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DRIVE CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2014-
031371, filed on Feb. 21, 2014, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

[0002] The present invention relates to a drive circuit and,
for example, to a drive circuit that drives a load connected
thereto.

[0003] A drive circuit for driving an external load con-
nected thereto is mounted on various electric equipment,
semiconductor devices and the like.

[0004] For example, a drive circuit to be used for bioelec-
trical impedance measurement is proposed (Japanese Unex-
amined Patent Application Publication No. 2013-12868). A
living body is electrically connected as a load to this drive
circuit. In this configuration, the drive circuit passes an alter-
nating current (AC) with a constant amplitude through the
living body and thereby can measure the impedance of the
living body. In this example, an output terminal of a differen-
tial amplifier in the drive circuit is connected to one end of the
living body, and the other end of the living body is connected
to an inverting input terminal of the differential amplifier,
thereby forming a feedback circuit.

[0005] Besides, a drive circuit that passes a constant current
through a load (coil) is proposed (Japanese Unexamined
Patent Application Publication No. 2003-204231). This drive
circuit passes a current through the load by varying an output
voltage with respect to a fixed voltage.

SUMMARY

[0006] However, the present inventor has found that the
above-described drive circuits have the following problems.
The drive circuit disclosed in Japanese Unexamined Patent
Application Publication No. 2013-12868 has a negative feed-
back circuit using a differential amplifier. Thus, the operation
of the differential amplifier becomes unstable depending on
the impedance of the load connected to the difterential ampli-
fier. It is therefore difficult to cope with loads having various
impedance levels.

[0007] The other problems and novel features of the present
invention will become apparent from the description of the
specification and the accompanying drawings.

[0008] According to one embodiment, a drive circuit
includes a signal source that outputs an AC signal, a voltage
generator circuit that includes a differential amplifier that
generates a first AC voltage with a constant amplitude from
the AC signal and outputs the first AC voltage to one end of an
external load, and a voltage-to-current converter circuit that is
connected to another end of the external load and supplies an
AC current with a constant amplitude in opposite phase to the
first AC voltage to the external load.

[0009] According to one embodiment, a drive circuit
includes a signal source that outputs an AC signal, a voltage
generator circuit that outputs a first AC voltage with a con-
stant amplitude to one end of an external load, and a voltage-
to-current converter circuit that is connected to another end of
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the external load and supplies an AC current with a constant
amplitude in opposite phase to the first AC voltage to the
external load.

[0010] According to the above-described embodiment, it is
possible to pass a current with a constant amplitude to a load
without depending on the impedance of the load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other aspects, advantages and fea-
tures will be more apparent from the following description of
certain embodiments taken in conjunction with the accompa-
nying drawings, in which:

[0012] FIG.1isacircuit block diagram showing a configu-
ration of a drive circuit according to a first embodiment.
[0013] FIG. 2 is a circuit diagram showing a configuration
of a drive circuit according to the first embodiment.

[0014] FIG. 3 is a graph showing a relationship between a
reference voltage and an output voltage in a drive circuit 100
according to the first embodiment.

[0015] FIG. 4 is a graph showing a differential voltage
between an output voltage and a reference voltage in a drive
circuit according to the first embodiment.

[0016] FIG. 5 is a graph showing a current flowing through
a load by a drive circuit according to the first embodiment.
[0017] FIG. 6 is a graph showing an example of an output
voltage of a voltage-to-current converter circuit when a ref-
erence voltage is constant.

[0018] FIG. 7 is a graph showing a differential voltage
between a constant reference voltage and an output voltage of
a voltage-to-current converter circuit.

[0019] FIG. 8 is a graph showing a current flowing through
a load when a reference voltage is constant.

[0020] FIG. 9 is a circuit diagram showing a configuration
of a drive circuit according to a second embodiment.

[0021] FIG.101is a circuit diagram showing a configuration
of a drive circuit according to a third embodiment.

