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(54) ANTENNA MODULE DISPOSED IN VEHICLE

(57) An antenna assembly comprises: a first dielec-
tric substrate that forms a transparent area and has a first
conductive pattern, a second conductive pattern, and a
third conductive pattern spaced apart from the second
conductive pattern by a gap; and a second dielectric
substrate that forms an opaque area and comprises a
ground conductive pattern and a feeding pattern. The first
conductive pattern may comprise a first portion and a
second portion perpendicular to the first portion. The third
conductive pattern may be operated by a current coupled
from the second conductive pattern that has a symme-
trical shape with respect to the gap in a first frequency
band. A partial area of the ground conductive pattern may
be disposed parallel to a coaxial cable so as to overlap
same by a predetermined area.
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Description

Technical Field

[0001] The present specification relates to a transpar-
ent antenna arranged in a vehicle. One or more embodi-
ments relate to an antenna assembly made of a trans-
parent material to suppress an antenna region from being
visible on vehicle glass.

Background Art

[0002] A vehicle may perform wireless communication
services with other vehicles, nearby objects, infrastruc-
tures, or a base station. In this regard, various commu-
nication services may be provided through a wireless
communication system to which an LTE communication
technology or a 5G communication technology is applied.
Meanwhile, some of LTE frequency bands may be allo-
cated for 5G communication services.
[0003] Meanwhile, a vehicle body and roof are formed
of metallic material, which causes a problem with block-
ing radio waves. Accordingly, a separate antenna struc-
ture may be arranged on top of the vehicle body or the
vehicle roof. Alternatively, when the antenna structure is
arranged below the vehicle body or roof, a portion of the
vehicle body or roof corresponding to an antenna ar-
rangement region may be formed of a non-metallic ma-
terial.
[0004] However, in terms of design, the vehicle body or
roof needs to be integrally formed. In this case, the
exterior of the vehicle body or roof may be formed of a
metallic material. This may cause antenna efficiency to
be drastically lowered due to the vehicle body or roof.
[0005] In relation to this, to increase communication
capacity without a change in the exterior design of the
vehicle, a transparent antenna may be disposed on glass
corresponding to a window of the vehicle. However,
antenna radiation efficiency and impedance bandwidth
characteristics are deteriorated due to electrical loss of
the transparent antenna.
[0006] When an antenna pattern is formed with a metal
mesh structure in which metal lines are interconnected
on a dielectric substrate, a transparent antenna from
which the metal lines are not visually distinguishable
may be implemented. However, when the metal mesh
structure is not formed in a dielectric region surrounding
an antenna region where the antenna pattern is formed,
there is a problem in that the antenna region and the
dielectric region are visually distinguished, causing a
difference in visibility.
[0007] To solve the problem, dummy mesh grids may
be arranged even in the dielectric region, but as the
dummy mesh grids are arranged, interference occurs
between the dummy mesh grids and the antenna pattern,
causing a problem in that antenna performance de-
grades.
[0008] Meanwhile, when a transparent antenna is ar-

ranged on vehicle glass, the transparent antenna for the
vehicle may be electrically connected to a feeding pattern
arranged on a separate dielectric substrate. In this re-
gard, the transparent antenna for the vehicle is designed
primarily for the performance of an antenna itself placed
on a glass panel, which has a problem in that an actual
attachment environment to the vehicle is not sufficiently
reflected. This causes a problem that antenna resonance
characteristics and antenna performance deteriorate de-
pending on a location where the transparent antenna for
the vehicle is attached and a direction in which a metal
chassis of a vehicle body and cables for feeding are
arranged.

Disclosure of Invention

Technical Problem

[0009] One aspect of the specification is to solve the
aforementioned problems and other drawbacks. Another
aspect of the specification is to provide a broadband
transparent antenna assembly that may be arranged
on vehicle glass.
[0010] Still another aspect of the specification is to
improve antenna efficiency of a broadband transparent
antenna assembly that may be arranged on vehicle
glass.
[0011] Still another aspect of the specification is to
provide a broadband antenna structure made of a trans-
parent material that is capable of reducing feeding loss
and improving antenna efficiency while operating in a
wide band.
[0012] Still another aspect of the specification is to
provide a method of designing a broadband antenna
considering an actual attachment environment to a ve-
hicle by analyzing the change in antenna performance
according to the affection by a metal chassis as well as a
glass panel of the vehicle and a cable structure.
[0013] Still another aspect of the specification is to
suppress deterioration of antenna reflection coefficient
characteristics and bandwidth characteristics in a trans-
parent antenna element formed adjacent to a metal
frame.
[0014] Still another aspect of the specification is to
improve antenna reflection coefficient characteristics
and bandwidth characteristics in a low band (LB) by
arranging conductive patterns adjacent to each other
with a gap interval below a threshold value between
adjacent transparent antenna elements.
[0015] Still another aspect of the specification is to
arrange transparent antenna elements, which are
formed adjacent to a metal frame, to be adjacent to each
other while maintaining isolation between the antenna
elements below a certain level.

Solution to Problem

[0016] To achieve those aspects and other advan-
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tages, an antenna assembly according to one aspect of
the specification includes a first dielectric substrate form-
ing a transparent region, and including a first conductive
pattern, a second conductive pattern, and a third con-
ductive pattern spaced apart from the second conductive
pattern by a gap, wherein the third conductive pattern
operates by a current coupled from the second conduc-
tive pattern having a symmetrical shape on the basis of
the gap in a first frequency band; and a second dielectric
substrate forming an opaque region, and including a
ground conductive pattern and a feeding pattern. The
first conductive pattern may include a first part and a
second part perpendicular to the first part. The third
conductive pattern may operate by a current coupled
from the second conductive pattern that has a symme-
trical shape on the basis of the gap in the first frequency
band. A partial region of the ground conductive pattern
may be arranged to overlap in parallel a coaxial cable by a
certain region.
[0017] According to an embodiment, the ground con-
ductive pattern of the second dielectric substrate may
include a first region and a second region. A first sub-
region of the first region of the ground conductive pattern
may be connected to a ground of the coaxial cable. A
second sub-region of the first region of the ground con-
ductive pattern may be arranged to overlap the coaxial
cable by a certain region.
[0018] According to an embodiment, the second part of
the first conductive pattern may be connected to the
feeding pattern, and the second conductive pattern
may be connected to the first region of the ground con-
ductive pattern.
[0019] According to an embodiment, the second con-
ductive pattern may include a third part and a fourth part
perpendicular to the third part. The third conductive pat-
tern may include a fifth part and a sixth part perpendicular
to the fifth part. An end of the fifth part of the third
conductive pattern may be spaced apart by the gap from
an end of the third part of the second conductive pattern.
A distance of the gap may be λg/20 or less on the basis of
a specific frequency of the first frequency band.
[0020] According to an embodiment, a distance of the
gap formed between the end of the fifth part of the third
conductive pattern and the end of the third part of the
second conductive pattern may beλg/20 or less based on
a specific frequency of the first frequency band.
[0021] According to an embodiment, the first dielectric
substrate may further include a fourth conductive pattern
having a symmetrical shape on the basis of the gap. The
second dielectric substrate may further include a second
ground conductive pattern and a second feeding pattern.
The fourth conductive pattern may include a seventh part
and an eighth part perpendicularly connected to the
seventh part and connected to the second feeding pat-
tern.
[0022] According to an embodiment, the second
ground conductive pattern of the second dielectric sub-
strate may include a third region and a fourth region. The

third region of the second ground conductive pattern may
be formed in a symmetrical shape with the first region of
the ground conductive pattern on the basis of the gap.
The fourth region of the second ground conductive pat-
tern may be formed in a symmetrical shape with the
second region of the ground conductive pattern on the
basis of the gap.
[0023] According to an embodiment, the second part of
the first conductive pattern may be connected to the
feeding pattern, and the second conductive pattern
may be connected to the first region of the ground con-
ductive pattern. The eighth part of the fourth conductive
pattern may be connected to the second feeding pattern,
and the third conductive pattern may be connected to the
third region of the second ground conductive pattern. A
first sub-region of the third region of the second ground
conductive pattern may be connected to a ground of a
second coaxial cable, and a second sub-region of the
third region of the second ground conductive pattern may
be arranged to overlap the second coaxial cable by a
certain region.
[0024] According to an embodiment, the second con-
ductive pattern and the third conductive pattern may be
formed to have a first length in a first axial direction
parallel to the coaxial cable. The coaxial cable may be
formed to have a second length from a point where a
signal line corresponding to one end of the coaxial cable
is connected to a point corresponding to another end of
the coaxial cable. The second coaxial cable may be
formed to have the second length from a point where a
signal line corresponding to one end of the second coax-
ial cable is connected to a point corresponding to another
end of the second coaxial cable. The second length may
be 0.5 times longer than the first length.
[0025] According to an embodiment, a second sub-
region of the first region of the ground conductive pattern
may be formed to have a third length in the first axial
direction. A second sub-region of the third region of the
second ground conductive pattern may be formed to
have a third length in the first axial direction. The third
length may be 0.5 times longer than the first length and
shorter than the second length.
[0026] According to an embodiment, the first sub-re-
gion of the first region of the ground conductive pattern
and the first sub-region of the third region of the second
ground conductive pattern may be formed to have a first
width in a second axial direction perpendicular to the first
axial direction. The second sub-region of the first region
of the ground conductive pattern and the second sub-
region of the third region of the second ground conductive
pattern may be formed to have a second width in the
second axial direction. The first width may be larger than
a sum of the second width and a diameter of the coaxial
cable.
[0027] According to an embodiment, the coaxial cable
may be arranged to be spaced apart in parallel from an
end of the second sub-region of the first region of the
ground conductive pattern. The second coaxial cable
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may be arranged to be spaced apart in parallel from an
end of the second sub-region of the third region of the
second ground conductive pattern.
[0028] According to an embodiment, the ground con-
ductive pattern may include a second region connected
to the first region and arranged on one side of the feeding
pattern. The second ground conductive pattern may in-
clude a fourth region connected to the third region and
arranged on another side of the second feeding pattern.
The second region of the ground conductive pattern may
be arranged below the first part of the first conductive
pattern. The fourth region of the second ground conduc-
tive pattern may be arranged below the seventh part of
the fourth conductive pattern.
[0029] According to an embodiment, the first conduc-
tive pattern, the second conductive pattern, and the
second region of the ground conductive pattern may
operate as a first antenna in the first frequency band
through a third frequency band. The third conductive
pattern, the fourth conductive pattern, and the fourth
region of the second ground conductive pattern may
operate as a second antenna in the first frequency band
through the third frequency band.
[0030] According to an embodiment, the first conduc-
tive pattern and the second conductive pattern may
operate as the first antenna of a dipole antenna mode
in the first frequency band. The third conductive pattern
and the fourth conductive pattern may operate as the
second antenna of the dipole antenna mode in the first
frequency band. The first conductive pattern and the
second conductive pattern may form an asymmetrical
structure. The third conductive pattern and the fourth
conductive pattern may form an asymmetrical structure.
[0031] According to an embodiment, the first conduc-
tive pattern may operate as the first antenna of a mono-
pole antenna mode in a second frequency band. The
fourth conductive pattern may operate as the second
antenna of the monopole antenna mode in the second
frequency band. The second region of the ground con-
ductive pattern may operate as the first antenna in the
third frequency band. The fourth region of the second
ground conductive pattern may operate as the second
antenna in the third frequency band. The second fre-
quency band may be higher than the first frequency band,
and the third frequency band may be higher than the
second frequency band.
[0032] According to an embodiment, the first conduc-
tive pattern, the second conductive pattern, the third
conductive pattern, and the fourth conductive pattern
may be formed in a metal mesh shape having a plurality
of opening areas on the first dielectric substrate. The first
conductive pattern, the second conductive pattern, the
third conductive pattern, and the fourth conductive pat-
tern may form a radiator region. The first conductive
pattern, the second conductive pattern, the third conduc-
tive pattern, and the fourth conductive pattern may form a
coplanar waveguide (CPW) structure on the first dielec-
tric substrate.

[0033] According to an embodiment, the antenna as-
sembly may include a plurality of dummy mesh grid
patterns on an outer portion of the radiator region on
the first dielectric substrate. The plurality of dummy mesh
grid patterns may be not connected to the feeding pattern
and the ground conductive pattern. The plurality of dum-
my mesh grid patterns may not be connected to the
second feeding pattern and the second ground conduc-
tive pattern. The plurality of dummy mesh grid patterns
may be separated from each other.
[0034] According to another aspect of the specifica-
tion, a vehicle includes: a metal frame having an opening
formed therein; a glass panel including a transparent
region and an opaque region; and an antenna assembly
disposed on the glass panel. The antenna assembly
includes a first dielectric substrate forming a transparent
region, and including a first conductive pattern, a second
conductive pattern, and a third conductive pattern
spaced apart from the second conductive pattern by a
gap, wherein the third conductive pattern operates by a
current coupled from the second conductive pattern hav-
ing a symmetrical shape on the basis of the gap in a first
frequency band; and a second dielectric substrate form-
ing an opaque region, and including a ground conductive
pattern and a feeding pattern. The first conductive pattern
may include a first part and a second part perpendicular
to the first part. The third conductive pattern may operate
by a current coupled from the second conductive pattern
that has a symmetrical shape on the basis of the gap in a
first frequency band. A partial area of the ground con-
ductive pattern may be arranged to overlap in parallel a
coaxial cable by a certain region.
[0035] According to an embodiment, the ground con-
ductive pattern of the second dielectric substrate may
include a first region and a second region. A first sub-
region of the first region of the ground conductive pattern
may be connected to a ground of the coaxial cable. A
second sub-region of the first region of the ground con-
ductive pattern may be arranged to overlap the coaxial
cable by a certain region.
[0036] According to an embodiment, the second part of
the first conductive pattern may be connected to the
feeding pattern, and the second conductive pattern
may be connected to the first region of the ground con-
ductive pattern.
[0037] According to an embodiment, the second con-
ductive pattern may include a third part and a fourth part
perpendicular to the third part. The third conductive pat-
tern may include a fifth part and a sixth part perpendicular
to the fifth part. An end of the fifth part of the third
conductive pattern may be spaced apart by the gap from
an end of the third part of the second conductive pattern.
A distance of the gap may be λg/20 or less based on a
specific frequency of the first frequency band.
[0038] According to an embodiment, a distance of the
gap formed between the end of the fifth part of the third
conductive pattern and the end of the third part of the
second conductive pattern may beλg/20 or less based on
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a specific frequency of the first frequency band.
[0039] According to an embodiment, the first dielectric
substrate may further include a fourth conductive pattern
having a symmetrical shape on the basis of the gap. The
second dielectric substrate may further include a second
ground conductive pattern and a second feeding pattern.
The fourth conductive pattern may include a seventh part
and an eighth part perpendicularly connected to the
seventh part and connected to the second feeding pat-
tern.
[0040] According to an embodiment, the second
ground conductive pattern of the second dielectric sub-
strate may include a third region and a fourth region. The
third region of the second ground conductive pattern may
be formed in a symmetrical shape with the first region of
the ground conductive pattern on the basis of the gap.
The fourth region of the second ground conductive pat-
tern may be formed in a symmetrical shape with the
second region of the ground conductive pattern on the
basis of the gap.
[0041] According to an embodiment, the second part of
the first conductive pattern may be connected to the
feeding pattern, and the second conductive pattern
may be connected to the first region of the ground con-
ductive pattern. The eighth part of the fourth conductive
pattern may be connected to the second feeding pattern,
and the third conductive pattern may be connected to the
third region of the second ground conductive pattern. A
first sub-region of the third region of the second ground
conductive pattern may be connected to a ground of a
second coaxial cable, and a second sub-region of the
third region of the second ground conductive pattern may
be arranged to overlap the second coaxial cable by a
certain region.
[0042] According to an embodiment, the second con-
ductive pattern and the third conductive pattern may be
formed to have a first length in a first axial direction
parallel to the coaxial cable. The coaxial cable may be
formed to have a second length from a point where a
signal line corresponding to one end of the coaxial cable
is connected to a point corresponding to another end of
the coaxial cable. The second coaxial cable may be
formed to have the second length from a point where a
signal line corresponding to one end of the second coax-
ial cable is connected to a point corresponding to another
end of the second coaxial cable. The second sub-region
of the first region of the ground conductive pattern may be
formed to have a third length in the first axial direction.
The second sub-region of the first region of the ground
conductive pattern may be formed to have a third length
in the first axial direction. The third length may be 0.5
times longer than the first length and shorter than the
second length.

Advantageous Effects of Invention

[0043] Hereinafter, the technical effects of a broad-
band transparent antenna assembly that may be ar-

ranged on vehicle glass will be described.
[0044] Hereinafter, the technical effects of a broad-
band transparent antenna assembly that may be ar-
ranged on vehicle glass will be described.
[0045] According to the specification, 4G/5G broad-
band wireless communications in a vehicle may be en-
abled by providing a broadband transparent antenna
assembly, which may be arranged on vehicle glass
and include conductive patterns and an FPCB stub struc-
ture.
[0046] According to the specification, antenna effi-
ciency may be improved by optimizing the shapes of
conductive patterns and the shape of an FPCB stub
and employing an asymmetrical antenna structure in a
broadband transparent antenna assembly, which may be
arranged on vehicle glass.
[0047] According to the specification, a broadband
antenna structure made of a transparent material may
be implemented, which may improve antenna efficiency
by setting a different antenna operation mode for each
frequency band while reducing feeding loss.
[0048] According to the specification, a broadband
antenna structure considering an actual environment,
in which the broadband antenna structure is attached
to a vehicle, by analyzing the change in antenna perfor-
mance according to the affection by a metal chassis as
well as a glass panel of the vehicle and a cable structure.
[0049] According to the specification, an antenna as-
sembly which is adjacent to a metal frame may suppress
the deterioration of antenna reflection coefficient char-
acteristics and bandwidth characteristics by utilizing con-
ductive patterns of adjacent transparent antenna ele-
ments.
[0050] According to the specification, antenna reflec-
tion coefficient characteristics and bandwidth character-
istics in a low band (LB) may be improved by arranging
conductive patterns adjacent to each other with a gap
below a threshold value between adjacent transparent
antenna elements.
[0051] According to the specification, transparent an-
tenna elements which are formed adjacent to a metal
frame may be arranged adjacently, and a coaxial cable
may be arranged parallel to an FPCB in a certain region,
so that the isolation between the antenna elements may
be maintained below a certain level.
[0052] According to the specification, a transparent
antenna structure, which enables wireless communica-
tions in 4G and 5G frequency bands while minimizing
changes in antenna performance and a difference in
transparency between an antenna region and a sur-
rounding region, may be provided.
[0053] Further scope of applicability of the disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and specific examples, such as the preferred
embodiments, are given by way of illustration only, be-
cause various changes and modifications within the
technical idea and scope of the disclosure will be appar-
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ent to those skilled in the art.

