_&.%“3 : : :\“40-6 !
) i
20< 1 i i i 1
O A N
gt A T TR - 30.2 50-4
50-8 50-6 {
. 788 78-6 [j"‘\"?S—Z
478 42-6 422 42-4
8 BG 36~ l ) o
BB : TX/RX o 1IW
42.8 "
‘\ 84L
!
78-3
75.9 10 s .
i 87
e " s0.7
:’ ™ "; T8-5 471" y ;“ ==
i
; FUR
50.9 ;44 50-5 45 ) !
469" i \ PARTEES I P I
! ' i !
22< o L LI [ _k{ ____________ e St
i i H : §
s i
; S t :
i IR N Ep N — §
| 1 1
L e ,\; ______________ 3
}
40-3 441



US 20220085490A1

a2y Patent Application Publication o) Pub. No.: US 2022/0085490 A1

a9y United States

MOON et al.

43) Pub. Date: Mar. 17, 2022

(54) ELECTRONIC DEVICE INCLUDING
ANTENNA MODULE

(71) Applicant: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

(72) Inventors: Heecheul MOON, Suwon-si (KR);
Sangyoup SEOK, Suwon-si (KR);
Kwonho SON, Suwon-si (KR)

(21) Appl. No.: 17/532,799

(22) Filed: Nov. 22, 2021

Related U.S. Application Data
(63) Continuation of application No. 16/591,552, filed on
Oct. 2, 2019, now Pat. No. 11,183,747.
(30) Foreign Application Priority Data

Oct. 2, 2018 (KR) .ecevvieece 10-2018-0117623

Publication Classification

(51) Int. CL
HO1Q 1/24
HO1Q 9/16

(2006.01)
(2006.01)

HO1Q 23/00
HO4M 1/02

(52) US.CL
CPC ... HO1Q 1/243 (2013.01); HO4M 1/026
(2013.01); HOIQ 23/00 (2013.01); HOI1Q 9/16
(2013.01)

(2006.01)
(2006.01)

(57) ABSTRACT

An electronic device includes a housing that includes a front
plate facing a first direction, a back plate facing a second
direction opposite to the first direction, and a side member
surrounding a space between the front plate and the back
plate and at least a portion of which is formed of a metal
material. A display is viewable through the front plate, and
an antenna module is positioned in the space and includes a
first surface facing a third direction different from the first
direction and the second direction, a second surface facing
a fourth direction different from the third direction, and at
least one conductive element extended in a fifth direction,
which is perpendicular to the third direction and the fourth
direction and faces a first portion of the side member,
adjacent to the side member, and between the first surface
and the second surface.
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(57) ABSTRACT

A housing assembly, an antenna device, and an electronic
device are provided. The housing assembly includes a
dielectric substrate, an impedance matching layer, and a
coupling structure. The dielectric substrate has a first trans-
mittance to a radio frequency (RF) signal in a preset fre-
quency band. The impedance matching layer is stacked with
the dielectric substrate and is used for spatial impedance
matching of the RF signal in the preset frequency band. The
coupling structure is stacked with the dielectric substrate and
includes one or more array layers of coupling elements,
where the array layer has resonance characteristics in the
preset frequency band. The housing assembly has a second
transmittance to the RF signal in the preset frequency band
in a region corresponding to the coupling structure, and the
second transmittance is greater than the first transmittance.
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(57) ABSTRACT

An antenna array assembly comprises a ground plate, a
linear array of patch radiator elements disposed in a spaced
parallel relationship with a first face of the ground plate and
a first and second elongate passive radiator each comprising
a plurality of conductive parts electrically isolated from the
ground plate. The first and second elongate passive radiators
are disposed symmetrically on either side of the linear array
and parallel to a centre line of the linear array, on the same
side of the ground plate as the linear array. At least some of
the conductive parts of a respective elongate passive radiator
are disposed in an arrangement having parallel ridges and
grooves, in which, in a cross section in a plane parallel to the
first face of the ground plate, the ridges extend towards the
linear array and the grooves extend away from the linear

