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An electronic device is provided. The electronic device
includes a housing including a conductive part coupled to a
non-conductive, an antenna structure including a substrate
disposed in an internal space of the housing and at least one
antenna element disposed to form a beam pattern in a first
direction in the substrate, at least one conductive dummy
plate disposed between the at least one antenna element and
the housing in the internal space, and a wireless communi-
cation circuit configured to transmit and/or receive a wire-
less signal in a specified frequency band through the at least
one antenna element. The antenna structure is disposed at a
position at least partially overlapped with the non-conduc-
tive part, and the at least one conductive dummy plate is
disposed at a position at least partially overlapped with the
at least one antenna element, when the housing is viewed
from the outside of the electronic device.
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(57) ABSTRACT

An electronic device may have a first phased antenna array
that radiates through a display and a second phased antenna
array that radiates through a rear wall. The first array may
include a front-facing dielectric resonator antenna and the
second array may include a rear-facing dielectric resonator
antenna. The front and rear-facing antennas may share a
dielectric resonating element. Feed probe(s) may excite a
first volume of the dielectric resonating element to radiate
through the display and may excite a second volume of the
dielectric resonating element to radiate through the rear wall.
The dielectric resonating element may have a geometry that
helps to isolate the front-facing dielectric resonator antenna
from the rear-facing dielectric resonator antenna. The first
and second arrays may collectively cover an entire sphere
around the device while occupying a minimal amount of
volume within the device.
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(57) ABSTRACT

An antenna package according to an embodiment includes
an antenna unit including a radiator, a transmission line
extending from the radiator and an antenna ground pad
disposed around the transmission line, and a circuit board
electrically connected to the antenna unit. The circuit board
includes a core layer, a circuit wiring layer disposed on one
surface of the core layer, the circuit wiring layer including
a signal transmission wiring electrically connected to the
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(57) ABSTRACT

Arranged on a surface of a substrate are a patch conductor
that radiates an electromagnetic field having been fed, a feed
line that feeds the patch conductor with the electromagnetic
field having been input, two slits parallel to the feed line on
both sides of a connection part of the feed line toward an
inner side of the patch conductor, and a ring conductor at a
space from the patch conductor with an interposition of a
gap to surround an outer periphery of the patch conductor.
Accordingly, an electric capacitance can be formed between
the patch conductor and the ring conductor, and when
achieving impedance matching with the feed line, adjust-
ment can be performed using the size of the ring conductor
and the gap.
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(57) ABSTRACT

This application provides an antenna having an L-shaped
antenna body. The antenna body comprises a first end, a
second end, and a feed point, a physical length between the
feed point and the first end is greater than a physical length
between the feed point and the second end, the antenna body
generates resonance of a first wavelength between the feed
point and the first end, and the antenna body generates
resonance of a second wavelength between the first end and
the second end, wherein the first wavelength is greater than
the second wavelength. The antenna can have relatively
good radiation performance regardless of whether the elec-
tronic device is in free space (FS) or in a handheld state.

28 Claims, 16 Drawing Sheets



a2 United States Patent

Hu et al.

US012212055B2

a0y Patent No.:  US 12,212,055 B2
45) Date of Patent: Jan. 28, 2025

(54) ANTENNA DECOUPLING STRUCTURE,
MIMO ANTENNA, AND TERMINAL

(71)  Applicant: HONOR DEVICE CO., LTD.,
SHENZHEN (CN)

(72) Inventors: Yiwu Hu, Shenzhen (CN); Kunpeng
Wei, Shenzhen (CN)

(73) Assignee: HONOR DEVICE CO., LTD.,
Shenzhen (CN)

Notice:  Subject to any disclaimer, the term of this

* i bj y disclai h f thi
patent is extended or adjusted under 35
U.S.C. 154(b) by 53 days.

