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(54) GLASS ANTENNA

(57) Itis provided a glass antenna arranged on a win-
dow glass for a vehicle, comprising a first antenna. The
firstantenna includes a first power feeding point connect-
ed to a receiver, a first element connected to the first
power feeding point, and a second element connected
to the first power feeding point. The second element in-

cludes a main body portion extending from the first power
feeding point, and a folded portion connected to the main
body portion. The folded portion is folded back from the
main body portion and is arranged along the main body
portion.
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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 broadcast
waves having a plurality of frequencies.

[0002] In countries all over the world, radio and televi-
sion broadcasting frequencies and a frequency used for
a remote keyless entry system differ among countries
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 of an FM radio broadcast is from 76 MHz to 90
MHz in Japan, and is from 88 MHz to 108 MHz in most
countries other than Japan. Therefore, when a satisfac-
tory sensitivity cannot be obtained in a plurality of bands,
it is necessary to adjust the lengths of the elements for
each delivery destination.

[0003] Further, with digital audio broadcasting (DAB)
becoming common in Europe, there are cases where on-
ly FM and AM radio broadcast bands are covered and
where the FM and AM radio broadcast bands and a DAB
band are covered depending on the delivery destination.
Therefore, with one antenna supporting a plurality of
bands, it is possible to reduce the number of kinds of
antennas to be developed and the number of develop-
ment man-hours.

[0004] As an antenna for obtaining a satisfactory sen-
sitivity with such a plurality of frequencies, in JP
2010-81567 A, there is disclosed an antenna capable of
satisfactorily receiving two kinds of DAB bands (Band Il
from 174 MHz to 245 MHz and L-Band: from 1,452 MHz
to 1,492 MHz).

[0005] Further,in JP H06-291530 A, there is disclosed
an antenna of a typical two-frequency switching type. In
order to receive two radio waves in an 800 MHz band
and a 1,500 MHz band, the antenna disclosed in JP
H06-291530 A includes two elements having lengths
suitable for the respective frequencies, and has the two
elements connected to each other in a bifurcated shape
or aV shape.

[0006] However, the antenna disclosed in JP
2010-81567 A cannot satisfactorily receive the FM radio
broadcast and a DAB broadcast band. Further, with the
antenna disclosed in JP H06-291530 A, it is difficult to
obtain a satisfactory sensitivity in two wide bands such
as an FM radio broadcast band and DAB Band lll.

SUMMARY OF THE INVENTION
[0007] This invention has an object to provide an an-

tenna capable of satisfactorily receiving both frequencies
of an FM radio broadcast band and a DAB band.
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[0008] That is, according to one embodiment of this
invention, there is provided a glass antenna arranged on
a window glass for a vehicle, comprising a first antenna
including: a first power feeding point connected to a re-
ceiver; afirstelement connected to the first power feeding
point; and a second element connected to the first power
feeding point, in which: the second element includes: a
main body portion extending from the first power feeding
point; and a folded portion connected to the main body
portion; and the folded portion is folded back from an end
portion of the main body portion, and is arranged along
the main body portion.

[0009] Further, in the glass antenna according to the
one embodiment of this invention, the folded portion is
folded back from the end portion of the main body portion,
and is arranged along and in proximity to the main body
portion.

[0010] Further, in the glass antenna according to the
one embodiment of this invention, the glass antenna is
configured to receive a first frequency band having a
wavelength of a center frequency set as 1, and a second
frequency band having a wavelength of a center frequen-
cy set as 1,, The folded portion has a length of approxi-
mately ad,/4. The main body portion has a length of ap-
proximately a4,/5. The first element has a length of ap-
proximately a4,/6. The parameter o represents a wave-
length shortening rate of the window glass.

[0011] Further, in the glass antenna according to the
one embodiment of this invention, the first element and
the main body portion of the second element extend in
the same direction.

[0012] Further, in the glass antenna according to the
one embodiment of this invention, the first antenna fur-
therincludes a third element extending from the first pow-
er feeding point in a direction different from an extending
direction of the first element and an extending direction
of the main body portion of the second element.

[0013] Further, in the glass antenna according to the
one embodiment of this invention, the first antenna fur-
ther includes at least one of an auxiliary element extend-
ing from the first power feeding point and an auxiliary
element extending from the first element.

[0014] Further, in the glass antenna according to the
one embodiment of this invention, the at least one of the
auxiliary elements is arranged in proximity to a heating
wire on an outermost side of a defogger arranged on the
window glass, and is capacitively coupled to the heating
wire.

[0015] Further, in the glass antenna according to the
one embodiment of this invention, the first antenna is
arranged in proximity to a linear conductor arranged on
the window glass, and is capacitively coupled to the linear
conductor.

[0016] Further, in the glass antenna according to the
one embodiment of this invention, further comprises a
second antenna including the linear conductor.

[0017] Further, in the glass antenna according to the
one embodiment of this invention, the second antenna
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includes: a plurality of horizontal wires; at least one ver-
tical wire connecting the plurality of horizontal wires to
one another; and a second power feeding point. The sec-
ond antenna is configured to receive a signal of a third
frequency band.

[0018] Further, in the glass antenna according to the
one embodiment of this invention, the atleastone vertical
wire includes a plurality of vertical wires.

[0019] Further, in the glass antenna according to the
one embodiment of this invention, at least one of the plu-
rality of horizontal wires is arranged in proximity to the
second element, and is capacitively coupled to the sec-
ond element.

[0020] Further, in the glass antenna according to the
one embodiment of this invention, at least one of the plu-
rality of horizontal wires is arranged between the first
element and the second element.

[0021] Further, in the glass antenna according to the
one embodiment of this invention, at least one of the plu-
rality of horizontal wires includes a folded portion having
an end portion folded back toward one of an upper side
and a lower side.

[0022] Further, in the glass antenna according to the
one embodiment of this invention, the second power
feeding point is provided to an end portion of any one of
the plurality of horizontal wires. The second antenna fur-
ther includes: a wire for capacitive coupling that extends
from an uppermost wire of the plurality of horizontal wires,
and is arranged in a position capacitively coupled to a
body flange; and an auxiliary wire extending in a direction
opposite to a direction in which the any one of the plurality
of horizontal wires extends from the second power feed-
ing point.

[0023] Further, in the glass antenna according to the
one embodiment of this invention, the glass antenna fur-
ther comprises a third antenna, and the first antenna and
the third antenna form a diversity antenna.

[0024] Further, in the glass antenna according to the
one embodiment of this invention: the third antenna is
composed by using a wire of a defogger arranged on the
window glass as an antenna; and the third antenna in-
cludes a third power feeding point provided to the defog-
ger, the third power feeding point being connected to the
receiver.

[0025] Further, in the glass antenna according to the
one embodiment of this invention, the defogger includes
a pair of bus bars provided on left and right of the window
glass, and a plurality of heating wires connecting the pair
of bus bars to each other. The third antenna includes a
plurality of horizontal wires for use in combination with
the plurality of heating wires, and at least two parallel
auxiliary wires that extend from one of: one of the pair of
bus bars; and one of the plurality of horizontal wires on
an outermost side, and are arranged so that end portions
ofthe atleasttwo parallel auxiliary wires are spaced apart
from each other, and the at least two parallel auxiliary
wires are arranged along and in proximity to each other.
[0026] Further, in the glass antenna according to the
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one embodiment of this invention, the third antenna fur-
ther includes at least one auxiliary wire.

[0027] Further, in the glass antenna according to the
one embodiment of this invention, the third antenna fur-
therincludes atleastone vertical wire connecting plurality
of horizontal wires of the third antenna to one another.
[0028] Further, in the glass antenna according to the
one embodiment of this invention, the glass antenna fur-
ther includes a horizontal auxiliary wire extending from
an end portion of the at least one vertical wire along one
of the plurality of horizontal wires.

[0029] According to the representative embodiments
of this invention, it is possible to obtain a satisfactory
sensitivity in both frequencies of an FM radio broadcast
band and a DAB band.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

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.
FIG. 6 is a front view for illustrating an antenna pat-
tern according to an example 6 of this invention.
FIG. 7 is a front view for illustrating an antenna pat-
tern according to an example 7 of this invention.
FIG. 8 is a front view for illustrating an antenna pat-
tern according to an example 8 of this invention.
FIG. 9 is a front view for illustrating an antenna pat-
tern according to an example 9 of this invention.
FIG. 10is a front view for illustrating an antenna pat-
tern according to an example 10 of this invention.
FIG. 11 is a front view for illustrating an antenna pat-
tern according to an example 11 of this invention.
FIG. 12is afront view for illustrating an antenna pat-
tern according to an example 12 of this invention.
FIG. 13 is a front view for illustrating an antenna pat-
tern according to an example 13 of this invention.
FIG. 14 is a front view for illustrating an antenna pat-
tern according to an example 14 of this invention.
FIG. 15is a front view for illustrating an antenna pat-
tern according to an example 15 of this invention.
FIG. 16 is a front view for illustrating an antenna pat-
tern according to an example 16 of this invention.
FIG. 17 is a front view for illustrating an antenna pat-
tern according to an example 17 of this invention.
FIG. 18 is a front view for illustrating an antenna pat-
tern according to an example 18 of this invention.
FIG. 19is a front view for illustrating an antenna pat-
tern according to an example 19 of this invention.
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FIG. 20 is a front view for illustrating an antenna pat-
tern according to an example 20 of this invention.
FIG. 21 is a front view for illustrating an antenna pat-
tern according to an example 21 of this invention.
FIGs. 22 to 24 are drawings for illustrating frequency
characteristics of the antenna according to the ex-
ample 21.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0031] FIG. 1 to FIG. 20 are diagrams of a glass an-
tenna according to each embodiment of this invention
when viewed from the inside of a vehicle.

[0032] As illustrated in FIG. 1, the glass antenna ac-
cording to the embodiment of this invention is provided
to arear glass of an automobile, and includes a first power
feeding point 15, a first element 11 connected to the first
power feeding point 15 and extending in a substantially
horizontal direction, and a second element connected to
the first power feeding point 15 and extending in a direc-
tion opposite to the extending direction of the first element
11. The 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 and extends along the main
body portion 21 in a direction approaching the first power
feeding point 15. The folded portion 22 is arranged in
proximity to and in substantially parallel with the main
body portion 21.

[0033] The first power feeding point 15 is connected
to a reception amplifier 6 through a connecting line (for
example, low voltage cable for automobile) 5, and the
reception amplifier 6 is connected to a receiver (not
shown) by a high-frequency cable (for example, coaxial
cable). Further, the reception amplifier 6 is connected to
the ground (vehicle body).

[0034] It should be noted that in the example of FIG.
1, the folded portion 22 extends from the end portion of
the main body portion 21, but may extend from a position
(midpoint) of the main body portion 21 other than the end
portion.