array.
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A beam steering antenna structure comprises a stacked
antenna module and a first conductive component. The
antenna module comprises a first substrate and a second
substrate arranged superjacent such that main planes of the
substrates extend in parallel. The first substrate comprises a
first antenna array transmitting and receiving a first radiation
beam. The second substrate comprises a second antenna
array transmitting and receiving a second radiation beam.
The first conductive component extends adjacent to the
antenna module and is at least partially separated from the
antenna module in a first direction perpendicular to the main
plane of the conductive component. The antenna module is
coupled to the conductive component by means of at least
one of a galvanic, capacitive, or inductive coupling. At least
one of the first and the second radiation beams is at least
partially steered away from the other one by the first
conductive component.
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The present invention discloses a dual-polarized wide-
stopband filtering antenna and a communications device, the
antenna comprising a dielectric substrate, a metal ground
plate, a metal radiating patch, metal feeding arms, a metal
square ring stub, metal transverse stubs, and metal probes,
wherein the dielectric substrate is a rectangular cavity struc-
ture, the metal ground plate is disposed on the bottom
surface of the dielectric substrate, and the metal radiating
patch is disposed in the middle of the top surface of the
dielectric substrate; the metal transverse stubs and the metal
square ring stub are located inside the rectangular cavity and
are connected on the same layer; the metal feeding arms are
located between the metal square ring stub and the metal
radiating patch; one end of the metal probe and a circular
hole disposed on the metal ground plate form a coaxial
feeding structure, and the other end of the metal probe is
linked with the midpoint of the metal transverse stub and it
is simultaneously connected to one end of the metal feeding
arm to form a dual-polarized differential feeding structure;
and the metal probes are connected to the metal transverse
stubs. The antenna has a simple structure, can greatly reduce
the volume of a radio frequency front end, and has no
additional insertion loss.
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(57) ABSTRACT

An antenna device includes first and second dielectric layers.
The first dielectric layer includes first and second sides
facing each other in a third direction. The second dielectric
layer includes third and fourth sides facing each other in the
third direction. A first antenna patch is disposed on the first
side of the first dielectric layer. A second antenna patch is
disposed on the third side of the second dielectric layer.
Signals with a first frequency bandwidth are transmitted or
received electrical signals applied to the first antenna patch.
Signals with a different second frequency bandwidth are
transmitted or received by an electrical signal applied to the
second antenna patch. A height of the second dielectric layer
measured to the third side from the fourth side in a direction
parallel to a third direction is greater than a height of the first
dielectric layer measured to the first side from the second
side.
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(57) ABSTRACT

An antenna element antenna element includes: a substrate,
having a ground plate; a vertically polarized dipole antenna,
including a first antenna branch and a second antenna
branch, where the first antenna branch and the second
antenna branch are disposed in the substrate at an interval;
a reflector, including several reflection pillars, where the
several reflection pillars are sequentially arranged in the
substrate at intervals along a parabola; and a first feeding
structure, where the first antenna branch and the second
antenna branch are electrically connected to the ground plate
via the first feeding structure.
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Publication Classification

(51) Int. CL
HO1Q 9/06 (2006.01)
HO1Q 19/18 (2006.01)
(52) US.CL
CPC oo HOIQ 9/065 (2013.01); HOIQ 19/18
(2013.01)
(57) ABSTRACT

An antenna element includes a substrate, a first vertically
polarized dipole antenna, a second vertically polarized
dipole antenna, a reflector and a first feeding structure. The
substrate has a ground plate. The first vertically polarized
dipole antenna includes a first antenna branch and a second
antenna branch that are disposed in the substrate at an
interval. The second vertically polarized dipole antenna
includes a third antenna branch and a fourth antenna branch
that are disposed in the substrate at an interval. The reflector
includes several reflection pillars that are arranged in the
substrate at intervals along a parabola. The first feeding
structure electrically connects each of the first antenna
branch, the second antenna branch, the third antenna branch,
and the fourth antenna branch to the ground plate.
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Xue, Shanghai (CN); Jiaqing You,
Shanghai (CN) (57) ABSTRACT
(21) Appl. No.: 17/420,609 An antenna system having a first antenna that includes a
metal middle frame, a first metal frame, and a second metal
(22) PCT Filed: Jan. 4, 2019 frame. The middle frame is a ground of the first antenna. The
first and second metal frames are side edges of the mobile
(86) PCT No.: PCT/CN2019/070437 terminal. A first gap is formed by the first, the second metal
frames, and the middle frame. A first end of the first metal
§ 371 (e)(1), frame is connected to the middle frame by a first connection
(2) Date: Jul. 2, 2021 . .
point, and a second end of the first metal frame is connected
Publication Classification to a first end of the second metal frame. A first slit is located
between a second end of the second metal frame and the
(51) Int. CL middle frame. The first feed point on the first metal frame is
H01Q 13/10 (2006.01) connected to the middle frame. A length of the first metal
H01Q 124 (2006.01) frame is greater than a length of the second metal frame.
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Publication Classification

(51) Int. CL
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CPC oo HO1Q 21/08 (2013.01); HOIQ 1/48
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(57) ABSTRACT

