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(54) VEHICLE ANTENNA

(57) It is provided a vehicle antenna provided on a
window glass of a vehicle, comprising a hot-side element
and a ground-side element. The hot-side element is con-
nected to a hot-side feeding point and includes a con-
ductive line extending in a direction away from a body
flange. The ground-side element includes a ground-side
first element extending clockwise from a ground-side

feeding point provided near the hot-side feeding point
and a second element extending counterclockwise from
the ground-side feeding point. The ground-side element
forms a looped line with an opening which is surrounding
the hot-side element by high frequency connecting end
parts of the ground-side first element and the ground-
side second element.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ungrounded
antenna provided on a window glass of a vehicle and
suitable for receiving terrestrial digital television broad-
cast waves and analog television broadcast waves in a
UHF band.
[0002] In recent years, television broadcast waves in
Japan has been transitioned from terrestrial analog tel-
evision broadcasting in a VHF band having a frequency
of 90 to 220 MHz and in a UHF band having a frequency
of 470 to 770 MHz to terrestrial digital television broad-
casting at a frequency of 470 to 710 MHz.
[0003] Also outside Japan, terrestrial digital television
broadcasting at a frequency of 698 to 806 MHz and the
like has been put to a practical use and antennas to be
mounted on automotive vehicles and broadcast wave
transmitting/receiving devices are also being made com-
patible with terrestrial digital broadcasting.
[0004] In transmitting and receiving such terrestrial
digital television broadcast waves, reception sensitivity
needs to be higher as compared with transmission and
reception of terrestrial analog broadcasting, wherefore
an ungrounded antenna is frequently adopted as an an-
tenna system.
[0005] For example, JP2005-229140A discloses a ve-
hicle antenna which is a wire antenna arranged on a win-
dow glass surface of a moving body such as an automo-
tive vehicle or an insulating member surface of a body
and includes a first element extending from a first feeding
point and having a length of 1/4 or 3/4 wavelength of a
transmitting/ receiving radio and a second element in the
form of a closed loop extending from a second feeding
point provided near the first feeding point to surround the
first element and having a length of longer than one wave-
length of the transmitting/ receiving radio.
[0006] Further, JP2005-159657A discloses a vehicle
antenna which includes a first element in the shape of a
polygonal or arcuate closed loop extending from a first
feeding point arranged on a window glass surface of a
moving body such as an automotive vehicle or an insu-
lating member surface of a body and a second element
provided to be closer to the first element than to a second
feeding point provided near the first feeding point inside
the first element, and in which the wire length of the first
element is set to be longer than one wavelength of a
transmitting/ receiving radio and longer than that of the
second element, the wire length of the second element
is set to be 3/4 wavelength or 5/4 wavelength of the trans-
mitting/ receiving radio, and an outer conductor and an
inner conductor of a coaxial cable are respectively con-
nected to the first and second feeding points.

