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(54) Automotive glass antenna

(57) In a glass antenna disposed at an upper section
of a defogger (5) of a rear window glass (1) of an auto-
motive vehicle, an FM first antenna (2) receives an FM
broadcasting wave or both of the FM broadcasting wave
and an AM broadcasting wave, an FM second antenna
(3) performs a diversity reception of the FM broadcasting
wave together with the first FM antenna, and a DAB pur-
pose antenna receiving a DAB broadcasting wave. The
FM first antenna (2) is disposed in such a way that a
blank space (23) formed by an FM first antenna element
(22) and a flange end edge (6) of the automotive vehicle
is disposed at an upper part of the defogger when the
rear window glass is attached to the automotive vehicle,

the FM second antenna (3) and the DAB purpose anten-
na (4) are disposed on the blank space (23), the FM sec-
ond antenna (3) includes: an FM second antenna feed
point (31) disposed at a side section of the rear window
glass (1); and an FM second antenna element (32), the
FM second antenna element (32) includes: an FM sec-
ond antenna first strip (321); and an FM second antenna
second strip (322), and FM second antenna first strip
(321) has one end connected to the FM second antenna
feed point (31), is extended in a direction away from the
FM second antenna feed point (31), and has the other
end connected to a tip or to a midway section through
the FM second antenna second strip (322).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 797 164 A1 2

Description

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] The present invention relates to a vehicular
glass antenna (or an automotive glass antenna) in which
two FM (Frequency Modulation) purpose antennae for
performing a diversity reception of FM broadcasting
waves and a DAB (Digital Audio Broadcasting) purpose
antenna for receiving a DAB broadcasting wave are co-
existent on a blank space located at an upper section of
a defogger provided on a rear window glass of an auto-
motive vehicle.

(2) Description of related art

[0002] Recently, in a radio broadcasting, digital radios
having various types of digital modulation systems of low
noise and high quality as compared with those having
conventional analog modulation systems have been de-
veloped. In each country of the world, digital radio broad-
castings of various types of broadcasting standards have
been putinto practice. The various types of broadcasting
standards include DAB (Digital Audio Broadcasting),
DRM (Digital Radio Mondiale), DMB (Digital Multimedia
Broadcasting), ISDB (Integrated Services Digital Broad-
casting), and so forth.

[0003] Fromamong these various types of digital radio
broadcasting standards, a standard which has almost
been used in each country of the world is DAB standard.
A first frequency bandwidth of DAB standard is a band
Il having a frequency bandwidth of 174 through 240MHz
and a second frequency bandwidth of DAB standard is
an L band of DAB standard having the frequency band-
width of 1452 through 1492 MHz. These separate fre-
quency bandwidths have been used.

[0004] Two FM wave receiving antennae for receiving
FM broadcasting waves (the frequency bandwidth in Ja-
panis 76MHz ~ 90MHz and the frequency bandwidth out
of Japan is 88MHz ~ 108 MHz) are provided on the blank
space of the defogger of the rear window glass of the
automotive vehicle to perform the diversity reception of
the FM broadcasting wave. Conventionally, one of two
FM receiving antennae is provided on the blank space
at the upper part of the defogger and the other of the
receiving antennae is provided on the blank space at a
lower part of the defogger.

[0005] However, recently, two FM purpose antennae
are provided on the blank space at the upper part of the
defogger as described in a Japanese Patent Application
First Publication (tokkai) No. 2011-135405 published on
July 7, 2011 (which corresponds to EP 2 485 325 A1).
In details, the above-described Japanese Patent Appli-
cation First Publication describes that an FM radio re-
ceiving main antenna is provided on an upper part blank
space of the defogger and an FM radio receiving sub
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antenna is provided on a blank space of the FM radio
receiving main antenna.

SUMMARY OF THE INVENTION

[0006] In a case where the above-described DAB pur-
pose antennais disposed on the blank space of the upper
part of the rear window glass, the DAB purpose antenna
and FM radio wave sub antenna are disposed on the
blank space of the FM radio receiving main antenna.
[0007] Ifthe DAB purpose antenna and FM radio wave
sub antenna are disposed as described above, DAB pur-
pose antenna and FM radio receiving sub antenna are
disposed in a short distance between these antennae so
that a mutual electromagnetic interference occurs and
an antenna sensitivity at the band Il of the DAB purpose
antenna is often reduced.

[0008] With the above-described problem in mind, it is
an object of the present invention to provide an automo-
tive glass antenna in which the FM radio receiving main
antenna, the FM radio receiving sub antenna, and DAB
purpose antenna are disposed on the blank space at the
upper part of the rear window glass and the respective
antennae can suitably receive the electric waves at a
desired frequency bandwidth.

[0009] The automotive glass antenna according to the
present invention is a glass antenna disposed on an up-
per side of a defogger of a rear window glass of an au-
tomotive vehicle. This automotive glass antenna com-
prises: an FM firstantennareceiving the FM broadcasting
wave or both of the FM broadcasting wave and an AM
broadcasting wave; an FM second antenna for perform-
ing a diversity reception of the FM broadcasting wave
together with the FM first antenna; and a DAB purpose
antenna for receiving the DAB broadcasting wave.
[0010] The FM first antenna is disposed in such a way
that the blank space formed by the FM first antenna el-
ement and the end edge of a flange of the automotive
vehicle is disposed on an upper part of the defogger when
the rear window glass is attached to the automotive ve-
hicle.

