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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

Disclosed is a mobile terminal, by which extensibility of an
antenna pattern and radiation efficiency of an antenna can be
increased. The present invention includes a display, a frame
configured to support a back of the display, a first antenna to
be provided to at least one side of a top portion and a bottom
portion of the frame, a rear case to attach to a back of the
frame, a second antenna provided to at least one of an inner
side and an outer side of the rear case, and a third antenna
configured in a beam shape to be attached to at least one of
a right lateral side and a left lateral side of the frame, the
third antenna configured to be electrically connected to
either the first antenna or the second antenna.
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(22) Filed: Nov. 8, 2016 7 ABSTRACT
L A mobile terminal comprises: a terminal body; and a first
Related U.S. Application Data antenna device and a second antenna device disposed at one
(63) Continuation of application No. 14/010,900, filed on side of the terminal body in an adjacent manner, and formed
Aug. 27, 2013. to operate at different frequency bands, wherein the first
antenna device and the second antenna device are provided
(30) Foreign Application Priority Data with conductive members each having a slit at one side
thereof, and wherein the conductive members form part of
Sep. 19, 2012 (KR) occvvvrvevcerncen 10-2012-0104152 an appearance of the terminal body.
~——250
2 - -—202b
202b—+
]
S —H-H—23
a &
‘ § s
fbfl)!uf)\}{ L:::.ﬁ‘}wgl—
14 i -
b A
ST 22 gmo B4 gmanm
21{2
J 250
241 it R 202
202b-——1
|
313 I —
5t I ’ A5
1 [z 4l
b i I | 11
1

4

\ !
ST 2 ANT 2
324

)
SUT 138




US 20170062906A1
a9y United States

a2) Patent Application Publication (o) Pub. No.: US 2017/0062906 A1

McAuliffe et al. (43) Pub. Date: Mar. 2, 2017
(54) ANTENNAS FOR ELECTRONIC DEVICE (52) US. CL
WITH HEAT SPREADER CPC ..o HO01Q 1/24 (2013.01); HOIQ 9/04
(2013.01); HO1Q 1/38 (2013.01); H01Q 1/06
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(US); James W. Jervis, Santa Clara,
CA (US); Andrea Ruaro, Copenhagen An electronic device may have wireless circuitry with
(DK); Mattia Pascolini, San Francisco, antennas. The electronic device may have a dielectric hous-
CA (US); Jerzy S. Guterman, ing. A printed circuit board with electrical components may
Mountain View, CA (US) be mounted in the dielectric housing. Heat spreader struc-
tures may be used to dissipate heat from the electrical
(21)  Appl. No.: 14/839,619 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

(22) Filed: Aug. 28, 2015

Publication Classification

(51) Imt. CL be mounted in one of the antenna cavities. Each antenna
HO01Q 124 (2006.01) element may be an inverted-F antenna resonating element
HO01Q 1/38 (2006.01) with short and long arms. The short arm of each antenna
HO0I1Q 1/06 (2006.01) resonating element may be formed from edge plated metal
HO01Q 9/04 (2006.01) traces on an edge of the printed circuit.
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(57) ABSTRACT

An electronic device includes a control module, a first
antenna frame, and a second antenna frame. A first ground
point, a first feed point, and a second ground point are
respectively located on the first antenna frame. A second
feed point, a third ground point, and a third feed point are
respectively located on the second antenna frame. A switch-
ing unit and a low-pass circuit being electrically coupled
between one end portion of the first antenna frame and one
end portion of the second antenna frame, wherein the
switching unit is controlled by the control module to selec-
tively connect the first antenna frame and the second antenna
frame. If the switching unit is closed, an antenna element

(51) Imt. ClL formed between the first ground point and the third feed
HOIQ 5/30 (2006.01) point is enabled, and the antenna element is operated to
HOIQ 916 (2006.01) receive and/or transmit low frequency signal.
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BROWN, San Di CA (US);
Alexandre S%Pllje‘g(o’s an D(Iii g?)j CA An antenna system is provided, including a first antenna, a
(US) ’ ’ second antenna, a ground plane, and a resonant isolator
located proximate to the first antenna and the second
(21) Appl. No.: 15/351,300 antenna. The resonant isolator is coupled to the ground plane
! at or proximate to one current null point created by a first
(22) Filed: Nov. 14, 2016 antenna and at or proximate to a second current null point
Related U.S. Application Data created by a second antenna, and is configured to isolate the
- APP first antenna from the second antenna at a resonance. In
(63) Continuation-in-part of application No. 14/253,678, some cases, the resonant isolator may include at least two
filed on Apr. 15, 2014, now Pat. No. 9,496,614. conductive portions that may be substantially parallel to one
Publication Classificati another. The resonant isolator may also include an active
ublication Classification tuning element that may change the resonance at which the
(51) Imt. CL resonant isolator de-couples the two antennas. In some
HOI1Q 7/00 (2006.01) cases, each of the antennas may be a capacitively-coupled
HO01Q 1/48 (2006.01) compound loop antenna.
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A communication device including a ground plane and an
antenna element is provided. The antenna element includes
a feeding portion, a first radiation portion, a second radiation
portion and an adjusting portion. The first radiation portion
and the feeding portion form a first resonant path, and the
first radiation portion includes a first portion and a second
portion. The first portion faces a first edge of the ground
plane and the second portion, and the second portion extends
from a second edge of the ground plane. The second
radiation portion and the feeding portion form a second
resonant path. The antenna element operates in a first band
and a second band through the first resonant path and the
second resonant path. The adjusting portion and part of the
first radiation portion form a current-dividing path to adjust

HO04M 1/02 (2006.01) impedance of the antenna element operating in the second
HO04B 1/3827 (2006.01) band.
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(51) Imt.CL aligned with an opening in the metal clip. A metal fastener
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A removable case may receive an electronic device. A male
connector in the case may mate with a female connector in
the device. A battery in the case may supply power to the
device through the male connector. The electronic device
may have an antenna. The case may have a supplemental
antenna that compensates for variations in performance in
the antenna when the device is received within the case. The
supplemental antenna may be a parasitic antenna resonating
element that is formed from metal traces on a flexible printed
circuit. The flexible printed circuit, a metal trim structure,
and a plastic support structure may form portions of a
connector support structure in the case.
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Related U.S. Application Data feeding point; a first feed element that is connected to the
(63) Continuation of application No. PCT/IP2015/ first feeding point; a second feed element that is connected
065315. filed on Ma$%7 2015 ' to the second feeding point, a cancellation electric current
’ ’ ' being generated in the second feed element; and a radiating
(30) Foreign Application Priority Data element that functions as a radiation conductor when power
is supplied by establishing electromagnetic field coupling
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An apparatus comprises a parasitic radiative element, a

(51) Imt.CL tuning element having a galvanic coupling to the parasitic
HO0IQ 5/378 (2006.01) radiative element, and a driven radiative element having a
HO01Q 5/385 (2006.01) non-galvanic coupling to the parasitic radiative element.
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