SUMMARY OF THE INVENTION

[0007] As described above, in each of the antennas

disclosed in JP2005-229140A and JP2005-159657A, an
electric field at a end part of a hot-side element is stabi-
lized and antenna performance is made less likely to be
affected by human bodies and the like to obtain preferred
reception sensitivity by surrounding the hot-side element
easily affected by external influences by a ground-side
element in the form of a closed loop. However, in the
case of tuning a resonance frequency of the antenna by
adjusting an impedance of the antenna, since the ground-
side element is in the form of a closed loop, there have
been problems that it is difficult to adjust the length of the
ground-side element and a degree of freedom in tuning
decreases as compared with an open looped wire.
[0008] The subject of the present invention is providing
an antenna suitable for improving antenna performance
and receiving terrestrial digital television broadcast
waves.
[0009] The representative one of inventions is a vehicle
antenna provided on a window glass of a vehicle, com-
prising a hot-side element and a ground-side element.
The hot-side element is connected to a hot-side feeding
point and includes a conductive line extending in a direc-
tion away from a body flange. The ground-side element
includes a ground-side first element extending clockwise
from a ground-side feeding point provided near the hot-
side feeding point and a second element extending coun-
terclockwise from the ground-side feeding point. The
ground-side element forms a looped line with an opening
which is surrounding the hot-side element by high fre-
quency connecting end parts of the ground-side first el-
ement and the ground-side second element.
[0010] According to one embodiment of the present
invention, antenna performance can be made less likely
to be affected by an installation site of the antenna, hu-
man bodies and the like in an automotive vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is an elevation view illustrating an antenna
pattern of Example 1 of the present invention.
FIG. 2 is an elevation view illustrating an antenna
pattern of Example 2 of the present invention.
FIG. 3 is an elevation view illustrating an antenna
pattern of Example 3 of the present invention.
FIG. 4 is an elevation view illustrating an antenna
pattern of Example 4 of the present invention.
FIG. 5 is an elevation view illustrating an antenna
pattern of Example 5 of the present invention.
FIG. 6 is a frequency characteristic diagram illustrat-
ing antennas of Example 1 and Comparative Exam-
ples 1 and 2.
FIG. 7 is an elevation view illustrating an antenna
pattern of Comparative Examples 1 of the present
invention.
FIG. 8 is an elevation view illustrating an antenna
pattern of Comparative Examples 2 of the present
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invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] A glass antenna of an embodiment of the
present invention is an ungrounded glass antenna which
is arranged on a window glass 1 of an automotive vehicle
and configured to transmit and receive terrestrial digital
television broadcast waves in and outside Japan and in-
cludes a hot-side element 10 extending from a hot-side
feeding point and a ground-side element 20 extending
from a ground-side feeding point.
[0013] The hot-side element 10 is an element which is
located on a glass surface and includes a conductive line
11 extending from a hot-side feeding point 6 in a direction
away from the closest side of a metal body flange 3.
[0014] On the other hand, the ground-side element 20
includes two conductive lines of a ground-side first ele-
ment 21 extending from a ground-side feeding point 7
provided near the hot-side feeding point 6 in a clockwise
direction to surround the hot-side element 10 and a
ground-side second element 22 extending from the same
ground-side feeding point 7 in a counterclockwise direc-
tion to surround the hot-side element 10. The ground-
side element 20 is formed into a loop with an opening to
surround the hot-side element 10 by closely overlapping
end parts of the ground-side first and second elements
21, 22 to be capacitively coupled to each other.
[0015] Since the ground-side element 20 is in the form
of the loop with the opening, the opening is in a non-con-
ductive state in terms of direct current. However, in the
case of receiving high-frequency radios, the opening is
in a conductive state and effects equivalent to those of
a conventional antenna pattern which is illustrated in FIG.
7 and a closed loop in terms of direct current can be
obtained at high frequencies.
[0016] An overlap portion 24 in which the end part of
the ground-side first element 21 and the end part of the
ground-side second element 22 are overlapped that the
ground-side first element 21 and the ground-side second
element 22 of the ground-side element 20 are capaci-
tively coupled and preferably provided on a position dis-
tant from the ground-side feeding point 7, e.g. a side op-
posite to a side on which the ground-side feeding point
7 is located as illustrated in FIGS. 1 to 4.
[0017] Further, as illustrated in FIG. 5, overlap portions
24, 25 may be so provided at a plurality of positions that
the clockwise ground-side first element 21 and the coun-
terclockwise ground-side second element 22 of the
ground-side element 20 extend such that the end part of
each of the elements do not overlap, an auxiliary con-
ductive line 23 is provided between the end parts of each
of the elements, one end part of the auxiliary conductive
line 23 and the end part of the ground-side first element
21 are close to each other and overlapped so as to be
capacitively coupled, and the other end part of the aux-
iliary conductive line 23 and the end part of the ground-
side second element 22 are also close to each other and

