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(54) GLASS ANTENNA

(57) Itis provided a glass antenna arranged on a win-
dow glass for a vehicle, comprising a power feeding point
connected to a receiver, a first element extending from
the power feeding point. The first element includes an
overlap portion arranged along a second element that is
not connected to the power feeding point so as to be
spaced apart from the second element with a predeter-

mined spacing, and anon-overlap portion prevented from
being arranged along the second element. Each length
of the overlap portion and the non-overlap portion are
adjusted so that the overlap portion is tuned to a first
frequency band, and the non-overlap portion is tuned to
a second frequency band.
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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates to a glass antenna ar-
ranged on a surface of a glass sheet, and more particu-
larly, to an antenna configured to receive a plurality of
frequency bands.

[0002] In countries all over the world, radio and televi-
sion broadcasting frequencies and a frequency used for
aremote keyless entry (RKE) system differ among coun-
tries and regions, and hence it is necessary to develop
an antenna having elements that differ in length for each
delivery destination. However, in order to develop various
kinds of antennas, a large number of work man-hours
are required, and hence an antenna configured to sup-
port a plurality of bands is desired. For example, the fre-
quency used for the remote keyless entry system is 315
MHz in Japan and the United States of America, and is
433.92 MHz in Europe. Therefore, when a satisfactory
sensitivity cannot be obtained in a plurality of bands, it is
necessary to adjust the lengths of the elements for each
delivery destination.

[0003] As an antenna for obtaining a satisfactory sen-
sitivity with such a plurality of frequencies, in JP
H06-291530 A, there is disclosed an antenna of a typical
two-frequency switching type. In order to receive two ra-
dio waves in an 800 MHz band and a 1500 MHz band,
the antenna disclosed in JP H06-291530 A includes two
elements having lengths suitable for the respective fre-
quencies, and has the two elements connected to each
other in a bifurcated shape or a V shape.

[0004] In ahighfrequency band targeted by the anten-
na disclosed in JP H06-291530 A, an antenna pattern
can be formed to have a small size. However, there is a
problem of an increase in antenna pattern of an antenna
configured to receive arelatively low frequency (315 MHz
or 433.92 MHz) with a high sensitivity, e.g., an antenna
for a remote keyless entry system.

[0005] The antenna pattern is generally arranged in a
part of a defogger on a rear window, in which a heating
wire is not arranged, or a part that does not block the
view of a human. Therefore, it is difficult to arrange a
noticeably large pattern on a glass sheet.

SUMMARY OF THE INVENTION

[0006] Therefore, this invention has an object to pro-
vide a glass antenna capable of obtaining satisfactory
reception performance in two frequency bands even
when being arranged in a narrow place on a window glass
for an automobile.

[0007] That is, according to one embodiment of this
invention, there is provided a glass antenna arranged on
awindow glass for a vehicle, comprising a power feeding
point connected to a receiver, a first element extending
from the power feeding point. The first element includes
an overlap portion arranged along a second element that
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is not connected to the power feeding point so as to be
spaced apart from the second element with a predeter-
mined spacing, and a non-overlap portion (1B) prevented
from being arranged along the second element. Each
length of the overlap portion and the non-overlap portion
are adjusted so that the overlap portion is tuned to a first
frequency band, and the non-overlap portion is tuned to
a second frequency band.

[0008] Further, in the glass antenna according to the
one embodiment of this invention, the second element
includes an element configured to form an antenna dif-
ferent from an antenna including the first element.
[0009] Further, in the glass antenna according to the
one embodiment of this invention, the glass antenna is
an antenna for reception of a signal on a UHF band, and
the antenna including the second element is an antenna
forreception of an AM radio broadcast on a medium wave
band.

[0010] Further, in the glass antenna according to the
one embodiment of this invention, the first element is
bent at a midpoint.

[0011] Further, in the glass antenna according to the
one embodiment of this invention, a part between a bent
portion of the first element and the power feeding point
is formed of a plurality of wires.

