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(57) ABSTRACT

An antenna includes a grounding conductor, a feed conduc-
tor, a resonant conductor, and a radioactive conductor. The
feed conductor is disposed apart from the grounding con-
ductor. The resonant conductor having a resonant width is
disposed along the grounding conductor and disposed apart
from the grounding conductor by a resonant-ground dis-
tance. The resonant conductor connects to the feed conduc-
tor. The radioactive conductor has a radioactive width. One
end of the radioactive conductor connects to one end of the
resonant conductor with the feed conductor, and another end
of the radioactive conductor is disposed apart from the
grounding conductor. The radioactive conductor is disposed
along the resonant conductor and disposed apart from the
resonant conductor by a resonant-radioactive distance. The
resonant conductor is positioned between the radioactive
conductor and the grounding conductor. A proportion of the
resonant-ground distance, the resonant width, the resonant-
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(57) ABSTRACT

An antenna structure includes a baseplate, a first radiator
plate, a second radiator plate, and a third radiator plate. The
baseplate has a first surface and a second surface opposite to
the first surface. The first radiator plate is disposed on the
first surface. The second radiator plate is disposed on the first
surface. The third radiator plate is disposed on the second
surface. A slot is defined between the first radiator plate and
the second radiator plate, and the second radiator plate is
coupled to the first radiator plate and the third radiator plate.
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(57) ABSTRACT

An assembly for confining electromagnetic radiation in a
waveguide. The assembly comprises a waveguide, compris-
ing walls surrounding a cavity and an aperture in the walls
that opens to the cavity, and a substrate assembly disposed
in the aperture. The substrate assembly comprises a substrate
comprising an antenna, wherein the antenna is located
within the cavity and is configured for transmission of
radiation within the cavity. The substrate assembly com-
prises an integrated circuit (IC) electrically connected to the
substrate, where the IC comprises semi-conductor compo-
nents and a ground plane on one side of the IC. The ground
plane is located between the IC semi-conductor components
and the antenna. The ground plane is located across the
aperture to reduce the area of the aperture and to reflect some
of the radiation directed to the aperture back into the cavity.
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(57) ABSTRACT

An electromagnetic device includes: a first layer having a
first material with a first dielectric constant, the first layer
having a plurality of channels or holes filled with a second
material with a second dielectric constant that is different
from the first dielectric constant; and, a second layer having
a plurality of antennas disposed on the first layer. Adjacent
ones of the plurality of channels of the first layer have an
average spacing therebetween of less than one quarter of an
operating wavelength of at least one of the plurality of
antennas.

28 Claims, 19 Drawing Sheets

1400

mz‘/(




a2 United States Patent

Merz et al.

US009894787B2

US 9,894,787 B2
Feb. 13,2018

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

(54) SYSTEMS AND METHODS FOR COUPLING
SECTIONS OF AN ELECTRONIC DEVICE

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

(72) Inventors: Nicholas Merz, Cupertino, CA (US);
Daniel Jarvis, Cupertino, CA (US)

(73) 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 394 days.

(21) Appl. No.: 14/323,566
(22) Filed:  Jul 3, 2014

(65) Prior Publication Data
US 2014/0311767 Al Oct. 23, 2014

Related U.S. Application Data

(63) Continuation of application No. 12/987,741, filed on
Jan. 10, 2011, now Pat. No. 8,772,650.

(51) Imt. CL
HO5K 5/02 (2006.01)
GO6F 1/16 (2006.01)
(Continued)
(52) U.S. CL
CPC ... HO5K 5/0247 (2013.01); GO6F 1/1656
(2013.01); HOSK 5/0004 (2013.01);
(Continued)

(58) Field of Classification Search
CPC .. GOGF 1/1656; HOSK 5/0004; HOSK 5/0217;
HOSK 5/0247
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

3/1994 Swift et al.
4/2008 Sato et al.

(Continued)

5,298,681 A
7,358,906 B2

FOREIGN PATENT DOCUMENTS

CN 2737128 10/2005
CN 1809255 7/2006
(Continued)

OTHER PUBLICATIONS

Chinese Office Action, Application No. ZL.2012200833488, 6
pages, dated Jul. 23, 2013.