[0011] The FM second antenna and the DAB purpose
antenna are disposed in the blank space. The FM second
antenna includes: an FM second antenna feed point dis-
posed on a side section of the rear window glass; and
an FM second antenna element.

[0012] The FM second antenna element includes an
FM second antenna first strip and an FM second antenna
second strip. The FM second antenna first strip has one
end connected to the FM second antenna feed point, is
extended toward a direction away from the FM second
antenna feed point, and has the other end connected to
a tip of or a midway through the FM second antenna
second strip.

[0013] In the automotive glass antenna according to
the present invention, the FM second antenna second
strip may be overlapped on the antenna element of the
DAB purpose antenna. Or alternatively, the FM second
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antenna first strip and the FM second antenna second
strip can be overlapped on the antenna element of the
DAB purpose antenna. It should be noted that, in this
specification, the term of overlap is defined as a close
lap of one strip of two strips of separate antenna elements
over the other strip of the two strips thereof with a pre-
determined length and with a predetermined interval.
[0014] The automotive glass antenna according to the
presentinvention is structuredin such away as described
above. Hence, the antenna sensitivity of the DAB pur-
pose antenna can be increased.

[0015] The automotive glass antenna according to the
presentinvention, as the DAB purpose antenna, with the
core wire side feed point and the ground side feed point
provided, an antenna having a core wire side feed point
connected to the core wire side feed point and a ground
side antenna element connected to a ground side feed
point may be used.

[0016] In the automotive glass antenna according to
the present invention, a part or a whole of the ground
side element of DAB purpose antenna may be placed in
proximity of the FM second antenna strip of the FM sec-
ond antenna to constitute a capacitive coupling. In addi-
tion, a part or a whole of the DAB purpose antenna may
be placed in the proximity of the FM second antenna first
strip of the FM second antenna and the FM second an-
tenna second strip to constitute the capacitive coupling.
Thus, the antenna sensitivity of DAB purpose antenna
at the band Ill of DAB can be increased.

[0017] In the automotive glass antenna according to
the present invention, the antenna element of the DAB
purpose antenna and the antenna element of the FM
second antenna has an overlapped interval of equal to
or larger than 3mm but equal to or smaller than 10mm.
By adjusting this range, the high antenna sensitivity can
be obtained at band IIl of the DAB purpose antenna.
[0018] In the automotive glass antenna according to
the present invention, the FM second antenna structure
is as described above. Hence, the antenna sensitivity of
the FM second antenna can be suppressed to be lower
in the band Ill of DAB which is outside of the FM band-
width. Therefore, even if the FM second antenna and the
DAB purpose antenna are disposed at the blank space
formed by the FM first antenna element and the flange
end edge of the automotive vehicle, the DAB purpose
antenna can obtain the favorable antenna sensitivity.
Due to the difference in the antenna sensitivities, while
two FM antennae and the DAB purpose antenna are co-
existent on the blank space at the upper part of the de-
fogger of the rear window glass, the respective antennae
can provide the desired antenna sensitivities at desired
bandwidths.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is an elevation view of a whole automotive
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glass antennarelated to afirst preferred embodiment
according to the present invention.

Fig. 2is an elevation expanded view of a surrounding
of an FM second antenna and DAB purpose antenna
of the automotive glass antenna related to the first
preferred embodiment according to the present in-
vention.

Fig. 3 is an elevation view of the whole automotive
glass antenna related to a second preferred embod-
iment according to the present invention.

Fig. 4 is an elevation expanded view of a surrounding
of an FM second antenna and DAB purpose antenna
of the automotive glass antenna related to the first
preferred embodiment according to the present in-
vention.

Fig. 5 is an elevation view of the whole automotive
glass antenna related to a third preferred embodi-
ment according to the present invention.

Fig. 6 is an elevation expanded view of a surrounding
of an FM second antenna and DAB purpose antenna
of the automotive glass antenna related to the third
preferred embodiment according to the present in-
vention.

Fig. 7 is a graph representing an average antenna
sensitivity for each frequency in an FM frequency
bandwidth of the FM second antenna of the automo-
tive glass antenna in an example 1 and in a compar-
ative example

Fig. 8 is a graph representing an average antenna
sensitivity for each frequency in a band Il of DAB
bandwidth of the FM second antenna of the automo-
tive glass antenna in example 1 and in the compar-
ative example.

Fig. 9 is a graph representing an average antenna
sensitivity for each frequency in a band Il of the DAB
of the DAB purpose antenna of the automotive glass
antenna in example 1 and in the comparative exam-
ple.

Fig. 10 is a graph representing an average antenna
sensitivity in a band Il of the DAB purpose antenna
when an interval of FM second antenna and DAB
purpose antenna is varied.

Fig. 11 is a elevation view of the whole automotive
vehicle glass antenna related to the comparative ex-
ample.

Fig. 12 is an elevation expanded view of a surround-
ing of an FM second antenna and DAB purpose an-
tenna of the automotive glass antenna related to the
comparative example.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, a structure of an automotive glass
antenna in a preferred embodiment according to the
present invention will be described. It should be noted
that upper, lower, right side (rightward), or left side (left-
ward) is used for the accompanied drawings but not pre-
scribed for directions of actual articles.
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[First embodiment]

[0021] Fig. 1 is an elevation view of the automotive
glass antenna related to a first preferred embodiment
according to the present invention.