[0012] Further, in the glass antenna according to the
one embodiment of this invention, the first frequency
band has a wavelength of a center frequency set as ;.
The second frequency band has a wavelength of a center
frequency set as 4,. The overlap portion has a length of
approximately «a4,/2. The non-overlap portion has a
length of approximately a4,/2. The parameter o repre-
sents a wavelength shortening rate of the window glass.
[0013] Further, in the glass antenna according to the
one embodiment of this invention, the first frequency
band is lower than the second frequency band.

[0014] Further, in the glass antenna according to the
one embodiment of this invention, the first frequency
band has a center frequency of approximately 315 MHz.
The second frequency band has a center frequency of
approximately 433.92 MHz.

[0015] Further, in the glass antenna according to the
one embodiment of this invention, the overlap portion
has a spacing of equal to or smaller than 10 millimeters
between the first element and the second element.
[0016] Further, in the glass antenna according to the
one embodiment of this invention, the first element is
arranged in a position spaced apart from an edge of a
body flange of an automobile by equal to or larger than
5 millimeters and equal to or smaller than 10 millimeters
when the glass antenna is mounted on the automobile
so that the body flange and the first element are capac-
itively coupled to each other.

[0017] According to a representative embodiment of
this invention, it is possible to obtain a high sensitivity in
a plurality of frequency bands.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a front view for illustrating an antenna pat-
tern according to an example 1 of this invention.
FIG. 2 is a front view for illustrating an antenna pat-
tern according to an example 2 of this invention.
FIG. 3 is a front view for illustrating an antenna pat-
tern according to an example 3 of this invention.
FIG. 4 is a front view for illustrating an antenna pat-
tern according to an example 4 of this invention.
FIG. 5 is a front view for illustrating an antenna pat-
tern according to an example 5 of this invention.
FIGs. 6 and 7 are drawings for illustrating frequency
characteristics of the antenna according to the ex-
ample 5.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] FIG. 1toFIG. 5 are diagrams of aglass antenna
according to each embodiment of this invention when
viewed from the inside of a vehicle.

[0020] As illustrated in FIG. 1, a glass antenna 100
according to the embodiment of this invention is provided
to a rear glass of an automobile, and includes a power
feeding point 2 and a first element 1 extending from the
powerfeeding point 2. A second element 52F is arranged
in proximity to a part of the first element 1. Therefore, the
first element 1 can be classified into an overlap portion
1A arranged in proximity to the second element 52F and
anon-overlap portion 1B that is not arranged in proximity
to the second element 52F.

[0021] The power feeding point 2 is connected to a
reception amplifier 6 through a connecting line (for ex-
ample, low voltage cable for automobile) 5, and the re-
ception amplifier 6 is connected to a receiver by a high-
frequency cable (for example, coaxial cable). Further,
the reception amplifier 6 is connected to the ground (ve-
hicle body).

[0022] Asillustratedin FIG. 1, the second element 52F
may be a conductor line that does not form another an-
tenna, or as illustrated in FIG. 2, the second element 52F
may be a part of another antenna.

[0023] Further, as illustrated in FIG. 3 and FIG. 5, the
first element 1 may include a bent portion 3, and the non-
overlap portion 1B may be bent at the bent portion 3.
[0024] Further, as illustrated in FIG. 4, the second el-
ement 52F may be bent along the first element 1 so as
to correspond to the bending of the first element 1.
[0025] Further, as illustrated in FIG. 5, in the first ele-
ment 1, the bent portion 3 and the power feeding point 2
are connected to each other with a plurality of conductive
lines.

[0026] In addition, as illustrated in FIG. 5, the first ele-
ment 1 may be arranged in proximity to a body flange 82
of the vehicle body (for example, in parallel with the body
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flange 82 with a spacing of 5 millimeters), and the anten-
na 100 and the body flange 82 (that is, ground) may be
capacitively coupled to each other.