[0022] FIG. 11 is a graph showing a relationship between a
reference voltage and an output voltage in a drive circuit
according to the third embodiment.

[0023] FIG.12isa circuit diagram showing a configuration
of a drive circuit according to a fourth embodiment.

[0024] FIG. 13 isacircuit diagram showing a configuration
of a voltage-to-current converter circuit according to a fifth
embodiment.

[0025] FIG. 14is a circuit diagram showing a configuration
of a voltage-to-current converter circuit according to a sixth
embodiment.

[0026] FIG.15isa circuit diagram showing a configuration
of a voltage-to-current converter circuit according to a sev-
enth embodiment.

[0027] FIG.161is a circuit diagram showing a configuration
of a voltage-to-current converter circuit according to an
eighth embodiment.

[0028] FIG.17isa circuit diagram showing a configuration
of a voltage-to-current converter circuit according to a ninth
embodiment.

[0029] FIG. 181is a circuit diagram showing a configuration
of a voltage-to-current converter circuit according to a tenth
embodiment.

[0030] FIG.19is a circuit diagram showing a configuration
of a drive circuit according to an eleventh embodiment.
[0031] FIG. 20 is a circuit diagram showing a configuration
of a drive circuit according to the eleventh embodiment.
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[0032] FIG.21isa circuit diagram showing a configuration
of a phase adjuster according to the eleventh embodiment.
[0033] FIG.22isacircuit diagram showing a configuration
of a phase adjuster according to the eleventh embodiment.
[0034] FIG. 23 is a circuit diagram showing a configuration
of a phase adjuster according to the eleventh embodiment.
[0035] FIG. 24 is a circuit diagram showing a configuration
of a phase adjuster according to the eleventh embodiment.
[0036] FIG.251s a circuit diagram showing a configuration
of a drive circuit according to the eleventh embodiment.
[0037] FIG.261is a circuit diagram showing a configuration
of a drive circuit according to the eleventh embodiment.
[0038] FIG.27isacircuit diagram showing a configuration
of a drive circuit according to the eleventh embodiment.
[0039] FIG.28is a circuit diagram showing a configuration
of a drive circuit according to the eleventh embodiment.
[0040] FIG.29is a circuit diagram showing a configuration
of a drive circuit according to a twelfth embodiment.

[0041] FIG.301is a circuit diagram showing a configuration
of a drive circuit according to a thirteenth embodiment.
[0042] FIG.31isacircuit diagram showing a configuration
of a drive circuit according to a fourteenth embodiment.
[0043] FIG.32isacircuit diagram showing a configuration
of a drive circuit according to a fifteenth embodiment.

DETAILED DESCRIPTION

[0044] The preferred embodiments of the present invention
will be described hereinafter in detail with reference to the
drawings. It is noted that in the description of the drawings the
same elements will be denoted by the same reference symbols
and redundant description will be omitted.

First embodiment

[0045] A drive circuit 100 according to a first embodiment
is described hereinafter. FIG. 1 is a circuit block diagram
showing a configuration of the drive circuit 100 according to
the first embodiment. The drive circuit 100 includes an AC
voltage signal source 1, a voltage-to-current converter circuit
2, and a reference voltage generator circuit 3. Note that the AC
voltage signal source is also referred to simply as a signal
source. The reference voltage generator circuit is also
referred to as a voltage generator circuit.

[0046] The AC voltage signal source 1 outputs an AC volt-
age. One terminal T2 of the AC voltage signal source 1 is
connected to a positive phase input terminal of the voltage-
to-current converter circuit 2, and the other terminal T1 is
connected to a negative phase input terminal of the voltage-
to-current converter circuit 2. Further, a DC power supply 5
that outputs a DC voltage V1 (which is also referred to as a
specified voltage) with a level of VDD/2 is inserted between
the terminal T1 of the AC voltage signal source 1 and the
ground. A high-voltage terminal of the DC power supply 5 is
connected to the terminal T1 of the AC voltage signal source
1, and a low-voltage terminal is connected to the ground. In
this example, a voltage output from the terminal T1 is a DC
voltage V1, and a voltage output from the terminal T2 is an
AC signal V2.