[Whole structure]

[0022] The automotive glass antenna in the first em-
bodiment is a glass antenna disposed on an upper part
of a defogger 5 of a rear window glass 1. The glass an-
tenna includes: an FM first antenna 2 disposed from a
right side to left side of an upper part of a defogger 5 of
arear window glass 1; an FM second antenna 3 perform-
ing a diversity reception of an FM broadcasting wave
together with FM first antenna 2; and a DAB purpose
antenna 4 disposed at a left side of rear window glass 1.
FM first antenna 2 may be the antenna receiving both of
the FM broadcasting wave and AM (Amplitude Modula-
tion) broadcasting wave.

[0023] Defogger 5 includes a pair of bus bars 51 lon-
gitudinally disposed at both side sections of rear window
glass 1. A plurality of heating horizontal strips 52 are dis-
posed between pair of bus bars 51 and both ends of
heating horizontal strips 52 are connected to the pair of
bus bars 51. A defogger vertical strip 53 may be disposed
along a center line r of rear window glass 1. This defogger
vertical strip 53 has its upper end connected to an up-
permost heating horizontal strip 52, is connected to
crossing all heating horizontal strips 52, and is connected
to a lowermost heating horizontal strip 52.

[0024] FMfistantenna2 serves as a main antennaand
FM second antenna 3 serves as a sub antenna. The FM
first antenna 2 is provided with an FM first antenna feed
point 21 located at a right side section of rear window
glass 1 at an upper section of defogger 5. Then, an FM
first antenna element 22 is extended from FM first anten-
na feed point 21.

[0025] FM first antenna element 22 has all elements
disposed on an inside of a flange end edge 6 of the au-
tomotive when rear window glass 1 is attached onto the
automotive vehicle.

[0026] FM first antenna element 22 includes: an FM
first antenna horizontal strip 221; an FM first antenna
vertical strip 222; an FM first antenna first letter U shaped
element 223; an FM first antenna second letter U shaped
element 224; and an FM first antenna drawing strip 225.
[0027] FMfirstantenna horizontal strip 221 is disposed
along the upper part of flange end edge 6 when rear
window glass 1 is attached onto the automotive vehicle.
In addition, FM first antenna first letter U shaped element
223 includes: an FM first antenna first letter U shaped
element upper side horizontal strip 223a; an FM first an-
tenna letter U shaped element lower side horizontal strip
223b; and a connection strip connecting left sides of both
of horizontal strips 223aand 223b. Then, FMfirstantenna
first letter U shaped element lower side horizontal strip
223b is disposed to be spaced apart from an uppermost
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heating horizontal strip 52.

[0028] FM first antenna vertical strip 222 is a strip dis-
posed to be overlapped on a center line r of the rear
window glass. An upper end of FM first antenna vertical
strip 222 is connected to a midway section of FM first
antenna horizontal strip 221 and a lower end of FM first
antenna vertical strip 222 is connected to a midway sec-
tion of FM first antenna first letter U shaped element up-
per section horizontal strip 223a.

[0029] An FM first antenna second letter U shaped el-
ement 224 is disposed at a right side of center line r of
the rear window glass and is interposed between FM first
antenna horizontal strip 221 and FM firstantenna second
letter U shaped element upper section horizontal strip
223a.

[0030] FM first antenna second letter U shaped ele-
ment 224 includes: an FM first antenna second letter U
shaped element upper section horizontal strip 224a; an
FM first antenna second letter U shaped element lower
section horizontal strip 224b; and a connection strip to
connect leftends of both horizontal strips 224a and 224b.
[0031] A midway section of FM first antenna second
letter U shaped element lower section horizontal strip
224b is connected to a connection strip connected to a
rightward end of FM first antenna letter U shaped element
upper section horizontal strip 223a. One end of FM first
antenna drawing strip 225 is connected to FM first an-
tenna feed point 21 and the other end of FM first antenna
drawing strip 225 is connected to FM first antenna second
letter U shaped horizontal strip 224a. A midway section
of FM first antenna drawing strip 225 is extended toward
the upper direction from feed point 21 and disposed be-
tween FM firstantenna second letter U shaped horizontal
strip 224a and FM first antenna horizontal strip 221.
[0032] On the left side of center line r of rear window
glass 1, FM first antenna horizontal strip 221, FM first
antenna vertical strip 222, FM first antenna letter U
shaped element upper horizontal strip 223a, and the
blank space 23 (denoted by a dot line) of FM first antenna
element 22 enclosed with flange end edge 6 of the left
side of rear window glass 1 are formed.

[0033] The shape of FM first antenna 2 is not limited
to this. Blank space 23 formed by flange end edge 6 of
the automotive vehicle and FM first antenna element 22
when rear window glass 1 is attached to the automotive
vehicle has an area sufficient to include FM second an-
tenna 3 and DAB purpose antenna 4.

[0034] FM second antenna 3 and DAB purpose anten-
na 4 are disposed on the blank space 23 of FM first an-
tenna element 22.

[0035] InFM second antenna 3, an FM second anten-
na feed point 31 is disposed at the left side section of
rear section window glass 1. An FM second antenna el-
ement 32is extended from FM second antennafeed point
31.

[0036] DAB purpose antenna4 is disposed at an upper
section of FM second antenna 3. A ground side feed point
42 is disposed at a left side section of rear window glass
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1. Acore wire side feed point41 is disposed above ground
side feed point 42.

