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Description

[0001] The present invention relates to a glass antenna device for an automobile suitable for receiving signals in, for
example, a long wave broadcast band (LW band) (150-280 kHz), a middle wave broadcast band (MW band) (530-1630
kHz), an FM broadcast band of Japan (76-90 MHz), an FM broadcast band of U.S.A. (88-108 MHz) and so on, which
is of high sensitivity, low noise and low cost.

[0002] As a glass antenna device for an automobile capable of improving the sensitivity by utilizing resonance, there
has been proposed a glass antenna device for an automobile as shown in Figure 7 (JP-Y-4-53070).

[0003] In this conventional example, a defogger 90 comprising heater strips 2 and bus bars 15a, 15b, 15c¢ is provided
on a glass sheet 1 of a rear window of an automobile wherein there are provided the bus bar 15a in a lower portion and
the bus bar 15b in an upper portion at a left side of the defogger 90. The lower bus bar 15a is connected to the auto-
mobile body as the earth and the upper bus bar 15b is connected to an anode of a d.c. power source 10. A supplied
current flows from the upper bus bar 15b through the bus bar 15c provided at a right side to the lower bus bar 15a in a
channel-like form. The defogger shown in Figure 7 is in a so-called channel-like form.

[0004] Inthe glass antenna device shown in Figure 7, a choke coil 9 is connected between the bus bars 15a, 15b and
the d.c. power source 10 for the defogger 90, and by increasing the impedance of the choke coil 9 in a high frequency
band region, a direct current is allowed to pass from the d.c. power source 10 to the defogger 90 but a current in the
high frequency band region such as a broadcast band region or the like is blocked whereby the defogger 90 is utilized
as an antenna.

[0005] Further, a parallel resonance is generated by the stray capacitance to ground (hereinbelow, referred to simply
as the stray capacitance) of the defogger 90, a coil 71 and the choke coil 9 in a middle wave broadcast band, and a
received signal in the middle wave broadcast band is passed in association with a coil 72, a capacitor 73 and a resistor
74. Reference numeral 11 designates a capacitor for cutting noises. In the conventional example having such construc-
tion as in Figure 7, an attempt has been made to improve the sensitivity and to reduce noises.

[0006] However, when such conventional glass antenna device was used to receive signals in a long wave broadcast
band wherein a parallel resonance was to be generated in the long wave broadcast band, the inductance values of the
coil 71 and the choke coil 9 were respectively high such as about 5-20 mH. Accordingly, the dimension of each of the
coil 71 and the choke coil 9 was large, which did not meet a requirement of miniaturization. Further, it was necessary
to use a thicker and longer conductive lines for the coil 71 and the choke coil 9, which invited a high manufacturing cost.
[0007] It is an object of the present invention to eliminate the above-mentioned disadvantages of the conventional
technique and to provide a glass antenna device for an automobile which can reduce the size and cost and which is of
high sensitivity and low noise.

[0008] In accordance with a first aspect of the present invention, there is provided a glass antenna device for an auto-
mobile wherein an electric heating type defogger having heater strips and bus bars for supplying a current to the heater
strips, and an antenna conductor are provided on a glass sheet fitted to a rear window of an automobile, and a choke
coil is connected to at least one between a bus bar and a d.c. power source and between a bus bar and the automobile
body as the earth, the glass antenna device being characterized in that a coil for first resonance is provided; a first res-
onance is generated by a resonance element which comprises the impedance of the antenna conductor and the induct-
ance of the coil for first resonance; a second resonance is generated by a resonance element which comprises the
impedance of the defogger and the inductance of the choke coil; a signal in at least a long wave broadcast band
received by the defogger is supplied to a receiver; a signal in at least an FM broadcast band received by the antenna
conductor is supplied to the receiver; the resonance frequency of the first resonance and the resonance frequency of
the second resonance are determined so that the sensitivity of signals in the long wave broadcast band is increased,
and a capacitor for second resonance is electrically connected between the defogger and the automobile body as the
earth.

[0009] In accordance with a second aspect of the present invention, there is provided a glass antenna device for an
automobile wherein an electric heating type defogger having heater strips and bus bars for supplying a current to the
heater strips, and an antenna conductor are provided on a glass sheet fitted to a rear window of an automobile, and a
choke coil is connected to at least one between a bus bar and a d.c. power source and between a bus bar and the auto-
mobile body as the earth so that a signal in a long wave broadcast band and a signal in a frequency band which is
higher in frequency than the long wave broadcast band are received, the glass antenna device being characterized in
that a first resonance and a second resonance are generated; a capacitor for second resonance is provided; the induct-
ance of the choke coil, the impedance of the defogger and the capacitance of the capacitor for second resonance are
included as resonance elements for the second resonance; the resonance frequency of the first resonance and the res-
onance frequency of the second resonance are determined so that the sensitivity of signals in the long wave broadcast
band is increased, and the capacitor for second resonance is electrically connected between the defogger and the auto-
mobile body as the earth.

[0010] Further, in accordance with a third aspect of the present invention, there is provided a glass antenna device
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for an automobile wherein an electric heating type defogger having heater strips and bus bars for supplying a current
to the heater strips, and an antenna conductor are provided on a glass sheet fitted to a rear window of an automobile,
and a choke coil is connected to at least one between a bus bar and a d.c. power source and between a bus bar and
the automobile body as the earth so that a signal receive by the antenna conductor is supplied to a receiver, the glass
antenna device being characterized in that a coil for first resonance is electrically connected between the antenna con-
ductor and the receiver by interposing a line and/or a circuit element; a capacitor for second resonance is electrically
connected to at least one between the defogger and the automobile body as the earth and between the antenna con-
ductor and the automobile body as the earth by interposing a line and/or a circuit element.