[0047] The voltage-to-current converter circuit 2 is a circuit
that outputs a current signal proportional to (i.e. a current
signal in phase with) the input AC signal V2 to a load 4. The
positive phase input terminal of the voltage-to-current con-
verter circuit 2 is connected to the terminal T2 of the AC
voltage signal source 1. The negative phase input terminal of
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the voltage-to-current converter circuit 2 is connected to the
terminal T1 of the AC voltage signal source 1 and the high-
voltage terminal of the DC power supply 5. The output ter-
minal of the voltage-to-current converter circuit 2 is con-
nected to one end of the load 4. Because the voltage-to-
current converter circuit 2 outputs a current signal that is in
phase with the AC signal V2, an output voltage V22 (which is
also referred to as a first AC voltage) of the voltage-to-current
converter circuit 2 is in phase with the AC voltage V2. Note
that the voltage-to-current converter circuit 2 is inserted
between the power supply voltage VDD and the ground and
thereby receives power supply.

[0048] Thereference voltage generator circuit 3 generates a
reference voltage V21 (which is also referred to as a second
AC voltage) for feeding a current to the load 4. The reference
voltage generator circuit 3 is configured as an inverting ampli-
fier in this example. The AC signal V2 is input to an input
terminal of the reference voltage generator circuit 3. An out-
put terminal of the reference voltage generator circuit 3 is
connected to the other end ofthe load 4. The reference voltage
generator circuit 3 is inserted between the power supply volt-
age VDD and the ground and thereby receives power supply.
[0049] In this example, the AC signal V2 is input to the
positive phase input terminal of the voltage-to-current con-
verter circuit 2, and the DC voltage V1 is input to the negative
phase input terminal of the voltage-to-current converter cir-
cuit 2. The AC signal V2 is input to the input terminal of the
reference voltage generator circuit 3. As aresult, the reference
voltage V21 that is output from the reference voltage genera-
tor circuit 3 is an AC voltage that is in opposite phase to the
output voltage V22 of the voltage-to-current converter circuit
2.

[0050] Note that the reference voltage generator circuit
may be configured as a non-inverting amplifier, and an AC
signal that is in opposite phase to the AC signal V2 may be
input to the input terminal of the reference voltage generator
circuit. Further, the reference voltage generator circuit may
have another configuration as long as it can output a reference
voltage in opposite phase to the output voltage of the voltage-
to-current converter circuit.

[0051] In the drive circuit 100 having the above-described
configuration, when the amplitude of'the AC signal V2 output
from the AC voltage signal source 1 is positive, the amplitude
of'the reference voltage V21 is negative, and the amplitude of
the output voltage V22 is positive. In this case, a current that
flows from the voltage-to-current converter circuit 2 through
the load 4 to the reference voltage generator circuit 3 passes
through the load 4. Further, in the voltage-to-current con-
verter circuit 2, when the amplitude of the AC signal V2
output from the AC voltage signal source 1 is negative, the
amplitude of the reference voltage V21 is positive, and the
amplitude of the output voltage V22 is negative. In this case,
a current that flows from the reference voltage generator
circuit 3 through the load 4 to the voltage-to-current converter
circuit 2 passes through the load 4. Accordingly, a current
proportional to the AC signal V2 flows through the load 4.
[0052] Next, a configuration of the reference voltage gen-
erator circuit 3 is described hereinafter. FIG. 2 is a circuit
diagram showing a configuration of the drive circuit 100
according to the first embodiment. In this example, the refer-
ence voltage generator circuit 3 is composed of a resistor R1
(which is also referred to as a first resistor), a resistor R2
(which is also referred to as a second resistor) and a differen-
tial amplifier AMP. In this example, a phase adjuster 6 is
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inserted between the reference voltage generator circuit 3 and
the AC voltage signal source 1. Note that the phase adjuster 6
is not an essential element.

