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57 ABSTRACT

An electronic device that includes an antenna structure
installable in a narrow space is provided. The electronic
device may include a first support member, a second support
member, a printed circuit board (PCB), an antenna, and a
first connector. The second support member is disposed in
parallel with the first support member such that a lower
surface thereof faces the first support member, and com-
bined with the first support member through a plurality of
fixing members. The PCB is disposed between the first and
second support members and fixed by the plurality of fixing
members. The antenna includes a flexible printed circuit
board (FPCB), a short range communication antenna pattern
formed on the FPCB, and a wireless charging coil formed on
the FPCB. The first connector electrically connects the PCB
and the antenna by passing through a lateral surface of the
second support member such that the antenna covers an
upper surface of the second support member and at least one
of the plurality of fixing members is overlapped with the
wireless charging coil of the antenna.
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(57) ABSTRACT

An antenna structure includes a ground plane, a first radia-
tion element, a second radiation element, a third radiation
element, a fourth radiation element, and a dielectric sub-
strate. The first radiation element has a feeding point. The
second radiation element is coupled to the feeding point. The
non-metal region is substantially surrounded by the first
radiation element and the second radiation element. The
third radiation element is coupled to a first shorting point on
the ground plane. The third radiation element is adjacent to
the first radiation element and the second radiation element.
The fourth radiation element is coupled to a second shorting
point on the ground plane. The fourth radiation element is
adjacent to the second radiation element. The ground plane,
the first radiation element, the second radiation element, the
third radiation element, and the fourth radiation element are
all disposed on the dielectric substrate.
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The present disclosure discloses an antenna system. The
antenna system includes a circuit board having a feeding
point, an RF switch, and a system ground. The antenna
further includes a feeding portion electrically connected to
the feeding point, a ground portion connected to the system
ground by the RF switch, and a connecting portion connect-
ing the feeding portion to the ground portion. The ground
portion includes a first metal segment for connecting to the
connecting portion, and a second metal segment; the feeding
portion includes a third metal segment and a fourth segment.
The RF switch electrically connects to the second metal
segment, and the feeding point electrically connects to the
fourth segment.
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(57) ABSTRACT

An antenna system and a mobile terminal implemented with
the antenna system are provided. The mobile terminal has a
metal frame and a system grounding. The antenna system
has at least a first antenna module, a second antenna module,
a third antenna module and a fourth antenna module. The
first antenna module has a radiating body and a parasitic
element coupled to the radiating body. The radiating body is
configured to generate a main harmonic, and the parasitic
element is configured to generate a parasitic harmonic. The
first antenna module further has a first tuning circuit and a
second tuning circuit. The antenna system has at least four
operation modes. The antenna system of the present inven-
tion may achieve carrier aggregation of different LTE fre-
quencies, and may be used as a MIMO antenna system.
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An antenna including a dielectric block with a groove, and
a conductor arranged in the groove. The antenna is arranged
to be excited to operate as a dielectric resonator antenna and
a Fabry-Perot resonator antenna.

