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An antenna structure includes a carrier and an antenna
coupled to the carrier. The carrier has at least one end, at
least one fixing hole formed on the end of the carrier, and at
least one groove formed in the middle of the carrier. A
manufacture method of the antenna structure and an elec-
tronic device using the antenna structure are also provided.
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57 ABSTRACT

An electronic device may have wireless circuitry with
antennas. An antenna resonating element arm for an antenna
may be formed from peripheral conductive structures run-
ning along the edges of a device housing. The peripheral
conductive structures may form housing sidewalls. A slot
may be machined into a metal housing that separates the
housing sidewalls from a planar rear housing portion that
forms a ground for an antenna. The slot may be filled with
plastic filler. A parasitic antenna resonating element arm that
supports an antenna resonance at high band frequencies may
be embedded within the plastic filler. The parasitic antenna
resonating element may be formed from a portion of the
planar rear housing portion.
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(57) ABSTRACT

The present invention relates to an antenna radiator having
heterogeneous antennas cross-linked with each other, and a
manufacturing method therefor. More specifically, the pres-
ent invention provides an antenna radiator having heteroge-
neous antennas cross-linked with each other, wherein the
antenna radiator has an antenna pattern constituted with an
in-mold antenna provided on an end of a frame, and a printed
or plated antenna provided on an adjacent area to the
in-mold antenna, the in-mold antenna having a protrusion on
at least one area thereof, and the printed or plated antenna
provided to overlap the protrusion such that the in-mold
antenna and the printed or plated antenna are cross-linked
with each other; and a manufacturing method for the antenna
radiator.
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57 ABSTRACT

An antenna device includes a casing including a metal
casing portion and a feed coil. The metal casing portion
includes a main surface, a side surface connected to the main
surfaces, and a notch portion located in the side surface. The
feed coil is disposed inside the casing to be coupled with the
metal casing portion by a magnetic field, and includes a
winding central portion forming a coil opening portion. The
feed coil is disposed near the notch portion, with the coil
opening portion directed to a region including the notch
portion.
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(57) ABSTRACT

A device is equipped with one or more communication
modules supporting communication on the basis of radio
signals and communication on the basis of body-coupled
communication signals. Further, the device is equipped with
an antenna for transmission of the radio signals. The antenna
is further operable to transfer the body-coupled communi-
cation signals between the device and a body of a user of the
device.
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tially covers the molding compound. A semiconductor pack-
age assembly having the semiconductor package is also
provided.
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(57) ABSTRACT

According to one general aspect, a computing device may
include a conductive frame and a slot antenna formed, at
least in part, by the conductive frame. The slot antenna
defines a cavity that extends into the conductive frame from
an opening on the conductive frame to a closed end defined
by an internal portion of the conductive frame. The slot
antenna includes a feed point disposed at a position along the
slot antenna such that the slot antenna forms an open-
circuited portion and a short-circuited portion, and the feed
point is disposed between the open-circuited portion and the
short-circuited portion. The computing device may also
include a coupling element configured to be excited by an
electrical signal via the feed point.
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(57) ABSTRACT

A portable terminal includes an antenna device having a
circuit board on a surface of which a conductive layer is
formed, a slit that removes a portion of the conductive layer
and extends in a direction, an auxiliary board positioned on
the slit to face a surface of the circuit board, and a radiation
pattern formed on the auxiliary board, in which the radiation
pattern is disposed to partially enclose the slit. Even when
the radiation pattern is disposed on the conductive layer,
induced current generated around the slit can be controlled
in the same direction as signal power, thereby preventing
radiation performance from being degraded by an inverse
current phenomenon in spite of disposition of the radiation
pattern on the conductive layer.
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(57) ABSTRACT

A mobile device having an interior multiband antenna and a
partially metal back is provided. The device comprises: a
back side comprising: a conducting central portion; non-
conducting portions comprising respective widths from
respective end edges of the back side to the conducting
central portion, the conducting central portion separating the
non-conducting portions; an interior chassis covered by the
back side; antennas located on the interior chassis behind
each of the non-conducting portions, each of the antennas
comprising at least two respective radiating arms configured
to resonate in at least three frequency ranges; one or more
antenna feeds connected to each of the antennas; and, a
switch configured to select one or more of the antennas for
operation.