[0011] In drawings:

Figure 1 is a structural diagram of an embodiment of the glass antenna device for an automobile according to the
present invention;

Figure 2 is a structural diagram of another embodiment of the glass antenna device for an automobile according to
the present invention;

Figure 3 is an equivalent circuit diagram for explaining the function of an antenna conductor 3, a defogger 90 and
a resonance circuit 6 in the glass antenna device shown in Figure 1;

Figure 4 is a circuit diagram showing a modified example of the resonance circuit 6;

Figure 5 is a characteristic diagram of frequency vs sensitivity in a long wave broadcast band in Examples 1, 2 and
3
Figure 6 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast band
and a middle wave broadcast band in Examples 1, 2 and 3;

Figure 7 is a structural diagram of a conventional glass antenna device for an automobile;

Figure 8 is a circuit diagram showing an embodiment of a resonance circuit 6 different from that shown in Figure 1;
Figure 9 is a characteristic diagram of frequency-sensitivity of signals in and around a long wave broadcast band
and a middle wave broadcast band in Example 4;

Figure 10 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast
band and a middle wave broadcast band in Example 5;

Figure 11 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast
band and a middle wave broadcast band in Example 6;

Figure 12 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast
band and a middle wave broadcast band in Example 7;

Figure 13 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast
band and a middle wave broadcast band in Example 8; and

Figure 14 is a characteristic diagram of frequency vs sensitivity of signals in and around a long wave broadcast
band and a middle wave broadcast band in Example 9.

[0012] Detailed description of preferred embodiments of the present invention will be described with reference to the
drawings.

[0013] Figure 1 is a diagram showing the basic structure of an embodiment of the glass antenna device for an auto-
mobile of the present invention wherein a glass sheet 1 is used for a rear window of an automobile. In Figure 1, refer-
ence numeral 2 designates heater strips, numeral 3 an antenna conductor, numeral 4 a power feeding point for the
antenna conductor 3, numerals 5a, 5b designate bus bars, numeral 6 designates a resonance circuit, numeral 7 a
receiver, numeral 7a a cable, numeral 31 a coil for first resonance, numeral 32 a capacitor for second resonance,
numeral 42 a bypass capacitor, numerals 45, 48 designate damping resistors, numeral 47 a resistor for reducing noises
in the automobile, such as engine noises, numeral 50 a capacitor for cutting a direct current, numeral 52 a high fre-
quency choking coil, numeral 90 a defogger, and numeral 91 a power feeding point provided at an end of an outgoing
line connected to the defogger 90. In the explanation described below, directions are indicated as directions on the
drawings unless particularly specified.

[0014] In Figure 1, the electric heating type defogger 90 having the heater strips 2 and bus bars 5a, 5b for supplying
a current to the heater strips 2 and the antenna conductor 3 are provided on the glass sheet 1 fitted to a rear window
of an automobile. A choke coil 9 connected between the bus bar 5b and a d.c. power source 10 and between the bus
bar 5a and the automobile body as the earth from the viewpoints of improving the sensitivity and reducing noises. How-
ever, the choke coil 9 may be connected either between the bus bar 5b and the d.c. power source 10 or between the
bus bar 5a and the automobile body as the earth.

[0015] Received signals in the antenna conductor 3 and the defogger 90 are supplied to the receiver 7. The coil for
first resonance 31 is electrically connected between the antenna conductor 3 and the receiver 7 by interposing a line
and the capacitor 50. The way of connecting the coil for first resonance 31 is not in particular limited to the embodiment
as shown in Figure 1, and instead, the coil for first resonance 31 may be electrically connected between the antenna
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conductor 3 and the receiver 7 by interposing at least one of a line and a circuit element.

[0016] In this specification, the circuit element includes any element suitable for a semiconductor device and a circuit
such as a capacitor, a coil, a resistor, a diode, a transistor or the like. Further, the line means an electrical connection
with a wire or an electrical connection with a conductor pattern or a connector provided on a circuit substrate. In Figure
1, "the antenna conductor 3 and the defogger 90 being electrically connected" which is obtainable from capacitive cou-
pling of the antenna conductor 3 and the defogger 90 excludes the line as defined above. The definition is applicable to
the other embodiments.

[0017] In Figure 1, the capacitor for second resonance 32 is electrically connected between the defogger 90 and the
automobile body as the earth by interposing a line and the resistor 48. The way of connection of the capacitor for sec-
ond resonance 32 is not in particular limited to the embodiment as shown in Figure 1, and instead, the capacitor for sec-
ond resonance 32 may be electrically connected between the defogger 90 and the automobile body as the earth by
interposing at least one of a line and a circuit element.

[0018] Figure 3 shows an equivalent circuit diagram for explaining the principle of the glass antenna device shown in
Figure 1 wherein the resistors 45, 47 and 48 are omitted for simplifying the explanation; the portion of the resistor 45 is
opened, and the portions of the resistors 47 and 48 are short-circuited.

[0019] In Figure 3, E1 designates a voltage power source for the antenna conductor 3, E2 designates a voltage power
source for the defogger 90, numeral 33 designates the stray capacitance of the antenna conductor 3, numeral 34 des-
ignates the stray capacitance of the defogger 90 and numeral 35 designates the stray capacitance of the cable. When
the antenna conductor 3 is disposed close to the defogger 90 to have a capacitive coupling relation, the close capaci-
tance due to the capacitive coupling is connected in parallel to the high frequency choking coil 52.

