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(57) ABSTRACT

In one example, a slot antenna may include a ground plane
defining a slot, an antenna cavity formed on the ground
plane corresponding to the slot, an antenna printed circuit
board (PCB) disposed on the antenna cavity, a first parasitic
element and a second parasitic element disposed on the
antenna PCB, and a feeding element formed on the second
parasitic element. The feeding element may induce magnetic
resonance and electric resonance for multiple frequency
bands.




US 20210367322A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2021/0367322 Al

PARK et al.

43) Pub. Date: Nov. 25, 2021

(54)

(71)

(72)

@

(22)

(62)

(30)

Oct. 16, 2018

ANTENNA HAVING SINGLE
NON-CONDUCTIVE PORTION AND
ELECTRONIC DEVICE INCLUDING THE
SAME

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

Inventors: Sungkoo PARK, Suwon-si (KR);
Hyungjoo LEE, Suwon-si (KR);
Shinho YOON, Suwon-si (KR);
Himchan YUN, Suwon-si (KR);
Soonho HWANG, Suwon-si (KR);
Jaebong CHUN, Suwon-si (KR)

Appl. No.: 17/394,909

Filed: Aug. 5, 2021

Related U.S. Application Data

Division of application No. 16/596,108, filed on Oct.
8, 2019, now Pat. No. 11,114,744.

Foreign Application Priority Data

(KR) e 10-2018-0122922

Publication Classification

(51) Int. CL
HOIQ 1/22 (2006.01)
GOGF 1/16 (2006.01)
HOIQ 1/38 (2006.01)
HOSK 1/18 (2006.01)
(52) US.CL
CPC ........ HOIQ 1/2266 (2013.01); GO6F 1/1616
(2013.01); HOSK 2201/1031 (2013.01); HOIQ
1/38 (2013.01); HOSK 1/181 (2013.01); GO6F
1/1626 (2013.01)
(57) ABSTRACT

An electronic device is provided. The electronic device
includes a foldable housing including, a hinge structure, a
first housing structure including a first surface, a second
surface, and a first side member, wherein the first side
member encloses at least a portion of a space between the
first surface and the second surface and includes a first
conductive portion, a first non-conductive portion, and a
second conductive portion, and a second housing structure
including a third surface, a fourth surface, and a second side
member, a printed circuit board, at least one wireless com-
munication circuit including a first electrical path and a
second electrical path, a first variable element including a
first terminal, a second terminal, and a third terminal, and a
second variable element including a fourth terminal, a fifth
terminal, and a sixth terminal.
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) A mobile device and an antenna module thereof are pro-
(21)  Appl. No.: 17/013,949 vided. The antenna module includes a substrate, a first
_ antenna and a second antenna. The first antenna and the
(22) Filed: Sep. 8, 2020 second antenna are disposed on the substrate. The substrate
. . .. includes a substrate body, a first ground layer and a second
G0 Foreign Application Priority Data ground layer. The first ground layer includes a first slot, the
May 21, 2020 (TW) oo 109116968 Second ground layer includes a second slot, and a vertical
projection of the first slot onto substrate body at least
o . . partially overlaps with a vertical projection of the second
Publication Classification slot onto substrate body. The first slot and the second slot are
(51) Int. CL located between the first antenna and the second antenna,
H01Q 124 (2006.01) and the first antenna is located closer to the first slot and the
HO01Q 1738 (2006.01) second slot than the second antenna.
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A mobile device includes a main radiation element, a
parasitic radiation element, and an additional radiation ele-
ment. The main radiation element has a first notch. The main
radiation element includes a feeding region coupled to a
signal source, and a grounding region coupled to a ground
voltage. The parasitic radiation element is coupled to the
ground voltage. The parasitic radiation element is adjacent
to the feeding region of the main radiation element. The
additional radiation element is coupled to the main radiation
element. The additional radiation element and the parasitic
radiation element substantially extend in the same direction.
An antenna structure is formed by the main radiation ele-
ment, the parasitic radiation element, and the additional
radiation element.
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The application provides an antenna and a communications
device, and pertains to the field of antenna technologies. The
antenna includes a horizontally polarized antenna and a
vertically polarized antenna that are disposed in a superpo-

