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A mobile terminal includes: a plurality of antenna inputs; a
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display and maintaining mechanical strength of the panel;
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A Multiple-Input Multiple-Output (MIMO) antenna is pro-
vided, which includes a Printed Circuit Board (PCB), an
antenna connected with the PCB, a feed system, and a match
circuit, wherein the antenna is connected with the feed
system through the match circuit, the antenna connected
with the PCB is the antenna having a Loop structure, and a
gap having a fixed width is provided between a ground loop
of the antenna connected with the PCB and the PCB. An
MIMO antenna system and a mobile terminal are also
provided. By adopting the MIMO antenna, system and
mobile terminal, a coupling current between the MIMO
antenna and the PCB can be relatively concentrated and
current amplitude is small, thereby isolation between anten-
nas is improved.
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The disclosure concerns a microstrip patch antenna config-
ured for operation in the WiFi bands, including 2.4 GHz and
5.2/5.8 GHz. The microstrip patch antenna includes a pair of
opposing u-shaped slots embedded in the patch conductor.
The patch includes a patch width configured to provide a
resonance at 2.4 GHz, and a slot width configured to provide
a resonance at 5.2/5.8 GHz. Thus, the antenna provides a
dual band WiFi patch antenna.
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(57) ABSTRACT

An antenna and a mobile terminal are provided. The antenna
may include a radiation unit and at least one parasitic unit.
The radiation unit includes a first radiation sub-unit and a
second radiation sub-unit. A first terminal of the first radia-
tion sub-unit is connected to a bottom edge of a rear cover
of the mobile terminal. A second terminal of the first
radiation sub-unit is provided with a feed point, a first
terminal of the second radiation sub-unit is connected to the
bottom edge. A second terminal of the second radiation
sub-unit is provided with a ground point. A distance from the
feed point to the ground point is greater than zero and less
than a preset value. The at least one parasitic unit is
coupleable with the radiation unit via the feed point.
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(57) ABSTRACT

An electronic device may have wireless circuitry with
antennas. The electronic device may have a dielectric hous-
ing. A printed circuit board with electrical components may
be mounted in the dielectric housing. Heat spreader struc-
tures may be used to dissipate heat from the electrical
components. The heat spreader structures be configured to
form antenna cavities. The antennas in the electronic device
may be formed from the antenna cavities and may have
antenna resonating elements formed on the printed circuit.
An electrical component such as a light-emitting diode may
be mounted in one of the antenna cavities. Each antenna
element may be an inverted-F antenna resonating element
with short and long arms. The short arm of each antenna
resonating element may be formed from edge plated metal
traces on an edge of the printed circuit.
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(57) ABSTRACT

The present invention discloses an antenna structure and
ensures an all-metal housing feature of the mobile terminal
device. The antenna structure includes a housing and a feed
plate, where the housing includes a main housing, a first
floating object, a second floating object, and an antenna
radiator; and the first floating object, the second floating
object, and the antenna radiator are separated from the main
housing by a first slot; there is a second slot between the first
floating object and one side of the antenna radiator, and a
third slot between the second floating object and the other
side of the antenna radiator; the main housing, the first
floating object, the second floating object, and the antenna
radiator are connected as a whole by an insulator; and the
feed plate is disposed opposite to the main housing, the first
floating object, and the antenna radiator at an interval.
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(57) ABSTRACT

A dual-band antenna module is provided. The dual-band
antenna module includes a circuit board, a ground coupling
portion electrically connected to a reference ground plane of
the circuit board, a first antenna, and a second antenna
spaced from the first antenna. The first antenna and the
ground coupling portion are disposed on the circuit board
and configured to couple each other. The first antenna
includes a first radiation unit, a U-shaped conductive frame,
and a first feeding portion. The U-shaped conductive frame
is disposed on the first radiation unit and opens toward the
circuit board. The second antenna includes a second radia-
tion unit, a high-frequency impedance portion, and a second
feeding portion. The second radiation unit and the high-
frequency impedance portion are respectively disposed on
two opposite surfaces of the circuit board to resonate to each
other. The second radiation unit includes a ground extension
portion electrically grounded.

11 Claims, 6 Drawing Sheets

ke—"51

Gl

e ——
\




az United States Patent

Kim et al.