(Continued)

Primary Examiner — William H Mayo, III

Assistant Examiner — Hiram E Gonzalez

(74) Attorney, Agent, or Firm — Brownstein Hyatt Farber
Schreck, LLP

57 ABSTRACT

This is directed to systems and methods for coupling sec-
tions of an electronic device together. Sections of an elec-
tronic device can be coupled together via “knuckles.” The
particular shape and structure of the knuckles can be based
on various design considerations. For example, in some
embodiments each section can function as an individual
antenna. In this case, the knuckles can be designed in order
to provide electrical isolation between the sections, thus
allowing proper operation of the antennas. For example, the
knuckles can be formed from a dielectric material, etc. As
another design example, the knuckles can be designed in
order to provide increased strength in areas of high strain,
and/or to counteract torsional twisting in areas of high
impact. As yet another design example, the knuckle can be
designed in a manner that is aesthetically pleasing or which
otherwise meets cosmetic requirements.
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57) ABSTRACT

An antenna system applicable to a mobile communication
device is provided in the present disclosure. The antenna
system includes a metal shell with a metal frame and a metal
back cover, a printed circuit board (PCB) housed in the
metal shell, and an antenna part with a first feed point and
a second feed point. A first break point and a second break
point are formed at two opposite sides of the metal frame; a
first gap and a second gap are respectively formed at two
opposite sides of the metal back cover for defining a first
clearance area and a second clearance area. The first feed
point is located in the first clearance area and contacts a left
frame portion of the metal frame; the second feed point is
located in the second clearance area and contacts a right
frame portion of the metal frame.
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(57) ABSTRACT

Disclosed herein is a vehicle broadband antenna that is an
antenna for LTE & V2X installed in the vicinity of a crash
pad of a vehicle. The crash pad broadband antenna is
installed in the vicinity of a vehicle crash pad and includes
a main PCB, an LTE low-band antenna pattern formed on
the main PCB to transmit and receive an LTE low-band
signal, a first sub-PCB having LTE high-band antenna
patterns configured to transmit and receive an LTE high-
band signal, the first sub-PCB being vertically coupled to the
main PCB, and a first terminal connected to an external
communication module for transmitting and receiving the
signals to/from the LTE low-band antenna pattern and the
LTE high-band antenna patterns. It is possible to overcome
existing spatial limitations by applying the broadband
antenna to the vehicle, and to significantly reduce the time
required to manufacture and develop an existing mold.
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(57) ABSTRACT

A hybrid antenna (and related method for manufacturing the
antenna) includes a dielectric substrate and a stamping
element. The stamping element includes a main radiator, a
first holder, a second holder, a feeding element, an extension
branch, a first trace, and a first via. The main radiator is
substantially disposed above the dielectric substrate. The
first holder is coupled to a first end of the main radiator. The
second holder is coupled to a second end of the main
radiator. The feeding element is coupled to a signal source.
The extension branch is substantially disposed below the
dielectric substrate, and is coupled between the second
holder and the feeding element. The first trace is disposed on
a second surface of the dielectric substrate, and the first via
is formed through the dielectric substrate, and coupled
between an end of the first trace and the first holder.
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57 ABSTRACT

A communication device includes an antenna unit, an adjust-
ment unit and a sensing and processing unit. The sensing and
processing unit is electrically coupled to the antenna unit
and the adjustment unit. The antenna unit is configured to
transmit a radio frequency (RF) signal. The adjustment unit
is configured to adjust a frequency and a bandwidth of the
RF signal. The sensing and processing unit is configured to
sense a capacitance, so as to control the adjustment unit to
adjust the frequency of the RF signal according to the
capacitance, and to control the adjustment unit to adjust the
bandwidth of the RF signal according to a system signal.
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57) ABSTRACT

An antenna structure includes a dielectric layer, on one side
thereof a patterned conductive layer, a proximity sensor and
a capacitor are provided. The patterned conductive layer
includes a first and a second conductive layer that together
form a coupled-fed antenna and respectively have a first and
a second feed terminal connected to a signal feed line and a
ground signal line. The proximity sensor includes a periph-
eral circuit connected to the second feed terminal, and a
capacitance to digital circuit. The capacitor is connected
between the ground signal line and the second feed terminal.
By integrating the coupled-fed antenna and the proximity
sensor on one circuit substrate, a part of the antenna can be
used as the proximity sensor’s capacitor electrode to reduce
the volume and manufacturing cost of the antenna, and the
proximity sensor is not interfered by other parts of the
antenna and thereby has increased sensitivity.
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57 ABSTRACT

