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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] Thedisclosure herein generally relates to arear
glass for vehicle with antenna.

2. Description of the Related Art

[0002] An opening (transparent) portion of a rear glass
for vehicle is provided with various function portions, such
as a defogger or an antenna, subject to securing visibility
in the opening portion. The function portions provided in
the opening portion have an effect of providing added
value to the vehicle, but there is a problem in that a com-
plicated configuration of the function portions is noticea-
ble, and appearance is not good (See for example, Jap-
anese Unexamined Patent Application Publication No.
2016-72910 and Japanese Unexamined Patent Applica-
tion Publication No. 2017-50892). Then, for example,
WO 2017/18323 discloses a configuration in which an
antenna pattern for LTE (Long Term Evolution) is overlaid
on a region of a light shielding film arranged around the
opening portion, and thereby a size of patterns viewed
in the opening portion is reduced.

SUMMARY OF THE INVENTION

[Technical Problem]

[0003] However, for example, in a vehicle in which a
size (area) of a rear glass itself is relatively small (e.g. a
compact car or a hatch back vehicle), a size (area) of the
opening portion also tends to be relatively small. In order
to secure a predetermined size of the opening portion
from a viewpoint of safety or the like, a height of a belt-
like light shielding region arranged around the opening
portion (width in the vertical direction on the rear glass)
is also small. When an antenna for receiving vertically
polarized electromagnetic waves is arranged in such a
narrow light shielding region, a part of the antenna is
exposed inthe opening portion, and itis difficult to receive
vertically polarized electromagnetic waves while secur-
ing a good appearance.

[0004] Thus, the disclosure of the present application
provides a rear glass for vehicle with an antenna that can
receive vertically polarized waves while securing a good
appearance.

[Solution to Problem]

[0005] According to an aspect of the present applica-
tion,

arear glass for vehicle with an antenna, including

an opening portion; and

alightshielding film arranged around the opening portion,
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the light shielding film including a belt-like light shielding
region extending in a horizontal direction of the rear glass
for vehicle,

a width of the light shielding region in a vertical direction
of the rear glass for vehicle being 20 mm or more and 50
mm or less, and

an antenna including a plurality of elements formed so
as to be able to receive vertically polarized electromag-
netic waves being arranged in the light shielding region,
is provided.

[Effect of Invention]

[0006] According to an aspect of the presentinvention,
a rear glass for vehicle with antenna that can receive
vertically polarized electromagnetic wave while securing

a good appearance can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a plan view depicting an example of a con-
figuration of a rear glass for vehicle with an antenna
according to an embodiment viewed from a view-
point inside a vehicle;

FIG. 2 is a diagram depicting an example of a shape
of a first antenna of the rear glass for vehicle and a
power feeding structure;

FIG. 3 is a diagram showing an example of a result
of measurement for an antenna gain in Band Il of
174 MHz to 240 MHz;

FIG. 4 is a diagram showing an example of a result
of measurement for an antenna gain in L Band of
1452 MHz to 1492 MHz; and

FIG. 5 is a cross-sectional diagram depicting an ex-
ample of the rear glass for vehicle according to the
embodiment installed in a window frame.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] Inthe following, with reference to drawings, em-
bodiments for implementing the present invention will be
described. Note that in each embodiment, a direction,
such as parallel, arightangle, orthogonal, horizontal, ver-
tical, up-down, right-left, or the like, allows a deviation
enough to keep the effect of the present invention. More-
over, a shape of a corner portion of an antenna element
is not limited to a right angle, but may be arcuate and
rounded. Moreover, each plan view is a diagram when a
glass surface of a glass plate for a vehicle window (in the
following, also referred to as a "window glass") is viewed
facing the glass surface, and the window glass installed
in the vehicle viewed from a viewpoint inside the vehicle
will be shown (vehicle interior view). Moreover, when the
window glass is a rear glass installed in a rear part of the
vehicle, a vertical directionin each plan view corresponds
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to a vertical direction of the vehicle, and aright-left direc-
tion in each drawing is equivalent to a vehicle width di-
rection.

[0009] Moreover,ineach plan view, adirection parallel
to an X-axis (X-axis direction), a direction parallel to a Y-
axis (Y-axis direction), and a direction parallel to a Z-axis
(Z-axis direction) indicate the right-left direction of the
glass plate (horizontal direction), the up-down direction
of the glass plate (vertical direction), and a direction or-
thogonal to a surface of the glass plate (also referred to
as a normal direction), respectively. The X-axis direction,
the Y-axis direction and the Z-axis direction are orthog-
onal to each other.