A ground side antenna element 44 is extended from
ground side feed point 42. A core wire side antenna el-
ement 43 is extended from core wire side feed point 41.
In the first embodiment, DAB purpose antenna 4 is dis-
posed above FM second antenna 3. However, the
present invention is not limited to this. DAB purpose an-
tenna 4 may be disposed below FM second antenna 3.
[0037] Fig. 2 is an expanded view of FM second an-
tenna 3 and DAB purpose antenna 4, both antennae be-
ing disposed on the blank space of FM first antenna el-
ement 22 shown in Fig. 1.

[0038] FM second antenna element 32 of FM second
antenna 3 is extended from FM second antenna feed
point 31. FM second antenna element 32 includes: an
FM second antenna first strip 321 and an FM second
antenna second strip 322.

[0039] One end of FM second antenna first strip 321
is connected to FM second antenna feed point 31 and
FM second antenna first strip 321 is horizontally extend-
ed from FM second antenna feed point 31 toward center
line r of rear window glass. A midway section of FM sec-
ond antenna first strip 321 is bent toward the upper di-
rection to form FM second antenna first strip connection
section 321a. A tip of FM second antenna first strip con-
nection section is connected to FM second antenna sec-
ond strip 322.

[0040] FM second antenna second strip 322 is a strip
extended in the horizontal direction. A tip of or midway
through FM second antenna second strip 322 is connect-
ed to a tip of FM second antenna first strip 321 via FM
second antenna first strip connection section 321a.
[0041] FM second antenna first strip 321 and FM sec-
ond antenna second strip 322 are not always the hori-
zontal strips as described in the first embodiment. For
example, these strips may be bended or may be extend-
ed in an oblique upper direction or in an oblique lower
direction.

[0042] By adjusting lengths of FM second antenna first
strip 321 and FM second antenna second strip 322 and
by adjusting connection positions between FM second
antenna first strip 321 and FM second antenna strip 322,
an antenna sensitivity of the DAB purpose antenna 4 in
conformity to the vehicle body shape of various types of
the automotive vehicles and in conformity to the shapes
of the DAB purpose antenna can be obtained.

[0043] A ground side feed point 42 of DAB purpose
antenna 4 is disposed at a left side section of the rear
window glass. A core wire side feed point 41 of DAB
purpose antenna 4 is disposed at the left side section of
rear window glass located at the upper side of ground
side feed point 42. A ground side antenna element 44 is
extended from ground side feed point 42. A core wire
side antenna element 44 is extended from core wire side
feed point 41.

[0044] Ground side antenna element 44 includes a
ground side first horizontal strip 441. One end of ground
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side first horizontal strip 441 is connected to ground side
feed point 42 and ground side first horizontal strip 441 is
a strip extended toward center line r of the rear window
glass 1.

[0045] Core wire side antenna element 43 is constitut-
ed by a core wire side first horizontal strip 431, core wire
side vertical strip 432, and core wire side second hori-
zontal strip 433.

[0046] Core wire side first horizontal strip 431 has one
end connected to core wire side feed point 41 and is a
strip extended toward the direction of center line r of the
rear window glass. Core wire side vertical strip 432 has
one end connected to a midway section of core wire side
first horizontal strip 431 and is a strip extended toward
the lower direction. The other end of core wire side ver-
tical strip 432 is connected to a midway of core wire side
second horizontal strip 433. Core wire side second hor-
izontal strip is a horizontal strip extended in the rightward
and leftward directions at a lower side of core wire side
first horizontal strip 431.

[0047] As described above, FM second antenna 3 and
DAB purpose antenna 4 are disposed within the blank
space 23 of FM first antenna element 22, both antennae
of FM second antenna 3 and DAB purpose antenna 4
can obtain favorable antenna sensitivities at a desired
bandwidth.

The reason of obtaining of the favorable antenna sensi-
tivities is as follows: That is to say, since the structure of
FM second antenna 3 takes a form of the first embodi-
ment as described above, the antenna sensitivity of FM
second antenna 3 can be lowered in the band Ill of DAB
bandwidth which is an outside of FM bandwidth. Thus,
DAB purpose antenna 4 can be prevented from interfer-
ing against FM second antenna 3 in the band Il and the
favorable antenna sensitivity can be obtained in the band
Il

[0048] Inaddition, itis preferable that a part of FM sec-
ond antenna second strip 322 of FM second antenna 3
is overlapped with a predetermined interval m with re-
spect to ground side horizontal strip 441 of DAB purpose
antenna 4 since the antenna sensitivity of DAB purpose
antenna 4 in the band Ill can be increased.

[0049] Inthe automotive glass antenna in the first em-
bodiment, part of FM second antenna second strip 322
is overlapped with respect to ground side horizontal strip
411 of DAB purpose antenna 4. However, a higher sen-
sitivity can be obtained if FM second antenna second
strip 322 is overlapped with respect to part of ground side
horizontal strip 441 of DAB purpose antenna 4.

[0050] Inthe automotive glass antenna in the first em-
bodiment, ground side element 44 of DAB purpose an-
tenna 4 is disposed to be closer to FM second antenna
element 32 than core wire side antenna element43. How-
ever, core wire side antenna element 43 may be closer
to FM second antenna element 32 than ground side el-
ement 44.

[0051] In addition, in the automotive glass antenna in
the first preferred embodiment, DAB purpose antenna 4
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is a non-ground type antenna including ground type feed
point 42 and core-wire side feed point 41. However, the
DAB purpose antenna 4 may be ground type antenna
whose ground is provided at the vehicle body.

