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(54) Antenna apparatus

(57)  Provided is an antenna apparatus including: an
antenna element (3) having a radiation conductor (2)
formed on a surface of a base substance (1); and a
matching circuit (32) formed on the base substance (1)
to match with the radiation conductor (2) and having a
variable capacitor to which a control voltage for control-

FIG.

ling capacitance is applied from a reception circuit formed
outside the base substance (1). In the antenna, a direct-
current ground potential of the matching circuit (32) is
applied via a transmission line (43) for transmitting an
RF signal output from the matching circuit (32) to the
reception circuit.
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Description
Cross Reference to Related Applications

[0001] The presentapplication contains subject matter
related to Japanese Patent Application No. 2007-290363
filed in the Japanese Patent Office on November 8, 2007,
the entire contents of which being incorporated herein
by reference.

BACKGROUND
1. Technical Field

[0002] The presentinvention relates to an antenna ap-
paratus used in a cellular phone and the like to receive
a television signal.

2. Related Art

[0003] Nowdays, antenna apparatuses for a television
device built in a mobile device such as a cellular phone
have been developed. Since a broadcast band for tele-
vision broadcast signals is a wide band (for example, 470
MHz to 770 MHz in Japan), a wideband antenna appa-
ratus is needed to correspond to the wide band when
one antenna is intended to be used. For example, in an
antenna apparatus disclosed in Japanese Unexamined
Patent Application Publication No. H06-314982, a DC
block capacitor is connected to a feeding section of a
radiation conductor, a resonant circuit is formed by con-
necting a variable capacitance diode between one end
of the radiation conductor and the DC block capacitor,
and a connecting point between the variable capacitance
diode and the DC block capacitor is connected to an an-
tenna earth via a high frequency choke coil. With such a
configuration, the antenna apparatus is tuned to a used
frequency by superimposing a frequency control voltage
of the voltage control oscillator on a voltage of the feeding
section.

[0004] Fig. 4 is an exterior diagram illustrating an an-
tenna apparatus having a tunable matching circuit tuning
to the used frequency and functioning as a matching cir-
cuit. Fig. 5 is a diagram illustrating a configuration of an
antenna module of the antenna apparatus shown in Fig.
4. As shown in Fig. 4, the antenna apparatus includes
an antenna element (helical antenna) 3 formed by wind-
ing a radiation conductor 2 in a helical shape around an
outer periphery of a base substance 1 made of resin and
a tunable matching circuit 4 capable of controlling a used
frequency band with a signal from a tuner. A ground sur-
face GND for providing a ground potential of the tunable
matching circuit 4 is formed just below the antenna ele-
ment 3. The tunable matching circuit 4 includes a reso-
nant circuit formed of varactor diodes 11 and 12 and in-
ductors 13, 14, and 15 as shown in Fig. 5. An anode of
one side varactor diode 11 connected to the antenna
element 3 is connected via a resistor 16 to a ground GND
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formed just below the antenna. In addition, an anode of
the other side varactor diode 12 and one end of an in-
ductor 15 is connected to the ground GND formed just
below the antenna via an inductor 17. Furthermore, one
end of a bypass line L for applying a tuning signal Vt is
connected to cathodes of the varactor diodes 11 and 12,
and the other end of the bypass line L is connected to a
transmission line. A tuner side end of the inductor 15 is
connected to a tuner via a DC cut capacitor 18.

[0005] In the antenna apparatus configured as de-
scribed above, capacitances of the varactor diodes 11
and 12 are changed by a tuning signal Vt applied from
the tuner to the cathodes of the varactor diodes 11 and
12, and an antenna side tuning frequency is controlled.
A tuning frequency signal is acquired from a wideband
high-frequency reception signal output from the antenna
element 3, and is transmitted to the tuner.

[0006] However, in the antenna apparatus, to obtain a
stable ground potential by a tunable matching circuit 4,
the ground GND is formed just below the antenna. Thus,
the ground GND becomes a factor of lowering a gain and
a radiation efficiency of the antenna, thereby deteriorat-
ing antenna performance.

