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(57) ABSTRACT

An electronic device may include a housing including a first
conductive portion, a second conductive portion electrically
isolated from the first conductive portion, and a third con-
ductive portion electrically isolated from the first conductive
portion and the second conductive portion, a first wireless
communication circuit disposed in the space and to transmit
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(57) ABSTRACT

An antenna module includes a feeding end, a first radiator,
a second radiator, a third radiator, and a ground structure.
The first radiator excites a first frequency and a second
frequency. The second radiator extends from the first radia-
tor and excites a third frequency with a part of the first
radiator. The third radiator extends from the first radiator and
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extending direction of the extending portion.
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antenna resonating element. A gap between the first and
second arms may form a distributed capacitance. The third
arm may form an [-shaped antenna resonating element. The
antenna may have a wide bandwidth from below 2.4 GHz to
greater than 9.0 GHz.
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(57) ABSTRACT

An antenna module includes a first, a second, a third
radiators, and a ground radiator. The first radiator includes a
first section and a second section. The second radiator is
connected to the first radiator, and includes a third section
and a fourth section connected to each other. The fourth
section includes a feed end. The third radiator is connected
to the third section of the second radiator. The ground
radiator is connected to the third radiator. The first, the
second, the third, and the ground radiator are sequentially
connected in a bent manner to form a stepped shape. The
first section of the first radiator and the fourth section of the
second radiator jointly resonate at a low frequency band, and
the second section of the first radiator, the second radiator,
the third radiator, and the ground radiator jointly resonate at
a high frequency band.
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(57) ABSTRACT

An antenna module (10) includes a ground electrode (30) in
which a slit (33) is formed in such a manner as to form an
opening along a perimeter of the ground electrode, a first
antenna (110) and a second antenna (110A) arranged in or on
the ground electrode (30), and a coupling reducing electrode
(200) connected to the ground electrode (30) within the slit
(33). The slit (33) is formed on a path leading from the first
antenna (110) to the second antenna (110A) along the
perimeter of the ground electrode. The coupling reducing
electrode (200) includes a first conductor (220) having a
length corresponding to a first frequency and a second
conductor (230) having a length corresponding to a second
frequency, which is higher than the first frequency.
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(57) ABSTRACT

An antenna array includes a first antenna unit, a second
antenna unit, a third antenna unit, a fourth antenna unit, a
first auxiliary metal element, a second auxiliary metal ele-
ment, a third auxiliary metal element, and a fourth auxiliary
metal element. The first auxiliary metal element is adjacent
to the first antenna unit. The second auxiliary metal element
is adjacent to the second antenna unit. The third auxiliary
metal element is adjacent to the third antenna unit. The
fourth auxiliary metal element is adjacent to the fourth
antenna unit. The first auxiliary metal element, the second
auxiliary metal element, the third auxiliary metal element,
and the fourth auxiliary metal element are configured to
increase the radiation gain of the antenna array.
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(57) ABSTRACT

An electronic device and an antenna structure thereof are
provided. The antenna structure includes a first, a second and
a third radiating element and a grounding element. The first
radiating element includes a first and a second radiating
portion, a feeding portion and a grounding portion. The
grounding portion includes a first, a second, a third, a fourth
and a fifth section. The first section is connected between the
first radiating portion and the feeding portion. The ground-
ing element is connected with the fourth section and the fifth
section. The second radiating element is connected with the
grounding element. The second radiating element includes a
third radiating portion, and the third and the second radiating
portion are coupled with each other. The third radiating
element is connected with the feeding portion, and the third
radiating element and the first section are coupled with each
other.
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(57) ABSTRACT

An antenna module includes a dielectric substrate having a
multilayer structure, a ground electrode disposed in the
dielectric substrate, a plate-like fed element facing the
ground electrode and disposed at a layer different from a
layer including the ground electrode, a feed line for trans-
ferring a radio-frequency signal to a feed point of the fed
element, and a stub. The stub branches off from the feed line
at a branch point of the feed line and has an open end. The
stub is disposed between the fed element and the ground
electrode. When the dielectric substrate is viewed in plan
view, the open end coincides with the fed element.
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5 Claims, 8 Drawing Sheets

1004




az United States Patent

Tamrakar et al.

