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(54)  Vehicular glass antenna

(67)  ltis an object of the present invention to provide
a vehicular glass antenna which can be expected to be
a larger improvement of an antenna sensitivity.

[Means for solving task]

There is provided with a vehicular glass antenna in
which a coaxial cable is disposed between an antenna
element and areceiver, characterized in that the antenna
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element is constituted by a positive pole side conductor
section and a negative pole side conductor section; a
part of the positive pole side conductor section and a part
of the negative pole side conductor are separated from
each other and overlapped on each other with an overlap
gap gin avertical direction of a glass surface to constitute
an overlap part.

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 924 803 A1 2

Description
[Technical field]

[0001] The present invention relates to a vehicular
glass antenna disposed on a window glass of an auto-
motive vehicle.

[Background of the invention]

[0002] A vehicular glass antenna has been used for
receiving electric waves in an FM band through an UHF
band such as an FM broadcasting, an DAB (Digital Audio
Broadcasting: a digital terrestrial radio broadcasting),
and a digital terrestrial television broadcasting or for re-
ceiving the electric waves of a microwave band such as
GPS. In such a vehicular glass antenna as described
above, a dimension and a shape of a window glass are
different depending upon a vehicle to be attached and a
position of the window glass. Hence, it is often difficult to
obtain a favorable antenna sensitivity.

[0003] For example, a patent document 1 describes
the vehicular glass antenna which obtains a sufficient
antennagain evenin anarrow area. As a feeding terminal
of such aglass antenna as described above, forexample,
a feeding terminal constituted by a catcher as described
in a patent document 2 and a connector as described in
a patent document 3 is used, the catcher being equipped
with a signal connection terminal section and a ground
connection terminal section. Then, the signal connection
terminal section is connected to an antenna side feeding
section and the ground connection terminal section is
connected to an earth side feeding section.

[0004] Furthermore, a patent document 4 describes
the vehicular glass antenna in which a part of a conduc-
tive wire strip extended from a positive feeding point and
constituted by a horizontal component and a vertical
component is extended so as to close to one side of a
negative feeding point and this part is closed to a second
conductive wire extended from the negative feeding point
so that a phase between the horizontal component and
the vertical component is made different, thus electric
waves of a circularly polarized wave can favorably be
received.

[Pre-published document]
[Patent document]
[0005]

[Patent document 1] A Japanese Patent Application
First Publication (tokkai) No. 2010-114782.
[Patent document 2] A Japanese Patent Application
First Publication (tokkai) No. 2008-300267.
[Patent document 3] A Japanese Patent Application
First Publication (tokkai) No. 2008-035479.
[Patent document 4] A Japanese Patent Application
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First Publication (tokkai) No. 2003-273625.
[Summary of the invention]
[Task to be solved by the invention]

[0006] Conventionally, such a method has been used
in which, in a case where the vehicular glass antenna is
formed using the antenna feeding terminal as described
in patent documents 2 and 3, a size of an earth side
feeding section is as large as possible so that an outer
conductor of a coaxial cable connected to the antenna
feeding terminal is favorably grounded and a favorable
antenna sensitivity can be achieved as described in pat-
ent document 1. However, such a method as described
above does not positively adjust an input impedance of
the antenna by changing the shape of the earth side feed-
ing section.

[0007] Inthe vehicular glass antenna described in pat-
ent document 4, the phase adjustment can be carried
out by approaching the conductor wire strip extended
from the feeding point of the positive pole side to the
negative side feeding point and to the second conductive
wire strip extended from the negative pole side. Hence,
the circularly polarized wave can favorably be received.
However, in a case where a reception performance with
respect to the electric wave of a certain polarized plane
wave is increased, a large effect cannot be obtained.
[0008] Inacase where, inthe vehicular glass antenna,
the coaxial cable is connected to an antenna element,
an electric current is caused to flow through an outside
of the outer conductor of the coaxial cable so that the
outer conductor is operated as a part of antenna and an
impedance of the antenna is varied. To avoid this, itis a
general practice that the outer conductor of the coaxial
cable is grounded at a proximity section of the antenna
element so that the variation of the impedance is sup-
pressed.

[0009] However, when the digital terrestrial television
broadcasting glass antenna is mounted in the vehicle,
for a design convenience, the outer conductor of the co-
axial cable is needed to be grounded at a location which
is remote from the antenna element. Consequently, a
distance between the antenna element and the grounded
location becomes long as compared with a wavelength
and an impedance of a proximity section of the antenna
element becomes high.

[0010] ltis, therefore, an object of the presentinvention
to provide a vehicular glass antenna which can assure a
large improvement of the antenna sensitivity by easily
matching an input impedance of the vehicular glass an-
tenna with a characteristic impedance of the coaxial ca-
ble to be connected to the vehicular glass antenna, even
in a case where the outer conductor of the coaxial cable
is grounded at the location remote from the antenna el-
ement.
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[Means for solving the task]

[0011] According to the presentinvention, there is pro-
vided with a vehicular glass antenna in which a coaxial
cable is disposed between an antenna element and a
receiver, characterized in that the antenna element is
constituted by a positive pole side conductor section and
a negative pole side conductor section; a part of the pos-
itive pole side conductor section and a part of the negative
pole side conductor are separated from each other and
overlapped on each other with an overlap gap g in a ver-
tical direction of a glass surface to constitute an overlap
part.

[0012] In addition, according to the present invention,
there is provided with the vehicular glass antenna de-
scribed above, characterized in that, at the overlap part
between the positive pole side conductor section and the
negative pole side conductor section, the negative pole
side conductor section is located at an upper part of the
positive pole side conductor section in the vertical direc-
tion on the glass surface.

[0013] Furthermore, according to the present inven-
tion, there is provided with the vehicular glass antenna
described above, characterized in that the positive pole
side conductor section includes a positive pole side feed-
ing section and a positive pole side element; the negative
pole side conductor section includes the negative pole
side feeding section.

[0014] Furthermore, according to the present inven-
tion, there is provided with the vehicular glass antenna
described above, characterized in that the negative pole
side conductor section further includes a negative pole
side element extended from the negative pole side feed-
ing section.

[0015] Furthermore, according to the present inven-
tion, there is provided with the vehicular glass antenna
described above, characterized in that a part of the pos-
itive pole side element and a part of the negative pole
side element are separated from each other with an over-
lap gap g to form an overlap part between the positive
pole side conductor section and the negative pole side
conductor section.

[0016] Furthermore, according to the present inven-
tion, there is provided with the vehicular glass antenna
described above, characterized in that the antenna ele-
ment further includes a feeding terminal, the positive pole
side conductor section includes a positive pole purpose
metal fitting of the feeding terminal and the negative pole
side conductor section further includes a negative pole
purpose metal fitting of the feeding terminal, the positive
pole purpose metal fitting or the negative pole purpose
metalfitting is separated from the negative pole side feed-
ing section or the positive pole side feeding section with
an overlap gap g to form an overlap part between the
positive pole side conductor section and the negative
pole side conductor section.

[0017] Then, according to the present invention, there
is provided with the vehicular glass antenna described
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above, characterized in that the overlap part between the
positive pole side conductor section and the negative
pole side conductor section is inserted between a con-
nection point to the coaxial cable and the positive pole
side element when the antenna element is connected to
the coaxial cable.

[0018] The glass antenna according to the present in-
vention is provided with an overlap part in which a part
of the positive pole side conductor section and a part of
the negative pole side conductor section, the positive
pole side conductor section and the negative pole side
conductor section constituting an antenna element, are
separated from each other and overlapped in a vertical
direction on a glass surface. Hereinafter, this separated
gap is called " overlap gap g ". This overlap part forms a
conductancein an equivalent circuit. Hence, the conduct-
ance can be adjusted by adjusting this overlap gap g
and/or an area (length d x width e) of the overlap part.
[0019] Then, according to the present invention, there
is provided with the vehicular glass antenna described
above, characterized in that the overlap gap g is from
0.5mm to 1.5mm.