Brief Description of Drawings

[0054]

FIG. 1 is a view of vehicle glass on which an antenna
structure according to an embodiment of the disclo-
sure is to be arranged.
FIG. 2A is a front view of the vehicle of FIG. 1, which
has an antenna assembly arranged in different re-
gions of front glass.
FIG. 2B is a front perspective view of the inside of the
vehicle of FIG. 1, which has the antenna assembly
arranged in the different regions of the front glass.
FIG. 2C is a lateral perspective view of the vehicle of
FIG. 1, which has the antenna assembly arranged on
upper glass.
FIG. 3 illustrates types of V2X applications.
FIG. 4 is a block diagram referenced for explaining a
vehicle and an antenna system mounted on the
vehicle according to an embodiment of the disclo-
sure.
FIGS. 5A and 5C are views of a configuration that an
antenna assembly according to the disclosure is
arranged on vehicle glass.
FIG. 6A is a view of various embodiments of a frit
pattern according to the disclosure. FIGS. 6B and 6C
are views of transparent antenna patterns according
to embodiments and structures in which the corre-
sponding transparent antenna pattern is arranged
on vehicle glass.
FIG. 7A is a view of a front side and a cross-section of
a transparent antenna assembly according to the
disclosure. FIG. 7B is a view of a grid structure of a
metal mesh radiator region and a dummy metal
mesh region according to embodiments.
FIG. 8A is a view of a layered structure of an antenna
module and a feeding module. FIG. 8B is a view of an
opaque substrate including a layered structure, in
which the antenna module and the feeding structure
are coupled to each other, and a coupling region.
FIG. 9A is a view of a coupling structure of a trans-
parent antenna that is arranged in a transparent
region and a frit region of vehicle glass.
FIG. 9B is an enlarged front view of a region where
glass with the transparent antenna of FIG. 9A is
coupled to a body structure of the vehicle. FIG. 9C
is a cross-sectional view of the coupling structure
between the vehicle glass and the body structure of
FIG. 9B, viewed from different positions.
FIG. 10 is a view of a stacked structure of an antenna
assembly and an attachment region between vehicle
glass and a vehicle frame according to embodi-
ments.
FIG. 11 is a view of a front side and a lateral side of an
antenna assembly which may be attached on front
glass of a vehicle.

FIGS. 12A to 12C compare cable structures and
reflection coefficient characteristics of antenna as-
semblies according to embodiments.
FIG. 13 is a view of electric field distributions of the
antenna assembly structures illustrated in FIGS. 12A
to 12C.
FIG. 14A compares a first structure arranged verti-
cally and a second structure arranged horizontally
with respect to a metal frame of a vehicle according
to embodiments.
FIG. 14B compares antenna efficiencies of the first
and second structures of FIG. 14A.
FIGS. 15A and 15B are views of antenna assemblies
including a plurality of antenna elements according
to embodiments.
FIG. 15C is a view of antenna efficiency character-
istics of the antenna assemblies of FIGS. 15A and
15B.
FIG. 16A is an enlarged view of a structure in which
second and third conductive patterns are adjacently
arranged in the antenna assembly of FIG. 15B.
FIG. 16B is an enlarged view of a structure in which
the second and third conductive patterns are spaced
apart from each other by at least a certain distance in
the antenna assembly of FIG. 15B.
FIG. 16C is a view of reflection coefficient and iso-
lation characteristics of the antenna assemblies of
FIGS. 16A and 16B.
FIG. 17A is a view of a first structure in which an
FPCB is not formed in a region where a coaxial cable
is arranged.
FIG. 17B is a view of a second structure in which an
FPCB is formed in a region where a coaxial cable is
arranged.
FIG. 17C is a view of a structure in which a coaxial
cable is coupled to a ground conductive pattern and a
feeding pattern formed by the FPCB structure of FIG.
17C.
FIGS. 18A and 18B are views of reflection coefficient
characteristics and efficiency characteristics of the
antenna assembly structures of FIGS. 17A and 17B.
FIG. 18C is a view of a frequency band-dependent
electric field distribution of an antenna assembly
according to the disclosure.
FIG. 19A is a view of a structure in which the antenna
assembly of FIG. 12B having a plurality of antenna
elements is arranged on vehicle glass.
FIG. 19B is a view of a structure in which the antenna
assembly of FIG. 12B having the plurality of antenna
elements is arranged on a glass panel which is
located inside a metal frame.
FIG. 19C is an exploded lateral perspective view of a
coupling structure between the metal frame and the
glass panel with the antenna assembly of FIG. 19B.
FIG. 20A is a view of reflection coefficient character-
istics and efficiency characteristics of the antenna
assembly of FIG. 19A.
FIG. 20B is a view of reflection coefficient character-
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istics and efficiency characteristics of the antenna
assembly of FIG. 19B adjacent to the metal frame.
FIG. 21A is a view of a structure in which the antenna
assembly of FIG. 12C having the plurality of antenna
elements is arranged on the vehicle glass which is
located inside the metal frame.
FIG. 21B is a view of reflection coefficient character-
istics and efficiency characteristics of the antenna
assembly of FIG. 21A.
FIGS. 22A and 22B are views of the flow of pro-
cesses in which an antenna assembly according to
one or more embodiments is manufactured by being
coupled to a glass panel.
FIG. 23 is a view of an example of a configuration in
which a plurality of antenna modules disposed at
different positions of a vehicle are coupled with other
components of the vehicle.

Mode for the Invention

[0055] A description will now be given in detail accord-
ing to one or more embodiments disclosed herein, with
reference to the accompanying drawings. For the sake of
a brief description with reference to the drawings, the
same or like components regardless reference numerals
may be assigned the same reference numeral, and a
redundant description thereof will be omitted. Suffixes
"module" and "unit" used for components used in the
following description are merely intended for easy de-
scription of the specification, and each suffix itself is not
intended to give any special meaning or function. In
describing the embodiments disclosed herein, moreover,
the detailed description will be omitted when a specific
description for publicly known technologies to which the
disclosure pertains is judged to obscure the gist of the
disclosure. The accompanying drawings are used to help
easily understand various technical features, and it
should be understood that the embodiments presented
herein are not limited by the accompanying drawings. As
such, the disclosure should be construed to extend to any
alterations, equivalents, and substitutes in addition to
those which are particularly set forth in the accompanying
drawings.
[0056] It will be understood that although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are generally only used to distinguish
one element from another.
[0057] It will be understood that when an element is
referred to as being "connected with" another element,
the element may be connected with the another element
or intervening elements may also be present. In contrast,
when an element is referred to as being "directly con-
nected with" another element, there are no intervening
elements present.
[0058] The singular forms are intended to include the
plural forms as well, unless the context clearly indicates
otherwise.

[0059] The term "include" or "has" as used herein
should be understood that it is intended to indicate the
existence of a feature, a number, a step, an element, a
component, or a combination thereof disclosed in the
specification, and it may also be understood that the
existence or additional possibility of one or more other
features, numbers, steps, elements, components, or
combinations thereof are not excluded in advance.
[0060] An antenna system described herein may be
mounted on a vehicle. Configurations and operations
according to embodiments may also be applied to a
communication system, namely, an antenna system
mounted on a vehicle. In this regard, the antenna system
mounted on the vehicle may include a plurality of anten-
nas, and a transceiver circuit and a processor both con-
figured to control the plurality of antennas.
[0061] Hereinafter, a description will be given of an
antenna assembly (antenna module) that may be ar-
ranged on a window of a vehicle according to the dis-
closure, and an antenna system for a vehicle that in-
cludes the antenna assembly. In this regard, the antenna
assembly may refer to a structure in which conductive
patterns are combined on a dielectric substrate, and may
also be referred to as an antenna module.
[0062] In this regard, FIG. 1 illustrates glass of a vehicle
on which an antenna structure according to an embodi-
ment may be arranged. Referring to FIG. 1, a vehicle 500
may include front glass 310, door glass 320, rear glass
330, and quarter glass 340. In some examples, the
vehicle 500 may further include top glass 350 arranged
on a roof in an upper region.
[0063] Therefore, the glass constituting the window of
the vehicle 500 may include the front glass 310 arranged
in a front region of the vehicle, the door glass 320 ar-
ranged in a door region of the vehicle, and the rear glass
330 arranged in a rear region of the vehicle. In some
examples, the glass constituting the window of the ve-
hicle 500 may further include the quarter class 340 ar-
ranged in a partial region of the door region of the vehicle.
In addition, the glass constituting the window of the
vehicle 500 may further include the top glass 350 spaced
apart from the rear glass 330 and arranged in an upper
region of the vehicle. Accordingly, each glass constituting
the window of the vehicle 500 may also be referred to as a
window.
[0064] The front glass 310 may be referred to as a front
windshield because it suppresses wind blown from a
front side from entering the inside of the vehicle. The
front glass 310 may have a two-layer bonding structure
having a thickness of about 5.0 to 5.5 mm. The front glass
310 may have a bonding structure of glass/shatterproof
film/glass.
[0065] The door glass 320 may have a two-layer bond-
ing structure or may be formed of single-layer com-
pressed glass. The rear glass 330 may have a two-layer
bonding structure having a thickness of about 3.5 to 5.5
mm or may be formed of single-layer compressed glass.
In the rear glass 330, a spaced distance may be required
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between a transparent antenna and a heat line and
AM/FM antenna. The quarter glass 340 may be formed
of single-layer compressed glass with a thickness of
about 3.5 to 4.0 mm, but is not limited thereto.
[0066] The size of the quarter glass 340 may vary
depending on a type of vehicle, and may have a size
smaller than the sizes of the front glass 310 and the rear
glass 330.
[0067] Hereinafter, a structure in which an antenna
assembly according to the disclosure is arranged in
different regions of the front glass of a vehicle will be
described. An antenna assembly attached to vehicle
glass may be implemented as a transparent antenna.
In this regard, FIG. 2A is a front view of the vehicle of FIG.
1, which has an antenna assembly arranged in different
regions of the front glass. FIG. 2B is a front perspective
view illustrating the inside of the vehicle of FIG. 1, which
has the antenna assembly arranged in the different re-
gions of the front glass. FIG. 2C is a lateral perspective
view of the vehicle of FIG. 1, which has the antenna
assembly arranged on upper glass.
[0068] Referring to FIG. 2Awhich is the front view of the
vehicle 500, a configuration in which the transparent
antenna for the vehicle according to the specification
may be arranged is illustrated. A pane assembly 22
may include an antenna arranged in an upper region
310a. The pane assembly 22 may include an antenna
in the upper region 310a, an antenna in a lower region
310b, and/or an antenna in a side region 310c. The pane
assembly 22 may also include translucent pane glass 26
formed of a dielectric substrate. The antenna in the upper
region 310a, the antenna in the lower region 310b, and/or
the antenna in the side region 310c may be configured to
support any one or more of various communication sys-
tems.
[0069] An antenna module 1100 may be arranged in
the upper region 310a, the lower region 310b, or the side
region 310c of the front glass 310. When the antenna
module 1100 is arranged in the lower region 310b of the
front glass 310, the antenna module 1100 may extend to a
body 49 of a lower region of the translucent pane glass
26. The body 49 of the lower region of the translucent
pane glass 26 may have lower transparency than other
portions. A portion of a feeder and other interface lines
may be arranged on the body 49 of the lower region of the
translucent pane glass 26. A connector assembly 74 may
be implemented on the body 49 of the lower region of the
translucent pane glass 26. The body 49 of the lower
region may constitute a vehicle body made of a metal
material.
[0070] Referring to FIG. 2B, an antenna assembly
1000 may include a telematics control unit (TCU) 300
and an antenna module 1100. The antenna module 1100
may be located in a different region of glass of the vehicle.
[0071] Referring to FIGS. 2A and 2B, the antenna
assembly may be arranged in the upper region 310a,
the lower region 310b, and/or the side region 310c of the
vehicle glass. Referring to FIGS. 2A to 2C, the antenna

assembly may be arranged on the front glass 310, rear
glass 330, quarter glass 340, and upper glass 350 of the
vehicle.
[0072] Referring to FIGS. 2A to 2C, the antenna ar-
ranged in the upper region 310a of the front glass 310 of
the vehicle may be configured to operate in a low band
LB, a mid band (MB), a high band (HB), and a 5G Sub6
band of 4G/5G communication systems. The antenna in
the lower region 310b and/or the antenna in the side
region 310c may also be configured to operate in the
LB, MB, HB, and 5G Sub6 band of the 4G/5G commu-
nication systems. An antenna structure 1100b on the rear
glass 330 of the vehicle may also be configured to oper-
ate in the LB, MB, HB, and 5G Sub6 band of the 4G/5G
communication systems. An antenna structure 1100c on
the upper glass 350 of the vehicle may also be configured
to operate in the LB, MB, HB, and 5G Sub6 band of the
4G/5G communication systems. An antenna structure
1100d on the quarter glass 350 of the vehicle may also be
configured to operate in the LB, MB, HB, and 5G Sub6
band of the 4G/5G communication systems.
[0073] At least a portion of an outer region of the front
glass 310 of the vehicle may be defined by the translucent
pane glass 26. The translucent pane glass 26 may in-
clude a first part in which an antenna and a portion of a
feeder are formed, and a second part in which another
portion of the feeder and a dummy structure are formed.
The translucent pane glass 26 may further include a
dummy region in which conductive patterns are not
formed. For example, a transparent region of the trans-
lucent pane glass 22 may be transparent to secure light
transmission and a field of view.
[0074] Although it is exemplarily illustrated that con-
ductive patterns may be formed in a partial region of the
front glass 310, the conductive patterns may extend to
the side glass 320 and the rear glass 330 of FIG. 1, and an
arbitrary glass structure. In the vehicle 500, the occu-
pants or driver may view road and surrounding environ-
ment through the pane assembly 22. In addition, the
occupants or driver may view the road and surrounding
environment without interference by the antenna in the
upper region 310a, the antenna in the lower region 310b,
and/or the antenna in the side region 310c.
[0075] The vehicle 500 may be configured to commu-
nicate with pedestrians, adjacent infrastructures, and/or
servers in addition to adjacent vehicles. FIG. 3 illustrates
types of V2X applications. Referring to FIG. 3, vehicle-to-
everything (V2X) communication may include commu-
nication between a vehicle and each of all entities, such
as vehicle-to-vehicle (V2V) communication which refers
to communication between vehicles, vehicle-to-infra-
structure (V2I) communication which refers to commu-
nication between a vehicle and an eNB or a road side unit
[0076] (RSU), vehicle-to-pedestrian (V2P) communi-
cation which refers to communication between a vehicle
and a terminal carried by a person (a pedestrian, a cyclist,
a vehicle driver, or a passenger), vehicle-to-network
(V2N) communication, and the like.
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[0077] Meanwhile, FIG. 4 is a block diagram illustrating
a vehicle and an antenna system mounted on the vehicle
according to an embodiment.
[0078] The vehicle 500 may include a communication
device 400 and a processor 570. The communication
device 400 may correspond to the telematics control unit
(TCU) of the vehicle 500.
[0079] The communication device 400 may be a de-
vice for performing communication with an external de-
vice. Here, the external device may be another vehicle, a
mobile terminal, or a server. The communication device
400 may perform the communication by including at least
one of a transmitting antenna, a receiving antenna, a
radio frequency (RF) circuit, and an RF device for im-
plementing various communication protocols. In this re-
gard, the communication device 400 may include a short-
range communication unit 410, a location information unit
420, a V2X communication unit 430, an optical commu-
nication unit 440, a 4G wireless communication module
450, and a 5G wireless communication module 460. The
communication device 400 may include a processor 470.
According to an embodiment, the communication device
400 may further include other components in addition to
the components described, or may not include some of
the components described.
[0080] The 4G wireless communication module 450
and the 5G wireless communication module 460 may
perform wireless communications with one or more com-
munication systems through one or more antenna mod-
ules. The 4G wireless communication module 450 may
transmit and/or receive signals to and/or from a device in
a first communication system through a first antenna
module. Also, the 5G wireless communication module
460 may transmit and/or receive signals to and/or from a
device in a second communication system through a
second antenna module. The 4G wireless communica-
tion module 450 and 5G wireless communication module
460 may also be physically implemented as one inte-
grated communication module. For example, the first
communication system and the second communication
system may be an LTE communication system and a 5G
communication system, respectively. However, the first
communication system and the second communication
system may not be limited thereto, and may expand to
any different communication systems.
[0081] The processor of the device within the vehicle
500 may be implemented as a micro control unit (MCU) or
a modem. The processor 470 of the communication
device 400 may correspond to a modem, and the pro-
cessor 470 may be implemented as an integrated mod-
em. The processor 470 may acquire surrounding infor-
mation from other adjacent vehicles, objects, or infra-
structures through wireless communication. The proces-
sor 470 may perform vehicle control using the acquired
surrounding information.
[0082] The processor 570 of the vehicle 500 may be a
processor of a car area network (CAN) or advanced
driving assistance system (ADAS), but is not limited

thereto. When the vehicle 500 is implemented in a dis-
tributed control manner, the processor 570 of the vehicle
500 may be replaced with a processor of each device.
[0083] In some examples, the antenna module ar-
ranged in the vehicle 500 may include a wireless com-
munication unit. The 4G wireless communication module
450 may perform transmission and reception of 4G sig-
nals with a 4G base station through a 4G mobile com-
munication network. In this instance, the 4G wireless
communication module 450 may transmit at least one
4G transmission signal to the 4G base station. In addition,
the 4G wireless communication module 450 may receive
at least one 4G reception signal from the 4G base station.
In this regard, uplink (UL) multi-input/multi-output
(MIMO) may be performed based on a plurality of 4G
transmission signals transmitted to the 4G base station.
In addition, downlink (DL) MIMO may be performed
based on a plurality of 4G reception signals received
from the 4G base station.
[0084] The 5G wireless communication module 460
may perform transmission and reception of 5G signals
with a 5G base station through a 5G wireless commu-
nication network. Here, the 4G base station and the 5G
base station may have a non-stand-alone (NSA) archi-
tecture. The 4G base station and the 5G base station may
be arranged, for example, in the non-stand-alone (NSA)
architecture. Alternatively, the 5G base station may be
arranged in a stand-alone (SA) architecture at a separate
location from the 4G base station. The 5G wireless
communication module 460 may perform transmission
and reception of 5G signals with a 5G base station
through a 5G wireless communication network. In this
instance, the 5G wireless communication module 460
may transmit at least one 5G transmission signal to the
5G base station. In addition, the 5G wireless commu-
nication module 460 may receive at least one 5G recep-
tion signal from the 5G base station. In this instance, a 5G
frequency band that is the same as a 4G frequency band
may be used, and this may be referred to as LTE re-
farming. In some examples, a Sub6 frequency band,
which is a band of 6 GHz or less, may be used as the
5G frequency band. In contrast, a millimeter-wave
(mmWave) band may be used as the 5G frequency band
to perform wideband high-speed communication. When
the mmWave band is used, the electronic device may
perform beamforming for coverage expansion of an area
where communication with a base station is possible.
[0085] Regardless of the 5G frequency band, in the 5G
communication system, MIMO may be supported to be
performed a plurality of times, to improve a transmission
rate. In this instance, UL MIMO may be performed by a
plurality of 5G transmission signals that are transmitted to
a 5G base station. In addition, DL MIMO may be per-
formed by a plurality of 5G reception signals that are
received from the 5G base station.
[0086] In some examples, a state of dual connectivity
(DC) with both the 4G base station and the 5G base
station may be attained through the 4G wireless com-
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munication module 450 and the 5G wireless communi-
cation module 460. As such, the dual connectivity with the
4G base station and the 5G base station may be referred
to as EUTRAN NR DC (EN-DC). In some examples,
when the 4G base station and the 5G base station are
disposed in a co-located structure, throughput improve-
ment may be achieved by inter-carrier aggregation (inter-
CA). Accordingly, when the 4G base station and the 5G
base station are disposed in the EN-DC state, the 4G
reception signal and the 5G reception signal may be
simultaneously received through the 4G wireless com-
munication module 450 and the 5G wireless communi-
cation module 460. Short-range communication between
electronic devices (e.g., vehicles) may be performed
between electronic devices (e.g., vehicles) using the
4G wireless communication module 450 and the 5G
wireless communication module 460. In one embodi-
ment, after resources are allocated, vehicles may per-
form wireless communication in a V2V manner without a
base station.
[0087] Meanwhile, for transmission rate improvement
and communication system convergence, carrier aggre-
gation (CA) may be carried out using at least one of the
4G wireless communication module 450 and the 5G
wireless communication module 460 and a WiFi commu-
nication module. In this regard, 4G + WiFi carrier aggre-
gation (CA) may be performed using the 4G wireless
communication module 450 and the WiFi communication
module 113. Or, 5G + WiFi CA may be performed using
the 5G wireless communication module 460 and the WiFi
communication module.
[0088] In some examples, the communication device
400 may implement a display device for a vehicle to-
gether with a user interface device. In this instance, the
display device for the vehicle may be referred to as a
telematics apparatus or an audio video navigation (AVN)
apparatus.
[0089] In some examples, a broadband transparent
antenna structure that may be arranged on vehicle glass
may be implemented with a single dielectric substrate on
the same plane as a CPW feeder. In addition, the broad-
band transparent antenna structure that may be ar-
ranged on the vehicle glass may be implemented with
a structure in which grounds are formed on both sides of a
radiator, to constitute a broadband structure.
[0090] Hereinafter, an antenna assembly associated
with a broadband transparent antenna structure accord-
ing to the specification will be described. In this regard,
FIGS. 5A and 5B are views of configurations in which an
antenna assembly according to the specification is ar-
ranged on vehicle glass. Referring to FIG. 5A, the anten-
na assembly 1000 may include a first dielectric substrate
1010a and a second dielectric substrate 1010b. The first
dielectric substrate 1010a may be implemented as a
transparent substrate and thus may be referred to as a
transparent substrate 1010a. The second dielectric sub-
strate 1010b may be implemented as an opaque sub-
strate 1010b.

