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embodiments are possible.
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(57) ABSTRACT

A convertible notebook computer includes a metal mecha-
nism element, a first radiation element, a second radiation
element, a third radiation element, a first parasitic element,
a second parasitic element, a third parasitic element, and a
dielectric substrate. The metal mechanism element has a
closed slot. The first radiation element has a feeding point.
The second radiation element is coupled to the first radiation
element. The third radiation element is coupled to the first
radiation element. The first parasitic element is adjacent to
the second radiation element. The second parasitic element
is adjacent to the third radiation element. The third parasitic
element is adjacent to the first radiation element. An antenna
structure is formed by the closed slot of the metal mecha-
nism element, the first radiation element, the second radia-
tion element, the third radiation element, the first parasitic
element, the second parasitic element, and the third parasitic
element.

15 Claims, 7 Drawing Sheets




az United States Patent

Svendsen et al.

US011799505B2

US 11,799,505 B2
Oct. 24, 2023

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

(54) ANTENNA BANDWIDTH ENHANCEMENT
FOR AN ELECTRONIC DEVICE
(71) Applicant: INTEL CORPORATION, Santa Clara,
CA (US)
(72)

Inventors: Simon Svendsen, Aalborg (DK); Ole

Jagielski, Viborg (DK)
(73)

Assignee: Intel Corporation, Santa Clara, CA

(Us)
*) Notice: Subject to any disclaimer, the term of this
i y
patent is extended or adjusted under 35

U.S.C. 154(b) by 273 days.

1)
(22)

Appl. No.: 16/926,971

Filed: Jul. 13, 2020

(65) Prior Publication Data

US 2021/0067180 Al Mar. 4, 2021

Related U.S. Application Data

Continuation of application No. 15/719,781, filed on
Sep. 29, 2017, now Pat. No. 10,715,187.

(63)

Int. CL
H01Q 124
HO01Q 1738
HOIQ 2128
HO0I1Q 5/321
HO010Q 5/335
HO01Q 5/50
HO01Q 9/30
H04B 1/00
H04B 1/401
HO04B 1/3888
U.S. CL
CPC .......... HO04B 1/0064 (2013.01); HOIQ 1/243
(2013.01); HOI1Q 1/38 (2013.01); HO1Q 5/321
(2015.01); HO1Q 5/335 (2015.01); HOIQ 5/50

(51)
(2006.01)
(2006.01)
(2006.01)
(2015.01)
(2015.01)
(2015.01)
(2006.01)
(2006.01)
(2015.01)
(2015.01)
(52)

(2015.01); HO1Q 9/30 (2013.01); HOIQ 21/28
(2013.01); H04B 1/3888 (2013.01); HO4B
/401 (2013.01)

(58) Field of Classification Search
CPC .... HO4B 1/0064; HO4B 1/3888; H04B 1/401;
HO1Q 1/243; HO1Q 1/38; HO1Q 5/321;
HO1Q 5/335; HO1Q 5/50; HO1Q 9/30;
HO1Q 21/28
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

9,337,539 B1* 5/2016 Ananthanarayanan ...................
HO1Q 5/335
7/2020 Svendsen ................. HO01Q 5/50

(Continued)

10,715,187 B2 *

Primary Examiner — Hai V Tran
Assistant Examiner — Michael M Bouizza
(74) Attorney, Agent, or Firm — Banner & Witcoff Ltd.

(57) ABSTRACT

Techniques are disclosed for configuring a broadband
antenna system. An example electronic device includes a
first antenna operating at a first frequency range and coupled
to a first transceiver via a first signal path comprising a first
indirect feed. The electronic device also includes a second
antenna operating at a second frequency range and coupled
to a second transceiver via a second signal path comprising
a second indirect feed, wherein the first frequency range is
lower than the first frequency range. The electronic device
also includes a third antenna operating at the second fre-
quency range and coupled to a third transceiver via a second
signal path comprising a third indirect feed. Additionally, the
first antenna is coupled to the first antenna and the second
antenna by a capacitive coupling element.
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(57) ABSTRACT

An electronic component testing apparatus is used for test-
ing a device under test (DUT). The electronic component
testing apparatus includes: a socket unit that is electrically
connected to the DUT; a first wiring board; and a tester that
comprises a test head in which the first wiring board is
mounted. The socket unit includes a first socket and a second
socket. The second socket includes a base and a test antenna
unit. The tester tests the DUT by transmitting and receiving
radio waves between a device antenna unit of the DUT and
the test antenna unit while the DUT is electrically connected
to the first socket and the first socket is electrically con-
nected to the test head through the second socket.
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A chassis for an electronic device is provided. The chassis
comprises a chassis part made of conducting material. At
least one slot antenna is formed in the chassis part made of
conducting material.
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57 ABSTRACT

