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An antenna module includes a feeding end, a first radiator,
a second radiator, a third radiator, and a ground structure.
The first radiator excites a first frequency and a second
frequency. The second radiator extends from the first radia-
tor and excites a third frequency with a part of the first
radiator. The third radiator extends from the first radiator and
excites a fourth frequency with a part of the first radiator.
The ground structure includes a main ground surface and an
extending portion extending from the main ground surface.
The main ground surface is located below the feeding end,
and the extending portion extends from the main ground
surface to a bottom of the first radiator and is apart from the
first radiator. An extending direction of a portion of the first
radiator above the extending portion is orthogonal to an
extending direction of the extending portion.
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57 ABSTRACT
(21) Appl. No.: 17/307,209 Base station antennas include a first array of radiating
elements that is coupled to a first RF port through a first feed
(22) Filed: May 4, 2021 network, a second array of radiating elements that is coupled
to a second RF port through a second feed network, and first
L. and second circuit elements. The first circuit element has a
Related U.S. Application Data first port coupled to the first feed network, a second port
(63) Continuation of application No. 16/829,152, filed on coupled to a first port of the second circuit element and a
Mar. 25, 2020, now Pat. No. 11,031,678. third port coupled to a first radiating element of the first
array of radiating elements. The second circuit element has
(30) Foreign Application Priority Data a second port coupled to a first radiating element of the
second array of radiating elements and a third port coupled
Apr. 10,2019 (CN) e 201910282492.0 to the second feed network.
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(57) ABSTRACT

A resonant structure includes a conducting portion extending
along a first plane and including first conductors, a ground
conductor located away from the conducting portion and
extending along the first plane, and a first predetermined
number of connecting conductors extending from the ground
conductor towards the conducting portion. At least two first
conductors are connected to different connecting conduc-
tors. A first connecting pair of two of the connecting
conductors is aligned along a first direction in the first plane
and a second connecting pair of two of the connecting
conductors is aligned along a second direction, in the first
plane, intersecting the first direction. The resonant structure
resonates at a first frequency along a first current path
including the ground conductor, conducting portion, and
first connecting pair and at a second frequency along a
second current path including the ground conductor, con-
ducting portion, and second connecting pair.
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(57) ABSTRACT

A communication method performed in an electronic device
including a conductive pattern and the electronic device are
provided. The electronic device includes a conductive pat-
tern used as a radiator for wireless communication, a feeding
unit connected with the conductive pattern, a ground unit
connected with the conductive pattern, a first impedance
matching circuit disposed in a first areca adjacent to the
feeding unit and connected to the conductive pattern, a
second impedance matching circuit disposed in a second
area adjacent to the conductive pattern and connected to the
conductive pattern, and a control unit that matches imped-
ance by controlling at least one of the first impedance
matching circuit and the second impedance matching circuit
by a closed-loop scheme.
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(57) ABSTRACT

A tunable antenna module includes a ground metal plane, a
nonconductive support element, a first radiation metal ele-
ment, a second radiation metal element, a switch element,
and a plurality of impedance elements. The ground metal
plane provides a ground voltage. The first radiation metal
element is coupled to a signal source. The second radiation
metal element is adjacent to and separate from the first
radiation metal element. The switch element selects one of
the impedance elements, such that the second radiation
metal element is coupled through the selected impedance
element to the ground voltage. The nonconductive support
element has a 3D (Three-Dimensional) structure. The first
radiation metal element and the second radiation metal
element are distributed over the nonconductive support
element.
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(57) ABSTRACT

An antenna device is a device of Oth-resonance antenna,
which includes: a ground plate providing a ground potential;
an opposed conductor arranged to have a predetermined
distance from the ground plate in a plate thickness direction
of'the ground plate and configured for connection to a feeder
line; and a short-circuit part electrically connecting the
opposed conductor and the ground plate. The antenna device
further includes an intermediate conductor having a same
potential as the ground plate and arranged in between the
ground plate and the opposed conductor in the plate thick-
ness direction. The intermediate conductor includes a pen-
etration part that includes the opposed conductor in a plan
view in the plate thickness direction.
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A GNSS RHCP stacked patch antenna with wide dual band,
high efficiency and small size is made of a molded high-
permittivity material, such as ceramics, with a patterned
cavity in the dielectric substrate. The perforated cavities in
the substrate reduce the effective dielectric constant,
increase the bandwidth and efficiency. The high-order modes
can be manipulated through the design of cavities.
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200A 610

