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(57) ABSTRACT

An antenna apparatus and an electronic device are provided.
The antenna apparatus includes an antenna module and an
antenna radome. The antenna module is configured to
receive and emit a radio frequency (RF) signal of a preset
frequency band toward a preset direction range. The antenna
radome is spaced apart from the antenna module, and
located within the preset direction range. The antenna
radome includes a substrate and a resonant structure carried
on the substrate. The substrate is configured to allow a RF
signal of a first preset frequency band to pass through, the
resonant structure is configured to adjust a passband width
of the substrate to the RF signal, to make the antenna radome
allow a RF signal of a second frequency band to pass
through. A bandwidth of the second frequency band is
greater than that of the first frequency band.
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(57) ABSTRACT

To optimize space efficiency in mounting a plurality of
antennas compatible with different frequencies.

According to the present disclosure, provided is an antenna
device including a first antenna that operates at a first
frequency, and a second antenna that is provided adjacent to
the first antenna, operates at a second frequency lower than
the first frequency, and has a ground potential connected to
a grounding wire provided at the first antenna.
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(57) ABSTRACT

An antenna structure includes a first antenna radiator, a
second antenna radiator, and a first impedance matching
circuit. The first antenna radiator and the second antenna
radiator are disposed in a laminated or opposite manner, and
a gap exists between the first antenna radiator and the second
antenna radiator. The length of the first antenna radiator is
greater than that of the second antenna radiator, and the
resonant frequency band of the first antenna radiator is
smaller than that of the second antenna radiator. The first end
of the first antenna radiator is grounded, a first feeding point
is provided on the first antenna radiator. The first end of the
second antenna radiator is grounded, a second feeding point
is provided on the second antenna radiator, and the second
feeding point is connected to a second signal source.
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An antenna apparatus includes a feeding antenna inside an
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a floating metal antenna, disposed on a rear cover of the
electronic device. The floating metal antenna and a feeding
antenna inside the electronic device may form a coupling
antenna structure. The feeding antenna may be an antenna
fastened on an antenna support (which may be referred to as
a support antenna). The feeding antenna may alternatively
be a slot antenna formed by slitting on a metal middle frame
of the electronic device. The antenna apparatus may be

(Continued)

Coupling area §

i Gap 2 (gap 2)
21



az United States Patent

Yoon et al.

US011916283B2

US 11,916,283 B2
Feb. 27, 2024

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

(54) COMPACTED ANTENNA MODULE WITH
IMPROVED PERFORMANCE FOR
ELECTRONIC DEVICE

(71) Applicant: Samsung Display Co., Ltd., Yongin-Si
(KR)

(72) Inventors: Sangrock Yoon, Hwaseong-si (KR);
Kiseo Kim, Yongin-si (KR)

(73) Assignee: Samsung Display Co., Ltd., Yongin-Si
(KR)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 193 days.

(21) Appl. No.: 17/463,036
(22) Filed: Aug. 31, 2021

(65) Prior Publication Data

US 2022/0190466 A1~ Jun. 16, 2022
(30) Foreign Application Priority Data
Dec. 16, 2020 (KR) .ccoovviveciinne 10-2020-0176478

(51) Int. CL
HO1Q 1/24
HO4M 1/02

(2006.01)
(2006.01)
(Continued)
(52) US.CL
CPC ........... HO01Q 17243 (2013.01); GOGF 3/0443
(2019.05); HO1Q 9/065 (2013.01); HO4M
1/0268 (2013.01); HO04M 1/0277 (2013.01)
(58) Field of Classification Search
CPC ... HOSK 1/00; HOSK 5/0017; HOSK 5/0018;
HOSK 5/0247; HO1Q 1/243; HO1Q 1/364
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

1/2017 Kim et al.
8/2019 Jung et al.

(Continued)

9,543,542 B2
10,381,750 B2

FOREIGN PATENT DOCUMENTS

JP 6000298 B2 9/2016
KR 10-2010-0041208 A 4/2010
(Continued)

OTHER PUBLICATIONS

Syamimi Mohd Norzeli, Ismarani Ismail, Norashidah Md Din,
Mohd Tarmizi Ali , Sobhan Saravani, and Ali Abd Almisreb,
“Design of High Gain Microstrip Patch Reader Array Antenna with
Parasitic Elements for UHF RFID Application”, International Jour-
nal of Engineering & Technology, 7 (4.35) (2018) 463-467, 5 pages,
Institute of Energy Infrastructure, UNITEN Kajang, Selangor 43000,
Malaysia, Faculty of Electrical Engineering (FKE), UiTM Shah
Alam, Selangor 40450, Malaysia.