[0091] The glass panel 310 may be configured to in-
clude a transparent region 311 and an opaque region
312. The opaque region 312 of the glass panel 310 may
be a frit region formed as a frit layer. The opaque region
312 may be formed to surround the transparent region
311. The opaque region 312 may be formed outside the
transparent region 311. The opaque region 312 may form
a boundary region of the glass panel 310.
[0092] A signal pattern formed on a dielectric substrate
1010 may be connected to the telematics control unit
(TCU) 300 through a connector part 313 such as a coaxial
cable. The telematics control unit (TCU) 300 may be
mounted inside the vehicle, but is not limited thereto.
The telematics control unit (TCU) 300 may be arranged
on a dashboard inside the vehicle or a ceiling region
inside the vehicle, but is not limited thereto.
[0093] FIG. 5B illustrates a configuration in which the
antenna assembly 1000 is arranged in a partial region of
the glass panel 310. FIG. 5C is a view of a configuration in
which the antenna assembly 1000 is arranged in an entire
region of the glass panel 310.
[0094] Referring to FIGS. 5B and 5C, the glass panel
310 may include the transparent region 311 and the
opaque region 312. The opaque region 312 that is a
non-visible area with transparency below a certain level
may be referred to as a frit region, black printing (BP)
region, or black matrix (BM) region. The opaque region
312 corresponding to the non-visible area may be formed
to surround the transparent region 311. The opaque
region 312 may be formed in a region outside the trans-
parent region 311. The opaque region 312 may form a
boundary region of the glass panel 310. A second di-
electric substrate 1010b or heating pads 360a and 360b
corresponding to a feeding substrate may be arranged in
the opaque region 312. The second dielectric substrate
1010b arranged in the opaque region 312 may be re-
ferred to as an opaque substrate. Even when the antenna
assembly 1000 is arranged in the entire region of the
glass panel 310 as illustrated in FIG. 5C, the heating pads
360a and 360b may be arranged in the opaque region
312.
[0095] Referring to FIG. 5B, the antenna assembly
1000 may include a first transparent dielectric substrate
1010a and a second dielectric substrate 1010b. Refer-
ring to FIGS. 5B and 5C, the antenna assembly 1000 may
include an antenna module 1100 configured with con-
ductive patterns, and a second dielectric substrate
1010b. The antenna module 1100 may be provided with
a transparent electrode part to be implemented as a
transparent antenna module. The antenna module
1100 may include one or more antenna elements. The
antenna module 1100 may include a MIMO antenna
and/or other antenna elements for wireless communica-
tion. The other antenna elements may include at least
one of GNSS/radio/broadcasting/WiFi/satellite commu-
nication/UWB, and remote keyless entry (RKE) antennas
for vehicle applications.
[0096] Referring to FIGS. 5A to 5C, the antenna as-
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sembly 1000 may be interfaced with the TCU 300 through
the connector part 313. The connector part 313 may
include a connector 313c on an end of a cable to be
electrically connected to the TCU 300. A signal pattern
formed on the second dielectric substrate 1010b of the
antenna assembly 1000 may be connected to the TCU
300 through the connector part 313 such as a coaxial
cable. The antenna module 1100 may be electrically
connected to the TCU 300 through the connector part
313. The TCU 300 may be arranged inside the vehicle,
but is not limited thereto. The TCU 300 may be arranged
on a dashboard inside the vehicle or a ceiling region
inside the vehicle, but is not limited thereto.
[0097] In some examples, when the transparent an-
tenna assembly according to the disclosure is attached to
the inside or surface of the glass panel 310, a transparent
electrode part including an antenna pattern and a dummy
pattern may be arranged in the transparent region 311.
On the other hand, an opaque substrate part may be
arranged in the opaque region 312.
[0098] The antenna assembly formed on the vehicle
glass according to the disclosure may be arranged in the
transparent region and the opaque region. In this regard,
FIG. 6A illustrates various embodiments of frit patterns
according to the specification. FIGS. 6B and 6C are views
of transparent antenna patterns according to embodi-
ments and structures in which the respective transparent
antenna patterns are arranged on vehicle glass.
[0099] Referring to (a) of FIG. 6A, a frit pattern 312a
may be a metal pattern in a circular (polygonal, or ellip-
tical) shape with a certain diameter. The frit pattern 312a
may be arranged in a two-dimensional (2D) structure in
both axial directions. The frit pattern 312a may be formed
in an offset structure where center points between pat-
terns forming adjacent rows are spaced apart by a certain
distance.
[0100] Referring to (b) of FIG. 6A, the frit pattern 312b
may be formed as a rectangular pattern in one axial
direction. The frit pattern 312c may be arranged in a
one-dimensional structure in one axial direction or in a
2D structure in both axial directions.
[0101] Referring to (c) of FIG. 6A, the frit pattern 312c
may be formed as a slot pattern, which is formed by
removing a metal pattern in a circular (polygonal or
elliptical) shape with a certain diameter. The frit pattern
312b may be arranged in a 2D structure in both axial
directions. The frit pattern 312c may be formed in an
offset structure where center points between patterns
forming adjacent rows are spaced apart by a certain
distance.
[0102] Referring to FIGS. 5A to 6C, the opaque sub-
strate 1010b and the transparent substrate 1010a may
be electrically connected to each other in the opaque
region 312. In this regard, a dummy pattern, which is
electrically very small to have a certain size or less, may
be positioned adjacent to the antenna pattern to secure
the invisibility of a transparent antenna pattern. Accord-
ingly, a pattern within a transparent electrode may be

made invisible to the naked eye without deterioration of
antenna performance. The dummy pattern may be de-
signed to have similar optical transmittance to that of the
antenna pattern within a certain range.
[0103] The transparent antenna assembly including
the opaque substrate 1010b bonded to the transparent
electrode part may be mounted on the glass panel 310. In
this regard, to ensure invisibility, the opaque substrate
1010b connected to an RF connector or coaxial cable
may be arranged in the opaque region 312 of the vehicle
glass. Meanwhile, the transparent electrode part may be
arranged in the transparent region 311 of the vehicle
glass to ensure the invisibility of the antenna from outside
of the vehicle glass.
[0104] A portion of the transparent electrode part may
be attached to the opaque region 312 in some cases. The
frit pattern of the opaque region 312 may be gradated
from the opaque region 312 to the transparent region 311.
The transmission efficiency of a transmission line may be
improved while improving the invisibility of the antenna
when the optical transmittance of the frit pattern is ad-
justed to match the optical transmittance of the transpar-
ent electrode part within a certain range. Meanwhile,
sheet resistance may be reduced while ensuring invisi-
bility by adopting a metal mesh shape similar to the frit
pattern. In addition, the risk of disconnection of the
transparent electrode layer during manufacturing and
assembly may be reduced by increasing the line width
of a metal mesh grid in a region connected to the opaque
substrate 1010b.
[0105] Referring to (a) of FIG. 6A and FIG. 6B, a con-
ductive pattern 1110 of the antenna module may include
metal mesh grids with the same line width in the opaque
region 312. The conductive pattern 1110 may include a
connection pattern 1110c for connecting the transparent
substrate 1010a and the opaque substrate 1010b. In the
opaque region 312, the connection pattern 1110c and the
frit patterns of a certain shape on both side surfaces of the
connection pattern 1110c may be arranged at certain
distances. The connection pattern 1110c may include a
first transmittance section 1111c with a first transmittance
and a second transmittance section 1112c with a second
transmittance.
[0106] The frit patterns 312a formed in the opaque
region 312 may include metal grids with a certain dia-
meter arranged in one axial direction and another axial
direction. The metal grids of the frit patterns 312a which
correspond to the second transmittance section 1112c of
the connection pattern 1110c may be arranged at inter-
sections of the metal mesh grids.
[0107] Referring to (b) of FIG. 6A and FIG. 6B, the frit
patterns 312b formed in the opaque region 312 may
include slot grids, each of which has a certain diameter
and is formed by removing a metal region, arranged in
one axial direction and another axial direction. The slot
grids of the frit patterns 312b may be arranged between
the metal mesh grids in the connection pattern 1110c.
Accordingly, the metal regions of the frit patterns 312b
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where slot grids are not formed may be arranged at the
intersections of the metal mesh grids.
[0108] Referring to FIGS. 6A and 6C, the connection
pattern 1110c may include metal mesh grids with a first
line width W1 in the first transmittance section 1111c
adjacent to the transparent region 311. The connection
pattern 1110c may be formed with a second line width W2
thicker than the first line width W1 in the second trans-
mittance section 1112c adjacent to the opaque substrate
1010b. In this regard, the first transparency of the first
transmittance section 1111c may be set to be higher than
the second transparency of the second transmittance
section 1112c.
[0109] When the transparent antenna assembly is at-
tached to the inside of the vehicle glass as illustrated in
FIGS. 5A to 5C, the transparent electrode part may be
arranged in the transparent region 311 and the opaque
substrate 1010b may be arranged in the opaque region
312. In this regard, the transparent electrode part may be
arranged in the opaque region 312 in some cases.
[0110] Metal patterns of a low-transmittance pattern
electrode part and a high-transmittance pattern electrode
part that are located in the opaque region 312 may
partially be arranged in a gradation area of the opaque
region 312. When the antenna pattern and a transmis-
sion line portion of the low-transmission pattern electrode
part are configured as a transparent electrode, a de-
crease in antenna gain may be caused by the deteriora-
tion of transmission efficiency due to an increase in sheet
resistance. As a way to overcome this loss of gain, the
transmittance of the frit pattern 312 where an electrode is
located and the transmittance of the transparent elec-
trode may be made equal to each other within a certain
range.
[0111] Low sheet resistance may be achieved by in-
creasing the line width of the transparent electrode lo-
cated in a region where the transmittance of the frit
pattern 312a, 312b, 312c is low or by adding the same
shape as that of the frit pattern 312a, 312b, 312c. Accord-
ingly, invisibility may be secured while solving the pro-
blem of deteriorated transmission efficiency. The trans-
mittance and pattern of the opaque region 312 are not
limited to the structure of FIG. 6A and may differ depend-
ing on a glass manufacturer or vehicle manufacturer.
Accordingly, the shape and transparency (line width
and separation distance) of the transparent electrode
of the transmission line may change in various ways.
[0112] FIG. 7A is a view of a front side and a cross-
section of a transparent antenna assembly according to
the disclosure. FIG. 7B is a view of a grid structure of a
metal mesh radiator region and a dummy metal mesh
region according to embodiments.
[0113] (a) of FIG. 7A is a front view of a transparent
antenna assembly 1000, and (b) of FIG. 7A is a cross-
sectional view of the transparent antenna assembly
1000, showing the layered structure of the transparent
antenna assembly 1000. Referring to FIG. 7A, the an-
tenna assembly 1000 may include a first transparent

dielectric substrate 1010a and a second dielectric sub-
strate 1010b. Conductive patterns 1110 that serves as a
radiator may be arranged on one surface of the first
transparent dielectric substrate 1010a. A feeding pattern
1120f and ground patterns 1121g and 1122g may be
formed on one surface of the second dielectric substrate
1010b. The conductive patterns 1110 operating as the
radiator may be configured to include one or more con-
ductive patterns. The conductive patterns 1110 may in-
clude a first pattern 1111 connected to the feeding pattern
1120f, and a second pattern 1112 connected to the
ground pattern 1121g. The conductive patterns 1110
may further include a third pattern 1113 connected to
the ground pattern 1122g.
[0114] The conductive patterns 1110 constituting the
antenna module may be implemented as a transparent
antenna. Referring to FIG. 7B, the conductive patterns
1110 may be metal grid patterns 1020a with a certain line
width or less to form a metal mesh radiator region. To
maintain a certain level of transparency, dummy metal
grid patterns 1020b may be formed in inner regions
between adjacent patterns among the first to third pat-
terns 1111, 1112, and 1113 of the conductive patterns
1100 or outer regions of them. The metal grid patterns
1020a and the dummy metal grid patterns 1020b may
form a metal mesh layer 1020.
[0115] (a) of FIG. 7B illustrates a structure including
typical metal grid patterns 1020a and dummy metal grid
patterns 1020b. (b) of FIG. 7 illustrates a structure in-
cluding atypical metal grid patterns 1020a and dummy
metal grid patterns 1020b. As illustrated in (a) of FIG. 7B,
the metal mesh layer 1020 may be formed in a transpar-
ent antenna structure by a plurality of metal mesh grids.
The metal mesh layer 1020 may be formed in a typical
metal mesh shape, such as a square shape, a diamond
shape, or a polygonal shape. Conductive patterns may
be configured such that the plurality of metal mesh grids
operate as a feeding line or radiator. The metal mesh
layer 1020 may constitute a transparent antenna region.
As one example, the metal mesh layer 1020 may have a
thickness of about 2 mm, but is not limited thereto.
[0116] The metal mesh layer 1020 may include the
metal grid patterns 1020a and the dummy metal grid
patterns 1020b. The metal grid patterns 1020a and the
dummy metal grid patterns 1020b may have ends dis-
connected from each other to form opening areas OA,
thereby being electrically disconnected. The dummy
metal grid patterns 1020b may have slits SL formed so
that ends of mesh grids CL1, CL2, ..., CLn are not con-
nected.
[0117] Referring to (b) of FIG. 7B, the metal mesh layer
1020 may be formed by a plurality of atypical metal mesh
grids. The metal mesh layer 1020 may include the metal
grid patterns 1020a and the dummy metal grid patterns
1020b. The metal grid patterns 1020a and the dummy
metal grid patterns 1020b may have ends disconnected
from each other to form the opening areas OA, thereby
being electrically disconnected. The dummy metal grid
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patterns 1020b may have slits SL formed so that ends of
mesh grids CL1, CL2, ..., CLn are not connected.
[0118] Meanwhile, the transparent substrate on which
the transparent antenna according to the specification is
formed may be arranged on the vehicle glass. In this
regard, FIG. 8A illustrates the layered structure of an
antenna module and a feeding pattern. FIG. 8B illustrates
an opaque substrate including the layered structure, in
which the antenna module and the feeding structure are
coupled to each other, and a coupling region.
[0119] Referring to (a) of FIG. 8A, the antenna module
1100 may include a first transparent dielectric substrate
1010a formed on a first layer, and a first conductive
pattern 1110 formed on a second layer arranged on the
first layer. The first conductive pattern 1110 may be im-
plemented as the metal mesh layer 1020 including the
metal grid patterns 1020a and the dummy metal grid
patterns 1020b, as illustrated in FIG. 7B. The antenna
module 1100 may further include a protective layer 1031
and an adhesive layer 1041a arranged on the second
layer.
[0120] Referring to (b) of FIG. 8A, a feeding structure
1100f may include a second dielectric substrate 1010b, a
second conductive pattern 1120, and a third conductive
pattern 1130. The feeding structure 1100f may further
include first and second protective layers 1033 and 1034
stacked on the second conductive pattern 1120 and the
third conductive pattern 1130, respectively. The feeding
structure 1100f may further include an adhesive layer
1041b formed on a partial region of the second conduc-
tive pattern 1120.
[0121] The second conductive pattern 1120 may be
arranged on one surface of the second dielectric sub-
strate 1010b implemented as an opaque substrate. The
third conductive pattern 1130 may be arranged on an-
other surface of the second dielectric substrate 1010b.
The first protective layer 1033 may be formed on the third
conductive pattern 1130. The second protective layer
1034 may be formed below the second conductive pat-
tern 1120. Each of the first and second protective layers
1033 and 1034 may be configured to have a low permit-
tivity below a certain value, enabling low-loss feeding to
the transparent antenna region.
[0122] Referring to (a) of FIG. 8B, the antenna module
1100 may be coupled with the feeding structure 1100f
including the second dielectric substrate 1010b, which is
the opaque substrate. The first conductive pattern 1110
implemented as the metal mesh layer, which is the
transparent electrode layer, may be formed on top of
the first transparent dielectric substrate 1010a. The pro-
tective layer 1031 may be formed on top of the first
conductive pattern 1110. The protective layer 1031 and
the first adhesive layer 1041a may be formed on top of the
first conductive pattern 1110. The first adhesive layer
1041a may be formed adjacent to the protective layer
1031.
[0123] The first adhesive layer 1041a formed on the
first conductive pattern 1110 may be bonded to the sec-

ond adhesive layer 1041b formed below the second
conductive layer 1120. The first transparent dielectric
substrate 1010a and the second dielectric substrate
1010b may be adhered by the bonding between the first
and second adhesive layers 1041a and 1041b. Accord-
ingly, the metal mesh grids formed on the first transparent
dielectric substrate 1010a may be electrically connected
to the feeding pattern formed on the second dielectric
substrate 1010b.
[0124] The second conductive pattern 1120 and the
third conductive pattern 1130 may be arranged on one
surface and another surface of the second dielectric
substrate 1010b, thereby implementing the feeding
structure 1100f. The feeding structure 1100f may be
implemented as a flexible printed circuit board (FPCB),
but is not limited thereto. The first protective layer 1033
may be arranged on the third conductive pattern 1130,
and the second protective layer 1034 may be arranged
below the second conductive pattern 1120. The adhesive
layer 1041b below the third conductive pattern 1130 may
be bonded to the adhesive layer 1041a of the antenna
module 1100. Accordingly, the feeding structure 1100f
may be coupled with the antenna module 1100 and the
first and second conductive patterns 1110 and 1120 may
be electrically connected.
[0125] The antenna module 1100 implemented with
the first transparent dielectric substrate 1010a may be
formed to have a first thickness. The feeding structure
1100f implemented with the second dielectric substrate
1010b may be formed to have a second thickness. For
example, the thicknesses of the dielectric substrate
1010a, the first conductive pattern 1110, and the protec-
tive layer 1031 of the antenna module 1100 may be 75
µm, 9 µm, and 25 µm, respectively. The first thickness of
the antenna module 1100 may be 109 um. The thick-
nesses of the second dielectric substrate 1010b, the
second conductive pattern 1120, and the third conductive
pattern 1130 of the feeding structure 1100f may be 50 um,
18 um, and 18 um, respectively, and the thicknesses of
the first and second protective layers 1033 and 1034 may
be 28 um. Accordingly, the second thickness of the
feeding structure 1100f may be 142 um. Since the ad-
hesive layers 1041a and 1041b are formed on the first
conductive pattern 1110 and below the second conduc-
tive pattern 1120, the entire thickness of the antenna
assembly may be smaller than the sum of the first thick-
ness and the second thickness. For example, the anten-
na assembly 1000 including the antenna module 1100
and the feeding structure 1100f may have a thickness of
198 um.
[0126] Referring to (b) of FIG. 8B, the conductive pat-
tern 1120 may be formed on one surface of the second
dielectric substrate 1010b forming the feeding structure
1100f. The conductive pattern 1120 may be formed in a
CPW-type feeding structure that includes the feeding
pattern 1120f and the ground patterns 1121g and
1122g formed on both sides of the feeding pattern
1120f. The feeding structure 1100f may be coupled with
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the antenna module 1100, as illustrated in (a) of FIG. 8B,
through a region where the adhesive layer 1041 is
formed.
[0127] The antenna module and the feeding structure
constituting the antenna assembly according to the spe-
cification may be arranged on the vehicle glass and
coupled through a specific coupling structure. In this
regard, FIG. 9A illustrates a coupling structure of a
transparent antenna that is arranged in a transparent
region and a frit region of a vehicle glass.
[0128] Referring to FIG. 9A, the first transparent di-
electric substrate 1010a may be adhered to the glass
panel 310 through the adhesive layer 1041. The con-
ductive pattern of the first transparent dielectric substrate
1010a may be bonded to the conductive pattern 1130 of
the second dielectric substrate 1010b through ACF bond-
ing. ACF bonding involves bonding of a tape, to which
metal balls are added, to a bonding surface at high
temperature/high pressure (e.g., 120 to 150 degrees, 2
to 5 Mpa) for a few seconds, and may be achieved by
allowing electrodes to be in contact with each other
through the metal balls therebetween. ACF bonding
may electrically connect conductive patterns and simul-
taneously provide adhesive strength by thermally hard-
ening the adhesive layer 1041.
[0129] The first transparent dielectric substrate 1010a,
on which the transparent electrode layer is formed, and
the second dielectric substrate 1010b in the form of FPCB
may be attached to each other through local soldering.
The connection pattern of the FPCB and the transparent
antenna electrode may be connected through the local
soldering using a coil in a magnetic field induction man-
ner. During such local soldering, an increase in tempera-
ture of a soldered portion may not occur or the FPCB may
be maintained flat without deformation. Accordingly, an
electrical connection with high reliability may be achieved
through the local soldering between the conductive pat-
terns of the first transparent dielectric substrate 1010a
and the second dielectric substrate 1010b.
[0130] The first transparent dielectric substrate 1010a,
the metal mesh layer 1020 of FIG. 7A, the protective layer
1033, and the adhesive layer 1041 may form a transpar-
ent electrode. The second dielectric substrate 1010b,
which is the opaque substrate, may be implemented
as the FPCB, but is not limited thereto. The second
dielectric substrate 1010b, which is the FPCB with the
feeding pattern, may be connected to the connector part
313 and the transparent electrode.
[0131] The second dielectric substrate 1010b, which is
the opaque substrate, may be attached to a partial region
of the first transparent dielectric substrate 1010a. The
first transparent dielectric substrate 1010a may be
formed in the transparent region 311 of the glass panel
310. The second dielectric substrate 1010b may be
formed in the opaque region 312 of the glass panel
310. The partial region of the first transparent dielectric
substrate 1010a may be formed in the opaque region
312, and the first transparent dielectric substrate 1010a