[0010] FIG. 1isaplanview (X-Y)depictingan example
of a configuration of a vehicle window glass according to
an embodiment viewed from a viewpoint inside a vehicle.
The rear glass 100, illustrated in FIG. 1, is an example
of a rear glass for vehicle with an antenna mounted in a
rear part of a vehicle. The rear glass 100 is a vehicle
window glass including a glass plate for a vehicle window
60, a defogger 30 arranged on the glass plate 60, and
an antenna 10 arranged in an upper left area of the glass
plate 60.

[0011] Theglass plate 60is an example ofa glass plate
for a vehicle window. An outer shape of the glass plate
60 is approximately a quadrangle. An upper edge 61a is
a glass edge on an upper side of the glass plate 60. A
lower edge 61d is a glass edge on a lower side (opposite
to the upper edge 61a) of the glass plate 60. A left edge
61b is a glass edge on a left side of the glass plate 60
viewed from a viewpoint inside a vehicle. A right edge
61c is a right side (opposite to the left edge 61b) of the
glass plate 60 viewed from a viewpoint inside a vehicle.
The left edge 61b is a glass edge adjacent to left ends
of the upper edge 61a and the lower edge 61d. The right
edge 61c is a glass edge adjacent to right ends of the
upper edge 61a and the lower edge 61d.

[0012] Theglass plate 60 has a pair of side edges. The
left edge 61b is an example of a first side edge that is
one of the pair of side edges. The right edge 61c is an
example of a second side edge that is the other of the
pair of side edges. At a connection portion of the upper
edge 61a and the left edge 61b, the upper edge 61a and
the left edge 61b are connected to each other with a
curvature, but may be connected without a curvature.
The same applies to shapes of the other connection por-
tions of edges.

[0013] Thedefogger30isan electric heating conductor
pattern that removes fogging on the glass plate 60. The
defogger 30 includes a plurality of heater wires extending
in the right-left direction in the glass plate 60, and a plu-
rality of bus bars for feeding power to the plurality of heat-
er wires. In the embodiment, a plurality of heater wires
33 extending in the right-left direction in the glass plate
60 so as to extend parallel to each other, and a pair of
bus bars 31 and 32 connected to the plurality of heater
wires 33 are arranged on the glass plate 60. When an
electric voltage is applied between the pair of bus bars
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31 and 32, the plurality of heater wires 33 conduct and
produce heat, and thereby fogging on the glass plate 60
is removed.

[0014] The plurality of heater wires 33 are conductor
patterns connected to the left bus bar 31 and the right
bus bar 32 and arranged between the left bus bar 31 and
the right bus bar 32. The left bus bar 31 is an example
of a first bus bar, and is a conductor pattern that extends
in the vertical direction of the glass plate 60 along the left
edge 61b. The right bus bar 32 is an example of a second
bus bar, and is a conductor pattern that extends in the
vertical direction of the glass plate 60 along the right edge
61c.

[0015] The rear glass 100 is mounted to a window
frame 71 formed in a metallic body of the vehicle. The
window frame 71 includes frame edges for forming a win-
dow (an upper frame edge 71a, a left frame edge 71b, a
right frame edge 71c, and a lower frame edge 71d).
[0016] The antenna 10 is arranged in a region above
the defogger 30. In the embodiment, the antenna 10 is
arranged in a region between the heater wire 33a, that
is located at the uppermost position from among the plu-
rality of heater wires 33, and an upper edge 61a of the
glass plate 60. In the state where the rear glass 100 is
mounted to the window frame 71, the antenna 10 is lo-
cated near the upper frame edge 71a of the window frame
71. In the embodiment, the antenna 10 is located be-
tween the upper frame edge 71a of the window frame 71
and the heater wire 33a at the uppermost position of the
plurality of heater wires 33.

[0017] The glass plate 60 includes an opening portion
62, and a light shielding film 90. The opening portion 62
is a glass plate region that transmits a visible light. In the
embodiment, heating wire parts of the respective heating
wires, other than both ends of wires, of the plurality of
heat wires 33 are arranged in the opening portion 62.
The light shielding film 90 is a member that shields a
visible light. The light shielding film 90 is arranged around
the opening portion 62. In the embodiment, the light
shielding film 90 has an upper film edge 90a and a lower
film edge 90c that are opposite each other in a Y-axis
direction, and a right film edge 90b and a left film edge
90d that are opposite each other in an X-axis direction
which is orthogonal to the Y-axis direction.