[0027] The antenna according to the embodiment of
this invention is formed by printing a pattern of the an-
tenna with conductive ceramic paste in a predetermined
position on an indoor surface side of a window glass
sheet with each wire having a width of approximately 0.7
millimeter, drying the pattern, and then baking the pattern
in a heating furnace. Further, the antenna may be formed
of a conductive pattern formed on a resin film that trans-
mits light, and may be bonded to a glass sheet.

[0028] The embodiment of this invention is described
above by taking a mode of providing the antenna on a
rear glass 81 of the automobile, but the antenna accord-
ing to the embodiment of this invention may be provided
on another part (for example, windshield or side glass).
[0029] A length of each of elements of the antenna
according to the embodiment of this invention is adjusted
to a length suitable to receive a signal on a UHF band to
be used for a remote keyless entry system as described
later in each embodiment. It should be noted that the
antenna according to the embodiment may be formed as
an antenna suitable to receive a signal on another fre-
quency band.

[0030] Next, an action of the glass antenna according
to the embodiment of this invention is described.
[0031] The antenna according to this embodiment in-
cludes the power feeding point 2 and the first element 1
extending from the power feeding point 2. The first ele-
ment 1 includes: the overlap portion 1A arranged along
the second element 52F that is not connected to the pow-
er feeding point 2 so that the second element 52F is ar-
ranged with a predetermined spacing; and the non-over-
lap portion 1B prevented from being arranged along the
second element 52F. The length of each of the overlap
portion 1A and the non-overlap portion 1B is adjusted so
as to enable a first frequency band to be received in a
preferred manner by one of the overlap portion 1A and
the non-overlap portion 1B and to enable a second fre-
quency band to be received in a preferred manner by
another one of the overlap portion 1A and the non-overlap
portion 1B. Therefore, it is possible to receive two fre-
quency bands with a high sensitivity, and to form an an-
tenna that can be arranged in a narrow place.

[0032] In other words, the antenna according to this
embodiment has such a simple configuration as to in-
clude the power feeding point 2 and the first element 1
in a main body portion, but has the second element 52F
arranged along a part of the first element 1, to thereby
be enabled to receive two frequency bands with a high
sensitivity through the appropriate adjustment of the
length of the overlap portion 1A and the length of the non-
overlap portion 1B.

[0033] Further, the second element 52F may be an el-
ement configured to form a part or all of an antenna dif-
ferent from the antenna including the first element 1.
Therefore, even in a place where a different antenna is
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arranged, through use of an element of the different an-
tenna, the antenna according to this embodiment can
obtain satisfactory reception performance in two frequen-
cies. Further, the antenna according to this embodiment
may be arranged in proximity to the different antenna,
and can therefore be arranged even in a narrow place.

[0034] Further, the first element 1 is bent at a midpoint
(bent portion 3), and hence the antenna according to this
embodiment can be mounted on a glass on which a dif-
ferent antenna is mounted with only a narrow place re-
maining. For example, in a case where the antenna ac-
cording to this embodimentis arranged in a narrow place,
even when an overlap portion can be adjusted to have
an appropriate length, if an element is formed to extend
straight, the antenna may be caused to lie off the glass
sheet, or may interfere with a corner portion of the body
flange, and hence the non-overlap portion 1B may fail to
be adjusted to have an appropriate length. Therefore, by
bending the first element 1, it is possible to increase the
length of the non-overlap portion 1B.

[0035] Further, the power feeding point 2 is sometimes
arranged in a predetermined position close to a side of
awindow glass for an automobile. Therefore, as illustrat-
ed in FIG. 4, the second element 52F is arranged so as
to be bent along the first element 1, and the lengths of
bent parts of the first element 1 and the second element
52F are adjusted, to thereby be able to adjust the position
of the power feeding point 2 on the glass sheet.

[0036] Further, the bent portion 3 of the first element
1 and the power feeding point 2 are connected to each
other through a plurality of wires, to thereby be able to
improve the sensitivity.