[0053] The non-inverting input terminal of the differential
amplifier AMP is connected to the terminal T2 of the AC
voltage signal source 1 and the positive phase input terminal
of'the voltage-to-current converter circuit 2 through the phase
adjuster 6. The inverting input terminal of the differential
amplifier AMP is connected to the terminal T1 of the AC
voltage signal source 1 and the high-voltage terminal of the
DC power supply 5 through the resistor R1. Further, the
inverting input terminal of the differential amplifier AMP is
connected to the output terminal of the differential amplifier
AMP through the resistor R2.

[0054] A specific example of the operation of the drive
circuit 100 is described hereinafter. The AC voltage signal
source 1 receives power supply with VDD/2 and outputs an
AC sinusoidal signal with a frequency of =50 kHz and an
amplitude of A=1V. If VDD=2.4V, the AC signal V2 is the AC
sinusoidal signal that varies in the range of 1.2V£1.0V.

[0055] Hereinafter, the resistances of the resistor R1 and
the resistor R2 are denoted as R1 and R2, respectively. If
R1=10 kQ and R2=9 kQ, the reference voltage V21 is repre-
sented by the following equation (1). In the subsequence
equations, t indicates time.

[Equation 1]

R2 . M
V21 = Tl ~A-sin2afr) + 1.2

= —0.9sin(10%r) + 1.2

[0056] If the resistance of the load 4 is RT=2.5 kQ and the
amplitude of the output current I of the voltage-to-current
converter circuit 2 is 800 mA, the output voltage V22 of the
voltage-to-current converter circuit 2 is represented by the
following equation (2).

[Equation 2]

V22 = RT-I-sin(2xf1) + V21 [®)
= 2sin(10%77) — 0.9sin(10%77) + 1.2
= 1.1sin(10%7) + 1.2

[0057] FIG. 3 isa graph showing a relationship between the
reference voltage V21 and the output voltage V22 in the drive
circuit 100 according to the first embodiment. As shown in
FIG. 3, the reference voltage V21 varies in the range of +0.3V
to +2.1V and the output voltage V22 varies in the range of
+0.1V to +2.3V.

[0058] FIG. 4 is a graph showing a differential voltage
between the output voltage V22 and the reference voltage
V21 in the drive circuit 100 according to the first embodi-
ment. Because the output voltage V22 and the reference volt-
age V21 are in opposite phase to each other, a differential
voltage AV between the output voltage V22 and the reference
voltage V21, which serves as a drive voltage for passing a
current through the load 4, can vary in the range of -2.0V to
+2.0V. Accordingly, in the drive circuit 100, the both ampli-
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tudelevels (4.0 Vp-p in this example) of the voltage applied to
the load can be increased to be higher than the power supply
voltage VDD (+2.4V).

[0059] FIG. 5 is a graph showing a current flowing through
a load by the drive circuit 100 according to the first embodi-
ment. Because the drive circuit 100 can increase the ampli-
tude of the voltage applied to the load, the current flowing
through the load can be high (amplitude of 800 pA) even at a
low power supply voltage.

[0060] As a comparative example, the case where the ref-
erence voltage is constant (eg. Japanese Unexamined Patent
Application Publication No. 2003-204231) is described. It is
assumed that the reference voltage is +1.2V, which is 2 of the
power supply voltage (+2.4V), for example. FIG. 6 is a graph
showing an example of the output voltage of the voltage-to-
current converter circuit when the reference voltage is con-
stant. In this case, if the amplitude of the voltage applied to the
load is 2.0V, which is the same as in the drive circuit 100, the
output voltage Vout of the voltage-to-current converter circuit
needs to vary in the range of —0.8V to +3.2V with respect to
the reference voltage Vref (the dashed line in FIG. 6). How-
ever, the output voltage Vout of the voltage-to-current con-
verter circuit cannot be higher than the power supply voltage
(+2.4V) and lower than the ground (0V). Therefore, the out-
put voltage Vout is a waveform where the top of a sinusoidal
wave is cut as shown by the solid line in FIG. 6.