An antenna array assembly comprises a ground plate, a
linear array of patch radiator elements disposed in a spaced
parallel relationship with a first face of the ground plate, and
a first, second, third and fourth elongate passive radiator,
each comprising one or more substantially planar conductive
parts which are electrically isolated from the ground plate.
The first and second elongate passive radiators are disposed
symmetrically on either side of the linear array and parallel
to a centre line of the linear array, on the same side of the
ground plate as the linear array. The third and fourth
elongate passive radiators are disposed further from the
linear array than are the first and second elongate passive
radiators. Each of the third and fourth elongate passive
radiators is narrower than and projects further from the
ground plate than does each of the first and second elongate
passive radiators.
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(2015.01); HOIQ 21/24 (2013.01); HO1Q 5/30
(2015.01); HOIQ 1/48 (2013.01); H01Q 21/08
(2013.01)

(57) ABSTRACT

Multi-band antenna arrays and methods of use are provided
herein. An example device includes vertical surfaces
arranged into a tubular configuration, where each of the
vertical surfaces comprising antenna arrays is aligned along
the vertical surfaces. The antenna elements are arrayed
through a feed network in such a way that antenna gain is
increased while elevation beam-width is reduced. The
device also includes two or more radios connected to the
antenna arrays on the vertical surfaces via the feed network.

100

106F -

~T5] K\"’

107




US 20220086971A1

a2y Patent Application Publication (o) Pub. No.: US 2022/0086971 A1l

a9y United States

MAEDA et al.

43) Pub. Date: Mar. 17, 2022
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(21) Appl. No.: 17/420,408 67 ABSTRACT
(22) PCT Filed: Feb. 3, 2020
A high-frequency heating apparatus includes heating cham-
(86) PCT No.: PCT/JP2020/003934 ber (1), generator (2), radiator (3), and controller (30).
§ 371 (c)(1), Heating chamber (.1) has a wall surface including metal, and
(2) Date: Jul. 2, 2021 accommodates object (4) to be heated. Generator (2) gen-
erates high-frequency power at any frequency in a band of
(30) Foreign Application Priority Data 2.4 GHz to 2.5 GHz. Radiator (3) includes loop antenna (3)
including a plurality of loop portions (3A, 3B), and radiates
Feb. 13, 2019 (JP) ................................. 2019-023095 the hjgh-frequency power generated by generator (2) to
heating chamber (1). Controller (30) controls a frequency of
Publication Classification the high-frequency power generated by generator (2).
(51) Int. CL According to this aspect, a heating target can be uniformly
HO5B 6/72 (2006.01) heated or partially heated without a waveguide for trans-
HO5B 6/68 (2006.01) mitting high-frequency power.
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L (2013.01); HOIQ 21/28 (2013.01)
(72) Inventors: CHIEN-YI WU, Taipei City (TW);

CHAOQO-HSU WU, Taipei Ci.ty (TW), (57) ABSTRACT
CHENG-HSIUNG WU, Taipei City
(TW); CHING-HSIANG KO, Taipei An electronic device includes a device body, a processing
City (TW); SHIH-KENG HUANG, unit, and an antenna module. The antenna module includes
Taipei City (TW) an insulating frame and an antenna structure. The insulating
frame has a first surface, and a second surface corresponding
(21) Appl. No.: 17/371,643 to the first surface. The antenna structure includes a feeding
portion, a first radiation portion, and a first extension por-
(22) Filed: Jul. 9, 2021 tion. The feeding portion includes a first feeding terminal, a
second feeding terminal, and a conductive via. The second
(30) Foreign Application Priority Data feeding terminal is coupled to the processing unit, and the

conductive via is configured to connect the first feeding
terminal to the second feeding terminal. The first radiation
portion is connected to the first feeding terminal, the first
extension portion is disposed on the second surface and is

Sep. 21,2020 (TW) oovvvvoveeecceeeeeseeeree. 109132589

Publication Classification

(51) Imt. ClL connected to the first radiation portion, and a first slot is
HO010 120 (2006.01) formed between the first extension portion and the second
HO010Q 1/50 (2006.01) feeding terminal.
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Chen, Taipei City (TW) (2013.01); HO1Q 9/42 (2013.01)
(73) Assignee: Hewlett-Packard Development
Company, L.P., Spring, TX (US) (57 ABSTRACT
(21) Appl. No.: 17/296,721 An antenna includes a conductive monopole and a non-
_ conductive slot. The non-conductive slot of the antenna has
(22)  PCT Filed: Jun. 11, 2019 a shape complementary to a shape of the conductive mono-
) pole of the antenna. The conductive monopole of the
(86)  PCT No.: PCT/US2019/036546 antenna and the non-conductive slot of the antenna are
§ 371 (c)(1), 180-degree rotationally symmetric to one another about a
(2) Date: May 25, 2021 center of the antenna.
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(57) ABSTRACT