[0035] Further, asillustrated in FIG. 2, the first element
11 and the second element may extend in the same di-
rection.

[0036] Further, as illustrated in FIG. 3, a third element
31 extending from the first power feeding point 15 may
be provided. The third element 31 may extend in a direc-
tion different from the extending direction of the first el-
ement 11 or the extending direction of the second ele-
ment.

[0037] Further, asillustrated in FIG. 4 and FIG. 5, aux-
iliary elements 12 and 13 extending from the first element
11 along (for example, in parallel with) the first element
11 may be provided. The number of auxiliary elements
may be one as illustrated in FIG. 4, may be two as illus-
trated in FIG. 5, or may be a plurality larger than two.
Further, the auxiliary element may be provided above or
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below the first element 11. For example, one auxiliary
element may be provided above the firstelement 11. The
auxiliary elements 12 and 13 may extend from the first
power feeding point 15, or may extend from the first el-
ement 11, or another auxiliary element may extend from
a given aucxiliary element.

[0038] A first antenna 10 is formed in the above-men-
tioned manner. Elements of the first antenna 10 are ad-
justed to have lengths suitable to receive an FM radio
broadcast band (from 76 MHz to 108 MHz) and Band lll
(from 174 MHz to 245 MHz) of digital audio broadcasting
(DAB).

[0039] Further, as illustrated in FIG. 5 and FIG. 6, the
auxiliary element 12 may be arranged in proximity to a
defogger 90, and may be capacitively coupled to a heat-
ing wire 91 on an outermost side of the defogger 90. It
should be noted that an illustration of the right half of the
defogger 90 is omitted in FIG. 5 and FIG. 6.

[0040] It should be noted that elements of a first an-
tenna may be arranged in proximity to a conductor (for
example, another antenna) that is not connected to the
ground instead of the defogger 90, and may be capaci-
tively coupled to the conductor. In other words, the con-
ductor in proximity to the elements of the first antenna
may be the heating wire 91 of the defogger 90 as illus-
trated in FIG. 5 and FIG. 6, may be a non-feed element
40 as illustrated in FIG. 6, or may be a second antenna
50 asillustratedin FIG. 7 and FIG. 8. The second antenna
50 has respective wires arranged so as to secure a re-
ception effective area for enabling an AM radio frequency
band (from 526.5 kHz to 1,606.5 kHz) to be received in
a preferred manner. In addition, the elements of the first
antenna in proximity to the conductor that is not connect-
ed to the ground may be any one of the first element 11,
the auxiliary elements 12 and 13, and the second element
(21 and 22).

[0041] Further, as illustrated in FIG. 9 and FIG. 10, a
folded portion 56 may be included at an end portion of a
horizontal wire 52D. Further, the folded portion 56 may
be folded back in a downward direction as illustrated in
FIG. 9, or may be folded back in an upward direction as
illustrated in FIG. 10.

[0042] Further, asillustrated in FIG. 11, the folded por-
tion 56 may extend from an end portion of an uppermost
horizontal wire 52F, may be folded back in the upward
direction, and may extend along (for example, in parallel
with) the horizontal wire 52F. The folded portion 56 is
arranged in proximity to a body flange 2 of the vehicle
body on which a rear glass 1 is mounted, and is capac-
itively coupled to the body flange 2.

[0043] Further, asillustratedin FIG. 12, two folded por-
tions 56 and 57 may be capacitively coupled to the body
flange 2.

[0044] Further, as illustrated in FIG. 13, an auxiliary
wire 58 extending from a second power feeding point 54
outward (in a direction opposite to the extending direction
of a horizontal wire 52) may be provided. The auxiliary
wire 58 may be bent downward and may extend down-
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ward (along the third element 31) as illustrated in FIG.
13, or may extend outward linearly.

[0045] Further, asillustrated in FIG. 14, a third antenna
60 may be provided on the rear glass 1 in a position
spaced apart from the first antenna 10 (for example, be-
low the defogger 90). The third antenna 60 is formed of
two horizontal elements 61 and 62 and a third power
feeding point 63, which are adjusted to have lengths suit-
able to receive the FM radio broadcast band (from 76
MHz to 108 MHz) and a TV broadcast band (from 470
MHz to 770 MHz). In this case, the first antenna 10 and
the third antenna 60 may form a diversity antenna to di-
versity-receive an FM radio broadcast.

[0046] The defogger 90 includes a pair of bus bars 93
provided on the left and right of the rear glass 1 and a
plurality of heating wires 91 connecting the two bus bars
93 to each other. Further, the defogger 90 may include
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.

[0047] Further, as illustrated in FIG. 15, the defogger
90 may be used as the third antenna 60. The heating
wire 91 and the vertical wire 92 that form the defogger
90 function as a horizontal wire and a vertical wire, re-
spectively, in the third antenna 60.

[0048] In this case, one of the bus bars 93 of the de-
fogger 90 is connected to a power supply via a defogger
coil 94, and the other bus bar 93 is connected to the
ground via the defogger coil 94, to thereby suppress
noise in a received frequency band flowing into the third
antenna 60 from the power supply and the ground. Fur-
ther, a third power feeding point 95 is provided to one
bus bar 93. Further, also in this case, the first antenna
10 and the third antenna 60 form a diversity antenna.
[0049] Further, as illustrated in FIG. 16, the third an-
tenna 60 includes a plurality of parallel auxiliary wires 96,
97, and 98 that extend downward from a lowermost hor-
izontal wire 91 and are arranged along the horizontal wire
91. End portions the parallel auxiliary wires 96, 97, and
98 are in positions spaced apart from one another. Fur-
ther, a part of the parallel auxiliary wire 96 and a part of
the parallel auxiliary wire 97 are arranged along, in prox-
imity to, and in substantially parallel 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.
It should be noted that not parts of but almost all of parallel
auxiliary wires may be arranged along and in proximity
to each other.

[0050] Further,the number of auxiliary wires extending
along the horizontal wire 91 may be three as illustrated
in FIG. 16, may be two as illustrated in FIG. 17, or may
be equal to or larger than four. In addition, the auxiliary
wires extending along the horizontal wire 91 may extend
downward from the horizontal wire 91 as illustrated in
FIG. 16, or may extend downward from the bus bar 93
as illustrated in FIG. 17. Further, also in the case illus-
trated in FIG. 17, a part of the parallel auxiliary wire 96
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and at least a part of the parallel auxiliary wire 98 are
arranged along, in proximity to, and in substantially par-
allel with each other.

[0051] Further, as illustrated in FIG. 18, an auxiliary
wire 89 extending upward from the bus bar 93 (or hori-
zontal wire 91 on the outermost side) may be provided.
In addition, a fourth antenna 70 may be provided in prox-
imity to the auxiliary wire 89. The fourth antenna 70 is
formed of afourth power feeding point 71 and a horizontal
element 72, which are adjusted to have lengths suitable
to receive the TV broadcast band (from 470 MHz to 770
MHz). In this case, the third antenna 60 and the fourth
antenna 70 may form a diversity antenna to diversity-
receive a TV broadcast.

[0052] Further, as illustrated in FIG. 19, the heating
wires 91 of the defogger 90 may be connected to one
another by a plurality of vertical wires 92. It should be
noted that the number of vertical wires 92 may be three
as illustrated in FIG. 19, or may be one, two, or equal to
or larger than four.

[0053] Further, as illustrated in FIG. 20, there may be
provided a horizontal auxiliary wire 99 extending down-
ward from the lowermost horizontal wire 91 and extend-
ing both leftward and rightward from the center of a de-
fogger along the horizontal wire 91.

[0054] 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.

[0055] The embodiment of this invention is described
above by taking a mode of providing the antenna on the
rear glass 1 of the automobile, but the antenna according
to the embodiment of this invention may be provided on
another part (for example, windshield or side glass).
[0056] Next, an action of the glass antenna according
to the embodiment of this invention is described.
[0057] The antenna according to this embodiment in-
cludes the first element 11, the main body portion 21 of
the second element, and the folded portion 22 of the sec-
ond element, and therefore can obtain a satisfactory sen-
sitivity in a plurality of frequency bands. In particular, the
length of the folded portion 22 is set to approximately
al,l4, the length of the main body portion 21 is set to
approximately a4,/5, the length of the first element 11 is
setto approximately a1,/6, and hence a satisfactory sen-
sitivity can be obtained in both the FM radio broadcast
band having a low frequency ((wavelength of center fre-
quency)=4,) and a DAB broadcast band ((wavelength of
center frequency)=41,). A satisfactory sensitivity can also
be obtained in DAB L-Band (from 1,452 MHz to 1,492
MHz).

[0058] The folded portion 22 is folded back from the
end portion of the main body portion 21, and arranged
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along and in proximity to the main body portion 21, and
hence the folded portion 22 and the main body portion
21 are connected to each other electrically strongly.
Therefore, itis possible to obtain a satisfactory sensitivity
in both the FM radio broadcast band having a low fre-
quency and the DAB broadcast band.

[0059] Further, two elements (first element 11 and
main body portion 21 of second element) having different
lengths for FM radio broadcast reception are provided,
and hence it is possible to improve the sensitivity in the
FM radio broadcast band over a wide bandwidth. In ad-
dition, the folded portion 22 is formed by folding back the
second element, to thereby be able to improve the sen-
sitivity also in DAB Band Il having a high frequency.
[0060] Further, the first element 11 and the main body
portion 21 of the second element extend in the same
direction, to thereby arrange the first element 11 and the
second element (21 and 22) on one side of the first power
feeding point 15 and allow downsizing of the antenna.
Therefore, the first power feeding point 15 can be ar-
ranged in a position close to a side of a glass sheet 1.
[0061] Further,the third element 31 extending from the
first power feeding point 15 is provided in the direction
opposite to the extending direction of the first element 11
and the extending direction of the main body portion 21
of the second element, and the length and a relative po-
sitional relationship of the third element 31 are adjusted,
to thereby be able to improve the sensitivity on a high
band side of the FM radio broadcast band. It is also pos-
sible to improve the sensitivity in DAB Band Il as a whole.
[0062] Further,the auxiliary element 12 extending from
the first power feeding point 15 is provided as illustrated
in FIG. 4, and the auxiliary elements 12 and 13 extending
from the first element 11 are provided as illustrated in
FIG. 5. Therefore, it is possible to improve the sensitivity
in DAB Band lll having a high frequency.

[0063] Further, the auxiliary element 12 is arranged in
proximate to the heating wire 91 of the defogger 90, and
the first antenna 10 is capacitively coupled to the defog-
ger 90. Therefore, a broadcast wave received by the
heating wire 91 of the defogger 90 can be guided to the
first antenna 10, and it is possible to improve the sensi-
tivity of the first antenna 10. In particular, it is possible to
improve the sensitivity in DAB Band Ill having a high fre-
quency.