overlapped so as to be capacitively coupled.
[0018] The length of the conductive line to the end of
the hot-side element 10 extending from the hot-side feed-
ing point 6 is preferably 1/4 wavelength of a substantially
center frequency of a transmission/reception frequency
band.
[0019] Further, as illustrated in FIG. 2, an auxiliary con-
ductive line 12 perpendicular to the hot-side conductive
line 11 of the hot-side element 10 may extend from the
end of the hot-side conductive line 11. By changing the
length and extending direction of this auxiliary conductive
line 12, a resonance frequency and an impedance can
be adjusted. For example, although an example in which
the auxiliary conductive line 12 is bent at 90° from the
hot-side conductive line 11 is illustrated in FIG. 2, this
angle may be any angle.
[0020] Further, although an example in which the
ground-side first element 21 includes three horizontal
conductive lines and the ground-side second element 22
includes four horizontal conductive lines is illustrated in
FIG. 2, there is no limitation to these numbers. Further,
one of the ground-side first element 21 and the ground-
side second element 22 may include one horizontal con-
ductive line and the other may include a plurality of hor-
izontal conductive line.
[0021] Furthermore, the total length (electrical length)
of each of the conductive lines of the ground-side element
20 including the ground-side first element 21 and the
ground-side second element 22, assuming the overlap
as one conductive line, is preferably one to two wave-
lengths of the transmitting/receiving radio.
[0022] Further, the length of the conductive line which
overlaps at the ends of the ground-side first element 21
and the ground-side second element 22 of the ground-
side element 20 in the overlap portion 24 is preferably
adjusted to lower VSWR of the antenna. Specifically, the
length of a part where the end of the ground-side first
element 21 and that of the ground-side second element
22 are close to each other and capacitively coupled (A
in FIG. 1) only has to be a length of 10 mm to one wave-
length.
[0023] As described above, the length of the overlap-
ping part in the overlap portion 24 is 10 mm or longer for
the following reason. If it is shorter than 10 mm, capacitive
coupling becomes weaker and an effect of electrically
assuming the ground-side first element 21 and the
ground-side second element 22 as one conductive line
decreases. Further, the length of the overlapping part is
one wavelength or shorter because the conductive lines
are complicated although preferable capacitive coupling
is obtained if the length is one wavelength or longer.
[0024] Further, as illustrated in FIG. 2, one side of the
ground-side first element 21 connected to the
ground-side feeding point 7 may be configured by a plu-
rality of conductive lines. These plurality of conductive
lines may be arranged in parallel and each end part of
the conductive lines may be connected to each other.
[0025] Further, one side of the ground-side second el-
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ement 22 of the ground-side element 20 connected to
the ground-side feeding point 7 may be configured by a
plurality of conductive lines, these plurality of conductive
lines may be arranged in parallel and each end part of
the conductive lines may be connected to each other.
[0026] Furthermore, an antenna pattern may be direct-
ly printed on the surface of the window glass 1 of the
vehicle or a sheet printed with an antenna pattern may
be bonded.
[0027] The shape of the ground-side element 20 is
generally a rectangular shape illustrated in FIGS. 1, 2
and 5, but a part of the ground-side element 20 may have
an arcuate shape in conformity with an arcuate shape of
a corner part of the metal flange 3 as illustrated in FIG.
3. Further, the shape may have an elliptical shape as
illustrated in FIG. 4. Further, the ground-side element 20
can also have a square, rhombic or polygonal shape al-
though not illustrated.
[0028] It should be noted that an inner conductor and
an outer conductor of an unillustrated coaxial cable are
respectively connected to the hot-side feeding point 6
and the ground-side feeding point 7.
[0029] Furthermore, the ground-side element 20 may
extend from the ground-side feeding point 7 via a lead
conductive line 26 and be branched off into the
ground-side first element 21 and the ground-side second
element 22 extending in directions opposite to each other
from the end of the lead conductive line 26. Alternatively,
the ground-side first element 21 and the ground-side sec-
ond element 22 may be directly connected to the ground-
side feeding point 7 without via the lead conductive line
26 extending from the ground-side feeding point 7.
[0030] The window glass 1 of the automotive vehicle
or the like may be any one of a front window glass, a rear
window glass, a side window glass, a sunroof and the
like. Further, this window glass is not limited to a glass
plate, but may also be a transparent resin plate or a com-
posite body of a glass plate and a transparent resin plate.
[0031] Further, the antenna of this embodiment may
be used by directly printing the antenna pattern using a
conductive paste on upper or lower marginal parts of a
heating wire on the rear window glass above, a glass
window surface of the front window glass, the side win-
dow glass, the roof window glass or the like or printing it
on a thin transparent seal or transparent sheet and bond-
ing the transparent seal or sheet to the inner side of the
window glass surface or a part made of an insulating
material.
[0032] Further, this antenna 2 may be provided only at
one position of the window glass of the automotive vehi-
cle, but an antennas may be provided at a plurality of
positions of the same window glass or on each of a plu-
rality of window glasses and diversity reception may be
performed using these plurality of antennas. In this case,
the plurality of antennas constituting the diversity anten-
na may have the same pattern or different patterns. By
performing the diversity reception, reception sensitivity
can be further improved.

