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(57) ABSTRACT

According to an embodiment of the present disclosure, an
antenna device implemented in a display device may com-
prise a dielectric layer provided in the display device, an
antenna area disposed in a surface of the dielectric layer
provided in a transparent area of the display device and
having at least one or more antenna patterns transmitting or
receiving an electromagnetic wave through a plurality of
conductive grids, a power feeding area provided in at least
one of the transparent area and an opaque area of the display
device and having a power feeding pattern providing a
signal current to the antenna pattern through the plurality of
conductive grids, and a transmission line portion connecting
a substrate portion provided in the display device with the
power feeding pattern. Further, the antenna device according
to the present disclosure may also be implemented in other
various embodiments.
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(57) ABSTRACT

An antenna apparatus includes a conductive radiating ele-
ment, a conductive member, and a first impedance circuit.
The first impedance circuit includes a first parallel resonant
circuit (an LC parallel resonant circuit) and is directly
connected between the radiating element and the conductive
member (the conductor plate). Since the first parallel reso-
nant circuit has high impedance in its resonant frequency
band and is equivalently in an open state, one end of the
radiating element is opened in the resonant frequency band.
Accordingly, the radiating element defines and functions as
a standing-wave antenna that contributes to electric-field
radiation and a loop portion including the radiating element,
the conductive member, and the first impedance circuit
defines and functions as a magnetic-field radiation antenna
that contributes to magnetic-field radiation.
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(57) ABSTRACT

A handheld electronic device may be provided that contains
a conductive housing and other conductive elements. The
conductive elements may form an antenna ground plane.
One or more antennas for the handheld electronic device
may be formed from the ground plane and one or more
associated antenna resonating elements. Transceiver cir-
cuitry may be connected to the resonating elements by
transmission lines such as coaxial cables. Ferrules may be
crimped to the coaxial cables. A bracket with extending
members may be crimped over the ferrules to ground the
coaxial cables to the housing and other conductive elements
in the ground plane. The ground plane may contain an
antenna slot. A dock connector and flex circuit may overlap
the slot in a way that does not affect the resonant frequency
of the slot. Electrical components may be isolated from the
antenna using isolation elements such as inductors and
resistors.

20 Claims, 38 Drawing Sheets

>10




a2 United States Patent

O’Driscoll et al.

US010333201B2

US 10,333,201 B2
Jun. 25, 2019

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

(54) MULTI-ANTENNA WEARABLE DEVICE

(71)

(72)

(73)

")

@

(22)

(65)

(1)

(52)

Applicant: Verily Life Sciences LL.C, Mountain

Inventors:

Assignee:

View, CA (US)

Stephen O’Driscoll, San Francisco, CA
(US); Jiang Zhu, Cupertino, CA (US);
Uei-ming Jow, San Jose, CA (US);
Maryam Fathi, Palo Alto, CA (US)

VERILY LIFE SCIENCES LLC,
South San Francisco, CA (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 234 days.
Appl. No.: 15/231,904
Filed: Aug. 9, 2016
Prior Publication Data
US 2018/0048055 Al Feb. 15, 2018
Int. C1.
HO01Q 138 (2006.01)
H01Q 127 (2006.01)
H01Q 1722 (2006.01)
HO010Q 136 (2006.01)
H01Q 1/42 (2006.01)
HO01Q 1/48 (2006.01)
H01Q 1/52 (2006.01)
HO010 7/00 (2006.01)
HO01Q 9/42 (2006.01)
H01Q 2128 (2006.01)
U.S. CL
CPC .......... H01Q 1273 (2013.01); H01Q 1/2208

(2013.01); HOIQ 1/2291 (2013.01); HOIQ

1/36 (2013.01); HO1Q 1/38 (2013.01); HOIQ
1/42 (2013.01); HO1Q 1/48 (2013.01); HOIQ
1/521 (2013.01); HOIQ 7/00 (2013.01); HOIQ

9/42 (2013.01); HOIQ 21/28 (2013.01)

(58) Field of Classification Search
CPC ... HO1Q 1/48; HO1Q 1/521; HO1Q 21/28
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

8,786,497 B2* 7/2014 Sharawi HO1Q 1/38

343/700 MS

2012/0212386 Al
2015/0269400 Al

8/2012 Massie et al.
9/2015 Poussot et al.

FOREIGN PATENT DOCUMENTS

EP 2581887
EP 3001503

4/2013
3/2016

OTHER PUBLICATIONS

International Patent Application No. PCT/US2017/042184 , “Inter-
national Search Report and Written Opinion”, dated Oct. 19, 2017,
14 pages.