[0061] FIG. 7 is a graph showing a differential voltage Vd
between a constant reference voltage and an output voltage of
avoltage-to-current converter circuit. FIG. 8 is a graph show-
ing a current flowing through a load when a reference voltage
is constant. As described above, because the output voltage
Vout is a waveform where the top of a sinusoidal wave is cut,
the differential voltage Vd is also a waveform where the top of
a sinusoidal wave is cut. Accordingly, a current flowing
through the load (2.5 k) is also a waveform where the top of
a sinusoidal wave is cut, and the current amplitude is limited
to 480 pA.

[0062] Therefore, according to this configuration, since the
reference voltage is an opposite phase to the output voltage of
the voltage-to-current converter circuit, it is possible to pass a
larger current compared with the case where the reference
voltage is constant.

[0063] Note that, as a technique of using two amplifiers in
parallel with each other, BTL (Bridged Transless) connection
is generally known. However, while the BTL connection is a
configuration that merely increases the output, this configu-
ration increases the current output to the load and further
decreases the output voltage amplitude of the voltage-to-
current converter circuit compared with the case where the
reference voltage is constant. It is thus understood that this
configuration is different in operation from the BTL connec-
tion.

Second Embodiment

[0064] A drive circuit 200 according to a second embodi-
ment is described hereinafter. FIG. 9 is a circuit diagram
showing a configuration of the drive circuit 200 according to
the second embodiment. The drive circuit 200 has a configu-
ration where the reference voltage generator circuit 3 in the
drive circuit 100 is replaced with a reference voltage genera-
tor circuit 31. The other configuration of the drive circuit 200
is the same as that of the drive circuit 100 and thus not
redundantly described.
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[0065] The reference voltage generator circuit 31 is com-
posed of a resistor R1 (which is also referred to as a first
resistor), a resistor R2 (which is also referred to as a second
resistor) and a differential amplifier AMP.

[0066] The non-inverting input terminal of the differential
amplifier AMP is connected to the terminal T1 of the AC
voltage signal source 1 and the high-voltage terminal of the
DC power supply 5. The inverting input terminal of the dif-
ferential amplifier AMP is connected to the terminal T2 of the
AC voltage signal source 1 and the positive phase input ter-
minal of the voltage-to-current converter circuit 2 through the
resistor R1. Further, the inverting input terminal of the differ-
ential amplifier AMP is connected to the output terminal of
the differential amplifier AMP through the resistor R2.

[0067] A specific example of the operation of the drive
circuit 200 is described hereinafter. As in the first embodi-
ment, the reference voltage V21 is represented by the equa-
tion (1) and the output voltage V22 is represented by the
equation (2). In the drive circuit 200, just like in the drive
circuit 100 (FIG. 3), the reference voltage V21 and the output
voltage V22 are in opposite phase and vary in the same
manner.

[0068] It is thus understood that the drive circuit 200 can
pass a current through a load just like the drive circuit 100,
although the configuration of the reference voltage generator
circuit is different.

Third Embodiment

[0069] A drive circuit 300 according to a third embodiment
is described hereinafter. F1G. 10 is a circuit diagram showing
a configuration of the drive circuit 300 according to the third
embodiment. The drive circuit 300 has a configuration where
the reference voltage generator circuit 3 in the drive circuit
100 is replaced with a reference voltage generator circuit 32.
The other configuration of the drive circuit 300 is the same as
that of the drive circuit 100 and not redundantly described.

[0070] The reference voltage generator circuit 32 is com-
posed of a differential amplifier AMP.

