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(567)  ltistoprovide a vehicle windshield provided with
a glass antenna configured to be capable of dealing with
dual bandwidths such as DAB, to have high receiver sen-
sitivity, and not to disturb visibility from a driver’s seat.
The vehicle windshield provided with a glass antenna
includes a glass antenna having an antenna conductor
and a power feeder unit 12, and a light shield black film
14 being formed in a circumferential edge region of the
vehicle windshield, and having a convex portion 15 which
protrudes inwards in an in-plane direction from a region
along an upper side of the vehicle windshield in the cir-
cumferential edge region and which is formed in a trap-
ezoidal shape. The power feeder unit 12 is provided in
the circumferential edge region close to the convex por-
tion 15, and the antenna conductor has a first antenna
element 1 connected to the power feeder unit 12 and
configured to extend diagonally along a lateral side of
the convex portion 15, and a second antenna element 2
connected to the first antenna element 1 and configured
to extend in parallel with the first antenna element 1 while
a predetermined gap is present therebetween.

GLASS ANTENNA-EQUIPPED VEHICLE FRONT GLASS
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Description
Technical Field

[0001] The presentinvention relates to a vehicle wind-
shield provided with a glass antenna.

Background Art

[0002] Digital audio broadcasting (DAB) consists of
two different frequency bandwidths, that is, Band lll rang-
ing from 174 MHz to 240 MHz and L Band ranging from
1452 MHz to 1492 MHz.

[0003] It is very difficult to design a glass antenna to
be capable of dealing with a broadcast wave consisting
of two separated frequency bandwidths as in the DAB,
and to have high receiver sensitivity, and a glass antenna
is desirably designed to be capable of dealing with dual
bandwidths, and to have high receiver sensitivity. Patent
Citation 1 discloses a glass antenna configured to be
capable of dealing with dual bandwidths, and to have
high receiver sensitivity.

Prior Art Document
Patent Citation

[0004] [Patent Citation 1] JP-A-2012-23707

Summary of Invention
Technical Problem

[0005] It is difficult to design a glass antenna to be ca-
pable of dealing with a broadcast wave consisting of two
separated frequency bandwidths as in the DAB, and to
have high receiver sensitivity. Since much consideration
is required in order for visibility from a driver's seat not
to be disturbed when a glass antenna is mounted on the
windshield compared to when the glass antenna is
mounted on a rear window or a side window, the glass
antennais required to have an inconspicuous shape. For
this reason, a mounting region of the glass antenna is
limited, and thereby it becomes difficult to design a glass
antenna having high receiver sensitivity.

[0006] Inthe example of Patent Citation 1 illustrated in
Fig. 1, since an antenna pattern is designed to occupy a
small area, but a glass antenna section 55 is mounted
to protrude from a light shield black film 14 applied to a
circumferential edge of the windshield, the glass antenna
is not inconspicuous, and does not satisfy the above-
mentioned requirements.

[0007] The presentinvention provides a vehicle wind-
shield provided with a glass antenna configured to be
capable of dealing with dual bandwidths such as DAB,
to have high receiver sensitivity and aesthetic appear-
ance, and not to disturb visibility from a driver’s seat.
[0008] In order to achieve the object, a vehicle wind-
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shield provided with a glass antenna comprises:

a glass antenna having an antenna conductor and
a power feeder unit; and

a light shield black film being formed in a circumfer-
ential edge region of the vehicle windshield, and hav-
ing a convex portion which protrudes inwards in an
in-plane direction from a region along an upper side
of the vehicle windshield in the circumferential edge
region and which is formed in a trapezoidal shape,
wherein the power feeder unit is provided in the cir-
cumferential edge region close to the convex portion,
and

wherein the antenna conductor has a first antenna
element connected to the power feeder unit directly
or via a first connection element, and configured to
extend diagonally along a lateral side of the convex
portion, and a second antenna element connected
to the first antenna element via at least one of the
power feeder unitand a second connection element,
and configured to extend in parallel with the first an-
tenna element while a predetermined gap is present
therebetween.

Effect of Invention

[0009] According to the presentinvention itis possible
to provide a vehicle windshield provided with a glass an-
tenna configured to be capable of dealing with dual band-
widths such as DAB, to have high receiver sensitivity and
aesthetic appearance, and not to disturb visibility from a
driver’s seat.

Brief Description of Drawings
[0010]

Fig. 1illustrates a plan view of a conventional vehicle
windshield 50 provided with a glass antenna.

Fig. 2 illustrates a plan view of a vehicle windshield
100 provided with a glass antenna 105.

Fig. 3 illustrates an enlarged plan view of the glass
antenna 105 of the vehicle windshield provided with
the glass antenna.

Fig. 4 illustrates an enlarged plan view of the glass
antenna 205 of the vehicle windshield provided with
the glass antenna.

Fig. 5 illustrates an enlarged plan view of the glass
antenna 305 of the vehicle windshield provided with
the glass antenna.

Fig. 6 illustrates an enlarged plan view of the glass
antenna 405 of the vehicle windshield provided with
the glass antenna.

Fig. 7 illustrates an enlarged plan view of the glass
antenna 505 of the vehicle windshield provided with
the glass antenna.

Fig. 8 illustrates an enlarged plan view of the glass
antenna 605 of the vehicle windshield provided with
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the glass antenna.

Fig. 9 illustrates actual measurement data regarding
an impact of a change in the length of a diagonally
extending portion of an antenna element on the gain
of Band Il

Figs. 10(A) and 10(B) illustrate actual measurement
data regarding an impact of the number of antenna
elements and a loop formation on the gain of Band
Il and L band when a unipolar glass antenna is
adopted.

