a2 United States Patent

US011011829B2

ao) Patent No.: US 11,011,829 B2

Lee et al. 45) Date of Patent: May 18, 2021
(54) ANTENNA DEVICE AND ELECTRONIC (58) Field of Classification Search
APPARATUS CPC ........... HO1Q 1/248; HO1Q 1/22; HO1Q 1/36;
HO1Q 1/38; HO1Q 5/20; HO1Q 5/28;
(71) Applicant: E Ink Holdings Inc., Hsinchu (TW) (Continued)
(56) References Cited

(72) Inventors: Yu-Ming Lee, Hsinchu (TW);
Chuen-Jen Liu, Hsinchu (TW)

(73) Assignee: E Ink Holdings Inc., Hsinchu (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.

(21) Appl. No.: 16/596,772
(22) TFiled:  Oct. 9, 2019

(65) Prior Publication Data
US 2020/0044322 Al Feb. 6, 2020

Related U.S. Application Data

(63) Continuation of application No. 15/904,448, filed on
Feb. 26, 2018, now Pat. No. 10,490,885.

(30) Foreign Application Priority Data
Aug. 17,2017 (CN) .coovevvireerecinen 201710705390.6

(51) Imt.CL

H01Q 124 (2006.01)

HO01Q 5/30 (2015.01)

(Continued)

(52) US. CL

CPC ..o HO01Q 17248 (2013.01); HOIQ 5/30

(2015.01); HO1Q 5/364 (2015.01);
(Continued)

U.S. PATENT DOCUMENTS

8,717,240 B2* 5/2014 Flores-Cuadras ...... HO1Q 1/243
343/702
9,820,658 B2* 112017 Tran .................. A61B 5/02055

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1641933 7/2005
CN 104037491 9/2014
(Continued)

OTHER PUBLICATIONS

“Office Action of China Counterpart Application,” dated Feb. 6,
2020, p. 1-p. 9.

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — JCIPRNET

57 ABSTRACT

An antenna device including an antenna radiator and a feed
line layer is provided. The antenna radiator is disposed on a
first surface of a detachable substrate. The antenna radiator
receives a microwave signal of at least one frequency band.
The feed line layer is disposed on a second surface of a
control circuit board. The feed line layer includes a signal
feed line. The signal feed line is coupled to the antenna
radiator through a connection point. The connection point is
located on one side of the control circuit board. The detach-
able substrate and the control circuit board are arranged to
have an angle between the first surface and the second
surface. In addition, an electronic apparatus is also provided.
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(57) ABSTRACT

A directional antenna includes a substrate, a power-supply
radiating element, paired non-power-supply radiating ele-
ments, and a metal plate. The power-supply radiating ele-
ment is formed on the front surface of the substrate to be
along the vertical direction. The power-supply radiating
element receives electric power from the power-supplying
portion. The paired non-power-supply radiating elements
are provided along the vertical direction and oppose each
other across the power-supply radiating element in a hori-
zontal direction which is a direction along the front surface
of the substrate on the horizontal plane, when viewed in a
front-rear direction. A part of the metal plate is provided
behind a part of the power-supply radiating element. The
metal plate is not provided behind the paired non-power-
supply radiating elements. The 3 dB beam width of the
directional antenna on the horizontal plane is equal to or
greater than 180 degrees including the range forward of the
directional antenna.
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(57) ABSTRACT

An antenna structure includes a signal source, four trans-
mission lines, and four radiation elements. The radiation
elements are coupled through the transmission lines to the
signal source, respectively. Each of the radiation elements
includes a loop structure, a first connection element, and a
second connection element. The loop structure has a first
inner edge and a second inner edge which are opposite to
each other. A looped region is formed between the first inner
edge and the second inner edge. The looped region has first
and second sides. The first connection element extends
across the first side of the looped region. The first connection
element is coupled between the first inner edge and the
second inner edge. The second connection element extends
across the second side of the looped region. The second
connection element is coupled between the first inner edge
and the second inner edge.
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(57) ABSTRACT

A communications terminal includes a multiple-input mul-
tiple-output antenna system. The multiple-input multiple-
output antenna system includes a first antenna module, a
second antenna module, and a first ground structure. The
first antenna module includes a first radiator configured to
form a first MIMO antenna and a second radiator configured
to form a GPS antenna, and a first slit is provided between
the first radiator and the second radiator. The second antenna
module includes a third radiator configured to form a low
frequency antenna and a fourth radiator configured to form
a second MIMO antenna. The second radiator is connected
to the third radiator. One end of the first ground structure is
connected to the second radiator or the third radiator, and
another end is connected to a ground plane of the commu-
nications terminal.
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a tunable capacitor; and an antenna unit connected to the
radio frequency feeding source and configured to be coupled
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(57) ABSTRACT