[0071] The non-inverting input terminal of the differential
amplifier AMP is connected to the terminal T1 of the AC
voltage signal source 1 and the high-voltage terminal of the
DC power supply 5. The inverting input terminal of the dif-
ferential amplifier AMP is connected to the terminal T2 of the
AC voltage signal source 1 and the positive phase input ter-
minal of the voltage-to-current converter circuit 2.

[0072] A specific example of the operation of the drive
circuit 300 is described hereinafter. FIG. 11 is a graph show-
ing a relationship between the reference voltage V21 and the
output voltage V22 in the drive circuit 300 according to the
third embodiment. As shown in FIG. 11, the reference voltage
V21 output from the reference voltage generator circuit 32 is
a rectangular wave with a voltage varying at OV or +2.4V
according to a change in the relationship in level between the
AC signal V2 and the DC voltage V1.

[0073] On the other hand, the output voltage V22 is a sinu-
soidal wave. When the reference voltage V21 is OV, the output
voltage V22 is a waveform that is projecting upward with an
amplitude of 2.0V with reference to the reference voltage V21
(OV). On the other hand, when the reference voltage V21 is
+2.4V, the output voltage V22 is a waveform that is projecting
downward with an amplitude of 2.0V with reference to the
reference voltage V21 (+2.4V). Thus, a differential voltage
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AV between the reference voltage V21 and the output voltage
V22 varies in the same manner as in the drive circuit 100
(FIG. 4).

[0074] Asdescribed above, according to this configuration,
avoltage applied to the load 4 is the same as in the drive circuit
100, although the waveforms of the reference voltage V21
and the output voltage V22 are different. Thus, the drive
circuit 300 can supply a current to the load 4 just like the drive
circuit 100. Further, in the drive circuit 300, the configuration
of the reference voltage generator circuit can be simplified
compared with that of the drive circuit 100.

Fourth Embodiment

[0075] A drive circuit 400 according to a fourth embodi-
ment is described hereinafter. FIG. 12 is a circuit diagram
showing a configuration of the drive circuit 400 according to
the fourth embodiment. The drive circuit 400 has a configu-
ration where the reference voltage generator circuit 3 in the
drive circuit 100 is replaced with a reference voltage genera-
tor circuit 33. The other configuration of the drive circuit 400
is the same as that of the drive circuit 100 and thus not
redundantly described.

[0076] The reference voltage generator circuit 33 is com-
posed of an inverter INV. An input terminal of the inverter
INV is connected to the terminal T2 of the AC voltage signal
source 1. An output terminal of the inverter INV is connected
to the load 4.

[0077] A specific example of the operation of the drive
circuit 400 is described hereinafter. The reference voltage
V21 output from the inverter INV is OV when the AC signal
V2 is positive and it is +2.4V when the AC signal V2 is
negative. Thus, the reference voltage V21 in the drive circuit
400 is the same waveform as in the drive circuit 300 (FIG. 11).
As a result, the output voltage V22 in the drive circuit 400 is
also the same waveform as in the drive circuit 300 (FIG. 11).
[0078] Asdescribed above, according to this configuration,
avoltage applied to the load 4 is the same as in the drive circuit
300, although the configuration of the reference voltage gen-
erator circuit 3 is different. Thus, the drive circuit 400 can
supply a current to the load 4 just like the drive circuit 100.

Fifth Embodiment

[0079] A voltage-to-current converter circuit according to a
fifth embodiment is described hereinafter. A voltage-to-cur-
rent converter circuit 21 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 13 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 21
according to the fifth embodiment.

[0080] The voltage-to-current converter circuit 21 includes
Pch transistors MP1 to MP7, Nch transistors MN1 to MN4, a
resistor R11, and a current source IREF.