may be coupled to the second dielectric substrate 1010b
in the opaque region 312.
[0132] The first transparent dielectric substrate 1010a
and the second dielectric substrate 1010b may be ad-
hered by the bonding between the adhesive layers 1041a
and 1041b. A position at which the second dielectric
substrate 1010b is bonded to the adhesive layer 1041
may be set to a first position P1. A position at which the
connector part 313 is soldered to the opaque substrate
1010b may be set to a second position P2.
[0133] Meanwhile, the vehicle glass on which the an-
tenna assembly according to the specification is formed
may be coupled to a body structure of the vehicle. In this
regard, FIG. 9B is an enlarged front view of a region
where glass with the transparent antenna of FIG. 9A is
coupled to a body structure of a vehicle. FIG. 9C is a
cross-sectional view of the coupling structure between
the vehicle glass and the body structure of FIG. 9B,
viewed from different positions.
[0134] Referring to FIG. 9B, the first transparent di-
electric substrate 1010a on which a transparent antenna
is formed may be arranged in the transparent region 311
of the glass panel 310. The second dielectric substrate
1010b may be arranged in the opaque region 312 of the
glass panel 310. Since the transmittance of the opaque
region 312 is lower than that of the transparent region
311, the opaque region 312 may also be referred to as a
black matrix (BM) region. A portion of the first transparent
dielectric substrate 1010a on which the transparent an-
tenna is formed may extend up to the opaque region 312
corresponding to the BM region. The first transparent
dielectric substrate 1010a and the opaque region 312
may be formed to overlap each other by an overlap length
OL in one axial direction.
[0135] (a) of FIG. 9C is a cross-sectional view of the
antenna assembly, cut along the line AB in FIG. 9B. (a) of
FIG. 9C is a cross-sectional view of the antenna assem-
bly, cut along the line CD in FIG. 9B.
[0136] Referring to FIG. 9B and (a) of FIG. 9C, the first
transparent dielectric substrate 1010a on which the
transparent antenna is formed may be arranged in the
transparent region 311 of the glass panel 310. The sec-
ond dielectric substrate 1010b may be arranged in the
opaque region 312 of the glass panel 310. The partial
region of the first transparent dielectric substrate 1010a
may extend up to the opaque region 312, so that the
feeding pattern formed on the second dielectric substrate
1010b and the metal mesh layer of the transparent an-
tenna are bonded and connected to each other.
[0137] An interior cover 49c may be configured to
accommodate the connector part 313 connected to the
second dielectric substrate 1010b. The connector part
313 may be arranged in a space between a body 49b
made of a metal material and the interior cover 49c, and
the connector part 313 may be coupled to an in-vehicle
cable. The interior cover 49c may be arranged in an upper
region of the body 49b made of the metal material. The
interior cover 49c may be formed with one end bent to be
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coupled to the metal body 49b.
[0138] The interior cover 49c may include a metal
material or dielectric material. When the interior cover
49c is made of a metal material, the interior cover 49c and
the body 49b made of the metal material may constitute a
metal frame 49. In this regard, the vehicle may include the
metal frame 49. The opaque region 312 of the glass panel
310 may be supported by a portion of the metal frame 49.
To thisend, aportion of the body 49b of the metal frame 49
may be bent to be coupled to the opaque region 312 of the
glass panel 310.
[0139] When the interior cover 49c is made of a metal
material, at least a portion of a metal region of the interior
cover 49c in the upper region of the second dielectric
substrate 1010b may be cut out. A recess portion 49R
from which the metal region has been cut out may be
formed in the interior cover 49c. Accordingly, the metal
frame 49 may include the recess portion 49R. The sec-
ond dielectric substrate 1010b may be placed within the
recess portion 49R of the metal frame 49.
[0140] The recess portion 49R may also be referred to
as a metal cut region. One side of the recess portion 49R
may be formed to be spaced apart from one side of the
opaque substrate 1010b by a first length L1 which is
equal to or greater than a threshold value. A lower
boundary side of the recess portion 49R may be formed
to be spaced apart from a lower boundary side of the
opaque substrate 1010b by a second length L2 which is
equal to or greater than a threshold value. As the metal is
removed from the partial region of the interior cover 49c
made of the metal material, signal loss and changes in
antenna characteristics due to a surrounding metal struc-
ture may be suppressed.
[0141] Referring to FIG. 9B and (b) of FIG. 9C, a recess
portion like a metal cut region may not be formed in the
interior cover 49c in a region where the connector part
and the opaque substrate are not arranged. In this re-
gard, while protecting the internal components of the
antenna module 1100 by use of the interior cover 49c,
internal heat may be dissipated to the outside through the
recess portion 49R of FIG. 9B and (a) of FIG. 9C. In
addition, whether it is necessary to repair a connected
portion may be immediately determined through the re-
cess portion 49R of the interior cover 49c. Meanwhile,
since the recess portion is not formed in the interior cover
49c in a region where the connector part and the second
dielectric substrate are not arranged, the internal com-
ponents of the antenna module 1100 may be protected.
[0142] Meanwhile, an antenna assembly 1000 accord-
ing to the specification may be formed in various shapes
on a glass panel 310, and the glass panel 310 may be
attached to a vehicle frame. In this regard, FIG. 10
illustrates a stacked structure of an antenna assembly
and an attachment region between vehicle glass and a
vehicle frame according to embodiments.
[0143] Referring to (a) of FIG. 10, the glass panel 310
may include a transparent region 311 and an opaque
region 312. The antenna assembly 1000 may include an

antenna module 1100 and a feeding structure 1100f. The
antenna module 1100 may include a first transparent
dielectric substrate 1010a, a transparent electrode layer
1020, and an adhesive layer 1041. The feeding structure
1100f implemented as the opaque substrate and the
transparent electrode layer 1020 implemented as the
transparent substrate may be electrically connected to
each other. The feeding structure 1100f and the trans-
parent electrode layer 1020 may be directly connected
through a first bonding region BR1. The feeding structure
1100f and the connector part 313 may be directly con-
nected through a second bonding region BR2. Heat may
be applied for bonding in the first and second bonding
regions BR1 and BR2. Accordingly, the bonding regions
BR1 and BR2 may be referred to as heating sections. An
attachment region AR corresponding to a sealant region
for attachment of the glass panel 310 to the vehicle frame
may be formed on a side end area in the opaque region
312 of the glass panel 310.
[0144] Referring to (b) of FIG. 10, the glass panel 310
may include a transparent region 311 and an opaque
region 312. The antenna assembly 1000 may include an
antenna module 1100 and a feeding structure 1100f. The
antenna module 1100 may include a protective layer
1031, the transparent electrode layer 1020, a first trans-
parent dielectric substrate 1010a, and an adhesive layer
1041. The feeding structure 1100f implemented as an
opaque substrate may overlap a partial region of the
antenna module 1100 implemented as a transparent
substrate. The feeding structure 1100f and the transpar-
ent electrode layer 1020 of the antenna module 1100 may
be connected in a coupled-feeding manner. The feeding
structure 1100f and the connector part 313 may be di-
rectly connected through a bonding region BR. Heat may
be applied for bonding in the bonding region BR1. Ac-
cordingly, the bonding region BR may be referred to as a
heating section. An attachment region AR corresponding
to a sealant region for attachment of the glass panel 310
to the vehicle frame may be formed on a side end area in
the opaque region 312 of the glass panel 310.
[0145] Referring to (a) and (b) of FIG. 10, the trans-
parent substrate 1010a may include a (hard) coating
layer to protect the transparent electrode layer 1020 from
an external environment. Meanwhile, a UV-cut compo-
nent may be added to the adhesive layer 1041 to sup-
press yellowing due to sunlight.
[0146] A broadband transparent antenna structure ac-
cording to the disclosure, which may be disposed on
glass of a vehicle, may be implemented with a single
dielectric substrate on the same plane as a CPW feeder.
In addition, a broadband transparent antenna structure
according to the disclosure, which may be disposed on
glass of a vehicle, may be implemented with a structure in
which grounds are formed at opposite sides of a radiator
so as to constitute a broadband structure. Hereinafter, an
antenna assembly associated with a broadband trans-
parent antenna structure according to the specification
will be described. In this regard, FIG. 11 shows a front
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view and a lateral view of an antenna assembly which
may be attached on front glass of a vehicle.
[0147] Referring to FIG. 11, a metal mesh layer 1020
which is a transparent pattern may be formed as an
antenna pattern in a region of a glass panel 310 adjacent
to a metal frame 49 of the vehicle. The interior cover 49c
may include a metal material or dielectric material. When
the interior cover 49c is made of a metal material, the
interior cover 49c and the body 49b made of the metal
material may constitute a metal frame 49.
[0148] The metal mesh layer 1020 formed as the an-
tenna pattern may be formed in a region of front glass, for
example, in an upper region of the front glass to be
adjacent to the metal frame 49, but is not limited to this,
and may change depending on the application. The glass
panel 310 may include a transparent region 311 and an
opaque region 312. The metal mesh layer 1020 as the
transparent pattern may be formed in the transparent
region 311, and an FPCB 1100b for feeding an antenna
may be formed in the opaque region 312.
[0149] An attachment region AR corresponding to a
sealant region for attachment of the glass panel 310 to
the metal frame 49 may be formed in a side end region of
the opaque region 312. The FPCB 1100b may be bonded
to the glass panel 310 through a bonding region BR. The
FPCB 1100b for feeding may be formed with a first length.
An end of the FPCB 1100b and an end of the attachment
region AR may form a bonding tolerance of a second
length which is shorter than the first length. For example,
the FPCB 1100b may be formed with a first length of
about 12 mm, and the end of the FPCB 1100b and the end
of the attachment region AR may be apart from each
other by a second length of about 8 mm.
[0150] In some embodiments, a cable structure for
feeding the antenna assembly according to the specifi-
cation may be arranged vertically or horizontally to the
metal frame 49 of the vehicle. In this regard, FIGS. 12A to
12C compare cable structures and reflection coefficient
characteristics of antenna assemblies according to em-
bodiments.
[0151] (a) of FIG. 12A shows a first structure of an
antenna assembly 1000a which includes first to third
conductive patterns 1110, 1120a, and 1130a. The first
to third conductive patterns 1110a, 1120a, and 1130a
may be arranged on a first dielectric substrate 1010a,
and a feeding pattern 1110f and a ground conductive
pattern 1110g may be formed in an FPCB structure on a
second dielectric substrate 1010b. The first conductive
pattern 1110a may include a first part 1111 and a second
part 1112 formed perpendicular to the first part 1111. The
second conductive pattern 1120a may include a third part
1121a and a fourth part 1122a formed perpendicular to
the third part 1121a. The third conductive pattern 1130a
may be located between the first conductive pattern
1110a and the ground conductive pattern 1110g.
[0152] (b) of FIG. 12A shows the reflection coefficient
characteristics of the antenna assembly 1000a. Refer-
ring to FIG. 12A, the antenna assembly 1000a may

operate in a dipole antenna mode in the LB band of
600 to 900 MHz. The first and second conductive patterns
1110 and 1120a connected to the feeding pattern 1110f
and the ground conductive pattern 1110g of the CPW
structure may operate in a CPW dipole antenna mode in a
first frequency band, which is the LB band of 600 to 900
MHz. The antenna assembly 1000a may operate in a
CPW dipole antenna mode in the first frequency band,
which is the LB band, by first and second currents I1 and
I2 formed in the first and second conductive patterns 1110
and 1120a. The antenna assembly 1000a configured by
the third conductive pattern 1130a may exhibit a reso-
nance characteristic of ‑15 dB or less in an ultrahigh band
(UHB) of at least 4.5 GHz. UHB may be a frequency band
higher than operating frequency bands of the first con-
ductive pattern 1110 and the second conductive pattern
1120.
[0153] (a) of FIG. 12B shows a second structure in
which an antenna assembly 1000b is arranged adjacent
to the metal frame 49 of the vehicle. The metal frame 49
may be arranged adjacent to the antenna assembly
1000b, which includes first to third conductive patterns
1110, 1120a, and 1130a. The first to third conductive
patterns 1110, 1120a, and 1130a may be arranged on
a first dielectric substrate 1010a, and a feeding pattern
1110f and a ground conductive pattern 1110g may be
formed in an FPCB structure on a second dielectric
substrate 1010b. A coaxial cable 313 may be arranged
parallel to the metal frame 49. A signal line 313a of the
coaxial cable 313 may be connected to the feeding
pattern 1110f, and a ground 313b of the coaxial cable
313 may be connected to the ground conductive pattern
1110g.
[0154] (b) of FIG. 12B shows the reflection coefficient
characteristics of the antenna assembly 1000b. Refer-
ring to FIG. 12B, third and fourth currents I3 and I4 may be
formed strongly above a threshold value on a ground
current path by the metal frame 49, such that the antenna
assembly 1000b may operate in an operation mode
similar to a monopole antenna mode. Therefore, the
antenna assembly 1000a may operate in an operation
mode, similar to the monopole antenna mode, in the LB
band of 600 to 900 MHz. A first current I1 formed in the
first conductive pattern 1110 connected to the feeding
pattern 1110f may be formed to be stronger than a second
current I2b formed in the second conductive pattern
1120a connected to the ground conductive pattern
1110g. The antenna assembly 1000a may operate in
an operation mode, similar to the monopole antenna
mode, in a first frequency band, which is the LB band,
by the first current I1 formed in the first conductive pattern
1110 and the third and fourth currents I3 and I4 formed in
the metal frame 49. The antenna assembly 1000b having
a structure in which the coaxial cable 313 is arranged
parallel to the metal frame 49 may have a deteriorated
reflection coefficient characteristic in the LB band, result-
ing in a deterioration in the LB bandwidth characteristic.
[0155] (a) of FIG. 12C shows a third structure in which
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an antenna assembly 1000 is arranged adjacent to the
metal frame 49 of the vehicle. (a) of FIG. 12C shows a
structure in which the metal frame 49 of the vehicle is
arranged adjacent to the antenna assembly 1000 includ-
ing first to third conductive patterns 1110, 1120, and 1130.
The third conductive pattern 1130 as a coupled ground
pattern may be arranged adjacent to the second con-
ductive pattern 1120 may be arranged. A first current I1
may be formed in the first conductive pattern 1110. Sec-
ond and fifth currents I2c and I5c may be formed in the
second and third conductive patterns 1120 and 1130.
Third and fourth currents I3c and I4c formed in the metal
frame 49 may be reduced by the second and fifth currents
I2c and I5c formed in the second and third conductive
patterns 1120 and 1130.
[0156] Accordingly, the third conductive pattern 1130,
which is the coupled ground pattern, may be arranged to
reduce the influence of the metal frame 49 on the ground
path. Therefore, an operation mode similar to the mono-
pole antenna mode of (a) of FIG. 12B may change to a
dipole antenna mode, as in (a) of FIG. 12C, by the third
conductive pattern 1130.
[0157] The first and second conductive patterns 1110
and 1120 may be arranged on a first dielectric substrate
1010a, and a feeding pattern 1110f and a ground con-
ductive pattern 1110g may be formed in an FPCB struc-
ture on a second dielectric substrate 1010b. A first region
1111g of the ground conductive pattern 1110g may be
connected to a ground 313b of the coaxial cable 313. A
portion of the first region 1111g of the ground conductive
pattern 1110g may be connected to the second conduc-
tive pattern 1120. A second region 1112g of the ground
conductive pattern 1110g may operate as a UHB radiator.
The coaxial cable 313 may be arranged parallel to the
metal frame 49. A signal line 313aof the coaxial cable 313
may be connected to the feeding pattern 1110f, and the
ground 313b of the coaxial cable 313 may be connected
to the ground conductive pattern 1110g.
[0158] (b) of FIG. 12C shows the reflection coefficient
characteristics of the antenna assembly 1000. Referring
to FIG. 12C, the antenna assembly 1000 having the
structure in which the coaxial cable 313 is arranged
parallel to the metal frame 49 may have improved reflec-
tion coefficient characteristics in the LB band by the third
conductive pattern 1130 which is the coupled ground
pattern, thereby improving LB bandwidth characteristics.
In this regard, the antenna assembly 1000 may exhibit a
dual resonance characteristic in the LB band by the third
conductive pattern 1130, which is the coupled ground
pattern.
[0159] A current distribution may be formed differently
in the antenna assembly structures of FIGS. 12A to 12C,
thereby implementing different operation modes. In this
regard, FIG. 13 is a view of electric field distributions of
the antenna assembly structures illustrated in FIGS. 12A
to 12C.
[0160] Referring to (a) of FIG. 12A and (a) of FIG. 13,
the antenna assembly 1000a may operate in the dipole