[0020] In addition, according to the present invention,
there is provided with the vehicular glass antenna de-
scribed above, characterized in that an area of the over-
lap part between the positive pole side conductor section
and the negative pole side conductor section is 10mm?2
through 300mm?2.

[0021] In addition, according to the present invention,
there is provided with the vehicular glass antenna de-
scribed above, characterized in that the glass antenna
is a glass antenna for receiving a terrestrial digital tele-
vision broadcasting.

[Effect of the invention]

[0022] Since, according to the present invention, the
input impedance of the antenna can largely be adjusted
by adjusting the overlap gap g and/or the area of the
overlap part (length d x width e), the input impedance of
the antenna easily matches with the characteristic im-
pedance of the coaxial cable connected to the vehicular
glass antenna according to the present invention. Thus,
a large improvement of an antenna sensitivity could be
achieved.

[Brief description of the drawings]
[0023]

Fig. 1(a) is a longitudinal cross sectional view cut
away along a center line f shown in Fig. 1(b) and Fig.
1(b) is a view of a vehicular glass antenna in a first
preferred embodiment according to the present in-
vention as viewed from a vehicular inside.

Fig. 2(a) is a longitudinal cross sectional view cut
away along center line f shown in Fig. 2(b) and Fig.
2(b) is a view of the vehicular glass antenna in a
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second preferred embodiment according to the
present invention as viewed from the vehicular in-
side.

Fig. 3(a) is a longitudinal cross sectional view cut
away along center line f shown in Fig. 3(b) and Fig.
3(b) is a view of the vehicular glass antenna in a third
preferred embodiment according to the present in-
vention as viewed from the vehicular inside.

Fig. 4(a) is a view representing a structure of a catch-
er and a connector of a feeding terminal used in the
first through third preferred embodiments, particu-
larly a view viewed from a lower side of the catcher
and the connector,

Fig. 4(b) is a view representing the structure of the
catcher and the connector of the feeding terminal
used in the first through third preferred embodi-
ments, particularly a view viewed from an upper side
of the catcher and the connector, and Fig. 4(c) is a
view representing the structure of the catcher and
the connector of the feeding terminal used in the first
through third preferred embodiments, particularly a
view viewed from a side of the catcher and the con-
nector.

Fig. 5is an equivalent circuit diagram of the vehicular
glass antenna according to the present invention.
Fig. 6 is a view as viewed from the vehicular inside
when the antenna in the third preferred embodiment
is disposed on a front windshield (a front window
glass) of the vehicle.

Fig. 7 is a view as viewed from the vehicular inside
when the antenna in the third preferred embodiment
is disposed on a rear windshield (a rear window
glass) of the vehicle.

Fig. 8 is a view as viewed from the vehicular inside
when the antenna in the third preferred embodiment
is disposed on a side windshield (side window glass)
of the vehicle.

Fig. 9 is a plan view of the vehicular glass antenna
in a reference example 1 according to the present
invention for which a simulation is carried out.

Fig. 10 is a plan view of the vehicular glass antenna
in a reference example 2 according to the present
invention for which a simulation is carried out.

Fig. 11 is a plan view of the vehicular glass antenna
in a reference example 3 according to the present
invention for which a simulation is carried out.

Fig. 12 is a graph representing a simulation result
related to the vehicular glass antenna of reference
example 1 according to the present invention.

Fig. 13 is a graph representing a simulation result of
a condition 1 related to the vehicular glass antenna
of reference example 2 according to the present in-
vention.

Fig. 14 is a graph representing a simulation result of
a condition 2 related to the vehicular glass antenna
of reference example 2 according to the present in-
vention.

Fig. 15 is a graph representing a simulation result
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related to the vehicular glass antenna of reference
example 3 according to the present invention.

[Preferred embodiments for carrying out the inven-
tion]

[0024] Figs. 1(a) through 3(b) are views of a vehicular
glass antenna in each of various preferred embodiments
viewed from a vehicular inside. In the following explana-
tion, when it is said that it is a vertical direction with re-
spect to a glass surface, it is a direction directed from the
glass surface on which the vehicular glass antenna ac-
cording to the present invention is disposed toward the
vehicular inside, viz., a direction denoted by an arrow
mark Z in Figs. 1(a) through 3(b). In addition, when
"upper"," lower"," left ", and "right" are said in the spec-
ification, unless otherwise specified, in the drawings, they
indicate that an upper side is present with respect to a
certain criterion, a lower side is present, a leftward is
present, and a rightward is present.

<First preferred embodiment>

<A structure in which a negative pole side conductor sec-
tion and a positive pole side conductor section are re-
motely disposed on the window glass: an embodiment
in which a negative pole side feeding section which is a
part of the negative pole side conductor section and a
positive pole purpose metal fitting which is a part of the
positive pole side conductor section are remotely dis-
posed on the window glass and overlapped on each oth-
er>

[0025] The glass antenna according to the present in-
vention can take a structure as in a first preferred em-
bodiment shown in Figs. 1(a) and 1(b). Fig. 1(b) is a view
of the glass antenna in the first embodiment viewed from
the vehicular inside. The glass antenna in the preferred
embodiment is formed on a vehicular inside surface side
of the window glass. In addition, Fig. 1(a) is a view rep-
resenting a longitudinal cross section cut away along a
center line f of a feeding terminal 2 in Fig. 1(b).

[0026] The glass antenna according to the present in-
vention takes the following structure as the positive pole
side conductor section and the negative pole side con-
ductor section constituting an antenna element 1. That
is to say, as the positive pole side conductor section, a
positive pole side feeding section 13 and a positive pole
side element 11 are disposed on window glass 6. Positive
pole side element 11 is further constituted by, for exam-
ple, a positive pole side element first wire strip 111 ex-
tended from positive pole side feeding section 13 and a
positive pole side element second wire strip 112
branched from positive pole side element first wire strip
111, remote from positive pole side element first wire
strip 111, and extended in parallel to positive pole side
element first wire strip 111 on the same glass surface as
the positive pole side element first wire strip 111.
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[0027] In addition, the negative pole side conductor
section includes: a negative pole side feeding section 14
disposedremotely, for example, longitudinally on the win-
dow glass from positive pole side feeding section 13; and
a negative pole side element 12.

Negative pole side element 12 is further constituted by:
for example, a negative pole side element first wire strip
121 extended from negative pole side feeding section
14; and a negative pole side element second wire strip
122 extended similarly from negative pole side feeding
section 14, remotely disposed from negative pole side
element first wire strip 121, and extended in parallel to
negative pole side element first strip 121 on the same
glass surface.

[0028] In the glass antenna in the first preferred em-
bodiment, feeding terminal 2 is used to connect a coaxial
cable 3 to connect between a receiver (not shown) and
antenna element 1 of the vehicular glass antenna in this
embodiment. The structure of feeding terminal 2 will be
described later. It should be noted that, in the vehicular
glass antenna in this embodiment, a distance between
antenna element 1 and a ground location of an outer
contact of coaxial cable 3 is 20cm and, in an ordinary
case, the distance is equal to or shorter than 25cm. If the
distance becomes longer than 25cm, a high frequency
wave current flowing through the outer conductor of the
coaxial cable is often resonated. Thus, this is not prefer-
able.

[0029] Feeding terminal 2 used in the glass antenna
in thisembodimentincludes: a catcher 21 previously con-
nected to the vehicular inside surface of a window glass
6 as shown in Fig. 1(a); and a connector 25 connected
to catcher 21. One end of coaxial cable 3 is connected
to connector 25 and the other end of coaxial cable 3 is
connected to the receiver. When feeding terminal 2 is
connected to the window glass, a positive pole purpose
metal fitting 22 and a negative pole purpose metal fitting
23 are remotely disposed and faced against each other
with an overlap gap g from window glass 6.