An electronic device may have an antenna that conveys
radio-frequency signals at frequencies greater than 10 GHz.
The antenna may be embedded in a substrate. The substrate
may have routing layers, first antenna layers on the routing
layers, second antenna layers on the first antenna layers, and
a third antenna layers on the second antenna layers. The
antenna may include first traces on the first antenna layers,
second traces on the second antenna layers, and third traces
on the third antenna layers. The first antenna layers may
have a first bulk dielectric permittivity. The second layers
may have a second bulk dielectric permittivity. The third
layers may have a third bulk dielectric permittivity. At least
one of the first, second, and third bulk dielectric permittivi-
ties may be different from the others. This may differentially
load the antenna across the antenna layers, thereby broad-
ening the bandwidth of the antenna.
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Publication Classification
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57 ABSTRACT

An antenna unit includes a dielectric substrate, an antenna
layer, a ground layer, and an additional structure; the antenna
layer is disposed on a first surface of the dielectric substrate;
the ground layer is disposed on a second surface of the
dielectric substrate; wherein the first surface and the second
surface are opposite surfaces of the dielectric substrate; the
additional structure includes any combination of the follow-
ing structures: a floor meander structure disposed on the
second surface and in a same layer as the ground layer to
improve isolation of an antenna, a patch meander structure
disposed on the first surface and in a same layer as the

H01Q 124 (2006.01) antenna layer to expand a bandwidth of an antenna, and a
HO01Q 1738 (2006.01) branch structure disposed on the second surface and in a
HO01Q 1/48 (2006.01) same layer as the ground layer to improve isolation of an
HO01Q 9/04 (2006.01) antenna and expand a bandwidth of the antenna.
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(71) Applicant: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-si (KR) (57) ABSTRACT

(72) Inventors: Taihwan Choi, Suwon-si (KR); Junho
Kim, Suwon-si (KR)

(21) Appl. No.: 17/541,534
(22) Filed: Dec. 3, 2021
Related U.S. Application Data

(63) Continuation of application No. PCT/KR2021/
005709, filed on May 7, 2021.

(30) Foreign Application Priority Data

Jun. 23,2020 (KR) .occveicieiee 10-2020-0076676

Publication Classification

(51) Int. CL
HO1Q 1/24
HOIQ 138

(2006.01)
(2006.01)

According to various embodiments of the disclosure, an
electronic device may comprise: a housing forming at least
a portion of an exterior of the electronic device, a printed
circuit board disposed in an inner space of the housing, and
an antenna structure including at least one antenna posi-
tioned in the inner space and electrically connected with the
printed circuit board. The antenna structure may include a
conductive plate having an opening, the opening including
a first opening and a second opening extending from the first
opening toward an edge of the conductive plate, a first
conductive strip at least partially disposed in the second
opening to form a first feed, and a second conductive strip
forming a second feed different from the first feed. The
electronic device may further comprise a wireless commu-
nication circuit electrically connected with the first conduc-
tive strip and/or the second conductive strip and configured
to transmit and/or receive an RF signal having a frequency
in a range of about 3 GHz to 300 GHz.
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(72) Inventors: Jiang Zhu, Cupertino, CA (US);
Maryam Tabesh, San Francisco, CA (7 ABSTRACT
(US)
(21) Appl. No.: 17/540,388 A tunable antenna system is provided for a wearable per-
B ’ sonal computing device, such as a smartwatch. The tunable
(22) Filed: Dec. 2, 2021 antenna system includes at least two antennas configured for
respective sets of frequency ranges. One or more radiating
Related U.S. Application Data elements of the antennas are formed from portions of a metal
(63) Continuation of application No. 16/400,083, filed on bezel of the wearable personal computing device. .For at
May 1, 2019, now Pat. No. 11,205,837 least one of the antennas, an aperture tuner and an imped-
’ ’ oo T ance tuner positioned within the metal bezel are provided,
(60) Provisional application No. 62/674,681, filed on May e.g., to tune between various communication bands. Non-
22, 2018. conductive slits may be positioned within the metal bezel to
L. . . provide isolation between the antennas. A ground plane of
Publication Classification the antenna system may be formed by a metallic component
(51) Int.CL of the wearable personal computing device. The antenna
H01Q 127 (2006.01) system can be insulated from a wearer’s skin by a non-
H01Q 5/30 (2006.01) metallic back cover and optionally a glass back plate
HOIQ 23/00 (2006.01) arranged to contact the wearer’s skin or clothing during use.
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(71) Applicant: Apple Inc., Cupertino, CA (US) (57) ABSTRACT

(72) Inventor: Lucas R. Compton, San Francisco, CA

Us)

(21) Appl. No.: 17/028,871

An electronic device may be provided with a conductive
sidewall and a phased antenna array having a dielectric
resonator antenna aligned with an aperture in the conductive
sidewall. A feed probe may excite the antenna to radiate
through the aperture at a frequency greater than 10 GHz. The
antenna may include an injection-molded plastic substrate
that affixes the antenna to the peripheral conductive housing

(22) Filed: Sep. 22, 2020 structures, thereby integrating the antenna into the conduc-
tive sidewall. A hole or other machining operation may be
used to expose the feed probe through the injection-molded

Publication Classification plastic substrate. Conductive interconnect structures may be
inserted into the substrate and coupled to the feed probe. The

(51) Int. ClL interconnect structures may be soldered to a circuit board.