[0033] Working mechanisms of the embodiment of the
present invention are described below.
[0034] In the antenna of the embodiment of the present
invention, the ground-side element 20 is in the form of
the loop with the opening shaped to surround the hot-side
element 10 by closely overlapping the ends of the two
conductive line of the ground-side first element 21 ex-
tending clockwise from the ground-side feeding point 7
to surround the hot-side element 10 and the ground-side
second element 22 extending counterclockwise from the
ground-side feeding point 7 to surround the hot-side el-
ement 10 so as to be capacitively coupled to each other.
Thus, the end of the ground-side first element 21 and
that of the ground-side second element 22 are open,
wherefore an impedance of the ground-side element 20
can be easily adjusted and the antenna can be easily
tuned by adjusting the length of the overlapping part of
each conductive line.
[0035] It should be noted that since the ground-side
element 20 is in the open, non-conductive state in terms
of direct current, but is in the conductive state in term of
high frequency, a reception characteristic equivalent to
that of a conventional antenna in which the ground-side
element is in the form of a closed loop as illustrated in
FIG. 7 can be obtained while an actual antenna area is
made smaller. Specifically, it is possible to provide an
antenna which does not hinder vision by a simple con-
figuration.
[0036] Since the hot-side element 10 is surrounded by
the ground-side element 20 in the shape of the open loop,
it is possible to stabilize an electric field at a end part of
the antenna easily susceptible to external influences, re-
duce the influence of the conductors close to each other
and make the antenna performance less likely to be af-
fected by the installation site of the antenna, human bod-
ies and the like. Thus, it is possible to obtain an antenna
with a stable characteristic in which an antenna imped-
ance is hardly changed by the presence or absence of a
person in the vehicle.
[0037] Further, the antenna of the embodiment of the
present invention can obtain a characteristic equivalent
to that of a configuration grounded to a metal body at
terrestrial digital broadcasting band frequencies since
the ground-side element 20 can be assumed as a ground-
ed antenna by setting the total length of the conductive
line of the loop shape of the ground-side element 20 at
one to two wavelengths of the transmitting/receiving ra-
dio.
[0038] Various examples of the present invention are
described below.

EXAMPLE 1

[0039] FIG. 1 illustrates the ungrounded glass antenna
having an antenna pattern of Example 1 of the present
invention and provided near an upper corner part of the
rear window glass of the automotive vehicle.
[0040] The antenna of Example 1 includes the hot-side
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element 10 connected to the hot-side feeding point 6 pro-
vided in the vicinity of the upper side of the opening of
the metal flange 3 near the upper-left corner and extend-
ing substantially vertically downward away from the up-
per side of the metal flange, and the ground-side element
20 extending from the ground-side feeding point 7 pro-
vided near the hot-side feeding point 6.
[0041] The ground-side element 20 includes the
ground-side first element 21 having a U shape opening
rightward and extending clockwise from the ground-side
feeding point 7 about the hot-side element 10 to surround
the hot-side element 10 and the ground-side second el-
ement 22 having a U shape opening leftward and extend-
ing counterclockwise from the ground-side feeding point
7 to surround the hot-side element 10 and is in the shape
of a substantially rectangular loop, in which the end of
each element constituting the ground-side element 20 is
open, by opposing the ends of the two ground-side ele-
ments 21, 22 to each other, closely overlapping the con-
ductive lines of the end parts of the ground-side elements
21, 22 so that the ground-side elements 21, 22 are ca-
pacitively coupled, and arranging the ground-sided ele-
ment 20 to surround the hot-side element 10.
[0042] In the antenna of Example 1, the ground-side
element 20 extends from the ground-side feeding point
7 via the lead conductive line 26 and is branched off into
the ground-side first element 21 and the ground-side sec-
ond element 22 extending in directions opposite to each
other at the end of the lead conductive line 26.
[0043] The length of each conductive line of the anten-
na of Example 1 is illustrated as follows. The length of
the conductive line of the hot-side element 10 from the
hot-side feeding point 6 to the end is 60 mm which is a
product of the 1/4 wavelength of a radio at a substantially
center frequency of 600 MHz of the transmitting/receiving
frequency band and a shortening coefficient of wave-
length (about 0.6) of the glass plate 1.
[0044] The length of a horizontal conductive line of the
ground-side first element 21 extending to the right from
the upper end of the lead conductive line 26 connected
to the ground-side feeding point is 50 mm, the length of
a vertical conductive line extending downward from the
end of this horizontal conductive line is 85 mm and the
length of a conductive line turned at the lower end of the
vertical conductive line to form a U shape is 90 mm.
[0045] Further, the length of a horizontal conductive
line of the ground-side second element 22 extending to
the left (direction toward the corner) from the upper end
of the lead conductive line 26 connected to the
ground-side feeding point is 100 mm, a vertical conduc-
tive line extending downward from the end of the hori-
zontal conductive line is 90 mm and the length of a con-
ductive line turned at the lower end of the vertical con-
ductive line to form a U shape is 95 mm.
[0046] Further, the length (A in FIG. 1) of the overlap-
ping paths of the turned conductive line of the
ground-side first element 21 and that of the ground-side
second element 22 is 35 mm, and a spacing between