[0020] The antenna conductor 3 is preferably used for mainly receiving signals in an FM broadcast band. In this case,
it is preferable to determine the length of conductor and the shape of conductor so that good signal reception perform-
ance can be obtained in the FM broadcast band. Further, the antenna conductor 3 may be utilized for receiving signals
in a middle wave broadcast band, a short wave broadcast band, a long wave broadcast band, a TV-VHF band, a TV-
UHF band and telephone.

[0021] The defogger 90 is used for receiving mainly signals in a long wave broadcast band. Since frequencies in the
long wave broadcast band are close to frequencies in the middle wave broadcast band, the defogger 90 may be used
for receiving signals in the long wave broadcast band and the middle wave broadcast band. Although the defogger 90
has function to receive signals in a short wave broadcast band, an FM broadcast band, a TV-VHF band, a TV-UHF band
and telephone, the glass antenna device for an automobile shown in Figure 1 does not utilize such function.

[0022] The sensitivity of signals is improved by generating resonance in two portions. For the first resonance, the
impedance of the defogger 90 and the inductance of the coil for first resonance 31 are included as resonance elements.
[0023] The impedance of the antenna conductor 3 is the impedance of the side of the antenna conductor 3 viewed
from the power feeding point 4. The impedance of the antenna conductor 3 is mainly the stray capacitance 33, which is
generally 10-100 pF.

[0024] The resonance frequency of the fist resonance may be adjusted by connecting a capacitance element in par-
allel between the stray capacitance 33 and the automobile body as the earth. This capacitance element can be a res-
onance element for the first resonance. The automobile body as the earth means an electric conductive portion of the
automobile body, which is usually made of metal.

[0025] Since the antenna conductor 3 and the defogger 90 are electrically connected, the impedance of the defogger
90 influences the first resonance, and it can be a resonance element for the first resonance.

[0026] The impedance of the defogger 90 is the impedance of the side of the defogger 90 viewed from the power feed-
ing point 91. The impedance of the defogger 90 is mainly the stray capacitance 34, which is usually 50-300 pF.

[0027] The stray capacitance of a line extended in the vicinity of the coil for first resonance 31 and the stray capaci-
tance of the cable 7a connected between the glass antenna and the receiver influence also the first resonance, and
they can be resonance elements for the first resonance.

[0028] When the resonance circuit 6 is provided on the glass sheet 1 for a rear window of automobile, or the reso-
nance circuit 6 is provided in the vicinity of the glass sheet 1 for a rear window of automobile, the length of the cable 7a
is usually several meters because the receiver 7 is usually provided at a front portion of the automobile, and the capac-
itance value of the stray capacitance 35 is usually 50-300 pF.

[0029] Impedance matching may be conducted between the antenna conductor 3 and the receiver side by providing
a new circuit element in the resonance circuit 6. The coil for first resonance 31 is generally of about 10 uH-1 mH to
improve the sensitivity in a long wave broadcast band. In that range, 50-500 pH is preferable, and 65-350 uH is more
preferable.

[0030] In the present invention, the sensitivity of signals in a long wave broadcast band is improved by generating the
second resonance. Then the resonance frequency for the second resonance is determined to improve the sensitivity in
the long wave broadcast band and if the capacitance which constitutes the resonance element for the second reso-
nance is only the stray capacitance 34, it is necessary to increase the inductance of the choke coil 9. In view of this, the
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capacitor for second resonance 32 is added to be a resonance element for the second resonance whereby the induct-
ance of the choke coil 9 can be made relatively small.

[0031] The inductance of the choke coil 9 is preferably in a range of from 0.5 to 5.0 mH. In this range, the resonance
frequency of the second resonance can be the resonance frequency for improving the sensitivity in the long wave
broadcast band, and the choke coil 9 can be minimized. A range of 1.0-3.0 mH is more preferable, and a range of 1.5-
3.0 mH is in particular preferable.

[0032] In Figure 1, the inductance of the choke coil 9, the impedance of the defogger 90 and the capacitance of the
capacitor for second resonance 32 are included as main resonance elements for the second resonance, and they can
be the main resonance elements. The capacitor for second resonance 32 generally used is of about 10-5,000 pF.
[0033] However, in consideration that the stray capacitance 34 is generally about 50-200 pF, a preferred range of the
capacitance value of the capacitor for second resonance 32 is from 50 to 1,200 pF. In this range, the inductance of the
choke coil 9 can generally be 5.0 mH or less and the resonance frequency of the second resonance can be the fre-
quency for improving the sensitivity in the long wave broadcast band. A more preferable range is 100-500 pF.

[0034] The resistor 48 is for the adjustment of damping in the second resonance and a preferable range of resistance
value of the resistor 48 is 200 Q - 25 kQ. In this range, the difference between the highest sensitivity and the lowest sen-
sitivity in the long wave broadcast band can generally be 10 dB or less. The resistor 48 also has function for adjusting
the coupling between the antenna conductor 3 and the defogger 90, and accordingly, it is preferable to provide the resis-
tor 48. The presence of the resistor 48 can improve the sensitivity in the long wave broadcast band in comparison with
the absence of the resistor 48.

[0035] In order to adjust the damping of the second resonance, a resistor may be connected in parallel to the capac-
itor for second resonance 32, or a resistor may be connected to the choke coil 9 although such elements are not shown
in Figures 1 and 2.