25 Claims, 18 Drawing Sheets

100
/




a2 United States Patent

US011108144B2

a0y Patent No.: US 11,108,144 B2

Chuang 45) Date of Patent: Aug. 31, 2021
(54) ANTENNA STRUCTURE (56) References Cited
U.S. PATENT DOCUMENTS
(71) Applicant: Wistron Corp., New Taipei (TW)
10,418,697 B2* 9/2019 Kashiwagi ............. HO1Q 21/30
2009/0073048 Al*  3/2009 Kim ....ccoeovevvvennnrnn HO1Q 9/30
(72) Inventor: Shih Ming Chuang, New Taipei (TW) 343/700 MS
2009/0079639 Al* 3/2009 Hotta .........cccccen. HO1Q 1/243
343/702
(73) Assignee: WISTRON CORP., New Taipei (TW) 2009/0135071 Al* 52009 Huang ............ HO1Q 9/0421
343/700 MS
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 86 days.
CN 106033834 B 5/2019
™ M326236 U 1/2008
(21) Appl. No.: 16/689,752
OTHER PUBLICATIONS
(22) Filed: Nov. 20, 2019 ) ) ) )
Chinese language office action dated May 22, 2020, issued in
application No. TW 108138171.
(65) Prior Publication Data
US 2021/0126355 A1 Primary Examiner — Jason Crawford
Apr. 29, 2021 (74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP
30 Foreign Application Priority Data
(30) s AP v (57) ABSTRACT
Oct. 23, 2019 (TW) ................................. 108138171 An antenna structure includes a feeding radiation element, a
first radiation element, a second radiation element, and a
third radiation element. The feeding radiation element has a
(1) Int. Cl. feeding point. The first radiation element is coupled to a first
HO01Q 19/24 (2006.01) connection point on the feeding radiation element. The first
HO01Q 124 (2006.01) radiation element includes a bending portion. The second
H01Q 1/38 (2006.01) radiatior} eleme.nt .is coupled to a se.cond. connection point. on
the feeding radiation element, and is adjacent to the bending
(52) US.CL portion of the first radiation element. The second radiation
CPC ....cccc... H010Q 1/38 (2013.01); HO1Q 1/243 . e
element is not parallel to the first radiation element. The
(2013.01); HOIQ 1/245 (2013.01); HO1Q third radiation element has a grounding point, and is coupled
19/24 (2013.01) : : : : 2o
to a third connection point on the feeding radiation element.
(58) Field of Classification Search The third radiation element includes a first protruding por-

CPC ............ HO1Q 1/36; HO1Q 1/38; HO1Q 1/243;
HO1Q 19/22; HO1Q 19/24; HO1Q 5/30;
HO1Q 5/307; HO1Q 5/357; HO1Q 5/364;
HO1Q 5/371
See application file for complete search history.
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portion and the second protruding portion of the third
radiation element extend in different directions.
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57 ABSTRACT

An electronic device is provided. The electronic device
includes a foldable housing including, a hinge structure, a
first housing structure including a first surface, a second
surface, and a first side member, wherein the first side
member encloses at least a portion of a space between the
first surface and the second surface and includes a first
conductive portion, a first non-conductive portion, and a
second conductive portion, and a second housing structure
including a third surface, a fourth surface, and a second side
member, a printed circuit board, at least one wireless com-
munication circuit including a first electrical path and a
second electrical path, a first variable element including a
first terminal, a second terminal, and a third terminal, and a
second variable element including a fourth terminal, a fifth
terminal, and a sixth terminal.
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An antenna system includes a first antenna, a second
antenna, a third antenna, an isolation metal element, and a
nonconductive support element. The isolation metal element
is disposed between the first antenna and the second antenna.
The third antenna defines a notch region. The second
antenna at least partially extends into the notch region. The
distance between the third antenna and the second antenna
is from 1 mm to 10 mm. The first antenna, the second
antenna, the third antenna, and the isolation metal element
are all disposed on the nonconductive support element.
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antenna flanges tapering from a greater flange width proxi-
mate to a top of the tapered slot antenna to a lesser flange
width proximate to the cavity. The first current wing can be
disposed on the first half of the antenna and the second
current wing can be disposed on the second side of the
antenna. The first and second sidewalls can be disposed on
the first and second halves of the tapered slot antenna,
respectively, can taper from the top to a bottom of the
tapered slot antenna.
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The present disclosure includes, in a dual polarized omni-
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plurality of radiating elements disposed to be spaced apart in
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antenna, and a feed line for providing a feed signal to the
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ization of dual polarization, and a second radiator for
generating the other polarization of the dual polarization,
respectively, the first radiator is prepared on a first surface,
and the second radiator is prepared on a second surface, and
a main lobe direction of the first radiator and a main lobe
direction of the second radiator are different directions from
each other.

11 Claims, 18 Drawing Sheets




US011115082B2

a2 United States Patent

Lee et al.