the respective conductive lines is 5 mm.
[0047] A spacing between the upper side of the flange
opening and the horizontal conductive line of each of the
ground-side first element 21 and the ground-side second
element 22 is 5 mm and a spacing between the vertical
conductive line of the ground-side second element 22
and a vertical side of the flange opening is 10 mm.
[0048] Each of the hot-side feeding point 6 and the
ground-side feeding point 7 has a square shape having
each side of 10 mm and a spacing between the respective
feeding points is 15 mm.
[0049] The antenna of this Example was formed by
printing each conductive line with a width of 0.7 mm using
a conductive ceramic paste at a predetermined position
on a vehicle interior side surface of the window glass
plate and, after drying, baking each conductive line by a
heating oven, and a center conductor of an unillustrated
coaxial cable extending from an unillustrated turner was
connected to the hot-side feeding point 6 and an outer
conductor was connected to the ground-side feeding
point 7.
[0050] When the antenna for receiving terrestrial digital
television broadcast waves of Example 1 configured as
described above was provided near the upper corner of
the rear window glass of the automotive vehicle and re-
ceived radios in a terrestrial digital television broadcast
band having a frequency of 470 to 710 MHz, a good fre-
quency characteristic having an average gain of -6.8 dB
as illustrated by thick solid line in FIG. 6 was obtained,
an improvement in reception gain in a band of 500 to 590
MHz and a band of 620 to 710 MHz was seen as com-
pared with an average gain of -7.6 dB of an antenna of
Comparative Example 1 (see FIG. 7) to be described
later illustrated by thin solid line in FIG. 6 and an average
gain of -7.6 dB of an antenna of Comparative Example
2 (see FIG. 8) to be described later illustrated by dotted
line in FIG. 6, and a frequency characteristic at least
equivalent to or better than those of Comparative Exam-
ples 1 and 2 was obtained.
[0051] Further, the antenna of Example 1 can provide
an antenna which has hardly any change in antenna im-
pedance caused by a human body even if a person is in
the vehicle and does not hinder vision due to a simple
configuration. A reception gain of the antenna of Example
1 is high and antenna tuning can be easily performed as
compared with conventional ones.

EXAMPLE 2

[0052] Example 2 is a modified pattern of Example 1
as illustrated in FIG. 2. Unlike Example 1 described
above, in an antenna of Example 2, the ground-side first
element 21 connected to the ground-side feeding point
7 includes three horizontal conductive lines and each end
of the three horizontal conductive lines are connected by
vertical conductive lines. Further, the ground-side sec-
ond element 22 connected to the ground-side feeding
point 7 includes four horizontal conductive line and each
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end of the four horizontal conductive lines are connected
by vertical conductive lines. Furthermore, the auxiliary
conductive line 12 bent in a horizontal direction at the
lower end of the hot-side conductive line 11 of the hot-
side element 10 is provided. Since the other configuration
is the same as in Example 1 described above, the same
components are denoted by the same reference signs
and not described.
[0053] It should be noted that Example 2 has features
that the ground-side first element 21 and the ground-side
second element 22 include a plurality of horizontal con-
ductive lines and the auxiliary conductive line 12 bent
and extending from the hot-side conductive line 11 is
provided. These two features may also be individually
applied to antennas of other Examples.
[0054] When the antenna for receiving terrestrial digital
television broadcast waves of Example 2 configured as
described above was provided on the rear window glass
of the automotive vehicle and received radios in a terres-
trial digital television broadcast band having a frequency
of 470 to 710 MHz, good reception performance can be
obtained as in Example 1.
[0055] Further, the antenna of Example 2 can provide
an antenna which has hardly any change in antenna im-
pedance caused by a human body even if a person is in
the vehicle and does not hinder vision due to a simple
configuration. A reception gain of the antenna of Example
2 is high and antenna tuning can be easily performed as
compared with conventional ones.

EXAMPLE 3

[0056] An antenna of Example 3 illustrated in FIG. 3
differs from Example 1 in that the shape of a left-upper
corner part of the ground-side element is a substantially
quarter arc shape. Since the other configuration is the
same as in Example 1 described above, the same com-
ponents are denoted by the same reference signs and
not described.
[0057] The antenna of Example 3 is an antenna which
has a round shape along a round shape of the upper
corner of the opening of the flange of the window glass
and in which the hot-side feeding point 6 and the ground-
side feeding point 7 are juxtaposed near an arcuate cor-
ner on the upper-left side.
[0058] Unlike Example 1 described above, in the an-
tenna of Example 3, the ground-side element 20 includes
two elements, i.e. the ground-side first element 21 having
a U shape opening leftward and extending clockwise
from the ground-side feeding point 7 about the hot-side
element 10 to surround the hot-side element 10 and the
ground-side second element 22 having a U shape open-
ing rightward, extending counterclockwise from the
ground-side feeding point 7 to surround the hot-side el-
ement 10 and including an arcuate part, and is in the
shape of a substantially rectangular loop, in which the
end of each element constituting the ground-side ele-
ment 20 is open and which includes an upper-left corner