Wiring and a wiring path of a feed line for feeding power to
a radiation element is simplified. An array antenna includes
a first conductive pattern layer, first dielectric layer, con-
ductive ground layer, second dielectric layer, second con-
ductive pattern layer, third dielectric layer, and radiation
element pattern layer that are layered in this order. The
radiation element pattern layer includes radiation element
pairs arranged in a two-dimensional array pattern. Each of
the radiation element pairs includes a first radiation element
and a second radiation element arranged side by side with an
interval therebetween. The second conductive pattern layer
includes branch feed lines arranged in a two-dimensional
array pattern to correspond to the radiation element pairs,
respectively. The first conductive pattern layer includes feed
lines corresponding to the branch feed lines, respectively.
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(57) ABSTRACT

Disclosed is a RF switch module and methods to fabricate
and operate such RF switch to alternatively couple an
antenna to either a transmitter transmission line or a receiver
transmission line to realize lower distortion of a signal at
high frequencies with improved insertion loss and without
affecting isolation. In one embodiment, a Radio Frequency
(RF) switch module, includes, a switch circuit for switching
between transmitting first signals from a transmitter unit to
an antenna and transmitting second signals from the antenna
to the receiver unit, wherein the switch circuit comprises a
plurality of field effect transistors (FETs), wherein each of
the plurality of FETs comprises stacked gate dielectrics and
at least three metal contacts to a conductive gate, wherein
the stacked gate dielectrics comprises at least one first
dielectric layer, wherein the first dielectric layer comprises
a negative-capacitance material.
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(57) ABSTRACT

The present disclosure relates to an antenna device com-
prising: a first antenna comprising a first reflecting member
configured to reflect at least a portion of a signal radiated by
the antenna device; a second antenna comprising a second
reflecting member configured to reflect at least a portion of
the signal radiated by the antenna device, there is a spacing
between the first reflecting member and the second reflecting
member; and a coupling capacitor comprising a first polar
plate and a second polar plate, the first polar plate is disposed
on a side, close to the spacing, of a first reflecting surface of
the first reflecting member, and the second polar plate is
disposed on a side, close to the spacing, of a second
reflecting surface of the second reflecting member.
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A multi-band antenna includes a lower grounding portion, a
feed-in portion, a feeding point, an upper grounding portion,
a first extending portion, a second extending portion, a third
extending portion, a fourth extending portion, a fifth extend-
ing portion, a first branch, a second branch, a third branch
and a loop portion. The feed-in portion, the first extending
portion, the second extending portion, the third extending
portion, the fourth extending portion and the first branch
form a first radiation portion. The feed-in portion, the first
extending portion, the second extending portion, the third
extending portion, the fifth extending portion and the second
branch form a second radiation portion. The feed-in portion,
the first extending portion, the second extending portion and
the third branch form a third radiation portion.
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57) ABSTRACT

A wireless module has a multilayer substrate, an element
installation section formed in one region in a substrate plane
of the multilayer substrate, and an antenna. The antenna
includes a conductor unit formed in another region in the
substrate plane of the multilayer substrate. The conductor
unit has a first end and a second end that extend along an
outer periphery of the other region and that are separated
from each other in a direction of the extension, and is formed
in a loop as seen from a direction perpendicular to a
substrate surface of the multilayer substrate. A feed unit
connected to the first end of the conductor unit receives input
of an AC signal of a prescribed frequency. A short-circuit
line has a first end connected to a ground and a second end
connected to the conductor unit through the feed unit.
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(57) ABSTRACT

An antenna structure of an embodiment of the present
invention includes a film antenna including a dielectric layer
and an antenna electrode layer formed on an upper surface
of the dielectric layer, and a flexible circuit board including
a power supply wiring electrically connected to the antenna
electrode layer. A bonding region is defined by a region in
which the antenna electrode layer and the power supply
wiring are overlapped with each other in a planar direction,
and the bonding region has a length of 1.5 mm or less. Signal
efficiency and radiation reliability may be improved by
adjusting a length of the bonding region.
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Disclosed is a decoupling dipole structure that renders a
midband dipole effectively transparent to a nearby lowband
dipole. This not only improves the beam quality in the
lowband without sacrificing beam quality in the midband, it
also enables different lowband dipoles to be employed to
customize the lowband performance of the multiband
antenna without requiring a redesign of the midband dipoles
or of the array face.
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source comprises a conductive reflecting plane configured to
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and a substrate integrated waveguide (SIW) feeding struc-
ture coupled to the pair of radiating patches through a
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the advantages of wider bandwidth, higher directivity/gain,
reduced structural complexity, compact size and appropriate
feeding type for millimeter-wave applications.
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(57) ABSTRACT

An antenna arrangement comprises a dual-polarised turn-
stile antenna, which comprises a first and a second dipole
antenna element, which are aligned perpendicular to one
another. The first and second dipole antenna elements each
comprises two dipole halves. The dipole halves of both
dipole antenna elements comprise a dipole section and a
coupling section, which are galvanically connected to each
other and to a first end of a ground connection medium or a
signal connection medium. The coupling sections each
extend along the closest dipole section of the adjacent other
first and/or second dipole antenna element, wherein a spac-
ing gap is formed between a coupling side of the respective
coupling section of the first and/or second dipole antenna
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