US009966666B2

(10) Patent No.: US 9,966,666 B2
(45) Date of Patent: May 8, 2018

(54) ANTENNA DEVICE AND ELECTRONIC
APPARATUS HAVING THE SAME

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

(72) Inventors: Hyun-Jin Kim, Seoul (KR); Goudelev
Alexander, Suwon-si (KR); Anton S.
Lukyanov, Suwon-si (KR); Won-Bin
Hong, Seoul (KR); Byung-Chul Kim,
Hwaseong-si (KR); Young-Ju Lee,
Seoul (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 166 days.

(21) Appl. No.: 14/341,194
(22) Filed: Jul. 25, 2014

(65) Prior Publication Data
US 2015/0035715 Al Feb. 5, 2015

(30) Foreign Application Priority Data

Aug. 1, 2013 (KR) ..cocoveiiiene 10-2013-0091551

(51) Int. CL
HOIQ 9/04 (2006.01)
(52) US.CL
CPC ovvcvvvericericeinne. HOIQ 9/0421 (2013.01)
(58) Field of Classification Search
CPC e, HO1Q 9/0421
USPC v s 343/787
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,476,771 B1* 112002 McKinzie, III ........ HO1Q 1/425
333/134
7190315 B2* 3/2007 Waltho ............... HO1Q 1/28
343/705
7.215,007 B2* 52007 McKinzie, III .......... HOIP 1/16
257/664

7,911,386 Bl 3/2011 Ttoh et al.
2003/0137457 Al*  7/2003 McKinzie, III ... HOLQ 15/0013
343/700 MS
2004/0119658 Al 6/2004 Waltho

(Continued)
FOREIGN PATENT DOCUMENTS

CN 1367946 A 9/2002
CN 102893455 A 12013

OTHER PUBLICATIONS

Al-Nuaimi et al.; Ultra Thin Dipole Antenna Backed by New Planar
Artificial Magnetic Conductor; Loughborough Antennas and Propa-
gation Conference; LAPC 2009; pp. 97-100; 2009; Loughborough,
UK-—Conference Proceedings.

(Continued)

Primary Examiner — Dieu H Duong
Assistant Examiner — Bamidele A Jegede
(74) Attorney, Agent, or Firm — Jeflerson IP Law, LLP

(57) ABSTRACT

An antenna device is provided. The antenna device may
include a conductive radiator pattern formed on one surface
of a dielectric substrate, an artificial magnetic conductor
layer including at least one unit cell formed on the other
surface of the dielectric substrate, and a shorting pin con-
nected to the unit cell. The artificial magnetic conductor
layer may be configured to form an induction current of the
same phase with regard to a signal current flowing through
the conductive radiator pattern.
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An electronic device may have wireless circuitry with
antennas. An antenna resonating element arm for an antenna
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switchable return paths that bridge a slot between the
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loading due to the presence of external objects near the
electronic device.

20 Claims, 10 Drawing Sheets

/
154 160 16 158



az United States Patent

Ayala Vazquez et al.

US009972891B2

US 9,972,891 B2
May 15, 2018

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

(54)

(71)
(72)

(73)
(*)
@
(22)

(65)

D

(52)

(58)

ELECTRONIC DEVICE ANTENNA WITH
ISOLATION MODE

Applicant: Apple Inc., Cupertino, CA (US)

Inventors: Enrique Ayala Vazquez, Watsonville,
CA (US); Hongfei Hu, Santa Clara, CA
(US); Nanbe Jin, Milpitas, CA (US):
Matthew A. Mow, Los Altos, CA (US),
Liang Han, Sunnyvale, CA (US);
Mattia Pascolini, San Francisco, CA

(US)

Assignee: Apple Inc., Cupertino, CA (US)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 26 days.

Appl. No.: 14/819,280

Filed: Aug. 5, 2015

Prior Publication Data

US 2017/0040668 Al Feb. 9, 2017

Int. C1.