part having a quarter arc shape, by opposing the ends
of the two ground-side elements 21, 22 to each other,
closely overlapping the conductive line of the end parts
of the ground-side elements 21, 22 so that the ground-
side elements 21, 22 are capacitively coupled and ar-
ranging the ground-side element 20 to surround the hot-
side element 10.
[0059] When the antenna for receiving terrestrial digital
television broadcast waves of Example 3 configured as
described above was provided on the rear window glass
of the automotive vehicle and received radios in a terres-
trial digital television broadcast band having a frequency
of 470 to 710 MHz, good reception performance can be
obtained as in Example 1.
[0060] Further, the antenna of Example 3 can provide
an antenna which has hardly any change in antenna im-
pedance caused by a human body even if a person is in
the vehicle and does not hinder vision due to a simple
configuration. A reception gain of the antenna of Example
3 is high and antenna tuning can be easily performed as
compared with conventional ones.

EXAMPLE 4

[0061] An antenna of Example 4 illustrated in FIG. 4
differs from Example 1 in that the shape of the
ground-side element is a substantially circular shape.
Since the configuration of the hot-side element 10 is the
same as in Example 1 described above, the same com-
ponents are denoted by the same reference signs and
not described.
[0062] The ground-side element 20 differs from Exam-
ple 1 in having a looped and substantially circular shape
in which the end of each element constituting the
ground-side element 20 is open by opposing the end
parts of the two elements, i.e. the ground-side first ele-
ment 21 having the shape of a right half ellipse (or circle,
oval) and extending clockwise from the ground-side feed-
ing point 7 about the hot-side element 10 to surround the
hot-side element 10 and the ground-side second element
22 having the shape of a left half ellipse (or circle, oval)
and extending counterclockwise from the ground-side
feeding point 7 to surround the hot-side element 10, to
each other, closely overlapping arcuate conductive lines
of each end part of the two elements so as to be capac-
itively coupled and arranging the ground-side element
20 to surround the hot-side element 10.
[0063] When the antenna for receiving terrestrial digital
television broadcast waves of Example 4 configured as
described above was provided on the rear window glass
of the automotive vehicle and received radios in a terres-
trial digital television broadcast band having a frequency
of 470 to 710 MHz, good reception performance can be
obtained as in Example 1.
[0064] Further, the antenna of Example 4 can provide
an antenna which has hardly any change in antenna im-
pedance caused by a human body even if a person is in
the vehicle and does not hinder vision due to a simple
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configuration. A reception gain of the antenna of Example
4 is high and antenna tuning can be easily performed as
compared with conventional ones.

EXAMPLE 5

[0065] Unlike Example 1 described above, in Example
5 of the present invention illustrated in FIG. 5, the sub-
stantially rectangular ground-side element 20 is in the
shape of a substantially rectangular loop, in which the
end of each element constituting the ground-side ele-
ment 20 is open, by closely overlapping a part of each
conductive line of the L-shaped ground-side first element
21, the ground-side second element 22 having a U shape
opening rightward and the L-shaped auxiliary conductive
line 23, and arranging them to surround the hot-side el-
ement 10. It should be noted that since the configuration
of the hot-side element 10 is the same as in Example 1
described above, the same components are denoted by
the same reference signs and not described.
[0066] The ground-side first element 21 is an L-shaped
element connected to the ground-side feeding point 7 via
the lead conductive line 26 and including a horizontal
conductive line extending to the right and a vertical con-
ductive line extending downward from the end of the hor-
izontal conductive line. Further, the ground-side second
element 22 is an element having a U shape opening right-
ward and including a horizontal conductive line, a vertical
conductive line and a turned conductive line connected
to the ground-side feeding point 7 via the lead conductive
line 26 as in Example 1. Further, the L-shaped auxiliary
conductive line 23 is provided between the ground-side
first element 21 and the ground-side second element 22,
and the overlap portions 24, 25 are provided in which
one end of the auxiliary conductive line 23 and the
ground-side first element 21 are close and capacitively
coupled to each other and the other end of the auxiliary
conductive line 23 and the ground-side second element
22 are close and capacitively coupled to each other.
[0067] When the antenna for receiving terrestrial digital
television broadcast waves of Example 5 configured as
described above was provided on the rear window glass
of the automotive vehicle and received radios in a terres-
trial digital television broadcast band having a frequency
of 470 to 710 MHz, good reception performance can be
obtained as in Example 1.
[0068] Further, the antenna of Example 5 can provide
an antenna which has hardly any change in antenna im-
pedance caused by a human body even if a person is in
the vehicle and does not hinder vision due to a simple
configuration. A high reception gain of the antenna of
Example 5 is high and antenna tuning can be easily per-
formed as compared with conventional ones.