SUMMARY

[0007] Itis desirable to provide an antenna apparatus
free from an influence of the ground line on an antenna
element by removing a ground surface for applying a
ground potential to a tunable matching circuit from just
below the antenna.

[0008] According to an aspect of the invention, the an-
tenna apparatus includes: an antenna element having a
radiation conductor formed on a surface of a base sub-
stance; and a matching circuit formed on the base sub-
stance to match with the radiation conductor and having
a variable capacitor to which a control voltage for con-
trolling capacitance is applied from a reception circuit
formed outside the base substance. In the antenna ap-
paratus, a ground potential of the matching circuit is ap-
plied via a transmission line for transmitting an RF signal
output from the matching circuit to the reception circuit.
[0009] With such a configuration, since the ground po-
tential of the matching circuit is applied via the transmis-
sion line for transmitting the RF signal output from the
matching circuit to the reception circuit, it is possible to
remove a ground surface for applying a ground potential
to the matching circuit of the antenna from just below the
antenna. Thus, it is possible to prevent the antenna ele-
ment from being affected by a ground line.

[0010] In the antenna apparatus according to the as-
pect of the invention, it is preferred that an inductor be
connected in series between the transmission line and a
ground of the reception circuit on the reception circuit
side.

[0011] With such a configuration, since the inductor is
connected in series between the transmission line and
the ground of the reception circuit, it is possible to provide
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a DC ground and a high frequency ground on the recep-
tion circuit side to the matching circuit.

[0012] In the antenna apparatus according to the as-
pect of the invention, it is preferred that the voltage ap-
plied to the variable capacitor of the matching circuit be
supplied via a line separate from the transmission line.
[0013] With such a configuration, since the voltage ap-
plied to the variable capacitor of the matching circuit is
supplied via the line separate from the transmission line,
itis possible to provide a DC ground and a high frequency
ground via the transmission line to the matching circuit
of the antenna.

[0014] In the antenna apparatus according to the as-
pect of the invention, it is preferred that the matching
circuit have two variable capacitors connected to each
otherin series and have a resistor or an inductor between
the transmission line and a radiation-conductor side end
of the variable capacitor close to the radiation conductor.
[0015] According to the aspect of the invention, it is
possible to remove a ground surface for applying a
ground potential to the tunable matching circuit of the
antenna from the antenna side. Thus, it is possible to
prevent the antenna element from being affected by a
ground line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a diagram illustrating a configuration of a
circuit from an antenna module to a tuner in a receiv-
er according to an embodiment of the invention.
Fig. 2 is a diagram illustrating the overall configura-
tion of the receiver according to the embodiment.
Fig. 3 is a diagram illustrating relationship between
a frequency and a VSWR when a tuning voltage Vt
is varied.

Fig. 4 is a diagram illustrating an exterior of an an-
tenna apparatus having a tunable matching circuit.
Fig. 5 is a diagram illustrating a configuration of an
antenna module of the antenna apparatus shown in
Fig. 4.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0017] Hereinafter, an embodiment of the invention will
be described in detail with reference to the attached draw-
ings.

[0018] Fig. 1 is a diagram illustrating a configuration

of acircuitfrom an antenna module to atunerin areceiver
according to an embodiment of the invention. Fig. 2 is a
diagram illustrating the overall configuration of the re-
ceiver.

[0019] As shown in Fig. 2, the receiver of the embod-
iment is configured to perform frequency conversion by
inputting an RF signal output from an antenna module
20toatuner21, and to perform demodulation by inputting
an IF signal obtained by the frequency conversion to a
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demodulating IC 22. The receiver is also configured to
allow a processor 23 formed by combination of a CPU,
a MPEG decoder, and the like to restore video data and
sound data and output the data to a monitor and a speak-
er not shown in the drawing. From the demodulating IC
22, a tuning signal Vt for determining a tuning frequency
in accordance with program selection is transmitted to
the antenna module 20.