[0030] Positive pole purpose metal fitting 22 includes:
a positive pole side contact 221; and a positive pole pur-
pose metal fitting housing section 222 connected from
positive pole side contact 221 and arranged on a rear
surface of catcher 21. Positive pole side contact 221 is
connected to positive pole side feeding section 13 by
means of a soldering and/or a conductive adhesive.

In addition, positive pole side metalfitting housing section
222 includes an inclination section 222a at the connec-
tion location with positive pole side contact 221. When
feeding terminal 2 is attached onto window glass 6, gap
g can be formed between a part of positive pole purpose
metal fitting housing section 222 and window glass 6.
[0031] Negative pole purpose metal fitting 23 includes:
a negative pole side contact 231; and a negative pole
purpose metal fitting housing section 232 connected from
negative pole side contact 231 and arranged onto the
rear surface of catcher 21. Negative pole side contact
231 is connected to negative pole side feeding section
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13 by means of the soldering and/or conductive adhe-
sive. In addition, negative pole side metal fitting housing
section 232 includes an inclination section 232a at the
connection location with positive pole side contact 231.
When feeding terminal 2 is attached onto window glass
6, gap g can be formed between a part of negative pole
purpose metal fitting housing section 232 and window
glass 6.

[0032] Then, positive pole purpose metalfitting 22 con-
stitutes a part of the positive pole side conductor section
and negative pole purpose metal fitting 23 constitutes a
part of the negative pole side conductor section. In other
words, in the glass antenna in the first embodiment, the
positive pole side conductor sectionis constituted by pos-
itive pole side feeding section 13, positive pole side ele-
ment 11, and positive pole purpose metal fitting 22. Neg-
ative pole side conductor section is constituted by neg-
ative pole side feeding section 14, negative pole side
element 12, and negative pole purpose metal fitting 23.
[0033] In the glass antenna in this preferred embodi-
ment, negative pole side feeding section 14 includes: a
negative pole side feeding section first section 141 to be
connected to negative pole side contact 231; and a neg-
ative pole feeding section second section 142 formed to
be extended from negative pole side feeding section first
section 141 toward a direction of positive pole side feed-
ing section 13. Inthe firstembodiment, a width of negative
pole side feeding first section 141 and a width of negative
pole side feeding section second section 142 are the
same. However, the width of negative pole side feeding
section second section 142 can be varied regardless of
the width of negative pole side feeding section first sec-
tion 141.

[Structure of the overlap part]

[0034] Furthermore, positive pole purpose metal fitting
housing section 222 is formed to be extended from pos-
itive pole side feeding section 13 toward the direction of
negative pole side feeding section 14. Then, a part of a
lower end side of positive pole purpose metal fitting hous-
ing section 222 and a partof an upper end side of negative
pole side feeding section second section 142 form an
overlap part between the positive pole side conductor
section and the negative pole side conductor section with
a width e, a length d, and an overlap gap g. In this way,
negative pole side feeding section second section 142
is disposed to be overlapped on positive pole purpose
metal fitting housing section 222 with a gap in an upward
direction. In Fig. 1(b), positive pole side feeding section
13 and negative pole side feeding section 14 are denoted
by oblique lines and positive pole purpose metal fitting
22 and negative pole purpose metal fitting 23 are denoted
by dot lines. In the glass antennain the firstembodiment,
width e, length d, and a length of overlap gap g are 6mm,
15mm, and 1mm, respectively, and an area (length d x
width e) of the overlap part is 90mm?2.

[0035] In the glass antenna according to the present
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invention, there are many cases where antenna element
1formed on window glass 6 is connected to coaxial cable
3 via feeding terminal 2. As in the case of the glass an-
tennain the first preferred embodiment, positive pole pur-
pose metal fitting housing section 222 which is a part of
positive pole side metal fitting 22 of feeding terminal 2
can be overlapped on the negative pole side conductor
section which is upwardly remote from positive pole pur-
pose metal fitting housing section 222 as the positive
pole side conductor section. Hence, it is not necessary
to dispose a special structure in order to provide an over-
lap part between the positive pole side conductor section
and the negative pole side conductor section and the
structure of the glass antenna according to the present
invention can be simplified.

[Explanation of an operation of the glass antenna in the
first preferred embodiment]

[0036] Since, in the glass antenna in the first embodi-
ment, the overlap part between the positive pole side
conductor section and the negative pole side conductor
section is formed so that a circuit as shown in an equiv-
alent circuit diagram shown in Fig. 5 is formed.

[0037] In Fig. 5, an impedance denoted by Z, repre-
sents an input impedance in a case where the glass an-
tenna is not provided with the overlap part between the
positive pole side conductor section and the negative
pole side conductor section as in the case of the first
preferred embodiment according to the present inven-
tion. R4 denotes a radiation resistance representing a
consumption of an electric wave radiated toward a space,
L4 and C, denote an inductance of the antenna and a
conductance of the antenna, respectively, and Z, can be
expressed in the following equation 1.

[Equation 1]

1
Zl =jZU' Ll '-'-5 +Rl

1

[0038] In a case where antenna element 1 is provided
with the overlap part between the positive pole side con-
ductor section and the negative pole side conductor sec-
tion as in the case of the glass antenna in the first em-
bodiment, this overlap part forms a conductance C,.
Then, since such a location of the overlap part as de-
scribed above is provided, an impedance Z, in parallel
toimpedance Z, is provided. Impedance Z, is expressed
by conductance C, in the following equation 2.
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[Equation 2]

1
jaC,

Zz=

[0039] The glass antenna in the first preferred embod-
iment provides a parallel circuit between Z, and Z,. Input
impedance Z; can be expressed in the following equation
3.

[Equation 3]

[0040] Inthe glass antennain this embodiment, a mag-
nitude of Z, can be adjusted by adjusting overlap gap g
of the overlap part between the positive pole side con-
ductor section and the negative pole side conductor sec-
tion, the area (d x e) of the overlap part, and so forth. The
inputimpedance of the glass antenna in this embodiment
can be closed to the characteristic impedance of coaxial
cable 3to which the glass antenna in the firstembodiment
is connected. Hence, a transmission loss can be reduced
and it becomes possible to improve the antenna sensi-
tivity.

[0041] In the glass antenna in the first embodiment, it
is preferable that overlap gap gis 0.5 ~ 1.5mm. Itis more
preferable that overlap gas gis 0.7 ~ 1.3mm. As overlap
gap g is made narrower, an electric capacitance be-
comes larger and the impedance can be reduced. How-
ever, there is a tendency that a manufacturing of the ter-
minal structure becomes difficult.

[0042] In the glass antenna in the first preferred em-
bodiment, it is preferable that the area (d x e) of the over-
lap part is 10 ~ 300mm?2 although it depends upon the
impedance of the antenna to be matched. It is more pref-
erable that the area is 30 ~ 150mm2. If the area of the
overlap part is wider, the electrical capacitance is made
larger and the impedance can be reduced.

[0043] In the equivalent circuit shown in Fig. 5, only
conductance C, is described as Z,. Not only conductance
C, but also the element is added and the shape of the
feeding section is varied due to the provision of the over-
lap part between the positive pole side conductor section
and the negative pole side conductor section. Hence,
ordinarily, not only conductance C, but also the radiation
resistance and the inductance are added. In this way,
newly additions of radiation resistance and the induct-
ance contributes on the improvement of the antenna sen-
sitivity of the glass antenna in this embodiment.
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<Second embodiment>

<Embodiment in which the negative pole purpose metal
fitting which is a part of the negative pole side conductor
section and the positive pole side feeding section which
is a part of the positive pole side conductor section are
remotely disposed on the window glass and are over-
lapped on each other>

[0044] The glass antenna according to the present in-
vention can take the structure as a second preferred em-
bodiment shown in Figs. 2(a) and 2(b).