An antenna module includes a metallic member and a first
radiating portion. The metallic member defines a slot. The
slot is configured to divide the metallic member into a first
metallic portion and a second metallic portion. The second
metallic portion is spaced apart from the first metallic
portion. The first radiating portion is positioned in the
second metallic portion and is spaced apart from the second
metallic portion. The first metallic portion is grounded. The
first radiating portion is configured to receive a current
signal and couple the current signal to the second metallic
portion. The second metallic portion and the first metallic
portion are configured to cooperatively activate a plurality of
resonating modes through the slot.
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(57) ABSTRACT

An electronic device with multi-band antenna includes a first
antenna frame, a second antenna frame, and a switching unit
being electrically coupled between the first antenna frame
and the second antenna frame. A first feed point only is
located on the first antenna frame and multiple electrical
connection points, a second feed point, and a ground point
are located on the second antenna frame. One end of the first
antenna frame can be connected to one of the electrical
connection points by controlling the switching unit, and
multiple radiating elements, able to radiate signals in dif-
ferent frequency bands, are formed on the multi-band
antenna. Radiating elements are formed between the first
feed point and the second feed point and the ground point.
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57) ABSTRACT

An antenna module includes a parasitic unit and a first
antenna unit. The parasitic unit includes a first parasitic
radiation portion and a second parasitic radiation portion.
The second parasitic radiation portion is electrically con-
nected to the first parasitic radiation portion. The first
parasitic radiation portion and the second parasitic radiation
portion surround a central area. The first antenna unit
includes a feeding terminal, a ground terminal and a first
radiation portion, in which the ground terminal is electri-
cally connected to a ground portion. The feeding terminal is
configured to transmit and receive a first antenna signal. The
first radiation portion is configured to collaborate with the
parasitic unit to generate a first resonant mode. The first
resonant mode includes a central frequency, a frequency
twice of the central frequency and a frequency three times of
the central frequency.

10 Claims, 9 Drawing Sheets

100
N Gﬁ / - C\j Gﬁ
.«y‘_@ o A k f

140

i
127 122



a2 United States Patent

Hung et al.

US009905913B2

US 9,905,913 B2
Feb. 27,2018

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

(54)

()

(72)

(73)

1)
(22)

(65)

(60)

(30)

Jun. 9, 2017

(51)

(52)

ANTENNA STRUCTURE AND WIRELESS
COMMUNICATION DEVICE USING SAME

Applicant: Chiun Mai Communication Systems,
Inc., New Taipei (TW)

Inventors: Kai-Ting Hung, New Taipei (TW);
Cho-Kang Hsu, New Taipei (TW);

Men-Hsueh Tsai, New Taipei (TW)

Assignee: Chiun Mai Communication Systems,

Inc., 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 0 days.

Appl. No.: 15/651,037

Filed: Jul. 17, 2017

Prior Publication Data

US 2018/0026350 Al Jan. 25, 2018

Related U.S. Application Data

Provisional application No. 62/364,876, filed on Jul.
21, 2016.

Foreign Application Priority Data

(TW) 106119261 A

Int. CL
HO04M 1/00
HO01Q 124
HO01Q 5/371
H01Q 5/10
HO01Q 13/10
US. CL
CPC

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

HOIQ 1/243 (2013.01); HOIQ 5/10
(2015.01); HO1Q 5/371 (2015.01); HOIQ
13710 (2013.01)

(58) Field of Classification Search

CPC ........ HO1Q 1/243; HO1Q 5/371; HO1Q 13/10;
HO01Q 5/10
USPC ..o 455/575.7, 90.2, 90.3

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,842,048 B2* 9/2014 Kim ...ccocooevvviennns HO1Q 1/243

343/702
8,954,122 B2* 2/2015 Wilmhoff .............. HO1Q 1/245

342/375
9,035,840 B1* 52015 Lee ..cccoovvvvvirnnn HO1Q 1/243

343/702
9,105,968 B2* 8/2015 HO1Q 1/243
9,124,679 B2* 9/2015 . HO1Q 1/243
9,196,952 B2* 11/2015 HO1Q 1/243

(Continued)

Primary Examiner — April G Gonzales
(74) Attorney, Agent, or Firm — ScienBiziP, P.C.