US 11,115,082 B2
Sep. 7, 2021

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

(54) WIRELESS POWER

(51) Int. CL

TRANSMISSION/RECEPTION DEVICE AND H04B 5/00 (2006.01)
METHOD USED IN ELECTRONIC H02J 50/12 (2016.01)
APPARATUS (Continued)
(52) US. CL
(71) Applicant: Samsung Electronics Co., Ltd., CPC ... HO04B 5/0037 (2013.01); H01Q 122
Gyeonggi-do (KR) (2013.01); HO1Q 1/24 (2013.01); HO2H 9/04
(2013.01);
(72) Inventors: Ju-Hyang Lee, Gyeonggi-do (KR); (Continued)
Keumsu Song, Seoul (KR); Dongzo (58) Field of Classification Search
Kim, Gyeonggi-do (KR); Yusu Kim, None
Gyeonggi-do (KR); Seho Park, See application file for complete search history.
Gyeonggi-do (KR); Jung-Oh Sung, .
Gyeonggi-do (KR); Mincheol Ha, (56) References Cited
Gyeonggi-do (KR); Changjong Son,
Gyeonggi-do (KR); Seung-Nyun Kim, U.S. PATENT DOCUMENTS
Incheon (KR); Yong Sang Yun, 2009/0146658 Al 6/2009 McDowell et al.
Gyeonggi-do (KR) 2010/0142509 Al 6/2010 Zhu et al.
(Continued)
(73) Assignee: Samsung Electronics Co., Ltd
FOREIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this KR 1020070017804 22007
patent is extended or adjusted under 35
U.S.C. 154(b) by 242 days. KR 1020140131428 . 11/2014
(Continued)
(21) Appl. No.: 16/315,940
OTHER PUBLICATIONS
(22) PCT Filed: Mar. 28, 2017 European Search Report dated Mar. 12, 2020 issued in counterpart
application No. 17824388.7-1202, 4 pages.
(86) PCT No.: PCT/KR2017/003330 (Continued)
371 1
(§2) DaEeC:')( ), Jan. 7. 2019 Primary Examiner — Jared Fureman
' te Assistant Examiner — Aqeel H Bukhari
(87) PCT Pub. No.:. W02018/008832 (74) Allorney, Agenl, or Firm — The Farrell Law Firm,
T P.C.
PCT Pub. Date: Jan. 11, 2018
57 ABSTRACT
(65) Prior Publication Data According to one embodiment of the present invention, an
US 2019/0229771 Al Tul. 25, 2019 electronic apparatus can comprises: at least one antenna; a
first circuit for wirelessly receiving or transmitting power by
(30) Foreign Application Priority Data using at least one part of the at least one antenna; a second
circuit for performing at least one communication by using
Jul. 7, 2016 (KR) e 10-2016-0086211 (Continued)
180
#o
/181 ,
ELECTRONIC DEVICE 7 APPLCATION PROGRAM |- 147
L %7 APPLICATION PROGRAMMING | |
] ] i INTERFACE (AFT) 185 Ly
PROCESSOR ; MEMORY
. N MIDDLEWARE ~ 143
10 ~a KERNEL - 141
| s |
1 1 e 1 £
R | [ o | [T i
/ 196