[0037] Further, a spacing between the first element 1
and the second element 52F in the overlap portion 1A is
set to equal to or smaller than 10 millimeters, and hence
the first element 1 and the second element 52F are con-
nected to each other strongly, which facilitates the ob-
taining of a satisfactory sensitivity in two frequency
bands.

[0038] Further, the first element 1 is arranged in a po-
sition spaced apart from the body flange 82 by from 5
millimeters to 10 millimeters, to thereby be able to obtain
a high sensitivity in a desired frequency band.

Embodiments

[0039] Various Embodiments of this invention are de-
scribed below.

<Example 1>

[0040] FIG. 1is afrontview of the glass antenna to be
provided to the rear glass of the automobile, for illustrat-
ing an antenna pattern according to an example 1 of this
invention.

[0041] The glass antenna 100 according to the exam-
ple 1 includes the power feeding point 2 and the first
element 1 extending from the power feeding point 2 in a
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substantially horizontal direction (rightward). The second
element 52F is arranged in proximity to a part of the first
element 1 (for example, in parallel with the part of the
first element 1 with a spacing of 10 millimeters). There-
fore, the first element 1 can be classified into the overlap
portion 1A arranged in proximity to the second element
52F and the non-overlap portion 1B that is not arranged
in proximity to the second element 52F.

[0042] The second element 52F according to the ex-
ample 1 is a conductor line that does not form another
antenna and is not connected to the ground.

[0043] The length of each of elements of the glass an-
tenna according to the example 1 is adjusted to a length
suitable to receive signals on a frequency band 1 ((wave-
length of center frequency)=4,) and a frequency band 2
((wavelength of center frequency)=4,) so that the first
element 1 has a length of 605 millimeters, the overlap
portion 1A has a length of 370 millimeters, and the non-
overlap portion 1B has a length of 235 millimeters.
[0044] In the example 1, one first element 1 is formed
of the overlap portion 1A and the non-overlap portion 1B.
Therefore, it is possible to form an antenna capable of
receiving two frequency bands with a high sensitivity
even in a narrow place.

<Example 2>

[0045] FIG. 2is a front view of the glass antenna to be
provided to the rear glass of the automobile, for illustrat-
ing an antenna pattern according to an example 2 of this
invention.

[0046] The glass antenna according to the example 2
is different from the glass antenna according to the ex-
ample 1 in that the second element 52F forms a part of
another antenna (second antenna 50).

[0047] As illustrated in FIG. 2, the second antenna 50
includes a plurality of horizontal wires 52, a plurality of
vertical wires 53 connecting the horizontal wires 52 to
one another, and a second power feeding point 54 pro-
vided at an end portion of the horizontal wire 52. One of
the horizontal wires 52 (for example, uppermost horizon-
tal wire 52F) is arranged in proximity to the first element
1. The second antenna 50 has the respective wires ar-
ranged so as to have an area suitable to receive an AM
radio broadcast band (from 526.5 kHz to 1,606.5 kHz).
[0048] Components of the example 2 other than the
above-mentioned components are the same as those of
the example 1, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0049] Inthe example 2, even in a narrow place where
another antenna is arranged, through use of the element
52F of the another antenna, it is possible to obtain sat-
isfactory reception performance in two frequencies.

<Example 3>

[0050] FIG. 3is a front view of the glass antenna to be
provided to the rear glass of the automobile, for illustrat-
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ing an antenna pattern according to an example 3 of this
invention.

[0051] The glass antenna according to the example 3
is different from the glass antenna according to the ex-
ample 2 in that the first element 1 is bent. In other words,
the first element 1 according to the example 3 extends
from the power feeding point 2 in an upward direction, is
bent toward a horizontal direction (rightward) at the bent
portion 3 in the non-overlap portion 1B, and extends in
proximity to the second element 52F.