A multiband antenna comprises a slot antenna and a radia-
tion element. The slot antenna has a conductive plate. The
conductive plate is formed with an opening portion and a
slot. The slot partially opens through the opening portion.
The slot extends long in a first direction. The radiation
element has a first portion and a second portion. The first
portion extends from the conductive plate toward an orien-
tation away from the slot in a second direction perpendicular
to the first direction. The first portion has a first length in the
second direction. The second portion extends in the first
direction from the first portion. The second portion has a
second length in the first direction. The second length is
greater than the first length.

100A

‘; 5(‘36

! { ! ]
_ é/ <550

}

|

] § !

! i |

I00A 410 430
(400) (400) o



US 20210265735A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2021/0265735 A1l

HARPER (43) Pub. Date: Aug. 26, 2021
(54) HYBRID CAVITY MODE ANTENNA (52) US. CL
CPC .............. HO1Q 13/18 (2013.01); HOIQ 9/40
(71) Applicant: Microsoft Technology Licensing, LLC, (2013.01); HO1Q 7/00 (2013.01); HOSK
Redmond, WA (US) 1/0243 (2013.01)
(72) Inventor: Marc HARPER, Snohomish, WA (US)
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(21) Appl. No.: 16/887,209
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circuit board positioned within the metal chassis, and a
Related U.S. Application Data hybrid cavity mode antenna. The hybrid cavity mode
. o antenna includes a conductive wall defining at least a portion
(60) Provisional application No. 62/981,129, filed on Feb. of a cavity, wherein the cavity is further defined by one or
25, 2020. more surfaces of the metal chassis and the printed circuit
A . . board, and an electrically-fed antenna configured to radiate
Publication Classification . . .
a first radiofrequency signal in a first frequency range. The
(51) Int. CL electrically-fed antenna is electrically driven from the
HO01Q 13/18 (2006.01) printed circuit board of the communication device. The
HO5K 102 (2006.01) electrically-fed antenna is positioned within the cavity to
HO01Q 7/00 (2006.01) drive the cavity to radiate a second radiofrequency signal in
HO01Q 9/40 (2006.01) a second frequency range.
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(57) ABSTRACT

An electronic apparatus includes: a chassis composed at
least of an upper plate, a lower plate, and a side face; at least
one plate-like antenna having a radio wave transmission/
reception part which deals with radio waves in a millimeter
wave band and forms one surface of the antenna; and a
conductive reflection member having a main part with a
reflection surface reflecting the radio waves in the millimeter
wave band. The antenna is placed in an outer peripheral edge
area including an outer peripheral edge of the upper plate in
plan view in such a manner that the radio wave transmission/
reception part faces the upper plate. The reflection member
is so placed that the antenna is sandwiched between the
reflection member and the side face in plan view. At least the
side face transmits the radio waves. The reflection surface is
directed toward the antenna.
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(86) PCT No.: PCT/KR2019/012127 antenﬁa str%lcture interposed between the supportirlig mem-
§ 371 (c)(1), ber and the rear structure, and a wireless communication
(2) Date: Jan. 15, 2021 circuit electrically connected to at least one of the first
conductive pattern and/or the second conductive pattern and
(30) Foreign Application Priority Data transmitting and/or receiving a signal having a specified
frequency. The antenna structure includes a connection part
Sep. 21, 2018  (KR) wcceoerveiiieecnne 10-2018-0114047 at least partially overlapping with the opening, interposed
L. . . between the component and the back plate, and including a
Publication Classification first conductive pattern when viewed from above the back
(51) Int.CL plate and a first portion connected to the connection part and
H01Q 138 (2006.01) including a second conductive pattern electrically connected
HO4M 1/02 (2006.01) to the first conductive pattern. Besides, various embodi-
HO01Q 124 (2006.01) ments as understood from the specification are also possible.
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(57) ABSTRACT