* cited by examiner

Primary Examiner — Graham P Smith

(74) Attorney, Agent, or Firm — Kilpatrick Townsend &
Stockton LLP

(57) ABSTRACT

A multi-antenna device may include a high-frequency
antenna, a low-frequency antenna, and a patterned metal
ground plane defining channels having capacitors operable a
short circuit for the high-frequency antenna and an open-
circuit for the low-frequency antenna. The high-frequency
antenna, the low-frequency antenna, and the patterned metal
ground plane may be coupled to a multi-layer printed circuit
board of the multi-antenna device. The channels of the metal
ground plane conductor may have dimensions to, them-
selves, operate as the capacitors. In other aspects, discrete
capacitors may be positioned on the metal ground plane
proximate to the channels to reduce eddy currents during
operation of the low-frequency antenna.
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(57) ABSTRACT

An antenna structure includes a metal housing, a first feed
source, a first ground portion, and a first switching circuit.
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 first gap and a second gap. The metal
housing is divided into at least a first portion by the slot, the
first gap, and the second gap. The first feed source is
electrically connected to the first portion for supplying
current to the first portion. The first ground portion is
electrically connected to the first portion for grounding the
first portion. One end of the first switching circuit is elec-
trically connected to the first portion. Another end of the first
switching circuit is grounded.
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(57) ABSTRACT

An antenna system with a bridged ground plane includes a
printed circuit board, a first ground plane, a bridge, an
antenna radiating element, an antenna connection, and at
least one electronic component. The first ground plane is
coupled to a first face of the printed circuit board. The bridge
couples the first ground plane to the second ground plane.
The antenna radiating element is coupled to the second
ground plane via the antenna connection. The electronic
component or components are coupled to a second face of
the printed circuit board.
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a first antenna configured to transmit and receive
signals of a plurality of frequency bands, and a second
antenna disposed at an area adjacent to the first antenna. The
first antenna includes a first wireless communication circuit,
a first radiator, a first feeding part configured to connect the
first wireless communication circuit to the first radiator, a
first ground part configured to be connected to one end of the
first radiator, a switching circuit configured to be connected
to the first radiator in an area adjacent to the second antenna,
at least one frequency band element in which a first end is
connected to the switching circuit and a second end is
connected to the first ground part, and at least one isolation
element configured to connect the first radiator to the ground
part in the area adjacent to the second antenna.
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An object of the present invention is to provide a multiband
antenna, an antenna array, and a wireless communications
device that can achieve miniaturization while preventing
deterioration in radiation efficiency. To this end, an antenna
according to the present invention includes: a conductor
reflection plate; a first antenna that includes a first antenna
element and is provided on the conductor reflection plate;
and a second antenna that includes a second antenna element
having an electromagnetic resonance frequency that is a
frequency different from an electromagnetic resonance fre-
quency of the first antenna element included in the first
antenna, and that is provided on the conductor reflection
plate, wherein each of the first antenna element and the
second antenna element includes: a C-shaped conductor that
is a substantially C-shaped conductor having a split section
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There is disclosed a mobile terminal comprising a body; a
ground of a printed circuit board loaded in the body; a data
port located in the body to have an external input terminal
inserted therein and connected with the ground; a metallic
member defining an exterior of the body and comprising a
slit; a feeding portion connected with a first point of the
metallic member and configured to supply power; a first
ground line connected with the ground at a second point
located between the first point of the metallic member and
the slit; and a second ground line connected with the data
port connected with the ground when the external input
terminal is inserted in the data port, so that the mobile
terminal has to include no additional switch to reduce the
number of the components and the antenna of the mobile
terminal may be selectively and structurally connected with-
out the algorithm configured to manipulate the switch by
sensing that the external input terminal is inserted in the data
port to operate the switch to minimize the expense increase
cost to improve the antenna performance.
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An electronic device includes a housing antenna formed
from a conductive material. At least parts of a side member
and a rear cover that constitute the housing of the electronic
device are used as an antenna. Accordingly, radiation pat-
terns generated by this antenna are formed on the rear
surface of the electronic device as well as at the upper
portion of the electronic device. It is therefore possible to
perform wireless communication with higher accuracy.
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(57) ABSTRACT

An electronic device is provided that includes a circuit board
received in the electronic device and in which at least one
board is layered, a communication module disposed at one
surface of the circuit board and electrically connected to the
circuit board, an antenna electrically connected to the com-
munication module, and a metal structure whose one surface
is separated from the other surface of the circuit board to
form a space within the electronic device by enclosing the
circuit board and in which at least one aperture is formed at
one side thereof.
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57 ABSTRACT

A single feed-in dual-band antenna structure includes a first
radiation unit, a basal plate and a plurality of matching
components. The basal plate includes a front side, a back
side and an edge side. A first ground unit, a signal feed-in
unit, a second radiation unit and an electrode part are
arranged on the front side. A third radiation unit is arranged
on the edge side. A second ground unit is arranged on the
back side of the basal plate. The first radiation unit is
electrically connected to the electrode part. The first radia-
tion unit is adjusted to control the 2.45 GHZ frequency range
impedance, resonant frequency, bandwidth and radiation
effect. The third radiation unit frequency wave length con-
trols the 5 GHZ frequency range to achieve the predeter-
mined target impedance, resonant frequency, bandwidth and
radiation efficiency. The antenna size can be reduced effec-
tively.
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