[0052] The length of each of elements of the example
3 is adjusted to a length suitable to receive a band for
the remote keyless entry system so that the first element
1 has a length of 605 millimeters, the overlap portion 1A
has a length of 370 millimeters, and the non-overlap por-
tion 1B has a length of 235 (160+75) millimeters. In other
words, when a wavelength shortening rate « of the rear
glass 81is 0.7 and the center frequency (wavelength=17)
of an RKE band in Japan and the United States of Amer-
ica is 315 MHz, the length of the overlap portion 1A is
approximately a14/2. Further, when the center frequency
(wavelength=4,) of an RKE band in Europe is 433.92
MHz, the length of the non-overlap portion 1B is approx-
imately ad,/2.

[0053] It should be noted that the overlap portion 1A
is adjusted to a low frequency band and the non-overlap
portion 1B is adjusted to a high frequency band, but the
overlap portion 1A may be adjusted to a high frequency
band and the non-overlap portion 1B may be adjusted to
a low frequency band.

[0054] Components of the example 3 other than the
above-mentioned components are the same as those of
the example 2, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0055] In the example 3, the first element 1 is bent at
the bent portion 3. Therefore, the antenna according to
this example can be mounted on a glass having another
antenna mounted with only a narrow place remaining,
and itis possible to obtain satisfactory reception perform-
ance in two frequencies.

<Example 4>

[0056] FIG. 4 is afrontview of the glass antenna to be
provided to the rear glass of the automobile, for illustrat-
ing an antenna pattern according to an example 4 of this
invention.

[0057] The glass antenna according to the example 4
is different from the glass antenna according to the ex-
ample 3 in that the second element 52F is bent. In other
words, the second element 52F according to the example
4 extends along the first element in a horizontal direction
(substantially horizontally), is further bent along the bent
first element 1, and extends in a vertical direction (sub-
stantially vertically).

[0058] Components of the example 4 other than the
above-mentioned components are the same as those of
the example 3, and are therefore denoted by like refer-
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ence symbols, and descriptions thereof are omitted.
[0059] In the example 4, the second element 52F is
arranged so astobe bentalongthefirstelement 1. There-
fore, through adjustment of the lengths of the bent parts
of the first element 1 and the second element 52F, it is
possible to adjust the position of the power feeding point
2 on the glass sheet.

<Example 5>

[0060] FIG. 5is a front view of the glass antenna to be
provided to the rear glass 81 of the automobile, for illus-
trating an antenna pattern according to an example 5 of
this invention.

[0061] The glass antenna according to the example 5
is different from the glass antenna according to the ex-
ample 3 in that an antenna having a configuration similar
to the configurations of the glass antennas according to
the examples described above is implemented as a fifth
antenna 100, and further includes a first antenna 10, the
second antenna 50, a third antenna 60, and a fourth an-
tenna 70. In the fifth antenna 100 according to the exam-
ple 5, the bent portion 3 and the power feeding point 2
are connected to each other with a plurality of conductive
lines.

[0062] The fifth antenna 100 includes the power feed-
ing point 2 and the first element 1 extending from the
power feeding point 2 in a substantially horizontal direc-
tion (rightward). The second element 52F is arranged in
proximity to a part of the first element 1 (for example, in
parallel with the part of the first element 1 with a spacing
of 10 millimeters). Therefore, the first element 1 can be
classified into the overlap portion 1A arranged in prox-
imity to the second element 52F and the non-overlap
portion 1B that is not arranged in proximity to the second
element 52F.

[0063] Further, the first element 1 is arranged so that
two parallel conductor lines extend from the power feed-
ing point 2 in the upward direction, are bent toward the
horizontal direction (rightward) at the bent portion 3 in
the non-overlap portion 1B, and extend in proximity to
the second element 52F. In other words, the bent portion
3 and the power feeding point 2 are connected to each
other with two conductive lines. The number of conduc-
tors between the bent portion 3 and the power feeding
point 2 may be equal to or larger than three.

[0064] The second element 52F forms a part of the
second antenna 50.

