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(57) ABSTRACT

An electronic device includes a first housing for disposing a
display screen, and a second housing for disposing a system
circuit board, wherein a first side of the second housing is
directly connected to a first side of the first housing through
a rotating pivot; wherein an antenna circuit board is disposed
on a second side of the first housing relative to the rotating
pivot, the antenna circuit board has a radiating portion and
a first grounding portion, and the radiating portion includes
an antenna segment; wherein a second side of the second
housing relative to the rotating pivot has a conductor layer,
and the conductor layer has a coupling portion and a second
grounding portion; when the electronic device is in the tablet
mode, the conductor layer overlaps the antenna circuit
board. In this way, the impedance mismatch and frequency
offset of the antenna in tablet mode are improved.
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(57) ABSTRACT

Embodiments of this application relate to the field of
antenna technologies, and disclose a terminal antenna sys-
tem and an electronic device, to effectively reduce mutual
impact between adjacent antennas. A specific solution is as
follows: The terminal antenna system includes: a first radia-
tor and a second radiator, where a first end of the first
radiator is coupled to a first end of the second radiator
through a gap. A first feed point is provided at a second end,
away from the second radiator, of the first radiator, and a first
ground point is further provided on the first radiator. A
second feed point is provided at a second end of the second
radiator, and the second end of the second radiator is an end
away from the first radiator.
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57 ABSTRACT

An is applied in the display device and includes a first
antenna, a first transmission structure, a second antenna, a
second transmission structure, and a radio frequency unit;
the first antenna is electrically connected to the radio fre-
quency unit at least through the first transmission structure,
and the second antenna is electrically connected to the radio
frequency unit through the second transmission structure;
when the antenna module is applied in a display device, the
first antenna is located on the display surface side of the
display device, and the second antenna is located on a side
of the display device away from the display surface side.

19 Claims, 14 Drawing Sheets

First antenna

Dispiay substrate

RF unit

Lot

Second antenva




a2 United States Patent

Wang et al.

US012689126B2

a0y Patent No.: US 12,689,126 B2

(54)

(71
(72)

(73)
")

@1)
(22)
(65)

(60)

(51)

(52)

ELECTRONIC DEVICE HAVING ANTENNA
WITH VENT STRUCTURES

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

Inventors: Yiren Wang, Cupertino, CA (US);
Yuan Tao, Santa Clara, CA (US); Hao
Xu, Cupertino, CA (US); Yuancheng
Xu, San Jose, CA (US); Enrique Ayala
Vazquez, Watsonville, CA (US);
Nikolaj P Kammersgaard,
Copenhagen (DK); Eric W Bates, San
Jose, CA (US); Peter A Dvorak, Menlo
Park, CA (US); Victor C Lee, Santa
Clara, CA (US); Han Wang, Campbell,

CA (US)

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 309 days.

Appl. No.: 18/458,811

Filed: Aug. 30, 2023

Prior Publication Data

US 2024/0079785 Al Mar. 7, 2024

Related U.S. Application Data

Provisional application No. 63/404,100, filed on Sep.
6, 2022.

Int. CL.
HOIQ 9/04 (2006.01)

HOIQ 1/24 (2006.01)

US. CL

CPC ... HOIQ 9/0421 (2013.01); HOIQ 1/243

(2013.01)

@s) Date of Patent: Jul. 21, 2026
(58) Field of Classification Search

CPC ... HO1Q 9/0421; HO1Q 1/243; HO1Q 9/42;

HO1Q 1/36; HO1Q 1/02; HO1Q 1/22;

HO1Q 1/241; HO1Q 1/48; HO1Q 1/50;

HO1Q 13/10; HO1Q 23/00; HO1R 12/78;

HOS5K 7/20127

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

9/2018 Nivet et al.
10/2018 Youm et al.
12/2018 Yarga et al.

4/2019 Guterman et al.