The dual-band antenna device includes: a feeding electrode
that branches into a first branch feeding electrode that serves
as a low-frequency signal path and a second branch feeding
electrode that serves as a high-frequency signal path; and a
radiation electrode having a rectangular shape with a lon-
gitudinal direction and having a low-frequency feeding point
to which the first branch feeding electrode is electrically
connected and a high-frequency feeding point to which the
second branch feeding electrode is electrically connected. In
the radiation electrode, the low-frequency feeding point or
the high-frequency feeding point is formed close to an end
portion of the rectangular shape in the longitudinal direction,
and the high-frequency feeding point or the low-frequency
feeding point is formed at a center portion of a side of the
rectangular shape that extends in the longitudinal direction.
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(57) ABSTRACT

A circularly polarized (CP) antenna for Radio Frequency
energy harvesting comprising: a top substrate; a bottom
substrate disposed on a ground plane; a middle substrate
disposed between the top substrate and the bottom substrate;
a slotted patch comprising more than one slots, the slotted
patch being disposed on the top substrate; a slitted patch
comprising a plurality of slits, the slitted patch being dis-
posed between the top substrate and the middle substrate; a
microstrip feed line disposed between the middle substrate
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(57) ABSTRACT

The present invention provides a mobile terminal, which
includes a Vivaldi antenna system arranged in the mobile
terminal, wherein the Vivaldi antenna system includes two
pairs of Vivaldi antenna arrays, opening directions of one
pair of the Vivaldi antenna arrays are along a length direc-
tion of the mobile terminal, opening directions of the other
pair of the Vivaldi antenna arrays are along a thickness
direction of the mobile terminal, and each pair of the Vivaldi
antenna arrays includes two Vivaldi antenna arrays with
opposite opening directions, and the Vivaldi antenna arrays
operate in a frequency band of 5G millimeter waves. Com-
pared with the related art, the mobile terminal provided by
the present disclosure has wide and uniform beam band-
widths in a non-scanning direction, thus achieving excellent
spatial coverage efficiency.
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(57) ABSTRACT

The invention relates to a dual-polarized antenna having
four dipole elements which are each provided on an asso-
ciated support element, wherein a slot extends in the volume
of each dipole element and is prolonged from the dipole
element into the associated support element.
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(57) ABSTRACT

An antenna apparatus may include: a feed line; a ground
plane disposed around a portion of the feed line; a feed via
electrically connected to the feed line; a first end-fire
antenna pattern disposed in front of the ground plane to be
spaced apart from the ground plane, and electrically con-
nected to the feed via; a second end-fire antenna pattern
electrically connected to the feed line and disposed farther
forward than the first end-fire antenna pattern; and a third
end-fire antenna pattern electrically connected to the feed
via, and disposed in front of the first end-fire antenna pattern
in such a manner that a portion of the third end-fire antenna
pattern overlaps the second end-fire antenna pattern.
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(57) ABSTRACT

An electronic device may be provided with wireless cir-
cuitry. The wireless circuitry may include one or more
antennas. The antennas may include phased antenna arrays
each of which includes multiple antenna elements. Phased
antenna arrays may be mounted along edges of a housing for
the electronic device, behind a dielectric window such as a
dielectric logo window in the housing, in alignment with
dielectric housing portions at corners of the housing, or
elsewhere in the electronic device. A phased antenna array
may include arrays of patch antenna elements on dielectric
layers separated by a ground layer. A baseband processor
may distribute wireless signals to the phased antenna arrays
at intermediate frequencies over intermediate frequency
signal paths. Transceiver circuits at the phased antenna
arrays may include upconverters and downconverters
coupled to the intermediate frequency signal paths.
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(57) ABSTRACT

An electronic device includes a housing, a first antenna
included in a first region of the housing, a second antenna
included in a second region of the housing, an antenna
structure that is disposed within the housing, a coupler that
obtains an impedance of each of the antennas and the
antenna structure, a memory that stores a table in which the
impedances of each of the antennas and the antenna struc-
ture are matched to a location or a contact of an external
object, and a processor, and the processor obtains the
impedances of each of the antennas and the antenna struc-
ture from the coupler when the external object approaches
the electronic device, obtains the location or the contact of
the external object based on the obtained impedances and
the table, and transceives a signal through the antenna
structure in a direction where the external object is absent.
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57 ABSTRACT

Disclosed herein is a mobile terminal capable of indicating
the position of a force sensor arranged inside a side case
using the shape of a non-conductive mold disposed between
conductive members to sense pressure. For the mobile
terminal, a user input unit and an antenna may be arranged
to overlap each other, and a bump and a recess may be
formed using a non-conductive mold that is easy to process.
Accordingly, uniformity of appearance may be maintained
without forming a bump and a recess on the conductive
member.
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