15 Claims, 14 Drawing Sheets

112

.4
401

111



a2 United States Patent

US009882268B2

(10) Patent No.: US 9,882,268 B2

Yi et al. 5) Date of Patent: Jan. 30, 2018
(54) RADIATOR FRAME HAVING ANTENNA (52) US.CL
PATTERN EMBEDDED THEREIN AND CPC oo HO1Q 1/243 (2013.01); HOIQ 5/371

METHOD OF MANUFACTURING THE SAME

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

(72) Inventors: Jun Seung Yi, Suwon-si (KR); Ye Ji
Park, Suwon-si (KR); Sun Hee Lee,
Suwon-si (KR); Hyeon Gil Nam,
Suwon-si (KR); Nam Ki Kim,
Suwon-si (KR); Su Hyun Kim,
Suwon-si (KR); Ha Ryong Hong,
Suwon-si (KR); Sung Eun Cho,
Suwon-si (KR); Dae Seong Jeon,
Suwon-si (KR); Ho Jin Lee, Suwon-si
(KR)

(73) Assignee: Samsung Electro-Mechanics 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 150 days.

(21) Appl. No.: 14/830,192

(22) Filed: Aug. 19, 2015

(65) Prior Publication Data
US 2016/0056529 A1 Feb. 25, 2016

(30) Foreign Application Priority Data
Aug. 21, 2014 (KR) .ooeeevvrrciienee 10-2014-0109104
Jan. 21, 2015 (KR) .o 10-2015-0009849

(51) Int.CL
HO1Q 1/24
HO1Q 138

(2006.01)
(2006.01)

(Continued)

(2015.01); HOIQ 9/42 (2013.01); B29C
45/14639 (2013.01); B29L 2031/3481

(2013.01)

(58) Field of Classification Search
CPC ... HO1Q 1/243; HO1Q 1/38; HO1Q 5/371;
HO1Q 9/42; HO1Q 1/12

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS

2002/0080077 Al*  6/2002 Kamei ............. B29C 45/0046
343/700 MS
2002/0105479 Al* 8/2002 Hamada ............ B29C 45/1671
343/895

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1363967 A 8/2002
CN 10115476 A 4/2008
(Continued)

OTHER PUBLICATIONS

Chinese Office Action dated Nov. 17, in the corresponding Chinese
Patent Application No. 201510520282.2. (26 pages in English and
12 pages in Chinese).

Primary Examiner — Tho G Phan

(57) ABSTRACT

A radiator frame having an antenna radiator formed on a
surface thereof and a method of manufacturing the same are
provided. The radiator frame includes: a radiator including
an antenna pattern portion configured to transmit or receive
a signal, and a connection terminal portion configured to
electrically connect the antenna pattern portion and a circuit
board; and a molding frame connected to the radiator such
that the antenna pattern portion is exposed at one surface of
the molding frame and the connection terminal portion is
exposed at another surface of the molding frame opposing

(Continued)




a2 United States Patent
Hill et al.

US009882269B2

US 9,882,269 B2
Jan. 30, 2018

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

(54) ANTENNAS FOR HANDHELD ELECTRONIC
DEVICES

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

(72) Inventors: Robert J. Hill, Salinas, CA (US);
Robert W. Schlub, Cupertino, CA
(US); Ruben Caballero, San Jose, 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 0 days.