. 164
102

ELECTROMIC
DEVICE

SERVER




United States Patent

US011115508B1

(12) ao) Patent No.: US 11,115,508 B1
Wang et al. 45) Date of Patent: Sep. 7, 2021
(54) WIRELESS COMMUNICATION DEVICE 2008/0316117 AL* 12/2008 Hill ..cooovvrovcreieannen. HO1Q 21/30
AND CASE ASSEMBLY 343/702
2011/0186345 Al1* 82011 Pakula ............ HOS5K 5/0086
. 174/520
(71)  Applicant: HTC CORPORATION, Taoyuan (TW) 2013/0017864 A1*  1/2013 Alore wovvoveennn., HO04M 1/0202
455/566
(72) Inventors: Chih-Kuang Wang, Taoyuan (TW); 2015/0050968 AL*  2/2015 JeOn .occoccrecrecrecrrnns C25D 11/26
Chin Kai Sun, Taoyuan (TW); 455/575.1
Chun-Lung Chu, Taoyuan (TW); 2016/0233573 AL* 82016 SON ..ovvvrvcvrrrrenees HO1Q 9/04
T Hsin Yeh r} TW ’ 2018/0069588 Al* 3/2018 Jiang .... GO6F 1/163
ung-Hsin Yeh, Taoyuan (TW) 2018/0278730 Al* 9/2018 Saced . G06Q 20/322
2019/0260861 Al* 82019 Wang ......ccccoeeeenee. H04M 1/02
(73) Assignee: HTC CORPORATION, Taoyuan (TW) £
* cited by examiner
(*) Notice: Subject. to any dlsclalmer,. the term of this Primary Examiner — Kenneth T Lam
patent is extended or adjusted under 35 .
U.S.C. 154(b) by 0 days. (74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP
(21) Appl. No.: 16/897,438 (57) ABSTRACT
o A case assembly and a wireless communication device are
(22)  Filed: Jun. 10, 2020 provided. The case assembly includes a metal case and a
(51) Int. CL plastic cladding body. The metal case includes an inner side
HOIM 1/02 (2006.01) and an outer side, the inner side is opposite to the outer side,
(52) US.Cl the metal case includes a hollow portion and an antenna
CPC ) HO4M 10202 (2013.01) portion, the hollow portion is adjacent to a side of the
5% Tiel dfCl """ . ﬁt """ S h ’ antenna portion. The plastic cladding body is disposed on
(8) CII(:C of Llassilication Searc HO4M 1/0202 the metal case, and completely covers the outer side of the
g lt """ ﬁlf """"""" lt """"" h hist metal case, partially covers the inner side of the metal case,
ce application ftle for compiete search hstory. and fills the hollow portion. The wireless communication
(56) References Cited device includes a case assembly and a radio frequency signal

U.S. PATENT DOCUMENTS

9,232,031 B1* 1/2016 Shoval ................. HO1Q 1/242

10,164,679 B1* 12/2018 Rajagopalan ........ HO4B 1/3827
2007/0155445 Al*  7/2007 Cho ....ccoooevvevvinnnnn. C25D 1/00
455/575.1

module. The radio frequency signal module is electrically
connected to the antenna portion of the case assembly. Thus,
the structural rigidity of the wireless communication device
and its case assembly is kept, and the production cost is
reduced.

8 Claims, 7 Drawing Sheets




a2 United States Patent

US011115509B2

ao) Patent No.: US 11,115,509 B2

Kim et al. 45) Date of Patent: *Sep. 7, 2021
(54) ELECTRONIC DEVICE WITH METAL (52) US. CL
FRAME ANTENNA CpPC ... HO04M 1/0218 (2013.01); HOIQ 1/243
(2013.01); HO1Q 5/385 (2015.01);
(71) Applicant: Samsung Electronics Co., Ltd., (Continued)
Gyeonggi-do (KR) (58) Field of Classification Search
CPC ....ccue. HO04M 1/0214; HO4M 1/0216; HO4M
(72) Inventors: Jaehyung Kim, Gyeonggi-do (KR); 1/0222; HOAM 1/0274; HO1Q 5/385;
Jinkyu Bang, Gyeonggi-do (KR); Jinu HO1Q 1/243

Kim, Seoul (KR); Donghwan Kim,
Gyeonggi-do (KR); Taegyu Kim,
Gyeonggi-do (KR); Kiyoung Chang,
Seoul (KR)

(73) Assignee: Samsung Electronics Co., Ltd

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 17/073,766
(22) Filed:  Oct. 19, 2020

(65) Prior Publication Data
US 2021/0037123 Al Feb. 4, 2021

Related U.S. Application Data

(63) Continuation of application No. 16/126,534, filed on
Sep. 10, 2018, now Pat. No. 10,812,636, which is a

(Continued)
(30) Foreign Application Priority Data
Nov. 13,2015 (KR) ccoevrierireernenee 10-2015-0159787
(51) Imt.CL

H04B 138 (2015.01)
HO4M 1/02 (2006.01)

(Continued)

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS

7,417,593 Bl 8/2008 Hsiao et al.
8,090,419 B2 1/2012 Isoda et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101248651 8/2008
CN 102037604 4/2011
(Continued)

OTHER PUBLICATIONS

Australian Examination Report dated Sep. 20, 2018 issued in
counterpart application No. 2016352502, 4 pages.