antenna mode by forming the first and second currents I1
and I2 in the first and second conductive patterns 1100
and 1120a in the LB band. The first and second currents
I1 and I2 may be formed in the first and second conduc-
tive patterns 1100 and 1120a, and thus the current dis-
tribution in end regions of the first and second conductive
patterns 1100 and 1120a may be higher than the current
distribution in other regions.
[0161] Referring to (a) of FIG. 12B and (b) of FIG. 13,
the antenna assembly 1000b may form the first current I1
in the first conductive pattern 1100 and form the third and
fourth currents I3 and I4 in the metal frame 49 in the LB
band. A high current distribution may be formed in a lower
region RL where the metal frame 49 and the second
dielectric substrate 1010b are formed by the third and
fourth currents I3 and I4 formed in the metal frame 49.
Accordingly, the current distribution in the lower region
RL where the metal frame 49 and the second dielectric
substrate 1010b are formed may be higher than the
current distribution in end regions of the first and second
conductive patterns 1100 and 1120a. Accordingly, the
antenna reflection coefficient and antenna efficiency
characteristics may be degraded in the LB band.
[0162] Referring to (a) of FIG. 12C and (c) of FIG. 13,
the antenna assembly 1000 may form the first current I1
in the first conductive pattern 1100 and form the third and
fourth currents I3c and I4c in the metal frame 49 in the LB
band. The second and fifth currents I2c and I5c may be
formed in the second and third conductive patterns 1120
and 1130. The third and fourth currents I3c and I4c
formed in the metal frame 49 may be reduced, and the
second and fifth currents I2c and I5c formed in the second
and third conductive patterns 1120 and 1130 may in-
crease. Accordingly, the current distribution in a radiator
region Rr where the second and third conductive patterns
1120 and 1130 are arranged may be formed high. Ac-
cordingly, the current distribution in the radiator region Rr
where the second and third conductive patterns 1120 and
1130 are arranged may be formed higher than the current
distribution in the lower region RL of (b) of FIG. 13.
Accordingly, the antenna assembly 1000 may operate
in the dipole antenna mode by the first to third conductive
patterns 1110, 1120, and 1130 in the LB band, thereby
improving the antenna reflection coefficient and antenna
efficiency characteristics.
[0163] The antenna assembly may be arranged verti-
cally or horizontally to the metal frame of the vehicle. In
this regard, FIG. 14A compares a first structure arranged
vertically and a second structure arranged horizontally
with respect to the metal frame of the vehicle according to
embodiments. FIG. 14B compares antenna efficiencies
of the first and second structures of FIG. 14A.
[0164] Referring to FIGS. 11 and 14A, the metal mesh
layer 1020 may be arranged in the transparent region 311
of the glass panel 310 on the first dielectric substrate
1010a of the antenna assembly 1000b, 1000. The first to
third conductive patterns 1110, 1120a, and 1130a formed
on the first dielectric substrate 1010a may be configured
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as a first antenna ANT1. A second antenna ANT2 may be
formed in a symmetric structure with the first antenna
ANT1 at a certain distance from the first antenna ANT1.
Fourth to sixth conductive patterns 1110, 1120a, and
1130a formed on the first dielectric substrate 1010a
may be configured as the second antenna ANT2.
[0165] (a) of FIG. 14A shows a first structure in which a
coaxial cable 313‑1 is arranged in a direction perpendi-
cular to the metal frame 49 of the vehicle. In some
embodiments, (b) of FIG. 13A shows a second structure
in which the coaxial cable 313 is arranged in a horizontal
direction with respect to the metal frame 49 of the vehicle.
[0166] Referring to FIG. 11 and (a) of FIG. 14A, the
feeding pattern 1110f and the ground conductive pattern
1110g may be formed on the second dielectric substrate
1010b of the antenna assembly 1000b. The second di-
electric substrate 1010b may be located in the opaque
region 312 of the glass panel 310. The frame 49 of the
vehicle may be arranged adjacent to the opaque region
312 of the glass panel 310. In the first structure in which
the coaxial cable 313‑1 connected to the feeding pattern
1110f is arranged in the direction perpendicular to the
metal frame 49 of the vehicle, the opaque region 312 may
be formed with a first length DL1 in a first axial direction.
For example, the first length DL1 of the opaque region
312 in the first axial direction may be about 27 mm.
[0167] Referring to FIG. 11 and (b) of FIG. 14A, the
feeding pattern 1110f and the ground conductive pattern
1110g may be formed on the second dielectric substrate
1010b of the antenna assembly 1000. The second di-
electric substrate 1010b may be located in the opaque
region 312 of the glass panel 310. The frame 49 of the
vehicle may be arranged adjacent to the opaque region
312 of the glass panel 310. In the second structure in
which the coaxial cable 313 connected to the feeding
pattern 1110f is arranged in the horizontal direction with
respect to the metal frame 49 of the vehicle, the opaque
region 312 may be formedwith a second length DL2 in the
first axial direction. For example, the second length DL2
of the opaque region 312 in the first axial direction may be
about 19 mm. In the second structure where the coaxial
cable 313 is arranged in the horizontal direction with
respect to the metal frame 49 of the vehicle, a TCU
may be coupled between the coaxial cables 313. Accord-
ingly, the second structure in which the coaxial cable 313
is arranged in the horizontal direction with respect to the
metal frame 49 of the vehicle may be a structure which
facilitates coupling with the TCU.
[0168] Referring to (a) of FIG. 14A and FIG. 14B, (i) the
first structure in which the coaxial cable 313‑1 is arranged
in the direction perpendicular to the metal frame 49 of the
vehicle may exhibit the antenna efficiency characteristics
of at least ‑3 dB in a frequency band of 600 MHz to 0.6
GHz. Referring to (b) of FIG. 14A and FIG. 14B, (ii) the
second structure in which the coaxial cable 313 is ar-
ranged in the horizontal direction with respect to the metal
frame 49 of the vehicle may exhibit the antenna efficiency
of ‑3 dB or less in a frequency band of 600 MHz to 800

MHz. For example, at a frequency of about 700 MHz, LB
antenna efficiency may be reduced by about 1.5 dB.
[0169] Referring to (a) of FIG. 14A and FIG. 14B, (i) the
first structure in which the coaxial cable 313‑1 is arranged
in the direction perpendicular to the metal frame 49 of the
vehicle may exhibit the antenna efficiency characteristics
of at least ‑3 dB in a frequency band of 4.5 GHz to 6 GHz.
(ii) The second structure in which the coaxial cable 313 is
arranged in the horizontal direction with respect to the
metal frame 49 of the vehicle may exhibit the antenna
efficiency of ‑3 dB or less in a frequency band of 4.5 GHz
to 6 GHz. For example, at a frequency of about 5.6 GHz,
UHB antenna efficiency may be reduced by about 1.5 dB.
[0170] Therefore, in the antenna assembly according
to the specification, the reduction in distance between the
metal frame 49 of the vehicle and the transparent anten-
na pattern may cause a decrease in antenna efficiency of
at least 1.5 dB in the LB band. In another example, in the
antenna assembly according to the specification, the
reduction in antenna efficiency of at least 1.5 dB may
occur in the UHB band depending on a direction in which
the coaxial cable is mounted.
[0171] In some embodiments, a broadband transpar-
ent antenna structure which may be arranged on vehicle
glass may assume that the coaxial cable 313 is arranged
horizontally and coupled with the TCU. In this regard,
FIGS. 15A and 15B are views of antenna assemblies
each including a plurality of antenna elements according
to embodiments. FIG. 15C is a view of antenna efficiency
characteristics of the antenna assemblies of FIGS. 15A
and 15B.
[0172] Referring to FIG. 12B and FIG. 15A, the anten-
na assembly 1000b may include the first to third con-
ductive patterns 1110, 1120a, and 1130a formed on the
first dielectric substrate 1010a. The antenna assembly
1000b may include the first antenna ANT1 and the sec-
ond antenna ANT2 each including the first to third con-
ductive patterns 1110, 1120a, and 1130a. The feeding
pattern 1110f and the ground conductive pattern 1120g
may be formed on the second dielectric substrate 1010b.
The second conductive patterns 1120a of the first anten-
na ANT1 and the second antenna ANT2 may be formed
in a symmetric shape with respect to one axis. The
second conductive patterns 1120a of the first antenna
ANT1 and the second antenna ANT2 may be arranged to
be spaced apart by a gap Ga greater than or equal to a
threshold value. The first antenna ANT1 and the second
antenna ANT2 may operate independently, but the an-
tenna characteristics may deteriorate in the LB band due
to the arrangement of the metal frame 49.
[0173] The signal line 313a of the coaxial cable 313
may be connected to the feeding pattern 1110f, and the
ground 313b of the coaxial cable 313 may be connected
to the ground conductive pattern 1110g. The coaxial
cable 313 may be arranged to be horizontal to the feeding
pattern 1110f. The coaxial cable 313 of the first antenna
ANT1 may be horizontally arranged on one side of the
second dielectric substrate 1010b. The coaxial cable 313
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of the second antenna ANT2 may be horizontally ar-
ranged on another side of the second dielectric substrate
1010b. Accordingly, connector portions 313c of the coax-
ial cables 313 of the first antenna ANT1 and the second
antenna ANT2 may be arranged adjacent to each other.
The connector portions 313c of the coaxial cables 313 of
the first antenna ANT1 and the second antenna ANT2
may be coupled with the TCU.
[0174] Referring to FIG. 12C and FIG. 15B, the anten-
na assembly 1000 may include the first to third conduc-
tive patterns 1110, 1120, and 1130 formed on the first
dielectric substrate 1010a. The third conductive pattern
1130 may be spaced apart from the second conductive
pattern by a gap G of a threshold value or less. The third
conductive pattern 1130 may operate by a current
coupled from the second conductive patterns, which
have a symmetric shape with respect to the gap G, in
the first frequency band.
[0175] The antenna assembly 1000 may further in-
clude a fourth conductive pattern 1140 formed on the
first dielectric substrate 1010a. The antenna assembly
1000 may include the first antenna ANT1 and the second
antenna ANT2 each including the first to fourth conduc-
tive patterns 1110 to 1140. The feeding pattern 1110f and
the ground conductive pattern 1120g may be formed on
the second dielectric substrate 1010b. The third conduc-
tive pattern 1130 may be arranged at a gap G less than a
threshold value from the second conductive pattern,
which may increase the affection between the first an-
tenna ANT1 and the second antenna ANT2. However,
the antenna characteristics may be improved by reducing
the current formed in the metal frame 49 in the LB band.
[0176] The signal line 313a of the coaxial cable 313
may be connected to the feeding pattern 1110f, and the
ground 313b of the coaxial cable 313 may be connected
to the ground conductive pattern 1110g. A sub-region
1112g1 of the second region 1112g of the ground con-
ductive pattern 1110g may operate as a radiator in the
UHB band. The coaxial cable 313 may be arranged to be
horizontal to the feeding pattern 1110f. The coaxial cable
313 of the first antenna ANT1 may be horizontally ar-
ranged on one side of the second dielectric substrate
1010b. The coaxial cable 313 of the second antenna
ANT2 may be horizontally arranged on another side of
the second dielectric substrate 1010b. Accordingly, con-
nector portions 313c of the coaxial cables 313 of the first
antenna ANT1 and the second antenna ANT2 may be
arranged adjacent to each other. A distance between the
connector portions 313c of the first antenna ANT1 and
the second antenna ANT2 may be reduced depending on
the gap G of the threshold value or less. The connector
portions 313c of the coaxial cables 313 of the first anten-
na ANT1 and the second antenna ANT2 may be coupled
with the TCU.
[0177] Referring to FIGS. 15A and 15C, (i) the antenna
assembly 1000b may have an antenna efficiency de-
graded below ‑3 dB, which is a reference value, in the
LB band. For example, the efficiency of the antenna

assembly 1000b may be ‑4.01 dB, which is reduced by
at least ‑1 dB compared to the reference value, at 600
MHz in the LB band. Referring to FIGS. 15B and 15C, (ii)
the antenna assembly 1000 may have an antenna effi-
ciency improved to at least ‑3 dB, which is the reference
value, in the LB band. For example, the efficiency of the
antenna assembly 1000 may be ‑2.97 dB, which is more
improved by at least 1 dB than the efficiency of the
antenna assembly 1000b, at 600 MHz of the LB band.
[0178] Referring to FIGS. 15A and 15C, (i) the antenna
assembly 1000b may have an antenna efficiency de-
graded below ‑3 dB, which is a reference value, in the
UHB band. For example, the efficiency of the antenna
assembly 1000b may be ‑3.74 dB, which is reduced
below the reference value, at 5 GHz in the UHB band.
Referring to FIGS. 15B and 15C, (ii) the antenna assem-
bly 1000 may have an antenna efficiency of at least ‑3 dB,
which is the reference value, in the UHB band. For ex-
ample, the efficiency of the antenna assembly 1000 may
be ‑1.56 dB, which is more improved by at least 2.2 dB
than the efficiency of the antenna assembly 1000b, at 5
GHz of the UHB band.
[0179] A broadband transparent antenna structure ac-
cording to the disclosure, which may be arranged on
vehicle glass, may be implemented with a single dielec-
tric substrate on the same plane as a CPWfeeder. In
addition, a broadband transparent antenna structure
according to the disclosure, which may be arranged on
vehicle glass, may be implemented with a structure in
which grounds are formed at opposite sides of a radiator
so as to constitute a broadband structure.
[0180] Hereinafter, an antenna assembly associated
with a broadband transparent antenna structure accord-
ing to the specification will be described. In this regard,
FIG. 16A is an enlarged view of a structure in which the
second and third conductive patterns are adjacently ar-
ranged in the antenna assembly of FIG. 15B. FIG. 16B is
an enlarged view of a structure in which the second and
third conductive patterns are spaced apart from each
other by a certain distance or more in the antenna as-
sembly of FIG. 15B. FIG. 16C is a view of reflection
coefficient and isolation characteristics of the antenna
assemblies of FIGS. 16A and 16B.
[0181] Referring to FIGS. 15B and 16A, the second
and third conductive patterns 1120 and 1130 of the an-
tenna assembly 1000 may be arranged to be spaced
apart from each other by a gap G of a threshold value or
less. Referring to FIGS. 15B and 16B, the second and
third conductive patterns 1120 and 1130 of the antenna
assembly 1000 may be arranged to be spaced apart from
each other by a gap Ga of at least the threshold value.
Referring to FIGS. 15B to 16B, the second and third
conductive patterns 1120 and 1130 may be formed in a
symmetric shape in one axial direction based on a line
AA’.
[0182] Referring to FIG. 16A and (a) of FIG. 16C, the
first structure in which the second and third conductive
patterns 1120 and 1130 are spaced apart by the gap G of
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the threshold value or less may have a reflection loss
characteristic of ‑8 dB or less in the LB band of 617 to 960
MHz. Referring to FIG. 16B and (a) of FIG. 16C, the
second structure in which the second and third conduc-
tive patterns 1120 and 1130 are spaced apart by the gap
Ga of at least the threshold value may have a reflection
loss characteristic of at least ‑8 dB in some frequency
bands in the LB band of 617 to 960 MHz, resulting in a
narrow bandwidth characteristic.
[0183] Referring to FIG. 16A and (b) of FIG. 16C, the
first structure in which the second and third conductive
patterns 1120 and 1130 are spaced apart by the gap G of
the threshold value or less may have an isolation char-
acteristic, which slightly deteriorates but is maintained
below ‑8 dB, in the LB band of 617 to 960 MHz. Referring
to FIG. 16B and (b) of FIG. 16B, the second structure in
which the second and third conductive patterns 1120 and
1130 are spaced apart by the gap Ga of at least the
threshold value may have an isolation characteristic of
‑12 dB or less in the LB band of 617 to 960 MHz. There-
fore, the first structure, in which the second and third
conductive patterns 1120 and 1130 are spaced apart by
the gap G of the threshold value or less, may have
excellent reflection coefficient characteristics and band-
width characteristics while maintaining a certain level of
isolation in the LB band of 617 to 960 MHz.
[0184] Hereinafter, an antenna assembly according to
the disclosure will be described with reference to FIGS.
11 to 16C. The antenna assembly 1000 may include afirst
dielectric substrate 1010a which is a transparent sub-
strate, and a second dielectric substrate 1010b which is
an opaque substrate. The first dielectric substrate 1010a
may be referred to as the transparent substrate and the
second dielectric substrate 1010b may be referred to as
the opaque substrate. The first dielectric substrate 1010a
may form a transparent region, and include a first con-
ductive pattern 1110, a second conductive pattern 1120,
and a third conductive pattern 1130 formed on a surface
of the first dielectric substrate 1010a. The third conduc-
tive pattern 1130 may be spaced apart from the second
conductive pattern by a gap G. The third conductive
pattern 1130 may operate by a current coupled from
the second conductive patterns, which have a symmetric
shape with respect to the gap G, in a first frequency band.
The second dielectric substrate 1010b may form an
opaque region, and include a ground conductive pattern
1110g and a feeding pattern 1110f formed on a surface of
the second dielectric substrate 1010b.
[0185] The first conductive pattern 1110 may include a
first part 1111 and a second part 1112 perpendicular to the
first part 1111. The second conductive pattern 1120 may
include a third part 1121 and a fourth part 1122 perpen-
dicular to the third part 1121. The third conductive pattern
1130 may include a fifth part 1131 and a sixth part 1132
perpendicular to the fifth part 1131. An end of the fifth part
1121 of the third conductive pattern 1120 may be formed
to be spaced apart by the gap G from an end of the third
part 1121 of the second conductive pattern 1120.

[0186] A fourth conductive pattern 1140, which has a
symmetrical shape with respect to the gap G may further
be formed on the first dielectric substrate 1010a. The
second dielectric substrate 1010b may further include a
second ground conductive pattern 1120g and a second
feeding pattern 1120f. The fourth conductive pattern1140
may include a seventh part 1141 and an eighth part 1142
perpendicular to the seventh part 1141. The eighth part
1142 of the fourth conductive pattern 1140 may be con-
nected to the second feeding pattern 1120f.
[0187] Referring to FIG. 16A, an end of the fifth part
1131 of the third conductive pattern 1130 and an end of
the third part 1121 of the second conductive pattern 1120
may be spaced apart by a gap G of 1.3 mm. A distance of
the gap G formed between the end of the fifth part 1131 of
the third conductive pattern 1130 and the end of the third
part 1121 of the second conductive pattern 1120 may be
formed to be λg/20 or less based on a specific frequency
of the first frequency band. λg/20 may be set to about 7.4
mm for the first dielectric substrate 1010a made of a glass
material with a permittivity of 6.5, on the basis of 800 MHz
of the first frequency band. Referring to FIG. 16B, the end
of the fifth part 1131 of the third conductive pattern 1130
and the end of the third part 1121 of the second con-
ductive pattern 1120 may be spaced apart by a second
gap Ga of 13.3 mm.
[0188] As described above, when the gap G between
the second conductive pattern 1120 and the third con-
ductive pattern 1130 decreases, the isolation character-
istic may be somewhat degraded, but the reflection
coefficient characteristics and bandwidth characteristics
may be improved in the LB band. In relation to an antenna
performance evaluation, the gap G may be optimally
designed to have a reflection coefficient of about ‑8 dB
or less and an isolation of about ‑8 dB (or ‑10 dB) or less.
Therefore, the distance of the gap needs to be main-
tained below a certain length to improve antenna perfor-
mance and optimize an overall antenna size while main-
taining the isolation characteristics at at least a certain
level. Accordingly, the gap G between the second con-
ductive pattern 1120 and the third conductive pattern
1130 may be set to be λg/20 or less.
[0189] The ground conductive pattern 1110g of the
second dielectric substrate 1010b may include a first
region 1111g and a second region 1112g. The second
part 1112 of the first conductive pattern 1110 may be
connected to a feeding pattern 1110f. The fourth part
1122 of the second conductive pattern 1120 may be
connected to the first region 1111g of the ground con-
ductive pattern 1110g.
[0190] The first region 1111g of the ground conductive
pattern 1110g may be connected to a ground 313b of a
coaxial cable 313. The first region 1111g of the ground
conductive pattern 1110g may include a first sub-region
1111g1 and a second sub-region 111g2. The first sub-
region 1111g1 of the first region 1111g of the ground
conductive pattern 1110g may be connected to a ground
313b of the coaxial cable 313. A portion of the first region
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1111g of the ground conductive pattern 1110g may be
connected to the fourth part 1122 of the second conduc-
tive pattern 1120.
[0191] The second region 1112g of the ground con-
ductive pattern 1110g may operate as a UHB radiator.
UHB may be a frequency band higher than operating
frequency bands of the first conductive pattern 1110 and
the second conductive pattern 1120. The second region
1112g of the ground conductive pattern 1110g may in-
clude a third sub-region 1112g1 and a fourth sub-region
1112g2. The third sub-region 1112g1 may be arranged
spaced apart from an end of the feeding pattern 1110f.
The third sub-region 1112g1 may be formed in a trian-
gular shape with a certain angle of inclination. The third
sub-region 1112g1 may be formed with a width which
decreases in a second axial direction as the third sub-
region 1112g1 is away from the feeding pattern 1110f.
The fourth sub-region 1112g2 may be connected to the
third sub-region 1112g1. The fourth sub-region 1112g2
may be formed in a rectangular shape. The third sub-
region 1112g1 of the second region 1112g of the ground
conductive pattern 1110g may operate as a UHD radiator.
The second sub-region 1111g2 of the first region 1111g of
the ground conductive pattern 1110g may be arranged to
overlap the coaxial cable 313 by a certain area.
[0192] Referring to FIGS. 11 to 16B, the signal line
313a corresponding to one end of the coaxial cable
313 may be connected to the feeding pattern 1110f.
The ground 313b of the coaxial cable 313 may be con-
nected to a contact portion 313CP which is formed con-
cavely to accommodate the coaxial cable 313. The con-
tact portion 313CP may be arranged in the first sub-
region 1111g1 of the first region 1111g of the ground
conductive pattern 1110g.
[0193] The first region 1111g of the ground conductive
pattern 1110g may include a first sub-region 1111g1 and a
second sub-region 1111g2. A second length L2 of the
second sub-region 1111g2 may be longer than a first
length L1 of the first sub-region 1111g1 in the first axial
direction. A second width W2 of the second sub-region
1111g2 may be narrower than a first width W1 of the first
sub-region 1111g1 in the second axial direction. The
coaxial cable 313 may be arranged spaced apart from
the second sub-region 1111g2.
[0194] The second part 1112 of the first conductive
pattern 1110 may be connected to the signal line 313a
of the coaxial cable 313 through the feeding pattern
1110f. The fourth part 1122 of the second conductive
pattern 1120 may be connected to the ground 313g of
the coaxial cable 313 through the first sub-region 1111g1
of the second region 1112g of the ground conductive
pattern 1110g.
[0195] The second ground conductive pattern 1120g of
the second dielectric substrate 1010b may include a third
region 1121g and a fourth region 1122g. The third region
1121g of the second conductive pattern 1120g may be
formed in a symmetrical shape based on the gap G from
the first region 1111g of the ground conductive pattern