[0064] Further, the first antenna 10 (auxiliary element
12 and second element) is arranged in proximate to linear
conductors 91, 42, and 52, and the first antenna 10 is
capacitively coupled to the conductors 91, 42, and 52.
Therefore, the broadcast wave received by the conduc-
tors 91, 42, and 52 can be guided to the first antenna 10,
and itis possible to improve the sensitivity of the antenna.
Further, the lengths and the relative positional relation-
ship of the elements on sides of the conductors 91, 42,
and 52 are adjusted, to thereby be able to improve the
sensitivity in the FM radio broadcast band having a low
frequency.

[0065] Further, the second element (21 and 22) is ar-

10

15

20

25

30

35

40

45

50

55

ranged in proximate to the horizontal wire 52, and the
first antenna 10 is capacitively coupled to the second
antenna 50. Therefore, the broadcast wave received by
the second antenna 50 can be guided to the first antenna
10, and it is possible to improve the sensitivity of the first
antenna 10. Further, the lengths and the relative posi-
tional relationship of elements 52 and 53 of the second
antenna 50 are adjusted, to thereby be able to improve
the sensitivity in the FM radio broadcast band.

[0066] Further, the second antenna 50 is formed of a
plurality of horizontal wires 52, a vertical wire 53 connect-
ing the horizontal wires 52 to one another, and the second
power feeding point 54, and hence it is possible to form
an antenna for another frequency (for example, for AM
radio broadcast reception) with a simple structure.
[0067] Further, a plurality of vertical wires 53 are pro-
vided, and intervals between the vertical wires 53 are
adjusted, to thereby be able to easily improve the sensi-
tivity in the FM radio broadcast band.

[0068] Further, the second element (21 and 22) is ar-
ranged in proximity to the horizontal wire 52, to thereby
be able to capacitively couple the first antenna 10 and
the second antenna 50 to each other.

[0069] Further, the horizontal wires 52 are arranged
between the first element 11 and the second element (21
and 22), and hence the first antenna 10 and the second
antenna 50 are connected to each other strongly, and
are likely to be affected by each other. Therefore, the first
antenna 10 is susceptible to a change in characteristics
of the second antenna 50 due to the adjustment of the
lengths of elements thereof and the relative positional
relationship of the elements, and it is possible to easily
improve the characteristics of the first antenna 10.
[0070] Further, the folded portions 56 and 57 folded
back upward or downward are provided, and hence it is
possible to adjust the sensitivity of the first antenna 10
without greatly changing the characteristics of the second
antenna 50. Further, the folded portions 56 and 57 are
formed to be folded back upward from the horizontal wire
52, to thereby be able to improve the sensitivity of the
first antenna 10 in the FM radio broadcast band (in par-
ticular, middle band).

[0071] Further, the folded portions 56 and 57 are ca-
pacitively coupled to the body flange 2 as illustrated in
FIG. 11 to FIG. 15. Therefore, it is possible to improve
the sensitivity of the first antenna 10 in the FM radio
broadcast band (in particular, middle band) by adjusting
the lengths of the folded portions 56 and 57 and a spacing
from a body flange.

[0072] Further, the auxiliary wire 58 extending from the
second power feeding point 54 in the direction opposite
to the extending direction of the horizontal wire 52 is pro-
vided, and hence by adjusting the length and the extend-
ing direction of the auxiliary wire 58, it is possible change
the characteristics of the second antenna 50 and to im-
prove the sensitivity of the firstantenna 10 in the FM radio
broadcast band (in particular, middle band).

[0073] Further, the third antenna 60 is arranged in the
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position spaced apart from the first antenna 10, and di-
versity reception is effected by the first antenna 10 and
the third antenna 60. Therefore, it becomes easy to re-
ceive an arrival wave, and it is possible to improve re-
ception performance.

[0074] Further, the third antenna 60 is formed of the
wires 91 and 92 of the defogger 90. Therefore, an anten-
na element does not need to be provided separately, and
it is possible to suppress deterioration in an outer ap-
pearance. Further, the third power feeding point 95 is
provided to the bus bar 93, and hence a power feeding
point for the radio-frequency signal and a power feeding
point for the heating wire can be shared. Further, the bus
bar 93 is connected to the power supply and the ground
via the defogger coil 94, and hence the bus bar 93 can
be connected to the power supply and the groundin terms
of a direct current, and can be floated from the power
supply and the ground in terms of a high frequency.
[0075] Further, the horizontal wires (heating wires) 91
and the parallel auxiliary wires 96, 97, and 98 extending
from the bus bar 93 or the horizontal wire 91 on the out-
ermost side are provided, end portions of the parallel
auxiliary wires 96, 97, and 98 are isolated from one an-
other, and two of the parallel auxiliary wires 96, 97, and
98 are arranged along and in proximity to each other.
Therefore, by adjusting a width and a length of an overlap
between the parallel auxiliary wires, it is possible to im-
prove the sensitivity of the third antenna 60 and to im-
prove the sensitivity of another antenna with which a di-
versity is formed.

[0076] Further, the parallel auxiliary wires 96, 97, and
98 extend from the bus bar 93. Therefore, by increasing
the lengths of the parallel auxiliary wires and increasing
the length of the overlap between the parallel auxiliary
wires, it is possible to widen an adjustment range.
[0077] Further, the auxiliary wire 89 is provided to the
third antenna 60, and hence it is possible to improve the
sensitivity of the third antenna 60, and to improve the
sensitivity of the antenna provided around the third an-
tenna 60.

[0078] Further, the vertical wire 92 connecting the hor-
izontal wires 91 to one another is provided, and hence it
is possible to improve the sensitivity of the third antenna
60.

[0079] Further, the horizontal auxiliary wire 99 extend-
ing from an end portion of the vertical wire 92 along the
horizontal wire 91 is provided, and an end portion of the
horizontal auxiliary wire 99 is not connected to the de-
fogger 90. Therefore, it is possible to increase a degree
of freedom for adjusting antenna characteristics.

Examples

[0080] Various examples of this invention are de-
scribed below.

10

15

20

25

30

35

40

45

50

55

<Example 1>

[0081] FIG. 1is a front view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 1 of
this invention.

[0082] A glass antenna according to the example 1 is
formed of the first antenna 10. The first antenna 10 in-
cludes the first power feeding point 15, the first element
11 connected to the first power feeding point 15 and ex-
tending in a substantially horizontal direction (leftward
direction in FIG. 1), and the second element connected
to the first power feeding point 15 and extending in a
direction (rightward direction in FIG. 1) opposite to the
extending direction of the first element 11.

[0083] The second elementis formed of the main body
portion 21 extending from the first power feeding point
15 and the folded portion 22 that is folded back at the
end portion of the main body portion 21 in the downward
direction (or, upward direction) and extends along and in
substantially parallel with the main body portion 21 in the
direction approaching the first power feeding point 15. It
should be noted that the folded portion 22 may extend
from the midpoint of the main body portion 21.

[0084] By making the length of each of elements ac-
cording to the example 1 the same as the length of each
of elements according to an example 2 described later,
it is possible to realize the antenna suitable to receive
the FM radio broadcast band and DAB Band lIl.

[0085] A third element (not shown) extending from the
first power feeding point 15 may be provided to the an-
tenna according to the example 1. The third element may
extend in the direction (for example, downward direction)
different from the extending direction of the first element
11 or the extending direction of the second element.

<Example 2>

[0086] FIG. 2is a front view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 2 of
this invention.

[0087] A glass antenna according to the example 2 is
differentfrom the glass antenna according to the example
1 in the extending direction of the first element 11.
[0088] The glass antenna according to the example 2
is formed of the first antenna 10. The first antenna 10
includes the first power feeding point 15, the first element
11 connected to the first power feeding point 15 and ex-
tending in a substantially horizontal direction (rightward
direction in FIG. 2), and the second element connected
to the first power feeding point 15 and extending along
and in substantially parallel with the first element 11 in
the same direction (rightward direction in FIG. 2) as the
extending direction of the first element 11.

[0089] The second elementis formed of the main body
portion 21 extending from the first power feeding point
15 and the folded portion 22 that is folded back at the
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end portion of the main body portion 21 in the downward
direction (or, upward direction) and extends along and in
substantially parallel with the main body portion 21 in the
direction approaching the first power feeding point 15. It
should be noted that the folded portion 22 may extend
from the midpoint of the main body portion 21.

[0090] Each of the elements of the first antenna 10
according to the example 2 has alength adjusted to have
the length suitable to receive the FM radio broadcast
band and DAB Band Il such that a vertical portion of the
first element 11 extending from the first power feeding
point 15 has a length of 20 millimeters, a horizontal por-
tion extending from an end portion of the vertical portion
of the first element 11 has a length of 400 millimeters,
the main body portion 21 of the second element has a
length of 460 millimeters, the folded portion 22 of the
second element has a length of 300 millimeters, and a
spacing between the main body portion 21 and the folded
portion 22 is 7 millimeters.

[0091] In other words, when a wavelength shortening
rate « of the rear glass 1 is 0.7 and the center frequency
(wavelength=4,) of the FM radio broadcast band is 92
MHz, the length of the first element 11 is approximately
aA46, and the length of the main body portion 21 is ap-
proximately a4,/5. Further, when the center frequency
(wavelength=4,) of DAB Band Ill is 210 MHz, the length
of the folded portion 22 is approximately al,/4.

[0092] At this time, the length of the first element 11
may be only the length of the horizontal portion, or may
include the length of the vertical portion in addition to the
length of the horizontal portion.

[0093] In the examples 1 and 2, two elements having
differentlengths, thatis, the first element 11 and the main
body portion 21 of the second element, are provided in
order to receive the FM radio broadcast band having a
low frequency, and hence it is possible to improve the
sensitivity in a wide bandwidth of the FM radio broadcast
band having a low frequency. In addition, the folded por-
tion 22 is formed by folding back the second element,
and is arranged in proximity to the main body portion 21
(in parallel with the main body portion 21 with a spacing
of 7 millimeters), to thereby be able to improve the sen-
sitivity in DAB Band Il having a high frequency without
impairing the sensitivity in the FM radio broadcast band
having a low frequency.

[0094] Further, in the example 2, the first element 11
and the main body portion 21 of the second element ex-
tend in the same direction, to thereby arrange the first
element 11 and the second element (21 and 22) on one
side of the first power feeding point 15 and allow the
downsizing of the antenna. Therefore, the first power
feeding point 15 can be arranged in the position close to
the side of the glass sheet 1.

< Example 3>

[0095] FIG. 3is afront view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
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trating an antenna pattern according to an example 3 of
this invention.