[0020] The antenna module 20, as shown in Fig. 1,
includes an antenna element 31 and a tunable matching
circuit 32. In the module, the tuning signal Vt (DC bias)
is applied from the demodulating IC 22 to a first terminal
33, and the RF signal is output from a second terminal
34 to the tuner 21.

[0021] Similarly to the antenna apparatus shownin Fig.
4, the antenna element 31 is formed as a helical antenna
having a shape in which a radiation conductor 2 is heli-
cally wound around an outer periphery of a base sub-
stance 1 made of resin. However, in the embodiment, a
ground for obtaining a ground potential of the tunable
matching circuit 32 is removed from just below the an-
tenna element 31. In the embodiment, the base sub-
stance 1 is made of resin, but the invention is not limited
to this, and the base substance may be made of a die-
lectric substance, a magnetic substance, or combined
materials of them. In addition, the base substance may
be formed of a film. Furthermore, the radiation conductor
has a helical structure, but the invention is not limited to
this, and the radiation conductor may be formed in a mo-
nopole shape or a loop shape.

[0022] In the tunable matching circuit 32, one end of
the inductor 35 is connected to an output terminal of the
antenna element 31, and the other end of the inductor
35 is connected to an anode of one side varactor diode
36. A cathode of the one side varactor diode 36 is con-
nected in series to a cathode of the other side varactor
diode 38 via an inductor 37. An anode of the other side
varactor diode 38 is connected to one end of an inductor
39, and the other end of the inductor 39 is connected to
the second terminal 34. To apply a ground potential to
the anode of the varactor diode 36, one end of a ground-
ing resistor 41 having high impedance with respect to
high frequency (not less than the lower limit of used fre-
quency band) is connected to the one end of the inductor
35. Furthermore, an inductor having high impedance with
respect to a high frequency instead of the grounding re-
sistor 41 may be used. In the embodiment, the other end
of the grounding resistor 41 is connected to the second
terminal 34 via a ground line (or pattern) 42. The second
terminal 34 is connected to an input terminal of the tuner
21 via a transmission line 43 formed on a set substrate
having the antenna apparatus attached thereto. Between
the second terminal 34 and the tuner 21, a DC cut ca-
pacitor 44 is provided. The transmission line 43 is con-
nected to a ground 46 on the set substrate side via an
inductor 45. Specifically, a ground potential serving as a
reference electric potential of the one side varactor diode
36 is applied from the ground 46 on the set substrate
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side via the ground line 42 on the antenna apparatus side
and the transmission line 43 on the set substrate side.
In addition, a ground potential of the other side varactor
diode 38 is applied via the transmission line 43 on the
set substrate side.

[0023] Furthermore, in the tunable matching circuit 32,
a cathode side connecting point between one side var-
actor diode 36 and the other side varactor diode 38 is
connected to the first terminal 33 via a bias resistor 47.
The first terminal 33 is connected to a variable DC output
circuit 48 set on the set substrate side. The variable DC
output circuit 48 generates a DC voltage having a mag-
nitude based on a channel select signal given from the
demodulating IC 22, and outputs the DC voltage as a
tuning signal Vt. For example, the variable DC output
circuit 48 may be configured to control the DC bias volt-
age ina PWM mode. Alternatively, the variable DC output
circuit 48 may be configured to have a DA converter on
a reception circuit side and generate a required DC bias
voltage on the basis of digital data input to the DA con-
verter.

[0024] Inthe embodiment, a path for applying the tun-
ing signal Vt to a connecting point between the varactor
diodes 36 and 38 on the cathode side and a path for
connecting the anode of the varactor diodes 36 and 38
to the ground 46 and transmitting an RF signal to the
tuner 21 are separately formed.

