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(54) Antenna device

(57)  Adipole compact tunable antenna device has a
radial conductor formed of a meander line (11a) disposed
on the right side of a power supply portion (10), and a
radial conductor formed of a meander line (11b) disposed
on the left side. A conductive bridge (13) is provided be-
tween the end portions of the meander lines (11a, 11b),
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a resistor (14) is connected in the middle of the bridge
(13). A load (resistor 14) is provided at the open end
portions (end portions of meander lines 11a, 11b) of the
radial conductors through the bridge (13), thereby chang-
ing.the end portions of the radial conductors from the
open (impedance: infinity) state to alow impedance state.

13

11b

11a

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 091 104 A1 2

Description
BACKGROUND
1. Technical Field

[0001] The presentinvention relates to an antenna de-
vice having a wide-band antenna characteristic, capable
of receiving wide-band broadcasting signals such as ter-
restrial digital broadcasting by a compact antenna ele-
ment.

2. Related Art

[0002] There is a tunable antenna device varying an
operating frequency by controlling bias voltage of a var-
iable capacitance diode, for example, an antenna device
disclosed in Japanese Patent Application Laid-Open No.
2006-319451. FIG. 7 is a circuit diagram illustrating an
antenna device. The antenna device 1 is provided with
a loading element 2 having a linear conductive pattern
formed on an insulating resin substrate (not shown), an
inductor 3 connected between one end of the loading
element 2 and a ground, and a frequency control unit 4
connected between the one end of the loading element
2 and the inductor 3. The one end of the loading element
2 is connected to an inductor 5 for setting a resonance
frequency of the antenna device 1. The frequency control
unit 4 is provided with variable capacitance diodes 6A
and 6B, cathodes of which are opposed to each other
between the one end of the loading element 2 and the
inductor 3, and a capacitance varying unit 7 for varying
values of capacitance of the variable capacitance diodes
6A and 6B to the other values by applying bias voltage
to a connection point P2 between the variable capaci-
tance diodes 6A and 6B. The capacitance varying unit 7
is provided with an antenna switch 8 for switching a signal
path between a transmission signal and a reception sig-
nal, and a bias voltage changing unit 9 for changing bias
voltage applied to the variable capacitance diodes 6A
and 6B. The capacitance varying unit 7 is also provided
with block inductors 10 and 11 for preventing high fre-
quency signals flowingin the variable capacitance diodes
6A and 6B from flowing into the ground, a block inductor
12 for preventing high frequency signals flowing in the
variable capacitance diodes 6A and 6B from flowing into
the bias voltage changing unit 9 by connecting the bias
voltage changing unit 9 and the connection point P2 to
each other, and a DC block capacitor 13 for removing a
direct-current component of the reception signal by con-
necting the anode of the variable capacitance diode 6B
and a power supply point P1.

[0003] Theresonance frequency ofthe antennadevice
1 having the above-described configuration is in propor-
tion to 1/(L.C)"2, where L is an inductance component
caused by electric field of the antenna element and C is
a capacitance component caused by the variable capac-
itance diodes 6A and 6B. Accordingly, it is possible to
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change the resonance frequency of the antenna device
1 by changing the capacitance of the variable capaci-
tance diodes 6A and 6B with the bias voltage changing
unit 9.

[0004] The antenna device 1 covers the band of 100
to 140 MHz. However, the present inventors have devel-
oped a compact tunable antenna device capable of re-
ceivingwide-band (e.g., UHF band: 470 MHz to 770 MHz)
signals such as television broadcasting signals.

[0005] FIG. 8 is a diagram illustrating a configuration
of the compact tunable antenna device developed by the
inventors.

[0006] The antenna device shown in FIG. 8 is a dipole
tunable antenna device. A power supply portion 20 is
provided in the middle of the dipole antenna, and mean-
der lines 21a and 21b as radial conductors are disposed
on the left and right of the power supply portion 20. Two
pairs of variable capacitance diodes (22a, 23a) and (22b,
23b) are connected between the power supply portion
20 and the meander line 21a and between the power
supply portion 20 and the meander line 21b, respectively,
and pattern inductors 24a and 24b are provided there-
between. Inductors 25a and 25b are power supply induc-
tors. The bias voltage for switching the resonance fre-
quency of the antenna device 1 is applied to the variable
capacitance diodes (22a, 23a) and (22b, 23b). As de-
scribed above, the meanderlines 21aand 21b are formed
as the radial conductors, thereby reducing the lengthwise
size of the radial conductors and also covering the tele-
vision signal band with the variable capacitance diodes
(22a, 23a) and (22b, 23b).