[0096] A glass antenna according to the example 3 is
differentfrom the glass antenna according to the example
2 in that the third element 31 is provided.

[0097] The glass antenna according to the example 3
is formed of the first antenna 10. The first antenna 10
includes the first power feeding point 15, the first element
11, the second element, and the third element 31. The
second element is formed of the main body portion 21
and the folded portion 22.

[0098] The third element 31 extends from the first pow-
er feeding point 15 in the direction different from the ex-
tending direction of the first element 11 or the extending
direction of the second element. Specifically, the third
element 31 includes: a horizontal portion extending from
the first power feeding point 15 in a direction (leftward
direction in FIG. 3) opposite to the extending direction of
the main body portion 21 of the second element; and a
vertical portion extending from an end portion of the hor-
izontal portion in the downward direction (direction dif-
ferent from the rightward direction in which the first ele-
ment 11 and the second element extend). The horizontal
portion of the third element 31 has a length of 5 millime-
ters, and the vertical portion has a length of 150 millim-
eters. In FIG. 3, the number of third elements 31 is one,
but a plurality of third elements 31 may be provided.
[0099] 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.
[0100] Inthe example 3, the third element 31 extending
from the first power feeding point 15 is provided. There-
fore, by adjusting the lengths and the relative positional
relationship of the third element 31, it is possible to im-
prove the sensitivity on the high band side of the FM radio
broadcast band. It is also possible to improve the sensi-
tivity in DAB Band lll as a whole.

< Example 4>

[0101] FIG. 4is a front view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 4 of
this invention.

[0102] A glass antenna according to the example 4 is
differentfrom the glass antenna according to the example
3 in that the auxiliary element 12 is provided.

[0103] The glass antenna according to the example 4
is formed of the first antenna 10. The first antenna 10
includes the first power feeding point 15, the first element
11, the second element, the third element 31, and the
auxiliary element 12. The second element is formed of
the main body portion 21 and the folded portion 22.
[0104] The auxiliary element 12 is arranged so as to
extend downward from the first power feeding point 15
and then extend along and in substantially parallel with
the first element 11. The auxiliary element 12 may have
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a length shorter than the length of the first element 11,
or may have almost the same length as the length of the
firstelement 11. Specifically, a vertical portion of the aux-
iliary element 12 has a length of 33 millimeters, and a
horizontal portion of the auxiliary element 12 has alength
of 125 millimeters. The auxiliary element 12 may extend
from the first power feeding point 15, or may extend from
the first element 11.

[0105] 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-
ence symbols, and descriptions thereof are omitted.
[0106] In the example 4, the auxiliary element 12 ex-
tending from the first power feeding point 15 is provided,
and hence it is possible to improve the sensitivity in DAB
Band Il having a high frequency.

< Example 5>

[0107] FIG. 5is afront view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 5 of
this invention.

[0108] A glass antenna according to the example 5 is
different from the glass antenna according to the example
3 in that the auxiliary elements 12 and 13 are provided.
[0109] The glass antenna according to the example 5
is formed of the first antenna 10. The first antenna 10
includes the first power feeding point 15, the first element
11, the second element, the third element 31, and the
auxiliary elements 12 and 13. The second element is
formed of the main body portion 21 and the folded portion
22.

[0110] The auxiliary element 12 is arranged so as to
extend downward from an intersection point of the verti-
cal portion and the horizontal portion of the first element
and then extend along and in substantially parallel with
the first element 11. The auxiliary element 12 may have
a length shorter than the length of the first element 11,
or may have almost the same length as the length of the
first element 11. Specifically, the vertical portion of the
auxiliary element 12 has a length of 33 millimeters, and
the horizontal portion of the auxiliary element 12 has a
length of 125 millimeters.

[0111] The auxiliary element 13 is arranged so as to
extend rightward from the vertical portion of the first el-
ement and then extend along and in substantially parallel
with the first element 11. The auxiliary element 13 may
have a length shorter than the length of the first element
11, or may have almost the same length as the length of
the first element 11. Specifically, the auxiliary element
13 has a length of 175 millimeters.

[0112] The auxiliary elements 12 and 13 may extend
from the first element 11, or may extend from the first
power feeding point 15.

[0113] Components of the example 5 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.
[0114] In the example 4, the auxiliary element 12 is
provided on the lower side of the first element 11. Further,
in the example 5, the auxiliary element 12 is provided on
the lower side of the first element 11, and the auxiliary
element 13 is provided on the upper side of the first ele-
ment 11. That is, the number of auxiliary elements is not
limited to the numbers exemplified. Further, the auxiliary
elements may be each provided on any one of the upper
side and the lower side of the first element 11. For ex-
ample, in the example 5, only the auxiliary element 13
may be provided on the upper side of the first element 11.
[0115] Further, when a plurality of auxiliary elements
are provided, one auxiliary element may extend from an-
other auxiliary element.

[0116] Further, in the example 5, the auxiliary element
12 is arranged along and in proximity to the defogger 90
(for example, in parallel with the defogger 90 with a spac-
ing of 5 millimeters) so as to be capacitively coupled to
the uppermost heating wire 91 of the defogger 90.
[0117] The defogger 90 includes the pair of bus bars
93 provided on the left and right of the rear glass 1 and
the plurality of heating wires 91 connecting the two bus
bars 93 to each other. It should be noted that in FIG. 5,
only the left half of the defogger 90 is illustrated.

[0118] Inthe example 5, the auxiliary elements 12 and
13 extending from the first element 11 are provided, and
henceitis possible to improve the sensitivity in DAB Band
lIl having a high frequency. In addition, the first antenna
10 (auxiliary element 12) and the defogger 90 (heating
wire 91) are arranged in proximity to each other, and the
first antenna 10 is capacitively coupled to the defogger
90. Therefore, the broadcast wave received by the heat-
ing wire 91 of the defogger can be guided to the first
antenna 10, and it is possible to improve the sensitivity
of the first antenna 10. In particular, it is possible to im-
prove the sensitivity in DAB Band Ill having a high fre-
quency.

< Example 6>

[0119] FIG. 6is a front view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 6 of
this invention.

[0120] A glass antenna according to the example 6 in-
cludes the first antenna 10 and the non-feed element 40,
and is different from the glass antenna according to the
example 5 in that the second element (21 and 22) and
the non-feed element 40 are capacitively coupled to each
other.

[0121] The glass antenna according to the example 6
isformed of the firstantenna 10 and the non-feed element
40. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22.
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[0122] The non-feed element 40 is formed of a plurality
of horizontal wires 42 and at least one vertical wire 43
connecting the horizontal wires 42 to one another, and
the power feeding point is not provided thereto. In other
words, the non-feed element 40 is a conductor that is not
connected to the ground. It suffices that the number of
horizontal wires 42 is at least one, and a plurality of ver-
tical wires 43 may be provided as long as at least one
vertical wire 43 is provided.

[0123] The auxiliary element 12 is arranged along, in
proximity to, and in substantially parallel with the defog-
ger 90 so as to be capacitively coupled to the uppermost
heating wire 91 of the defogger 90.

[0124] The defogger 90 includes the pair of bus bars
93 provided on the left and right of the rear glass 1, the
plurality of heating wires 91 connecting the two bus bars
93 to each other, and the vertical wire 92 connecting the
plurality of heating wires 91 to one another. It should be
noted that in FIG. 6, only the left half of the defogger 90
is illustrated.

[0125] The mainbody portion 21 of the second element
is arranged along and in proximity to the non-feed ele-
ment 40 (for example, in parallel with the non-feed ele-
ment 40 with a spacing of 10 millimeters) so as to be
capacitively coupled to a lowermost horizontal wire 42A
of the non-feed element 40.

[0126] Components of the example 6 other than the
above-mentioned components are the same as those of
the example 5, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0127] In the example 6, the main body portion 21 of
the second element and the horizontal wire 42 of the non-
feed element 40 are arranged in proximity to each other,
and the first antenna 10 and the non-feed element 40 are
capacitively coupled to each other. Therefore, the broad-
cast wave received by the non-feed element 40 can be
guidedtothefirstantenna 10, anditis possible toimprove
the sensitivity of the antenna. Further, the length and a
relative positional relationship of the non-feed element
40 are adjusted, to thereby be able to improve the sen-
sitivity in the FM radio broadcast band having a low fre-
quency.

< Example 7>

[0128] FIG. 7 is afront view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 7 of
this invention.

[0129] A glass antenna according to the example 7 in-
cludes the first antenna 10 and the second antenna 50,
and is different from the glass antenna according to the
example 5 in that the second element (21 and 22) and
the second antenna 50 are capacitively coupled to each
other.

[0130] The glass antenna according to the example 7
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
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point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22.

[0131] The second antenna 50 includes a plurality of
horizontal wires 52, a plurality of vertical wires 53 con-
necting the horizontal wires 52 to one another, and the
second power feeding point 54. Further, the intervals be-
tween the vertical wires 53 may be regular intervals, or
may be differentintervals. The intervals between the ver-
tical wires 53 are adjusted, to thereby be able to improve
the sensitivity in the FM radio broadcast band. It suffices
that the number of horizontal wires 52 is at least one, and
the number of vertical wires 53 is at least one. The second
antenna 50 has the respective wires arranged so as to
secure areception effective area forenablingan AM radio
broadcast band (from 526.5 kHz to 1,606.5 kHz) to be
received in a preferred manner.

[0132] The second powerfeeding point 54 may be pro-
vided at an end portion of the horizontal wire 52, may be
provided in a central portion (for example, intersection
point of a horizontal wire 52B and the vertical wire 53) of
the horizontal wire 52, or may be provided to another
part. The second power feeding point 54 is connected to
a reception amplifier through the connecting line (for ex-
ample, low voltage cable for automobile), and the recep-
tion amplifier is connected to the receiver by the high-
frequency cable (for example, coaxial cable). Further,
the reception amplifier is connected to the ground (vehi-
cle body).

[0133] The second element (21 and 22) is arranged in
proximity to a horizontal wire 52A of the second antenna
50, and the first antenna 10 and the second antenna 50
are capacitively coupled to each other.

[0134] It should be noted that the defogger is not illus-
trated in FIG. 7, but the defogger 90 may be provided so
as to be capacitively coupled to the auxiliary element 12
or may not be provided.

[0135] The mainbody portion21 of the second element
is arranged along and in proximity to the second antenna
50 (for example, in parallel with the second antenna 50
with a spacing of 10 millimeters) so as to be capacitively
coupled to the horizontal wire 52A provided at a lower
portion of the second antenna 50.