Fig. 11 illustrates actual measurement data regard-
ing an impact of the length of a first antenna element
1 and a second antenna element 2 on the gain of
Band lll when the unipolar glass antenna is adopted.
Figs. 12(A) and 12(B) illustrate actual measurement
data regarding an impact of the angle of an antenna
element on the gain of Band Ill and L band.

Fig. 13(A) and 13(B) illustrate actual measurement
data regarding an impact of the number of antenna
elements and a loop formation on the gain of Band
llland L band when a bipolar glass antenna is adopt-
ed.

Fig. 14 illustrates actual measurement data regard-
ing an impact of the length of the first antenna ele-
ment 1 and the second antenna element 2 on the
gain of Band lll when the bipolar glass antenna is
adopted.

Mode for Carrying Out the Invention

[0011] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. In the drawings to illustrate the embodiments,
adeviation in parallelism between lines, perpendicularity
between lines, the curvature of a corner, or the like is
allowed to the extent that the effects of the present in-
vention is not degraded. The drawings are views when
seen from the inside of a vehicle in a state where a wind-
shield is attached to the vehicle, and may be referenced
as views when seen from the outside of the vehicle. A
rightward and leftward direction in the drawings is equiv-
alent to a lateral direction of the vehicle.

(First Embodiment)

[0012] Fig. 2is a plan view of a vehicle windshield 100
provided with a glass antenna 105, and Fig. 3 is an en-
larged plan view illustrating the glass antenna 105.

[0013] As illustrated in Fig. 2, a light shield black film
14 is provided in a region with a predetermined width
from an outer edge 19 of the vehicle windshield 100 pro-
vided with a glass antenna in the viewpoint of preventing
the degradation of an adhesive, and in the viewpoint of
aesthetic appearance so as to hide a connection portion
ofthe windshield connected to a metal portion of a vehicle
body. The light shield black film 14 has a convex portion
15 which protrudes inwards in the in-plane direction from
aregion along an upper side of the windshield, and which
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is formed in a trapezoidal shape. Opposite lateral sides
of the convex portion 15 are diagonally formed in such a
manner that the distance between the opposite lateral
sides decreases inwards in the plane of the windshield,
and in this specification, an angle formed between a ver-
tical center line 20 passing through the center of gravity
of the windshield, and an extension line of the lateral side
of the convex portion 15 is set to 5° or greater to 85° or
less.

[0014] Inthe light shield black film and an edge portion
at the in-plane side of the convex portion 15, the light
shield black film may be formed uniformly or may be
formed by a plurality of dots.

[0015] As illustrated in Fig. 3, the glass antenna 105
consists of a power feeder unit 12 and an antenna con-
ductor, which are formed as planar patterns on a wind-
shield 11.

[0016] The power feeder unit 12 is configured to elec-
trically connect the antenna conductor and a signal
processing circuit (not illustrated) such as an amplifier
via a predetermined conductive member. A power feeder
line such as an AV line or a coaxial cable is used as the
conductive member. When the coaxial cable is used as
the conductive member, preferably, an inner conductor
of the coaxial cable is electrically connected to the power
feederunit 12, and an outer conductor of the coaxial cable
is grounded to the vehicle body. A connector for electri-
cally connecting the signal processing circuit (for exam-
ple, an amplifier) and the power feeder unit 12 may be
mounted on the power feeder unit 12. Owing to such a
connector, the AV line or the inner conductor of the co-
axial cable is easily attached to the power feeder unit 12.
The following configuration may be adopted: a protruding
conductive member is mounted on the power feeder unit
12, and the protruding conductive member is brought into
contact with and is fitted into a connection portion of a
vehicle body flange to which the windshield 11 is at-
tached.

[0017] A part of the power feeder unit 12 may be pro-
vided in a circumferential edge region of the light shield
black film 14, and particularly, the entirety of the power
feederunit 12 is preferably provided in the circumferential
edge region. The power feeder unit 12 may be provided
in the circumferential edge region close to the convex
portion 15. The "vicinity of the convex portion 15" implies
a range in which the power feeder unit 12 is allowed to
be provided such that the effects of the present invention
are not degraded, and specifically, a part of the power
feeder unit 12 may be provided in aregion having a radius
of 35 mm around a root of the lateral side of the convex
portion 15.

[0018] The glass antenna 105 includes a first antenna
element 1 and a second antenna element 2 as the an-
tenna conductors.

[0019] The first antenna element 1 is connected to the
power feeder unit 12, and extends diagonally and down-
wards along the lateral side of the convex portion 15
which protrudes inwards in the in-plane direction from
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the region of the light shield black film 14 along the upper
side of the windshield, and which is formed in a trapezoi-
dal shape. Fig. 3 illustrates the first antenna element 1
that extends diagonally along the circumference of the
convex portion 15, and then is horizontally bent.

[0020] The term "along the lateral side of the convex
portion 15" implies a range in which first antenna element
1 is allowed to be separate from the lateral side of the
convex portion 15 such that the spirit of the present in-
vention is not degraded in the viewpoint of aesthetic ap-
pearance and visual appearance. The first antenna ele-
ment 1 is preferably within a distance of 15 mm from the
edge of a light shield black film portion of the convex
portion 15, and, more preferably, within a distance of 10
mm.