[0052] In the automotive glass antenna in the first pre-
ferred embodiment, blank space 23 of FM first antenna
element 22 is disposed on the left side of an upper blank
space of defogger 5. However, it is always necessary to
be disposed on the left side. Depending on the structure
of FM first antenna 2, the blank space of FM first antenna
element 22 may be disposed on the center of an upper
blank space of rear window glass 1 or the right side of
the upper blank space of rear window glass 1, viz., a side
on which FM first antenna feed point 21 of FM first an-
tenna 2 is disposed.

[Connection of automotive glass antenna in the first em-
bodiment to a receiver]

[0053] An amplifier (not shown) is disposed on a part
of a vehicle body which is placed in proximity of FM first
antenna feed point 21. A coaxial cable (not shown) is
extended from a receiver (not shown) and is connected
to the amplifier. The amplifier is grounded to the vehicle
body and an outer sheath conductor wire is grounded to
the vehicle body via the amplifier.

[0054] A feed terminal is soldered to FM first antenna
feed point 21 and an AV (Low-voltage cables for Auto-
mobile and Vinyl) cable serves to connect this feed ter-
minal 21 to the amplifier.

[0055] In general, a filter is disposed in the amplifier
so as not to input waves other than a desired bandwidth.
Thus, FM first antenna 2 has reduced interference of re-
ceiving the electric waves of the band Il of DAB purpose
antenna 4.

[0056] A grounding (or ground) point (not shown) is
disposed on a part of the vehicle body placed in proximity
of FM second antenna feed point 31. The coaxial cable
(not shown) serves to connect the receiver (not shown)
to the grounding point and outer sheath conductor of this
coaxial cable is grounded. Then, the feed terminal is sol-
dered to FM second terminal feed point 31 and the AV
cable is connected between the feed terminal and the
grounding point.

[0057] The feed terminals are soldered to ground side
feed point42 and core wire side feed point41. The coaxial
cable serves to connect the receiver and the grounding
point (not shown). The core wire of the coaxial cable is
connected to core wire side feed point 41 via the feed
terminal. The outer sheath conductor is connected to
ground side feed point 42 via the feed terminal. In addi-
tion, the amplifier may be disposed between the receiver
and the feed terminal.

[Forming method of forming the automotive window glass
in the first embodiment]

[0058] A generally available conductive ceramic paste
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in the same way as the forming of defogger 5 of rear
window glass 1 can be used, the glass antenna can be
printed in the same method as defogger 5, and can be
baked by means of a heating furnace.

[0059] In addition, as far as DAB purpose antenna 4
is concerned, a film antenna printed in a conductive paste
on a transparent film may be adhered onto the blank
space of FM first antenna element 22 of rear window
glass 1.

[Second embodiment]

[0060] Fig.3showsanelevation view of the automotive
glass antenna related to a second preferred embodiment
according to the present invention.

[0061] The automotive glass antenna in the second
embodiment is the same as that in the first embodiment
except the shapes of FM second antenna and DAB pur-
pose antenna 4. Hereinafter, the structure of each of FM
second antenna 3 and DAB purpose antenna 4 will be
described onabasis of Fig.4 in which FM second antenna
3 and DAB purpose antenna 4 are formed on the blank
space 23 of FM first antenna element 22.

[0062] FM second antenna 3 has FM second antenna
element 32 extended from FM second antenna feed point
31. FM second antenna element 32 is provided with an
FM second antenna first strip 321 and FM second anten-
na second strip 322.

[0063] FM second antenna strip 321 has one end con-
nected to FM antenna feed point 31 and extended in the
horizontal direction from FM second antenna feed point
31 to the direction of center line r of the rear window glass
1. Then, FM second antenna first strip 321 has the mid-
way section bent in the upward direction to form FM sec-
ond antenna first strip connection section 321a and has
its tip connected to FM second antenna second strip 322.
[0064] FM second antenna second strip 322 is a strip
extended in the horizontal direction. A tip of FM second
antenna first strip 321 is connected to a tip of FM second
antenna second strip 322. Then, FM second antenna
second strip 322 is extended in the left side of rear window
glass from the tip of FM second antenna second strip
322 at which FM second antenna first strip 321 is con-
nected.

[0065] A ground side feed point 42 is disposed at the
left side section of rear window glass 1 and a core wire
side feed point 41 is disposed at the left side of rear win-
dow glass 1 and at the upper side of ground side feed
point 42. Ground side antenna element 44 is extended
form ground side feed point 42 and core side antenna
element 43 is extended from core side feed point 41.
[0066] Core wire side antenna element 43 is constitut-
ed by a core wire side first horizontal strip 431.

[0067] Core wire side first horizontal strip 431 has one
end connected to ground side feed point 41 and is a strip
extended toward center line r of rear window glass 1.
[0068] Ground side antenna element 44 is constituted
by a ground side loop shaped strip 442. Ground side loop
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shaped strip 442 has one end connected to ground side
feed point 42 and is extended in the direction of center
line r of rear window glass 1 so as to enclose core wire
side first horizontal strip 431 to form a ground side loop
shaped strip 442a. Ground side antenna element 44 is
further extended in the upward direction. A tip of ground
side antenna element 44 extended toward the left side
of the rear window glass 1 is opened.

[0069] FM second antenna 3 and DAB purpose anten-
na 4 can obtain preferable antenna sensitivities at de-
sired bandwidths, respectively.

In addition, since FM second antenna second strip 322
of FM second antenna 3 and a part of ground side loop
shaped strip 442a and DAB purpose antenna 4 are over-
lapped at an interval of m so that the antenna sensitivity
of DAB purpose antenna 4 at band Ill can be increased.