[0136] Components of the example 7 other than the
above-mentioned components are the same as those of
the example 5, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0137] In the example 7, the main body portion 21 of
the second element and the horizontal wire 52 of the
second antenna 50 are arranged in proximity to each
other, and the first antenna 10 and the second antenna
50 are capacitively coupled to each other. Therefore, the
broadcast wave received by the second antenna 50 can
be guided to the first antenna 10, and it is possible to
improve the sensitivity of the first antenna 10. Further,
the length and the relative positional relationship of the
horizontal wire 52 and the vertical wire 53 of the second
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antenna 50 are adjusted, to thereby be able to improve
the sensitivity in the FM radio broadcast band having a
low frequency.

[0138] Further,itis possible to form the second anten-
na 50 for another frequency (for example, for AM radio
broadcast reception) with a simple structure.

< Example 8>

[0139] FIG. 8is afront view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 8 of
this invention.

[0140] A glass antenna according to the example 8 is
different from the glass antenna according to the example
7 in that the horizontal wire 52B of the second antenna
50 is arranged between the auxiliary element 13 and the
folded portion 22 of the first antenna 10.

[0141] The glass antenna according to the example 8
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, a plurality of
vertical wires 53, and the second power feeding point 54.
[0142] In the example 8, the left part of the lowermost
horizontal wire 52B extends into a region in which the
first antenna 10 is provided. In other words, the left part
of the horizontal wire 52B is arranged between the aux-
iliary element 13 and the folded portion 22 of the first
antenna 10 along, in proximity to, and in substantially
parallel with the auxiliary element 13 and along, in prox-
imity to, and in substantially parallel with the folded por-
tion 22. In short, the left part of the horizontal wire 52B
is arranged between the first element 11 and the second
element (21 and 22) of the first antenna 10. The plurality
of horizontal wires 52 (for example, two horizontal wires
52) may be arranged between the first element 11 and
the second element (21 and 22).

[0143] Further, the second power feeding point 54 is
connected to the second antenna 50 via a connecting
wire 55 extending from a horizontal wire 52C.

[0144] It should be noted that the defogger is not illus-
trated in FIG. 8, but the defogger 90 may be provided so
as to be capacitively coupled to the auxiliary element 12
or may not be provided.

[0145] Components of the example 8 other than the
above-mentioned components are the same as those of
the example 7, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0146] In the example 8, the horizontal wires 52 are
arranged between the first element 11 and the second
element (21 and 22), and hence the first antenna 10 and
the second antenna 50 are connected to each other
strongly, and are likely to be affected by each other.
Therefore, the first antenna 10 is susceptible to a change
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in characteristics of the second antenna 50 due to the
adjustment of the lengths and the relative positional re-
lationship of the elements, and it is possible to easily
adjust the characteristics of the first antenna 10.

< Example 9>

[0147] FIG. 9is a front view of the glass antenna to be
provided to the rear glass 1 of the automobile, for illus-
trating an antenna pattern according to an example 9 of
this invention.

[0148] A glass antenna according to the example 9 is
differentfrom the glass antenna according to the example
8 in that the horizontal wire 52D of the second antenna
50 includes the folded portion 56 and that the second
power feeding point 54 is arranged at the end portion of
a horizontal wire 52E provided therebelow.

[0149] The glass antenna according to the example 9
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, the plurality
of vertical wires 53, the second power feeding point 54,
and the folded portion 56.

[0150] In the second antenna 50 according to the ex-
ample 9, the second power feeding point 54 is arranged
at a left end portion of the horizontal wire 52E provided
in the lower part. Therefore, the first power feeding point
15 of the first antenna 10 and the second power feeding
point 54 of the second antenna 50 are arranged so as to
be adjacent to each other, which facilitates the work of
connecting a connecting line to the power feeding point
of each antenna.

[0151] Further, the folded portion 56 is provided at a
rightend of the horizontal wire 52D of the second antenna
50. The folded portion 56 extends in the downward di-
rection from the right end of the horizontal wire 52D, is
folded back in the leftward direction, and extends in the
leftward direction along and in proximity to the horizontal
wire 52D (for example, in parallel with the horizontal wire
52D with a spacing of 5 millimeters).

[0152] It should be noted that the defogger is not illus-
trated in FIG. 9, but the defogger 90 may be provided so
as to be capacitively coupled to the auxiliary element 12
or may not be provided.

[0153] Components of the example 9 other than the
above-mentioned components are the same as those of
the example 7, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0154] In the example 9, the folded portion 56 is pro-
vided, and hence it is possible to improve the sensitivity
of the first antenna 10 without greatly changing the char-
acteristics of the second antenna 50.
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< Example 10>

[0155] FIG. 10 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
10 of this invention.

[0156] A glass antenna according to the example 10
is different from the glass antenna according to the ex-
ample 9 in the direction in which the folded portion 56 is
folded back from the horizontal wire 52D.

[0157] Theglass antenna according to the example 10
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, the plurality
of vertical wires 53, the second power feeding point 54,
and the folded portion 56.

[0158] The folded portion 56 is provided at the right
end of the horizontal wire 52D of the second antenna 50.
The folded portion 56 extends in the upward direction
from the right end of the horizontal wire 52D, is folded
back in the leftward direction, and extends in the leftward
direction along and in proximity to the horizontal wire 52D
(for example, in parallel with the horizontal wire 52D with
a spacing of 5 millimeters).

[0159] It should be noted that the defogger is not illus-
trated in FIG. 10, but the defogger 90 may be provided
so as to be capacitively coupled to the auxiliary element
12 or may not be provided.

[0160] Components of the example 10 other than the
above-mentioned components are the same as those of
the example 9, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0161] In the example 10, the folded portion 56 is
formed by upwardly folding back the horizontal wire 52.
Therefore, it is possible to improve the sensitivity of the
first antenna 10 in the FM radio broadcast band (in par-
ticular, middle band).

< Example 11 >

[0162] FIG. 11 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
11 of this invention.

[0163] A glass antenna according to the example 11
is different from the glass antenna according to the ex-
ample 10 in that the folded portion 56 is capacitively cou-
pled to the body flange 2.

[0164] The glass antenna according to the example 11
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
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21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, the plurality
of vertical wires 53, the second power feeding point 54,
and the folded portion 56.

[0165] The folded portion 56 is provided at a right end
of the uppermost horizontal wire 52F of the second an-
tenna 50. The folded portion 56 extends in the upward
direction from the right end of the horizontal wire 52F, is
folded back in the leftward direction, and extends in the
leftward direction along and in proximity to the horizontal
wire 52F (for example, in parallel with the horizontal wire
52F with a spacing of 5 millimeters). The folded portion
56 is arranged in proximity to the body flange 2 of the
vehicle body (for example, in parallel with the body flange
2 with a spacing of 5 millimeters), and is capacitively cou-
pled to the body flange (that is, ground).

[0166] It should be noted that the defogger is not illus-
trated in FIG. 11, but the defogger 90 may be provided
so as to be capacitively coupled to the auxiliary element
12 or may not be provided.

[0167] Components of the example 11 other than the
above-mentioned components are the same as those of
the example 9, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0168] In the example 11, the folded portion 56 is ca-
pacitively coupled to the body flange 2. Therefore, it is
possible to improve the sensitivity of the first antenna 10
in the FM radio broadcast band (in particular, middle
band) by adjusting the length of the folded portion 56 and
a spacing from the body flange 2.

< Example 12>

[0169] FIG. 12 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
12 of this invention.

[0170] A glass antenna according to the example 12
is different from the glass antenna according to the ex-
ample 11 in that the glass antenna according to the ex-
ample 12 includes the two folded portions 56 and 57.
[0171] The glass antenna according to the example 12
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, the plurality
of vertical wires 53, the second power feeding point 54,
and the folded portions 56 and 57.

[0172] The folded portion 56 is provided at the right
end of the uppermost horizontal wire 52F of the second
antenna 50. The folded portion 56 extends in the upward
direction from the right end of the horizontal wire 52F, is
folded back in the leftward direction, and extends in the
leftward direction along and in proximity to the horizontal
wire 52F (for example, in parallel with the horizontal wire
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52F with a spacing of 5 millimeters). Further, the folded
portion 57 is provided at a midpoint of the horizontal wire
52F. The folded portion 57 extends in the upward direc-
tion from the horizontal wire 52F, is folded back in the
leftward direction, and extends along and in proximity to
the horizontal wire 52F (for example, in parallel with the
horizontal wire 52F with a spacing of 5 millimeters). The
folded portions 56 and 57 are arranged in proximity to
the body flange 2 of the vehicle body (for example, in
parallel with the body flange 2 with a spacing of 5 millim-
eters), and are capacitively coupled to the body flange 2
(that is, ground).

[0173] It should be noted that the number of folded
portions may be one as illustrated in FIG. 11, may be two
as illustrated in FIG. 12, or may be equal to or larger than
three.

[0174] It should be noted that the defogger is not illus-
trated in FIG. 12, but the defogger 90 may be provided
so as to be capacitively coupled to the auxiliary element
12 or may not be provided.

[0175] Components of the example 12 other than the
above-mentioned components are the same as those of
the example 9, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0176] In the example 12, the two folded portions 56
and 57 are capacitively coupled to the body flange 2, and
hence it is possible to widen an adjustment range of the
antenna characteristics.

< Example 13>

[0177] FIG. 13 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
13 of this invention.

[0178] A glass antenna according to the example 13
is different from the glass antenna according to the ex-
ample 12 in that the glass antenna according to the ex-
ample 13 includes the auxiliary wire 58.

[0179] Theglass antenna according to the example 13
is formed of the first antenna 10 and the second antenna
50. The first antenna 10 includes the first power feeding
point 15, the first element 11, the second element, the
third element 31, and the auxiliary elements 12 and 13.
The second element is formed of the main body portion
21 and the folded portion 22. The second antenna 50
includes the plurality of horizontal wires 52, the plurality
of vertical wires 53, the second power feeding point 54,
the folded portions 56 and 57, and the auxiliary wire 58.
[0180] The auxiliary wire 58 extends from the second
power feeding point 54 outward (in the direction opposite
to the extending direction of the horizontal wire 52), is
bent downward, and extends along the third element 31.
The auxiliary wire 58 may extend outward (in the direction
opposite to the extending direction of the horizontal wire
52) linearly.

[0181] Further, the folded portion 57 according to the
example 13 extends in the upward direction from an in-
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tersection point of the horizontal wire 52F and the vertical
wire 53, is folded back in the leftward direction, and ex-
tends along and in proximity to the horizontal wire 52F
(for example, in parallel with the horizontal wire 52F with
a spacing of 5 millimeters).

[0182] It should be noted that a position of the horizon-
tal wire 52F from which the folded portion extends may
be the intersection point of the horizontal wire 52F and
the vertical wire 53 as illustrated in FIG. 13, or may be
another position as illustrated in FIG. 12, as long as the
position falls on the horizontal wire 52F.

[0183] It should be noted that the defogger is not illus-
trated in FIG. 13, but the defogger 90 may be provided
so as to be capacitively coupled to the auxiliary element
12 or may not be provided.