[0007] The tunable antenna device shifts the operating
frequency to the high frequency band by reducing the
capacitance of the variable capacitance diodes and rais-
ing the resonance frequency. When the capacitance of
the variable capacitance diodes is reduced, equivalent
resonance Q of the antenna is increased and a band
width thereof is decreased, thereby deteriorating stability
of reception.

[0008] Like the dipole antenna shown in FIG. 8, when
the end portions of the radial conductors are open (im-
pedance: infinity), a difference in impedance between
the power supply portion and the open end portions of
the radial conductors is very large. Accordingly, it is dif-
ficult to perform the impedance matching, and the equiv-
alent resonance Q of the antenna is increased. In addi-
tion, even in the case of a monopole antenna in which
an end portion of the radial conductor is open, there is
the same problem.

SUMMARY

[0009] Theinvention hasbeen made to solve the afore-
mentioned problems, an object of which is to provide an
antenna device capable of widening an operating fre-
quency band in the high frequency band in a dipole or
monopole compact antenna device, thereby improving
stability of reception.
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[0010] An antenna device according to the invention
includes a power supply portion; a radial conductor, one
end of which is connected to the power supply portion
and the other end is open; and a resistor connected to
the open end of the radial conductor, wherein a closed
loop for decreasing impedance of the radial conductor is
formed by the power supply portion, the radial conductor,
and the resistor.

[0011] With such a configuration, since the resistor is
connected to the open end of the radial conductor to form
the closed loop for decreasing the impedance of the radial
conductor, the impedance of the radial conductor is de-
creased in the high frequency band in which the operating
frequency band is insufficient, thereby decreasing the
resonance Q of the antenna. Accordingly, it is possible
to widen the operating frequency band in the high fre-
quency band.

[0012] In the antenna device according to the inven-
tion, the radial conductor may be formed by first and sec-
ond radical conductors disposed with the power supply
portion therebetween to form a dipole antenna, and the
resistor may be connected between the open ends of the
first and second radial conductors.

[0013] With such a configuration, since the resistor is
connected between the open ends of the first and second
radial conductors in the dipole antenna, it is possible to
widen the operating frequency band in the high frequency
band in the dipole antenna.

[0014] In the antenna device according to the inven-
tion, the open ends of the first and second radial conduc-
tors may be connected to each other by a conductive
bridge, and the bridge may be provided with the resistor.
With such a configuration, it is possible to form a closed
loop in which the open ends of the first and second radial
conductors are connected to each other by the resistor.
[0015] In the antenna device according to the inven-
tion, the power supply portion may be connected to the
one end of the radial conductor to form a monopole an-
tenna, the resistor may be connected between the open
end of the radial conductor and a ground pattern, and
the power supply portion and the end portion on the
ground side of the resistor may be connected through
the ground pattern.

[0016] With such a configuration, since the resistor is
connected between the open end of the radial conductor
and the ground pattern in the monopole antenna, it is
possible to widen the operating frequency band in the
high frequency band in the monopole antenna.

[0017] In the antenna device according to the inven-
tion, a variable capacitance element may be provided
between the power supply portion and the radial conduc-
tor, and the antenna device may be a tunable antenna
capable of being tuned to a desired frequency by applying
bias voltage to the variable capacitance element.
[0018] With such a configuration, since the capaci-
tance of the variable capacitance elementis reduced and
it is possible to widen the operating frequency band at
the time of signal reception in the high frequency band,
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it is possible to improve stability of reception.

[0019] In the antenna device according to the inven-
tion, a capacitor may be connected to the resistor in se-
ries.