[Third embodiment]

[0070] Fig.5shows an elevation view of the automotive
glass antennain a third preferred embodiment according
to the present invention.

[0071] The automotive glass antenna in the third em-
bodiment is generally the same as the second embodi-
ment except the shapes of FM second antenna 3 and
DAB purpose antenna 4. Hereinafter, the structures of
FM second antenna 3 and DAB purpose antenna 4 will
be described on a basis of Fig. 6 which shows FM second
antenna 3 and DAB purpose antenna 4 formed on a blank
space 23 of FM first antenna element 22.

[0072] FM second antenna 3 in this embodiment is dif-
ferent from that in the second embodiment in that FM
second antenna 3 includes an FM second antenna aux-
iliary strip 323.

One end of FM second antenna auxiliary strip 323 is con-
nected to FM second antenna feed point 31. FM second
auxiliary strip 323 is extended horizontally with a space
provided for FM second antenna first strip 321 and the
other end of FM second antenna auxiliary strip 323 is
connected to FM second antenna first strip connection
section 321a.

[0073] DAB purpose antenna 4 has different shape of
ground side loop shaped strip 442 from the second em-
bodiment and includes a ground side auxiliary strip 443.
[0074] Ground side loop shaped strip 442 of ground
side antenna element 442 has one end connected to
ground side feed point 42 and is disposed to enclose
core wire side first horizontal strip 431. The tip of ground
side loop strip 442 is opened.

Ground side loop shaped strip lower side section 442a
is overlapped at an interval m with respect to FM second
antenna second antenna second strip and is extended
with an interval q with respect to FM second antenna first
strip connection section 321. Then, ground side loop
shaped strip 442 is connected to ground side auxiliary
strip 443.

[0075] FM second antenna 3 and DAB purpose anten-
na 4 can obtain favorable antenna sensitivities at their
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respective bandwidths even in the structure described
above.

[Example 1]

[0076] The automotive glass antenna in the first em-
bodiment shown in Fig. 1 was mounted and fixed to the
flange of an opening section of the automotive, a length
and a positional relationship of each strip constituting FM
first antenna element 22 were adjusted in order for FM
first antenna 2 to obtain a favorable antenna sensitivity
at the frequency bandwidth of 88MHz through 108MHz
which is the frequency bandwidth of FM band of outside
of Japan and the length and positional relationship of
each of the strips constituting FM second antenna ele-
ment 32 in order for FM second antenna 3 to obtain the
favorable antenna sensitivity at the frequency bandwidth
of 88MHz through 108MHz, and the length and positional
relationship of each strip constituting DAB purpose an-
tenna 4 in order for DAB purpose antenna 4 to obtain the
favorable antenna sensitivity at the frequency bandwidth
of 174MHz through 240MHz which is the band Il of DAB
were adjusted.

[0077] [Dimensions of and intervals between the re-
spective antennae of FM second antenna and DAB pur-
pose antenna of the automotive glass antenna related to
the example 1]

The dimensions will be described using symbols shown
in Fig. 2.

[Dimensions of DAB purpose antenna]

[0078] The dimensions of core wire side feed point 41
and ground side feed point 42 = 10 mm x 10 mm

Core wire side first horizontal strip 431 = 140mm

Core wire side vertical strip 432 = 25mm

Core wire side second horizontal strip 433 = 150mm
Adistance k from core wire side feed point41 to a junction
point between core wire side first strip 431 and core wire
side vertical strip 432 = 80mm

A part g from a junction point between core wire side
vertical strip 432 and core wire side second strip 433
extended toward the left side section of rear window glass
1 of core wire side second strip 433=90mm A part h from
ajunction point between core wire side vertical strip 432
and core wire side second strip 433 and extended toward
the left side section of rear window glass = 60mm
Ground side horizontal strip 441 = 105mm

Interval n between core wire side vertical strip 433 and
ground side horizontal strip 441 = 5mm

[Dimensions of FM second antenna]

[0079] Dimensions of FM second antenna feed point
31 =12mm x 22mm

FM second antenna first strip 321 = 195mm

FM second antenna first strip connection section 321a =
25mm
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FM second antenna second strip 322 = 245mm

A part d extended toward the left side section of rear
window glass 1 from the junction point between FM sec-
ond antenna first strip connection section 321a and FM
second antenna second strip = 150mm

A part e extended from the junction point between FM
second antenna first strip connection section 321a and
the FM second antenna second strip toward the direction
of a center line r of rear window glass =95mm

[Interval between FM second antenna and DAB purpose
antenna]

[0080] An interval m between ground side horizontal
strip 441 of DAB purpose antenna and FM second an-
tenna second strip 322 of FM second antenna 3 = 5mm
An overlap length p between ground side horizontal strip
441 of the DAB purpose antenna 4 and the FM second
antenna second strip 322= 100mm

It should be noted that each left side of FM second an-
tenna feed point 31, core wire side feed point 41 of DAB
purpose antenna 4, and ground side feed point42 of DAB
purpose antenna 4 is aligned on a vertical line.

[Method of forming each antenna]

[0081] FM first antenna 2, FM second antenna 3, and
DAB purpose antenna 4 were printed using generally
available conductive ceramic paste which is the same as
the forming of defogger 5 of rear window glass 1, were
printed in the same way as the defogger, and were baked
through a heating furnace. Each width of the respective
strips constituting all of antennae was 0.7mm.