1110g. The fourth region 1122g of the second conductive
pattern 1120g may be formed in a symmetrical shape
based on the gap G from the second region 1112g of the
ground conductive pattern 1110g.
[0196] The second part 1112 of the first conductive
pattern 1110 may be connected to the feeding pattern
1110f. The second conductive pattern 1120 may be elec-
trically connected to the first region 1111g of the ground
conductive pattern 1110g. The eighth part 1142 of the
fourth conductive pattern 1140 may be connected to the
second feeding pattern 1120f. The third conductive pat-
tern 1130 may be connected to the third region 1121g of
the second ground conductive pattern 1120g.
[0197] The first sub-region 1121g1 of the third region
1121g of the second conductive pattern 1120 may be
connected to a ground 313b‑2 of a second coaxial cable
313‑2. The second sub-region 1121g2 of the third region
1121g of the second ground conductive pattern 1120g
may be arranged to overlap the second coaxial cable
313‑2 by a certain region.
[0198] The second conductive pattern 1120 and the
third conductive pattern 1130 may each be formed to
have a first length X1 in a first axial direction parallel to the
coaxial cable 313. The coaxial cable 313 may be formed
to have a second length X2 from a point where the signal
line 313a corresponding to one end of the coaxial cable
313 is connected to a point corresponding to another end
of the coaxial cable 313. The second coaxial cable 313‑2
may be formed to have a second length X2 from a point
where the signal line 313a corresponding to one end of
the second coaxial cable 313‑2 is connected to a point
corresponding to another end of the second coaxial cable
313‑2. The second length X2 of the coaxial cables 313
and 313‑2 may be formed to be 0.5 times longer than the
first length X1 of the second conductive pattern 1120 and
the third conductive pattern 1130.
[0199] The second sub-region 1111g2 of the first region
1111g of the ground conductive pattern 1110g may have a
third length X3 in the first axial direction. The second sub-
region 1121g2 of the third region 1121g of the second
ground conductive pattern 1120g may have a third length
X3 in the first axial direction. The third length X3 may be
formed to be 0.5 times longer than the first length X1 and
shorter than the second length X2.
[0200] The first sub-region 1111g1 of the first region
1111g of the ground conductive pattern 1110g may have a
first width W1 in the second axial direction perpendicular
to the first axial direction. The first sub-region 1121g1 of
the third region 1121g of the second ground conductive
pattern 1120g may have a first width W1 in the second
axial direction. The second sub-region 1111g2 of the first
region 1111g of the ground conductive pattern 1110g may
have a second width W2 in the second axial direction.
The second sub-region 1121g2 of the third region 1121g
of the second ground conductive pattern 1120g may have
a second width W2 in the second axial direction. The first
width W1 may be formed to be greater than the sum of the
second width W2 and a diameter of the coaxial cable 313,
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313‑2.
[0201] The coaxial cable 313 may be arranged in par-
allel with being spaced apart from the end of the second
sub-region 1111g2 of the first region 1111g of the ground
conductive pattern 1110g. The second coaxial cable
313‑2 may be arranged in parallel with being spaced
apart from the end of the fourth sub-region 1121g2 of
the third region 1121g of the second ground conductive
pattern 1120g.
[0202] The ground conductive pattern 1110g may in-
clude the first region 1111g, and the second region 1112g
connected to the first region 1111g and arranged on one
side of the feeding pattern 1110f. The second ground
conductive pattern 1120g may include the third region
1121g, and the fourth region 1122g connected to the third
region 1121g and arranged on another side of the second
feeding pattern 1120f. The second region 1112g of the
ground conductive pattern 1110g may be arranged below
the first part 1111 of the first conductive pattern 1110. The
fourth region 1122g of the second ground conductive
pattern 1120g may be arranged below the seventh part
1141 of the fourth conductive pattern 1140.
[0203] An antenna assembly according to the disclo-
sure may operate with a plurality of antennas to perform a
multi-input and multi-output (MIMO) operation. The an-
tenna assembly 1000 may include a first antenna ANT1
and a second antenna ANT2. The first antenna ANT1
may be configured to include the first conductive pattern
1110, the second conductive pattern 1120, and the sec-
ond region 1112g of the ground conductive pattern 1110g.
The first conductive pattern 1110, the second conductive
pattern 1120, and the second region 1112g of the ground
conductive pattern 1110g may operate as the first anten-
na ANT1 in a first frequency band to a third frequency
band. The second antenna ANT2 may be configured to
include the third conductive pattern 1130, the fourth
conductive pattern 1140, and the fourth region 1122g
of the second ground conductive pattern 1120g. The third
conductive pattern 1130, the fourth conductive pattern
1140, and the fourth region 1122g of the second ground
conductive pattern 1120g may operate as the second
antenna ANT2 in the first frequency band to the third
frequency band.
[0204] In some embodiments, the antenna assembly
1000 according to the disclosure may improve the iso-
lation characteristics between antennas by expanding a
length of an FPCB. In this regard, FIG. 17A is a view of a
first structure in which an FPCB is not formed in a region
where a coaxial cable is arranged. FIG. 17B is a view of a
second structure in which an FPCB is formed in a region
where a coaxial cable is arranged. FIG. 17C is a view of a
structure in which a coaxial cable is coupled to a ground
conductive pattern and a feeding pattern formed by the
FPCB structure of FIG. 17B.
[0205] Referring to (a) of FIG. 17A, coupling of the first
current I1 may occur between the second conductive
pattern 1120 and the first coaxial cable 313‑1. Coupling
of the second current I2 may occur between the first

coaxial cable 313‑1 and the second coaxial cable
313‑2. Coupling of the third current I3 may occur by at
least a threshold value between the second coaxial cable
313‑2 and the third conductive pattern 1130. An inter-
ference level between the first and second antennas
ANT1 and ANT2 may increase by the coupled third
current I3 exceeding the threshold value.
[0206] Referring to (a) of FIG. 17A and (b) of FIG. 17A,
the electric field distribution in a common region Rc, in
which the second conductive pattern 1120, the first and
second coaxial cables 313‑1 and 313‑2, and the third
conductive pattern 1130 are arranged, may be formed to
be higher than or equal to a threshold level. Accordingly,
the antenna isolation characteristics may be degraded
due to coupling between the second and third conductive
patterns 1120 and 1130, which are the ground patterns,
and the first and second coaxial cables 313‑1 and 313‑2.
[0207] Referring to (a) of FIG. 17B, the first region
1111g of the ground conductive pattern 1110g may have
at least a certain length to be in parallel to the first coaxial
cable 313‑1. The second sub-region 1111g2 of the first
region 1111g of the ground conductive pattern 1110g may
be formed to have a certain length or longer. Coupling of
the first current I1 may occur between the second con-
ductive pattern 1120 and the first coaxial cable 313‑1.
Coupling of the second current I2b may occur by a thresh-
old value or less between the first coaxial cable 313‑1 and
the second coaxial cable 313‑2. The coupled first current
I1 may be coupled to the fourth sub-region 1111g2 with
the fourth current I4. Coupling of the third current I3b may
occur by the threshold value or less between the second
coaxial cable 313‑2 and the third conductive pattern
1130, thereby reducing the interference level between
the first and second antennas ANT1 and ANT2. The
coupled second current I2b may be coupled to the sec-
ond sub-region 1111g2 with the fifth current I5.
[0208] Referring to (a) and (b) of FIG. 17B, the electric
field distribution in the common region Rc, in which the
second conductive pattern 1120, the first and second
coaxial cables 313‑1 and 313‑2, and the third conductive
pattern 1130 are arranged, may be formed to be lower
than or equal to a threshold level. Accordingly, coupling
between the second and third conductive patterns 1120
and 1130, which are the ground patterns, and the first and
second coaxial cables 313‑1 and 313‑2 may be reduced
by the second sub-region 1111g2 formed parallel to the
first and second coaxial cables 313‑1 and 313‑2. Accord-
ingly, the second sub-region 1111g2 of the ground con-
ductive pattern 1110g formed by the FPCB 1100b may
reduce an amount of coupling leakage between adjacent
antennas to be below a threshold level, thereby improv-
ing the isolation characteristics between the antennas.
[0209] Referring to FIGS. 17B and 17C, the signal line
313a corresponding to one end of the coaxial cable 313
may be connected to the feeding pattern 1110f. The
ground 313b of the coaxial cable 313 may be connected
to the contact portion 313CP which is formed concavely
to accommodate the coaxial cable 313. The contact
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portion 313CP may be arranged in the first sub-region
1111g1 of the first region 1111g of the ground conductive
pattern 1110g. To optimize antenna performance in the
UHB band, a length Lu from the contact portion 313CP to
an end of the fourth sub-region 1112g2 of the second
region 1112g of the ground conductive pattern 1110g may
be set in a certain range. The length Lu from the contact
portion 313CP to the end of the fourth sub-region 1112g2
of the second region 1112g of the ground conductive
pattern 1110g may be in a range from 0.5 to 1 time a
specific wavelength corresponding to a specific fre-
quency of the UHB band.
[0210] In some embodiments, an antenna assembly
according to the disclosure may operate in a resonance
mode in different regions for each frequency band, there-
by improving antenna performance. In this regard, FIGS.
18A and 18B are views of reflection coefficient charac-
teristics and efficiency characteristics of the antenna
assembly structures of FIGS. 17A and 17B. FIG. 18C
is a view of a frequency band-dependent electric field
distribution of an antenna assembly according to the
specification.
[0211] Referring to FIG. 17A and (a) of FIG. 18A, the
first structure in which the FPCB is not formed in the
region where the coaxial cable is arranged may satisfy
the reflection loss characteristics of ‑8 dB or less in the LB
band and the UHB band. Referring to FIG. 17B and (a) of
FIG. 18A, the second structure in which the FPCB is
formed in the region where the coaxial cable is arranged
may satisfy the reflection loss characteristics of ‑8 dB or
less in the LB band and the UHB band. Therefore, the
reflection loss characteristics may be similar regardless
of whether the FPCB is arranged parallel to the coaxial
cable.
[0212] Referring to FIG. 17A and (b) of FIG. 18A, the
isolation characteristic of the first structure in which the
FPCB is not formed in the region where the coaxial cable
is arranged may be degraded to at least ‑8 dB in some
frequency bands of the LB band. Referring to FIG. 17B
and (b) of FIG. 18A, the second structure in which the
FPCB is formed in the region where the coaxial cable is
arranged may satisfy the isolation loss characteristic of ‑8
dB or less in the LB band. Therefore, the isolation char-
acteristic may be improved in the second structure in
which the FPCB is arranged parallel to the coaxial cable.
[0213] Referring to FIG. 17A and 18B, the first structure
in which the FPCB is not formed in the region where the
coaxial cable is arranged may satisfy the efficiency char-
acteristics of at least ‑3 dB in the LB band and the UHB
band. Referring to FIGS. 17B and 18B, the second
structure in which the FPCB is formed in the region where
the coaxial cable is arranged may have the efficiency
characteristics at least 0.2 dB higher than the efficiency
characteristics of the first structure while satisfying the
efficiency characteristics of at least ‑3 dB in the LB band
and the UHB band. Therefore, the antenna efficiency
characteristics may be improved in the second structure
in which the FPCB is arranged parallel to the coaxial

cable.
[0214] (a) and (b) of FIG. 18C show electric field dis-
tributions at frequencies of 617 MHz and 5 GHz in the
antenna assembly of FIG. 16A. Referring to FIG. 16A and
(a) of FIG. 18C, the second and third conductive patterns
1120 and 1130 of the antenna assembly 1000 may be
arranged spaced apart by a gap G of a threshold value or
less. In the LB band, the electric field distribution in a first
region R1a, which includes the first and second coaxial
cables 313‑1 and 313‑2, the bottom of the second and
third conductive patterns 1120 and 1130, and the gap G,
may be formed higher the electric field distributions in
other regions. Therefore, the impedance matching char-
acteristic in the low band LB may be improved through
coupling of the second and third conductive patterns
1120 and 1130 corresponding to the ground patterns,
thereby improving the antenna characteristic in the LB
band.
[0215] Referring to FIG. 16A and (b) of FIG. 18C, the
second and third conductive patterns 1120 and 1130 of
the antenna assembly 1000 may be arranged spaced
apart by a gap G of a threshold value or less. In the UHB
band, the electric field distribution of the second region
R2a, which includes the second region 1112g of the
ground conductive pattern 1110g, may be higher than
the electric field distributions in other regions. Therefore,
an additional resonance mode may be generated in the
UHB band by changing the structure of the ground con-
ductive pattern 1110g of the FPCB on which the feeding
pattern 1110f is formed. Accordingly, the antenna band-
width and antenna efficiency in the UHB band of 5 GHz
may be improved by the additional resonance mode.
[0216] In some embodiments, the antenna assembly
1000 according to the specification may operate in a
plurality of frequency bands for 4G/5G wireless commu-
nications. The antenna assembly 1000 may operate in a
dipole antenna mode in a first frequency band of 617 to
960 MHz. The first frequency band may correspond to the
LB band of 4G/5G. The antenna assembly 1000 may
operate in a monopole antenna mode in a second fre-
quency band of 1520 to 4500 MHz. The second fre-
quency band may correspond to an MB band and an
HB band of 4G/5G. The antenna assembly 1000 may
operate as a radiator through additional resonance in a
third frequency band of 4500 to 6000 MHz. The third
frequency band may correspond to a UHB band of
4G/5G.
[0217] Hereinafter, the radiation principle and opera-
tion of the antenna assembly 1000 for each frequency
band will be described, with reference to FIGS. 11 to 18C.
The first conductive pattern 1110 and the second con-
ductive pattern 1120 may operate as the first antenna
ANT1 in the dipole antenna mode in the first frequency
band. The third conductive pattern 1130 and the fourth
conductive pattern 1140 may operate as the second
antenna ANT2 in the dipole antenna mode in the first
frequency band. The first conductive pattern 1110 and the
second conductive pattern 1120 may have an asymme-
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trical structure. The third conductive pattern 1130 and the
fourth conductive pattern 1140 may be configured to have
the asymmetrical structure.
[0218] The first part 1111 of the first conductive pattern
1110 may have the upper boundary BS1 and the lower
boundary BS2, each of which has the step shape. The
third part 1121 of the second conductive pattern 1120
may have the upper boundary BS1 formed in the straight
line shape and the lower boundary BS2 formed in the step
shape. The fifth part 1131 of the third conductive pattern
1130 may have an upper boundary BS1 formed in a
straight line shape and a lower boundary BS2 formed
in a step shape. The seventh part 1141 of the fourth
conductive pattern 1140 may have an upper boundary
BS1 and a lower boundary BS2, each of which has the
step shape.
[0219] Therefore, the first conductive pattern 1110 may
operate as the first antenna ANT1 in the monopole an-
tenna mode in the second frequency band. The fourth
conductive pattern 1140 may operate as the second
antenna ANT1 in the monopole antenna mode in the
second frequency band. The second region 1112g of
the ground conductive pattern 1110g may operate as
the first antenna ANT1 as a radiator in the third frequency
band. The fourth region 1122g of the second ground
conductive pattern 1120g may operate as the second
antenna ANT2 as a radiator in the third frequency band.
The second frequency band may be set to be wider than
the first frequency band. The third frequency band may
be set to be wider than the second frequency band.
[0220] In some embodiments, an antenna assembly
according to the specification may be configured in a
transparent antenna structure. In this regard, referring to
FIGS. 7B and 15B, the first conductive pattern 1110, the
second conductive pattern 1120, the third conductive
pattern 1130, and the fourth conductive pattern 1140 of
the antenna assembly 1100 may be formed in a metal
mesh shape 1020 having a plurality of open regions OA
on the first dielectric substrate 1010a. The first conduc-
tive pattern 1110, the second conductive pattern 1130,
and the third conductive pattern 1140 may include metal
grid patterns 1020a. The metal grid patterns 1020a and
dummy metal grid patterns 1020b may form open regions
OA. The first conductive pattern 1110, the second con-
ductive pattern 1120, the third conductive pattern 1130,
and the fourth conductive pattern 1140 may be formed in
the CPW structure on the first dielectric substrate 1010a.
[0221] The antenna assembly 1000 may include a
plurality of dummy mesh grid patterns 1020b on an outer
portion of the radiator region, namely, the first region
1100a on the first dielectric substrate 1010a. In some
embodiments, the plurality of dummy mesh grid patterns
1020b may also be arranged even in a dielectric region
between the first to second conductive patterns 1110 to
1140. The plurality of dummy mesh grid patterns 1020b
may be formed not to be connected to the feeding pattern
1110f and the ground conductive pattern 1110g. The
plurality of dummy mesh grid patterns 1020b may be