[0018] Forexample, atleastapartofafunction portion,
such as a bus bar, a heating wire, a feeding portion and
an antenna, are arranged so as to overlap with the light
shielding film 90 formed in a peripheral region of the glass
plate 60. The light shielding film 90 includes, for example,
aceramic such as a black ceramic film. In the case where
a part of the function portion is arranged so as to overlap
with the light shielding film 90 in this way, when the rear
glass 100 is viewed from outside the vehicle, the part
arranged so as to overlap with the light shielding film 90
cannot be seen from outside the vehicle because of the
light shielding film 90. Thus, a design property of the rear
glass 100 or the vehicle is enhanced.

[0019] Inthe embodiment, the antenna 10 is arranged
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in a belt-like light shielding region 63, between the upper
film edge 90a at the upper part of the light shielding film
90 and the upper edge 61a of the glass plate 60. The
light shielding region is a part of the light shielding film
90, which extends in the horizontal direction of the rear
glass 100 above the opening portion 62. Because all of
the plurality of elements with which the antenna 10 is
provided become not visible from outside the vehicle by
being arranged in the light shielding region 63, the design
property of the rear glass 100 or the vehicle is further
enhanced. Thus, the antenna 10 according to the em-
bodiment is formed along the upper film edge 90a, so
that a horizontal element located on a lower edge of the
antenna 10 is not exposed from the light shielding region
63.

[0020] The rear glass 100 is preferably used in a ve-
hicle in which a size (area) of the rear glass itself is rel-
atively narrow in the specification (e.g. a compact car or
a hatch back vehicle). When the size of the rear glass
100 becomes small, the size (area) of the opening portion
62 also tends to be small.

In order to secure a predetermined size of the opening
portion 62 from a viewpoint of safety or the like, a width
of the belt-like light shielding region arranged in the rear
glass 100 becomes also small. For example, the rear
glass 100 is preferably used in a vehicle, in which a width
w63 of the light shielding region 63 in the vertical direction
of the rear glass 100 is 20 mm or more and 50 mm or
less, in the specification. On the other hand, in a vehicle,
in which the size of the rear glass itself is relatively wide
in the specification, the width of the belt-like light shielding
region arranged in the rear glass often exceeds 50 mm.
[0021] The rear glass 100 according to the embodi-
ment includes the antenna 10 having a plurality of ele-
ments that can receive vertically polarized electromag-
netic waves in the light shielding region 63. Thus, be-
cause the antenna 10 is not visible from outside the ve-
hicle because of the light shielding region 63, the rear
glass 100 with an antenna that can receive vertically po-
larized electromagnetic waves while securing a good ap-
pearance can be provided.

[0022] Note that the antenna 10 having the plurality of
elements that can receive vertically polarized electro-
magnetic waves may be arranged in a light shielding re-
gion 64 below the opening portion 62. Also in this case,
because the antenna 10 is not visible from outside the
vehicle because of the light shielding region 64, vertically
polarized electromagnetic waves can be received while
securing a good appearance. The light shielding region
64 is a part of the light shielding film 90 that extends in
the horizontal direction of the rear glass 100 below the
opening portion 62. For example, the rear glass 100 is
preferably used in a vehicle in which a width w64 of the
light shielding region 64 in the vertical direction of the
rear glass 100 is 20 mm or more and 50 mm or less, in
the specification.

[0023] Moreover, FIG. 5is a cross-sectional view sche-
matically depicting an example of the rear glass 100
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mounted to the window frame 71 by an adhesive agent
72. When a glass surface of the rear glass 100 is viewed,
opposite to the glass surface, in a state where the rear
glass 100 is mounted to the window frame 71, the anten-
na 10 is located in a boundary region 63a of the light
shielding region 63 that is a boundary part between the
light shielding region 63 and the opening portion 62.
When a glass surface of the rear glass 100 is viewed,
opposite to the glass surface, in a state where the rear
glass 100 is mounted to the window frame 71, the bound-
ary region 63a indicates a light shielding region between
the upper frame edge 71a of the window frame 71 and
the upper film edge 90a of the light shielding film 90.
Because the antenna 10is located in the boundary region
63a and will not be hidden by the upper frame edge 71a,
a directivity of the antenna 10 is more enhanced, and an
antenna gain for vertically polarized electromagnetic
wave is more enhanced. The same applies to the case
where the antenna 10 is arranged in the light shielding
region 64 in the lower part of the light shielding film 90.
[0024] Moreover, in order to enhance a sensitivity of
receiving vertically polarized electromagnetic waves (an-
tenna gain for vertically polarized electromagnetic
waves), the plurality of elements in the antenna 10 in-
clude, for example, at least one vertical element that ex-
tends in the vertical direction of the rear glass 100. The
antenna 10 according to the embodiment has two vertical
elements 15 and 16, illustrated in FIG. 2, which will be
described laterin detail. In FIG. 1, a maximum length h10
of at least one vertical element extending in the vertical
direction of the rear glass 100 is preferably 0.25 or more
and 0.80 or less, with the width of the light shielding region
w63 being taken as unity, from the viewpoint of enhancing
the antenna gain for vertically polarized electromagnetic
waves. The maximum length h10 is more preferably 0.30
or more and 0.75 or less. When the maximum length h10
is less than 0.25, it becomes difficult to secure the an-
tenna gain for the vertically polarized electromagnetic
waves. When the maximum length h10 is greater than
0.80, itbecomes difficult to secure an arrangement region
for the feeding portion 41. The same applies to the case
where the antenna 10 is arranged in the light shielding
region 64.