[0184] Components of the example 13 other than the
above-mentioned components are the same as those of
the example 9, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0185] Inthe example 13, the auxiliary wire 58 extend-
ing from the second power feeding point 54 in the direc-
tion opposite to the extending direction of the horizontal
wire 52 is provided. Therefore, by adjusting the length
and the extending direction of the auxiliary wire 58, it is
possible to change the characteristics of the second an-
tenna 50, and to improve the sensitivity of the first anten-
na 10 in the FM radio broadcast band (in particular, mid-
dle band).

< Example 14>

[0186] FIG. 14 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
14 of this invention.

[0187] A glass antenna according to the example 14
is different from the glass antenna according to the ex-
ample 13 in that the glass antenna according to the ex-
ample 14 includes the third antenna 60.

[0188] The glassantenna according to the example 14
is formed of the first antenna 10, the second antenna 50,
and the third antenna 60. The first antenna 10 includes
the first power feeding point 15, the first element 11, the
second element, the third element 31, and the auxiliary
elements 12 and 13. The second element is formed of
the main body portion 21 and the folded portion 22. The
second antenna 50 includes the plurality of horizontal
wires 52, the plurality of vertical wires 53, the second
power feeding point 54, the folded portions 56 and 57,
and the auxiliary wire 58. The third antenna 60 includes
the two horizontal elements 61 and 62 arranged along
each other and the third power feeding point 63, and is
adjusted to have a length suitable to receive at least one
broadcast wave of the FM radio broadcast band, the TV
broadcast band, and DAB Band lll.

[0189] The third antenna 60 is arranged in a position
spaced apart from the first antenna 10, and forms the
diversity antenna with the first antenna 10 to diversity-
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receive the FM radio broadcast.

[0190] It should be noted that the defogger 90 is illus-
trated in FIG. 14, but the defogger 90 may not be provid-
ed. The defogger 90 includes the pair of bus bars 93
provided on the left and right of the rear glass 1, the plu-
rality of heating wires 91 connecting the two bus bars 93
to each other, and the 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.

[0191] The auxiliary element 12 is arranged along and
in proximity to the defogger 90 so as to be capacitively
coupled to the uppermost heating wire 91 of the defogger
90. Therefore, the broadcast wave received by the heat-
ing wire 91 can be guided to the first antenna 10, and it
is possible to improve the sensitivity of the antenna.
[0192] Components of the example 14 other than the
above-mentioned components are the same as those of
the example 13, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0193] Inthe example 14, the diversity reception is ef-
fected by the first antenna 10 and the third antenna 60.
Therefore, it becomes easy to receive the arrival wave,
and it is possible to improve the reception performance.

< Example 15>

[0194] FIG. 15 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
15 of this invention.

[0195] A glass antenna according to the example 15
is different from the glass antenna according to the ex-
ample 14 in that the defogger 90 functions as a third
antenna.

[0196] The glass antenna according to the example 15
is formed of the first antenna 10, the second antenna 50,
and the third antenna 60. The defogger 90 functions as
the third antenna 60 as described later.

[0197] The first antenna 10 includes the first power
feeding point 15, the first element 11, the second ele-
ment, the third element 31, and the auxiliary elements
12 and 13. The second element is formed of the main
body portion 21 and the folded portion 22. The second
antenna 50 includes the plurality of horizontal wires 52,
the plurality of vertical wires 53, the second power feeding
point 54, the folded portions 56 and 57, and the auxiliary
wire 58.

[0198] The defogger 90 functioning as the third anten-
na 60 includes the pair of bus bars 93 provided on the
left and right of the rear glass 1, the plurality of heating
wires 91 connecting the two bus bars 93 to each other,
and the 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. The defogger 90 according to
the example 15 functions as the third antenna, and hence
the heating wire 91 and the vertical wire 92 that form the
defogger 90 function as the horizontal wire and the ver-
tical wire, respectively, in the third antenna 60.
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[0199] The defogger coils 94 and the third power feed-
ing 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 con-
nected 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. Further, the third power
feeding point 95 is provided to one of the bus bars 93
(for example, on a power supply side). The third power
feeding point 95 is connected to the reception amplifier
through the connecting line (for example, low voltage ca-
ble for automobile), and the reception amplifier is con-
nected to the receiver by the high-frequency cable (for
example, coaxial cable). Further, the reception amplifier
is connected to the ground (vehicle body).

[0200] 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. 15.

[0201] When the third antenna 60 (defogger 90) re-
ceives the broadcastwave of DAB Band I, a power feed-
ing point may be provided separately from the power
feeding point for extracting a received FM radio broad-
cast wave. In this case, the power feeding point for an
FM radio broadcast wave and the power feeding point
for a DAB broadcast wave may be provided to the bus
bars 93 different from (opposed to) each other.

[0202] The third antenna 60 forms a diversity antenna
with the first antenna 10 to diversity-receive at least one
broadcastwave of the FM radio broadcast and DAB Band
Il broadcast.

[0203] The auxiliary element 12 is arranged along and
in proximity to the defogger 90 so as to be capacitively
coupled to the uppermost heating wire 91 of the defogger
90.

[0204] Components of the example 15 other than the
above-mentioned components are the same as those of
the example 14, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0205] In the example 15, the third antenna 60 is
formed of the wires 91 and 92 of the defogger 90. There-
fore, an antenna element does not need to be provided
separately, and it is possible to suppress deterioration in
an appearance. Further, the third power feeding point 95
is provided to the bus bar 93, and hence the power feed-
ing point for the radio-frequency signal and the power
feeding point for the heating wire can be shared. Further,
the bus bar 93 is connected to the power supply and the
ground via the defogger coil 94, and hence the bus bar
93 can be connected to the power supply and the ground
in terms of a direct current, and can be floated from the
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powersupply and the ground in terms of a high frequency.
< Example 16>

[0206] FIG. 16 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
16 of this invention.

[0207] A glass antenna according to the example 16
is different from the glass antenna according to the ex-
ample 15 in that the auxiliary wires 96, 97, and 98 ex-
tending from the lowermost horizontal wire 91 of the third
antenna 60 are provided. Further, the glass antenna ac-
cording to the example 16 is different from the glass an-
tenna according to the example 15 in that the configura-
tion of the example 2 is employed for the first antenna 10.
[0208] The glass antenna according to the example 16
is formed of the first antenna 10 and the third antenna
60. Itshould be noted thatin FIG. 16, only the firstantenna
10 and the third antenna 60 (defogger 90) are illustrated,
but the second antenna 50 according to another example
described above may be provided, and the second an-
tenna 50 and the body flange 2 may be capacitively cou-
pled to each other.

[0209] The first antenna 10 includes the first power
feeding point 15, the first element 11, and the second
element. The second element is formed of the main body
portion 21 and the folded portion 22. It should be noted
that the configuration of the first antenna is not limited to
the configuration illustrated in FIG. 16, and the configu-
ration of any one of the examples described above may
be employed. For example, the first antenna 10 may in-
clude the auxiliary element 12 that is capacitively coupled
to the uppermost horizontal wire 91 of the third antenna
60.

[0210] The defogger 90 functioning as the third anten-
na 60 includes the pair of bus bars 93 provided on the
left and right of the rear glass 1, the plurality of heating
wires 91 connecting the two bus bars 93 to each other,
and the parallel auxiliary wires 96, 97, and 98 extending
from the lowermost heating wire 91. The defogger 90
may include at least one vertical wire 92 connecting the
plurality of heating wires 91 to one another. The defogger
90 according to the example 16 functions as the third
antenna, and hence the heating wire 91 that forms the
defogger 90 functions as the horizontal wire of the third
antenna 60. The defogger coils 94 and the third power
feeding point 95 are provided to the bus bars 93.
[0211] The parallel auxiliary wire 96 is arranged so as
to extend downward from the lowermost horizontal wire
91, and extend along the horizontal wire 91 in the leftward
direction. The parallel auxiliary wire 97 is arranged so as
to extend from the midpoint of the parallel auxiliary wire
96 substantially horizontally in the leftward direction, be
then bent downward, and further extend along the hori-
zontal wire 91 in the leftward direction. The parallel aux-
iliary wire 98 is arranged so as to extend downward from
the lowermost horizontal wire 91, and extend along the
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horizontal wire 91 in the rightward direction.

[0212] 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 (partindicated by the broken line),
and the respective parallel auxiliary wires are thus ca-
pacitively 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 arranged along and in
proximity to each other.

[0213] It should be noted that the number of auxiliary
wires extending along the horizontal wire 91 may be two
as illustrated in FIG. 17, may be three as illustrated in
FIG. 16 and FIG. 18, or may be equal to or larger than
four. The position of the defogger 90 from which each of
the parallel auxiliary wires 96, 97, and 98 extends may
be a position in the bus bar 93 as illustrated in FIG. 17,
or may be a position in the horizontal wire 91 as illustrated
in FIG. 16 and FIG. 18.

[0214] Components of the example 16 other than the
above-mentioned components are the same as those of
the example 15, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0215] In the example 16, the parallel auxiliary wires
96, 97, and 98 two of which are arranged along and in
proximity to each other are provided. Therefore, by ad-
justing the width and the length of the overlap between
the parallel auxiliary wires, it is possible to improve the
sensitivity of the third antenna 60 and to improve the sen-
sitivity of another antenna with which a diversity is
formed.

< Example 17>

[0216] FIG. 17 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
17 of this invention.

[0217] A glass antenna according to the example 17
is different from the glass antenna according to the ex-
ample 15 in that the auxiliary wires 96 and 98 extending
from bus bars are provided.

[0218] The glass antenna according to the example 17
is formed of the first antenna 10 and the third antenna
60. ltshould be noted thatin FIG. 17, only thefirstantenna
10 and the third antenna 60 (defogger 90) are illustrated,
but the second antenna 50 according to another example
described above may be provided, and the second an-
tenna 50 and the body flange 2 may be capacitively cou-
pled to each other.

[0219] The first antenna 10 includes the first power
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feeding point 15, the first element 11, and the second
element. The second element is formed of the main body
portion 21 and the folded portion 22. It should be noted
that the configuration of the first antenna is not limited to
the configuration illustrated in FIG. 17, and the configu-
ration of any one of the examples described above may
be employed.