(21) Appl. No.: 15/141,693
(22) Filed:  Apr. 28, 2016

(65) Prior Publication Data
US 2016/0248148 A1 Aug. 25, 2016

Related U.S. Application Data

(60) Continuation of application No. 14/064,589, filed on
Oct. 28, 2013, now Pat. No. 9,356,355, which is a

(Continued)
(51) Imt. CL
HOIQ 124 (2006.01)
HO1Q 1/52 (2006.01)
(Continued)
(52) U.S. CL
CPC .....cccue. HOIQ 1/243 (2013.01); HOIQ 1/48
(2013.01); HOIQ 1/52 (2013.01); HOIQ 1/521
(2013.01);
(Continued)
(58) Field of Classification Search
USPC ..ccoveie 343/700 MS, 702, 767, 829, 846

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6/1960 Baldwin
7/1968 Makrancy

(Continued)

2,942,263 A
3,394,373 A

FOREIGN PATENT DOCUMENTS

CN 1377102 10/2002
CN 1407653 4/2003
(Continued)

OTHER PUBLICATIONS

Hobson et al. U.S. Appl. No. 60/833,587, filed Jan. 5, 2007.

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

57 ABSTRACT

A handheld electronic device may be provided that contains
wireless communications circuitry. The handheld electronic
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(57) ABSTRACT

An antenna switching system includes a first antenna, a
second antenna, a first sensing unit, a second sensing unit, a
controlling unit, and a switching unit. The first sensing unit
detects a distance between an object and the first antenna.
The second sensing unit detects a distance between the
object and the second antenna. The controlling unit is
electronically connected to the first sensing unit and the
second sensing unit. The switching unit is electronically
connected to the controlling unit, the first antenna, and the
second antenna. The controlling unit is configured to acti-
vate and deactivate the first antenna and the second antenna
via the switching unit based on detections of the first sensing
unit and the second sensing unit.
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57 ABSTRACT

An electronic device may be provided with wireless cir-
cuitry. The wireless circuitry may include one or more
dual-frequency dual-polarization patch antennas. Each patch
antenna may have a patch antenna resonating element that
lies in a plane and a ground that lies in a different parallel
plane. The patch antenna resonating element may have a first
feed located along a first central axis and a second feed
located along a second central axis that is perpendicular to
the first central axis. The patch antenna resonating element
may be rectangular, may be oval, or may have other shapes.
A shorting pin may be located at an intersecting point
between the first and second axes. The patch antennas may
be used in beam steering arrays. The patch antennas may be
used for wireless power transfer at microwave frequencies
or other frequencies and may be used to support millimeter
wave communications.
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(57) ABSTRACT

An antenna has the following formed on a plane thereof: a
vertical element formed in a vertical direction; a left hori-
zontal element formed on a left side of the vertical element;
a right horizontal element formed on a right side of the
vertical element; a left short stub that connects the left
horizontal element and a left upper corner of a ground
pattern; and a right short stub that connects the right hori-
zontal element and a right upper corner of the ground
pattern. The right and left horizontal elements have a flat
plate shape and a capacity hat.
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(57) ABSTRACT

An antenna device of a mobile terminal for securing a
performance of an antenna of the mobile terminal having a
case of a metal material is provided. The antenna device of
the mobile terminal includes an antenna module for radiat-
ing electric waves, and a case for forming an external form
of the mobile terminal, made of a metal material, having a
slot in a portion of the metal material, and electrically
connected to each of the antenna module and a ground of the
mobile terminal, and for operating as a radiator through the
slot.
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(57) ABSTRACT

An antenna structure includes a radiator, a first metallic
sheet, and a second metallic sheet. The first metallic sheet
and the second metallic are positioned at two opposite sides
of the radiator. The radiator includes a first radiator portion,
a second radiator portion, a third radiator portion. The
second radiator portion and the third radiator portion are
symmetrically connected to the first radiator portion. The
first radiator portion is coupled to the second metallic sheet,
both the second radiator portion and the third radiator
portion are coupled to the first metallic sheet. The first
metallic sheet, the second metallic sheet, and the radiator
jointly form a loop structure.
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main board of the terminal and at least one ground pad
disposed in a position different from that of the feeding pad
for selectively establishing an electrical connection to a
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antenna radiator, for selectively establishing an electrical
connection to the ground portion by a switching operation.
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