(Continued)

Primary Examiner — Yuwen Pan
Assistant Examiner — Angelica Perez
(74) Attorney, Agent, or Firm — Innovation Counsel LLP

(57) ABSTRACT

An electronic device includes a base layer including a flat
region and a bendable region extending from the flat region,
a display module disposed on the base layer and overlapping
the flat region, a window disposed on the display module
and having a display region and a non-display region
adjacent to the display region, and an antenna layer over-
lapping the non-display region of the window and disposed
on one side of the display module, wherein the antenna layer
includes an antenna module and an insulating layer sur-
rounding the antenna module.
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An antenna structure is provided, which includes a substrate,
an antenna unit and a metal ground. The substrate includes
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In an antenna, a first antenna element includes a first
radiation conductor and a first feeder line. A second antenna
element includes a second radiation conductor and a second
feeder line. A second feeder line is coupled to the first feeder
line such that a first component, which is a capacitance
component or an inductance component, is dominant. A first
coupler couples the first and second feeder lines such that a
second component different from the first component is
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conductor such that a third component, which is the capaci-
tance component or the inductance component, is dominant.
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A dual-band antenna device allowed to perform communi-
cation at a first frequency in a predetermined frequency band
and at a second frequency in a frequency band higher than
the predetermined frequency band includes: a ground con-
ductor; a folded antenna conductor including a first linear
part and a second linear part that are caused to face each
other at a distance by folding; an L.C resonant circuit that is
included in the folded antenna conductor, that lets the first
frequency pass, and that lets the second frequency attenuate;
and a feeding point between the ground conductor and the
folded antenna conductor. A narrow gap part is provided
between the first linear part and the second linear part of the
folded antenna conductor, the narrow gap part measuring a
distance shorter than a distance measured in a different
portion between the first linear part and the second linear
part.

ABSTRACT
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(57) ABSTRACT

An antenna module includes a first antenna radiator includ-
ing a feeding terminal, a second antenna radiator, a first
ground radiator, a second ground radiator and a capacitive
element. The second antenna radiator is disposed on one side
of the first antenna radiator, and a first gap is formed
between a main portion of the second antenna radiator and
the first antenna radiator. The first ground radiator is dis-
posed on another side of the first antenna radiator, and a
second gap is formed between the first antenna radiator and
the first antenna radiator. The second ground radiator is
disposed between the second antenna radiator and the first
ground radiator, and a third gap is formed between the
second ground radiator and a first branch of the second
antenna radiator. The capacitive element is disposed on the
third gap and connects the second antenna radiator and the
second ground radiator.
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(57) ABSTRACT

Provided is an electronic device comprising an antenna for
5G communication according to the present invention. The
electronic device comprises an array antenna which is
implemented as a multi-layer substrate inside the electronic
device and includes multiple antenna elements. Each of the
multiple antenna elements of the array antenna may com-
prise: a patch antenna disposed on a specific layer of the
multi-layer substrate and including a first patch and a second
patch which are spaced a predetermined distance apart from
each other; and a ground layer disposed under the patch
antenna and having a slot. Meanwhile, the first patch and the
second patch may be connected to the ground layer through
multiple vias, and the multiple vias may be arranged in the
longitudinal direction of the slot while being adjacent to the
slot.

20 Claims, 25 Drawing Sheets

1100

Ve

Pz 1101
] )

Slot(82) ( {

Via |

Ground layer

Slot

RFIC




az United States Patent

Lee et al.

US011929768B2

US 11,929,768 B2
Mar. 12, 2024

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

(54) ANTENNA AND ELECTRONIC DEVICE
INCLUDING THE SAME

(71) Applicant: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

(72) Inventors: Yoondo Lee, Suwon-si (KR); Sigwan
Kim, Suwon-si (KR); Hyelee Song,
Suwon-si (KR); Dongryul Shin,
Suwon-si (KR); Dongmin Shin,
Suwon-si (KR); Yoonjae Lee, Suwon-si
(KR); Handug Lee, Suwon-si (KR);
Woosik Cho, Suwon-si (KR); Weonjai
Choi, Suwon-si (KR); Taewook Ham,
Suwon-si (KR); Kyunggu Kim,
Suwon-si (KR); Hongpyo Bae,
Suwon-si (KR); Jinwoo Jung, Suwon-si
(KR); Youngjun Cho, Suwon-si (KR)

(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 763 days.

(21) Appl. No.:  16/976,907

(22) PCT Filed: Jul. 31, 2020

(86) PCT No.: PCT/KR2020/010158
§ 371 ()(1).
(2) Date: Aug. 31, 2020

(87) PCT Pub. No.: W02021/025394
PCT Pub. Date: Feb. 11, 2021

(65) Prior Publication Data
US 2023/0155610 Al May 18, 2023

30) Foreign Application Priority Data

Aug. 6,2019  (KR) .o 10-2019-0095741

(51) Imt.CL
H01Q 1/50 (2006.01)
H01Q 1/24 (2006.01)
(Continued)
(52) US.CL
CPC .......... HO04B 1/0064 (2013.01); HOIQ 1/243
(2013.01); HOI1Q 5/50 (2015.01); H01Q 21/08
(2013.01);
(Continued)
(58) Field of Classification Search
CPC ... HO04B 1/0064; HO1Q 5/50; HO1Q 1/243;

HO01Q 1/08; HOSK 1/0243; HOSK 1/0277;
HOS5K 7/1427; HOSK 2201/10098
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9,531,087 B2
9,750,132 B2

12/2016 Ying
8/2017 Kato

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101360137 A 2/2009
CN 204244560 U 4/2015
(Continued)

OTHER PUBLICATIONS

International Search Report dated Oct. 30, 2020, in International
Application No. PCT/KR2020/010158.

(Continued)

Primary Examiner — Moustapha Diaby
(74) Attorney, Agent, or Firm — Jefferson IP Law, LLP

(57) ABSTRACT

In embodiments, an electronic device may include a housing
having an inner space, a printed circuit board (PCB) dis-
posed in the inner space of the housing, a first antenna
structure disposed at a position spaced apart from the PCB,
and transmitting and/or receiving a radio signal in a first
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