HO01Q 1738 (2006.01) The circuit board may be coupled to the feed probe through
HO01Q 9/04 (2006.01) the interconnect structures. The circuit board may be
HO01Q 9/42 (2006.01) mounted to a rear surface or a side surface of the injection-
H01Q 124 (2006.01) molded plastic substrate.
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Publication Classification

(51) Int. CL
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(52) US.CL
CPC oo HO1Q 5/25 (2015.01); HOIQ 9/42
(2013.01); HOIQ 5/28 (2015.01); H01Q 1/243
(2013.01)
(57) ABSTRACT

An electronic device may be provided with wireless cir-
cuitry and a housing with upper and lower ends. The lower
end may include first and second open slot antennas that are
directly fed by respective feeds and that radiate in a cellular
ultra-high band. The lower end may also include first and
second inverted-F antennas. The upper end may include
third and fourth inverted-F antennas. The first inverted-F
antenna may have a first feed that conveys currents below
2700 MHz and a second feed that conveys antenna currents
in the cellular ultra-high band, a wireless local area network
band, and/or ultra-wideband frequency bands. If desired, the
upper end may include a third open slot antenna that is
directly fed by a corresponding antenna feed and that
radiates in the cellular ultra-high band and/or in the ultra-
wideband frequency bands.
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100
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A mobile device includes a metal mechanism element, a first
radiation element, a second radiation element, a third radia-
tion element, a fourth radiation element, a fifth radiation
element, and a dielectric substrate. The metal mechanism
element has a first closed slot and a second closed slot,
which are separated from one another. The first radiation
element is coupled to a signal source, and extends across the
first closed slot. The second radiation element is floating.
The third radiation element is coupled to a ground voltage.
The fourth radiation element is coupled to the ground
voltage, and is positioned between the first closed slot and
the second closed slot. An antenna structure is formed by the
first radiation element, the second radiation element, the
third radiation element, the fourth radiation element, the fifth
radiation element, the first closed slot, and the second closed
slot of the metal mechanism element.
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(2013.01); HO1Q 9/0414 (2013.01)
(57) ABSTRACT

An electronic device may include a phased antenna array.
The array may include co-located first and second antennas
formed on a dielectric substrate. The first antenna may
include a first patch element and multi-layer parasitic struc-
tures. The multi-layer parasitic structures may include a first
set of co-planar parasitic elements. The first set of parasitic
elements may overlap the first patch element and may be
separated by a gap. The multi-layer parasitic structures may
include an additional parasitic element that overlaps the gap.

Filed: Sep. 24, 2020 The second antenna may include a second patch element that
Publication Classificati is co-planar with the additional parasitic patch. The second
ublication Classification patch element may at least partially overlap one of the
Int. CL parasitic elements in the first set. The first and second patch
HO1Q 5/385 (2006.01) antennas may collectively cover first and second frequency
HO01Q 9/04 (2006.01) bands while occupying a minimal amount of space on the
HO01Q 124 (2006.01) dielectric substrate.
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Publication Classification
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A transmission structure with a dual-frequency antenna is
provided. The transmission structure includes a substrate, a
first radiator and a second radiator. The first radiator has a
first electrical connection portion. The first radiator extends
from the first electrical connection portion in a first direction
and a second direction, wherein the first direction is opposite
to the second direction. The second radiator has a second
electrical connection portion adjacent to the first electrical
connection portion. The second electrical connection portion
has a first side and a second side, wherein the first side is
closer to the first electrical connection portion than the
second side, the second electrical connection portion forms
a ground area between the first side and the second side, and
the length of the ground area is greater than a first set value.