[0045] Fig.2(b)is a view of the vehicular glass antenna
in the second preferred embodiment viewed from the ve-
hicular inside and the vehicular antenna in this embodi-
ment is formed on a vehicular inside surface of the win-
dow glass. In addition, Fig. 2(a) is a view of the vehicular
window glass antennarepresenting a longitudinally cross
section cut away along center line f of feeding terminal
2 in Fig. 2(b).

[0046] In the vehicular glass antenna in the second
preferred embodiment, in the same way as the vehicular
glass antenna in the first embodiment, feeding terminal
2 is used to connect coaxial cable 3 which connects be-
tween the receiver and the antenna element of the win-
dow glass antenna in this embodiment.

[0047] In the vehicular glass antenna in the second
preferred embodiment, a part of the positive pole side
conductor section is located at an upper partin a vertical
direction of the glass surface with respect to a part of the
negative pole side conductor section to constitute an
overlap part between the positive pole side conductor
section and the negative pole side conductor section.
This is a difference point from the first embodiment.
[0048] That is to say, in the window glass antenna in
the first embodiment, negative pole side feeding section
14 includes: negative pole side feeding section first sec-
tion 141 to which negative pole side contact 231 of feed-
ing terminal 2 is connected; and negative pole side feed-
ing section second section 142 connected to negative
pole side feeding section first section 141 and extended
toward the direction of positive pole side feeding section
13. On the other hand, in the window glass antenna in
the second preferred embodiment, positive pole side
feeding section 13 includes: a positive pole side feeding
section first section 131 to which the positive pole side
contact of feeding terminal 2 is connected; and a positive
pole side feeding section second section 132 connected
to positive pole side feeding section first section 131 and
extended toward the direction of negative pole side feed-
ing section 14 from a lower side of positive pole side
feeding section first section 131 by a length j.

[0049] Then, in the glass antenna in the first embodi-
ment, positive pole purpose metal fitting housing section
222 constituting feeding terminal 2 is extended toward
the direction of negative pole purpose metal fitting hous-
ing section 232 and is formed to be an overlap part to
overlap on negative pole side feeding section second
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section 142 with overlap gap g. However, in the glass
antenna in the second preferred embodiment, negative
pole purpose metal fitting housing section 232 constitut-
ing feeding terminal 2 is extended toward the direction
of positive pole side metal fitting housing section 222 and
forms the overlap part with positive pole side feeding sec-
tion second section 132 with width e, length d, and over-
lap gap g to constitute the overlap part between the pos-
itive pole side conductor section and the negative pole
side conductor section. In this way, in the glass antenna
in the second embodiment, positive pole side feeding
section second section 132 is used to overlap negative
pole side metal fitting housing section 232, space apart
from negative pole purpose metal fitting housing section
232 by overlap gap g. Since, in many of feeding terminal
2, the length of negative pole purpose metal fitting hous-
ing section 232is longer than that of positive pole purpose
metal fitting housing section 222, in a case where feeding
terminal 2 is used to form the overlap part between the
positive pole side conductor section and the negative
pole side conductor section, it is desirable to form the
structure of the glass antenna in the second embodiment.
[0050] Then, one end of positive pole side element first
wire strip 111 constituting positive pole side element 11
is connected to positive pole side feeding section first
section 131.

[0051] The other parts of the glass antenna in the sec-
ond embodiment are the same as the structure of the
glass antenna in the first embodiment.

[0052] In the glass antenna in this preferred embodi-
ment, a width of positive pole side feeding section second
section 132 is narrower than a lateral width of positive
pole side feeding section first section 131 constituting
positive pole side feeding section 13.

[0053] In addition, positive pole side feeding section
second section 132 is connected to positive pole side
feeding section first section 131 so that a right side of
positive pole side feeding section second section 132 is
connected to a right side of positive pole side feeding
section first section 131.

[Structure of the overlap part]

[0054] Ordinarily, it is difficult to modify a dimension of
positive pole purpose metal fitting 22 of the feeding ter-
minal and the dimension of negative pole purpose metal
fitting 23 since the modifications of the dimensions of
positive pole purpose metal fitting 22 and negative pole
purpose metal fitting 23 largely affect a performance of
the feeding terminal. Therefore, in a case where a part
of negative pole purpose metal fitting 23 and a part of
positive pole side feeding section 13 are separated and
overlapped with overlap gap g to form the overlap part
so as to constitute the overlap part between the positive
pole side conductor section and the negative pole side
conductor section, it is preferable that the width, the
length, and the position of positive pole purpose feeding
section second section 132 constituting positive pole side
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feeding section 13 are adjusted to adjust the dimension
of the overlap part and an input impedance at a desired
frequency band of the glass antenna in the second pre-
ferred embodiment is adjusted to match with the charac-
teristic impedance of coaxial cable 3 to be connected. In
Fig. 2(b), positive pole side feeding section 13 and neg-
ative pole side feeding section 14 are denoted by oblique
lines and positive pole purpose metal fitting 22 and neg-
ative pole purpose metal fitting 23 are denoted by dot
lines.

[0055] Inthe window glass antenna in the second pre-
ferred embodiment, width e, length d, and the length of
overlap gap g are 3mm, 15mm, and 1mm, respectively,
and area (length d x width e) of the overlap part is 45mm?2.

[Operation characteristic of the window glass antenna in
the second preferred embodiment]

[0056] Since an explanation of the operation of the
overlap part between the positive pole side conductor
section and the negative pole side conductor section is
the same as the first preferred embodiment, the expla-
nation thereof will herein be omitted.

<Third preferred embodiment>

<An embodimentin which the negative pole purpose met-
alfitting whichis a part of the negative pole side conductor
section and the positive pole side feeding section which
is a part of the positive pole side conductor section are
separated from each other onthe window glass and over-
lapped and a case where the overlap part between the
positive pole side conductor section and the negative
pole side conductor section is disposed on a terminal
section of the coaxial cable and the positive pole side
element>

[0057] The window glass antenna according to the
present invention can take the third preferred embodi-
ment shown in Figs. 3(a) and 3(b). Fig. 3(b) is a view of
the window glass antenna in the third preferred embod-
iment viewed from the vehicular inside. The glass anten-
na in the third preferred embodiment is formed on the
vehicular inside surface of the window glass. In addition,
Fig. 3(a) is a view representing a longitudinally cross sec-
tion cut away along center line f of feeding terminal 2
shown in Fig. 3(b).

[0058] In the glass antenna in the third preferred em-
bodiment, feeding terminal 2 is used to connect coaxial
cable 3 which connects between the receiver and the
glass antenna in this embodiment in the same way as
the glass antenna in the second preferred embodiment.
Feeding terminal 2 is denoted by the dot line in Fig. 3(b)
in the same way as the second preferred embodiment in
Fig. 2(b).

[0059] In the glass antenna in the third preferred em-
bodiment, a location at which positive pole side element
first wire strip 111 is connected to positive pole side feed-
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ing section second section 132 is a terminal section of
negative pole side feeding section 14 side. This is a dif-
ference point from glass antenna 1 in the second pre-
ferred embodiment and the other structures of the win-
dow glass antenna in the third embodiment are the same
as that in the second embodiment.

[Structure of the overlap part]

[0060] In the glass antenna in the third preferred em-
bodiment, the overlap part between the positive pole side
conductor section and the negative pole side conductor
section is interposed between positive pole side element
first wire strip 111 and coaxial cable 3 connected to the
receiver. In the third preferred embodiment, the above-
described structure is taken so that width e and length d
of the overlap part between the positive pole side con-
ductor section and the negative pole side conductor sec-
tion are variably adjusted. Thus, the input impedance in
the desired frequency band of the glass antenna in the
third preferred embodiment is easier to be varied than
the glass antenna in the second preferred embodiment.
Thus, the input impedance is easily matched with the
characteristic impedance of coaxial cable 3. In the glass
antenna in the third preferred embodiment, width e,
length d, and the length of overlap gap g are 3mm, 15mm,
and 1 mm, respectively, and area (length d x width e) of
the overlap part is 45mm2.