(Continued)

10,074,887 B2
10,109,908 B2
10,158,384 Bl
10,268,236 B2

FOREIGN PATENT DOCUMENTS

KR 20210048342 A 5/2021
wo 2022098342 Al 5/2022

Primary Examiner — Amr A Awad
(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
Michael H. Lyons

(57) ABSTRACT

An electronic device may be provided with an antenna
having a resonating element formed from a segment of
peripheral conductive housing structures. A speaker may be
aligned with first openings in the segment. A vent may be
aligned with second openings in the segment. A connector
may protrude through the segment. A trace combiner for the
antenna may be patterned onto the speaker and may be
coupled to the segment. Tuners for the antenna may be
disposed on first and second flexible printed circuits that
extend along opposing sides of the connector. The tuners
may be controlled through the speaker. The second flexible
printed circuit may extend along the vent. The vent may
have a vent cowling with a cut-out region next to the tuner
on the second flexible printed circuit.
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(57) ABSTRACT

A communication device includes a metal mechanism ele-
ment, a loop radiation element, a first radiation element, and
a second radiation element. The metal mechanism element
has a slot. The loop radiation element is coupled to the metal
mechanism element. The first radiation element has a feed-
ing point. The first radiation element is coupled to a first
connection point on the loop radiation element. The second
radiation element is coupled to a second connection point on
the loop radiation element. Both the first radiation element
and the second radiation element are disposed inside the
loop radiation element. An antenna structure is formed by
the metal mechanism element, the loop radiation element,
the first radiation element, and the second radiation element.
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(57) ABSTRACT

An antenna assembly, a dual-frequency wideband antenna,
and an electronic device are provided. The antenna assembly
includes an antenna radiator, a grounding point, and a
feeding point. The grounding point is arranged on a middle
portion of the antenna radiator. The feeding point is arranged
on the antenna radiator and spaced from the grounding point.
The feeding point is fed by a feeding source, such that the
antenna radiator supports a first frequency band and a
second frequency band. The first frequency band is different
from the second frequency band.
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(57) ABSTRACT

An antenna includes a radiation conductor having a circular
shape, a feed line configured to feed power to the radiation
conductor, and a terminal connected to the feed line, in
which impedance of the feed line is greater than impedance
of a feed point of the terminal, and a line length of the feed
line is longer than a radius of the radiation conductor.
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(57) ABSTRACT

Antenna elements and electronic devices are provided,
including an antenna element includes a first radiator, a
second radiator, and a radiator array. The first radiator is
connected to a ground plane through a grounding compo-
nent, the second radiator is spaced from the ground plane
and disposed opposite to the ground plane, and the second
radiator and the first radiator are spaced apart. The radiator
array is spaced from the first radiator and disposed opposite
to the first radiator, and is located on a side that is of the first
radiator and that is further from the ground plane. The
radiator array includes at least two sub-radiators, and the at
least two sub-radiators are spaced from each other in an
extension direction of a plane on which the radiator array is
located. The first radiator includes a first hollow region, and
the radiator array includes a second hollow region.
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(57) ABSTRACT

An electronic device including an antenna is provided. The
electronic device includes a housing and a sliding plate,
wherein: the housing comprises an antenna circuit unit
arranged on a side surface corresponding to the sliding
operation direction of the sliding plate, and a contact unit for
electrically connecting the housing and the sliding plate,
wherein the antenna circuit unit further includes, as a
radiator, at least one frame arranged on the side surface,
wherein the housing and the plate form a space, and wherein
the space, the contact unit, and the antenna circuit unit can
form a cavity antenna.
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(57) ABSTRACT

An antenna module that includes dielectric substrates, radi-
ating elements that are of a plate shape and disposed in or on
the dielectric substrates, ground electrodes, and a peripheral
electrode. The ground electrode is disposed in or on the
dielectric substrate to face the radiating element. The ground
electrode is disposed in or on the dielectric substrate to face
the radiating element and is electrically connected to the
ground electrode. The peripheral electrode is disposed in a
layer, in the dielectric substrate, between the ground elec-
trode and the radiating element and is electrically connected
to the ground electrode. A direction normal to the radiating
element is a first direction from the ground electrode toward
the radiating element. A direction normal to the radiating
element is a second direction different from the first direc-
tion. The peripheral electrode extends from the ground
electrode in the first direction.
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67 ABSTRACT

An electronic apparatus includes: a first housing; a second
housing rotatably connected to the first housing; an opening
formed along a third edge of the second housing; a switch
located on a path that connects the opening and a ground
region; and a wireless communication circuit. The first
housing includes a first edge extending in a first direction
and a second edge extending in a second direction. The
second housing includes the third edge corresponding to the
first edge and a fourth edge corresponding to the second
edge when the first and second housings face each other.
Parts of the first and second edge are made of a conductive
material. When the first housing and the second housing face
each other, the wireless communication circuit feeds power
to the conductive material and controls the switch to elec-
trically short-circuit the third edge and the ground region.
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57 ABSTRACT

