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According to one embodiment, an electronic device includes
a housing including a shield region, and a non-shield region
formed of a dielectric, a part of the shield region is formed
of a conductor, an antenna in the non-shield region, a
vibration generating member including a casing formed of a
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housing such that a surface of a part of the casing in the
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8 Claims, 8 Drawing Sheets

100

4




a2 United States Patent

Hsu et al.

US011539114B2

US 11,539,114 B2
Dec. 27, 2022

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

(54) ELECTRONIC DEVICE

HO1Q 1/48; HO1Q 1/50; HO1Q 9/0407;
HO1Q 9/42; HO1Q 5/371; HO1Q 13/10;

(71) Applicant: Chiun Mai Communication Systems, H04M 1/0216; HO4M 1/0268
Inc., New Taipei (TW) See application file for complete search history.
(72) Inventors: Cho-Kang Hsu, New .Tai.pei (TW); (56) References Cited
Min-Hui Ho, New Taipei (TW)
U.S. PATENT DOCUMENTS
(73) Assignee: Chiun Mai Communication Systems,
Inc., New Taipei (TW) 2017/0117611 Al*  4/2017 Lepe ....vevnnnnn. HOLQ 13/10
2020/0127384 Al* 4/2020 Thakur ... HO1Q 21/064
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
US.C. 154(b) by 84 days. CN 205811047 U * 12/2016  .ooooovcce. HO1Q 1/36
CN 106711599 A * 5/2017 ... HO1Q 1/2266
(21)  Appl. No.: 17/307,159 CN 107887696 A 4/2018
JP 2017228982 A * 12/2017 ... HO1Q 13/10
(22) Filed: May 4, 2021 ™ 201427177 A 7/2014
(65) Prior Publication Data * cited by examiner
US 2021/0359393 Al Nov. 18, 2021 Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — ScienBiziP, P.C.
(30) Foreign Application Priority Data
(57) ABSTRACT
May 15, 2020  (CN) .covevvviiviiiines 202010414590.8 . . . .
An antenna for a foldable electronic device which functions
(51) Imt.ClL equally well in both folded and unfolded states includes a
HO01Q 124 (2006.01) rotating shaft and a housing. The overall housing is made of
HO0IQ 13/10 (2006.01) metallic material and includes a first housing and a second
H04M 1/02 (2006.01) housing. The first housing connects to the second housing
HO01Q 21/06 (2006.01) through the rotating shaft. The housing further defines at
H01Q 9/42 (2006.01) least one group of slots to form at least one slot antenna. The
(52) US. CL at least one slot antenna crosses the rotating shaft and
CPC ..o HO01Q 1/243 (2013.01); HOI1Q 9/42 extends to the first housing and/or the second housing. By
(2013.01); HO1Q 13/10 (2013.01); HOIQ setting at least one slot antenna to correspond to the rotating
21/064 (2013.01); HO4M 1/0216 (2013.01); shaft, the foldable electronic device achieves high radiation
H04M 1/0268 (2013.01); HO4M 2250/16 performance whether the first and second housing are folded
(2013.01) or unfolded.
(58) Field of Classification Search
CPC .......... HO1Q 1/242; HO1Q 1/243; HO1Q 1/36; 19 Claims, 8 Drawing Sheets
N s 1o 60 13 10
/ 605
/A’- 1
60311 =
60111 607
----- 50
30
o
T
=
7
\ 103
401 402,

40



az United States Patent

Hu et al.

US011539123B2

US 11,539,123 B2
Dec. 27,2022

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

(54) ANTENNA SYSTEM FOR A PORTABLE

DEVICE
(71) Applicant: Smart Antenna Technologies Ltd.,
Birmingham (GB)
(72) Inventors: Sampson Hu, Birmingham (GB); Qing
Liu, Birmingham (GB); Jinsong Song,
Birmingham (GB); Jiechen Chen,
Birmingham (GB)
(73) Assignee: Novocomms Ltd, Birmingham (GB)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 271 days.
(21) Appl. No.: 16/307,772
(22) PCT Filed: Jun. 9, 2017
(86) PCT No.: PCT/GB2017/051685
§ 371 (c)(1),
(2) Date: Dec. 6, 2018
(87) PCT Pub. No.: W02017/212287
PCT Pub. Date: Dec. 14, 2017
(65) Prior Publication Data
US 2019/0214721 Al Jul. 11, 2019
(30) Foreign Application Priority Data
Jun. 9, 2016  (GB) ... . 1610113
Aug. 8,2016  (GB) oo 1613591
(51) Imt. CL
H01Q 1/52 (2006.01)
H01Q 1722 (2006.01)
(Continued)
(52) US. CL

HOIQ 1/523 (2013.01); HO1Q 1/2266
(2013.01); HO1Q 1/521 (2013.01); HOIQ
5/328 (2015.01);