[Operational characteristic of the window glass antenna
in the third preferred embodiment]

[0061] An explanation of the operation of the overlap
part between the positive pole side conductor section
and the negative pole side conductor section is basically
the same as those of the first and second preferred em-
bodiments. Hence, the explanation thereon will herein
be omitted.

[0062] However, in the glass antenna in the third pre-
ferred embodiment, positive pole side element first wire
strip 111 is structured so that the overlap part between
a part of the positive pole conductor section and a part
of the negative pole conductor section with overlap gap
g is interposed between positive pole side element first
wire strip 111 and a core wire of coaxial cable 3 connected
to the receiver. Hence, a larger influence due to the var-
iation of the length, the width, and the gap of the overlap
part is received than glass antenna 1 in the second pre-
ferred embodiment.

[0063] Therefore, in the glass antenna in the third pre-
ferred embodiment, the adjustment of the input imped-
ance of window glass antenna 1 is easier to be carried
out than the glass antenna in the second preferred em-
bodiment.
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<Preparing method of the glass antenna according to the
present invention>

[0064] A generally available conductive ceramic paste
can be used for positive pole side element 11, negative
pole side element 12, positive pole side feeding section
13, and negative pole side feeding section 14 from among
antenna element 1 of the glass antenna according to the
present invention in the same way as forming a defogger
of the rear window glass (rear windshield), can be printed
in the same method as the defogger, and can be baked
through a heating furnace.

[0065] In addition, concerning the overlap part be-
tween the positive pole side conductor section and the
negative pole side conductor section, a hard conductive
plate material, for example, a copper plate or an alumi-
num plate is bent, or an insulating characteristic spacer
is inserted, the conductive ceramic paste is coated along
the spacer, or copper foil is adhered, or use of a feeding
terminal as will be described later can be formed so that
one of the positive pole side feeding section and the neg-
ative pole side feeding section which is upper than the
other can be separated by the overlap gap g from the
lower side feeding section.

[0066] Furthermore, in a case where the overlap part
between the positive pole side conductor section and the
negative pole side conductor section is formed by feeding
terminal 2, a commercially available good is generally
used for feeding terminal 2. Thus, overlap gap g between
positive pole side contact221 of positive pole side contact
221 of positive pole purpose metal fitting 22 and positive
pole purpose metal fitting housing section 222 and over-
lap gap g between negative pole side contact 231 of the
negative pole purpose metal fitting 23 and negative pole
purpose metal fitting housing section 232 are constant
and cannot be altered.

[0067] Therefore, forexample, in a case where feeding
terminal 2 is used in the window glass antenna in the
third preferred embodiment and positive pole purpose
metal fitting housing section 222 of feeding terminal 2 or
negative pole purpose metal fitting housing section 232
is used for a part constituting the overlap section, thick-
nesses of positive pole side feeding section 13 and neg-
ative pole side feeding section 14 connected, respective-
ly, to positive pole side contact 221 and negative pole
side contact 231 are provided so that overlap gap g of
the overlap part between the positive pole side conductor
section and the negative pole side conductor section can
be adjusted.

It should be noted that, as positive pole purpose metal
fitting 22 and negative pole purpose metal fitting 23, a
metallic plate is generally used and, as the metallic plate,
for example, a brass or copper alloy is used and a tin-
plating is treated on the surface to facilitate the soldering.
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<Connection of the antenna according to the present in-
vention with the receiver>

[0068] In addition, the first preferred embodiment
through the third preferred embodimentindicate the glass
antenna in which positive pole side feeding section 13
and negative pole side feeding section 14 are provided
on the window glass. In such a window glass antenna as
described above, the core wire and the outer conductor
of coaxial cable 3 extended from the receiver (not shown)
are directly or via feeding terminal 2 connected to positive
pole side feeding section 13 and negative pole side feed-
ing section 14, respectively.

< Mounting position of the glass antenna according to
the present invention on the window glass>

[0069] The vehicular glass antenna according to the
presentinvention is mounted at a location of the vehicular
window glass which is inconspicuous from a vehicular
occupant. For example, as shown in Fig. 6, the feeding
section of the glass antenna according to the present
invention is provided on left or right side of the upper side
of the front window glass as shown in Fig. 6, on an upper
part margin section of a defogger 7 of the rear window
glass as shown in Fig. 7, and on a proximity of a side of
the side glass as shown in Fig. 8.

< Feeding terminal used in the window glass antenna
according to the present invention >

[0070] The structure of feeding terminal 2 used in the
first through third preferred embodiments are shown in
Figs. 4(a), 4(b), and 4(c). Fig. 4(a) is a view of feeding
terminal 2 viewed from a lower side of feeding terminal,
Fig. 4(b) is a view of feeding terminal 2 viewed from an
upper side of feeding terminal 2, and Fig. 4(c) is a view
of feeding terminal 2 viewed from a side of feeding ter-
minal 2. In each of the drawings of Figs. 4(a) through
4(c), at the upper part, a catcher 21 is depicted and, at
the lower part, connector 25 is depicted.

[0071] Catcher 21 includes: a box-shaped housing 24
having an opening at an upper side to fit connector 25
thereinto to fix the connector at a predetermined position;
positive pole purpose metal fitting 22; and negative pole
purpose metal fitting 23.

[0072] Positive pole purpose metal fitting 22 includes:
a positive pole side contact 221 connected to positive
pole side feeding section 13 disposed on the window
glass; and a positive pole purpose metal fitting housing
section 222 arranged on alower side of housing 24. Then,
positive pole purpose metal fitting housing section 222
is provided with aninclination section 222a faced against
the positive pole side contact 221. Therefore, when
catcher 21 is disposed on the window glass, an upward
gap is provided between a surface of the window glass
and housing 24 as shown in Fig. 4(c).

[0073] Negative pole purpose metalfitting 23 includes:
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a negative pole side contact 231 connected to negative
pole side feeding section 14 disposed on the window
glass; and a negative pole purpose metal fitting housing
section 232 disposed on a lower surface of housing 24,
in the same way as positive pole side metal fitting 22.
[0074] Then, negative pole purpose housing section
232 is provided with an inclination section 232a against
negative pole side contact 231. Therefore, when catcher
21 is disposed on the window glass, an upward gap is
provided between the surface of the window glass and
housing 24 when catcher 21 is disposed on the window
glass.

[0075] Positive pole purpose metal fitting housing sec-
tion 222 is provided with a positive pole purpose catcher
side engagement section 223 of a pin shape and pene-
trated through a lower surface of housing 24 along a cent-
erlinefin aforward-and-rearward direction of the housing
as shown inFig. 4(b). In addition, negative pole side metal
fitting housing section 232 is provided with a negative
pole purpose catcher side engagement section 233 pen-
etrated through a lower surface of housing 24 and dis-
posed along an inner wall of the side surface of the hous-
ing.

[0076] Connector 25 is of a box shape which matches
with an upper opening of housing 24. Connector 25 in-
cludes: a positive pole purpose connector side engage-
ment section 251 in which positive pole purpose catcher
side engagement section 223 of catcher 21 is inserted
to connect with a core wire side of coaxial cable 3 when
connector 25 is fitted into catcher 21, as shown in Fig.
4(a); and a negative pole purpose connector side en-
gagement section 252 contacted on negative pole pur-
pose catcher section engagement section 233 provided
on an inside side surface of housing 24 of catcher 22 to
connect to the outer conductor of coaxial cable 3 when
connector 25 is fitted into catcher 21, as shown in Figs.
4(a) and 4(b).

[0077] Connector 25 is connected to coaxial cable 3.
The core wire of coaxial cable 3 is connected to positive
pole purpose connector side engagement section 251
and the outer conductor of coaxial cable 3 is connected
to negative pole purpose connector side engagement
section 252.