The present disclosure provides a patch antenna including
stacked first and second insulating medium substrates, and a
radiating patch is provided on the second insulating medium
substrate. The patch antenna further includes a plurality of
strip-shaped metal structures, each passing through the first
and second insulating medium substrates, a first end thereof
being electrically connected with the metal layer and a
second end thereof being attached to a metal sheet. At least
two strip-shaped metal structures are located at a first side of
the radiating patch, and at least two strip-shaped metal
structures are located at an opposite second side. Metal
sheets attached to two strip-shaped metal structures that are
farthest apart from each other and located at a same side are

(Continued)
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(57) ABSTRACT

An antenna module that includes a bent portion and a first
flat portion. The first flat portion has a connection surface
connected to the bent portion, a back surface intersecting the
connection surface, a power feed pad connected to a flexible
cable, a first ground electrode, and a radiating element. The
first ground electrode is connected to a second ground
electrode of the bent portion on the connection surface and
is connected to the power feed pad.
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This antenna module may comprise a multi-layer substrate
composed of a plurality of dielectrics, and conductive pat-
terns. The multi-layer substrate includes: a first layer made
of a flexible first material; second layers, which are formed
on one side surface of the first layer and are composed of a
plurality of layers made of a stiff second material; and third
layers, which are formed on the other side surface of the first
layer and are composed of a plurality of layers made of the
stiff second material. The conductive patterns includes: a
first conductive pattern formed on the one side surface in
first and second regions of the one side surface of the first
layer; a second conductive pattern formed on a lower third
layer; and a third conductive pattern formed on a lower
fourth layer. The second and third conductive patterns can be
connected through via holes.
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(57) ABSTRACT

According to various embodiments, an electronic device
may include: a housing comprising a conductive portion and
non-conductive portion forming a portion of an exterior side
surface, a circuit board disposed in the housing, a commu-
nication circuit disposed on the circuit board, and a connec-
tion circuit board electrically connecting the communication
circuit to the conductive portion, wherein the connection
circuit board may comprise a first layer including a conduc-
tive area and a non-conductive area, the non-conductive area
being located within a proximity of the non-conductive
portion, and the communication circuit may be configured to
transmit or receive signals via the conductive portion.
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An antenna system includes a plurality of PIFA/IFA type
wherein each of the plurality of antennas have either a same
short pin or different short pins located together to minimize
antenna separation between the plurality of antennas. The
antennas share the same short pin with the width between at
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minimize coupling when the at least two antennas operate at
a same frequency. The short pin width is at least A/8 where
A is based on a lowest frequency of operation of the antenna
system, the lowest frequency of operation is about 2.4 GHz.
The common short pin also includes a minimum distance to
the associated antenna feed. Where the different short pins
are located together the antenna includes a first short pin as
a cylinder and a second short pin located within the cylinder
without contact therebetween.
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Technologies directed to a noise-immune miniaturized
antenna (NIMA) structure in a main logic board (MLB) and
diverting surface currents from the MLB to a metal structure
to reduce noise coupling from a chipset on the MLB to the
NIMA structure are described. The NIMA structure is
located at a side of the MLB and includes a first tuning
component coupled to a distal end of a radiating arm of the
NIMA structure and a second tuning component coupled to
a distal end of a shorting arm of the NIMA structure. The
NIMA structure radiates in a first frequency range and a
second frequency range. A conductive fastener couples the
MLB to a metal structure to divert surface currents from the
MLB to the metal structure.
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(57) ABSTRACT

A planar antenna is defined with a first axis having a first
direction and a second direction opposite to the first direc-
tion and a second axis having a third direction and a fourth
direction opposite to the third direction and includes a
substrate having a surface on which a first radiation element,
a first ground element, a second radiation element, and a
second ground element are disposed. An end of a first main
section of the first radiation element is for being fed with a
signal. The first ground element is on a side of the first
radiation element in the second direction. The second radia-
tion element is on a side of the first main section in the third
direction. The second ground element is on a side of a
second main section of the first ground element in the third
direction.
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