[0021] The bending of the first antenna element 1 is
not necessarily required, and when the diagonally ex-
tending lateral side of the convex portion 15 is consider-
ably long, the first antenna element 1 may consist of only
a diagonal linear portion along the lateral side of the con-
vex portion 15. The diagonal linear portion of the first
antenna element along the lateral side of the convex por-
tion 15 preferably has a length of 10 mm or greater to
300 mm or less, and, more preferably, a length of 30 mm
or greater to 300 mm or less so as to obtain an improve-
ment in antenna gain, and aesthetic appearance.
[0022] The second antenna element 2 is connected to
the first antenna element 1 via the power feeder unit 12,
and extends in parallel with the first antenna element 1
while a predetermined gap is present therebetween. Fig.
3 illustrates the second antenna element 2 along the first
antenna element 1. When the number of elements diag-
onally extending is two asiillustrated in Fig. 3, a preferable
improvement in antenna gain is obtained. Due to aes-
thetic appearance, an improvement in antenna gain, and
manufacturing limitation, the gap between the two anten-
na elements, that is, the first antenna element 1 and the
second antenna element 2, is preferably 1 mm or greater
to 15 mm or less, and, more preferably, 3 mm or greater
to 10 mm or less.

[0023] InFig. 3, the first antenna element 1 is connect-
ed to a corner of the power feeder unit 12; however, the
first antenna element 1 may not be connected to the cor-
ner, and may be connected to any location on an outer
circumference of the power feeder unit 12. Similarly, the
second antenna element 2 may be connected to any lo-
cation on the outer circumference of the power feeder
unit 12.

[0024] Figs. 4 and 5 illustrate examples in which the
configuration of the first embodiment is changed. In Fig.
4, the first antenna element 1 is connected to the power
feeder unit 12 via a first connection element 6 that ex-
tends horizontally from the power feeder unit 12. The
second antenna element 2 is connected to the first an-
tenna element 1 via the power feeder unit 12 and a sec-
ond connection element 7 configured to extend horizon-
tally from the power feeder unit 12. In addition, as illus-
trated in Fig. 5, the second connection element 7 may
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be configured to directly connect the second antenna el-
ement 2 and the first antenna element 1. As such, the
first antenna element 1 may be connected to the power
feeder unit directly or via the first connection element 6,
and the second antenna element 2 may be connected to
the first antenna element 1 via the power feeder unit 12
or the second connection element 7, or both the power
feeder unit 12 and the second connection element 7.
[0025] When there are two predetermined separated
frequency bandwidths to be received by the glass anten-
na 105, and it is assumed that a center frequency of a
first frequency bandwidth, that is, a low bandwidth, has
a wavelength A4, in the air, the wavelength shortening
coefficient of the windshield is k, and a wavelength xg1
in the windshield is equal to A4 x k, the length of the first
antenna element 1 (when the first connection element 6
is provided as illustrated in Fig. 4, the length of the first
antenna element 1 also includes the length of the first
connection element 6, and the same applies hereinafter)
and the length of the second antenna element 2 (when
the second connection element 7 is provided so as to
extend directly from the power feeder unit 12 asillustrated
in Fig. 4, the length of the second antenna element 2 also
includes the length of the second connection element 7,
and when the second antenna element 2 is directly con-
nected to the first antenna element 1 via the second con-
nection element 7 as illustrated in Fig. 5, the length of
the second antenna element 2 also includes the length
of the shortest path from a connection point between the
second connection element 7 and the first antenna ele-
ment 1 to the power feeder unit 12, and the same applies
hereinafter) are preferably set to (5/32) x Agq or greater
to (5/16) x Agq or less so as to obtain an improvement in
the antenna gain of the first frequency bandwidth.
[0026] For example, when the first frequency band-
width is set to Band Il (174 MHz to 240 MHz), the center
frequency is 207 MHz. Accordingly, in a case where it is
desired toimprove the antenna gain of Band lll, and when
it is assumed that the speed of a radio wave is 3.0 x 108
m/s and the wavelength shortening coefficient k is 0.64,
the length of each of the first antenna element 1 and the
second antenna element 2 is preferably adjusted to 145
mm or greater to 289 mm or less.

[0027] An angle a formed between an extension line
of each of the first antenna element 1 and the second
antenna element 2 illustrated in Fig. 2, and the vertical
center line 20 passing through the center of gravity of the
windshield is preferably set to 5° or greater to 50° or less,
more preferably, 20° or greater to 45° or less. When at
least the angle is set to 50° or less, it is possible to con-
siderably increase obtainable gain. The shape of the con-
vex portion 15 is preferably designed in such a manner
that the angle formed between the extension line of the
lateral side of the convex portion 15 of the light shield
black film, and the vertical center line 20 passing through
the center of gravity of the windshield is equal to the angle
o formed between the extension line of each of the first
antenna element 1 and the second antenna element 2,
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and the vertical center line 20 passing through the center
of gravity of the windshield. The reason for this is that
both good antenna performance and aesthetic appear-
ance are obtained.

[0028] That is, when the windshield is seen from the
outside of the vehicle, components provided on a place
where the light shield film is provided cannot be seen
from the outside of the vehicle due to the light shield black
film 14, and only the thin linear portions of the antenna
conductors are seen; however the linear portions are
formed along the light shield black film 14, and thereby
the antenna conductors are inconspicuous.

[0029] As such, since the antenna elements are con-
figured along the convex portion 15 which protrudes in-
wards in the in-plane direction from the region of the light
shield black film 14 along the upper side of the windshield,
and which is formed in a trapezoidal shape, even though
the antenna configured to receive a dual-bandwidth
broadcast wave is mounted, it is possible to obtain the
vehicle windshield provided with the glass antenna which
has the low-visibility antenna conductors, does not dis-
turb a visual field of a driver, and has the beautiful ap-
pearance while ensuring antenna performance.