COMPARATIVE EXAMPLE 1

[0069] Comparative example 1 illustrated in FIG. 7 is
an antenna having a pattern disclosed in

JP2005-229140A and including a ground-side element
20’ in the shape of a substantially rectangular closed loop
to surround the hot-side element 10’ extending in a ver-
tical direction. The ground-side element 20’ is connected
to a ground-side feeding point 7’ via a lead conductive
line 26’.
[0070] The length of conductive line of the hot-side el-
ement 10’ of an antenna 2’ of Comparative Example 1 is
60 mm which is calculated by multiplying 1/4 wavelength
of a radio at a substantially intermediate frequency
600MHz of a receiving frequency band by shortening co-
efficient of wavelength of a glass plate 1’ of about 0.6,
and the length of vertical sides of the ground-side element
20’ having a substantially rectangular shape is 90 mm
and the length of horizontal sides of the ground-side el-
ement 20’ is 150 mm.
[0071] A spacing between the upper side of the
ground-side element 20’ and the upper side of an opening
of a flange 3’ is 5 mm, and a spacing between the vertical
conductive line of the ground-side element 20’ and a ver-
tical side of the opening of the flange 3’ is 10 mm.
[0072] Each of a hot-side feeding point 6’ and a
ground-side feeding point 7’ has a square shape having
each side of 10 mm and a spacing between each of the
feeding points 6’, 7’ is 15 mm.
[0073] When the antenna 2’ for receiving terrestrial dig-
ital television broadcast waves of Comparative Example
1 configured as described above was provided on the
rear window glass 1’ of an automotive vehicle and re-
ceived radios in a terrestrial digital television broadcast
band having a frequency of 470 to 710 MHz, a frequency
characteristic illustrated by thin solid line in FIG. 6 was
obtained and an average reception gain was -7.6 dB.
[0074] According to a frequency characteristic diagram
of FIG. 6, the antenna of Comparative Example 1 has a
lower gain than the antenna of Example 1 in a band of
500 to 590 MHz and a band of 620 to 710 MHz. Further,
the antenna pattern in the shape of the closed loop of
Comparative Example 1 cannot be easily adjusted since
such an adjustment to adjust only the length of one side
at the time of tuning is not easy due to the closed loop
shape.