[0065] Components of the fifth antenna 100 of the ex-
ample 5 other than the above-mentioned components
are the same as those of the glass antenna of the exam-
ple 3, and therefore descriptions thereof are omitted.
[0066] Next, the components of the glass antenna ac-
cording to the example 5 other than the fifth antenna 100
are described.

[0067] The first antenna 10 includes the first power
feeding point 15, a horizontalfirstelement 11, a horizontal
second element, a vertical element 31, and auxiliary el-
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ements 12 and 13.

[0068] The horizontal first element 11 is connected to
the first power feeding point 15, and extends in a sub-
stantially horizontal direction (leftward direction in FIG.
5). The horizontal second element is connected to the
first power feeding point 15, and extends along and in
substantially parallel with the horizontal first element 11
in the same direction as an extending direction of the
horizontal first element 11 (rightward direction in FIG. 5).
The horizontal second element is formed of a main body
portion 21 extending from the first power feeding point
15 and a folded portion 22 that is folded back at an end
portion of the main body portion 21 in the downward di-
rection and extends along and in substantially parallel
with the main body portion 21 in a direction approaching
the first power feeding point 15.

[0069] The vertical element 31 extends from the first
power feeding point 15 in a direction different from the
extending direction of the horizontal first element 11 or
an extending direction of the horizontal second element.
The auxiliary element 12 is arranged so as to extend
downward from an intersection point of the vertical por-
tion and the horizontal portion of the first element and
then extend along and in substantially parallel with the
horizontal first element 11. Further, the auxiliary element
12 is arranged along and in proximity to a defogger 90
(forexample, in parallel with the defogger 90 with a spac-
ing of 5 millimeters) so as to be capacitively coupled to
an uppermost heating wire 91 of the defogger 90. The
auxiliary element 13 is arranged so as to extend rightward
from the vertical portion of the first element and extend
along and in substantially parallel with the horizontal first
element 11.

[0070] The length of each of elements of the first an-
tenna 10 is adjusted so as to receive the FM radio broad-
cast band and DAB Band Il in a preferred manner.
[0071] The second antenna 50 includes the plurality of
horizontal wires 52, the plurality of vertical wires 53 con-
necting the horizontal wires 52 to one another, the second
power feeding point 54 provided at the end portion of the
horizontal wire 52, and folded portions 56 and 57. One
of the horizontal wires 52 is arranged between the aux-
iliary element 13 of the first antenna 10 and the folded
portion 22. The folded portions 56 and 57 extend from
the uppermost horizontal wire 52 in the upward direction,
are folded back in the horizontal direction, and extend
along and in proximity to the horizontal wire 52 (for ex-
ample, in parallel with the horizontal wire 52 with a spac-
ing of 5 millimeters). The folded portions 56 and 57 are
arranged in proximity to the body flange 82 of the vehicle
body (for example, in parallel with the body flange 82 with
a spacing of 5 millimeters), and the second antenna 50
and the body flange 82 (that is, ground) are capacitively
coupled to each other. Each wire of the second antenna
50 is adjusted to have a length suitable to receive the
AM radio broadcast band (from 526.5 kHz to 1,606.5
kHz).

[0072] The third antenna 60 is formed of wires of the
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defogger 90, and the defogger 90 functions as the third
antenna.

[0073] The defogger 90 functioning as the third anten-
na 60 includes a pair of bus bars 93 provided on the left
and right of the rear glass 81, the plurality of heating wires
91 (horizontal wires) connecting the two bus bars 93 to
each other, and a vertical wire 92 connecting the plurality
of heating wires 91 to one another. The number of vertical
wires 92 may be one or a plurality.

[0074] Defogger coils 94 and a third power feeding
point 95 are provided to the bus bars 93. In other words,
one bus bar 93 is connected to the power supply via the
defogger coil 94, and the other bus bar 93 is connected
to the ground via the defogger coil 94. By the defogger
coils 94, noise in a received frequency band flowing into
the third antenna 60 from the power supply and the
ground is suppressed.