An antenna apparatus includes a radiator, a first grounding
branch, and a second grounding branch. The radiator
includes a feed point, a first radiation section, and a second
radiation section. The first radiation section and the second
radiation section are disposed on two sides of the feed point
by a first gap and a second gap. A first ground end is
disposed at one end of the first radiation section away from
the first gap, and a second ground end is disposed at one end
of the second radiation section away from the second gap.
The first and second grounding branches intersect with the
radiator. A matching circuit is coupled in series in the first
grounding branch, and a first high-frequency filter is coupled
in series in the second grounding branch.
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(57) ABSTRACT

An antenna apparatus and an electronic device are provided.
The antenna apparatus includes an excitation source, a

Related U.S. Application Data conductive member, an antenna radiator comprising a radia-

(63) Continuation of application No. 16/173,574, filed on

tor body and a power feeding portion, a first extension

Oct. 29. 2018. now Pat. No. 11.011.850 portion and a support member, the radiator body comprises

a first end and a second end opposite to the first end, and the

(30) Foreign Application Priority Data power feeding portion is disposed at the first end; the first

Dec. 29, 2017 (CN) oo
Dec. 29, 2017 (CN) oo

Publication Classification

extension portion disposed adjacent to the second end of the

.. 201711499678.9 antenna radiator, the support member disposed at an end of
.. 201721928944.0 the first extension portion away from the second end of the

antenna radiator, an excitation signal generated by the
excitation source transmitted to the support member through

(51) Int. CL the conductive member, the power feeding portion, the first
H01Q 13/18 (2006.01) end, the radiator body, the second end, and the first extension
H01Q 124 (2006.01) portion in sequence.
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HO1Q 5/314 (2015.01)

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing including a first surface, a second surface
disposed facing an opposite side of the first surface, and a
side surface configured to surround at least a portion of a
space between the first surface and the second surface, a first
elongated metal member configured to form a first portion of
the side surface and including a first end and a second end,
at least one communication circuit electrically connected to
a first point of the first elongated metal member through a
capacitive element, at least one ground member disposed in
an interior of the housing, and a first conductive member
configured to electrically connect a second point of the first
elongated metal member to the ground member. The second
point of the first elongated metal member is disposed closer
to the second end than to the first point.
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(54) ELECTRONIC DEVICE COMPRISING (52) US. CL
ARRAY ANTENNA CPC .......... HO01Q 1243 (2013.01);, HO5K 5/0017
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(71) Applicant: Samsung Electronics Co., Ltd., 5/0226 (2013.01); HO4B 1/40 (2013.01);
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(2013.01); HOSK 2201/10128 (2013.01); HOSK
(72) Inventors: Jaehyung KIM, Gyeonggi-do (KR); 2201/09018 (2013.01); HO1Q 9/0407
Jinkyu BANG, Gyeonggi-do (KR); (2013.01)
Jaebong CHUN, Gyeonggi-do (KR) (57) ABSTRACT
An electronic device comprising an array antenna accordin,
(21)  Appl. No.: 17/259,445 to various embodiments opf the %)resent i}rllvention may com%
. rise: a housing comprising a first plate, a second plate
(22)  PCT Filed: Jul. 11, 2019 IIzacing away frc%m thepﬁrst %late, an(f a side memberpsur-
. rounding the space between the first plate and the second
(86)  PCT No.: PCT/KR2019/008557 plate; a display visible through a part of the first plate; a first
§ 371 (c)(1), printed circuit board comprising a first surface facing the
(2) Date: Jan. 11, 2021 side member, a second surface facing away from the first
surface, a first edge adjacent close to the first plate, and a
(30) Foreign Application Priority Data second edge closer to the second plate than the first edge, the
first printed circuit board comprising one or more conduc-
Jul. 11, 2018 (KR) eeveveeeeeeeenene 10-2018-0080509 tive plates on the first surface; a second printed circuit board
extending from the first edge so as to bend at an obtuse angle
with regard to the first surface, the second printed circuit
o . . board comprising one or more first conductive patterns; a
Publication Classification third printed circuit board extending from the second edge
(51) Int. CL so as to bend at an obtuse angle with regard to the first
H01Q 124 (2006.01) surface, the third printed circuit board comprising one or
HO5K 5/00 (2006.01) more second conductive patterns, and a wireless communi-
HO5K 1/14 (2006.01) cation circuit electrically connected to the conductive plates,
HO5K 5/02 (2006.01) the first conductive patterns, and the second conductive
HO01Q 9/04 (2006.01) patterns and configured to transmit and/or receive signals.
H01Q 9/16 (2006.01) Various other embodiments may be possible.
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Related U.S. Application Data