(22) Filed: May 18, 2021 sition manner. The horizontally polarized antenna includes a
metal sheet, and the metal sheet can be separately connected
(30) Foreign Application Priority Data to a double-sided parallel strip line in the horizontally
polarized antenna and a first conductor of a coaxial cable. A
May 20, 2020  (CN) .cecvererereeeeee 202010431622.5 diameter of a maximum inscribed circle of the metal sheet
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(51) Int. CL located on a first side of a substrate. Therefore, the metal
H01Q 1/52 (2006.01) sheet can effectively suppress an induced current in the
HO010 21724 (2006.01) coaxial cable, and impact of the induced current on the
H010 21/00 (2006.01) vertically polarized antenna can be reduced.
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(22) Filed: May 19, 2021 parallel strip line is connected to the radiation element. A
length range of the double-sided parallel strip line is 0.58 to
(30) Foreign Application Priority Data 1.35 times a waveguide wavelength of an electromagnetic
wave in the double-sided parallel strip line at an operating
May 20, 2020  (CN) .cocooiieviiees 202010431978.9 frequency of the vertical polarization antenna.
0112
011
0111
014

<« 013




US 20210367356A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2021/0367356 A1

NISHIMOTO et al. 43) Pub. Date: Nov. 25, 2021
(54) ANTENNA DEVICE H01Q 1/50 (2006.01)
HO04B 1/401 (2006.01)
(71)  Applicant: MITSUBISHI ELECTRIC (52) U.S.CL
CORPORATION, Tokyo (JP) CPC o H01Q 21/28 (2013.01); HO4B 1/401
(2013.01); HO1Q 1/50 (2013.01); HO1Q 1/52
(72) Inventors: Kengo NISHIMOTO, Tokyo (IP); (2013.01)
Yasuhiro NISHIOKA, Tokyo (JP)
57 ABSTRACT
(73) Assignee: MITSUBISHI ELECTRIC The antenna device includes a first radiation element, a
CORPORATION, Tokyo (JP) second radiation element, a first input and output terminal,
a second input and output terminal, a first phase shifter, a
(21) Appl. No.: 17/387,434 first susceptance element, a second susceptance element, a
third susceptance element, a fourth susceptance element, a
(22) Filed: Jul. 28, 2021 first variable matching circuit, and a second variable match-
ing circuit, and when power is supplied from the first input
Related U.S. Application Data and output terminal or the second input and output terminal,
(63) Continuation of application No. PCT/JP2019/ each susceptance value of the first susceptance element, the
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Provided are a millimeter-wave antenna module and an
electronic device. The electronic device comprises a rear
housing, a main circuit board disposed apart from and faced
to the rear housing, and the millimeter-wave antenna mod-
ule. The millimeter-wave antenna module comprises: an
antenna array, disposed on the rear housing and configured
to receive or transmit millimeter-wave signals; a feeding
module, disposed between the rear housing and the main
circuit board, and arranged opposite to the antenna array,
wherein the feeding module is connected to the main circuit
board, and configured to perform coupled feeding to the
antenna array; and a buffer layer, disposed between the
antenna array and the feeding module, and having a dielec-
tric constant greater than that of air and less than that of the
rear housing.
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(57) ABSTRACT

A radar system includes a transmit front end device includ-
ing a transmit planar component, and a receive front end
device including a receive planar component. Each of the
transmit planar component and the receive planar compo-
nent includes a first end, a second end, a cavity space and a
linear array of antennas. The cavity space is bounded by
beam ports along a first side of the cavity space and by array
ports along a second side of the cavity space. The cavity
space is in operative communication with the beam ports
and with the array ports to form a Rotman lens. A linear
array of antennas is located along the second end of the
planar component. The transmit planar component and
receive planar component are arranged such that the linear
array of antennas of the transmit planar component and the
linear array of antennas are perpendicular to one another.
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(57) ABSTRACT

Various embodiments disclosed in the present invention
relate to an electronic device antenna structure for commu-
nication with an external electronic device. According to
various embodiments disclosed in the present invention,
provided is an electronic device comprising: a pen housing
extending to be long, including a first end part and a second
end part, and including an inner space; a tip, which has a
pointed end, is made of a dielectric and is located at the first
end part; a printed circuit board (PCB) extending to be long,
located in the inner space, and including a first surface
facing a first direction and a second surface facing a second
direction, which is opposite to the first direction; a wireless
communication circuit located on the PCB in the inner
space; and an antenna structure located in the inner space
and electrically connected to the wireless communication
circuit, wherein the antenna structure includes: a first con-
ductive part located between the pen housing and the first
surface of the PCB; a second conductive part electrically
connected to the first conductive part toward a third direc-
tion which differs from the first direction and the second
direction, and extending along the PCB; and a third con-
ductive part electrically connected to the first conductive
part toward a fourth direction which differs from the first
direction, the second direction and the third direction, and
extending along the PCB, and at least one part of the PCB
is arranged between the second conductive part and the third
conductive part when the first surface of the PCB is viewed
from an upper surface thereof. Additional various embodi-
ments can be provided.
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diately above the slot and having a second line width greater
(86) PCTNo.: PCT/IP2018/000321 than the first line width, and a third section extending from
§ 371 (c)(1), the second section in a first direction and performing imped-
(2) Date: Jun. 24, 2020 ance matching between the first section and the second
section. One of the opposite ends of the third section in the
Publication Classification first direction is connected to the second section. The first
(51) Int. CL section extends in a second direction perpendicular to the
HOIP 5/08 (2006.01) first direction continuously from the other end of the oppo-
HOIP 3/08 (2006.01) site ends of the third section.
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(57) ABSTRACT