[0081] The power supply voltage VDD is supplied to the
sources of the Pch transistors MP1 to MP5. The current
source IREF is inserted between the drain and the ground of
the Pch transistor MP1. The drain of the Pch transistor MP2 is
connected to the source of the Pch transistor MP6. The drain
of the Pch transistor MP3 is connected wo the source of the
Pch transistor MP7. The gates of the Pch transistors MP1 to
MP3 and the drain of the Pch transistor MP1 are respectively
connected to each other.

[0082] The drain of the Pch transistor MP6 is connected to
the drain of the Nch transistor MN1. The drain of the Pch
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transistor MP7 is connected to the drain of the Nch transistor
MN2. The resistor R11 is connected between the drain of the
Pch transistor MP6 and the drain of the Pch transistor MP7.
The DC voltage V1 is applied to the gate of the Pch transistor
MP6. The AC signal V2 is applied to the gate of the Pch
transistor MP7. The source of the Nch transistor MN1 is
connected to the ground. The source of the Nch transistor
MN2 is connected to the ground.

[0083] The drain of the Pch transistor MP4 is connected to
the drain of the Nch transistor MN3. The source of the Nch
transistor MN3 is connected to the ground. The drain of the
Pch transistor MP5 is connected to the drain of the Nch
transistor MN4. The source of the Nch transistor MN4 is
connected to the ground. The drain of the Pch transistor MP4
and the gates of the Pch transistor MP4 and MP5 are con-
nected to each other.

[0084] The gate of the Nch transistor MN1, the drain of the
Nch transistor MN1 and the gate of the Nch transistor MN4
are connected to each other. The gate of the Nch transistor
MN2, the drain of the Nch transistor MN2 and the gate of the
Nch transistor MN3 are connected to each other.

[0085] A node between the drain of the Pch transistor MP5
and the drain of the Nch transistor MN4 is connected to the
output terminal TOUT. The output voltage V22 is output from
the output terminal TOUT.

[0086] The Nch transistor MN1 and the Nch transistor
MN2 are the transistors of the same size. The Nch transistor
MN3 and the Nch transistor MN4 are the transistors of the
same size. Further, the size ratio (S2/S1) between the size S1
of the Nch transistors MN1 and MN2 and the size S2 of the
Nch transistors MN3 and MN4 is denoted by M (M is a
positive real number).

[0087] The output current I of the voltage-to-current con-
verter circuit 21 is represented by the following equation (3).

[Equation 3]
V2oVl 3)
- RI1

[0088] As described above, the voltage-to-current con-

verter circuit that outputs a current in accordance with the
resistance of the resistor R11, the DC voltage V1, the AC
signal V2 and the transistor size ratio can be specifically
configured.

Sixth Embodiment

[0089] A voltage-to-current converter circuit according to a
sixth embodiment is described hereinafter. A voltage-to-cur-
rent converter circuit 22 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 14 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 22
according to the sixth embodiment.

[0090] The voltage-to-current converter circuit 22 includes
resistors 221 to 225 and a differential amplifier 226. The AC
signal V2 is applied to one end of the resistor 221, and the
other end is connected to the inverting input terminal of the
differential amplifier 226. The resistor 222 is connected
between the inverting input terminal of the difterential ampli-
fier 226 and the output terminal of the differential amplifier
226. The resistor 223 is connected between the output termi-
nal of the differential amplifier 226 and the output terminal
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TOUT of the voltage-to-current converter circuit 22. The DC
voltage V1 is applied to one end of the resistor 224, and the
other end is connected to the non-inverting input terminal of
the differential amplifier 226 and one end of the resistor 225.
The other end of the resistor 225 is connected to the output
terminal TOUT of the voltage-to-current converter circuit 22.
The output voltage V22 is output from the output terminal
TOUT.

[0091] The resistances of the resistor 221 and the resistor
224 are denoted by Rs. The resistances of the resistor 222 and
the resistor 225 are denoted by Rf. The resistance of the
resistor 223 is denoted by R0. Then, the output current [ of the
voltage-to-current converter circuit 22 is represented by the
following equation (4).