Continuation of application No. 17/082,520, filed on
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Foreign Application Priority Data

Oct. 28,2019  (KR) .ecevvicece 10-2019-0134682

Publication Classification

(51) Int. CL
HO1Q 1/24 (2006.01)
HO4M 1/02 (2006.01)
(52) US.CL
CPC ... HO1Q 1/243 (2013.01); H04M 1/0277
(2013.01); HO4M 1/0266 (2013.01)
(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing structure that includes a ceramic portion
including a ceramic material, and a polymer portion formed
on an inner surface of the ceramic portion and including a
polymer material, and an antenna structure that is disposed
within the housing structure and radiates a radio frequency
(RF) signal to an outside of the housing structure. The
housing structure includes a first portion including at least a
portion of a region through which the RF signal passes, and
a second portion formed around the first portion. In the first
portion, a ratio of a thickness of the polymer portion to an
entire thickness of the first portion is a first ratio. In the
second portion, a ratio of a thickness of the polymer portion
to an entire thickness of the second portion is a second ratio.
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(54) ELECTRONIC DEVICE (52) US. CL
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(71)  Applicant: DENSO CORPORATION, Kariya-city (2013.01); HOSK 5/0247 (2013.01)
(IP)
(72) Inventors: Jungaun LEE, Kariya-city (JP); Sho (57) ABSTRACT

MATSUMOTO, Kariya-city (JP)
(21) Appl. No.: 17/173,338
(22) Filed: Feb. 11, 2021
(30) Foreign Application Priority Data

Mar. 5, 2020  (JP) ceoeveiveiiiiicee, 2020-038072
Publication Classification

(51) Int. CL
HOIQ 1/42
HO5K 5/02
HOSK 5/04

(2006.01)
(2006.01)
(2006.01)

An antenna device includes one or more zeroth-order reso-
nant antennas and a metal body. Each of the zeroth-order
resonant antennas includes a ground plate configured to
provide a ground potential, an opposing conductor arranged
at a predetermined distance from the ground plate in a plate
thickness direction of the ground plate, a power supply line
electrically connected to the opposing conductor, and a
short-circuit portion electrically connecting the opposing
conductor and the ground plate. The metal body is config-
ured to limit a propagation direction of a radio wave
transmitted from or received by the one or more zeroth-order
resonant antennas and has an opening.
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(54) ANTENNA DEVICE, ANTENNA MODULE, Publication Classification
AND COMMUNICATION DEVICE (51) Int. Cl

(71) Applicant: Murata Manufacturing Co., Ltd., 1019 5724 (2006.01)
H01Q 9/04 (2006.01)
Kyoto (JP) H01Q 9/32 (2006.01)
e (52) U.S.CL
(72) Inventor: Hideki UEDA, Kyoto (JP) CPC oo HO1Q 3/24 (2013.01); HOIQ 9/32
(2013.01); HOIQ 9/0421 (2013.01)
(21) Appl. No.: 17/314,454 (57) ABSTRACT

A ground plane, at least one composite antenna, and a power

(22) Filed: May 7, 2021 feeding line configured to supply power to the at least one
composite antenna are provided in or on a substrate. The

L. composite antenna includes a power feeding element con-

Related U.S. Application Data figuring a patch antenna together with the ground plane, and