HOIQ 124 (2006.01)

HOIQ 9/42 (2006.01)

HOIQ 13/10 (2006.01)

HOIQ 5328 (2015.01)

HOIQ 5/335 (2015.01)

HOIQ 5378 (2015.01)

US. CL

CPC ..o HOIQ 1/243 (2013.01); HOIQ 5/328

(2015.01); HOI1Q 5/335 (2015.01); HOIQ
5/378 (2015.01); HO1Q 9/42 (2013.01); HOIQ
13/106 (2013.01)

Field of Classification Search
CPC ........... HO1Q 1/243; HO1Q 7/00; HO1Q 9/14;
HO1Q 21/28; HO1Q 9/42; HO1QQ 1/44;
HO1Q 5/328; HO1Q 5/335; HO1Q 5/378

an<

USPC e 343/702, 700 MS, 767
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
8,269,674 B2 9/2012 Camacho et al.
8,368,602 B2 2/2013 Hill et al.
8,441,404 B2 5/2013 Chiang et al.
8,723,748 B2 5/2014 Svensson
(Continued)
FOREIGN PATENT DOCUMENTS
TP HO05-167336 A 7/1993
WO 2010035528 Al 4/2010
(Continued)

Primary Examiner — Hoang Nguyen
(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
G. Victor Treyz; Michael H. Lyons

(57) ABSTRACT

An electronic device may have wireless circuitry with
antennas. An antenna resonating element arm for a given
antenna may be formed from metal structures supported by
a plastic carrier. The antenna resonating element arm may be
coupled to switching circuitry to isolate the antenna reso-
nating element arm when the antenna resonating element
arm is not being used to handle communications in a
communications band. The electronic device may have a
metal housing. A slot may separate a peripheral portion of
the housing such as a sidewall portion from a planar rear
portion. The sidewall portion and the planar rear portion
may form an additional antenna that operates at communi-
cations frequencies outside of the communications band
handled by the given antenna. A parasitic antenna resonating
element arm may be formed in the slot to enhance the
frequency response of the additional antenna.

21 Claims, 10 Drawing Sheets

10

104




US009972892B2

United States Patent

(12) (10) Patent No.: US 9,972,892 B2
Noori et al. (45) Date of Patent: May 15, 2018
b
(54) ELECTRONIC DEVICE WITH MILLIMETER 17242 (2013.01): HO1Q 19/10 (2013.01);
WAVE ANTENNAS ON STACKED PRINTED HOI1Q 19/30 (2013.01); HOIQ 21/065
CIRCUITS (2013.01)
(58) Field of Classification Search
(71) Applicant: Apple Ine., Cupertino, CA (US) CPC ...... HO1Q 1/2258; HO1Q 1/2266; HO1Q 1/24;
HO01Q 1/241; HO1Q 1/242; HOL1Q 1/243;
(72) Inventors: Basim H. Noori, San Jose, CA (US); L o H(_”Q 19/30
Boon W. Shiu, San Jose, CA (US): See application file for complete search history.
Kevin M. Marks, San Francisco, CA “
(US); Matthew A. Mow, Los Altos, CA 0 References Cited
(US); Mattia Pascolini, San Francisco, U.S. PATENT DOCUMENTS
CA (US); Ming-Ju Tsai, Cupertino, CA )
(US); Ruben Caballero, San Jose, CA ;gg;;g gg {ggg}g g’;hg:ju“;eéta;i
(US); Yuehui Ouyang, Sl..um_vvule, CA 8.896.487 B2* 11/2014 Chiang e GOGF 1/1616
(US); Khan Salam, Dublin, CA (US) 343/700 MS
2006/0238420 Al* 10/2006 Jansen .................. HO1Q 1/243
(73) Assignee: Apple Inc., Cupertino, CA (US) 343/700 MS
2013/0048347 Al* 2/2013 .. HO5K 1/028
(*) Notice:  Subject to any disclaimer, the term of this ) 1741254
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 112 days. Primary Examiner — Hoang Nguyen
(74) Antorney, Agent, or Firm — Treyz Law Group, P.C.;
(21) Appl. No.: 15/138,689 G. Victor Treyz; Joseph F. Guihan
(22) Filed: Apr. 26, 2016 (57) ABSTRACT
. . An electronic device may be provided with wireless cir-
(65) Prior Publication Data cuitry. The wireless circuitry may include one or more
US 2017/0309992 Al QOct. 26, 2017 antennas and transceiver circuitry such as millimeter wave
transceiver circuitry. The antennas may be formed from
51} Int. CL metal traces on a printed circuit. The printed circuit may be
(51)
HOI1Q 1724 (2006.01) a stacked printed circuit including multiple stacked sub-
HOIQ 21/06 (2006.01) strates. Metal traces may form an array of patch antennas,
HO1Q 19/10 (2006>01) Yagi antennas, and other antennas. Antenna signals associ-
HO10 1722 (2006.01 ated with the antennas may pass through an inactive area in
HOIQ 19730 2006.01) a display and through a dielectric-filled slot in a metal
Q‘ ( 01) housing for the electronic device. Waveguide structures may
(52) US.CL be used to guide antenna signals within interior portions of
CPC ... HOIQ 1/243 (2013.01); HOIQ 1/2258 the electronic device.