US011876304B2

US 11,876,304 B2
Jan. 16, 2024

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

(54) MULTIBAND PATCH ANTENNA

(71) Applicant: Intel Corporation, Santa Clara, CA
Us)

(72) Inventors: Maruti Tamrakar, Chennai (IN);
Jayprakash Thakur, Bangalore (IN)

(73) Assignee: Intel Corporation, Santa Clara, CA
Us)

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

patent is extended or adjusted under 35

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

(21) Appl. No.: 17/448,722

(22) Filed:  Sep. 24, 2021

(65) Prior Publication Data
US 2022/0200149 A1 Jun. 23, 2022

30) Foreign Application Priority Data
Dec. 17,2020  (EP) woeveveiivveciccccnene 20214956

(51) Int.CL
HOIQ 5/40
HO1Q 9/04
HOIQ 5/392
HOI1Q 21/06
HOIQ 5/378

(52) US.CL
CPC oo HOIQ 5/40 (2015.01); HO1Q 5/378

(2015.01); HOIQ 5/392 (2015.01); HOIQ
9/0414 (2013.01); HOIQ 9/0435 (2013.01);
HOIQ 9/0457 (2013.01); HOI1Q 21/065
(2013.01)

(2015.01)
(2006.01)
(2015.01)
(2006.01)
(2015.01)

(58) Field of Classification Search
CpC ... HO01Q 5/40; HO1Q 9/0407; HO1Q 9/0435;
HO1Q 9/0464; HO1Q 19/005
See application file for complete search history.

900

(56) References Cited
U.S. PATENT DOCUMENTS

4,821,040 A * 4/1989 Johnson ................. HO1Q 13/18
343/789

5,515,057 A * 5/1996 Lennen ... HO1Q 1/243
342/357.29

5714961 A *  2/1998 Kot ....cccoovnnnne. HO1Q 13/18
343/769

5,880,694 A * 3/1999 Wang ............. HO1Q 21/065
343/846

6,225,959 Bl * 5/2001 Gordon .........ce.... HO1Q 5/40
343/769

6,239,750 BL* 52001 SDYSE woovvererrrrorren HO1Q 5/40
343/846

6,597,316 B2* 7/2003 Rao .............. HO1Q 9/0435
343/846

(Continued)

OTHER PUBLICATIONS

Yusnita Rahayu et al.: “A New 2x4 Array Design of Dual-Band
Millimeter-Wave Antenna for SG Applications,” 2018 International
Workshop on Antenna Technology (iWAT), Nanjing, 2018, pp. 1-4.

(Continued)

Primary Examiner — Ab Salam Alkassim, Jr.
(74) Attorney, Agent, or Firm — SPL Patentanwilte PartG
mbB; Kieran O’Leary

(57) ABSTRACT

Examples relate to concepts for patch antennas and particu-
lar to a method for forming a multiband patch antenna. A
multiband patch antenna may comprise a ground layer and
an excitation layer, comprising a first excitation patch, a
second excitation patch and a feeding patch, wherein the
patch is arranged to excite the first excitation patch and the
second excitation simultaneously.

15 Claims, 28 Drawing Sheets

N
i
,5/

924 ——{>

- 920
/:’/ :§:§\
(S
Y/
* 922




az United States Patent
Harper

US011876306B2

US 11,876,306 B2
Jan. 16, 2024

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

(54) CHASSIS ANTENNA

(71) Applicant: Microsoft Technology Licensing, LLC,
Redmond, WA (US)

(72) Inventor: Marc Harper, Snohomish, WA (US)

(73) Assignee: Microsoft Technology Licensing, LLC,
Redmond, WA (US)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 95 days.