[0025] Moreover, with reference to a center line 65 ex-
tending in the vertical direction of the rear glass 100, let
the shortest distance from the center line 65 to the left
film edge 90d of the light shielding film 90 be taken as
+1, and let the shortest distance from the center line 65
to the right film edge 90b of the light shielding film 90 be
taken as -1. In this case, the shortest distance x1 from
the center line 65 to the antenna 10 with reference to the
center line 65 is preferably -0.8 or more (i.e. towards 0)
and 0.8 or less from the viewpoint of enhancing the an-
tenna gain of the antenna 10 for vertically polarized elec-
tromagnetic waves, and more preferably -0.5 or more
and 0.5 or less. The shortest distance from the center
line 65 to the left edge 61b and the shortest distance from
the center line 65 to the right edge 61c are almost the
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same. Note that the shortest distance x1 indicates a
length along the glass surface of the rear glass 100.
[0026] Note that when the shortest distance x1 ex-
ceeds +0.8, because the antenna 10 is too close to the
left frame edge 71b, the antenna 10 is hidden by the left
frame edge 71b, and the directivity of the antenna 10
degrades. As a result, the antenna gain of the antenna
10 for vertically polarized electromagnetic waves is re-
duced. When the shortest distance x1 is less than -0.8
(i.e. away from 0), because the antenna 10 is too close
to the right frame edge 71c, the antenna 10 is hidden by
the right frame edge 71c, and the directivity of the anten-
na 10 degrades. As a result, the antenna gain of the an-
tenna 10 for vertically polarized electromagnetic waves
is reduced.

[0027] Particularly, when the shortest distance x1 is
+0.2 or more and +0.8 or less, it is preferable from a
viewpoint that a power feeding cable, wired along the
upper frame edge 71a of the window frame from the left
frame edge 71b side of the window frame 71, and con-
nected directly or indirectly to the feeding portion 41, can
be shortened. FIG. 1 is a diagram depicting a case where
the shortest distance x1 is +0.2 or more and +0.8 or less.
When the shortest distance x1 is zero or more and less
than +0.2, because the length of the power feeding cable
from the left frame edge 71b side to the feeding portion
41 becomes longer than necessary, a cost and a weight
of the power feeding cable wired along the upper frame
edge 71a from the left frame edge 71b increase.

[0028] Similarly, when the shortest distance x1 is -0.8
or more and -0.2 or less, it is preferable from a viewpoint
that a power feeding cable, wired along the upper frame
edge 71a of the window frame from the right frame edge
71c side of the window frame 71, and connected directly
or indirectly to the feeding portion 41, can be shortened.
When the shortest distance x1 exceeds -0.2 and is less
than zero, because the length of the power feeding cable
from the right frame edge 71c side to the feeding portion
41 becomes longer than necessary, a cost and a weight
of the power feeding cable wired along the upper frame
edge 71a from the right frame edge 71c increase.
[0029] Note that the power feeding cable connected
directly or indirectly to the feeding portion 41 include, as
a specific example, a coaxial cable or a feeder line.
[0030] InFIG. 1, amaximum length h10 of atleast one
vertical element extending in the vertical direction of the
rear glass 100 is preferably 10 mm or more and 45 mm
orlessfrom aviewpoint thatthe antenna gain for vertically
polarized electromagnetic waves can be enhanced. The
maximum length h10 is more preferably 12 mm or more
and 40 mm or less. When the maximum length h10 is
less than 10 mm, it becomes difficult to secure the an-
tenna gain for vertically polarized electromagnetic
waves. When the maximum length h10 is greater than
45 mm, it is difficult to secure an arrangement region for
the feeding portion 41. The same applies to the case
where the antenna 10 is arranged in the light shielding
region 64.
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[0031] Moreover, the glass plate 60 may include at
least one connection element connected to at least one
of the pair of bus bars 31 and 32, in the light shielding
region 63. In the embodiment, an example, where one
linear connection element 51 extending from an upper
part of the left bus bar 31 is arranged, and two linear
connection elements 52 extending from an upper part of
the right bus bar 32 are arranged, is depicted. Note that
when the antenna 10 and the heater wire 33a are ar-
ranged with an interval such that the antenna 10 and the
heater wire 33a can be capacitively coupled with each
other (e.g. an interval of 30 mm), by including the con-
nection element extending in the light shielding region
63, an impedance between the antenna 10 and the de-
fogger 30 can be controlled.