(Continued)

Primary Examiner — Tuan Pham
(74) Attorney, Agent, or Firm — The Farrell Law Firm,
P.C.

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing and a connection part. The housing
includes a first housing portion that includes a first side face,
and a second housing portion that includes a second side
face. The connection part connects the first housing portion
and the second housing portion. A first conductive member
extends along at least a portion of the first side face, a first
non-conductive member is disposed on the first side face, a
second conductive member extends along at least a portion

(Continued)




United States Patent

USO011115511B1

(12) ao) Patent No.: US 11,115,511 B1
Ghaemi et al. 45) Date of Patent: Sep. 7, 2021
(54) COMMUNICATION DEVICE HAVING 9,312,888 B2 4/2016 Weissman et al.
CONFIGURABLE HOUSING ASSEMBLY }82%5%% g% lggg ég igll\gent ;t alt'al
) 3 onaao €l .
WITH MULTIPLE ANTENNAS 2005/0059444 Al* 3/2005 Martinez .................. HO1Q 1/40
. 455/575.7
(71)  Applicant: MOTOROLA MOBILITY LLC, 2005/0128155 Al*  6/2005 Fukuda ............... HO1Q 1/38
Chicago, 1L (US) 343/745
2010/0022197 Al* 12010 Kato .....cccceeeennn HO04B 1/005
(72) Inventors: Kasra Ghaemi, Chicago, IL (US); Md 455/75
Rashidul Islam, Glen Ellyn, IL (US); 2011/0014879 Al1* 1/2011 Alberth .................. HO1Q 1/242
Junsheng Zhao, Vernon Hills, IT. (US); 2011/0169613 Al1* 7/2011 Ch GOIS4'§/5(;471§
Md Faisal Abedin, Lisle, IL (US); Ol evervvcissssnneeess 340/10.4
Mohammed R. Abdul-Gaffoor, 2012/0257508 AL* 102012 Reunamaki ........... HO4W 4/80
Palatine, 1L (US) 370/241
2015/0189619 Al* 7/2015 Kalliola ................ H04W 4/023
(73) Assignee: Motorola Mobility LL.C, Chicago, IL. 455/456.1
(Us) (Continued)
(*) Notice:  Subject to any disclaimer, the term of this Primary Examiner — Hsinchun Liag
patent is extended or adjusted under 35 (74) Attorney, Agent, or Firm — Isidore PLLC
U.S.C. 154(b) by 0 days. 57) ABSTRACT
(21) Appl. No.: 17/170,451 A communication device, method and computer program
_ product enable multiple independent communication con-
(22)  Filed: Feb. 8, 2021 nections via multiple antennas supported by a configurable
housing assembly having first and second housing portions
(51) Imt.CL o
connected for movement between open and closed positions.
HO04M 1/02 (2006.01) I . L "
n response to housing assembly being in an open position,
HO04B 7/06 (2006.01) . .
a radio frequency (RF) front end of the communication
(52) US. ClL ) device is configured to independently communicate in at
CPC ... HO4M 1/02 45. (2013.01): HO04B 7/0602 least a low band via first and second antennas supported by
. . (20.13'01)’ HO4M 1/0216 (2013.01) a first housing portion and second and fourth antennas
(58) Field of Classification Search supported by a second housing portion. In response to the
CPC et HO04M 1/0245 housing assemblv being in the closed position that brings the
S . g y g p 124
See application file for complete search history. first and second antennas into proximity and the third and
. fourth antennas into proximity, the RF front end is config-
(56) References Cited ured to communicate via a first antenna array of the first and
U.S. PATENT DOCUMENTS :lﬁe ;eco&l(ihan;enﬁellls antd via a second antenna array of the
ird and the fourth antennas.
6,885,353 B2 4/2005 Kurihara
7,444,175 B2 10/2008 Ito et al. 20 Claims, 17 Drawing Sheets




a2 United States Patent
Chang et al.

US011121449B2

US 11,121,449 B2
Sep. 14, 2021

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

(54) ELECTRONIC DEVICE

(71) Applicant: Acer Incorporated, New Taipei (TW)

(72) Inventors: Kun-Sheng Chang, New Taipei (TW);
Ching-Chi Lin, New Taipei (TW)

(73) Assignee: ACER INCORPORATED, New Taipei
(TW)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 47 days.