D1

123

1354

133 134~J[

136

07 P

L1 <120




US 20220094067A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2022/0094067 A1

Rupakula et al. 43) Pub. Date: Mar. 24, 2022
(54) ELECTRONIC DEVICES HAVING (52) US. CL
ANTENNAS WITH LOADED DIELECTRIC CPC ....ccvue HO01Q 13/18 (2013.01); HOIQ 1/38
APERTURES (2013.01)
(71) Applicant: Apple Ine., Cupertino, CA (US) (57) ABSTRACT
(72) Inventors: Bhaskara R. Rupakula, Sunnyvale, An electronic device may be provided with a conductive
CA (US); Harish Rajagopalan, San sidewall. An aperture may be formed in the sidewall. The
Jose, CA (US); Hao Xu, Cupertino, CA sidewall may have a cavity that extends from the aperture
(US); Jennifer M. Edwards, San towards the interior of the device. The cavity may be filled
Francisco, CA (US); Bilgehan Avser, with an injection-molded plastic substrate. A dielectric block
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embedded in the injection-molded plastic substrate. The
(21) Appl. No.: 17/031,775 dielectric block may at least partially overlap an antenna.
. The antenna may convey radio-frequency signals at a fre-
(22) Filed: Sep. 24, 2020 quency greater than 10 GHz through the cavity, the dielectric
A . . block, the injection-molded plastic substrate, and the aper-
Publication Classification ture. The dielectric block may increase the effective dielec-
(51) Imt. ClL tric constant of the cavity, allowing the antenna to cover
H01Q 13/18 (2006.01) relatively low frequencies without increasing the size of the
H01Q 138 (2006.01) aperture.
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1/0266 (2013.01); HO4R 2499/11 (2013.01);
HO1Q 1/243 (2013.01); HOIQ 21/065
(2013.01); HO4R 2499/15 (2013.01); HOIQ
5/307 (2015.01)

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a front plate disposed on a display, a back plate
disposed on a back surface of the electronic device, a side
member placed between the front plate and the back plate
and forming an outer appearance of the electronic device
together with the front plate and the back plate, and first,
second, and third antenna modules including a plurality of
conductive plates configured to transmit/receive a signal in
a specified first frequency band and disposed between the
front plate and the back plate so as to be adjacent to the side
member. At least a portion of the side member is able to be
used as an antenna of a signal in a specified second fre-
quency band different from the specified first frequency
band.
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(30) Foreign Application Priority Data
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(51) Int. CL
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HO1Q 1/22 (2006.01)
(52) US.CL
CPC ........... HOIQ 21/26 (2013.01); HO1Q 1/2283
(2013.01)
(57) ABSTRACT

An antenna structure includes a substrate and a plurality of
radiation units, each radiation unit comprising a first radiator
and a second radiator. The first radiator is positioned on a
first surface of the substrate and includes a first radiation
portion and a feed point. The feed point is electrically
connected to the first radiation portion for feed current and
signals to a corresponding radiation unit. The second radia-
tor is positioned at a second surface of the substrate and is
symmetrical with the first radiator about the substrate. The
second radiator includes a second radiation portion and a
ground portion. The ground portion is electrically connected
to the second radiation portion to provide grounding for the
radiation unit. The antenna structure has a good radiation
efficiency and good isolation between radiators to reduce
cross-interference.
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(51) Int. CL
HOIQ 21/28
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(2006.01)
(2006.01)
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An electronic device may include first and second phased
antenna arrays that convey radio-frequency signals at fre-
quencies greater than 10 GHz. The second array may have
fewer antennas than the first array. Control circuitry may
control the first and second arrays in a diversity mode and in
a simultaneous array mode. In the diversity mode, the first
array may form a first signal beam while the second array is
inactive. When the first array is blocked by an object or
otherwise exhibits unsatisfactory performance, the second
array may form a second signal beam while the first array is
inactive. In the simultaneous mode, the first and second
arrays may form a combined array that produces a third
signal beam. The combined array may maximize gain.
Hierarchical beam searching operations may be performed.
The arrays may be distributed across one or more modules.
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Related U.S. Application Data (57) ABSTRACT
(63) Continuation of application No. 16/590,287, filed on The present disclosure discloses a mobile terminal, includ-
Oct. 1, 2019, now Pat. No. 11,218,583, which is a ing a case forming a portion of an appearance; a circuit
continuation of application No. 16/034,215, filed on  poard disposed inside the case; a flexible printed circuit
Jul. 12, 2018, now Pat. No. 10,455,065. board electrically connected to the circuit board; a first
(60) Provisional application No. 62/565,116, filed on Sep. connector mounted on the circuit board; a second connector
29, 2017, provisional application No. 62/587,442, mounted on the flexible printed circuit board and fastened to
filed on Nov. 16, 2017. the first connector; and a first antenna having array elements
mounted on the flexible printed circuit board, wherein the
(30) Foreign Application Priority Data first antenna is disposed to face a side surface of the case to
radiate beam-formed wireless signals through the side sur-
May 2, 2018  (KR) .ccceevvereireiinene 10-2018-0050813 face adjacent to one side of the circuit board.
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ANTENNA FOR IEEE 802.11 APPLICATIONS,
WIRELESS DEVICE, AND WIRELESS
COMMUNICATION SYSTEM
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(57) ABSTRACT