[0032] Moreover,in order to control the impedance be-
tween the antenna 10 and the defogger 30, a reactance
element 56 may be inserted between the connection el-
ement 51 andtheleftbus bar 31,and areactance element
57 may be inserted between the connection element 52
and the right bus bar 32.

[0033] The connection element in the light shielding
region 63 is, for example, in a state where the rear glass
100 is mounted to the window frame 71, located between
the heater wire 33a and the upper frame edge 71a. Be-
cause the connection elementin the light shielding region
63 and the heater wire 33a or the upper frame edge 71a
are arranged at the interval with which the connection
element and the heater wire 33a or the upper frame edge
71a can be capacitively coupled with each other, the im-
pedance between the antenna 10 and the defogger 30
can be controlled by the connection element.

[0034] Note that a length of the interval with which the
connection element and the heater wire or the upper-
frame edge can be capacitively coupled with each other
is, for example, 5 mm or more and 50 mm or less.
[0035] As described above, at least one connection
element, such as the connection elements 51 and 52
extending from upper parts of the pair of bus bars 31 and
32, are provided. Thus, it becomes unnecessary to ar-
range at least one vertical line crossing the plurality of
heater wires 33 in the vertical direction in order to control
the impedance between the antenna 10 and the defogger
30. Thus, it becomes possible to avoid degradation in
appearance due to vertical lines. Moreover, because the
connection elementis located in the light shielding region
63, itis possible to avoid degradation in appearance due
to an exposure to the opening portion 62.

[0036] The vertically polarized electromagnetic waves
that can be received by the antenna 10 include, as a
specific example, electromagnetic waves of Band lll (174
MHz to 240 MHz) under the DAB (Digital Audio Broad-
cast) standard. Moreover, the plurality of elements in-
cluded in the antenna 10 can be formed so as to be suit-
able for transmitting/receiving vertically polarized elec-
tromagnetic waves used in a high-speed communication
system. The high-speed communication systemincludes
a telematics service in which information is transmit-
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ted/received between a communication device mounted
on a vehicle and an outside of the vehicle.

[0037] FIG. 2is a planar view depicting an example of
a configuration of the antenna 10. The antenna 10 illus-
trated in FIG. 2 is preferably used as a DAB antenna that
receives vertically polarized electromagnetic waves un-
der DAB standard. The antenna 10 has arelatively higher
antenna gain in frequency bands of Band Ill (174 MHz
to 240 MHz) and of L band (1452 MHz to 1492 MHz)
under DAB standard.

[0038] The antenna 10 is a monopole type antenna
provided with a feeding portion 41 as a feeding point.
The feeding portion 41 is a conductor pattern having a
predetermined shape of a rectangle or the like. To the
feeding portion 41, one end of the power feeding cable
is directly or indirectly connected. The other end of the
power feeding cable is connected to a reception unit to
which a signal according to electromagnetic waves re-
ceived by the antenna 10 is input.

[0039] The antenna 10 has horizontal elements 11 to
14 and vertical elements 15 and 16. The horizontal ele-
ments 11 to 14 and the vertical elements 15 and 16 are
a linear conductor pattern formed so as to receive verti-
cally polarized electromagnetic waves under DAB stand-
ard.

[0040] The horizontal element 11 is an example of a
first horizontal element. In the embodiment, the horizon-
tal element 11 is a linear conductor extending in the hor-
izontal direction of the rear glass 100. One end portion
11a of the horizontal element 11 is connected to the feed-
ing portion 41. The horizontal element 11 has the one
end portion 11a and the other end portion 11b, and ex-
tends in the X-axis direction between the one end portion
11a and the other end portion 11b.

[0041] The horizontal element 12 is an example of a
second horizontal element. In the embodiment, the hor-
izontal element 12 is a linear conductor extending in the
horizontal direction of the rear glass 100. One end portion
12a of the horizontal element 12 is connected to the feed-
ing portion 41. The horizontal element 12 has the one
end portion 12a and the other end portion 12b, and ex-
tends in the X-axis direction between the one end portion
12a and the other end portion 12b.