(21) Appl. No.: 16/710,609

(22) Filed: Dec. 11, 2019

(65) Prior Publication Data
US 2021/0075085 Al Mar. 11, 2021

(30) Foreign Application Priority Data

Sep. 10, 2019 (TW) coovvvvvveeeccceeeeseeeree. 108132544

(51) Imt.CL
H01Q 122
HO01Q 5307
H01Q 2128

(52) US. CL
CPC ..o HO01Q 1722 (2013.01); HOIQ 5/307

(2015.01); HO1Q 21/28 (2013.01)

(58) Field of Classification Search

CPC ... HO1G 1/22; HO1G 5/307; HO1G 21/28
See application file for complete search history.

(2006.01)
(2015.01)
(2006.01)

(56) References Cited
U.S. PATENT DOCUMENTS

4/2018 Heikura et al.

3/2019 Iellci

6/2004 Umehara et al.

172019 Lee .oovovvvvvvoiiiinnn, HO1Q 9/42

9,948,002 B2

10,224,630 B2
2004/0108957 Al
2019/0006735 Al*

FOREIGN PATENT DOCUMENTS

CN 104737367 B 12/2018
™ M532668 U 11/2016
™ 1604662 B 11/2017

OTHER PUBLICATIONS

Chinese language office action dated Apr. 22, 2020, issued in
application No. TW 108132544.

European Search Report dated May 19, 2020, issued in application
No. EP 19212171.3.

* cited by examiner

Primary Examiner — Graham P Smith
(74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP

57 ABSTRACT

An electronic device includes a proximity sensor, an antenna
structure, and a sensing pad. The antenna structure includes
a first radiation element and a second radiation element
which are separate from and adjacent to each other. The first
radiation element has a feeding point. The second radiation
element is coupled to a ground voltage. The sensing pad is
adjacent to the antenna structure. The sensing pad includes
a main branch, a first branch, and a second branch. The main
branch is coupled to the proximity sensor. The first branch
and the second branch are coupled to the main branch. The
second branch has a meandering shape. The antenna struc-
ture covers a first frequency band and a second frequency
band. The resonant frequency of the sensing pad is neither
within the first frequency band nor within the second fre-
quency band.
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An antenna structure includes a ground element, a feeding
radiation element, a first radiation element, and a second
radiation element. The feeding radiation element is coupled
to a signal source. The first radiation element is coupled to
the ground element. The first radiation element is adjacent to
the feeding radiation element. The feeding radiation element
is coupled through the second radiation element to the
ground element. A first loop structure is formed by the
feeding radiation element, the first radiation element, and the
ground element. A second loop structure is formed by the
feeding radiation element, the second radiation element, and
the ground element. The second loop structure includes
neither any branching portion nor any protruding portion.
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An antenna assembly is provided for an electronic device.
The electronic device has a housing, which includes a first
portion and a second portion, the first portion is electrically
conductive, and the second portion is non-conductive. The
antenna assembly includes an antenna cavity, at least two
antennas located in the antenna cavity, and at least one
isolation structure. The antennas are used for radiating
energy, the isolation structure is disposed between the two
antennas and connected to the two antennas, and the isola-
tion structure isolates induced currents of the two antennas
to reduce interference at a same frequency or from adjacent
frequency channels between the two antennas.
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An electronic device may be provided with a phased antenna
array. The array may convey signals greater than 10 GHz
and may be formed on a substrate having transmission line
layers and antenna layers. An antenna in the array may have
a radiating element that includes first, second, and third
overlapping patch elements on the antenna layers. The
antenna may be fed using a differential transmission line
coupled to a differential feed on the first patch element. The
differential transmission line may include first and second
signal traces. A first via may couple the first signal trace to
the first, second, and third patch elements. A second via may
couple the second signal trace to the first, second, and third
patch elements. The patch elements may introduce capaci-
tances to the radiating element that help to compensate for
inductances associated with the distance between the radi-
ating element and the signal traces.
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