[0220] The defogger 90 functioning as the third anten-
na 60 includes the pair of bus bars 93 provided on the
left and right of the rear glass 1, the plurality of heating
wires 91 connecting the two bus bars 93 to each other,
and the parallel auxiliary wires 96 and 98 extending from
the bus bars 93. The defogger coils 94 and the third power
feeding point 95 are provided to the bus bars 93.
[0221] The parallel auxiliary wire 96 is arranged so as
to extend downward from the bus bar 93 on the right side,
and extend along the horizontal wire 91 in the leftward
direction. The parallel auxiliary wire 98 is arranged so as
to extend downward from the bus bar 93 on the left side,
and extend along the horizontal wire 91 in the rightward
direction. The end portions of the respective parallel aux-
iliary wires 96 and 98 are in positions spaced apart from
each other. Further, a part of the parallel auxiliary wire
96 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 respective parallel
auxiliary wires 96 and 98 are arranged with an overlap
(part indicated by the broken line), and the respective
parallel auxiliary 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 arranged along and in proximity to each other.
[0222] Components of the example 17 other than the
above-mentioned components are the same as those of
the example 16, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0223] In the example 17, the parallel auxiliary wires
96 and 98 extend from the bus bars 93. Therefore, by
increasing the lengths of the parallel auxiliary wires and
increasing the length of the overlap between the parallel
auxiliary wires, it is possible to widen the adjustment
range.

< Example 18>

[0224] FIG. 18 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
18 of this invention.

[0225] A glass antenna according to the example 18
is different from the glass antenna according to the ex-
ample 15 in that the auxiliary wires 96, 97, 98 and 89
extending from a bus bar are provided, and that the fourth
antenna 70 is provided.

[0226] The glass antenna according to the example 18
is formed of the first antenna 10, the third antenna 60,
and the fourth antenna 70. It should be noted that in FIG.
18, only the first antenna 10, the third antenna 60 (de-

10

15

20

25

30

35

40

45

50

55

16

fogger 90), and the fourth antenna 70 are illustrated, but
the second antenna 50 according to another example
described above may be provided, and the second an-
tenna 50 and the body flange 2 may be capacitively cou-
pled to each other.

[0227] The first antenna 10 includes the first power
feeding point 15, the first element 11, and the second
element. The second elementis formed of the main body
portion 21 and the folded portion 22. It should be noted
that the configuration of the first antenna is not limited to
the configuration illustrated in FIG. 18, and the configu-
ration of any one of the examples described above may
be employed. For example, the first antenna 10 may in-
clude the auxiliary element 12 thatis capacitively coupled
to the uppermost horizontal wire 91 of the third antenna
60.

[0228] The defogger 90 functioning as the third anten-
na 60 includes the pair of bus bars 93 provided on the
left and right of the rear glass 1, the plurality of heating
wires 91 connecting the two bus bars 93 to each other,
and the parallel auxiliary wires 96, 97, and 98 and the
auxiliary wire 89 extending from the bus bars 93. The
defogger coils 94 and the third power feeding point 95
are provided to the bus bars 93.

[0229] The parallel auxiliary wire 96 is arranged so as
to extend downward from the bus bars 93, and extend
along the horizontal wire 91 in the leftward direction. The
parallel auxiliary wire 97 is arranged so as to extend from
the midpoint of the parallel auxiliary wire 96 substantially
horizontally in the leftward direction, be then bent down-
ward, and further extend along the horizontal wire 91 in
the leftward direction. The parallel auxiliary wire 98 is
arranged so as to extend downward from the bus bars
93, and extend along the horizontal wire 91 in the right-
ward direction.

[0230] 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 (partindicated by the broken line),
and the respective parallel auxiliary wires are thus ca-
pacitively 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 arranged along and in
proximity to each other.

[0231] The auxiliary wire 89 extends upward from the
bus bar 93 on the right side (to which the third power
feeding point 95 is provided), and is bent in the leftward
direction to further extend. The auxiliary wire 89 may ex-
tend from the horizontal wire 91 on the outermost side.
The auxiliary wire 89 may be bent in the rightward direc-
tion instead of being bent in the leftward direction, or may
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merely extend in the upward direction without being bent.
[0232] In addition, the auxiliary wire 89 may extend in
the downward direction from the defogger 90 (bus bar
93 and lowermost horizontal wire 91), and may extend
along the horizontal wire 91. In this case, the auxiliary
wire 89 functions as the parallel auxiliary wire.

[0233] The auxiliary wire 89 may extend downward
from the bus bar 93 on the right side, or may extend
upward or downward from the bus bar 93 on the left side.
In particular, when the auxiliary wire 89 is connected to
a lower edge of the bus bar 93 to which the third power
feeding point 95 is provided, it is possible to improve the
sensitivity in DAB Band Il having a high frequency. When
the auxiliary wire 89 is connected to an upper edge of
the bus bar 93, on the other hand, itis possible to improve
the sensitivity of the antenna for television broadcast re-
ception provided separately (in particular, VHF-High-
band of from 170 MHz to 230 MHz).

[0234] The fourth antenna 70 is formed of the fourth
power feeding point 71 and the horizontal element 72,
and is adjusted to have a length suitable to receive the
TV broadcast band (from 470 MHz to 770 MHz). In this
case, the third antenna 60 and the fourth antenna 70 may
form a diversity antenna to diversity-receive the TV
broadcast. The fourth power feeding point 71 is connect-
ed 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). Fur-
ther, the reception amplifier is connected to the ground
(vehicle body).

[0235] Whenthe auxiliary wire 89 is bentin the leftward
direction or the rightward direction, the end portion of the
auxiliary wire 89 may be arranged in proximity to the
fourth antenna 70.

[0236] Components of the example 18 other than the
above-mentioned components are the same as those of
the example 16, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0237] In the example 18, the auxiliary wire 89 is pro-
vided to the third antenna 60, and hence it is possible to
improve the sensitivity of the third antenna 60. Further,
the auxiliary wire 89 is arranged in proximity to the fourth
antenna 70, and hence it is possible to improve the sen-
sitivity of the antenna (for example, fourth antenna 70)
provided around the third antenna 60.

< Example 19>

[0238] FIG. 19 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
19 of this invention.

[0239] A glass antenna according to the example 19
is different from the glass antenna according to the ex-
ample 18 in that the third antenna 60 (defogger 90) in-
cludes the vertical wire 92.

[0240] The glass antenna according to the example 19
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is formed of the first antenna 10, the third antenna 60,
and the fourth antenna 70. It should be noted that in FIG.
19, only the first antenna 10, the third antenna 60 (de-
fogger 90), and the fourth antenna 70 are illustrated, but
the second antenna 50 according to another example
described above may be provided, and the second an-
tenna 50 and the body flange 2 may be capacitively cou-
pled to each other.

[0241] The first antenna 10 includes the first power
feeding point 15, the first element 11, and the second
element. The second element is formed of the main body
portion 21 and the folded portion 22. It should be noted
that the configuration of the first antenna is not limited to
the configuration illustrated in FIG. 19, and the configu-
ration of any one of the examples described above may
be employed. For example, the first antenna 10 may in-
clude the auxiliary element 12 thatis capacitively coupled
to the uppermost horizontal wire 91 of the third antenna
60.

[0242] The defogger 90 functioning as the third anten-
na 60 includes the bus bars 93, the heating wires 91, the
vertical wires 92, the parallel auxiliary wires 96, 97, and
98, and the auxiliary wire 89. The defogger 90 according
to the example 19 functions as the third antenna, and
hence the heating wire 91 and the vertical wire 92 that
form the defogger 90 function as the horizontal wire and
the vertical wire of the third antenna 60, respectively. The
number of vertical wires 92 is not limited to three as il-
lustrated in FIG. 19, and may be one, two, or equal to or
largerthan four. The defogger coils 94 and the third power
feeding point 95 are provided to the bus bars 93.
[0243] The fourth antenna 70 is formed of the fourth
power feeding point 71 and the horizontal element 72,
and is adjusted to have a length suitable to receive the
TV broadcast band (from 470 MHz to 770 MHz).

[0244] Components of the example 19 other than the
above-mentioned components are the same as those of
the example 18, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0245] Inthe example 19, the vertical wire 92 connect-
ing the horizontal wires 91 to each other is provided, and
hence it is possible to improve the sensitivity of the third
antenna 60.

< Example 20>

[0246] FIG. 20 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
20 of this invention.

[0247] A glass antenna according to the example 20
is different from the glass antenna according to the ex-
ample 19 in that the third antenna 60 (defogger 90) in-
cludes the horizontal auxiliary wire 99.

[0248] The glass antenna according to the example 20
is formed of the first antenna 10, the third antenna 60,
and the fourth antenna 70. It should be noted that in FIG.
20, only the first antenna 10, the third antenna 60 (de-
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fogger 90), and the fourth antenna 70 are illustrated, but
the second antenna 50 according to another example
described above may be provided, and the second an-
tenna 50 and the body flange 2 may be capacitively cou-
pled to each other.

[0249] The first antenna 10 includes the first power
feeding point 15, the first element 11, and the second
element. The second element is formed of the main body
portion 21 and the folded portion 22. It should be noted
that the configuration of the first antenna is not limited to
the configuration illustrated in FIG. 20, and the configu-
ration of any one of the examples described above may
be employed. For example, the first antenna 10 may in-
clude the auxiliary element 12 that is capacitively coupled
to the uppermost horizontal wire 91 of the third antenna
60.

[0250] The defogger 90 functioning as the third anten-
na 60 includes the bus bars 93, the heating wires 91, the
vertical wires 92, the parallel auxiliary wires 96, 97, and
98, the auxiliary wire 89, and the horizontal auxiliary wire
99. The defogger coils 94 and the third power feeding
point 95 are provided to the bus bars 93.

[0251] The horizontal auxiliary wire 99 is formed of a
horizontal portion extending downward from the lower-
most horizontal wire 91, and extending both leftward and
rightward from the center of the defogger along the hor-
izontal wire 91.

[0252] The fourth antenna 70 is formed of the fourth
power feeding point 71 and the horizontal element 72,
and is adjusted to have a length suitable to receive the
TV broadcast band (from 470 MHz to 770 MHz).

[0253] Components of the example 20 other than the
above-mentioned components are the same as those of
the example 19, and are therefore denoted by like refer-
ence symbols, and descriptions thereof are omitted.
[0254] In the example 20, the horizontal auxiliary wire
99 extending from the end portion of the vertical wire 92
along the horizontal wire 91 is provided, and hence the
end portion of the horizontal auxiliary wire 99 is not con-
nected to the defogger 90. Therefore, it is possible to
increase the degree of freedom for adjusting the antenna
characteristics.

< Example 21 >

[0255] FIG. 21 is a front view of the glass antenna to
be provided to the rear glass 1 of the automobile, for
illustrating an antenna pattern according to an example
21 of this invention.

[0256] The glass antenna according to the example 21
is formed of the first antenna 10, the second antenna 50,
the third antenna 60, the fourth antenna 70, and the fifth
antenna 100.