[0042] The vertical element 15 is an example of a first
vertical element. In the embodiment, the vertical element
15is a linear conductor extending in the vertical direction
of the rear glass 100. One end portion 15a of the vertical
element 15 is connected to the feeding portion 41. The
vertical element 15 has the one end portion 15a and the
otherend portion 15b, and extends in the Y-axis direction
between the one end portion 15a and the other end por-
tion 15b. Note thatthe end portion 15a may be connected
to an intermediate portion of the horizontal element 11,
i.e. at any position between the end portion 11a and the
end portion 11b. Moreover, the end portion 15b may be
connected to an intermediate portion of the horizontal
element 13, which will be described later, i.e. at any po-
sition between an end portion 13a and an end portion
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14b. Furthermore, the vertical element 15 preferably has
a configuration of being connected to the horizontal ele-
ment 11 without protruding (in the +Y-axis direction) from
the horizontal element 11, because a capacitive coupling
with the upper frame edge 71a is enhanced. Similarly,
the vertical element 15 preferably has a configuration of
being connected to the horizontal element 13 without pro-
truding (in the -Y-axis direction) from the horizontal ele-
ment 13, because the capacitive coupling with the heater
wire 33 is enhanced.

[0043] The vertical element 16 is an example of a sec-
ond vertical element. In the embodiment, the vertical el-
ement 16 is a linear conductor extending in the vertical
direction of the rear glass 100, on a side where the vertical
element 15 extends toward the horizontal element 12.
One end portion 16a of the vertical element 16 is con-
nected to the end portion 12b of the horizontal element
12. The vertical element 16 has the one end portion 16a
and the other end portion 16b, and extends in the Y-axis
direction between the one end portion 16a and the other
end portion 16b. Note that the end portion 16a may be
connected to an intermediate portion of the horizontal
element 12, i.e. at any position between the end portion
12a and the end portion 12b. Moreover, the end portion
16b may be connected to an end portion 14b of the hor-
izontal element 14, which will be described later. Further-
more, the vertical element 16 preferably has a configu-
ration of being connected to the horizontal element 12
without protruding (in the +Y-axis direction) from the hor-
izontal element 12, because a capacitive coupling with
the upper frame edge 71a is enhanced. Similarly, the
vertical element 16 preferably has a configuration of be-
ing connected to the horizontal element 14 without pro-
truding (in the -Y-axis direction) from the horizontal ele-
ment 14, because the capacitive coupling with the heater
wire 33 is enhanced.

[0044] The horizontal element 13 is an example of a
third horizontal element. In the embodiment, the horizon-
tal element 13 is a linear conductor extending in the hor-
izontal direction of the rear glass 100. One end portion
13a is connected to the end portion 15b of the vertical
element 15. The horizontal element 13 has the one end
portion 13a and the other end portion 13b, and extends
in the X-axis direction between the one end portion 13a
and the other end portion 13b.

[0045] The horizontal element 14 is an example of a
fourth horizontal element. In the embodiment, the hori-
zontal element 14 is a linear conductor extending in the
horizontal direction of the rear glass 100. An intermediate
portion of the horizontal element 14 is connected to the
end portion 16b of the vertical element 16. The horizontal
element 14 has the one end portion 14a and the other
end portion 14b, and extends in the X-axis direction be-
tween the one end portion 14a and the other end portion
14b.

[0046] Moreover, the horizontal element 13 and the
horizontal element 14 are located at a position where the
horizontal elements 13 and 14 cannot be connected to
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each other. In the embodiment, a gap is provided be-
tween the end portion 13a and the end portion 14a. The
horizontal element 14 has a part that extends, in the hor-
izontal direction of the rear glass 100, on the same side
at which the horizontal element 13 extends with respect
to the vertical element 16 (in the embodiment, a part be-
tween the end portion 16b and the end portion 14a).
[0047] Because the antenna 10 includes the horizontal
elements 11 to 14 and the vertical elements 15 and 16,
as described above, the antenna 10 has a relatively high
antenna gain in the frequency bands of Band Ill and of
L Band under the DAB standard.

[0048] From the viewpoint of enhancing the antenna
gain in the frequency bands of Band Il and of L Band
under the DAB standard, as illustrated in FIG. 2, the hor-
izontal element 12 is preferably longer than the horizontal
element 11, and the horizontal element 14 is preferably
longer than the horizontal element 13. Alternatively, from
the viewpoint of enhancing the antenna gain in the fre-
quency bands of Band Ill and of L Band under the DAB
standard, the horizontal element 11 may be longer than
the horizontal element 12, and the horizontal element 13
may be longer than the horizontal element 14.

[0049] Moreover, from the viewpoint of enhancing the
antenna gain in the frequency bands of Band Ill and of
L Band under the DAB standard, as illustrated in FIG. 2,
the end portion 13a of the horizontal element 13 is pref-
erably connected to the end portion 15b of the vertical
element 15.