formed not to be connected to the second feeding pattern
1120f and the ground conductive pattern 1120g. The
plurality of dummy mesh grid patterns 1020b may be
separated from each other.
[0222] As described above, the antenna assembly
according to the specification may be arranged on the
vehicle glass and may be located adjacent to the metal
frame of the vehicle. Additionally, the antenna assembly
according to the specification may include a plurality of
antenna elements to perform multi-input/multi-output
(MIMO). In this regard, FIG. 19A is a view of a structure
in which the antenna assembly of FIG. 12B having a
plurality of antenna elements is arranged on vehicle
glass. FIG. 19B is a view of a structure in which the
antenna assembly of FIG. 12B having the plurality of
antenna elements is arranged on a glass panel which
is located inside a metal frame. FIG. 19C is an exploded
lateral perspective view of a coupling structure between
the metal frame and the glass panel with the antenna
assembly of FIG. 19B.
[0223] Referring to FIGS. 12B and 19A, the antenna
assembly 1000b including the first antenna ANT1 and the
second antenna ANT2 may be arranged on the glass
panel 310. The glass panel 310 may be formed to have
certain length, width, and thickness. For example, the
glass panel 310 may have a size of 600 x 400 mm and a
thickness of 3.5 t. However, the size and thickness are not
limited thereto and may vary depending on the applica-
tion. The first antenna ANT1 and the second antenna
ANT2 each including the first to third conductive patterns
1110, 1120a, and 1130a may have a symmetrical struc-
ture with respect to a line A-A’.
[0224] Referring to FIGS. 11, 12B, 19B, and 19C, the
antenna assembly 1000b including the first antenna
ANT1 and the second antenna ANT2 may be arranged
on the glass panel 310 arranged in the metal frame 49.
The metal frame 49 may include the body49b madeof the
metal material and the interior cover 49c. The interior
cover 49c may include a metal material or dielectric
material. The interior cover 49c may be arranged below
the body 49b made of the metal material to overlap the
body 49b made of the metal material.
[0225] The glass panel 310 may be arranged in an
empty space inside the metal frame 49. The glass panel
310 may include the transparent region 311 and the
opaque region 312. A frit pattern 312f may be formed
in the opaque region 312. At least a portion of the opaque
region 312 may be arranged to overlap the body 49b
made of the metal material.
[0226] The glass panel 310 may have certain length,
width, and thickness. For example, the glass panel 310
may have a 600 x 400 mm and a thickness of 3.5 t.
However, the size and thickness are not limited thereto
and may vary depending on the application. The first
antenna ANT1 and the second antenna ANT2 each in-
cluding the first to third conductive patterns 1110, 1120a,
and 1130a may have a symmetrical structure with respect
to a line A-A’.
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[0227] In some embodiments, FIG. 20A is a view of
reflection coefficient characteristics and efficiency char-
acteristics of the antenna assembly of FIG. 19A. FIG. 20B
is a view of reflection coefficient characteristics and
efficiency characteristics of the antenna assembly of
FIG. 19B adjacent to the metal frame.
[0228] Referring to FIG. 19A and (a) of FIG. 20A, the
antenna assembly 1000b may have reflection coefficient
characteristics S11 and S22 of ‑8 dB or less in the full
frequency band of 600 MHz to 6 GHz for 4G/5G wireless
communications. Here, S11 and S22 represent the re-
flection coefficient characteristics of the first antenna
ANT1 and the second antenna ANT2, respectively. An
isolation S21 between the first antenna ANT1 and the
second antenna ANT2 may have a value of ‑10 dB or less
in the frequency band of 600 MHz to 6 GHz.
[0229] Referring to FIG. 12A, FIG. 19A, and (b) of FIG.
20A, (i) the antenna assembly 1000a may have an an-
tenna efficiency characteristic of at least ‑3 dB in the full
frequency band of 600 MHz to 6 GHz. Referring to FIG.
12B, FIG. 19A, and (b) of FIG. 20A, (ii) the antenna
efficiencies of the first and second antennas ANT1 and
ANT2 of the antenna assembly 1000b may be reduced to
‑3 dB or less in the UHB band of at least 4.5 GHz, in the full
frequency band of 600 MHz to 6 GHz. In FIG. 12B, (ii) the
antenna efficiency of the antenna assembly 1000b may
be reduced in the UHB band even in a structure without a
metal frame, due to the reduced length of the FPCB
1100b, the exclusion of the third conductive pattern,
and the arrangement structure of the coaxial cable 313c.
[0230] Referring to FIG. 19B and (a) of FIG. 20B, the
reflection coefficient characteristics S11 and S22 of the
antenna assembly 1000b may be reduced by at least ‑8
dB in a band of about 900 MHz, in the full frequency band
of 600 MHz to 6 GHz for 4G/5G wireless communica-
tions. The reflection coefficient characteristics S11 and
S22 may be reduced by at least ‑8 dB in a band of 800 to
1100 MHz, in the full frequency band of 600 MHz to 6
GHz. Here, S11 and S22 represent the reflection coeffi-
cient characteristics of the first antenna ANT1 and the
second antenna ANT2, respectively. An isolation S21
between the first antenna ANT1 and the second antenna
ANT2 may have a value of ‑10 dB or less in the frequency
band of 600 MHz to 6 GHz.
[0231] Referring to FIG. 12A, FIG. 19A, and (b) of FIG.
20B, (i) the antenna assembly 1000a may have an an-
tenna efficiency characteristic of at least ‑3 dB in the band
of 600 MHz to 6 GHz. Referring to FIG. 12B, FIG. 19B,
and (b) of FIG. 20B, (ii) the antenna efficiencies of the first
and second antennas ANT1 and ANT2 of the antenna
assembly 1000b may be reduced to ‑3 dB or less in the
UHB band of at least 4.5 GHz in the full band of 600 MHz
to 6 GHz. In FIG. 12B, (ii) the antenna efficiency of the
antenna assembly 1000b may be reduced in the UHB
band, due to the reduced length of the FPCB 1100b, the
exclusion of the third conductive pattern, and the ar-
rangement structure of the coaxial cable 313c. In FIG.
12B, (ii) the antenna efficiencies of the first and second

antennas ANT1 and ANT2 of the antenna assembly
1000b may be reduced to ‑3 dB or less even in the band
of 600 MHz to 1 GHz.
[0232] Referring to FIG. 12B, FIG. 19B, and FIG. 20B,
the reflection loss characteristic may be reduced and
antenna efficiency may be lowered by about 1.2 dB in
the LB band, for example, in the band of 900 MHz, due to
the metal frame 49 located adjacent to the antenna
assembly 1000b.
[0233] As described above, the antenna assembly
according to the specification may be arranged on the
vehicle glass and may be located adjacent to the metal
frame of the vehicle. Additionally, the antenna assembly
according to the specification may include a plurality of
antenna elements to perform multi-input/multi-output
(MIMO). In this regard, FIG. 21A is a view of a structure
in which the antenna assembly of FIG. 12C having the
plurality of antenna elements is arranged on the vehicle
glass which is located within the metal frame. FIG. 21B is
a view of reflection coefficient characteristics and effi-
ciency characteristics of the antenna assembly of FIG.
21A.
[0234] Referring to FIGS. 12C, 15B, and 21A, the
antenna assembly 1000 including the first antenna
ANT1 and the second antenna ANT2 may be arranged
on the vehicle glass 310. The vehicle glass 310 may have
certain length, width, and thickness. The second antenna
ANT2 may have a symmetrical structure with respect to
the line A-A’. The first antenna ANT1 may include the first
and second conductive patterns 1110 and 1120 and the
ground conductive pattern 1110g. The second antenna
ANT2 may include third and fourth conductive patterns
1130 and 1140 and a second ground conductive pattern
1120g.
[0235] Referring to FIG. 12A, FIG. 19A, and (b) of FIG.
21B, (i) the antenna assembly 1000a may have an an-
tenna efficiency characteristic of at least ‑3 dB in the band
of 600 MHz to 6 GHz. Referring to FIG. 21Aand (a)of FIG.
21B, the antenna assembly 1000 may have reflection
coefficient characteristics S11 and S22 of ‑8 dB or less in
the full frequency band of 600 MHz to 6 GHz for 4G/5G
wireless communications. Here, S11 and S22 represent
the reflection coefficient characteristics of the first anten-
na ANT1 and the second antenna ANT2, respectively. An
isolation S21 between the first antenna ANT1 and the
second antenna ANT2 may have a value of ‑10 dB or less
in the frequency band of 600 MHz to 6 GHz.
[0236] Referring to FIG. 21A and (b) of FIG. 21B, the
first and second antennas ANT1 and ANT2 of the anten-
na assembly 1000 may have an antenna efficiency value
of at least ‑3 dB in the LB band, in the full band of 600 MHz
to 6 GHz. The first and second antennas ANT1 and ANT2
of the antenna assembly 1000 may have an antenna
efficiency value of at least ‑3 dB in the UHB band of at
least 4.5 GHz, in the full band of 600 MHz to 6 GHz.
Therefore, the antenna efficiency may be improved in the
LB band and the UHB band, in spite of the reduced length
of the FPCB 1100b, the exclusion of the third conductive
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pattern, and the arrangement structure of the coaxial
cable 313c.
[0237] In some embodiments, an antenna assembly
according to the specification may include a first trans-
parent dielectric substrate, on which a transparent elec-
trode layer is formed, and a second dielectric substrate.
In this regard, FIGS. 22A and 22B are views of the flow of
processes in which an antenna assembly is manufac-
tured by being coupled to a glass panel according to
embodiments.
[0238] Referring to (a) of FIG. 22A, a first transparent
dielectric substrate 1000a on which a transparent elec-
trode layer is formed may be manufactured. For example,
the second dielectric substrate 1000b which includes a
feeding pattern 1120f and ground patterns 1121g and
1122g formed on opposite sides of the feeding pattern
1120f may be manufactured. The second dielectric sub-
strate 1000b may be implemented as an FPCB, but is not
limited thereto. Adhesion regions corresponding to ad-
hesive layers 1041 may be formed on the first transparent
dielectric substrate 1000a and the second dielectric sub-
strate 1000b, respectively.
[0239] Referring to (b) of FIG. 22A, a glass panel 310
with a transparent region 311 and an opaque region 312
may be manufactured. In addition, an antenna assembly
1000 may be manufactured by coupling at least one
second dielectric substrate 1000b to a lower region of
the first transparent dielectric substrate 1000a. The first
transparent dielectric substrate 1000a and the second
dielectric substrate 1000b may be coupled through ACF
bonding or low-temperature soldering to be implemented
as a transparent antenna assembly. Through this, a first
conductive pattern formed on the first transparent di-
electric substrate 1000a may be electrically connected
to a second conductive pattern formed on the second
dielectric substrate 1000b. When a plurality of antenna
elements are implemented on the glass panel 310, a
feeding structure 1100f manufactured by the second di-
electric substrate 1000b may also be implemented as a
plurality of feeding structures.
[0240] Referring to (c) of FIG. 22A, the transparent
antenna assembly 1000 may be attached to the glass
panel 310. In this regard, the first transparent dielectric
substrate 1000a on which the transparent electrode layer
is formed may be arranged in the transparent region 311
of the glass panel 310. Meanwhile, the second dielectric
substrate 1000b, which is an opaque substrate, may be
arranged in the opaque region 312 of the glass panel 310.
[0241] Referring to (d) of FIG. 22A, the first transparent
dielectric substrate 1000a and the second dielectric sub-
strate 1000b may be bonded at a first position P1. A
connector part 313, such as a Fakra cable, may be
bonded to the second dielectric substrate 1000b at a
second position P2. The transparent antenna assembly
1000 may be coupled to a TCU 300 through the con-
nector part 313. To this end, the second conductive
pattern formed on the second dielectric substrate
1010b may be electrically connected to a connector on

one end of the connector part 313. A connector on an-
other end of the connector part 313 may be electrically
connected to the TCU 300.
[0242] An antenna assembly of FIG. 22B may have a
structural difference, compared to the antenna assembly
of FIG. 22A, in that an opaque substrate is not manu-
factured separately but is manufactured integrally with
the glass panel 310. The antenna assembly of FIG. 22B
may be implemented in such a way that a feeding struc-
ture implemented with the opaque substrate is directly
printed on a glass panel 310 rather than being separately
manufactured as an FPCB.
[0243] Referring to (a) of FIG. 22B, the first transparent
dielectric substrate 1000a on which the transparent elec-
trode layer is formed may be manufactured. In addition,
the glass panel 310 with the transparent region 311 and
the opaque region 312 may be manufactured. In the
process of manufacturing of the glass panel of the ve-
hicle, metal wires/pads for connection of the connectors
may be implemented (fired). Like heat lines implemented
on the vehicle glass, a transparent antenna mounting
portion may be implemented in a metal form on the glass
panel 310. In this regard, the second conductive pattern
may be implemented in a region where an adhesive layer
1041 is formed for electrical connection to the first con-
ductive pattern of the first transparent dielectric substrate
1000a.
[0244] In this regard, the second dielectric substrate
1000b on which the second conductive pattern is formed
may be manufactured integrally with the glass panel 310.
The second dielectric substrate 1000b may be formed
integrally with the glass panel 310 in the opaque region
312 of the glass panel 310. A frit pattern 312 may be
removed from the opaque region 312 where the second
dielectric substrate 1000b is formed. The second con-
ductive pattern may be implemented on the second di-
electric substrate 1000b by forming the feeding pattern
1120f and the ground patterns 1121g and 1122g on
opposite sides of the feeding pattern 1120f.
[0245] Referring to (b) of FIG. 22B, the transparent
antenna assembly 1000 may be attached to the glass
panel 310. In this regard, the first transparent dielectric
substrate 1000a on which the transparent electrode layer
is formed may be arranged in the transparent region 311
of the glass panel 310. The antenna assembly 1000 may
be manufactured by coupling at least one second di-
electric substrate 1000b to the lower region of the first
transparent dielectric substrate 1000a. The first trans-
parent dielectric substrate 1000a and the second dielec-
tric substrate 1000b may be coupled through ACF bond-
ing or low-temperature soldering to be implemented as a
transparent antenna assembly. Through this, a first con-
ductive pattern formed on the first transparent dielectric
substrate 1000a may be electrically connected to the
second conductive pattern formed on the second dielec-
tric substrate 1000b. When the plurality of antenna ele-
ments are implemented on the glass panel 310, the
feeding structure 1100f manufactured by the second di-
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electric substrate 1000b may also be implemented as a
plurality of feeding structures.
[0246] Referring to (c) of FIG. 22B, the first transparent
dielectric substrate 1000a and the second dielectric sub-
strate 1000b may be bonded at a first position P1. A
connector part 313, such as a Fakra cable, may be
bonded to the second dielectric substrate 1000b at a
second position P2. The transparent antenna assembly
1000 may be coupled to a TCU 300 through the con-
nector part 313. To this end, the second conductive
pattern formed on the second dielectric substrate
1010b may be electrically connected to a connector on
one end of the connector part 313. A connector on an-
other end of the connector part 313 may be electrically
connected to the TCU 300.
[0247] Hereinafter, a vehicle having an antenna mod-
ule according to one aspect of the specification will be
described in detail. In this regard, FIG. 23 is a view of a
configuration in which a plurality of antenna modules
disposed at different positions of a vehicle are coupled
with other components of the vehicle.
[0248] Referring to FIGS. 1 to 23, the vehicle 500 may
include a conductive vehicle body operating as an elec-
trical ground. The vehicle 500 may include a plurality of
antennas 1100a to 1100d which may be located at dif-
ferent positions on a glass panel 310. The antenna
assembly 1000 may include the plurality of antennas
1100a to 1100d and a communication module 300. The
communication module 300 may include a transceiver
circuit 1250 and a processor 1400. The communication
module 300 may correspond to the TCU of the vehicle or
may constitute at least a portion of the TCU.
[0249] The vehicle 500 may include an object detection
device 520 and a navigation system 550. The vehicle 500
may further include a separate processor 570 in addition
to the processor 1400 included in the communication
module 300. The processor 1400 and the separate pro-
cessor 570 may be physically or functionally separated
and may be implemented on one substrate. The proces-
sor 1400 may be implemented as a TCU, and the pro-
cessor 570 may be implemented as an electronic control
unit (ECU).
[0250] In case where the vehicle 500 is an autonomous
vehicle, the processor 570 may be an autonomous driv-
ing control unit (ADCU) integratedwith an ECU. Basedon
information detected by a camera 531, radar 532, and/or
LiDAR 533, the processor 570 may search for a path and
control the vehicle 500 to be accelerated or decelerated.
To this end, the processor 570 may interwork with a
processor 530 corresponding to a micro control unit
(MCU) arranged in the object detection device 520 and/or
the communication module 300 corresponding to the
TCU.
[0251] The vehicle 500 may include a first transparent
dielectric substrate 1010a and a second dielectric sub-
strate 1010b arranged on the glass panel 310. The first
transparent dielectric substrate 1010a may be formed
inside the glass panel 310 of the vehicle or may be

attached to the surface of the glass panel 310. The first
transparent dielectric substrate 1010a may be config-
ured such that conductive patterns in the shape of metal
mesh grids are formed. The vehicle 500 may include an
antenna module 1100 having conductive patterns formed
in a metal mesh shape on one side of the dielectric
substrate 1010 to radiate radio signals.
[0252] The vehicle 500 may include a metal frame 49, a
glass panel 310, and an antenna assembly 1100. The
metal frame 49 may have an opening formed inside the
metal frame 49, and the glass panel 310 may be arranged
in the opening. The glass panel 310 may include the
transparent region 311 and the opaque region 312.
[0253] The antenna assembly 1000 may include a first
transparent dielectric substrate 1010a, which is arranged
in the transparent region 311 of the glass panel 310 and
includes a first conductive pattern 1110, a second con-
ductive pattern 1120, and a third conductive pattern 1130
spaced apart by a gap from the second conductive pat-
tern 1120. The antenna assembly 1100 may include a
second transparent dielectric substrate 1010b, which is
arranged in the opaque region 312 of the glass panel 310
and includes a ground conductive pattern 1110g and a
feeding pattern 1110f. The first conductive pattern 1110
may include a first part 1111 and a second part 1112
perpendicular to the first part 1111. The second conduc-
tive pattern 1120 may include a third part 1121 and a
fourth part 1122 perpendicular to the third part 1121.
[0254] The ground conductive pattern 1110g of the
second dielectric substrate 1010b may include a first
region 1111g and a second region 1112g. The second
part 1112 of the first conductive pattern 1110 may be
connected to the feeding pattern 1110f. The second
conductive pattern 1120 of the second conductive pattern
1120 may be connected to the first region 1111g of the
ground conductive pattern 1110g.
[0255] The first region 1111g of the ground conductive
pattern 1110g may be connected to a ground 313b of a
coaxial cable 313. The second sub-region 1111g2 of the
first region 1111g of the ground conductive pattern 1110g
may be arranged to overlap the coaxial cable 313 by a
certain area.
[0256] The third conductive pattern 1130 may include a
fifth part 1131 and a sixth part 1132 perpendicular to the
fifth part 1131. An end of the fifth part 1121 of the third
conductive pattern 1120 may be formed to be spaced
apart by the gap G from an end of the third part 1121 of the
second conductive pattern 1120. A distance of the gap G
formed between the end of the fifth part 1131 of the third
conductive pattern 1130 and the end of the third part 1121
of the second conductive pattern 1120 may be formed to
be λg/20 or less based on a specific frequency of the first
frequency band.
[0257] The first dielectric substrate 1010a may further
include a fourth conductive pattern 1140, which has a
symmetrical shape with respect to the gap G. The second
dielectric substrate 1010b may further include a second
ground conductive pattern 1120g and a second feeding
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pattern 1120f. The fourth conductive pattern 1140 may
include a seventh part 1141 and an eighth part 1142
perpendicular to the seventh part 1141. The eighth part
1142 of the fourth conductive pattern 1140 may be con-
nected to the second feeding pattern 1120f.
[0258] The second ground conductive pattern 1120g of
the second dielectric substrate 1010b may include a third
region 1121g and a fourth region 1122g. The third region
1121g of the second conductive pattern 1120g may be
formed in a symmetrical shape based on the gap G from
the first region 1111g of the ground conductive pattern
1110g. The fourth region 1122g of the second conductive
pattern 1120g may be formed in a symmetrical shape
based on the gap G from the second region 1112g of the
ground conductive pattern 1110g.
[0259] The second part 1112 of the first conductive
pattern 1110 may be connected to the feeding pattern
1110f. The second conductive pattern 1120 may be elec-
trically connected to the first region 1111g of the ground
conductive pattern 1110g. The eighth part 1142 of the
fourth conductive pattern 1140 may be connected to the
second feeding pattern 1120f. The third conductive pat-
tern 1130 may be connected to the third region 1121g of
the second ground conductive pattern 1120g.
[0260] A first sub-region 1121g1 of the third region
1121g of the second conductive pattern 1120 may be
connected to a ground 313b‑2 of a second coaxial cable
313‑2. A second sub-region 1121g2 of the third region
1121g of the second ground conductive pattern 1120g
may be arranged to overlap the second coaxial cable
313‑2 by a certain area.
[0261] The second conductive pattern 1120 and the
third conductive pattern 1130 may each be formed to
have a first length X1 in a first axial direction parallel to the
coaxial cable 313. The coaxial cable 313 may be formed
to have a second length X2 from a point where a signal
line 313a corresponding to one end of the coaxial cable
313 is connected to a point corresponding to another end
of the coaxial cable 313. The second coaxial cable 313‑2
may be formed to have a second length X2 from a point
where a signal line 313a corresponding to one end of the
second coaxial cable 313‑2 is connected to a point cor-
responding to another end of the second coaxial cable
313‑2. The second length X2 of the coaxial cables 313
and 313‑2 may be formed to be 0.5 times longer than the
first length X1 of the second conductive pattern 1120 and
the third conductive pattern 1130.
[0262] The second sub-region 1111g2 of the first region
1111g of the ground conductive pattern 1110g may have a
third length X3 in the first axial direction. The second sub-
region 1121g2 of the third region 1121g of the second
ground conductive pattern 1120g may have a third length
X3 in the first axial direction. The third length X3 may be
formed to be 0.5 times longer than the first length X1 and
smaller than the second length X2.
[0263] The antenna assembly 1000 may include a first
antenna module 1100a to a fourth antenna module 1100d
to perform MIMO. The first antenna module 1100a, the