[0020] With such a configuration, since the capaci-
tance is high impedance and signals are not allowed to
pass inthe operating frequency band in the low frequency
band in which it is not necessary to provide the resistor
at the end portions of the radial conductors, the end por-
tion of the radial conductor is open and thus loss of gain
is suppressed. On the other hand, in the operating fre-
quency or higher in which it is necessary to provide the
resistor at the end portions of the radial conductors, the
capacitance is low impedance, and a closed loop is
formed in which the resistor is interposed between the
power supply portion and the end portions of the radial
conductors. Accordingly, it is possible to decrease the
resonance Q of the antenna, and thus it is possible to
widen the operating frequency band of the high frequency
band.

[0021] In the antenna device according to the inven-
tion, the radial conductor may be formed in a meander
shape. Accordingly, it is possible to make the antenna
device compact.

[0022] According to the invention, it is possible to wid-
en an operating frequency band in the high frequency
band in a dipole or monopole compact antenna device,
thereby improving stability of reception.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a diagram illustrating a configuration of an
antenna device according to a first embodiment of
the invention.

FIG. 2 is an equivalent circuit diagram illustrating a
right half of the antenna device according to the first
embodiment.

FIG. 3 is a diagram illustrating comparison of char-
acteristics between the antenna device according to
the first embodiment and an antenna device shown
in FIG. 8.

FIG. 4 is a diagram illustrating a configuration of an
antenna device according to a second embodiment
of the invention.

FIG. 5 is an equivalent circuit diagram illustrating a
right half of the antenna device according to the sec-
ond embodiment.

FIG. 6 is a diagram illustrating a configuration of an
antenna device according to a third embodiment of
the invention.

FIG. 7 is a circuit diagram illustrating an antenna
device disclosed in Patent Document 1.

FIG. 8 is a diagram illustrating a configuration of a
compact tunable antenna device.



5 EP 2 091 104 A1 6

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0024] Hereinafter, embodiments of the invention will
be described in detail with reference to the accompanying
drawings.

(First Embodiment)

[0025] FIG. 1 is a diagram illustrating a configuration
of an antenna device according to a first embodiment of
the invention. A dipole antenna device according to the
embodiment includes a radial conductor (first radial con-
ductor) formed of a meander line 11a extending to one
side (right side in FIG. 1) of a power supply portion 10,
and a radial conductor (second radial conductor) formed
of a meander line 11b extending to the other side (left
side in FIG. 1). Pattern inductors 12a and 12b formed of
spiral patterns are connected between the power supply
portion 10 and the meander lines 11a and 11b, respec-
tively. Varactor diodes 15a and 16a that are variable ca-
pacitance elements are connected in series between the
end portion of the pattern inductor 12a on the power sup-
ply portion side and the power supply portion 10. Simi-
larly, varactor diodes 15b and 16b that are variable ca-
pacitance elements are connected in series between the
end portion of the pattern inductor 12b on the power sup-
ply portion side and the power supply portion 10. Electric
power is supplied from the power supply portion 10
through power supply inductors 17a and 17b to the left
and right radial conductors. A conductive bridge 13 is
provided in parallel to the meander lines 11a and 11b,
between the end portion (end portion of right radial con-
ductor) of the meander line 11a extending to the right
side and the end portion (end portion of left radial con-
ductor) of the meander line 11b extending to the left side.
A resistor 14 is provided in the middle of the bridge 13.

[0026] Thatis, the bridge 13 is interposed between the
open end portions (end portions of meander lines 11a
and 11b) of the radial conductors, and is provided with
the load (resistor 14), and thus the open ends of the radial
conductors are changed from the open (impedance: in-
finity) state to the low impedance state. In this example,
the interval between the bridge 13 and the meander lines
11a and 11b is set to 0.5 mm, but may be modified de-
pending on the size of the antenna. In the embodiment,
the resistor 14 is provided in the vicinity of the power
supply portion 10 as the middle of the antenna, but the
position of the resistor 14 is not limited to the middle of
the antenna.

[0027] FIG. 2is an equivalent circuit diagram illustrat-
ing a right half of the antenna device according to the
embodiment. The one end of the conductive bridge 13
is connected to the end portion of the meander line 11a.
In FIG. 2, capacitances of the varactor diodes 15a and
16a are represented by Ct4 and Cr,, an inductance of
the pattern inductor 12a is represented by Lm, a capac-
itance component of the bridge 13 is represented by Cr,
and an inductance component of the bridge 13 is repre-
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sented by Lr. Tuning voltage is applied from a bias circuit
(not shown) to each of cathodes of the varactor diodes
15a and 16a. A left half of the antenna device has the
same equivalent circuit as the right half.