(2013.01);, HOIQ 12266 (2013.01); HOIQ
1/24 (2013.01): HO1Q 17241 (2013.01); HOIQ

9 Claims, 17 Drawing Sheets

!JXA

- 14 -

{

) — i24

{7 IAET 7 "SR o e , 20
VA s VA o

i "{J N N {66 l\i}i'aA 102

, 160 160 /

‘3 s S L LS /,"’ Ll Lo Lo L __..e )

.
L

1

{ 126
tonp B0



az United States Patent

Sanchez

US009972908B2

US 9,972,908 B2
May 15, 2018

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

54

(71)

(72)

(73)

)

20

(22)

(65)

1)

(52)

(58)

CAPACITIVELY COUPLED LOOP
INVERTED F RECONFIGURABLE ANTENNA

Applicant: FutureWei Technologies, Inc., Plano,

TX (US)

Inventor: Jorge Fabrega Sanchez, San Diego,
CA (US)

Assignee: FUTUREWEI TECHNOLOGIES,
INC., Plano, TX (US)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 294 days.

Appl. No.: 13/939,631

Filed: Jul. 11, 2013

Prior Publication Data

US 2015/0015445 Al Jan. 15, 2015

Int. CI.

HO1Q 5/00 (2015.01)

HO1Q 7/00 (2006.01)

H01Q 5364 (2015.01)

H01Q 5/328 (2015.01)

H010 904 (2006.01)

010 5321 (2015.01)

U.S. CL

CPC ............ H0IQ 5/364 (2015.01); HOIQ 5/321

(2015.01); HOIQ 5/328 (2015.01); HOIQ 7/00
(2013.01); HOIQ 9/0421 (2013.01)
Field of Classification Search
CPC oo HO1Q 5/328; HO1Q) 5/304
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

7,239,290 B2* 7/2007 Poilasne ........ HO1Q 1/241
343/866
2013/0154897 Al* 6/2013 Sorensen et al. .......... 343/861

2013/0237162 Al*  9/2013 Yoon .......... HO1Q35/328

455/77

OTHER PUBLICATIONS

“Application Note: PIN Diode Basics”. Skyworks. Aug. 15, 2008
hitp://www.skyworksine.com/uploads/documents/200823 A .pdf.*
Whyatt, Kenneth. “Resistors Aren’t Resistors.” EDN, Oct. 29, 2013.
‘Web. Dec. 7, 2015. hitp://www.edn.com/design/components-and-
packaging/4423492/Resistors-aren-t-resistors.™

Boyle, K. et al., “A Five-Band Reconfigurable PIFA for Mobile
Phones,” IEEE Transactions on Antennas and Propagation, Nov.
2007, pp. 3300-3309, vol. 55, No. 11.

(Continued)
Primary Examiner — Jessica Han
Assistant Examiner — Amal Patel

(74) Attorney, Agent, or Firm — Futurewei Technologies,
Inc.

(57) ABSTRACT

System and method embodiments are provided for capaci-
tive coupled loop inverted F reconfigurable multiband
antenna. The embodiments enable tuning and adjustment of
the low frequency response of the antenna without appre-
ciably effecting the high frequency response of the antenna.
In an embodiment, a reconfigurable multiband antenna
includes a first antenna section comprising a first end and a
second end, wherein the second end is coupled to an antenna
feed, a second antenna section comprising a third end and a
fourth end. wherein the third end is coupled to ground, and
a switch coupling the second end to the third end, wherein
the first end and the fourth end are capacitively coupled.
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handheld devices.
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