second antenna module 1100b, the third antenna module
1100c, and the fourth antenna module 1100d may be
arranged on the upper left, lower left, upper right, and
lower right sides of the glass panel 310, respectively. The
first antenna module 1100a to the fourth antenna module
1100d may be referred to as a first antenna ANT1 to a
fourth antenna ANT4, respectively. The first antenna
ANT1 to the fourth antenna ANT4 may be referred to
as a first antenna module ANT1 to a fourth antenna
module ANT4, respectively. In relation to this, the first
antenna ANT1 and the second antenna ANT2 of FIG.
15B may correspond to a first antenna module 1100a
(ANT1) and a second antenna module 1100b (ANT2) of
FIG. 23. The first antenna module 1100a (ANT1) and the
second antenna module 1100b (ANT2) may be spaced
apart from each other by a gap Ga of at least a threshold
value as illustrated in FIG. 15A or the gap G of a threshold
value or less as illustrated in FIG. 15B.
[0264] As described above, the vehicle 500 may in-
clude the telematics control unit (TCU) 300, which cor-
responds to the communication module. The TCU 300
may control signals to be received and transmitted
through at least one of the first to fourth antenna modules
1100a to 1100d. The TCU 300 may include a transceiver
circuit 1250 and a processor 1400.
[0265] Accordingly, the vehicle may further include the
transceiver circuit 1250 and the processor 1400. A por-
tion of the transceiver circuit 1250 may be arranged in
units of antenna modules or in combination thereof. The
transceiver circuit 1250 may control a radio signal of at
least one of first to third frequency bands to be radiated
through the antenna modules ANT1 to ANT4. The first to
third frequency bands may be an LB band, an MB band,
and an HB band for 4G/5G wireless communications, but
are not limited thereto.
[0266] The processor 1400 may be operably coupled
to the transceiver circuit 1250 and may be configured as a
modem operating in a baseband. The processor 1400
may receive or transmit a signal through at least one of
the first antenna module ANT1 and the second antenna
module ANT2. The processor 1400 may perform a di-
versity operation or MIMO using the first antenna module
ANT1 and the second antenna module ANT2 such that a
signal is transmitted to the inside of the vehicle.
[0267] Antenna modules may be arranged in different
regions of one side surface and another side surface of
the glass panel 310. The antenna modules may perform
MIMO by simultaneously receiving signals from the front
of the vehicle. In this regard, to perform 4X4 MIMO, the
antenna modules may further include the third antenna
module ANT3 and the fourth antenna module ANT4 in
addition to the first antenna module ANT1 and the second
antenna module ANT2.
[0268] The processor 1400 may select an antenna
module to perform communication with an entity com-
municating with the vehicle based on a driving path of the
vehicle and a communication path with the entity. The
processor 1400 may perform MIMO by using the first
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antenna module ANT1 and the second antenna module
ANT2 based on a direction that the vehicle travels. Alter-
natively, the processor 1400 may perform MIMO through
the third antenna module ANT2 and the fourth antenna
module ANT4 based on the direction that the vehicle
travels.
[0269] The processor 1400 may perform MIMO in a
first band through at least two of the first antenna ANT1 to
the fourth antenna ANT4. The processor 1400 may per-
form MIMO in at least one of a second band and a third
band through at least two of the first antenna ANT1 to the
fourth antenna ANT4.
[0270] Accordingly, when signal transmission/recep-
tion performance of the vehicle deteriorates in any one
band, signal transmission/reception in the vehicle may be
performed in other bands. For example, the vehicle may
preferentially perform communication linkage in the first
band, which is the low band, for wide communication
coverage and linkage reliability, and then perform com-
munication linkage in the second and third bands.
[0271] The processor 1400 may control the transceiver
circuit 1250 to perform carrier aggregation (CA) or dual
connectivity (DC) through at least one of the first antenna
ANT1 to the fourth antenna ANT4. In this regard, a
communication capacity may be expanded through the
aggregation of the second band and the third band, which
are wider than the first band. In addition, communication
reliability can be improved through the DC with neighbor-
ing vehicles or entities by using the plurality of antenna
elements arranged in the different regions of the vehicle.
[0272] The foregoing description has been given of the
broadband transparent antenna assembly that may be
arranged on the vehicle glass and the vehicle having the
same. Hereinafter, the technical effects of a broadband
transparent antenna assembly that may be arranged on
vehicle glass and a vehicle having the same will be
described.
[0273] Hereinafter, the technical effects of a broad-
band transparent antenna assembly that may be ar-
ranged on vehicle glass will be described.
[0274] According to the specification, 4G/5G broad-
band wireless communications in a vehicle may be en-
abled by providing a broadband transparent antenna
assembly, which may be arranged on vehicle glass
and include conductive patterns and an FPCB stub struc-
ture.
[0275] According to the specification, antenna effi-
ciency may be improved by optimizing the shapes of
conductive patterns and the shape of an FPCB stub
and employing an asymmetrical antenna structure in a
broadband transparent antenna assembly, which may be
arranged on vehicle glass.
[0276] According to the specification, a broadband
antenna structure made of a transparent material may
be implemented, which may improve antenna efficiency
by setting a different antenna operation mode for each
frequency band while reducing feeding loss.
[0277] According to the specification, a broadband

antenna structure considering an actual environment,
in which the broadband antenna structure is attached
to a vehicle, by analyzing the change in antenna perfor-
mance according to the affection by a metal chassis as
well as a glass panel of the vehicle and a cable structure.
[0278] According to the specification, an antenna as-
sembly which is adjacent to a metal frame may suppress
the deterioration of antenna reflection coefficient char-
acteristics and bandwidth characteristics by utilizing con-
ductive patterns of adjacent transparent antenna ele-
ments.
[0279] According to the specification, antenna reflec-
tion coefficient characteristics and bandwidth character-
istics in a low band (LB) may be improved by arranging
conductive patterns adjacent to each other with a gap
below a threshold value between adjacent transparent
antenna elements.
[0280] According to the specification, transparent an-
tenna elements which are formed adjacent to a metal
frame may be arranged adjacently, and a coaxial cable
may be arranged parallel to an FPCB in a certain region,
so that the isolation between the antenna elements may
be maintained below a certain level.
[0281] According to the specification, a transparent
antenna structure, which enables wireless communica-
tions in 4G and 5G frequency bands while minimizing
changes in antenna performance and a difference in
transparency between an antenna region and a sur-
rounding region, may be provided.
[0282] Further scope of applicability of the disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and specific examples, such as the preferred
embodiments, are given by way of illustration only, be-
cause various changes and modifications within the
technical idea and scope of the disclosure will be appar-
ent to those skilled in the art.
[0283] In relation to the aforementioned disclosure, the
design and operations of an antenna assembly having
transparent antennas and a vehicle controlling the same
may be implemented as computer-readable codes in a
program-recorded medium. The computer-readable
medium may include all types of recording devices each
storing data readable by a computer system. Examples
of such computer-readable media may include hard disk
drive (HDD), solid state disk (SSD), silicon disk drive
(SDD), ROM, RAM, CD-ROM, magnetic tape, floppy
disk, optical data storage element and the like. Also,
the computer-readable medium may also be implemen-
ted as a format of carrier wave (e.g., transmission via an
Internet). The computer may include the controller of the
terminal. Therefore, the detailed description should not
be limitedly construed in all of the aspects, and should be
understood to be illustrative. Therefore, all changes and
modifications that fall within the metes and bounds of the
claims, or equivalents of such metes and bounds are
therefore intended to be embraced by the appended
claims.
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Claims

1. An antenna assembly comprising:

a first dielectric substrate forming a transparent
region, and comprising a first conductive pat-
tern, a second conductive pattern, and a third
conductive pattern spaced apart from the sec-
ond conductive pattern by a gap, wherein the
third conductive pattern operates by a current
coupled from the second conductive pattern
having a symmetrical shape on the basis of
the gap in a first frequency band; and
a second dielectric substrate forming an opaque
region, and comprising a ground conductive
pattern and a feeding pattern,
wherein the first conductive pattern comprises a
first part and a second part perpendicular to the
first part,
the ground conductive pattern of the second
dielectric substrate comprises a first region
and a second region,
the second part of the first conductive pattern is
connected to the feeding pattern, and the sec-
ond conductive pattern is connected to the first
region of the ground conductive pattern, and
a first sub-region of the first region of the ground
conductive pattern is connected to a ground of a
coaxial cable, and a second sub-region of the
first region of the ground conductive pattern is
arranged to overlap the coaxial cable by a cer-
tain region.

2. The antenna assembly of claim 1, wherein the sec-
ond conductive pattern comprises a third part and a
fourth part perpendicular to the third part,

the third conductive pattern comprises a fifth
part and a sixth part perpendicular to the fifth
part, and
an end of the fifth part of the third conductive
pattern is spaced apart by the gap from an end of
the third part of the second conductive pattern.

3. The antenna assembly of claim 2, wherein a distance
of the gap formed between the end of the fifth part of
the third conductive pattern and the end of the third
part of the second conductive pattern is λg/20 or less
based on a specific frequency of the first frequency
band.

4. The antenna assembly of claim 2, wherein the first
dielectric substrate further comprises a fourth con-
ductive pattern having a symmetrical shape on the
basis of the gap,

the second dielectric substrate further com-
prises a second ground conductive pattern

and a second feeding pattern, and
the fourth conductive pattern comprises a se-
venth part and an eighth part perpendicularly
connected to the seventh part and connected to
the second feeding pattern.

5. The antenna assembly of claim 4, wherein the sec-
ond ground conductive pattern of the second dielec-
tric substrate comprises a third region and a fourth
region,

the third region of the second ground conductive
pattern is formed in asymmetrical shape with the
first region of the ground conductive pattern on
the basis of the gap,
the fourth region of the second ground conduc-
tive pattern is formed in a symmetrical shape
with the second region of the ground conductive
pattern on the basis of the gap,
the second part of the first conductive pattern is
connected to the feeding pattern, and the sec-
ond conductive pattern is connected to the first
region of the ground conductive pattern, and
the eighth part of the fourth conductive pattern is
connected to the second feeding pattern, and
the third conductive pattern is connected to the
third region of the second ground conductive
pattern, and
a first sub-region of the third region of the second
ground conductive pattern is connected to a
ground of a second coaxial cable, and a second
sub-region of the third region of the second
ground conductive pattern is arranged to over-
lap the second coaxial cable by a certain region.

6. The antenna assembly of claim 5, wherein the sec-
ond conductive pattern and the third conductive
pattern are formed to have a first length in a first
axial direction parallel to the coaxial cable,

the coaxial cable is formed to have a second
length from a point where a signal line corre-
sponding to one end of the coaxial cable is
connected to a point corresponding to another
end of the coaxial cable,
the second coaxial cable is formed to have the
second length from a point where a signal line
corresponding to one end of the second coaxial
cable is connected to a point corresponding to
another end of the second coaxial cable, and
the second length is 0.5 times longer than the
first length.

7. The antenna assembly of claim 6, wherein the sec-
ond sub-region of the first region of the ground con-
ductive pattern is formed to have a third length in the
first axial direction,
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the second sub-region of the third region of the
second ground conductive pattern is formed to
have the third length in the first axial direction,
and
the third length is formed to be 0.5 times longer
than the first length and shorter than the second
length.

8. The antenna assembly of claim 7, wherein the first
sub-region of the first region of the ground conduc-
tive pattern and the first sub-region of the third region
of the second ground conductive pattern are formed
to have a first width in a second axial direction
perpendicular to the first axial direction,

the second sub-region of the first region of the
ground conductive pattern and the second sub-
region of the third region of the second ground
conductive pattern are formed to have a second
width in the second axial direction, and
the first width is larger than a sum of the second
width and a diameter of the coaxial cable.

9. The antenna assembly of claim 5, wherein the coax-
ial cable is arranged to be spaced apart in parallel
from an end of the second sub-region of the first
region of the ground conductive pattern, and
the second coaxial cable is arranged to be spaced
apart in parallel from an end of the second sub-region
of the third region of the second ground conductive
pattern.

10. The antenna assembly of claim 5, wherein the
ground conductive pattern comprises a second re-
gion connected to the first region and arranged on
one side of the feeding pattern,

the second ground conductive pattern com-
prises a fourth region connected to the third
region and arranged on another side of the
second feeding pattern,
the second region of the ground conductive
pattern is arranged below the first part of the
first conductive pattern, and
the fourth region of the second ground conduc-
tive pattern is arranged below the seventh part of
the fourth conductive pattern.

11. The antenna assembly of claim 10, wherein the first
conductive pattern, the second conductive pattern,
and the second region of the ground conductive
pattern operate as a first antenna in the first fre-
quency band through a third frequency band, and
the third conductive pattern, the fourth conductive
pattern, and the fourth region of the second ground
conductive pattern operate as a second antenna in
the first frequency band through the third frequency
band.

12. The antenna assembly of claim 11, wherein the first
conductive pattern and the second conductive pat-
tern operate as the first antenna of a dipole antenna
mode in the first frequency band,

the third conductive pattern and the fourth con-
ductive pattern operate as the second antenna
of the dipole antenna mode in the first frequency
band,
the first conductive pattern and the second con-
ductive pattern form an asymmetrical structure,
and
the third conductive pattern and the fourth con-
ductive pattern form an asymmetrical structure.

13. The antenna assembly of claim 12, wherein the first
conductive pattern operates as the first antenna of a
monopole antenna mode in a second frequency
band,

the fourth conductive pattern operates as the
second antenna of the monopole antenna mode
in the second frequency band,
the second region of the ground conductive
pattern operates as the first antenna in the third
frequency band,
the fourth region of the second ground conduc-
tive pattern operates as the second antenna in
the third frequency band, and
the second frequency band is higher than the
first frequency band, and the third frequency
band is higher than the second frequency band.

14. The antenna assembly of claim 5, wherein the first
conductive pattern, the second conductive pattern,
the third conductive pattern, and the fourth conduc-
tive pattern are formed in a metal mesh shape having
a plurality of opening areas on the first dielectric
substrate,

the first conductive pattern, the second conduc-
tive pattern, the third conductive pattern, and the
fourth conductive pattern form a radiator region,
and
the first conductive pattern, the second conduc-
tive pattern, the third conductive pattern, and the
fourth conductive pattern form a coplanar wa-
veguide (CPW) structure on the first dielectric
substrate.

15. The antenna assembly of claim 14, wherein the
antenna assembly comprises a plurality of dummy
mesh grid patterns in an outer portion of the radiator
region on the first dielectric substrate,

the plurality of dummymesh grid patterns arenot
connected to the feeding pattern and the ground
conductive pattern, and
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the plurality of dummymesh grid patterns arenot
connected to the second feeding pattern and the
second ground conductive pattern, and
the plurality of dummy mesh grid patterns are
separated from each other.

16. A vehicle comprising:

a metal frame in which an opening is formed;
a glass panel comprising a transparent region
and an opaque region; and
an antenna assembly arranged on the glass
panel,
wherein the antenna assembly comprises:

a first dielectric substrate arranged in the
transparent region of the glass panel, and
comprising a first conductive pattern, a sec-
ond conductive pattern, and a third conduc-
tive pattern spaced apart from the second
conductive pattern by a gap, wherein the
third conductive pattern operates by a cur-
rent coupled from the second conductive
pattern having a symmetrical shape on
the basis of the gap in a first frequency band;
and
a second dielectric substrate arranged in
the opaque region of the glass panel, and
comprising a ground conductive pattern
and a feeding pattern,
the first conductive pattern comprises a first
part and a second part perpendicular to the
first part,
the ground conductive pattern of the second
dielectric substrate comprises a first region
and a second region,
the second part of the first conductive pat-
tern is connected to the feeding pattern, and
the second conductive pattern is connected
to the first region of the ground conductive
pattern, and
a first sub-region of the first region of the
ground conductive pattern is connected to a
ground of a coaxial cable, and a second
sub-region of the first region of the ground
conductive pattern is arranged to overlap
the coaxial cable by a certain region.

17. The vehicle of claim 16, wherein the second con-
ductive pattern comprises a third part and a fourth
part perpendicular to the third part,

the third conductive pattern comprises a fifth
part and a sixth part perpendicular to the fifth
part, and
an end of the fifth part of the third conductive
pattern is spaced apart by the gap from an end of
the third part of the second conductive pattern,

a distance of the gap formed between the end of
the fifth part of the third conductive pattern and
the end of the third part of the second conductive
pattern is λg/20 or less based on a specific
frequency of the first frequency band.

18. The vehicle of claim 17, wherein the first dielectric
substrate further comprises a fourth conductive pat-
tern having a symmetrical shape on the basis of the
gap,

the second dielectric substrate further com-
prises a second ground conductive pattern
and a second feeding pattern, and
the fourth conductive pattern comprises a se-
venth part and an eighth part perpendicularly
connected to the seventh part and connected to
the second feeding pattern.

19. The vehicle of claim 18, wherein the second ground
conductive pattern of the second dielectric substrate
comprises a third region and a fourth region,

the third region of the second ground conductive
pattern is formed in asymmetrical shape with the
first region of the ground conductive pattern on
the basis of the gap,
the fourth region of the second ground conduc-
tive pattern is formed in a symmetrical shape
with the second region of the ground conductive
pattern on the basis of the gap,
the second part of the first conductive pattern is
connected to the feeding pattern, and the sec-
ond conductive pattern is connected to the first
region of the ground conductive pattern, and
the eighth part of the fourth conductive pattern is
connected to the second feeding pattern, and
the third conductive pattern is connected to the
third region of the second ground conductive
pattern, and
a first sub-region of the third region of the second
ground conductive pattern is connected to a
ground of a second coaxial cable, and a second
sub-region of the third region of the second
ground conductive pattern is arranged to over-
lap the second coaxial cable by a certain region.

20. The vehicle of claim 10, wherein the second con-
ductive pattern and the third conductive pattern are
formed to have a first length in a first axial direction
parallel to the coaxial cable,

the coaxial cable is formed to have a second
length from a point where a signal line corre-
sponding to one end of the coaxial cable is
connected to a point corresponding to another
end of the coaxial cable,
the second coaxial cable is formed to have the
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second length from a point where a signal line
corresponding to one end of the second coaxial
cable is connected to a point corresponding to
another end of the second coaxial cable, and
the second sub-region of the first region of the
ground conductive pattern is formed to have a
third length in the first axial direction,
the second sub-region of the third region of the
second ground conductive pattern is formed to
have the third length in the first axial direction,
and
the third length is formed to be 0.5 times longer
than the first length and shorter than the second
length.
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