[0028] A resonance frequency of the antenna device
having the above-described configuration will be de-
scribed.

[0029] Theresonance frequency of the antenna device
is determined by a combined capacitance Ct (=C14XCro/
(C11*+Cqyp)) of the varactor diodes 15a and 16a, the in-
ductance Lm of the pattern inductor 12a, and the capac-
itance Cr and inductance Lr of the bridge 13.

[0030] The combined capacitance Ct (=CyqXCqo/
(C11*+Cqyp)) of the varactor diodes 15a and 16a is large
in the region where the tuning voltage (bias voltage) ap-
plied to the varactor diodes 15a and 16a is low. Accord-
ingly, the antenna device according to the embodiment
resonates at a low frequency with the combined capac-
itance Ct, the inductance Lm of the pattern inductor 12a,
and the capacitance Cr and inductance Lr of the bridge
13. In the region where the bias voltage applied to the
varactor diodes 15a and 16a is high, the combined ca-
pacitance Ct (=Ct4XCq,/(C11+Cqy)) of the varactor di-
odes 15a and 16a is small. Accordingly, the antenna de-
vice resonates at a high frequency with the combined
capacitance Ct, the inductance Lm of the pattern inductor
12a, and the capacitance Cr and inductance Lr of the
bridge 13.

[0031] When the load resistor (bridge 13 and resistor
14) is not provided at the end portions of the radial con-
ductors, the antenna device operates in a serial reso-
nance mode. Accordingly, the inductance is fixed, and
the resonance Q of the antenna becomes high when the
combined capacitance Ct is decreased. Therefore, the
band width of frequency characteristics based on the res-
onance frequency is narrowed.

[0032] In the embodiment, the bridge 13 and the re-
sistor 14 are provided at both ends of the meander lines
11a and 11b. Accordingly, the impedance of the radial
conductors formed of meander lines 11a and 11b de-
creases, and the resonance Q decreases as compared
with the case where the end portions of the radial con-
ductors are open. Thus, the band width (expansion of
frequency characteristic from the middle of resonance
frequency) at each operating frequency is widened, the
resonance Q of the antenna particularly at the time of
decreasing the combined capacitance Ctdecreases, and
it is possible to widen the band width of the operating
frequency band in the high frequency band.

[0033] FIG. 3 is a diagram illustrating comparison of
characteristics between the dipole antenna device ac-
cording to the embodiment and the antenna device
shown in FIG. 8. Parameters were set as follows: the
tuning voltage V1 for reception in high frequency band is
set to Vt=3 V (application voltage of varactor diode), the
resonance frequency of the antenna device is set to 770
MHz, the load resistor R provided at the end portions of
the radial conductors is set to R=Open, R=20 kQ, and
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R=10 kQ. As a result of simulation, characteristics W1,
W2, and W3 were obtained.

[0034] When the load resistor provided at the end por-
tions of the radial conductors was R=Open (load resistor
was not provided), that is, as a result of simulation using
the antenna device shown in FIG. 8, the characteristic
W1 having a peak P1 was obtained. As can be seen in
the characteristic W1, the band width of the operating
frequency is narrow as an antenna, and stability of re-
ception is poor.

[0035] When the load resistor R=20 kQ was provided,
the characteristic W2 having a peak P2 was obtained.
As can be seen in the characteristic W2, the band width
is wide and it is possible to perform a stable reception
operation, as compared with the characteristic W1 pro-
vided with no resistor at the end portions of the radial
conductors. When the load resistor R=10 kQ was pro-
vided, the characteristic W3 having a peak P3 was ob-
tained. As can be seen in the characteristic W3, the band
width is wide and it is possible to perform a stable recep-
tion operation, as compared with the characteristic W1
provided with no resistor at the end portions of the radial
conductors and the characteristic W2 provided with the
load resistor R=20 kQ.