[0030] A loop may be formed by at least the first an-
tenna element 1, the second antenna element 2, and a
loop formation element 5 by connecting end portions be-
ing opposite to the power feeder unit 12 of the first an-
tenna element 1 and the second antenna element 2 via
a loop formation element 5. In the exampile illustrated in
Fig. 3, a loop is formed by including the power feeder
unit 12. Since the loop formation element 5 is an arbitrary
configuration, forillustrative purposes, the loop formation
element 5 is illustrated by a dotted line in Fig. 3; however,
actually, the loop formation element 5 is a continuous
line-like conductor similar to the first antenna element 1
and the like. Since a continuous loop is formed using the
first antenna element 1 and the second antenna element
2, it is possible to considerably improve an obtainable
antenna gain.

[0031] As illustrated in Figs. 4 and 5, the length of the
loop formation element 5 may be longer than the gap
between the first antenna element 1 and the second an-
tenna element 2. In a configuration illustrated in Figs. 4
and 5, a foldback element 8 extends from a tip end of the
loop formation element 5 in parallel with the first antenna
element 1, while a predetermined gap presentis present
between the first antenna element 1 and the foldback
element 8. Since the foldback element 8 is formed, it is
possible to improve an obtainable antenna gain. In ad-
dition, it is possible to decrease the length of each of the
first antenna element 1 and the second antenna element
2. The foldback element 8 may extend in the middle of
the loop formation element 5. In Figs. 4 and 5, only a
single foldback element is provided in one of the first
antenna element 1 and the second antenna element 2;
however, the present invention is not limited to that con-
figuration in the embodiment. The foldback element 8
may be provided in either one of the first antenna element

10

15

20

25

30

35

40

45

50

55

1 and the second antenna element 2, and two or more
foldback elements 8 may be provided.

[0032] Fig. 5 illustrates an example in which a tip end
of the foldback element 8 is further bent. The bending of
the tip end of the foldback element 8 is mainly effective
in adjusting the gain of L band. Since the foldback ele-
ment 8 is an arbitrary configuration requirement, for illus-
trative purposes, the foldback element 8 is illustrated by
a dotted line in Figs. 4 and 5; however, actually, the fold-
back element 8 is a continuous line-like conductor similar
to the first antenna element and the like.

[0033] Asillustrated in Fig. 3, a third antenna element
3 may be added in such a manner as to extend horizon-
tally from the power feeder unit 12. The third antenna
element 3 is mainly used to adjust the gain of L band.
Fig. 3 illustrates an example in which the third antenna
element 3 extends horizontally in an opposite side of an
incline direction of the first antenna element 1 and the
second antenna element 2, and in contrast, as illustrated
in Figs. 4 and 5, the third antenna element 3 may extend
horizontally in the same side as the incline direction.
Since the third antenna element 3 is an arbitrary config-
uration requirement, for illustrative purposes, the third
antenna element 3 is illustrated by a dotted line in Figs.
3 to 5; however, actually, the third antenna element 3 is
a continuous line-like conductor similar to the first anten-
na element and the like.

[0034] The third antenna element 3 is connected to a
corner of the power feeder unit 12; however, the third
antenna element 3 may not be connected to the corner,
and may be connected to any location on the outer cir-
cumference of the power feeder unit 12.

[0035] When it is assumed that a center frequency of
a second frequency bandwidth higher than the first fre-
quency bandwidth has a wavelength A, in the air, the
wavelength shortening coefficient of the windshield is k,
and a wavelength %, in the windshield is equal to 1q; X
k, the length of the third antenna element 3 is preferably
set to (1/8) x Ay or greater to (7/8) x L4 or less so as to
improve the antenna gain of the second frequency band-
width.

[0036] Forexample, whenthe second frequencyband-
width is setto L band (1452 MHz to 1492 MHz), the center
frequency of the second frequency bandwidth is 1472
MHz. Accordingly, in a case where it is desired to improve
the antenna gain of L band, and when it is assumed that
the speed of a radio wave is 3.0 x 108 m/s and the wave-
length shortening coefficient k is 0.64, the length of the
third antenna element 3 is preferably adjusted to 16 mm
or greater to 114 mm or less.

(Second Embodiment)

[0037] Fig. 6 is an enlarged plan view illustrating a
glass antenna 405 of a vehicle windshield provided with
a glass antenna.

[0038] AsillustratedinFig. 6,the samereference signs
as those in Fig. 3 will be assigned to members of the
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vehicle windshield provided with a glass antenna, and
the glass antenna 405, which have the same configura-
tions as in the vehicle windshield provided with a glass
antenna, and the glass antenna 105 illustrated in Fig. 3.
[0039] The glass antenna 405 consists of the power
feeder unit 12, a ground-side power feeder unit 16, and
an antenna conductor, which formed as planar patterns
on the windshield 11.

[0040] The power feeder unit 12 is a power feed point
electrically connected to a signal path of a signal process-
ing circuit (not illustrated) such as an amplifier via a pre-
determined conductive member, and the ground-side
power feeder unit 16 is a power feed point electrically
connected to an external ground path (for example, a
ground of the signal processing circuit or the vehicle
body) via a predetermined conductive member. The
ground-side power feeder unit 16 may be electrically con-
nected to the signal path of the signal processing circuit
(not illustrated) such as an amplifier via the predeter-
mined conductive member, and the power feeder unit 12
may be electrically connected to the external ground path
(for example, the ground of the signal processing circuit
or the vehicle body) via the predetermined conductive
member. That is, the glass antenna 405 is a bipolar an-
tenna configured to include the power feeder unit 12 and
the ground-side power feeder unit 16 as a pair of power
feed points.