[0078] Positive pole purpose connector side engage-
ment section 251 is of a cylindrical conductor into which
pin shaped positive pole purpose catcher side engage-
ment section 223 is inserted to be contacted and a con-
duction is obtained.

[0079] Negative pole purpose connector side engage-
ment section 252 is a plate-like conductor disposed on
an outer side surface of connector 25 and a conduction
is obtained when it is contacted on negative pole side
catcher side engagement section 233.

[Execution example]

[0080] The glass antenna in an execution example is
the glass antenna in the third preferred embodiment
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shown in Figs. 3(a) and 3(b).

[0081] Inthe glass antenna in the execution example,
feeding terminal 2 is used to connect to coaxial cable 3
which connects between antenna element 1 of the glass
antenna in the third preferred embodiment and the re-
ceiver.

[0082] In window glass 6, positive pole side feeding
section 13, negative pole side feeding section 14, positive
pole side element 11 extended from positive pole side
feeding section 13, and negative pole side element 12
extended from negative pole side feeding section 14 are
provided.

[0083] Positive pole side feeding section 13 includes:
a positive pole side feeding section first section 131 con-
nected to positive pole side contact 221 of feeding ter-
minal 2; and positive pole side feeding section second
section 132 connected to positive pole side feeding sec-
tion 131 and extended toward the direction of negative
pole side feeding section 14.

A right side of positive pole side feeding section second
section 132 is connected to the right side of positive pole
side feeding section first section 131 so as to coincide
with the right side of the positive pole side feeding section
first section 131.

[0084] Positive pole side element 11 includes positive
pole side element first wire strip 111 and positive pole
side element second wire strip 112. One end of positive
pole side elementfirst strip 111 is connected to a terminal
section of positive pole side feeding section second sec-
tion 132 away from the positive pole side feeding section
first section 131. Positive pole side element first wire strip
111 is extended toward the direction separate from pos-
itive pole side feeding section 13. Then, positive pole
side element second wire strip 112 is connected to a
midway section of positive pole side element first wire
strip 111 and extended in parallel to positive pole side
element first strip 111 in a plane direction of the window
glass.

[0085] Negative pole side element 12 includes a neg-
ative pole side element first wire strip 121 and a negative
pole side element second wire strip 122. One end of neg-
ative pole side element first strip 121 is connected to
negative pole side feeding section 14 and extended in a
direction separate from negative pole side feeding sec-
tion 14. In addition, negative pole side element second
wire strip 122 is connected to negative pole side feeding
section 14 and extended so as to be parallel to negative
pole side element first wire strip 121.

[0086] Positive pole side feeding section 13 and neg-
ative pole side feeding section 14 are connected to pos-
itive pole side contact 221 of positive pole purpose metal
fitting 22 of feeding terminal 2 and negative pole side
contact 231 of negative pole purpose metal fitting 23,
respectively, by means of soldering.

[0087] Infeedingterminal 2, the core wire and the outer
conductor of coaxial cable 3 are connected to positive
pole side feeding section 13 and negative pole side feed-
ing section 14 via positive pole purpose metal fitting 22
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and negative pole purpose metal fitting 23, respectively.
[0088] Positive pole purpose metal fitting 22 includes
positive pole side contact 221 and positive pole purpose
metal fitting housing section 222. An inclination section
222ais provided between positive pole side contact 221
and positive pole purpose metal fitting housing section
222. Negative pole side metal fitting 23 is constituted by
negative pole side contact 231 and negative pole pur-
pose metalfitting housing section 232. Inclination section
232ais provided between negative pole side contact 231
and negative pole purpose metal fitting housing section
232. Then, when feeding terminal 2 is attached onto the
window glass, inclination sections 222a and 232a provide
an upward gap among the surface of the window glass,
positive pole purpose metal fitting housing section 222,
and negative pole purpose metal fitting housing section
232.

[0089] Negative pole purpose metal fitting housing
section 232 is extended toward the direction of positive
pole purpose metal fitting housing section 222. Positive
pole side feeding second section 132 is extended toward
the direction of negative pole side feeding section 14 so
that a part of negative pole purpose metal fitting housing
section 232 and a part of positive pole side feeding sec-
tion second section 132 are separated and overlapped
with overlap gap g to form the overlap part.

[0090] Negative pole purpose metal fitting housing
section 232 becomes slim with respect to the width of
the bottom surface of housing 24 and a part of negative
pole purpose metal fitting housing section 232 is approx-
imately the same width of the bottom surface of housing
24. This is because a fastener is formed to fix negative
pole purpose metal fitting 23 to housing 24.

[0091] Feeding terminal 2 is installed in such a way
that its center line f is coincident with center lines in width
directions of positive pole side feeding section first sec-
tion 131 and negative pole side feeding section 14.
[0092] The following describes dimensions of respec-
tive constituents of the glass antenna in the execution
example.

Positive pole side feeding section first section 131 = width
12mm x length 12mm.

Positive pole side feeding section second section 132 =
width 6mm x length 26mm.

Negative pole side feeding section 14 = width 12mm x
length 12mm

An interval between a lower side of positive pole side
feeding section second section 132 and an upper side
of negative pole side feeding section 14 = 5mm.
Positive pole side element first wire strip 111 = 125mm
Positive pole side element second wire strip 112 = 130
mm (a dimension of a location at which positive pole side
element second wire strip 112 is parallel to positive pole
side element first wire strip 111 = 120mm).

An interval between positive pole side element first strip
111 and positive pole side element second wire strip 112
=10mm.

A connection point of positive pole side element second
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wire strip 112 to positive pole side element first wire strip
111 = a location of 120mm from a tip of positive pole side
element first wire strip 111.

Negative pole side element first strip 121 = 40mm. Neg-
ative pole side element second strip 122 = 50mm.
Aninterval between negative pole side element first wire
strip 121 and negative pole side element second wire
strip 122 = 10mm.

An interval between positive pole side element second
wire strip 112 and negative pole side element first wire
strip 121 = 5mm.

Alength d of the overlap part between positive pole side
feeding section second section 132 and negative pole
purpose metal fitting housing section 232 with overlap
gap g separated from each other = 15mm

A width e of the overlap part between positive pole side
feeding section second section 132 and negative pole
purpose metal fitting housing section 232 with overlap
gap g separated from each other = 3mm.

Overlap gap g of the overlap part between positive pole
side feeding section second section 132 and negative
pole purpose metal fitting housing section 232 with over-
lap gap g separated from each other = 1mm.

It should be noted that a width of each wire stripis 0.7 mm.
[0093] Inthe glass antenna in this execution example,
in the way described above, not only positive pole side
element 11 and negative pole side element 12 but also
apartof positive pole side feeding section second section
132 and a part of negative pole purpose metal fitting
housing section 232 are spaced apart from each other
with overlap gap g and the length and width of the overlap
part are adjusted so that an input impedance of the glass
antenna 1 in this execution example can be adjusted to
match with the characteristic impedance 50 Q of the co-
axial cable connected to glass antenna 1 between
470MHz and 770MHz which is the frequency band of the
terrestrial digitalbroadcasting. Thus, afavorable antenna
sensitivity in the above-described frequency band of the
terrestrial digital broadcasting band could be obtained.
[0094] The following reference examples show how
the input impedance of the glass antenna is varied when
the width and length of the overlap part between positive
pole side feeding section second section 132 and nega-
tive pole purpose metal fitting 23 are varied by changing
variously the magnitude of positive pole side feeding sec-
tion second section 132 in the antenna shape of the ex-
ecution example using a simulation.

From the following reference examples, it is appreciated
thatthe width and the length of the above-described over-
lap part have optimum values to match with the charac-
teristic impedance of coaxial cable 3.

< Reference example 1>

[0095] A reference example 1 indicates a simulation
result. The glass antennain reference example 1 is struc-
tured as shown in Fig. 9.