[0036] Parameters are set as follows: the tuning volt-
age Vt for reception in low frequency band is set to Vt=0
V (application voltage of varactor diode), the resonance
frequency of the antenna device is set to 470 MHz, the
load resistor R provided at the end portions of the radial
conductors is set to R=0Open, R=20 kQ, and R=10 kQ.
As a result of simulation, characteristics W4, W5, and
W6 were obtained.

[0037] When tuning to 470 MHz, the characteristic W4
having a peak P4 was obtained in the case of the load
resistor R=Open provided at the end portions of the radial
conductors. In the case of the load resistor R=20 kQ, the
characteristic W5 having a peak P5 was obtained. In the
case of the load resistor R=10 kQ, the characteristic W6
having a peak P6 was obtained. As can be seen in the
characteristic W6, the band width iswide and itis possible
to perform a more stable reception operation, as com-
pared with the characteristic W4 provided with no resistor
at the end portions of the radial conductors and the char-
acteristic W5 provided with the load resistor R=20 kQ.
[0038] According to the embodiment as described
above, since the load resistor (resistance component of
bridge 13 and resistor 14) is provided at both end portions
of the meander lines 11a and 11b, it is possible to de-
crease the impedance of the end portions of the radial
conductors and to decrease the resonance Q of the an-
tenna. Particularly, it is possible to decrease the reso-
nance Q of the antenna at the time of applying the tuning
voltage Vt for reception in the high frequency band to the
varactor diodes 15 and 16. Accordingly, it is possible to
perform a stable reception operation by widening the op-
erating frequency band.
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(Second Embodiment)

[0039] Next, an antenna device according to a second
embodiment of the invention will be described.

[0040] FIG. 4 is a diagram illustrating a configuration
of an antenna device according to the second embodi-
ment, and FIG. 5 is an equivalent circuit diagram illus-
trating one side of the antenna device according to the
second embodiment. The same reference numerals and
signs are given to the same portions as the antenna de-
vice according to the first embodiment shown in FIG. 1,
and the overlapping description is omitted.

[0041] In the antenna device according to the embod-
iment, the load resistor provided at the end portions of
the radial conductors is formed of (R+C) as well as R
formed of the resistor 14, to suppress decreases of low
frequency band gain of the tuning band. That is, both
ends of the meander lines 11a and 11b are connected
by the bridge 13, and the resistor 14 and a capacitor 18
are connected in series in the middle of the bridge 13.
The capacitor 18 has high impedance at a frequency low-
er than the first frequency band and thus serves as a
coupled capacitor which does not allow signals to pass.
As the capacitor 18, a capacitance is selected, which has
high impedance with respect to the first frequency band
or lower in which it is necessary to provide a resistor at
the end portions of the radial conductors to lower the
resonance Q of the antenna.

[0042] In the antenna device having the above-de-
scribed configuration, the capacitor 18 has high imped-
ance and does not allow signals to pass in the low oper-
ating frequency band in which it is not necessary to pro-
vide the resistor at the end portions of the radial conduc-
tors. Accordingly, both end portions of the meander lines
11aand 11b are open or are in a state similar to the open
state, and thus loss of gain is suppressed. As shown in
the characteristic W4 in Fig. 3, even when the resistor is
not provided at the end portions of the radial conductors
in the low operating frequency band, it is possible to re-
alize an operating frequency band capable of securing a
stable reception operation.

[0043] On the other hand, the capacitor 18 becomes
low impedance and thus both end portions of the mean-
der lines 11a and 11b are connected to each other in the
operating frequency or higher in which it is necessary to
provide the resistor at the end portions of the radial con-
ductors. As a result, the resistor 14 is provided at the end
portions of the radial conductors that are both end por-
tions of the meander lines 11a and 11b. Accordingly, it
is possible to decrease the resonance Q of the antenna,
and it is possible to widen the operating frequency band
in the high frequency band.

[0044] According to the embodiment as described
above, both end portion of the meander lines 11a and
11b are connected by the bridge 13, and the resistor 14
and the capacitor 18 are connected in series in the middle
of the bridge 13. Accordingly, it is possible to widen the
operating frequency band in the high frequency band,
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and it is possible to suppress decrease of gain in the low
frequency band.