COMPARATIVE EXAMPLE 2

[0075] A pattern of an antenna of Comparative exam-
ple 2 illustrated in FIG. 8 is a pattern in the shape of an
open and substantially rectangular loop in which two con-
ductive line of a ground-side first element 21" extending
clockwise from a ground-side feeding point 7" to surround
a hot-side element 10" and a ground-side second ele-
ment 22" having a U shape opening rightward and ex-
tending counterclockwise from the ground-side feeding
point 7" to surround the hot-side element 10" are ar-
ranged to form a substantially rectangular shape, and an
end part of the ground-side second element 22" is bent
downward before the end of the ground-side first element
21" so that the ends of the ground-side first element
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21" and the ground-side second element 22" are not
overlapped (i.e. the ground-side first element 21" and the
ground-side second element 22" are not capacitively
coupled). The end of the conductive line of the ground-
side second element 22" is bent downward so that the
entire length of the ground-side second element 22" co-
incides with that of the ground-side second element 22
(see FIG. 1) of Example 1. The ground-side first element
21" and the ground-side second element 22" are con-
nected to the ground-side feeding point 7" via a lead con-
ductive line 26". The hot-side element 10" is connected
to a hot-side feeding point 6".
[0076] The length of vertical sides of the substantially
rectangular shape of the ground-side element 20" of the
antenna 2" of Comparative Example 2 is 90 mm and that
of horizontal sides thereof is 150 mm as with the
ground-side elements of Comparative Example 1 and
Example 1. The length of a part of the ground-side second
element 22" bent downward before the end of the
ground-side first element 21" is 35 mm. The lengths of
the conductive lines and the spacings other than the
above are the same as in Example 1 and Comparative
Example 1.
[0077] When the antenna 2" for receiving terrestrial
digital television broadcast waves of Comparative Exam-
ple 2 configured as described above was provided on a
rear window glass of an automotive vehicle and received
radios in a terrestrial digital television broadcast band
having a frequency of 470 to 710 MHz, a frequency char-
acteristic illustrated by dotted line in FIG. 6 was obtained
and an average reception gain was -7.6 dB.
[0078] The frequency characteristic of the antenna of
Comparative Example 2 has a lower reception gain than
Example 1 in a band of 470 to 500 MHz, a band of 540
to 580 MHz and a band of 620 to 710 MHz when being
compared with the frequency characteristic of the anten-
na of Example 1 illustrated by thick solid line in FIG. 6.
[0079] When the antenna of Comparative Example 2
and that of Example 1 were compared in this way, the
reception gain was lower in the antenna of Comparative
Example 2 than in Example 1 since no overlap portion
was provided at an opening of the loop shape formed by
the ground-side first element 21" and the ground-side
second element 22" of the ground-side element 20". In
the antenna of Example 1, a reduction in the reception
gain can be suppressed by overlapping the two ground-
side elements.
[0080] While the present invention has been described
in detail and pictorially in the accompanying drawings,
the present invention is not limited to such detail but cov-
ers various obvious modifications and equivalent ar-
rangements, which fall within the purview of the append-
ed claims.
[0081] The present application claims priority from
Japanese patent application JP 2010-165701 filed on Ju-
ly 23, 2010, the content of which is hereby incorporated
by reference into this application.

Claims

1. A vehicle antenna provided on a window glass of a
vehicle, comprising a hot-side element and a ground-
side element,
characterized in that:

the hot-side element is connected to a hot-side
feeding point and includes a conductive line ex-
tending in a direction away from a body flange;
the ground-side element includes a ground-side
first element extending clockwise from a ground-
side feeding point provided near the hot-side
feeding point and a second element extending
counterclockwise from the ground-side feeding
point; and
the ground-side element forms a looped line with
an opening which is surrounding the hot-side
element by high frequency connecting end parts
of the ground-side first element and the ground-
side second element.

2. The vehicle antenna according to claim 1, wherein
the ground-side first element and the ground-side
second element are high frequency connected by
arranging the end parts of the ground-side first ele-
ment and the ground-side second element closely
position so that the ground-side first element and the
ground-side second element are capacitively cou-
pled on a side opposite to a side near the ground-
side feeding point among sides of the formed looped
line.

3. The vehicle antenna according to claim 1, further
comprising an auxiliary conductive line which is pro-
vided between the ground-side first element and the
ground-side second element, wherein
one end part of the auxiliary conductive line and the
end part of the ground-side first element are ar-
ranged at close position so that the auxiliary conduc-
tive line and the ground-side first element are capac-
itively coupled,
the other end part of the auxiliary conductive line and
the end part of the ground-side second element are
arranged at close position so that the auxiliary con-
ductive line and the ground-side second element are
capacitively coupled, and
thereby the ground-side first element and the
ground-side second element are high frequency
connected and the ground-side element forms the
looped line.

4. The vehicle antenna according to claim 2, wherein
the length of sections in which the end parts of the
ground-side first element and the ground-side sec-
ond element close to the other conductive line is 10
mm to one wavelength.
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5. The vehicle antenna according to claim 1, wherein
the length of the hot-side element is substantially 1/4
wavelength of a transmitting/receiving radio signal.

6. The vehicle antenna according to claim 1, further
comprising an auxiliary conductive line which is bent
and extends from the end of the hot-side element.

7. The vehicle antenna according to claim 1, wherein
the electrical length of the ground-side element is
one to two wavelengths of a transmitting/receiving
radio signal.

8. The vehicle antenna according to claim 1, wherein:

one side of the ground-side first element which
is connected to the ground-side feeding point is
composed of a plurality of parallel conductive
lines; and
the ends of the plurality of conductive lines are
connected.

9. The vehicle antenna according to claim 1, wherein:

one side of the ground-side second element
which is connected to the ground-side feeding
point is composed of a plurality of parallel con-
ductive lines;
one end part of each of the plurality of conductive
lines is connected to the ground-side feeding
point; and
the end parts of the plurality of conductive lines
are connected.

10. The vehicle antenna according to claim 1, wherein
the vehicle antenna is formed by directly printed on
a window glass surface of the vehicle or bonding a
sheet printed with the pattern.
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