(63) Continuation of application No. PCT/JP2019/042311,  at least one linear antenna configured to flow an electric

filed on Oct. 29, 2019. current having a component in a vertical direction with
respect to the ground plane. The power feeding line includes
(30) Foreign Application Priority Data a main line connected to the power feeding element, and a
branch line branched from the main line and connected to

Nov. 9, 2018  (JP) ceoveveiiiciiccee, 2018-211160 the linear antenna.
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(51) Int. CL

H01Q 5/371 (2006.01)
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HOIQ 1/38 (2006.01)
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CPC oo HO1Q 5/371 (2015.01); HOIQ 1/38

(2013.01); HOIQ 9/0407 (2013.01)

(57) ABSTRACT

The disclosure provides an antenna structure, including at
least one supporting module, a first antenna, and a second
antenna. The first antenna is disposed on the at least one
supporting module and includes a first feeding point and a
first zero-current zone. The first antenna is connected to a
ground plane. The second antenna is disposed on the at least
one supporting module and includes a second feeding point
and a second zero-current zone. The second antenna is
connected to the ground plane. The first feeding point of the
first antenna is disposed in the second zero-current zone of
the second antenna, and the second feeding point of the
second antenna is disposed in the first zero-current zone of
the first antenna.
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Publication Classification

(51) Int. CL
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HOIL 27/32 (2006.01)
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CPC ... HO1Q 7/00 (2013.01); HOIL 2251/5338
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(57) ABSTRACT

An electronic apparatus includes a display module including
a display area through which an image is displayed and a
non-display area adjacent to the display area and provided
with a through hole through which a signal is transmitted,
which is defined in the display area, an electronic module
disposed under the display module, overlapping the through
hole, and transmitting or receiving the signal, and an antenna
module disposed on the display module and including a first
portion through which an opening corresponding to the
through hole is defined and a second portion extending from
the first portion and inserted into the through hole.
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(57) ABSTRACT

Methods and systems are provided for implementing and
utilizing dual-polarized planar ultra-wideband antennas. An
example planar antenna may include a substrate, a monopole
conductor, a first ground conductor, and a second ground
conductor. The monopole conductor may be connected to a
first signal feeding line. The first ground conductor may be
connected through a ground connector to ground potential.
The first ground conductor may be further connected to a
second signal feeding line. The second ground conductor
may connected to ground potential located on a particular
side of the substrate. The planar antenna may be configured
to transmit and receive radiation in two mutually cross-
polarized modes.
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(54) ELECTRONIC DEVICE HAVING 5G Publication Classification
ANTENNA (51) Int. CL
S H01Q 13/10 (2006.01)
(71) Applicant: LG ELECTRONICS INC., Seoul HO1Q 3/36 (2006.01)
(KR) HO1Q 3/26 (2006.01)
. H01Q 124 (2006.01)
(72) Inventors: Dongjin KIM, Seoul (KR); Cheolwan HO1Q 21/28 (2006.01)
PARK, Seoul (KR); Youngbae (52) US. Cl
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57 ABSTRACT
(73) Assignee: LG ELECTRONICS INC., Seoul An electronic device having a fifth-generation (5G) antenna
(KR) according to an embodiment is provided. The electronic
device includes a cover glass through which electromagnetic
waves are transmitted, a metal frame having a metal rim
(21) Appl. No.: 16/918,630 formed on side surfaces of the electronic device, an antenna

module configured to transmit or receive beamformed sig-
nals through a plurality of antenna elements, and a frame

(22) Filed: Jul. 1, 2020 mold made of a dielectric and disposed between the metal
frame and the antenna module, wherein a frame slot is

(30) Foreign Application Priority Data formed in a lower portion of the metal frame so that the
signals transmitted or received in the antenna module is

Mar. 9, 2020  (KR) ..coccvvenennee PCT/KR2020/003262 radiated through the frame slot.
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(72) Inventor: Yu Tanaka, Tokyo (JP) (57) ABSTRACT

