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tion element, a second radiation element, a third radiation
element, a fourth radiation element, and a fifth radiation
element. The first radiation element has a feeding point, and
is coupled to a first grounding point on the ground element.
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20 Claims, 10 Drawing Sheets




az United States Patent

Sun et al.

US012003032B2

a0y Patent No.:  US 12,003,032 B2
45) Date of Patent: Jun. 4, 2024

(54)

(71)

(72)

(73)

")

21)

(22)

(65)

(63)

(51)

(52)

HYBRID NETWORK ANTENNA

Applicants: PROSE TECHNOLOGIES
(SUZHOU) CO., LTD., Suzhou (CN);
PROSE TECHNOLOGIES LLC,
Mount Olive, NJ (US)

Inventors: He Sun, Suzhou (CN); Shengguang
Wang, Suzhou (CN); Zhongcao Yang,
Suzhou (CN); Haixia Zhang, Suzhou
(CN); Linfeng Sheng, Suzhou (CN)

Assignees: PROSE TECHNOLOGIES
(SUZHOU) CO., LTD., Suzhou (CN);
PROSE TECHNOLOGIES LLC,
Mount Olive, NJ (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 231 days.

Appl. No.: 17/564,671

Filed: Dec. 29, 2021

Prior Publication Data

US 2022/0123482 Al Apr. 21, 2022

Related U.S. Application Data

Continuation of application No.
PCT/CN2020/103841, filed on Jul. 23, 2020.

Int. CL.
HOIQ 21/24 (2006.01)

HO1Q 9/04 (2006.01)

HOIQ 21/06 (2006.01)

USS. CL

CPC ... HOIQ 21/24 (2013.01); H01Q 9/0414

(2013.01); HOIQ 21/065 (2013.01)

(58) Field of Classification Search
CPC ....... HO1Q 1/246; HO1Q 19/10; HO1Q 21/00;
HO1Q 21/06; HO1Q 21/24
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9,711,865 B2 7/2017 Liu

10,164,343 B2* 12/2018 Jan ....cccooooivineinnne HO01Q 3/24
11,019,506 B2* 5/2021 Wu ... ... HO1Q 1/246
11,043,755 B2* 6/2021 Farzaneh ............ HO01Q 21/26

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1599138 A 3/2005
CN 102084546 A 6/2011
(Continued)

Primary Examiner — Hasan Islam
(74) Attorney, Agent, or Firm — ANOVA LAW GROUP,
PLLC

(57) ABSTRACT

A hybrid network antenna includes a reflection plate, a low
frequency antenna array, and a dual-beam antenna array. The
reflection plate includes a flat member and bending members
formed by bending the two ends of the flat member. The low
frequency antenna array is arranged on the flat member. The
dual-beam antenna array include beam antenna sub-arrays
located on both sides of the low frequency antenna array.
The beam antenna sub-array on each side of the low fre-
quency array includes a plurality of first high frequency
radiating element arrays disposed in intervals along the
width direction of the reflection plate. The plurality of high
frequency radiating element arrays of each beam antenna
sub-array are arranged on the reflection plate in different
planes or a common plane.
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(57) ABSTRACT

A phased array antenna device comprises antenna elements
arranged in a spatial distribution to emit and receive super-
posing radio frequency signals to and from different direc-
tions. Each antenna element is positioned within a corre-
sponding unit cell. The unit cells are arranged in a non-
overlapping manner next to each other. A feeding network
for transmitting the antenna signals between a common
feeding point and the respective antenna element comprises
a plurality of antenna element transmission line segments
each running into an antenna element and a corresponding
plurality of phase shifting devices. The feeding transmission
line segments each comprises more than two transition
structures distributed along the feeding transmission line
segment. Each transition structure provides for a signal
coupling between the feeding transmission line segment and
the corresponding antenna element transmission line seg-
ment, thereby connecting several dedicated antenna element
transmission line segments with the same feeding transmis-
sion line segment.
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(57) ABSTRACT

A transmitarray cell (105) comprises a first antenna element
(105a) adapted to switching between two phase states, a
second antenna element (105b) adapted to switching
between two other phase states and between two circular
polarization directions and a coupler (201) coupling the first
antenna element to the second antenna element.
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(57) ABSTRACT

An electronic device includes a housing providing a front
surface and a rear surface, an antenna including a printed
circuit board within the housing and including a first surface
facing the front surface and a second surface facing the rear
surface. The printed circuit board includes a first conductive
layer including a first antenna element and a second antenna
element that do not overlap each other when viewed from
above the first surface, a second conductive layer operating
as a ground plane, and a dielectric between the first and
second conductive layers. A conductive pattern is located
between the front surface and the second surface when the
first surface faces the rear surface and is located between the
rear surface and the second surface when the first surface
faces the front surface. The conductive pattern overlaps a
part of the second conductive layer when viewed from above
the first surface.
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(57) ABSTRACT

An electronic device and an antenna structure are provided.
The electronic device includes a metal housing, and the
antenna structure is disposed in the metal housing. The
antenna structure includes a printed circuit board, two radi-
ating elements, two feeding transmission lines and a con-
nector. The two radiating elements are disposed on the
printed circuit board and are close to the two slots. Projec-
tions of the two radiating elements projected onto the metal
housing at least partially overlap with the two slots. The two
feeding transmission line are disposed in the printed circuit
board. The two feeding transmission lines are electrically
connected to the two radiating elements, respectively, and
lengths of the two feeding transmission lines are the same.
The connector is connected to the printed circuit board and
electrically connected to the two feeding transmission lines.
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