[0041] A power feeder line such as an AV line or a
coaxial cable is used as the conductive member. When
the coaxial cable is used as the conductive member, pref-
erably, an inner conductor of the coaxial cable is electri-
cally connected to the power feeder unit 12, and an outer
conductor of the coaxial cable is connected to the ground-
side power feeder unit 16. Connectors for electrically con-
necting the signal processing circuit (for example, an am-
plifier) to the power feeder unit 12 and the ground-side
power feeder unit 16 may be respectively mounted on
the power feeder unit 12 and the ground-side power feed-
er unit 16. Owing to such connectors, the inner conductor
and the outer conductor of the coaxial cable are easily
attached to the power feeder unit 12 and the ground-side
power feeder unit 16, respectively. The following config-
uration may be adopted: a protruding conductive member
is mounted on each of the power feeder unit 12 and the
ground-side power feeder unit 16, and the protruding
conductive member is brought into contact with and is
fitted into the connection portion of the vehicle body
flange to which the windshield 11 is attached.

[0042] A fourth antenna element 4 may be added in
such amanner as to extend horizontally from the ground-
side power feeder unit 16.

[0043] Inthe second embodimentin which the ground-
side power feeder unit 16 or both the ground-side power
feeder unit 16 and the fourth antenna element 4 are add-
ed, it is possible to decrease the length of each of the
first antenna element 1 and the second antenna element
2 to approximately 0.75 times that of the first embodi-
ment, and to make the glass antenna less invisible than
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that of the first embodiment, and the glass antenna is
good in the viewpoint of aesthetic appearance.

[0044] The fourth antenna element 4 is connected to
a corner of the power feeder unit 12; however, the fourth
antenna element 4 may not be connected to the corner,
and may be connected to any location on the outer cir-
cumference of the power feeder unit 12.

[0045] The ground-side power feeder unit 16 is pref-
erably grounded to the vehicle body positioned close to
the glass antenna. For example, the power feeder unit
12 and the outer conductor of the coaxial cable connected
to the ground-side power feeder unit 16 are preferably
connected to the vehicle body positioned within a dis-
tance of 180 mm or less from the power feeder unit 12
and the ground-side power feeder unit 16.

[0046] As described in the first embodiment, arbitrary
configurations are illustrated by dotted lines in Fig. 6.
Thatis, aloop may be formed by at least the first antenna
element 1, the second antenna element, and the loop
formation element by connecting the end portions being
opposite to the power feeder unit of the first antenna el-
ement 1 and the second antenna element 2 via the loop
formation element 5, and the third antenna element 3
extending horizontally from the power feeder unit 12 may
also be added. It is possible to considerably improve an
obtainable antenna gain by forming the loop, and the
addition of the third antenna element 3 is mainly effective
in adjusting the gain of L band.

[0047] When there are two predetermined separated
frequency bandwidths to be received by the glass anten-
na 105, and it is assumed that the center frequency of
the first frequency bandwidth, that is, a low bandwidth,
has the wavelength A4 in the air, the wavelength short-
ening coefficient of the windshield is k, and the wave-
length 244 in the windshield is equal to 444 x k, the length
ofthefirstantenna element 1 and the length of the second
antenna element 2 are preferably set to (9/64) x A4 or
greater to (15/64) x Ay or less so as to obtain an im-
provementin the antenna gain of the firstfrequency band-
width.

[0048] For example, when the first frequency band-
width is set to Band 1l (174 MHz to 240 MHz), the center
frequency is 207 MHz. Accordingly, in a case where it is
desired toimprove the antenna gain of Band lll, and when
it is assumed that the speed of a radio wave is 3.0 x 108
m/s and the wavelength shortening coefficient k is 0.64,
the length of each of the first antenna element 1 and the
second antenna element 2 is preferably adjusted to 130
mm or greater to 217 mm or less.

[0049] Figs. 7 and 8 illustrate examples in which the
configuration of the second embodiment is changed. In
the example illustrated in Fig. 7, the second antenna el-
ement 2 extends diagonally along the first antenna ele-
ment 1, and is connected to the first antenna element 1
via the second connection element 7 configured to ex-
tend horizontally from the power feeder unit 12. In the
exampleillustrated in Fig. 8, the second antenna element
2 is connected to an end portion being opposite to the
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power feed point of the first antenna element 1 via the
second connection element 7. In addition, a cutout por-
tion 9 is provided in the middle of the second antenna
element 2. As such, the second antenna element 2 may
be joined to any location on the first antenna element 1
via the second connection element 7, and the second
antenna element 2 may have the cutout portion 9 in the
middle thereof. The providing of the cutout portion 9 im-
proves an obtainable antenna gain.

[0050] As illustrated in Fig. 7, the end portions being
opposite to the power feeder unit 12 of the first antenna
element 1 and the second antenna element 2 may be in
the middle of bent portions. In addition, the third antenna
element 3 and the fourth antenna element 4 may extend
horizontally from a right upper corner of the power feeder
unit 12 and a left upper corner of the ground-side power
feeder unit 16, respectively. The application of this con-
figuration is not limited to the second embodiment, and
this configuration can also be applied to the first embod-
iment.