(21) Appl. No.: 17/354,615

(22) Filed: Jun. 22, 2021
(65) Prior Publication Data
US 2022/0407229 Al Dec. 22, 2022
(51) Imt. CL
HOI1Q 1/24 (2006.01)
HO01Q 5378 (2015.01)
HO01Q 7/00 (2006.01)
(52) US.CL
CPC ............. HO1Q 7/005 (2013.01); H01Q 1/241
(2013.01)

(58) Field of Classification Search
CPC ... HO1Q 1/24; HO1Q 1/241; HO1Q 1/243;
HO1Q 7/00; HO1Q 7/005; HO1Q 1/22;
HO1Q 1/2266; HO1Q 5/328; HO1Q 5/378;
HO1Q 5/40; HO1Q 9/40; HO1Q 9/42
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,508,418 B2
8,816,921 B2

400 /\'

8/2013 Kough et al.
8/2014 Ayatollahi

9,711,858 BL*

10,705,570 B2
2013/0328723 Al
2014/0118204 Al

7/2017

7/2020 Kuna et al.
12/2013 Rappaport

5/2014 Gavilan et al.

HO01Q 9/06

2014/0347227 Al* 112014 Tellici ....cccoevveeennnne HO1Q 5/40
343/702
2014/0375515 Al* 122014 Qiu ...ccevvivvienes HO1Q 5/378
343/745

(Continued)

FOREIGN PATENT DOCUMENTS

CN 208782035 U 4/2019
EP 2993730 Al 3/2016
(Continued)

OTHER PUBLICATIONS

Aqeel, et al., “A Dual-Band Multiple Input Multiple Output Fre-
quency Agile Antenna for GPSL 1/Wi-FI/'WLAN2400/LTE Appli-
cations”, In International Journal of Antennas and Propagation, vol.
2016, Nov. 22, 2016, pp. 1-12.

(Continued)

Primary Examiner — Thai Pham

(74) Attorney, Agent, or Firm — Alleman Hall Creasman
& Tuttle LLP

(57) ABSTRACT

Examples are disclosed that relate to an antenna formed in
a chassis of a device. One example provides a wireless
device comprising a chassis and a chassis antenna formed at
least in part by a dielectric gap between a body of the chassis
and the chassis antenna, where a first end of the chassis
antenna is defined by a cut-out in the chassis and where a
second end of the chassis antenna being conductively con-
nected to a body of the chassis. The wireless device further
comprises a modem, and a coupled feed connected to the
modem and capacitively coupled to the chassis antenna.
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(57) ABSTRACT

An antenna structure includes a radiating portion, a ground-
ing portion, a connecting portion and a collaboration por-
tion. The connecting portion is electrically connected
between the radiating portion and the grounding portion.
The connecting portion is provided for a feeding port to be
disposed thereon for feeding a signal to the antenna struc-
ture. The collaboration portion is electrically connected to
the grounding portion. The collaboration portion is coupling
to the radiating portion and the connecting portion. The
collaboration portion and the radiating portion are separated
from each other. The collaboration portion and the connect-
ing portion are separated from each other.
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(57) ABSTRACT

Three elements of a first () wavelength element and a
second (¥4) wavelength element which have a length of (V4)
wavelength at an arbitrary frequency designated in advance
and a half-wavelength element which has a length of a
half-wavelength at the arbitrary frequency are arranged in a
three-orthogonal state where those are orthogonal to each
other, one end portion of the first (V4) wavelength element is
joined to one end portion of the second (Y4) wavelength
element, another end portion of the second (¥4) wavelength
element is joined to one end portion of the half-wavelength
element, a feeding point for antenna power feeding is
arranged in a position in which the one end portion of the
first (V4) wavelength element is joined to the one end portion
of the second (V4) wavelength element, and an antenna is
formed as a one-wavelength twisted Z-shaped three-or-
thogonal dipole antenna.
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