(Third Embodiment)

[0045] Inthe above description, the dipole antenna de-
vice has been described by way of example, but the in-
vention is applicable to a monopole antenna device.
[0046] FIG. 6 is a diagram illustrating a configuration
of an antenna device according to a third embodiment of
the invention. The same reference numerals and signs
are given to the same portions as the antenna device
according to the first embodiment shown in FIG. 1 and
FIG. 2, and the overlapping description is omitted.
[0047] The antenna device according to the embodi-
ment is a monopole compact tunable antenna device, in
which a resistor and a capacitor are connected in series
between the end portion of the radial conductor and the
ground pattern GND. That is, one end portion of the ca-
pacitor 18 is connected to the end portion of the meander
line 11, and the ground pattern GND is connected to the
other end of the capacitor 18 through the resistor 14.
Cathodes of the varactor diodes 15 and 16 as variable
capacitance elements are connected to each other, and
the tuning voltage Vt is applied to the both cathodes
through the inductor 19a. End portions of the power sup-
ply portion 10 and the resistor 14 close to the ground are
connected to each other through the ground pattern
GND. With such a configuration, a closed loop is formed
by the ground pattern GND, the resistor 14, and the ca-
pacitor 18, between the end portion of the meander line
11 and the power supply portion 10. The cathodes of the
varactor diodes 15 and 16 are connected to the ground
pattern GND through the inductor 19b.

[0048] In the antenna device having the above-de-
scribed configuration, the capacitor 18 has high imped-
ance and does not allow signals to pass in the low oper-
ating frequency band in which it is not necessary to pro-
vide the resistor at the end portion of the radial conductor.
Accordingly, the end portion of the meander line 11 is
open, and loss of gain is suppressed.

[0049] On the other hand, in the operating frequency
or higher in which it is necessary to provide the resistor
at the end portion of the radial conductor, the capacitor
18 has low impedance, the end portion of the meander
line 11 and the ground pattern GND are connected to
each other, and the resistor 14 is provided at the end
portion of the radial conductor that is the end portion of
the meander line 11. Accordingly, it is possible to de-
crease the resonance Q of the antenna, and thus it is
possible to widen the operating frequency band in the
high frequency band.

[0050] The antenna device according to the third em-
bodiment is provided with the capacitor 18 and has the
frequency characteristic. However, in the case where
gain loss is permissible in the low frequency band, the
capacitor 18 may not be provided.

[0051] The tunable antenna provided with the variable
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capacitance element between the power supply portion
and the radial conductor has been described above.
However, the invention is not limited to the tunable an-
tenna. Forexample, the inventionis applicable to a dipole
or monopole antenna device in which one end of the ra-
dial conductor is open, even when the antenna device is
not the tunable antenna.

[0052] It should be understood by those skilled in the
art that various modifications, combinations, subcombi-
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 device comprising:

a power supply portion;

aradial conductor, one end of which is connect-
ed to the power supply portion and the other end
is open; and

aresistor connected to the open end of the radial
conductor,

wherein a closed loop for decreasing impedance
of the radial conductor is formed by the power
supply portion, the radial conductor, and the re-
sistor.

2. The antenna device according to Claim 1, wherein
the radial conductor is formed by first and second
radical conductors disposed with the power supply
portion therebetween to form a dipole antenna, and
the resistor is connected between the open ends of
the first and second radial conductors.

3. The antenna device according to Claim 2, wherein
the open ends of the first and second radial conduc-
tors are connected to each other by a conductive
bridge, and the bridge is provided with the resistor.

4. The antenna device according to Claim 1, wherein
the power supply portion is connected to the one end
of the radial conductor to form a monopole antenna,
the resistor is connected between the open end of
the radial conductor and a ground pattern, and the
power supply portion and the end portion on the
ground side of the resistor are connected through
the ground pattern.

5. The antenna device according to any one of Claims
1 to 4, wherein a variable capacitance element is
provided between the power supply portion and the
radial conductor, and the antenna device is a tunable
antenna capable of being tuned to a desired frequen-
cy by applying bias voltage to the variable capaci-
tance element.
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The antenna device according to any one of Claims
1to 5, wherein a capacitor is connected to the resis-
tor in series.

The antenna device according to any one of Claims
1 to 6, wherein the radial conductor is formed in a
meander shape.
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