The invention relates to an antenna, in particular suitable for
IEEE 802.11 applications. The invention also relates to a
wireless device, such as a wireless access point (AP), a
router, a gateway, and/or a bridge, comprising at least one
antenna according to the invention. The invention further
relates to a wireless communication system, comprising a
plurality of antennas according to the invention, and, pref-
erably, a plurality of wireless devices according to the
invention.
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ABSTRACT

An antenna assembly is provided. The antenna assembly
includes a dielectric structure and an antenna module. The
dielectric has a first region, a second region, and a third

region

connected in sequence. The antenna module faces the

second region, the antenna module is configured to emit a
radio frequency (RF) signal, the first region is configured to
bring a first phase variation to the RF signal, the second

region

is configured to bring a second phase variation to the

RF signal, the third region is configured to bring a third

phase
variati

variation to the RF signal, and the second phase
on is different from the first phase variation and the

third phase variation. An electronic device is further pro-

vided.
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An antenna system is provided, including a ground plane, a
first antenna unit, a second antenna unit, a first ground unit
and a second ground unit. The ground plane includes a first
side and a second side. The first ground unit and the ground
plane jointly form a first closed loop, and a length of the first
ground unit matches the first high-frequency signal and the
second high-frequency signal to provide grounding of the
high-frequency signals. The second ground unit forms a
second closed loop and is connected to the first ground unit,
and a length of the second ground unit is greater than the
length of the first ground unit. A sum of the length of the
second ground unit and the length of the first ground unit
matches the first low-frequency signal and the second low-
frequency signal, to jointly provide the grounding of the
low-frequency signals.
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(22) Filed: Sep. 16, 2021 feed point, and a ground point. The first radiating metal
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(30) Foreign Application Priority Data The second radiating metal portion on the first surface
extends to the third surface. A gap is between the first
Sep. 30, 2020  (TW) covverrccene 109134311 radiating metal portion and the second radiating metal

portion. The adjusting metal branch on the first surface is

Publication Classification connected to the first radiating metal portion. The feed point

(51) Int. CL on the first radiating metal portion is close to the gap. The
HO01Q 9/04 (2006.01) ground point on the second radiating metal portion is close
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(57) ABSTRACT

According to various embodiments, an electronic device
may comprise: a housing; an antenna structure disposed in
an inner space of the housing, the antenna structure includ-
ing a substrate having a first surface and a second surface
oriented toward a direction opposite to the first surface, and
at least one first antenna element disposed in a space
between the first surface and the second surface and having

(30) Foreign Application Priority Data a beam pattern formed toward a conductive part; an electric
wave absorbing member disposed between the conductive
Jun. 13, 2019 (KR) .cecvecverereiiene 10-2019-0070126 part and the at least one first antenna element so as to be
L . . disposed in a path in which the beam pattern is formed; and
Publication Classification a first wireless communication circuit disposed in the inner
(51) Imt.ClL space of the housing and configured to transmit or receive a
HO01Q 17/00 (2006.01) wireless signal of a first frequency band through the at least
H01Q 124 (2006.01) one first antenna element.
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A chip antenna includes a first ceramic substrate, a second
ceramic substrate disposed to face the first ceramic substrate,
a first patch disposed on one surface of the first ceramic
substrate to operate as a feeding patch, a second patch
disposed on the second ceramic substrate to operate as a
radiation patch, at least one feed via penetrating through the
first ceramic substrate in a thickness direction to provide a
feed signal to the first patch, and a bonding pad disposed on
a second surface of the first ceramic substrate opposite the
first surface. A thickness of the first ceramic substrate is
greater than a thickness of the second ceramic substrate.
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An antenna system includes a ground plane, a first noncon-
ductive support element, a first antenna element, a second
nonconductive support element, and a second antenna ele-
ment. The first nonconductive support element is adjacent to
the ground plane. The first antenna element is distributed
over the first nonconductive support element. The first
antenna element is excited by a first signal source. The
second nonconductive support element is adjacent to the
ground plane. The second antenna element is distributed
over the second nonconductive support element. The second
antenna element is excited by a second signal source. Both
the first antenna element and the second antenna element can
cover a wide operation frequency band of LTE/5G.
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A mobile terminal comprises: a terminal body; and a first
antenna device and a second antenna device disposed at one
side of the terminal body in an adjacent manner, and formed
to operate at different frequency bands, wherein the first
antenna device and the second antenna device are provided
with conductive members each having a slit at one side
thereof, and wherein the conductive members form part of
an appearance of the terminal body.
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An antenna device and an electronic device are provided.
The antenna device includes a near field communication
chip for supplying a differential excitation current, a ground
plane forming a conductive path, a first conductor structure,
and a second conductor structure. The first conductor struc-
ture, conductive path, and second conductor structure col-
lectively form a conductive loop for transmission of the
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A circuit board includes a substrate, a driver circuit, at least
one light-emitting element, a grounding circuit, and an
antenna unit. The substrate includes a first circuit layer and
a second circuit layer. The driver circuit is located on the first
circuit layer. The light-emitting element is located on the
first circuit layer and is electrically connected to the driver
circuit, so that the driver circuit controls the light-emitting
element to emit light. The grounding circuit is located on the
second circuit layer and is electrically connected to the
driver circuit. The grounding circuit includes a plurality of
conductive traces, and the conductive traces are arranged
toward one side to form a clearance area on the second
circuit layer. The antenna unit is located on the first circuit
layer and corresponds to the clearance area to receive and
transmit a radio frequency signal.