(57) ABSTRACT

An antenna structure includes a metal housing, a first feed
portion, a first ground portion, a second ground portion, and
a 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. One end of the first feed portion is
electrically connected to the long portion for feeding current
to the long portion and another end of the first feed portion
is electrically connected to the backboard. The first and
second ground portions are both electrically connected to the
long portion for grounding the long portion. The radiator is
positioned in the metal housing, electrically connected to the
backboard, and is spaced apart from the short portion.
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(57) ABSTRACT

An electronic apparatus and a land grid array LGA module.
The electronic apparatus includes: a first printed circuit
board, a lower surface of the first printed circuit board is
provided with a first radio frequency pad and a first non-
radio frequency pad; a motherboard, including a second
printed circuit board, where an upper surface of the second
printed circuit board is provided with a second radio fre-
quency pad and a second non-radio frequency pad, the first
radio frequency pad is connected to the second radio fre-
quency pad, and the first non-radio frequency pad is con-
nected to the second non-radio frequency pad; an antenna,
located on the motherboard and connected to the second
radio frequency pad, the first radio frequency pad and the
second radio frequency pad are configured to transmit,
between the LGA module and the motherboard, a radio
frequency signal transmitted by the antenna.
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A disclosed antenna device includes a substrate made of a
dielectric material, an antenna element formed on one side
of the substrate, and a ground element formed on another
side of the substrate.
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57 ABSTRACT

Wireless communication device includes a first device sec-
tion. The first device section has a first edge. The wireless
communication device also includes a second device section
that has a second edge. The wireless communication device
also includes a floating hinge that joins the first and second
edges and permits the first and second device sections to
move between a closed state and an operating state. The
floating hinge and the first device section are rotatable about
a first axis of rotation that extends through the floating hinge.
The floating hinge and the second device section are rotat-
able about a second axis of rotation that extends through the
floating hinge. The floating hinge includes a slot antenna that
is communicatively coupled to a processor and is configured
to at least one of transmit wireless signals or receive wireless
signals.
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57 ABSTRACT

Electronic device antenna structures may include first and
second antennas. A housing may have a periphery that is
surrounded by peripheral conductive structures such as a
segmented peripheral metal member. A segment of the
peripheral metal member may be separated from a ground
by an opening. An antenna feed for the first antenna may
have a positive antenna terminal coupled to the peripheral
metal member and a ground terminal coupled to the ground.
A return path for the first antenna may span the opening in
parallel with the antenna feed. A plastic carrier may be
mounted to a printed circuit and a metal housing structure
using screws. The plastic carrier may support an antenna
resonating element for the second antenna and may support
the return path for the first antenna. The screws may short
metal structures on the plastic carrier to the metal structures
and traces on the printed circuit.
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7 ABSTRACT

A dual-band Wi-Fi antenna structure includes a metallic
middle frame of a casing of a handheld electronic device, a
grounding plane received in the middle frame, an antenna
body connected to the grounding plane, and an adjusting
element. The grounding plane defines a rectangular recess in
a corner thereof. The antenna body has a radiation patch
having a part located over the recess. The adjusting element
is located in the recess. An effective length of the recess is
adjustable by adjusting a parameter of the adjusting element,
which is a coeflicient of self-inductance when the adjusting
element is an adjustable inductor. By adjusting the effective
length of the recess, a resonant frequency of the antenna
structure at a low frequency band is adjustable, while a
resonant frequency thereof at a high frequency band is not
altered.
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(57) ABSTRACT