[Connection method of each antenna to a receiver]

[0082] As far as FM first antenna 2 is concerned, an
amplifier (not shown) was disposed on a part of the ve-
hicle body which is placed in proximity of FM first antenna
feed point 21. The amplifier was grounded on the vehicle
body and an outer sheath conductor of a coaxial cable
was grounded on the vehicle body via the amplifier.
[0083] In addition, the feed terminal was soldered to
FM first antenna feed point 21 and the AV cable was
connected between the feed terminal and the amplifier.
[0084] The filter was provided on the amplifier in order
for the ampilifier to input a signal other than the FM band-
width.

[0085] Asfaras FM second antenna 3 was concerned,
a ground point (not shown) is disposed on a vehicle body
placed in the proximity of FM second antenna feed point
31.

The coaxial cable (not shown) was used to connect the
receiver (not shown) to the ground point. The outer
sheath conductor of the coaxial cable was grounded. The
feed terminal is soldered to FM second antenna feed
point 31 and the AV cable was used to connect the feed
terminal to the ground point.
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[0086] As far as DAB antenna 4 was concerned, the
feed terminal was soldered to ground side feed point 42
and core wire side feed point 41. The coaxial cable (not
shown) was used to connect from the receiver (not
shown) to the feed terminal. The core wire of the coaxial
cable was connected to core wire side feed point 41 via
the feed terminal. The outer sheath conductor of the co-
axial cable was connected to core wire side feed point
41 via feed terminal.

<Measurement result of the automotive glass antenna
related to example 1>

[Influence of the shape of FM second antenna 3]

[0087] A comparative example in which only FM sec-
ond antenna was altered from above-described example
1 (first embodiment) and the comparison of the antenna
sensitivity of FM second antenna 3 and the comparison
between the antenna sensitivities of DAB purpose an-
tenna 4 in example 1 (first embodiment) and in the com-
parative example was carried out.

[0088] Fig. 7 shows average values of antenna sensi-
tivities in respective frequencies in the frequency band-
width of 88MHz through 108MHz which is the FM band
outside of Japan in all directions (hereinafter, referred
simply to as an average antenna sensitivity)in FM second
antenna 3 in example 1 described above and related to
FM second antenna 3 in the comparative example (which
will be described later).

In Fig. 7, a solid line denotes the result of example 1 (first
embodiment) and a dot line denotes the comparative ex-
ample.

A unit of the lateral axis in Fig. 7 is a frequency and each
value of the unit is MHz. A longitudinal axis of Fig. 7 de-
notes the average antenna sensitivity and one scale de-
notes 10dB.

[0089] Itis appreciated from Fig. 7 that FM second an-
tenna 3 in example 1 (first embodiment) obtained the
approximately same high average antenna sensitivity as
FM second antenna 3 in the comparative example in the
frequency bandwidth of 88MHz through 108 MHz which
is the FM bandwidth of outside of Japan.

[0090] On the other hand, Fig. 8 shows the average
antenna sensitivity in the 174MHz through 240MHz
which is the bandwidth of band Il of DAB which is outside
of the FM bandwidth outside of Japan in the case of FM
second antenna 3 in the embodiment and in the case of
FM second antenna 3 in the comparative example. A
solid line denotes example 1 (first embodiment) and a
dot line denotes the comparative example. Even in Fig.8,
the lateral axis denotes the frequency and unit of the
lateral axis denotes MHz. The longitudinal axis of Fig. 8
denotes the average antenna sensitivity and one scale
of the longitudinal axis is 10dB.

[0091] It is appreciated from Fig. 8, that FM second
antenna 3 in example 1 (the first preferred embodiment)
obtained the average antenna sensitivity lower than FM
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second antenna 3 related to the comparative example in
the frequency band of 174MHz through 240Mz which is
band Il of DAB purpose antenna 4.

[0092] Fig. 9 shows comparison results of the average
antenna sensitivities of band IIl of DAB purpose antenna
4 in the case of example 1 (the first embodiment) and in
the case of the comparative example.

DAB antenna is the same antenna shape between ex-
ample 1 (first embodiment) and the comparative exam-
ple. Asolid line denotes example 1 (the first embodiment)
and a dot line denotes the comparative example. In Fig.
9, the unit of the lateral axis is the frequency and the unit
is MHz. The longitudinal axis of Fig. 9 denotes the aver-
age antenna sensitivities and one scale is 10dB.

[0093] As shown in Fig. 9, DAB purpose antenna 4 in
example 1 obtained a higher average antenna sensitivity
in band Il of DAB than the comparative example even if
the shape of DAB purpose antenna 4 is the same be-
tween example 1 and the comparative example and even
if, in the comparative example, DAB purpose antenna 4
and FM second antenna 3 are disposed to be more sep-
arately than example 1.

[Influence of interval between the DAB purpose antenna
and the FM second antenna]

[0094] Fig. 10 shows the variation in the average an-
tenna sensitivity in band 11l of DAB of DAB purpose an-
tenna 4 when interval m between ground side horizontal
strip 441 and FM second antenna second strip 322 of
FM second antenna 3 is varied.

[0095] In Fig. 10, the unit of the lateral axis is the fre-
quency and the unit is MHz. The longitudinal axis in Fig.
10 denotes the average antenna sensitivities and one
scale is 2dB. Triangle marks denote interval m = 5mm,
square marks denote interval m = 10mm, and rhombus
marks denote interval m =15mm.

As appreciated from Fig. 10, as interval m becomes nar-
rower, the higher average antenna sensitivities could be
obtained.

Especially, when interval m is narrower than 10mm, bet-
ter average antenna sensitivities in band 11l of DAB were
obtained by the DAB purpose antenna 4.