[0075] Thedefogger coil 94 and the third power feeding
point 95 are arranged in a central portion of the bus bar
93 so that the defogger coil 94 is positioned on the upper
side and the third power feeding point 95 is positioned
on the lower side, but the defogger coil 94 and the third
power feeding point 95 may be arranged in any positions
on the bus bar 93. In addition, an arrangement order (ver-
tical positional relationship) of the defogger coil 94 and
the third power feeding point 95 is not limited to the order
illustrated in FIG. 5.

[0076] The first antenna 10 and the third antenna 60
may form a diversity antenna to diversity-receive at least
one of an FM radio broadcast wave or a broadcast wave
of DAB Band lll. In this case, when the third antenna 60
(defogger 90) receives the FM radio broadcast wave and
the broadcast wave of DAB Band lll, the power feeding
point 95 may be provided to the bus bar 93 farther from
the first antenna 10 (for example, on the right side).
[0077] Further, the first antenna 10 and the fourth an-
tenna 70 may form a diversity antenna to diversity-re-
ceive a DAB broadcast wave.

[0078] Further, the third antenna 60 includes parallel
auxiliary wires 96, 97, and 98 extending from the bus bar
93 and a fourth auxiliary element 89.

[0079] The end portions of the respective parallel aux-
iliary wires 96, 97, and 98 are in positions spaced apart
from one another. Further, a part of the parallel auxiliary
wire 96 and a part of the parallel auxiliary wire 97 are
arranged along, in proximity to, and in substantially par-
allel with each other. In addition, a part of the parallel
auxiliary wire 97 and a part of the parallel auxiliary wire
98 are arranged along, in proximity to, and in substantially
parallel with each other. In this manner, two of the re-
spective parallel auxiliary wires 96, 97, and 98 are ar-
ranged with an overlap, and the respective parallel aux-
iliary wires are thus capacitively coupled to each other
at the end portions. It should be noted that not parts of
but almost all of the parallel auxiliary wires may be ar-
ranged along and in proximity to each other.

[0080] The fourth auxiliary element 89 extends upward
from the bus bar 93 on the right side (near the fourth
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antenna70), andis bentinthe leftward direction to further
extend. The fourth auxiliary element 89 may extend from
the horizontal wire 91 on the outermost side.

[0081] The fourth antenna 70 is formed of a fourth pow-
er feeding point 71, a plurality of horizontal elements 72,
and a plurality of vertical elements 73, and is adjusted to
have a length suitable to receive a TV broadcast band
(from 470 MHz to 770 MHz). In this case, the third an-
tenna 60 and the fourth antenna 70 may form a diversity
antenna to diversity-receive a TV broadcast.

[0082] Each of the power feeding points 2, 15, 54, 71,
and 95 is connected to the reception amplifier through
the connecting line (for example, low voltage cable for
automobile), and the reception amplifier is connected to
the receiver by the high-frequency cable (for example,
coaxial cable). Further, the reception amplifier is con-
nected to the ground (vehicle body).

[0083] It should be noted that the glass antenna ac-
cording to any one of the examples described above may
be used as the fifth antenna 100 according to the example
5 instead of the configuration described with reference
to FIG. 5.

[0084] In the example 5, a plurality of antennas are
mounted. Therefore, even when a plurality of antennas
are mounted on a glass with only a narrow place remain-
ing as in this embodiment, the fifth antenna 100 can ob-
tain satisfactory reception performance in two frequen-
cies.

<Characteristics of Antenna>

[0085] Next, characteristics of the antenna according
to the example 5 are described.

[0086] The descriptions made below with reference to
FIG.6andFIG.7 eachrelate to a sensitivity of an antenna
exhibited when the arrangement or the length of an ele-
ment described below is changed without changing the
configuration of other elements. Further, the sensitivity
of the antenna has a value obtained by measuring om-
nidirectional (360-degree) sensitivities of the antenna
within a horizontal plane and calculating an average
thereof.