[0036] Further, since the antenna conductor 3 and the defogger 90 are electrically connected, the impedance of the
antenna conductor 3 influences also the second resonance, and it can be a resonance element for the second reso-
nance. Further, the stray capacitance of a line around the antenna conductor 3, the stray capacitance of a line around
the defogger 90, the stray capacitance of a line around the capacitor for second resonance 32 and so on influence also
the second resonance, and they can be resonance elements for the second resonance. Further, the stray capacitance
of the cable 7a connected between the output terminal of the resonance circuit 6 and the receiver influence also the
second resonance.

[0037] InFigure 1, the first resonance is a series resonance and the second resonance is a parallel resonance, which
are preferably generated from the viewpoint of improving the sensitivity. In the present invention, however, the first res-
onance is not limited to a series resonance and the second resonance is not limited to a parallel resonance. Accord-
ingly, the first resonance may be a parallel resonance and the second resonance may be a series resonance.

[0038] In Figure 1, the resonance frequency of the first resonance and the resonance frequency of the second reso-
nance are determined to be such ones to improve the sensitivity of signals in the long wave broadcast band. Namely,
the frequency for a parallel resonance as the second resonance is preferably 100-180 kHz, more preferably, 120-150
kHz.

[0039] Further, in Figure 1, the high frequency choking coil 52 as an inductance element generally separates in terms
of high frequency the antenna conductor 3 from the defogger 90 in an FM broadcast band, and functions to improve the
sensitivity in the FM broadcast band without changing the effective length of conductor of the antenna conductor 3.
[0040] Further, in a case that the high frequency choking coil 52 is not provided and the location of the high frequency
choking coil 52 is short-circuited, the self-resonance frequency of the choke coil 9 is low and generally exhibits a capac-
itive property in the FM broadcast band. Accordingly, received signals in the FM broadcast band excited in the antenna
conductor 3 leak to the automobile body as the earth. Therefore, the high frequency choking coil 52 is to be provided
to prevent the leakage. In other words, the high frequency choking coil 52 passes signals having frequencies in the long
wave broadcast band and functions as a filter circuit which blocks or attenuates signals having frequencies in the FM
broadcast band. Further, the high frequency choking coil 52 also passes frequencies in a middle wave broadcast band.
[0041] It is preferable to form a filter circuit by using the high frequency choking coil 52 shown in Figure 1 because
the circuit structure is simple and inexpensive. However, the filter circuit is not limited to use such coil and may be com-
posed of another circuit structure. The way of connecting the filter circuit is not limited to that shown in Figure 1, and the
filter circuit may be electrically connected between the antenna conductor 3 and the defogger 90 by interposing at least
one of a line and a circuit element.

[0042] Further, in a case that signals in a long wave broadcast band and an FM broadcast band are included as sig-
nals in a broadcast band to be received, the inductance value of the high frequency choking coil 52 is preferably in a
range of 0.1-100 uH. When the inductance value of the high frequency choking coil 52 is within the range of 0.1-100
uH, the sensitivity in the FM broadcast band is improved 0.2 dB or more in comparison with a case out of the range of
0.1-100 pH. From the viewpoint of improving the sensitivity in the FM broadcast band, the high frequency choking coil
52 has preferably an inductance value of a range of 0.3-20 uH, more preferably a range of 0.8-4.8 uH.
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[0043] With respect to the self-resonance frequency fg of the high frequency choking coil 52 used for improving the
sensitivity in the FM broadcast band, a relation of f;/15=fr=3f| should be satisfied between the highest frequency fy of
the FM broadcast band and the lowest frequency f, of the FM broadcast band. The satisfaction of a relation of
fy/9=fr=2f_is more preferable, and f;/3.6=fr=1.85f_ is in particular preferable.

[0044] In Figure 1, it is preferable for the antenna conductor 3 and the defogger 90 to have no capacitive relation.
When they have a capacitive coupling relation, received signals in the FM broadcast band excited in the antenna con-
ductor 3 are apt to leak to the automobile body as the earth through the defogger 90 and the choke coil 9. In order to
prevent the antenna conductor 3 and the defogger 90 from having a capacitive coupling relation, the shortest distance
between the antenna conductor 3 and the defogger 90 should generally be 10 mm or more. When the shortest distance
is 10 mm or more, the sensitivity in the FM broadcast band is improved 0.5 dB or more in comparison with a case that
the shortest distance is less than 10 mm. More preferably, the shortest distance should be 20 mm or more. When the
shortest distance is 20 mm or more, the sensitivity in the FM broadcast band is improved 0.5 dB or more in comparison
with a case that the shortest distance is less than 20 mm.

[0045] The above-mentioned condition of the shortest distance between the antenna conductor 3 and the defogger
90 is generally applied to a case that the length of portions extending in substantially parallel in the antenna conductor
3 and the defogger 90 is 100 mm or more.

[0046] In a case that the shortest distance between the antenna conductor 3 and the defogger 90 has to be less than
10 mm because the dimension in a vertical direction of the glass sheet 1 for a rear window of automobile is small, it is
preferable to insert and connect high frequency choking coils 12a, 12b between the bus bar 5a and the automobile body
as the earth and between the bus bar 5b and the automobile body as the earth respectively, as shown in Figure 2. It is
because received signals in the FM broadcast band excited in the antenna conductor 3 are blocked by such high fre-
quency choking coils to prevent the signals from leaking to the automobile body as the earth.

[0047] Figure 2 shows an another embodiment of the glass antenna device for an automobile shown in Figure 1
wherein the glass antenna device is suitable for diversity signal reception. In Figure 2, reference numeral 53 designates
a capacitor, numeral 60 a high frequency choking coil, symbol t4 a first input terminal of the receiver 7 and symbol t, a
second input terminal of the receiver 7. The receiver 7 is adapted to select a stronger receiving signal in an FM broad-
cast band at either the first input terminal t; or the second input terminal t,.