(21) Appl. No.: 17/187,494

(22) Filed: Feb. 26, 2021
(30) Foreign Application Priority Data
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Publication Classification
(51) Imt. ClL
H010 21/00 (2006.01)
H01Q 5371 (2006.01)
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An antenna includes a control unit and first to Nth antenna
elements. N is an integer that is four or more. The control
unit controls input of signals to each antenna element.
Among each antenna element, open ends of the second to
Nth antenna elements extend in directions different from a
direction in which the first antenna element extends. Among
signals input to each antenna element, signals input to the
second to Nth antenna elements have phases different from
a phase of a signal input to the first antenna element. The
control unit controls a state to be in a first state, where
signals are input to each antenna element to radiate a
circularly polarized wave in a first direction or a second
state, where signals are input to one or more of the antenna
elements to radiate a linearly polarized wave in a direction
different from the first direction.
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57 ABSTRACT
(73) Assignee: Motorola Mobility LL.C, Chicago, IL.
(US) Multiple feed, front-shielded, coplanar waveguide, direct-
(21) Appl. No.: 17/335,585 fed, cavity-backed slot antennas are described. Various
implementations form an antenna unit capable of millimeter
(22) Tiled: Jun. 1, 2021 waveform and/or microwave waveform transmissions. An
antenna comprises a conductive plate that includes an aper-
Related U.S. Application Data ture. The aperture has a shape that extends along an axis that
L o bisects the aperture into first and second bisected portions,
(62) Division of application No. 16/353,218, filed on Mar. the first bisected portion having a first geometry type, and
14, 2019. the second portion having a second geometry type that is a
Publication Classification bilateral symmetry shape type.of the first geometry type. In
implementations, the aperture is configured to radiate wave-
(51) Int. CL forms within a frequency range from about between 600
HO01Q 1738 (2006.01) Megahertz (MHz) to 72 Gigahertz (GHz) by applying mul-
GO6F 1/16 (2006.01) tiple signal feeds to the conductive plate.
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Publication Classification
(51) Imt. CL
HO010Q 9/40 (2006.01)
HO01Q 1/48 (2006.01)
(52) US. CL
CPC ...cocce. HO01Q 9/40 (2013.01); HO1Q 1/48
(2013.01)
(57) ABSTRACT

A monopole wire-plate antenna that is reconfigurable in a
frequency range of operation, comprising:

a ground plane (1);

a capacitive roof (2);

a probe feed (3), which is electrically insulated from the
ground plane (1), and which extends between the
ground plane (1) and the capacitive roof (2) so as to
electrically feed the capacitive roof (2);

at least one shorting wire (4), which is arranged to
electrically connect the capacitive roof (2) to the
ground plane (1), and which is coated in a magneto-
dielectric material (5) having a complex magnetic
permeability, which varies as a function of a static
magnetic field applied to the magneto-dielectric mate-
rial (5).
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Eric Le Roy Krenz, Crystal Lake, 1L
(US); Hugh Smith, Palatine, IL. (US) Front-shielded, coplanar waveguide, direct-fed, cavity-
backed slot antennas are described. Various implementations
(73)  Assignee: Motorola Mobility LLC, Chicago, 1L form an antenna unit capable of millimeter waveform and/or
(Us) microwave waveform transmissions. A bottom shielding
structure of the antenna unit defines a cavity, where various
(21)  Appl. No.: 17/335,528 implementations include one or more dampening structures
. within the cavity. Some implementations includes a slot
(22) Filed: Jun. 1, 2021 antenna within tl}ie cavity de%ned by the bottom shielding
Related U.S. Application Data structure, such as a coplanar waveguide (CPW) direct-fed
slot antenna, to form a cavity-backed slot antenna. Some
(62) Division of application No. 16/353,117, filed on Mar. implementations connect a top shielding structure to the
14, 2019. bottom shielding structure to encase the slot antenna. In one
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1000

1002 \| Form a cavity out of a bottom shielding
structure

1004 j Layer a slot antenna within the bottom
shielding structure to form a cavity-
backed antenna with the cavity

1006

Encase the slot antenna by connecting a
top shielding structure to the bottom
shielding structure to form an antenna unit
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