[0050] Moreover, from the viewpoint of enhancing the
antenna gain in the frequency bands of Band Ill and of
L Band under the DAB standard, as illustrated in FIG. 2,
the end portion 16b of the vertical element 16 is preferably
connected to a portion of the horizontal element 14 other
than the end portions 14a and 14b (an intermediate por-
tion between the end portion 14a and the end portion
14b).

[0051] Furthermore, from the viewpoint of enhancing
the antenna gain in the frequency bands of Band Ill and
of L Band under the DAB standard, as illustrated in FIG.
2, the vertical element 15 and the vertical element 16
preferably have the same length (e.g. 15 mm).

[0052] FIG. 3 is a diagram depicting an example of a
result of measurement for antenna gains for the frequen-
cy band of Band Il of 174 MHz to 240 MHz. FIG. 3 shows
the antenna gain of the antenna 10 (See FIG. 2). Values
in the vertical axis indicate average values of antenna
gains which were measured for each prescribed angle
in a horizontal plane within a half-circumferential range
around the rear side of the vehicle. A value obtained by
further averaging the average values measured at the
respective frequencies, was -5.6 dBd. Thus, a high re-
ception sensitivity (antenna gain) of the antenna 10 for
the frequency band of Band Il was realized.

[0053] FIG. 4 is a diagram depicting an example of a
result of measurement for antenna gains for the frequen-
cy band of L Band of 1452 MHz to 1492 MHz. FIG. 4
shows the antenna gain of the antenna 10 (See FIG. 2).
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Values in the vertical axis indicate average values of an-
tenna gains which were measured for each prescribed
angle in a horizontal plane within a half-circumferential
range around the rear side of the vehicle. A value ob-
tained by further averaging the average values measured
at the respective frequencies, was -10.4 dBd. Thus, a
high reception sensitivity (antenna gain) of the antenna
10 for the frequency band of L Band was realized.
[0054] Note that in the measurements illustrated in
FIGS. 3 and 4, the respective dimensions of the antenna
10 were as follows:

Length of the horizontal element 11: 32 mm,
Length of the horizontal element 12: 80 mm,
Length of the horizontal element 13: 28 mm;
Length of the horizontal element 14: 93 mm;
Length of the vertical element 15: 15 mm;

Length of the vertical element 16: 15 mm;
Distance between the end portion 14a and the end
portion 16b: 75 mm;

Distance between the end portion 16b and the end
portion 14b: 18 mm; and

Distance between the end portion 13a and the end
portion 14a: 32 mm.

[0055] As described above, the rear glass for vehicle
with an antenna has been described using the embodi-
ment. However, the present invention is not limited to the
above-described specific embodiment. Various varia-
tions and modifications, such as combinations with a part
or a whole of another embodiment or replacement, may
be made without departing from the scope of the present
invention.

[0056] For example, an "end portion" of an element
may be a starting point or an end point of an extension
of the element, or may be a starting point vicinity or an
end point vicinity that is a conductor part in front of the
starting point or the end point of the element. Moreover,
in a connection portion of elements, the elements may
be connected to each other, with a curvature.

[0057] Moreover, the bus bar, the antenna element,
and the feeding portion are formed by printing a paste
containing an electrically conductive metal (e.g. a silver
paste) on a vehicle inner surface of a window glass and
baking the paste. However, the formation method of the
bus bar, the antenna element, and the feeding portion is
not limited to this. For example, the bus bar, the antenna
element, or the feeding portion may be formed by arrang-
ing a linear body or a foil type body containing a conduc-
tive material such as copper on a vehicle inner surface
or a vehicle outer surface of the window glass. Alterna-
tively, the bus bar, the antenna element or the feeding
portion may be adhered onto the window glass via an
adhesive agent, or may be arranged inside the window
glass.

[0058] A shape of the feeding portion may be, for ex-
ample, a polygonal shape such as a square, or a circular
shape, such as a circle or an ellipse.
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[0059] Moreover, a configuration in which a conductive
layer forming at least any one of the bus bar, the antenna
element and the feeding portion is arranged inside or on
a surface of a synthetic resin film, and the synthetic resin
film with the conductive layer is arranged on the vehicle
inner surface or the vehicle outer surface of the window
glass, may be employed. Furthermore, a configuration
in which a flexible circuit substrate, on which an antenna
element is formed, is arranged on the vehicle inner sur-
face or the vehicle outer surface of the window glass may
be employed.

[0060] The present application is based on and claims
the benefit of priority of Japanese Priority Application No.
2017-207736 filed on October 27, 2017, the entire con-
tents of which are hereby incorporated by reference.