[0048] The capacitor 53 is provided according to requirement, which functions to block or attenuate received signals
in a long wave broadcast band. The capacitance value of the capacitor 53 is preferably in a range of 10-500 pF, more
preferably, 30-150 pF. When the capacitance value of the capacitor 53 is 10 pF or more, the sensitivity in the FM broad-
cast band at the second input terminal t, is improved 1 dB or more in a case that the capacitance value is less than 10
pF. When the capacitance value of the capacitor 53 is 500 pF or less, the sensitivity in the long wave broadcast band at
the first input terminal t; is improved 1 dB or more in a case that the capacitance value exceeds 500 pF.

[0049] Received signals in the FM broadcast band may leak through the capacitor for second resonance 32 to the
automobile body as the earth so that the sensitivity in the FM broadcast band reduces. In order to prevent such disad-
vantage, the high frequency choking coil 60 may be connected in series to the capacitor for second resonance 32. The
high frequency choking coil 60 having about 0.1-100 puH is generally used.

[0050] In the glass antenna device for an automobile shown in Figure 2, it is preferable to connect the high frequency
choking coils 12a, 12b between bus bars and the choke coil 9. The reason is as follows. In the glass antenna device
shown in Figure 1, received signals in the FM broadcast band excited in the defogger 90 are not used. On the other
hand, in the glass antenna device shown in Figure 2, received signals in the FM broadcast band excited in the defogger
are used at the second input terminal t,. Accordingly, the choke coils 12a, 12b are to prevent received signals in the FM
broadcast band excited in the defogger 90 from leaking to the automobile body as the earth.

[0051] In Figure 2, the second input terminal t, of the receiver 7 is drawn from the inside of the resonance circuit 6 (a
left end of the capacitor 53 is connected to a point in the resonance circuit 6). However, the drawing point of the second
input terminal t, is not limited to the inside of the resonance circuit 6 but it may be drawn from any point of the defogger
90. Further, an antenna conductor which is separate from the antenna conductors 3 may be provided in a space which
is lower in position than the defogger 90 to conduct diversity signal reception between the first input terminal t and the
other antenna conductor.

[0052] The reason why resonance is generated in the two portions in the present invention is because a broader
received signal frequency band region can not be covered by only a single resonance. In the present invention, accord-
ingly, a long wave broadcast band region is divided into two portions, and the divided portions are shared by the two
portions of resonance whereby the sensitivity of received signals is flattened. When signals in a middle wave broadcast
band are to be received in addition to the long wave broadcast band, a frequency band region which covers the long
wave broadcast band and the middle wave broadcast band is shared by two portions of resonance whereby the sensi-
tivity of signals in such frequency band region is flattened. The flattening of the sensitivity means that the difference
between the highest sensitivity and the lowest sensitivity in the long wave broadcast band region is made small.
[0053] Figure 4 is a circuit diagram showing a modified embodiment of the resonance circuit 6. In Figure 4, numerals
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41, 44 and 50 designate capacitors for cutting a direct current, numeral 42 designates a bypass capacitor, numeral 43
designates a capacitor for cutting a direct current or coupling, numerals 45, 48 and 49 designate damping resistors,
numeral 55 designates a resistor for adjusting coupling and numeral 56 designates a capacitor for adjusting coupling.

[0054] In the resonance circuit in Figure 4, received signals in the defogger 90 are transmitted to a side of the receiver
through the resistor 47, the high frequency choking coil 52 and the capacitor 43. When the antenna conductor 3 and
the defogger 90 have a capacitive coupling relation, however, received signals in the defogger 90 are transmitted to the
receiver side through the close capacitance.

[0055] The bypass capacitor 42 is provided according to requirements. When received signals in the FM broadcast
band are blocked by means of the first coil, the bypass capacitor 42 allows signals in the FM broadcast band to pass
through toward the receiver side. The capacitors 43, 56 are to adjust the coupling between the antenna conductor 3 and
the defogger 90, and they are provided according to requirement. The resistors 45, 48, 49 and 55, which adjust flatten-
ing of the sensitivity, are provided according to requirement. In addition, a capacitor for resonance adjustment may be
provided.

[0056] The capacitors 41, 44, 50 and 54 are provided according to requirement. When they are used, a capacitance
of 100 pF-50 uF is generally used. The bypass capacitor 42 used is generally of 1-1,000 pF. The capacitor 43 used is
generally of 5-500 pF. The resistors 45, 49 and 55 used are generally of 50 Q - 100 kQ.

[0057] Further, there is a possibility that a lead wire for supplying a direct current from the d.c. power source 10 to the
defogger 90 takes noises of automobile such as engine noises to invite deterioration of the S/N ratio. The resistor 47 is
provided according to requirement, which prevents the deterioration of the S/N ratio. In particular, it functions to prevent
the deterioration of the S/N ratio in a low frequency region in a long wave broadcast band. Namely, the resistor 47 has
function to reduce noises of automobile such as engine noises.

[0058] The resistance value of the resistor 47 is preferably 10 Q - 1 kQ, more preferably, 50-500 Q. When the resist-
ance value of the resistor 47 is 10 Q - 1 kQ, the S/N ratio of signals in the long wave broadcast band is improved 1 dB
or more in comparison with a case out of that range. When the resistance value of the resister 47 is 50-500 €, the S/N
ratio in the long wave broadcast band is improved 1 dB or more in comparison with a case out of that range.