A multiband antenna includes a first antenna unit (10) and a
second antenna unit (20). The first antenna unit (10) includes
a first antenna pattern (11) formed of a conductor and a first
substrate (12) formed of a dielectric, for holding the first
antenna pattern (11). The second antenna unit (20) includes
a second antenna pattern (21) formed of a conductor and a
second substrate (22) formed of a dielectric having a dielec-
tric constant different from the dielectric constant of the first
substrate (12), for holding the second antenna pattern (21).
In the multiband antenna, by injection molding the second
substrate (22) with the first antenna unit (10) and the second
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According to one embodiment, a hybrid antenna is described
comprising a plurality of windings wherein each winding
comprises a loop antenna portion arranged in a plane and a
ferrite antenna portion arranged at least partially outside of
the plane.
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A tunable antenna module for a mobile device includes an
antenna, a frequency-division circuit and one or more
impedance-tuning circuits. The frequency-division circuit is
coupled to a radiator of the antenna for forming one or more
signal paths for one or more of component frequencies of a
radio-frequency signal of the antenna. One or more the
impedance-tuning circuits are coupled to the frequency-
division circuit for tuning an impedance of the antenna at
one or more of the component frequencies of the radio-
frequency signal.
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An apparatus includes a first ground plane, a second ground
plane, an antenna, and a balun coupled to the antenna. The
balun is disposed between the first ground plane and the
second ground plane.

20 Claims, 6 Drawing Sheets

Dipole 306
/ Via Wall 314
[ /7 TI[# _(etween

Electrical Component

74

Inner Layer 311

ground planes)

Antenna 302

Balun 304

Bottom
Ground
Plane
312



US009917351B2

a2 United States Patent

Tai

US 9,917,351 B2
Mar. 13, 2018

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

(54)
(71)

(72)
(73)

)

@n

(22)

(65)

(30

ANTENNA AND ANTENNA ASSEMBLY

Applicant:

Inventor:

Assignee:

Notice:

Appl. No.:

Filed:

US 2016/0301124 Al

FOXCONN INTERCONNECT
TECHNOLOGY LIMITED, Grand
Cayman (KY)

Lung-Sheng Tai, New Taipei (I'W)
FOXCONN INTERCONNECT
TECHNOLOGY Limited, Grand
Cayman (KY)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 7 days.

15/095,171

Apr. 11, 2016

Prior Publication Data

Oct. 13, 2016

Foreign Application Priority Data

Apr. 9, 2015

(1)

(52)

Int. CL

HO1Q 124
HO01Q 13/10
HOI1Q 122
HO1Q 21728
H01Q 5371
HOIQ 9/04

U.S. CL.
CPC

(TW) 104111356 A

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

... HO1Q 1/243 (2013.01); HOIQ 1/2258
(2013.01); HOI1Q 5/371 (2015.01); HOIQ

13710 (2013.01); HO1Q 13/103 (2013.01);

HOIQ 21/28 (2013.01); HOIQ 9/0407
(2013.01)

400

(58) Field of Classification Search
CPC HO1Q 1/2258; HO1Q 1/243; HO1Q 5/371;
HO01Q 9/0407; HO1Q 13/103; HO1Q
21/28
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2012/0139809 Al* 6/2012 Saito .......ccceovvvvenes HO1Q 1/48
343/848
2014/0292587 Al* 10/2014 HO1Q 1/243
343/702
2015/0061941 Al* 3/2015 Hill ..o HO1Q 1/38
343/700 MS

2016/0036129 Al /2016 Hwang et al.

FOREIGN PATENT DOCUMENTS

Jp WO 2013187013 Al * 12/2013 HO1Q 1/2233

* cited by examiner

Primary Examiner — Hoang Nguyen
(74) Attorney, Agent, or Firm — Wei Te Chung; Ming
Chieh Chang

(57) ABSTRACT

An antenna comprises a main body and a cable connecting
to the main body. The main body has a grounding portion,
a cantilevered arm, a first connecting portion and a second
connecting portion. The first connecting portion connects
the grounding portion and the cantilevered arm. The first
connecting portion is located at the upper side of the
cantilevered arm and defines a first slot with the cantilevered
arm. The second connecting portion connects the grounding
portion and the cantilevered arm. The second connecting
portion is located at the lower side of the cantilevered arm
and defines a second slot with the cantilevered arm.
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(57 ABSTRACT

Discussed herein is an antenna system that comprises a feed
element and a radiating element that are formed on a
dielectric substrate positioned above a circuit board which
includes a feed circuit and a ground layer. Specifically, the
feed element is disposed within an outer periphery defined
by the radiating element. A capacitive coupling is formed
between the feed element and the radiating element. With
the aforesaid configuration, the antenna system is less
affected by the circuit board and interference from other
elements that are mounted on the circuit board. Further,
manufacturing costs are reduced as compared to the case
where the feed element and the radiating element are respec-
tively formed on a front and rear surface of a resin layer.
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