[0096] The structure and dimension of the glass an-
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tenna in reference example 1 are the same as the glass
antenna in the execution example except the lengths of
positive pole side feeding section second section 132
and positive pole side element first wire strip 111.
[0097] In addition, in the execution example, positive
pole side contact 221 and negative pole side contact 231
are connected to positive pole side feeding section first
section 131 and negative pole side feeding section 14.
However, since this reference example is the simulation
result, positive pole purpose metal fitting 22 and negative
pole purpose metal fitting 23 are line contacted on pos-
itive pole side feeding section first section 131 and neg-
ative pole side feeding section 14, respectively, to pro-
vide a positive pole side contact point 224 and negative
pole side contact point 234.

[0098] In the simulation of reference example 1, a var-
iation of the input impedance in the frequency band of
the terrestrial digital broadcasting is checked when pos-
itive pole side feeding section 132 is moved in the leftward
direction with positive pole side feeding section second
section 132 unchanged from a position at which the right
side of positive pole side feeding section second section
132 is coincident with the right side of positive pole side
feeding first section 131.

[0099] The width of positive pole side feeding section
second section 132 is 1Tmm and constant and the length
of positive pole side element first wire strip 111 is extend-
ed by a leftward movement of positive pole side feeding
second section 132.

[0100] Conditions of the simulation in reference exam-
ple 1 are as follows:

Method of simulation : Finite element method Sup-
posing that a conductive film was formed by copper
on a glass plate

Physical property of the glass plate: relative permit-
tivity: € =7.2, dielectric tangent: tanA=0.005
Physical property of copper: electrical conductivity:
5.8x107S/m

The antenna is arranged in a proximity of the center
of the glass plate.

[0101] Aresultof the inputimpedance of the glass an-
tenna in this execution example obtained by the simula-
tion in reference example 1 is shown in Fig. 12.

[0102] A longitudinal axis in Fig. 12 denotes the input
impedance of glass antenna 1 of this reference example
at the calculated frequencies and a lateral axis denotes
the leftward movement of the right side of positive pole
side feeding section 132 up to 10mm, when the right side
of positive pole side feeding section second section 132
is coincident with the right side of positive pole side feed-
ing section first section 131, viz., with (point a) as Omm.
A solid line denotes the variation of the input impedance
at 600MHz, a dot line denotes the variation of the input
impedance at 700MHz, and a dot-and-dash line denotes
the variation of the input impedance at 500MHz.

[0103] As appreciated from Fig. 12, when, at each of
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the frequencies, positive pole side feeding section sec-
ond section 132 is moved by Omm through 10mm, the
variation of the input impedance of about 20Q2 can be
obtained. In this way, since the input impedance can be
varied largely, the favorable antenna sensitivity can eas-
ily be obtained.

<reference example 2>

[0104] Reference example 2 also indicates the simu-
lation result. Glass antenna 1 in reference example 2 is
shown in Fig. 10. The dimension and the structure of
reference example 2 are the same as the glass antenna
in the execution example except the lengths of positive
pole side feeding section second section 132 and positive
pole side element first wire strip 111. The conditions of
the simulation are the same as those of reference exam-
ple 1.

[0105] In this reference example, the following cases
are checked. That is to say, the width of positive pole
side feeding section second section 132 is, at first, 1mm
and the length of positive pole side feeding section sec-
ond section 132 is constant, condition 1: a case where,
in a state where the right side of positive pole side feeding
section second section 132 is made coincident with the
right side of positive pole side feeding section first section
131 (point a), the width of positive pole side feeding sec-
tion second section 132 is widened toward the leftward
direction: and condition 2: a case where, in a state (point
b) where the center line in the lengthwise direction of
positive pole side feeding section second section 132 is
fixed at a position at which the center line of the length-
wise direction of positive pole side feeding section sec-
ond section 132 matches with the lengthwise center line
of positive pole side feeding first section 131, the width
of positive pole side feeding section second section 132
is widened in the leftward and rightward directions.
[0106] Fromamong the results of the inputimpedance
of the glass antenna in this reference example obtained
by the simulation of reference example 2, condition 1 is
shown in Fig. 13 and condition 2 is shown in Fig. 14.
[0107] In Fig. 13 representing the result of condition 1,
alongitudinal axis of Fig. 13 denotes the inputimpedance
of the glass antenna in condition 1 of reference example
2 at the calculated frequencies and a lateral axis of Fig.
13 denotes a width of positive pole side feeding section
second section 132. Then, a solid line denotes the vari-
ation of the input impedance at 600MHz, a dot line de-
notes the variation of the input impedance at 700MHz,
and a dot-and-dash line denotes the variation of the input
impedance at 500MHz.

[0108] In a case of condition 1, the width of feeding
terminal 2 is 6mm and center line f of feeding terminal 2
in a lengthwise direction of feeding terminal 2 is over-
lapped on the center line of positive pole side feeding
section first section 131. Thus, when the width of positive
pole side feeding section second section 132 is larger
than 3mm, the overlap part is formed between positive
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pole side feeding section second section 132 and nega-
tive pole purpose metal fitting housing section 232. Then,
as shown in Fig. 13, the width of overlap of the overlap
part is 6mm or larger, namely, the overlap value of the
overlap part corresponds to 9mm or larger in Fig. 13. It
is appreciated that when negative pole purpose metal
fitting housing 232 is overlapped on positive pole side
feeding section second section 132 in the width direction,
the inputimpedanceis notlargely varied. Itis appreciated
from this that, concerning the overlap part in which neg-
ative pole purpose metal fitting housing section 232 and
positive pole side power fitting section second section
132 are separated from each other with overlap gap g
and overlapped on each other, if only the width of the
overlap part is widened, the large variation in the input
impedance cannot be obtained.

[0109] In such a state as described above, in a case
where the input impedance of the glass antenna accord-
ing to the present invention is furthermore desired to be
reduced, the width is not widened but the length of the
overlap part may be varied and overlap gap g may be
varied.

[0110] InFig. 14 representing the result of condition 2,
a viewpoint is the same as Fig. 13. In Fig. 14, when the
width of positive pole side feeding section second section
132 becomes equal to or larger than 6mm which is the
same as the width of negative pole purpose metal fitting
housing section 232, the value of the inputimpedance is
not largely varied.

[0111] From the results of condition 1 and condition 2,
when the width of the overlap part between positive pole
side feeding section second section 132 and negative
pole purpose metal fitting housing section 232 with over-
lap gap g is widened up to the width of one of positive
pole side feeding section second section 132 and nega-
tive pole purpose metal fitting housing section 232 which
is wider than the other, the large variation of the input
impedance cannot be obtained if the width described
above is more widened.

[0112] Therefore, whenthe inputimpedanceisactually
varied to obtain the favorable antenna sensitivity, the
width of the overlap part between positive pole side feed-
ing section second section 132 and negative pole pur-
pose metal fitting housing 232 with overlap gap g is pre-
viously matched with the width of one of positive pole
side feeding section second section 132 and negative
pole purpose metal fitting housing section 232 which is
wider than the other and it is efficient to vary the length
of the overlap part.

[0113] It should be noted that, in condition 1, as appre-
ciated from Fig. 13, when the width of positive pole side
feeding section second section 132 is 6mm, the input
impedance is close to the characteristic impedance 50Q
of the coaxial cable at each of 500MHz, 600MHz, and
700MHz.

[0114] Itshould be noted that, in condition 2, as appre-
ciated from Fig. 14, when the width of positive pole side
feeding section second section 132 is 6mm, the input

10

15

20

25

30

35

40

45

50

55

13

impedance is close to the characteristic impedance 50Q
of the coaxial cable at each of 500MHz, 600MHz, and
700MHz.

<Reference example 3>

[0115] A reference example 3 indicates the simulation
result. Glass antenna 1 in reference example 3 has the
structure shown in Fig. 11.