[0059] As described above, the capacitors 41, 42, 43, 44, 50 and 54 and resistors 45, 47, 48, 49 and 55 in Figure 4
are provided according to requirement, or they may be omitted. Here, the omission of the capacitors 42, 56 and 44 and
the omission of the resistors 45, 49 and 55 imply opening, and the omission of the capacitors 41, 43, 50 and 54 and the
omission of the resistors 47 and 48 imply short-circuiting.

[0060] Figure 8 is a circuit diagram of a modified example of the resonance circuit 6 shown in Figure 1. In Figure 8,
the antenna conductor 3 and the defogger 90 are omitted. In Figure 8, symbols A, B, C and D indicate points on lines.
In Figure 1, an end (point C) of the capacitor for second resonance 32, which is opposite to the automobile body as the
earth, is electrically connected to the power feeding point 91 by means of a line. In Figure 8, on the other hand, the point
C is electrically connected to an end (point B) of the capacitor 50, which is opposite to the antenna conductor 3, by
means of a line. In other words, the capacitor for second resonance 32 is electrically connected between the antenna
conductor 3 and the automobile body as the earth by means of a line in which the capacitor 50 and the resistor 48 are
interposed. Connecting the capacitor for second resonance 32 is not limited to the embodiment as shown in Figure 8,
and instead, the capacitor for second resonance 32 may be electrically connected between the antenna conductor 3
and the automobile body as the earth by interposing at least one of a line and a circuit element. Further, the point C
may be electrically connected to the point D by interposing at least one of a line and a circuit element.

[0061] With respect to the connection as shown in Figure 8, when the resistance value of the resistor 47 is very small
such as several tens Q or less, the function of the first resonance and the function of the second resonance are the
same manner as those of the resonance circuit 6 in Figure 1, and all the conditions described with reference to Figure
1 are applicable to the resonance circuit 6 in Figure 8. However, the resonance circuit 6 in Figure 1 is easy in reducing
noises because the resistance value of the resistor 47 can be increased, and therefore, the resonance circuit 6 in Figure
1 is preferable rather than the resonance circuit 6 in Figure 8.

[0062] In Figure 2, the choke coil 9 and the high frequency choking coils 12a, 12b are inserted between the bus bars
5a, 5b and the d.c. power source 10 for the defogger 90 to thereby increase the impedance of the choke coil 9 and the
impedance of the high frequency choking coils 12a, 12b in the broadcast band region, whereby a direct current from
the d.c. power source 10 to the defogger 90 is allowed to flow and a current in the broadcast band region is blocked.
[0063] Thus, the heater strips 2 of the defogger 90 and the bus bars 5a, 5b are isolated from the automobile body as
the earth with respect to high frequency signals by means of the choke coil 9 and the high frequency choking coils 12a,
12b, whereby a current of received signal in the broadcast band excited in the defogger 90 is prevented from flowing to
the automobile body as the earth, and a current of received signal is supplied to the receiver without any leakage. The
choke coil 9 used is generally of about 0.1-10 mH.

[0064] The high frequency choking coils 12a, 12b and the high frequency choking coil 60 provide a high impedance
in a high frequency band such as an FM broadcast band in a broadcast frequency band. Accordingly, a solenoid or
magnetic core is generally used. Such element exhibits an inductive type inductance in a high frequency band such as
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an FM broadcast band or in the vicinity of such frequency band.

[0065] In a high frequency band such as an FM broadcast band, the self-resonance frequency of the choke coil 9 is
low and the impedance of the choke coil 9 exhibits a capacitive property thereby become a low impedance. In this case,
the high frequency choking coils 12a, 12b functions for the choke coil 9. The high frequency choking coils 12a, 12b gen-
erally used are of 0.1-100 uH.

[0066] When the impedance of the choke coil 9 does not exhibit a capacitive property in a high frequency band such
as an FM broadcast band and it shows a high impedance, the high frequency choking coils 12a, 12b are unnecessary.
Further, if any coil or coils which perform both functions of the choke coil 10 and the high frequency choking coils 12a,
12b can be provided, such coil or coils may be used.

[0067] The defogger 90 shown in Figure 1 or Figure 2 is substantially in a trapezoidal form. However, the defogger 90
used in the present invention is not limited to have such form, and any form, e.g., a substantially channel-like form as
show in Figure 7 may be used for the defogger 90 of the present invention.

[0068] The antenna conductor 3 may be provided in a space of upper, lower, left or right portion with respect to the
defogger 90 in the glass sheet 1 of automobile window and the portion is not limited to that shown in Figure 1. Further,
the number of antenna conductors provided in the glass sheet 1 is not in particular limited.

[0069] The number of antenna conductors to be provided on an automobile, other than the antenna conductor 3, is
not limited. Further, the glass antenna device of the present invention have the function of diversity signal reception in
association with an antenna device such as a pole antenna or another type of glass antenna device.

EXAMPLE
EXAMPLE 1

[0070] A glass sheet for a rear window of automobile was used and the glass antenna device as shown in Figure 1
was prepared. The resistor 47 and the capacitor 50 were not provided, and the portions corresponding to the resistor
47 and the capacitor 50 were short-circuited. The capacitor 43 in Figure 4 was provided. The circuit constants of ele-
ments used are as shown in Table 1.

[0071] The length of conductor and the shape of conductor of the antenna conductor 3 were adjusted so that signals
in an FM broadcast band could be received. The distance between a lower portion of the antenna conductor 3 and the
highest line of the heater strips 2 was determined to be 21 mm. In this case, there was found substantially no capacitive
coupling between the antenna conductor 3 and the defogger 90.