An antenna apparatus includes a feeding antenna inside an
electronic device and one or more antenna elements, such as
a floating metal antenna, disposed on a rear cover of the
electronic device. The floating metal antenna and a feeding
antenna inside the electronic device may form a coupling
antenna structure. The feeding antenna may be an antenna
fastened on an antenna support (which may be referred to as
a support antenna). The feeding antenna may alternatively
be a slot antenna formed by slitting on a metal middle frame
of the electronic device. The antenna apparatus may be
implemented in limited design space, thereby effectively
saving antenna design space inside the electronic device.
The antenna apparatus may generate excitation of a plurality
of resonance modes, so that antenna bandwidth and radia-
tion characteristics can be improved.
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An antenna module includes a grounding plane, a first
high-frequency radiator, a second high-frequency radiator,
and a low-frequency grounding component. The first high-
frequency radiator includes a first feeding portion, a first
grounding portion, and a first radiating portion. The first
grounding portion is coupled to the grounding plane. The
second high-frequency radiator includes a second feeding
portion, a second grounding portion, and a second radiating
portion. The second grounding portion is coupled to the
grounding plane. The low-frequency grounding component
located between the first and second high-frequency radia-
tors. The low-frequency grounding component includes a
third grounding portion which is coupled to the grounding
plane, a first coupling portion, and a second coupling
portion. The low-frequency grounding component extends
from the third grounding portion and extends in a first
direction and a second direction of a first axis respectively
to form the first and second coupling portions.
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(57) ABSTRACT

This application provides a phase shifter and an electrically
tunable antenna including the phase shifter, where the phase
shifter includes a tuning accessory, and the tuning accessory
includes a tuning portion for tuning input impedance of the
phase shifter. One additional capacitance or inductance
parameter is added in the phase shifter by using the tuning
portion, to affect input impedance of a port, to further affect
a port standing wave, thereby tuning the port standing wave
by using the tuning accessory. In addition, the tuning acces-
sory in this application is a molded part with a fixed
structure.
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The present disclosure provides an antenna circuit and a
mobile terminal. The antenna circuit includes: an antenna
unit; a switching circuit connection point and a feed point
are arranged on the antenna unit; an antenna feed is con-
nected with the feed point; a first tuning circuit is connected
with the switching circuit connection point, the first tuning
circuit is configured to increase a bandwidth of a single
resonant mode in an intermediate-high frequency and/or to
tune a resonant frequency in the intermediate-high fre-
quency; wherein a distance from the feed point to the end of
the antenna unit is larger than a distance from the switching
circuit connection point to the end of the antenna unit.
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(57) ABSTRACT

An antenna includes a radiation conductor, a ground con-
ductor, first-fourth feeding lines, a first feeding circuit, and
a second feeding circuit. The first feeding line to the fourth
feeding line are configured to be electromagnetically con-
nected to the radiation conductor. The first feeding circuit is
configured to feed reversed-phased signals, which have
mutually opposite phases, to the first feeding line and the
third feeding line. The second feeding circuit is configured
to feed reversed-phased signals, which have mutually oppo-
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second feeding line and the fourth feeding line.
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(57) ABSTRACT

Disclosed is an electronic device comprising a housing, a
display, an antenna structure and at least one wireless
communication circuit. The at least one wireless communi-
cation circuit is configured so as to transmit and/or receive
a signal having a frequency between 3 GHz and 100 GHz,
and may be configured so as to transmit and/or receive, in a
first operation, a first signal having a first frequency by using
not all but at least one conductive plate among a plurality of
first conductive plates and a plurality of second conductive
plates, and transmit and/or receive, in a second operation, a
second signal having a second frequency differing from the
first frequency by using not all but at least one conductive
plate among the plurality of second conductive plates and
the plurality of first conductive plates. In addition, various
embodiments are possible as identified in the specification.
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