[0116] The dimension and structure of glass antenna
in reference example 3 are the same as those of refer-
ence examples 1 and 2. The condition of the simulation
is the same as reference examples of 1 and 2. However,
the difference point is that, in reference example 3, the
width of positive pole side feeding section second section
132is constant but the length of positive pole side feeding
section second section 132 is varied. Since, in reference
example 3, the length of positive pole side feeding second
section 132 is only varied, the length of positive pole side
element first wire strip 111 is constant.

[0117] In reference example 3, the width of positive
pole side feeding section second section 132 is 12mm
and constant but the length of positive pole side feeding
section second section 132 is varied from 10mm to
25mm. When the length of positive pole side feeding sec-
tion second section 132 is larger than 11mm, positive
pole side feeding section second section 132 and nega-
tive pole purpose metal fitting housing section 232 are
overlapped on each other with overlap gap g to form the
overlap part.

[0118] The result of the input impedance of the glass
antenna in reference example 3 obtained in the simula-
tion of this reference example is shown in Fig. 15. In Fig.
15, the longitudinal axis denotes the input impedance of
glass antenna 1 in the execution example at the calcu-
lated frequencies and the lateral axis denotes the length
of positive pole side feeding section second section 132.
In addition, the solid line denotes the variation of the input
impedance at 600MHz, the dot line denotes the variation
of the inputimpedance at 700MHz, and the dot-and-dash
line denotes the variation of the input impedance at
500MHz.

[0119] As appreciated from Fig. 15, as the length of
positive pole side feeding section second section 132
becomes longer, namely, length d of the overlap part
becomes longer, the input impedance of the antenna in
this reference example becomes smaller.

[0120] It should be noted that when, in glass antenna
1 in this reference example, the length of positive pole
side feeding section second section 132 is approximately
20mm, namely, length d of the overlap part is approxi-
mately 9mm, the value of the input impedance of glass
antenna in this reference example at each of 600MHz,
700Mhz, and 500MHz which is close to characteristic
impedance 50Q of the coaxial cable connected to glass
antenna in this reference example is obtained and, thus,
the favorable antenna sensitivity is obtained.
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[Explanation of signs]

[0121]

1

antenna element

11 positive pole side element

111 positive pole side element first wire strip

112 positive pole side element second wire strip

12 negative pole side element

121 negative pole side element first wire strip

122 negative pole side element second wire strip

13 positive pole side feeding section

131 positive pole side feeding section first section

132 positive pole side feeding section second sec-
tion

14 negative pole side feeding section

141 negative pole side feeding section first section

142 negative pole side feeding section second sec-
tion

2 feeding terminal

21 catcher

22 positive pole purpose metal fitting

221 positive pole side contact

222 positive pole purpose metal fitting housing sec-
tion

222a inclination section

223 positive pole purpose catcher side engagement
section

224 positive pole side contact point

23 negative pole purpose metal fitting

231 negative pole side contact

232 negative pole purpose metal fitting housing sec-
tion

232a inclination section

233 negative pole purpose catcher side engage-
ment section

234 negative pole side contact point

24 housing

25 connector

251 positive pole purpose connector side engage-
ment section

252 negative pole purpose connector side engage-
ment section

3 coaxial cable

6 window glass

61 black edge

7 defogger

71 bus bar

72 heating element

Claims

1. A vehicular glass antenna in which a coaxial cable

(3) is disposed between an antenna element (1) and
a receiver, characterized in that the antenna ele-
ment (1) is constituted by a positive pole side con-
ductor section and a negative pole side conductor
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section; a part of the positive pole side conductor
section and a part ofthe negative pole side conductor
are separated from each other and overlapped on
each other with an overlap gap g in a vertical direction
of a glass surface to constitute an overlap part.

The vehicular glass antenna as claimed in claim 1,
characterized in that, at the overlap part between
the positive pole side conductor section and the neg-
ative pole side conductor section, the negative pole
side conductor section is located at an upper part of
the positive pole side conductor sectionin the vertical
direction on the glass surface.

The vehicular glass antenna as claimed in either
claim 1 or 2, characterized in that the positive pole
side conductor section includes a positive pole side
feeding section (13) and a positive pole side element
(11); the negative pole side conductor section in-
cludes a negative pole side feeding section (14).

The vehicular glass antenna as claimed in claim 3,
characterized in that the negative pole side con-
ductor section further includes a negative pole side
element (12) extended from the negative pole side
feeding section (14).

The vehicular glass antenna as claimed in claim 3,
characterized in that a part of the positive pole side
element (11) and a part of the negative pole side
element (12) are separated from each other with an
overlap gap g to form an overlap part between the
positive pole side conductor section and the negative
pole side conductor section.

The vehicular glass antenna as claimed in either
claim 3 or 4, characterized in that the antenna el-
ement (1) further includes a feeding terminal (2), the
positive pole side conductor section includes a pos-
itive pole purpose metal fitting (22) of the feeding
terminal (2) and the negative pole side conductor
section furtherincludes a negative pole purpose met-
al fitting (23) of the feeding terminal (2), the positive
pole purpose metal fitting (22) or the negative pole
purpose metal fitting (23) is separated from the neg-
ative pole side feeding section (14) or the positive
pole side feeding section (13) with an overlap gap g
to form an overlap part between the positive pole
side conductor section and the negative pole side
conductor section.

The vehicular glass antenna as claimed in any one
of the preceding claims 3 through 5, characterized
in that the overlap part between the positive pole
side conductor section and the negative pole side
conductor section is inserted between a connection
point to the coaxial cable (3) and the positive pole
side element (11) when the antenna element (1) is
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connected to the coaxial cable (3).

The vehicular glass antenna as claimed in any one
of the preceding claims 1 through 7, characterized
in that the overlap gap g is from 0.5mm to 1.5mm.

The vehicular glass antenna as claimed in any one
of the preceding claims 1 through 8, characterized
in that an area of the overlap part between the pos-
itive pole side conductor section and the negative
pole side conductor section is 10mm?2 through
300mm?2,

The vehicular glass antenna as claimed in any one
of the preceding claims 1 through 9, characterized
in that the glass antenna is a glass antenna for re-
ceiving a terrestrial digital television broadcasting.

10

15

20

25

30

35

40

45

50

55

15

28



[FIG.1]
(a) (b)
gr 13 13
A 221— ¢
yor b 222a 222a:%/, ?
—f 22— 18,
al f 24 222/"_’.21
2 21 142
20 232 ©
232—1 -2 23
232a— 232a 141
231/; 231 i/
6~ 141
: 1, VEHICULAR
~ INSIDE
—n (®z
[FIG.2]
(@) (b)
gl " 13
: 22 |
E, _/"131
yyp. IR=222 221
T 222a—"1
4 N 24 /"-
‘. 220" ]
a2 1321
, /

230219 | s 23 = A
7 \1,
232a"’: ~"2 232 " ke
, %
2314 3 232a-/?%57
6~ 231" I/
) VEHICULAR 4

= INSIDE
e N (®)z

EP 2 924 803 A1

—
—

16



[FIG.3]

R RN RR R R
NTLILTTRR RS

NRRRERRS
ATLTITL L LT LL L

AR Y

1
23\: %% '/ /
232a—ffd~"2 232
>
e
231"\j 13 232a /
6——if 23/
\’ g 231 1'4. \1 21 112
=& VEHICULAR \1 22 }
INSIDE
e (®)z
[FIG.4]
(a)
f 22
221
L—222a
992 222
24
23 233
232
21
232a
/‘
231 2397;/
<251 2
252 252 959
25
e
~ ® ez

EP 2 924 803 A1

131

17



EP 2 924 803 A1

[FIG.5]

IIIIIIIIIII

lllllllllll

[FIG.6]

M

18



EP 2 924 803 A1

[FIG.7]
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[FIG.9]
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[FIG.15]
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