[0257] The first antenna 10 includes the first power
feeding point 15, the first element 11, the second ele-
ment, the third element 31, and the auxiliary elements
12 and 13. The second element is formed of the main
body portion 21 and the folded portion 22. The first an-
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tenna 10 according to the example 21 has the same con-
figuration as the configuration of the first antenna 10 ac-
cording to the example 5 illustrated in FIG. 5, and hence
a detailed description thereof is omitted.

[0258] The second antenna 50 includes the plurality of
horizontal wires 52, the plurality of vertical wires 53, the
second power feeding point 54, and the folded portions
56 and 57. The second antenna 50 according to the ex-
ample 21 has the same configuration as the configuration
of the second antenna 50 according to the example 12
illustrated in FIG. 12, and hence a detailed description
thereof is omitted.

[0259] The left part of the horizontal wire 52B is ar-
ranged between the auxiliary element 13 of the first an-
tenna 10 and the folded portion 22 along, in proximity to,
and in substantially parallel with the auxiliary element 13
and along, in proximity to, and in substantially parallel
with the folded portion 22. Therefore, the first antenna
10 and the second antenna 50 are capacitively coupled
to each other. Further, the folded portions 56 and 57 are
arranged in proximity to the body flange 2 of the vehicle
body (for example, in parallel with the body flange 2 with
a spacing of 5 millimeters), and the second antenna 50
and the body flange 2 (that is, ground) are capacitively
coupled to each other.

[0260] The defogger 90 functioning as the third anten-
na 60 includes the bus bars 93, the heating wires 91, the
vertical wires 92, the parallel auxiliary wires 96, 97, and
98, the auxiliary wire 89, and the horizontal auxiliary wire
99. The defogger coils 94 and the third power feeding
point 95 are provided to the bus bars 93. The third an-
tenna 60 according to the example 21 has the same con-
figuration as the configuration of the third antenna 60
according to the example 20 illustrated in FIG. 20, and
hence a detailed description thereof is omitted.

[0261] The fourth antenna 70 is formed of the fourth
power 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 the TV broadcast
band (from 470 MHz to 770 MHz).

[0262] The horizontal element 72 is arranged in prox-
imity to the horizontal wires 52 of the second antenna
50, and the fourth antenna 70 and the second antenna
50 are capacitively coupled to each other. Further, the
horizontal element 72 is arranged in proximity to the aux-
iliary wire 89 of the third antenna 60, and the fourth an-
tenna 70 and the third antenna 60 are capacitively cou-
pled to each other.

[0263] The fifth antenna 100 includes a fifth power
feeding point, a plurality of vertical wires, and one hori-
zontal wire. The fifth power feeding point is connected to
the reception amplifier through the connecting line (for
example, low voltage cable for automobile), and the re-
ception amplifier is connected to the receiver by the high-
frequency cable (for example, coaxial cable). Further,
the reception amplifier 6 is connected to the ground (ve-
hicle body).

[0264] The descriptions made below with reference to
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FIG. 22 to FIG. 24 each relate to a sensitivity of an an-
tenna exhibited when the arrangement or the length of
an element described below is changed without changing
the configuration of other elements. Further, the sensi-
tivity of the antenna has a value obtained by measuring
omnidirectional (360-degree) sensitivities of the antenna
within a horizontal plane and calculating an average
thereof.

[0265] FIG. 22 is an illustration of a gain (sensitivity)
of the antenna in DAB Band Ill exhibited when the length
of the folded portion 22 is changed in the antenna ac-
cording to the example 21. The length of the main body
portion 21 is fixed at 460 millimeters, and the spacing
between the main body portion 21 and the folded portion
22 is fixed at 7 millimeters. In FIG. 22, a characteristic
exhibited when the length of the folded portion 22 is set
to 300 millimeters is indicated by the solid line, a char-
acteristic exhibited when the length is set to 400 millim-
eters is indicated by the broken line, and a characteristic
exhibited when the length is set to 200 millimeters is in-
dicated by the one-dot chain line. According to FIG. 22,
when the length of the folded portion 22 is set to 300
millimeters, the gain drops by a small amount on the high
band side, and the antenna exhibits the highest average
gain within the band. Therefore, it may be preferred that
the length of the folded portion 22 be approximately
al-l4. Here, 4, represents a wavelength (1.5 meters) of
the center frequency of DAB Band Il being 210 MHz.
[0266] FIG. 23 is an illustration of a gain (sensitivity)
of the antenna in the FM radio broadcast band exhibited
when the length of the main body portion 21 is changed
in the antenna according to the example 21. The length
of the folded portion 22 is fixed at 300 millimeters, and
the spacing between the main body portion 21 and the
folded portion 22 is fixed at 7 millimeters. In FIG. 23, a
characteristic exhibited when the length of the main body
portion 21 is set to 460 millimeters is indicated by the
solid line, a characteristic exhibited when the length is
set to 410 millimeters is indicated by the broken line, and
a characteristic exhibited when the length is set to 510
millimeters is indicated by the one-dot chain line. Accord-
ing to FIG. 23, when the length of the main body portion
21 is set to 460 millimeters, the antenna has a flat char-
acteristic within the band, and exhibits the highest aver-
age gain within the band. Therefore, it may be preferred
that the length of the main body portion 21 be approxi-
mately a4,/5. Here, A, represents a wavelength (3.3 me-
ters) of the center frequency of the FM radio broadcast
band being 92 MHz.

[0267] FIG. 24 is an illustration of a gain (sensitivity)
of the antenna in the FM radio broadcast band exhibited
when the length of the first element 11 is changed in the
antenna according to the example 21. The length of the
vertical portion of the first element 11 is fixed at 20 mil-
limeters. In FIG. 24, a characteristic exhibited when the
length of the horizontal portion of the first element 11 is
setto 400 millimeters is indicated by the solid line, a char-
acteristic exhibited when the length is set to 350 millim-
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eters is indicated by the broken line, and a characteristic
exhibited when the length is set to 450 millimeters is in-
dicated by the one-dot chain line. According to FIG. 24,
when the length of the main body portion 21 is set to 400
millimeters, the antenna has a flat characteristic within
the band. Therefore, it may be preferred that the length
of the first element 11 be approximately a4,/6.

[0268] While the presentinvention has been described
in detail and pictorially in the accompanying drawings,
the presentinvention 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.

[0269] The present application claims priority from
Japanese patent application JP 2014-12484 filed on Jan-
uary 27, 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 first antenna, wherein
the first antenna includes:

a first power feeding point connected to a re-
ceiver;

afirst element connected to the first power feed-
ing point; and

a second element connected to the first power
feeding point,

the second element includes:

amain body portion extending from the first pow-
er feeding point; and

afolded portion connected to the main body por-
tion, and

the folded portion is folded back from the main body
portion and is arranged along the main body portion.

2. The glass antenna according to claim 1, wherein the
folded portion is folded back from an end portion of
the main body portion, and is arranged along and in
proximity to the main body portion.

3. The glass antenna according to claim 1, wherein:

the glass antenna is configured to receive sig-
nals on a first frequency band having a wave-
length of a center frequency set as A7 and a
second frequency band having a wavelength of
a center frequency set as 12; and

the folded portion has a length of approximately
aA2/4, the main body portion has a length of
approximately a11/5, and the first element has
a length of approximately «11/6, where « rep-
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resents a wavelength shortening rate of the win-
dow glass.

The glass antenna according to claim 1, wherein the
firstelement and the main body portion of the second
element extend in the same direction.

The glass antenna according to claim 4, wherein the
first antenna further includes a third element extend-
ing from the first power feeding point in a direction
different from an extending direction of the first ele-
ment and an extending direction of the main body
portion of the second element.

The glass antenna according to claim 1, wherein the
first antenna further includes at least one of an aux-
iliary element extending from the first power feeding
point and an auxiliary element extending from the
first element.

The glass antenna according to claim 6, wherein the
at least one of the auxiliary elements is arranged in
proximity to a heating wire on an outermost side of
a defogger arranged on the window glass, and is
capacitively coupled to the heating wire.

The glass antenna according to claim 1, wherein the
first antenna is arranged in proximity to a linear con-
ductor arranged on the window glass, and is capac-
itively coupled to the linear conductor.

The glass antenna according to claim 8, further com-
prising a second antenna, wherein
the second antenna includes the linear conductor.

The glass antenna according to claim 9, wherein:
the second antenna includes:

a plurality of horizontal wires;

at least one vertical wire connecting the plu-
rality of horizontal wires to one another; and
a second power feeding point; and

the second antennais configured to receive
a signal on a third frequency band.

The glass antenna according to claim 10, wherein
the at least one vertical wire includes a plurality of
vertical wires.

The glass antenna according to claim 10, wherein
at least one of the plurality of horizontal wires is ar-
ranged in proximity to the second element, and is
capacitively coupled to the second element.

The glass antenna according to claim 10, wherein
at least one of the plurality of horizontal wires is ar-
ranged between the first element and the second
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element.

The glass antenna according to claim 10, wherein
at least one of the plurality of horizontal wires in-
cludes a folded portion having an end portion folded
back toward one of an upper side and a lower side.

The glass antenna according to claim 10, wherein:

the second power feeding point is provided to
an end portion of any one of the plurality of hor-
izontal wires; and

the second antenna further includes:

a wire for capacitive coupling that extends
from an uppermost wire of the plurality of
horizontal wires, and is arranged in a posi-
tion capacitively coupled to a body flange;
and

an auxiliary wire extending in a direction op-
posite to a direction in which the one of the
plurality of horizontal wires extends from the
second power feeding point.

The glass antenna according to claim 1, further com-
prising a third antenna, wherein

the first antenna and the third antenna compose a
diversity antenna.

The glass antenna according to claim 16, wherein:

the third antenna is composed by using a wire
of a defogger arranged on the window glass as
an antenna; and

the third antenna includes a third power feeding
point provided to the defogger, the third power
feeding point being connected to the receiver.

The glass antenna according to claim 17, wherein:
the defogger includes:

a pair of bus bars provided on left and right
of the window glass; and

a plurality of heating wires connecting the
pair of bus bars to each other;

the third antenna includes:

a plurality of horizontal wires used for
the plurality of heating wires; and

at least two parallel auxiliary wires that
extend from one of: one of the bus bars;
and one of the plurality of horizontal
wires on an outermost side, and are ar-
ranged so that end portions of the at
least two parallel auxiliary wires are
spaced apart from each other; and
the at least two parallel auxiliary wires
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are arranged along and in proximity to
each other.

The glass antenna according to claim 18, wherein
the third antenna further includes at least one auxil-
iary wire.

The glass antenna according to claim 18, wherein
the third antenna furtherincludes atleast one vertical
wire connecting the plurality of horizontal wires of
the third antenna to one another.

The glass antenna according to claim 20, further
comprising a horizontal auxiliary wire extending from
an end portion of the at least one vertical wire along
one of the plurality of horizontal wires.
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