[0087] FIG. 6 is an illustration of a gain (sensitivity) of
the antennain alow frequency band (315 MHz) exhibited
when the length of the overlap portion 1A is changed in
the antenna according to the example 5. The length of
another element is fixed at the above-mentioned length.
According to FIG. 6, when the overlap portion 1A is set
to have a length of 370 millimeters, the highest sensitivity
is obtained. At this time, when the wavelength 1, is set
to 315 MHz, the length of the overlap portion 1A is ap-
proximately ad4/2.

[0088] FIG. 7 is an illustration of a gain (sensitivity) of
the antenna in a high frequency band (433.92 MHz) ex-
hibited when the length of the non-overlap portion 1B of
the first element 1 is changed in the antenna according
to the example 5. The length of another element is fixed
at the above-mentioned length. According to FIG. 7,
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when the non-overlap portion 1B is set to have a length
of 235 millimeters, the highest sensitivity is obtained. At
this time, when the wavelength A, is set to 433.92 MHz,
the length of the non-overlap portion 1B is approximately
alyl2.

[0089] While the presentinvention has been described
in detail and pictorially in the accompanying drawings,
the present invention is not limited to such detail but cov-
ers various obvious modifications and equivalent ar-
rangements, which fall within the purview of the append-
ed claims.

[0090] The present application claims priority from
Japanese patentapplication JP 2014-14001 filed on Jan-
uary 29, 2014, the content of which is hereby incorporat-
ed by reference into this application.

Claims

1. A glass antenna arranged on a window glass for a
vehicle, comprising:

a power feeding point (2) connected to a receiv-
er;

a first element (1) extending from the power
feeding point, wherein:

the first element includes:

an overlap portion (1A) arranged along
asecond element (52F) that is not con-
nected to the power feeding point so as
to be spaced apart from the second el-
ement with a predetermined spacing;
and

a non-overlap portion (1B) prevented
from being arranged along the second
element; and

each length of the overlap portion and the
non-overlap portion are adjusted so that the
overlap portion is tuned to a first frequency
band, and the non-overlap portion is tuned
to a second frequency band.

2. The glass antenna according to claim 1, wherein the
second element (52F) includes an element config-
ured to form an antenna (50) different from an an-
tenna (100) including the first element (1).

3. The glass antenna according to claim 2, wherein:

the glass antenna is an antenna for reception of
a signal on a UHF band; and

the antenna (50) including the second element
(52F) is an antenna for reception of an AM radio
broadcast on a medium wave band.
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The glass antenna according to claim 1, wherein the
first element is bent at a midpoint (3).

The glass antenna according to claim 4, wherein a
part between a bent portion (3) of the first element
and the powerfeeding point (2) is formed of a plurality
of wires.

The glass antenna according to claim 1, wherein:

the first frequency band has a wavelength of a
center frequency set as 11;

the second frequency band has a wavelength
of a center frequency set as 12; and

the overlap portion has alength of approximately
aA1/2, and the non-overlap portion has a length
of approximately a12/2, where « represents a
wavelength shortening rate of the window glass.

The glass antenna according to claim 6, wherein the
first frequency band is lower than the second fre-
quency band.

The glass antenna according to claim 6, wherein:

the first frequency band has a center frequency
of approximately 315 MHz; and

the second frequency band has a center fre-
quency of approximately 433.92 MHz.

The glass antenna according to claim 1, wherein the
overlap portion has a spacing of equal to or smaller
than 10 millimeters between the first element (1) and
the second element (52F).

The glass antenna according to claim 1, wherein the
first element is arranged in a position spaced apart
from an edge of a body flange (82) of an automobile
by equal to or larger than 5 millimeters and equal to
or smaller than 10 millimeters when the glass anten-
na is mounted on the automobile so that the body
flange and the first element are capacitively coupled
to each other.
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