(Continued)

30

32 40

31 51

Field of Classification Search
CPC HO1Q 1/523; HO1Q 1/521; HO1Q 21/28;
HO1Q 5/328; HO1Q 5/385; HO1Q 1/2266;
HO1Q 9/42; HO1Q 1/52
See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

2007/0069960 Al*  3/2007 Moon ........... HO1Q 21/065
343/700 MS
2010/0053022 Al* 3/2010 Mak .......ceeeennee HO1Q 1/2283
343/893

(Continued)

FOREIGN PATENT DOCUMENTS

GB 2551212 A 12/2017

OTHER PUBLICATIONS

Combined Search and Examination Report under Sections 17 and
18(3) for corresponding GB Application No. 1613591.5, dated Jan.
18, 2017, 9 pgs.

(Continued)

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — Shumaker & Sieffert,
PA.

(57) ABSTRACT

There is disclosed an antenna system comprising: i) first and
second antennas, the second antenna being disposed later-
ally from the first along a longitudinal axis, and ii) an
isolation structure disposed between the first and second
antennas. The isolation structure comprises a first resonator
element having a first arm with upper and lower ends, the
first arm connected to ground at its lower end, and a lateral
second arm connected to the upper end of the first arm. At
least a portion of the first resonator element is disposed
adjacent to a portion of the first antenna such that the first
resonator element is strongly coupled to the first antenna.
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(57) ABSTRACT

The antenna device includes a substrate, a first radiator that
is in a plane shape, operates as a wideband antenna, and is
disposed on the dielectric region such that one end portion
faces the ground region and an opposite end portion faces
away from the ground region, a width of the opposite end
portion being wider than a width of the one end portion, a
second radiator that is in a line shape, operates as a narrow-
band antenna and at a lower frequency than the first radiator,
and is disposed adjacent to the first radiator on the dielectric
region such that one end portion faces the ground region and
an opposite end portion faces away from the ground region,
a first feeding line, a second feeding line, and a connecting
structure connected with the first radiator, the first feeding
line, the second radiator, and the second feeding line.
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(57) ABSTRACT

The disclosure relates to a communication method and
system for converging a Sth-Generation (5G) communica-
tion system for supporting higher data rates beyond a
4th-Generation (4G) system with a technology for Internet
of Things (IoT). The disclosure may be applied to intelligent
services based on the 5G communication technology and the
IoT-related technology, such as smart home, smart building,
smart city, smart car, connected car, health care, digital
education, smart retail, security and safety services. An
antenna module is provided. The antenna module includes a
flexible printed circuit board (FPCB) including a first sur-
face directed in a first direction and a second surface directed
in a second direction that forms a predetermined first angle
with respect to the first direction, a first antenna deployed on
one surface of the first surface, and a second antenna
deployed on one surface of the second surface.
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(57) ABSTRACT

An antenna structure includes a metal housing, a first feed
source, and a first radiator. The metal housing includes a
front frame, a backboard, and a side frame. The side frame
defines a slot and the front frame defines a gap. The metal
housing is divided into at least a long portion and a short
portion by the slot and the gap. The first radiator is posi-
tioned in the housing and includes a first radiating portion
and a second radiating portion. One end of the first radiating
portion is electrically connected to the first feed source and
another end of the first radiating portion is spaced apart from
the long portion. One end of the second radiating portion is
electrically connected to the first feed source and another
end of the second radiating portion is spaced apart from the
short portion.
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(57) ABSTRACT

Technologies directed to coupling structures for antenna
feeds of phased array antennas are described. One circuit
board includes a first layer with a first portion of a RF
coupling structure, a second layer with a second portion of
the RF coupling structure, and a first insulation layer located
between the first layer and the second layer. The RF coupling
structure is configured to electromagnetically couple a first
conductive trace on the first layer and a second conductive
trace on the second layer at RF frequencies. The circuit
board also includes an RF shielding structure coupled to a
ground connection on the second layer and located in the
first insulation layer. The RF shielding structure is config-
ured to operate as a RF short circuit between the ground
connection and a third conductive trace on the first layer at
RF frequencies.
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a foldable housing, a communication circuit, a first
transmission/reception circuit configured to transmit/receive
a signal in a first frequency band, a first antenna electrically
connected to the first transmission/reception circuit, and
disposed on a portion of the first side member, a second
transmission/reception circuit configured to transmit/receive
a signal in a second frequency band different from the first
frequency band, a second antenna electrically connected to
the second transmission/reception circuit, and disposed on a
portion of the first side member, a sensor configured to
detect a contact of a user’s body portion, and a processor.
The processor may be configured to cause the first trans-
mission/reception circuit to be electrically connected to the
second antenna such that the signal in the first frequency
band is transmitted/received through the second antenna
when the contact of the user’s body portion is detected by
the sensor.
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