[0072] A thick solid line in Figure 5 exhibits a frequency-sensitivity characteristic of a signal in the vicinity of a long
wave broadcast band. A thick solid line in Figure 6 exhibits a frequency-sensitivity characteristic of a signal in the vicinity
of a long wave broadcast band or a middle wave broadcast band. The sensitivity of a pole antenna of 870 mm long was
about 67 dB at 100-2,100 kHz.

EXAMPLE 2

[0073] A glass antenna device was prepared in the same manner as that of Example 1 except that the resistance
value of the resistor 48 is changed to 220 Q. The frequency-sensitivity characteristics are indicated by thin solid lines in
Figures 5 and 6.

EXAMPLE 3
[0074] A glass antenna device was prepared in the same manner as that of Example 1 except that the resistance

value of the resistor 48 was changed to 22 kQ. The frequency-sensitivity characteristics are indicated by broken lines
in Figures 5 and 6.

Table 1
Capacitor for second resonance 32 220 pF
Coil for first resonance 31 120 uH
High frequency choking coil 52 2.2 puH
Bypass capacitor 42 22 pF
Capacitor 43 1,000 pF
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Table 1 (continued)

Resistor 45
Resistor 48
Choke coil 9

Stray capacitance of defogger 90

4.7 kQ
2.2 kQ
2.0 mH

100 pF

wave broadcast band or a middle wave broadcast band is shown in Figure 9.

EXAMPLE 5

[0076]

Table 2

A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 2. The frequency-sensitivity characteristic of a signal in the vicinity of a long

Capacitor for second resonance 32
Coil for first resonance 31

High frequency choking coil 52

Self-resonance frequency of high frequency choking coil 52

Bypass capacitor 42

Capacitor 43

Resistor 45

Resistor 48

Choke coil 9

Self-resonance frequency of choking coil 9
Stray capacitance 34 of defogger 90

Stray capacitance 33 of antenna conductor 3

Stray capacitance of cable 7a

75 pF

180 uH
2.2uH
90 MHz

22 pF

1,000 pF

2.2 kQ
2.2 kQ
3.0mH
0.38 MHz
200 pF
20 pF
45 pF

wave broadcast band or a middle wave broadcast band is shown in Figure 10.

Table 3

A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 3. The frequency-sensitivity characteristic of a signal in the vicinity of a long

Capacitor for second resonance 32
Cail for first resonance 31

High frequency choking coil 52

Self-resonance frequency of high frequency choking coil 52

Bypass capacitor 42
Capacitor 43
Resistor 45

Resistor 48

Choke coil 9

560 pF
80 uH
10 uH
50 MHz
10 pF

500 pF

2.7kQ
1.0 kQ
1.0 mH
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EXAMPLE 6

[0077] A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 4. The frequency-sensitivity characteristic of a signal in the vicinity of a long
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Table 3 (continued)

Self-resonance frequency of choking coil 9
Stray capacitance 34 of defogger 90
Stray capacitance 33 of antenna conductor 3

Stray capacitance of cable 7a

0.50 MHz
300 pF

10 pF
150 pF

wave broadcast or a middle wave broadcast band is shown in Figure 11.

EXAMPLE 7

[0078] A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 5. The frequency-sensitivity characteristic of a signal in the vicinity of a long

Table 4

Capacitor for second resonance 32

Coil for first resonance 31

High frequency choking coil 52
Self-resonance frequency of high frequency choking coil 52
Bypass capacitor 42

Capacitor 43

Resistor 45

Resistor 48

Choke coil 9

Self-resonance frequency of choking coil 9
Stray capacitance 34 of defogger 90

Stray capacitance 33 of antenna conductor 3

Stray capacitance of cable 7a

330 pF
100 uH
1.0 uH
160 MHz
50 pF
2,200 pF
3.3kQ
5.0 kQ
4.0mH
0.35 MHz
50 pF
50 pF
50 pF

wave broadcast band or a middle wave broadcast band is shown in Figure 12.

Table 5

Capacitor for second resonance 32

Coil for first resonance 31

High frequency choking coil 52

Self-resonance frequency of high frequency choking coil 52
Bypass capacitor 42

Capacitor 43

Resistor 45

Resistor 48

Choke coil 9

1,400 pF
100 uH
15 uH
41 MHz
30 pF
2,000 pF
2.2kQ
3.0kQ
3.0 mH

10
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Table 5 (continued)

Self-resonance frequency of choking coil 9
Stray capacitance 34 of defogger 90
Stray capacitance 33 of antenna conductor 3

Stray capacitance of cable 7a

0.41 MHz
50 pF
80 pF
120 pF

wave broadcast band or a middle wave broadcast band is shown in Figure 13.

EXAMPLE 9

[0080]

Table 6

A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 6. The frequency-sensitivity characteristic of a signal in the vicinity of a long

Capacitor for second resonance 32

Coail for first resonance 31

High frequency choking coil 52
Self-resonance frequency of high frequency choking coil 52
Bypass capacitor 42

Capacitor 43

Resistor 45

Resistor 48

Choke coil 9

Self-resonance frequency of choking coil 9
Stray capacitance 34 of defogger 90

Stray capacitance 33 of antenna conductor 3

Stray capacitance of cable 7a

1,100 pF
100 uH

1.5 uH

70 MHz
15 pF
10,000 pF

2.2kQ

3.9kQ

1.7 mH

0.31 MHz

100 pF
80 pF
120 pF

wave broadcast band or a middle wave broadcast band is shown in Figure 14.