[0025] In the embodiment configured as described
above, the anode of the one side varactor diode 36 is
connected to the set-substrate side ground 46 via the
grounding resistor 41, the ground line 42, the transmis-
sion line 43, and the inductor 45. Furthermore, the anode
of the other side varactor diode 38 is connected to the
set-substrate side ground 46 via the transmission line 43
and the inductor 45. Accordingly, the set-substrate side
ground 46 applies a DC ground potential to the anodes
of the varactor diodes 36 and 38 of the tunable matching
circuit 32, and applies a high-frequency ground potential
to a tuner side end of the inductor 39 via the inductor 45.
[0026] A DC bias instruction value based on channel
selection is given to the variable DC output circuit 48.
The variable DC output circuit 48 generates a DC bias
corresponding to the DC bias instruction value and ap-
plies the DC bias as a tuning voltage Vtto the first terminal
33. The tuning voltage Vt applied to the first terminal 33
is applied to the cathodes of the varactor diodes 36 and
38 via a voltage applying line separate from the trans-
mission line 43. Fig. 3is a diagram illustrating relationship
between a frequency and a VSWR (Voltage Standing
Wave Ratio) when the tuning voltage Vt is varied. As
shown in the drawing, the most effective frequency for
transferring high frequency energy is varied depending
on the tuning voltage Vt. Accordingly, by controlling the
tuning voltage Vt in accordance with channel selection,
it is possible to most effectively apply high frequency en-
ergy. The tunable matching circuit 32 extracts a frequen-
cy component corresponding to a band of the selected
channel from the RF signal output from the antenna el-
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ement 31, and outputs the component from the second
terminal 34. The RF signal of the selected channel band
extracted in the tunable matching circuit 32 is input to the
tuner 21 via the transmission line 43. The RF signal is
converted into an IF signal by frequency conversion in
the tuner 21, and is demodulated by the demodulating
IC 22. In the processor 23, video data and sound data is
restored from the demodulated signal, and is output to a
monitor and a speaker not shown in the drawing.
[0027] Inthe embodiment, the tunable matching circuit
32 is configured to acquire a ground potential from the
set substrate side to which the antenna module 20 is
attached, and the voltage applying line of the tuning sig-
nal Vt which is a DC bias is formed separately from the
transmission line 43 for inputting the RF signal to the
tuner side. With such a configuration, it is possible to
acquire a DC ground and an RF ground necessary for
the tunable matching circuit 32 of the antenna apparatus
from the set substrate side, and it is possible to remove
a ground surface from just below the antenna element
31. Thus, it is possible to embody an antenna apparatus
free from an influence of the ground line on the antenna
element.

[0028] The embodiments of the invention can be ap-
plied to antenna apparatuses built in small wireless
mechanisms such as a cellular phone to receive televi-
sion signals.

[0029] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims of the equivalents
thereof.

Claims
1. An antenna apparatus comprising:

an antenna element (3) having a radiation con-
ductor (2) formed on a surface of a base sub-
stance (1); and

a matching circuit (32) formed on the base sub-
stance (1) to match with the radiation conductor
(2) and having a variable capacitor to which a
control voltage for controlling capacitance is ap-
plied from a reception circuit formed outside the
base substance (1),

wherein a direct-current ground potential of the
matching circuit (32) is applied via a transmission
line (43) for transmitting an RF signal output from
the matching circuit (32) to the reception circuit.

2. The antenna apparatus according to claim 1, where-
inaninductoris connected between the transmission
line (43) and a ground of the reception circuit on the
reception circuit side.
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The antenna apparatus according to claim 1 or 2,

wherein the voltage applied to the variable capacitor

of the matching circuit (32) is supplied via a line sep-

arate from the transmission line (43).

The antenna apparatus according to any one of

claims 1 to 3, wherein the matching circuit (32) has

a plurality of the variable capacitors connected to

each other in series and has a resistor or an inductor

between the transmission line (43) and a radiation- 70

conductor side end of the variable capacitor close to
the radiation conductor (2).
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