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A wireless communication device and a case assembly are
provided. The wireless communication device includes main
body, kickstand structure and antenna module. The main
body includes display portion, back portion and RF signal
module. The display and back portions are opposite, which
the RF signal module is disposed between. The kickstand
structure is rotationally pivoted to the back portion of main
body. The antenna module is disposed on the kickstand
structure and electrically connected to the RF signal module
of main body. The case assembly is partially covered the
wireless communication device and includes case covering
the back portion of wireless communication device, kick-
stand structure rotationally pivoted to the case and antenna
module disposed on the kickstand structure and electrically
connecting to the RF signal module of wireless communi-
cation device. Thus, rotation of kickstand structure can
change orientation of antenna module to transmit and
receive wireless signals, so as to improve wireless signal
transmission.
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An antenna device and its control method is provided. The
antenna device includes: a ground layer; a feeding element,
connecting to the ground layer; a first radiating element,
extending along a first direction and connected to the ground
layer; a second radiating element, extending along a second
direction which is orthogonal to the first direction, and
connected the ground layer; a first switching element,
coupled between the feeding element and the first radiating
element, and configured to electrically connect or disconnect
the feeding element and the first radiating element; and a
second switching element disposed between the feeding
element and the second radiating element, and configured to
electrically connect or disconnect the feeding element and
the second radiating element.
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A millimeter wave array antenna module and a mobile
terminal are provided. The millimeter wave array antenna
module includes a dielectric substrate, a radio frequency
integrated circuit chip affixed to one side of the dielectric
substrate, a plurality of antenna units arranged in an array
and disposed on a side of the dielectric substrate facing away
from the radio frequency integrated circuit chip, and a
feeding network formed in the dielectric substrate. Each
antenna unit is electrically connected to the radio frequency
integrated circuit chip through the feeding network, and
includes a substrate integrated waveguide and a patch
antenna. The substrate integrated waveguide has a back
cavity and the patch antenna is arranged in the back cavity
and affixed to the substrate integrated waveguide.
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A mobile device includes a WLAN (Wireless Local Area
Network) module, a WWAN (Wireless Wide Area Network)
module, a first antenna element, a second antenna element,
a third antenna element, a fourth antenna element, a first
switch element, and a second switch element. The WLAN
module has a first port, a second port, and a first control port.
The WWAN module has a third port, a fourth port, a fifth
port, and a sixth port. The first antenna element is coupled
to the third port. The first switch element couples the second
antenna element to the first port or the fourth port according
to a first control signal. The second switch element couples
the third antenna element to the second port or the fifth port
according to a second control signal. The fourth antenna
element is coupled to the sixth port.
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57 ABSTRACT

The present disclosure provides an antenna system and a
mobile terminal. The antenna system comprises a metal
frame, a main board received in the metal frame, and a first
feeding point, a second feeding point, a first grounding
point, a second grounding point, a third feeding point, a
fourth feeding point, a third grounding point, a fourth
grounding point, a first tuning switch, a second tuning
switch, a first matching network, a variable capacitor, a third
tuning switch, a fourth tuning switch, and a second matching
network disposed at the main board. The metal frame is
partitioned into a first radiating portion and a second radi-
ating portion at the bottom and a third radiating portion and
a fourth radiating portion at the top.

15 Claims, 13 Drawing Sheets




a2 United States Patent

Nasimuddin et al.

US010998633B2

US 10,998,633 B2
May 4, 2021

(10) Patent No.:
45) Date of Patent:

(54) COMPACT WIDEBAND HIGH GAIN
CIRCULARLY POLARIZED ANTENNA

(71) Applicant: Agency for Science, Technology and
Research, Singapore (SG)

(72) Inventors: Nasimuddin, Singapore (SG);
Xianming Qing, Singapore (SG)

(73) Assignee: Agency for Science, Technology and
Research, Singapore (SG)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.:  16/499,460

(22) PCT Filed: Mar. 19, 2018

(86) PCT No.: PCT/SG2018/050118
§ 371 (e)(D),
(2) Date: Sep. 30, 2019

(87) PCT Pub. No.: W0O2018/182507
PCT Pub. Date: Oct. 4, 2018

(65) Prior Publication Data
US 2020/0076082 Al Mar. 5, 2020

(30) Foreign Application Priority Data
Mar. 31, 2017 (SG) wecevervvreeireereenen 10201702690U

(51) Imt.CL
HO01Q 9/04
H01Q 21/06

(52) US. CL
CPC ... HO01Q 9/0428 (2013.01); HOI1Q 9/045

(2013.01); HO1Q 21/065 (2013.01)

(58) Field of Classification Search

CPC .. HO1Q 9/0428; HO1Q 9/0421; HO1Q 21/065;
HO1Q 9/0414; HO1Q 9/045; HO1Q
9/0442; HO1Q 21/24

See application file for complete search history.

(2006.01)
(2006.01)

100
e

Upper substrate
120

Lower substrate
122

Ground plane

Parasitic patch
102

(56) References Cited
U.S. PATENT DOCUMENTS

2,644,090 A * 6/1953 Domne ... HO1Q 13/18
343/769
5,565,875 A * 10/1996 Buralli ................. HO1Q 9/0464
343/700 MS

(Continued)

FOREIGN PATENT DOCUMENTS

CN 104821432 A
WO 2014080360 A2

8/2015
5/2014

OTHER PUBLICATIONS

Chen et al., “Circularly Polarized Stacked Annular-Ring Microstrip
Antenna with Integrated Feeding Network for UHF RFID Readers,”
IEEE Antennas and Wireless Propagation Letters, vol. 9, 2010, pp.
542-545.

(Continued)

Primary Examiner — Graham P Smith
Assistant Examiner — Jae E Kim
(74) Attorney, Agent, or Firm — Winstead PC

(57) ABSTRACT

A compact wideband single feed circularly polarized
antenna is provided. The circularly polarized antenna may
include a ground plane. The circularly polarized antenna
may include a radiating patch with an embedded ring-shaped
slot. The circularly polarized antenna may include a via that
shorts a round section of the radiating patch surrounded by
the ring-shaped slot to the ground plane. The circularly
polarized antenna may include a coaxial feed. The inner
conductive material of the coaxial feed may be connected to
the radiating patch and the outer conductive material of the
coaxial feed may touch the ground plane. The circularly
polarized antenna may include a slit-slotted parasitic square
patch.
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substrate, both ends of each of the two loop antenna ele-
ments being connected to the ground plate.
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ture An antenna device (100) includes a multi-layer ceramic-
basedstructure (110) with a plurality of ceramic-basedlayers.
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ther, the antenna device (100) includes at least one antenna
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protrusion (120).
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connecting together the patch portion and the ground plate,
and an additional conductor that is a plate-shaped conductor
member placed to be opposed to the patch portion with a
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ground plate is not placed. An inductance of the short-circuit
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patch portion, and a capacitance formed by the patch portion
and the additional conductor are used to perform parallel
resonance.
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