Table 7

A glass antenna device was prepared in the same manner as that of Example 1 except that the circuit con-
stants were determined as shown in Table 7. The frequency-sensitivity characteristic of a signal in the vicinity of a long

Capacitor for second resonance 32

Coil for first resonance 31

High frequency choking coil 52

Self-resonance frequency of high frequency choking coil 52
Bypass capacitor 42

Capacitor 43

Resistor 45

Resistor 48

Choke coil 9

120 pF
150 uH
15 uH
41 MHz
15 pF
220 pF
4.7 kQ
3.0kQ
3.0mH

11
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Table 7 (continued)

Self-resonance frequency of choking coil 9 0.29 MHz
Stray capacitance 34 of defogger 90 150 pF
Stray capacitance 33 of antenna conductor 3 30 pF
Stray capacitance of cable 7a 60 pF

[0081] According to the present invention, the first resonance is generated by the impedance of the antenna conduc-
tor and the inductance of the coil for first resonance as resonance elements, and the second resonance is generated
by the impedance of the defogger and the inductance of the capacitor for second resonance as resonance elements.
Accordingly, the sensitivity of signals a long wave broadcast band is excellent because two resonance portions are uti-
lized. Further, the size of the choke coil 9 can be reduced, and manufacturing cost can be reduced.

[0082] When a filter circuit is electrically connected between the antenna conductor and the defogger to block or atten-
uate received signals in an FM broadcast band, received signals in the FM broadcast band excited in the antenna con-
ductor are prevented from leaking to the automobile body as the earth, and reduction in the sensitivity of signals in the
FM broadcast band is small.

[0083] When signals in a long wave broadcast band are received, both the antenna conductor and the defogger can
be utilized whereby the sensitivity in the long wave broadcast band is excellent. On the other hand, in receiving signals
in an FM broadcast band, an effective length of only the antenna conductor can be utilized whereby the sensitivity in
the FM broadcast band is excellent.

Claims

1. Inaglass antenna device for an automobile wherein an electric heating type defogger having heater strips and bus
bars for supplying a current to the heater strips, and an antenna conductor are provided on a glass sheet fitted to
a rear window of an automobile, and a choke coil is connected to at least one between a bus bar and a d.c. power
source and between a bus bar and the automobile body as the earth, the glass antenna device being characterized
in that:

a caoil for first resonance is provided,

a first resonance is generated by a resonance element which comprises the impedance of the antenna con-
ductor and the inductance of the coil for first resonance,

a second resonance is generated by a resonance element which comprises the impedance of the defogger
and the inductance of the choke coil,

a signal in at least a long wave broadcast band received by the defogger is supplied to a receiver,

a signal in at least an FM broadcast band received by the antenna conductor is supplied to the receiver,

the resonance frequency of the first resonance and the resonance frequency of the second resonance are
determined so that the sensitivity of signals in the long wave broadcast band is increased, and

a capacitor for second resonance is electrically connected between the defogger and the automobile body as
the earth.

2. Inaglass antenna device for an automobile wherein an electric heating type defogger having heater strips and bus
bars for supplying a current to the heater strips, and an antenna conductor are provided on a glass sheet fitted to
a rear window of an automobile, and a choke coil is connected to at least one between a bus bar and a d.c. power
source and between a bus bar and the automobile body as the earth so that a signal in a long wave broadcast band
and a signal in a frequency band which is higher in frequency than the long wave broadcast band are received, the
glass antenna device being characterized in that:

a first resonance and a second resonance are generated,

a capacitor for second resonance is provided,

the inductance of the choke coil, the impedance of the defogger and the capacitance of the capacitor for sec-
ond resonance are included as resonance elements for the second resonance,

the resonance frequency of the first resonance and the resonance frequency of the second resonance are
determined so that the sensitivity of signals in the long wave broadcast band is increased, and

the capacitor for second resonance is electrically connected between the defogger and the automobile body
as the earth.

12
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The glass antenna device for an automobile according to Claim 1 or 2, wherein the inductance of the choke caoill,
the impedance of the defogger and the capacitance of the capacitor for second resonance constitute mainly reso-
nance elements for the second resonance, and the second resonance is a parallel resonance.

The glass antenna device for an automobile according to any one of Claims 1 to 3, wherein the coil for first reso-
nance is electrically connected between the antenna conductor and the receiver by interposing a line and/or a cir-
cuit element, and the capacitor for second resonance is electrically connected to at least one between the defogger
and the automobile body as the earth and between the antenna conductor and the automobile body as the earth
by interposing a line and/or a circuit element.

In a glass antenna device for an automobile wherein an electric heating type defogger having heater strips and bus
bars for supplying a current to the heater strips, and an antenna conductor are provided on a glass sheet fitted to
a rear window of an automobile, and a choke coil is connected to at least one between a bus bar and a d.c. power
source and between a bus bar and the automobile body as the earth so that a signal receive by the antenna con-
ductor is supplied to a receiver, the glass antenna device being characterized in that:

a coil for first resonance is electrically connected between the antenna conductor and the receiver by interpos-
ing a line and/or a circuit element,

a capacitor for second resonance is electrically connected to at least one between the defogger and the auto-
mobile body as the earth and between the antenna conductor and the automobile body as the earth by inter-
posing a line and/or a circuit element.

The glass antenna device according to any one of Claims 1 to 5, wherein a filter circuit for blocking or attenuating
a signal in an FM broadcast band is electrically connected between the antenna conductor and the defogger.

The glass antenna device according to any one of Claims 1 to 6, wherein the capacitance value of the capacitor for
second resonance is 50 - 1,200 pF.

The glass antenna device according to any one of Claims 1 to 7, wherein a resistor having a resistance value of
200 Q - 25 kQ is connected between the capacitor for second resonance and the automobile body as the earth.

13
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