[0051] The respective connection portions of the ele-
ments may be curvedly connected to each other.
[0052] The antenna conductor, the power feeder unit
12, and the ground-side power feeder unit 16 are formed
by printing paste containing a conductive metal (for ex-
ample, silver paste) on an inner surface of the windshield
and baking the paste. However, a method of forming the
antenna conductor, the power feeder unit 12, and the
ground-side power feeder unit 16 is not limited to the
above-mentioned method. The antenna conductor, the
power feeder unit 12, and the ground-side power feeder
unit 16 may be formed by providing a line-like body or a
foil-like body made of a conductive material such as cop-
per on the inner surface of the windshield, by bonding
the line-like body or the foil-like body to the windshield
by using an adhesive, or by embedding the line-like body
or the foil-like body in the windshield.

[0053] The shape of the power feeder unit 12 and the
ground-side power feeder unit 16 may be determined
corresponding to the shape of the conductive member
or a mounting surface of the connector. For example, a
quadrate shape such as a square shape, a substantially
square shape, a rectangular shape, or a substantially
rectangular shape, or a polygonal shape is preferably
used in the viewpoint of mounting. A circular shape, a
substantially circular shape, an elliptical shape, a sub-
stantially elliptical shape, or the like may be used.
[0054] A conductor layer made up of the antenna con-
ductors may be embedded in a composite resin film or
is provided on the surface of the composite resin film,
and the composite resin film provided with the conductor
layer may be formed on the inner surface or an outer
surface of the windshield as the glass antenna. A flexible
circuit substrate having the antenna conductors formed
thereon may be formed on the inner surface of the wind-
shield as the glass antenna.
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Examples

[0055] The antenna gain of the vehicle windshield pro-
vided with a glass antenna is measured in a state where
the vehicle windshield provided the glass antenna as il-
lustrated in Fig. 2 is actually attached to a vehicle. Here-
inafter, a measurement result will be described.

[0056] The antenna gain was measured in a state
where the vehicle windshield provided with a glass an-
tenna was assembled to a window frame of the vehicle
on a turntable while being inclined by approximately 25°
relative to a horizontal plane. The power feeder unit had
a connector attached thereto, and was connected to a
network analyzer via a feeder line. The turntable was
rotated in such a manner that radio waves were horizon-
tally radiated on the windshield in all directions.

[0057] The antenna gain was measured while rotating
the vehicle by 360° in a state where the center of the
turntable was aligned with the center of the vehicle to
which the vehicle windshield provided with a glass an-
tenna is assembled. The data obtained by measuring the
antenna gain while rotating the vehicle by 360° at every
rotation angle of 5° at each frequency are averaged. The
measurement was performed at every 3 MHz in the fre-
quency range of Band lll, and at every 1.7 MHz in the
frequency range of L band. The antenna gain was meas-
ured in a state where an elevation angle between a po-
sition of the transmission of radio waves and the antenna
conductor was set to be substantially horizontal (when
an elevation angle was 0° in a plane parallel with the
ground, and an elevation angle was 90° in a vertical di-
rection, the term "being substantially horizontal" indicat-
ed a direction at an elevation angle of 0°). The antenna
gain was normalized on the basis of a half-wavelength
dipole antenna in such a manner that the antenna gain
of the half-wavelength dipole antenna became 0 dB.

<Example 1>

[0058] Inastate where the second connection element
7, the second antenna element 2, and the loop formation
element 5 were omitted from a glass antenna 505 illus-
trated in Fig. 7, and the third antenna element 3 and the
fourth antenna element 4 were provided, the antenna
gain of the glass antenna 505 was measured while
changing only a ratio of the diagonally extending portion
ofthefirstantenna element 1 to the horizontally extending
portion of the first antenna element 1. Fig. 9 illustrates a
result of measuring an impact of the length of adiagonally
extending portion of the first antenna element on the gain
of Band Il while fixing the entire length of the first antenna
element 1 at 170 mm, and changing the length of the
diagonally extending portion and the length of the hori-
zontally extending portion of the first antenna element 1.
The antenna gains averaged for the entire frequencies
of Band Il were plotted.

[0059] InFig. 9, when the length of each portion of the
glass antenna 505 was measured in a unit of mm,



13 EP 2 940 793 A1 14

First antenna element 1 (the entire length) : 170

Third antenna element 3: 45

Fourth antenna element 4: 70

[0060] In addition, the conductive width of each of the
elements was 0.4 mm. Each of the power feeder unit 12
and the ground-side power feeder unit 16 had a rectan-
gular shape having a vertical length of 14 mm by a hor-
izontal length of 20 mm. The gap between the power
feeder unit 12 and the ground-side power feeder unit 16
was 21 mm. The conductive width of the element, the
size of the power feeder unit, and the gap between the
power feeder unit 12 and the ground-side power feeder
unit 16 were the same in all of Examples hereinbelow.
[0061] As seen from Fig. 9, it was possible to obtain a
larger gain as the length of the diagonally extending por-
tion of the first antenna element 1 was increased.

<Example 2>

[0062] The antenna gains were measured to obtain an
impact on the gain of Band Ill and L band when the sec-
ond antenna element 2 was provided, or when a loop
was formed by the second antenna element 2 and the
loop formation element 5 compared to when only the first
antenna element 1 was provided in the unipolar glass
antenna 105 including the third antenna element 3 illus-
trated in Fig. 3. Figs. 10(A) and 10(B) illustrate the results.
Antenna gains averaged for the entire frequencies of
each of Band Il and L band were plotted.