REFERENCE SIGNS LIST

[0061]

10 antenna
11,12,13,14  horizontal element
15,16 vertical element

30 defogger

31 left bus bar

32 right bus bar

33 heater wire

41 feeding portion
51,52 connection element
60 glass plate

62 opening portion
63,64 light shielding region
65 center line

71 window frame

90 light shielding film
100 rear glass

Claims

1. Arear glass for vehicle with an antenna, comprising:

an opening portion; and

a light shielding film arranged around the open-
ing portion,

wherein the light shielding film includes a belt-
like light shielding region extending in a horizon-
tal direction of the rear glass for vehicle,
wherein a width of the light shielding region in a
vertical direction of the rear glass for vehicle is
20 mm or more and 50 mm or less, and
wherein an antenna including a plurality of ele-
ments formed so as to be able to receive verti-
cally polarized electromagnetic waves is ar-
ranged in the light shielding region.

2. Therear glass for vehicle with an antenna according
to claim 1,
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wherein the antennais arranged in the light shielding
region above the opening portion.

The rear glass for vehicle with an antenna according
to claim 1 or 2,

wherein the plurality of elements include atleastone
vertical element that extends in the vertical direction,
and

wherein a maximum length of the at least one vertical
elementis 0.25 ormore and 0.80 orless, with respect
to the width of the light shielding region being taken
as unity.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 3,

wherein when, with reference to a center line extend-
ing in the vertical direction of the rear glass, a short-
est distance from the center line to a left film edge
ofthelightshielding filmis taken as +1, and a shortest
distance from the center line to a right film edge of
the light shielding film is taken as -1,

a shortest distance from the center line to the anten-
nais -0.8 or more and +0.8 or less.

The rear glass for vehicle with an antenna according
to claim 4,

wherein the shortest distance from the center line to
the antenna is +0.2 or more and +0.8 or less, or -
0.8 or more and -0.2 or less.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 5,

wherein the plurality of elements include atleastone
vertical element extending in the vertical direction,
and

wherein a maximum length of the vertical elements
is 10 mm or more and 45 mm or less.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 6 further comprising:

a defogger including a plurality of heater wires
arranged at an interval from the antenna, and a
pair of bus bars for feeding power to the heater
wires; and

at least one connection element arranged in the
light shielding region and connected to at least
one of the pair of bus bars.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 7,

wherein the antenna is a DAB (Digital Audio Broad-
cast) antenna.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 8,

wherein the antenna includes

a feeding portion;
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13.

14.
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a first horizontal element extending in the horizontal
direction, one end portion of the first horizontal ele-
ment being connected to the feeding portion;

a second horizontal element extending in the hori-
zontal direction on an opposite side to a side, where
the first horizontal element extends, with respect to
the feeding portion, one end portion of the second
horizontal element being connected to the feeding
portion;

a first vertical element extending in the vertical di-
rection, one end portion of the first vertical element
being connected to the feeding portion or the first
horizontal element;

a second vertical element extending in the vertical
direction on a side, where the first vertical element
extends, with respect to the second horizontal ele-
ment, one end portion of the second vertical element
being connected to the second horizontal element;
a third horizontal element extending in the horizontal
direction and being connected to the first vertical el-
ement; and

afourth horizontal element extending in the horizon-
tal direction and being connected to the second ver-
tical element,

wherein the third horizontal element and the fourth
horizontal element are located at positions where
the third horizontal element and the fourth horizontal
element are not connected to each other.

The rear glass for vehicle with an antenna according
to claim 9,

wherein the second horizontal element is longer than
the first horizontal element, and the fourth horizontal
element is longer than the third horizontal element,
or the first horizontal element is longer than the sec-
ond horizontal element, and the third horizontal ele-
ment is longer than the fourth horizontal element.

The rear glass for vehicle with an antenna according
to claim 9 or 10,

wherein an end portion of the third horizontal element
is connected to another end of the first vertical ele-
ment.

The rear glass for vehicle with an antenna according
to any one of claims 9 to 11,

wherein another end portion of the second vertical
element is connected to a portion of the fourth hori-
zontal element other than end portions of the fourth
horizontal element.

The rear glass for vehicle with an antenna according
to any one of claims 9 to 12,

wherein the first vertical element and the second ver-
tical element have a same length.

The rear glass for vehicle with an antenna according
to any one of claims 1 to 13,
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wherein when a glass surface of the rear glass is
viewed facing to the glass surface, in a state where
the rear glass is mounted to a window frame, the
antenna is located between a frame edge of the win-
dow frame and a film edge of the light shielding film.
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