US 20220109234A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2022/0109234 A1l

Yang et al. 43) Pub. Date: Apr. 7,2022
(54) TERMINAL DEVICE Publication Classification
(51) Imt.CL
(71) Applicant: Huawei Technologies Co., Ltd., HO01Q 1/40 (2006.01)
Shanzhen (CN) H01Q 1738 (2006.01)
H01Q 124 (2006.01)
(72) Inventors: Yu Chan Yang, Shenzhen (CN); 52) {JIoSIQCII/ 32 (2006.01)
Chien-Ming Lee, Shenzhen (CN); 2O Rl
Hanyang V%’ang ’Readmg (G(B). ) CPC oo, H01Q 1/40 (2013.01); HO1Q 1/52
Yi-Hsiane Li ,Sh h (CN,)' (2013.01); HOIQ 1/243 (2013.01); HO1Q 1/38
g Liao, Shenzhen ; (2013.01)
Lizhong Huang, Dongguan (CN);
Guangxiang Zhu, Shanghai (CN); Bin (57) ABSTRACT
Yu, Shanghai (CN) This application provides a terminal device which includes
a housing and a metal line. The metal line is disposed on an
(21) Appl. No.: 17/421,870 outer surface of the housing or embedded in the housing, and
the metal line is configured to receive or send an electro-
. magnetic wave signal. In the terminal device provided in this
(22) PCT Filed: Jan. 9, 2020 application, the metal line (an antenna) of the terminal
device is disposed on the outer surface of the housing of the
(86) PCT No.: PCT/CN2020/071207 terminal device or embedded in the housing. This can
increase a distance from the metal line to a circuit board of
§ 371 (e)(1), the terminal device, thereby reducing interference of a metal
(2) Date: Jul. 9, 2021 component on the circuit board to radiation of the metal line
(radiation of the antenna) and improving operating band-
(30) Foreign Application Priority Data width and efficiency of the antenna. This improves operating
efficiency of the antenna of the terminal device, thereby
Jan. 9, 2019  (CN) ocorvvieicee 201910019373.6 improving signal receiving and signal sending quality of the
Feb. 3, 2019  (CN) ccoevvevineerenee 201910108932.0 terminal device.
== N
Grounded T T~
.
11t ~ 120
B
I

~ 113 Grounded



	US 2022 0085480 A1
	US 2022 0085483 A1
	US 2022 0085486 A1
	US 2022 0085488 A1
	US 2022 0085490 A1
	US 2022 0085493 A1
	US 2022 0085496 A1
	US 2022 0085497 A1
	US 2022 0085501 A1
	US 2022 0085505 A1
	US 2022 0085506 A1
	US 2022 0085507 A1
	US 2022 0085510 A1
	US 2022 0085511 A1
	US 2022 0085512 A1
	US 2022 0085513 A1
	US 2022 0085518 A1
	US 2022 0085520 A1
	US 2022 0086971 A1
	US 2022 0094034 A1
	US 2022 0094035 A1
	US 2022 0094036 A1
	US 2022 0094038 A1
	US 2022 0094040 A1
	US 2022 0094043 A1
	US 2022 0094046 A1
	US 2022 0094059 A1
	US 2022 0094060 A1
	US 2022 0094061 A1
	US 2022 0094062 A1
	US 2022 0094067 A1
	US 2022 0094073 A1
	US 2022 0094077 A1
	US 2022 0094078 A1
	US 2022 0094773 A1
	US 2022 0102838 A1
	US 2022 0102839 A1
	US 2022 0102841 A1
	US 2022 0102853 A1
	US 2022 0102861 A1
	US 2022 0102862 A1
	US 2022 0102869 A1
	US 2022 0102872 A1
	US 2022 0103668 A1
	US 2022 0109250 A1
	US 2022 0115771 A1
	US 2022 0115778 A1
	US 2022 0117081 A1
	US 2022 0709234 A1