However, the automotive glass antenna according to the
present invention is prepared by the print of generally
available conductive paste. Hence, it is desirable to pro-
vide about 3mm for the interval between the strips.
Hence, a desirable interval m is 3mm through 10mm.

[Comparative example]

[0096] In the automotive glass antenna related to the
comparative example, the shape of FM second antenna
3 is different as shown in Figs. 11 and 12 and the others
are the same as example 1.

The shape, the dimension of FM second antenna 3 and
the positional relationship of FM second antenna 3 to
DAB purpose antenna 4 will be described using Fig. 12.
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[0097] FM second antenna 3 includes: FM second an-
tenna feed point 31 disposed at the left side portion of
the rear window glass; and FM second antenna element
32, FM second antenna element 32 being constituted by
FM second antenna first strip 321.

[0098] FM second antenna first strip 321 is the hori-
zontally extended strip and one end of FM second an-
tenna first strip 321 is connected to FM second antenna
feed point 31. FM second antenna first strip 321 is ex-
tended straightly toward the direction of center line r of
the rear window glass and the length thereof is 500mm.
Then, aninterval s between FM second antenna first strip
321 and ground side horizontal strip 441 of DAB purpose
antenna 4 is s = 30mm.

[0099] A ground point (not shown) is disposed on a
part of the vehicle body which is placed in proximity of
FM second antenna feed point 441. The coaxial cable is
connected between receiver (not shown) and the ground
point and outer sheath conductor of the coaxial cable is
grounded. The feed terminal is soldered to FM second
antenna feed point 31 and the AV cable is connected
from the feed terminal and the ground point.

[0100] Various changes and modifications can be
made without departing from the scope of the following
claims.

Claims

1. A glass antenna disposed at an upper section of a
defogger (5) of a rear window glass (1) of an auto-
motive vehicle, comprising:

an FM first antenna (2) receiving an FM broad-
casting wave or both of the FM broadcasting
wave and an AM broadcasting wave;

an FM second antenna (3) performing a diversity
reception of the FM broadcasting wave together
with the first FM antenna; and

a DAB purpose antenna receiving a DAB broad-
casting wave, wherein the FM first antenna (2)
is disposed in such a way that a blank space
(23) formed by an FM first antenna element (22)
and a flange end edge (6) of the automotive ve-
hicle is disposed at an upper part of the defogger
when the rear window glass is attached to the
automotive vehicle, the FM second antenna (3)
and the DAB purpose antenna (4) are disposed
onthe blank space (23), the FM second antenna
(3) includes: an FM second antenna feed point
(31) disposed at a side section of the rear win-
dow glass (1); and an FM second antenna ele-
ment (32), the FM second antenna element (32)
includes: an FM second antenna first strip (321);
and an FM second antenna second strip (322),
and FM second antenna first strip (321) has one
end connected to the FM second antenna feed
point (31), is extended in a direction away from
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the FM second antenna feed point (31), and has
the other end connected to a tip or to a midway
section through the FM second antenna second
strip (322).

The glass antenna as claimed in claim 1, wherein
the FM second antenna second strip (322) of the FM
second antenna (3) is overlapped on an antenna el-
ement (44) constituting the DAB purpose antenna

(4).

The glass antenna as claimed in claim 1, wherein
the FM second antenna first strip (321) and FM sec-
ond antenna second strip (322) of the FM second
antenna are placed in proximity of the element con-
stituting the DAB purpose antenna and are over-
lapped on the element constituting the DAB purpose
antenna.

The glass antenna as claimed in any one of the pre-
ceding claims 1 through 3, wherein the DAB purpose
antenna (4) includes: a core wire side feed point (41);
and a ground side feed point (42), a core wire side
antenna element (43) is connected to the core wire
side feed point (41), and a ground side antenna el-
ement (44)is connected to the ground side feed point
(42).

The glass antenna as claimed in claim 4, wherein a
part or whole of the ground side antenna element
(44) of the DAB purpose antenna is placed in prox-
imity to the FM purpose second antenna (322) of the
FM second antenna (3) to constitute a capacitive
coupling.

The glass antenna as claimed in claim 4, wherein a
part or whole of the ground side element (44) of DAB
antenna (4) is placed in proximity of the FM second
antenna first strip (321) and FM second antenna sec-
ond strip (322) to constitute a capacitive coupling.

The glass antenna as claimed in any one of the pre-
ceding claims 2 through 6, wherein the antenna el-
ement constituting the DAB antenna (4) and the an-
tenna element (32) constituting the FM second an-
tenna (3) are overlapped to each other with an inter-
val (m) of 3 mm or longer but 10mm or shorter.

The glass antenna as claimed in claim 2, wherein
the antenna element of the DAB purpose antenna
on which the FM second antenna second strip (322)
is overlapped is a ground side antenna element (44)
connected to a ground side feed point (42) of the
DAB purpose antenna.

The glass antenna as claimed in claim 3, wherein
the antenna element of the DAB purpose antenna
on which the FM second antenna first strip (321) and
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10.

the FM second antenna second strip (322) are over-
lapped is a ground side antenna element (44) con-
nected to a ground side feed point (42) of the DAB
purpose antenna.

The glass antenna as claimed in claim 4, wherein
the FM second antenna feed point (31), the ground
side feed point (42) of the DAB purpose antenna,
and the core wire side feed point (41) of the DAB
purpose antenna are vertically aligned on the rear
window glass.
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