[0063] In Figs. 10(A) and 10(B), when the length of
each portion of the glass antenna 105 was measured in
a unit of mm,

First antenna element 1: 240

Second antenna element 2: 240

Third antenna element 3: 100

Loop formation element 5: 10

[0064] In Figs. 10(A) and 10(B), a "first example" re-
ferred to the case in which only the first antenna element
1 was provided, a "second example" referred to the case
in which the second antenna element 2 was provided,
and a "third example" referred to the case in which the
loop formation element 5 was provided, and a loop was
formed by the first antenna element 1 and the second
antenna element 2.

[0065] As seen from Figs. 10(A) and 10(B), when the
number of antenna elements diagonally extending was
two, it was possible to considerably improve the gain of
a high bandwidth of Band Ill and L band. When the loop
was formed by connecting the end portions being oppo-
site to the power feeder unit 12 of the first antenna ele-
ment 1 and the second antenna element 2 via the loop
formation element 5, it was possible to considerably im-
prove the gain of a low bandwidth of Band IIl and to in-
crease the entire gain of L band.

<Example 3>

[0066] The antenna gains were measured to obtain an
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impact of the length of the first antenna element 1 on the
gain of Band Il while changing the length of the first an-
tenna element 1 in a state where the second antenna
element 2 and the loop formation element 5 are omitted
from the glass antenna 105 including the third antenna
element 3 illustrated in Fig. 3. Fig. 11 illustrates the re-
sults. The antenna gains averaged for the entire frequen-
cies of Band Ill were plotted.

[0067] In Fig. 11, when the length of each portion of
the glass antenna 105 was measured in a unit of mm,
First antenna element 1: 160 to 280

Third antenna element 3: 100

[0068] A high gain was obtained by setting the length
of the first antenna element 1 to 145 mm to 289 mm.

<Example 4>

[0069] In a state where the third antenna element 3
and the fourth antenna element 4 were provided, and the
second connection element 7, the second antenna ele-
ment 2, and the loop formation element 5 were omitted
from the glass antenna 505 illustrated in Fig. 7, the an-
tenna gain of the glass antenna 505 was measured to
obtain an impact of the angle o formed between the ex-
tension line of the first antenna element 1, and the center
line 20 in the vertical direction of the windshield on the
gain of Band Ill and L band. Figs. 12(A) and 12(B) illus-
trate the results. Antenna gains averaged for the entire
frequencies of each of Band lll and L band were plotted.
[0070] In Figs. 12(A) and 12(B), when the length of
each portion of the glass antenna 505 was measured in
a unit of mm,

First antenna element 1: 170

Third antenna element 3: 45

Fourth antenna element 4: 70

[0071] Thetestwas performedin astate where param-
eters other than the angle of the first antenna element 1
were fixed.

[0072] As illustrated in Fig. 12(B), it was possible to
considerably improve the gain when the angle o is 50°
or greater, particularly in L band.

<Example 5>

[0073] The antenna gain was measured to obtain an
impact on the gain of Band lll and L band when the sec-
ond connection element 7 and the second antenna ele-
ment 2 were provided, or when a loop was formed by the
second connection element 7, the second antenna ele-
ment 2, and the loop formation element 5 compared to
when the third antenna element 3 and the fourth antenna
element 4 are provided and only the firstantenna element
1 is provided in the bipolar glass antenna 505 illustrated
in Fig. 7. Figs. 13(A) and 13(B) illustrate the results.
[0074] In Figs. 13(A) and 13(B), when the length of
each portion of the glass antenna 505 was measured in
a unit of mm,

First antenna element 1: 170
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Second connection element 7: 10

Second antenna element 2: 170

Third antenna element 3: 45

Fourth antenna element 4: 70

Loop formation element 5: 10

[0075] InFigs. 13(A) and 13(B), a "fourth example" re-
ferred to the case in which only the first antenna element
1 was provided, a "fifth example" referred to the case in
which the second connection element 7 and the second
antenna element 2 were provided, and a "sixth example"
referred to the case in which the loop formation element
5 was provided, and a loop was formed by the first an-
tenna element 1 and the second antenna element 2.
[0076] As seen from Figs. 13(A) and 13(B), when the
number of elements diagonally extending was two, it was
possible to considerably improve the gain of L band while
maintaining the gain of Band Ill. When the loop was
formed by connecting the end portions of the firstantenna
element 1 and the second antenna element 2 via the loop
formation element5, itwas possible to increase the entire
gain of L band while maintaining the gain of Band lIl.

<Example 6>

[0077] The antenna gain was measured to obtain an
impact of the length of the first antenna element 1 on the
gain of Band Il while changing the length of the first an-
tenna element 1 in a state where the second connection
element 7, the second antenna element 2, and the loop
formation element 5 are omitted from the bipolar glass
antenna 505 illustrated in Fig. 7. Fig. 14 illustrates the
results.

[0078] In Fig. 14, when the length of each portion of
the glass antenna 505 was measured in a unit of mm,
First antenna element 1: 110 to 300

Third antenna element 3: 45

Fourth antenna element 4: 70

[0079] Asillustratedin Fig. 14, it was possible to obtain
a high gain by setting the length of the first antenna ele-
ment 1 to 130 mm to 217 mm.

[0080] This application has been described in detail or
with reference to specific embodiments, anditis apparent
to persons skilled in the related art that various modifi-
cations or addition can be made insofar as the modifica-
tions or the addition do not depart from the sprit and the
scope of the present invention.

[0081] This application is based on Japanese Patent
Application No. 2012-285247 filed on December 27,
2012, the content of which is incorporated herein by ref-
erence.