(21) Appl. No.: 18/013,338

(22) PCTFiled:  Apr. 25,2022

(86) PCT No.: PCT/CN2022/089005
§ 371 (c)(1),
(2) Date: Dec. 28, 2022

(87) PCT Pub. No.: W02022/233248
PCT Pub. Date: Nov. 10, 2022

(65) Prior Publication Data
US 2023/0261370 A1~ Aug. 17, 2023

30) Foreign Application Priority Data
May 6, 2021  (CN) .o 202110490769.6

(51) Imt. CL

HO01Q 1/52 (2006.01)

HO01Q 1722 (2006.01)

(Continued)

(52) US. CL

CPC .......... H01Q 1/521 (2013.01); HO1Q 1/2291

(2013.01); HOIQ 1/48 (2013.01); HOIQ
9/0421 (2013.01); HOIQ 9/0457 (2013.01);
HOIQ 21/00 (2013.01)

(58) Field of Classification Search
CPC ......... HO1Q 1/2291; HO1Q 1/48; HO1Q 1/52;
HO1Q 1/521; HO1Q 1/523; HO1Q 1/525;
HO1Q 9/0421; HO1Q 9/0457; HO1Q 5/40
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,860,623 B2  10/2014 Lo et al.
9,337,537 B2 5/2016 Hu et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 104143691 A 11/2014
CN 204375977 U 6/2015
(Continued)

Primary Examiner — Jason M Crawford
(74) Attorney, Agent, or Firm — WOMBLE BOND
DICKINSON (US) LLP

(57) ABSTRACT

This application provides an antenna decoupling structure, a
MIMO antenna, and a terminal. The antenna decoupling
structure includes a grounding stub and a capacitor structure,
where a first end of the grounding stub is connected to an
antenna floor, to form an equivalent inductor; and a first end
of the capacitor structure is connected to the antenna floor,
and a second end of the capacitor structure is connected to
a second end of the grounding stub, so that the equivalent
inductor and the capacitor structure form an LC resonant
structure, where a parameter corresponding to the LC reso-
nant structure meets a decoupling requirement for at least
one target decoupling frequency band. Because the resonant
frequency depends on the inductance and the capacitance
that correspond to the LC resonant structure, antenna min-
iaturization can be realized by reducing a size of each
portion of the decoupling structure.

19 Claims, 24 Drawing Sheets




a2 United States Patent

US012212057B2

a0y Patent No.:  US 12,212,057 B2

Casazzone et al. 45) Date of Patent: Jan. 28, 2025
(54) EXTERIOR ACCESSORY CLEAT WITH (52) US.CL
INTEGRATED ANTENNA CPC ... HOIQ 1/528 (2013.01); HOIQ 13/10

(71) Applicant: ZEBRA TECHNOLOGIES
CORPORATION, Lincolnshire, 1L

US)

(72) Inventors: Nicolas F Casazzone, Dix Hills, NY
(US); Sripathi Yarasi, Fort Lauderdale,
FL (US); Michele B. Feinstein,
Oceanside, NY (US)

(73) Assignee: Zebra Technologies Corporaiton,
Lincolnshire, 1L (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 386 days.

(21) Appl. No.: 17/675,863
(22) Filed:  Feb. 18, 2022

(65) Prior Publication Data
US 2023/0268645 A1 Aug. 24, 2023

(51) Int.CL
HOIQ 1/52 (2006.01)
HOIQ 13/10 (2006.01)
HO4M 1/02 (2006.01)
HO0IQ 1/24 (2006.01)

112

(2013.01); HO4M 1/0266 (2013.01); HOIQ
1/243 (2013.01)
(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2008/0268908 Al* 10/2008 Chen .................. HO1Q 9/0421
455/562.1

2014/0292590 Al* 10/2014 YOO ...ccoovvvniinnnns HO01Q 5/371
343/702

* cited by examiner

Primary Examiner — Frantz Bataille

(57) ABSTRACT

A mobile computing device includes: a display; a device
housing supporting the display and having a wall defining an
exterior surface; a communications controller supported
within a device interior enclosed between the display and the
device housing; a cleat affixed to the exterior surface of the
wall and configured to couple an accessory to the device
housing, the cleat including a conductive antenna element;
and a feed connector having an exterior end electrically
coupled with the conductive antenna element of the cleat, an
interior end electrically coupled with the communications
controller, and a body traversing the wall to join the exterior
and interior ends.
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