Explanation of Reference
[0082]
1: first antenna element

2: second antenna element
3: third antenna element
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4: fourth antenna element

5: loop formation element

6: first connection element

7: second connection element

8: foldback element

9: cutout portion

11: windshield

12: power feeder unit

14: light shield black film

15: convex portion

16: ground-side power feeder unit

19: outer edge of windshield

20: center line in vertical direction of windshield

50: vehicle windshield provided with glass antenna
in related art

55: glass antenna in related art

100: vehicle windshield provided with glass antenna
105, 205, 305, 405, 505, and 605: glass antenna
o: angle formed between antenna element and cent-
er line in vertical direction of windshield

Claims

1. A vehicle windshield provided with a glass antenna
comprising:

a glass antenna having an antenna conductor
and a power feeder unit; and

a light shield black film being formed in a circum-
ferential edge region of the vehicle windshield,
and having a convex portion which protrudes
inwards in an in-plane direction from a region
along an upper side of the vehicle windshield in
the circumferential edge region and which is
formed in a trapezoidal shape,

wherein the power feeder unit is provided in the
circumferential edge region close to the convex
portion, and

wherein the antenna conductor has a first an-
tenna element connected to the power feeder
unit directly or via a first connection element,
and configured to extend diagonally along a lat-
eral side of the convex portion, and a second
antenna element connected to the first antenna
element via at least one of the power feeder unit
and a second connection element, and config-
ured to extend in parallel with the first antenna
element while a predetermined gap is present
therebetween.

2. The vehicle windshield provided with a glass anten-
na according to claim 1,
wherein an angle, formed between an extension line
of alinear portion of each of the firstantenna element
and the second antenna element along the lateral
side of the convex portion, and a vertical center line
passing through the center of gravity of the vehicle
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windshield, is 5° or greater to 50° or less.

The vehicle windshield provided with a glass anten-
na according to claim 1 or 2,

wherein the antenna conductor has a loop formation
element configured to connect end portions being
opposite to the power feeder unit of the first antenna
element and the second antenna element.

The vehicle windshield provided with a glass anten-
na according to claim 3,

wherein the antenna conductor has a foldback ele-
ment connected to the loop formation element, and
configured to extend in parallel with the first antenna
element while a predetermined gap is present ther-
ebetween.

The vehicle windshield provided with a glass anten-
na according to any one of claims 1 to 4,

wherein the antenna conductor has a third antenna
element connected to the power feeder unit, and
configured to extend horizontally.

The vehicle windshield provided with a glass anten-
na according to claim 5,

wherein the glass antenna receives a predetermined
firstfrequency bandwidth, and a predetermined sec-
ond frequency bandwidth higher than the first fre-
quency bandwidth, and when it is assumed that a
center frequency of the second frequency bandwidth
has awavelength A, in the air, the wavelength short-
ening coefficient of the windshield is k, and a wave-
length 4, in the windshield is equal to 1o x k, the
distance between the power feeder unit and an end
portion being opposite to the power feeder unit of
the third antenna elementis (1/8) x Ago Or greater to
(7/8) X Lgp OF less.

The vehicle windshield provided with a glass anten-
na according to claim 5,

wherein the third antenna element has a length of
16 mm or greater to 114 mm or less.

The vehicle windshield provided with a glass anten-
na according to any one of claims 1to 7,

wherein the glass antenna receives a predetermined
firstfrequency bandwidth, and a predetermined sec-
ond frequency bandwidth higher than the first fre-
quency bandwidth, and when it is assumed that a
center frequency of the firstfrequency bandwidth has
a wavelength Ly, in the air, the wavelength shorten-
ing coefficient of the windshield is k, and a wave-
length 244 in the windshield is equal to 144 X k, the
distance between the power feeder unit and end por-
tions being opposite to the power feeder unit of the
first antenna element and the second antenna ele-
ment is (5/32) x A4, or greater to (5/16) x 144 or less.
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10

9.

10.

1.

12.

13.

14.

The vehicle windshield provided with a glass anten-
na according to any one of claims 1 to 7,

wherein the first antenna element and the second
antenna element have a length of 145 mm or greater
to 289 mm or less.

The vehicle windshield provided with a glass anten-
na according to any one of claims 1 to 9,

wherein the glass antenna has a ground-side power
feeder unit in the vicinity of the power feeder unit.

The vehicle windshield provided with a glass anten-
na according to claim 10,

wherein the glass antenna has a fourth antenna el-
ement configured to extend horizontally from the
ground-side power feeder unit in a side opposite to
the power feeder unit.

The vehicle windshield provided with a glass anten-
na according to claim 10 or 11,

wherein the glass antennareceives apredetermined
first frequency bandwidth, and a predetermined sec-
ond frequency bandwidth higher than the first fre-
quency bandwidth, and when it is assumed that a
center frequency of the first frequency bandwidth has
a wavelength 14 in the air, the wavelength shorten-
ing coefficient of the windshield is k, and a wave-
length Ag4q in the windshield is equal to 144 X k, the
distance between the power feeder unit and end por-
tions being opposite to the power feeder unit of the
first antenna element and the second antenna ele-
mentis (9/64) x kg1 or greater to (15/64) x 144 or less.

The vehicle windshield provided with a glass anten-
na according to claim 10 or 11,

wherein the first antenna element and the second
antenna element have a length of 130 mm or greater
to 217 mm or less.

The vehicle windshield provided with a glass anten-
na according to any one of claims 1 to 13,

wherein the first antenna element and the second
antenna element have a diagonally extending por-
tion whose length is 10 mm or greater.
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