[Equation 4]
R V2-V1 &
"R T RO
[0092] As described above, the voltage-to-current con-

verter circuit that outputs a current in accordance with the
resistances of the resistors 221 to 225, the DC voltage V1 and
the AC signal V2 can be specifically configured.

Seventh Embodiment

[0093] A voltage-to-current converter circuit according to a
seventh embodiment is described hereinafter. A voltage-to-
current converter circuit 23 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 15 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 23
according to the seventh embodiment.

[0094] The voltage-to-current converter circuit 23 is a
modified example of the voltage-to-current converter circuit
22. While the AC signal V2 is applied to the resistor 221 in the
voltage-to-current converter circuit 22, the DC voltage V1 is
applied to the resistor 221 in the voltage-to-current converter
circuit 23. While the DC voltage V1 is applied to the resistor
224 in the voltage-to-current converter circuit 22, the AC
signal V2 is applied to the resistor 224 in the voltage-to-
current converter circuit 23. The other configuration of the
voltage-to-current converter circuit 23 is the same as that of
the voltage-to-current converter circuit 22 and thus not redun-
dantly described.

[0095] The output current I of the voltage-to-current con-
verter circuit 23 is represented by the following equation (5).

[Equation 5]

LR V2oV o)
"R T RO

[0096] As described above, the voltage-to-current con-

verter circuit that outputs a current in accordance with the
resistances of the resistors 221 to 225, the DC voltage V1 and
the AC signal V2 can be specifically configured.

Eighth Embodiment

[0097] A voltage-to-current converter circuit according to
an eighth embodiment is described hereinafter. A voltage-to-
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current converter circuit 24 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 16 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 24
according to the eighth embodiment.

[0098] The voltage-to-current converter circuit 24 has a
configuration in which a differential amplifier 241 is added to
the voltage-to-current converter circuit 22. The DC voltage
V1 is applied to one end of the resistor 224, and the other end
is connected to the non-inverting input terminal of the differ-
ential amplifier 226 and one end of the resistor 225. The other
end of the resistor 225 is connected to the output terminal and
the inverting input terminal of the differential amplifier 241.
The non-inverting input terminal of the differential amplifier
241 is connected to the output terminal TOUT of'the voltage-
to-current converter circuit 22. The output voltage V22 is
output from the output terminal TOUT. The other configura-
tion of the voltage-to-current converter circuit 24 is the same
as that of the voltage-to-current converter circuit 22 and thus
not redundantly described.

[0099] The output current I of the voltage-to-current con-
verter circuit 24 is represented by the above-described equa-
tion (4). As described above, the voltage-to-current converter
circuit that outputs a current in accordance with the resis-
tances of the resistors 221 to 225, the DC voltage V1 and the
AC signal V2 can be specifically configured.

Ninth Embodiment

[0100] A voltage-to-current converter circuit according to a
ninth embodiment is described hereinafter. A voltage-to-cur-
rent converter circuit 25 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 17 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 25
according to the ninth embodiment.

[0101] The voltage-to-current converter circuit 25 is a
modified example of the voltage-to-current converter circuit
24. While the AC signal V2 is applied to the resistor 221 in the
voltage-to-current converter circuit 24, the DC voltage V1 is
applied to the resistor 221 in the voltage-to-current converter
circuit 25. While the DC voltage V1 is applied to the resistor
224 in the voltage-to-current converter circuit 24, the AC
signal V2 is applied to the resistor 224 in the voltage-to-
current converter circuit 25. The other configuration of the
voltage-to-current converter circuit 25 is the same as that of
the voltage-to-current converter circuit 24 and thus not redun-
dantly described.

[0102] The output current I of the voltage-to-current con-
verter circuit 25 is represented by the above-described equa-
tion (5). As described above, the voltage-to-current converter
circuit that outputs a current in accordance with the resis-
tances of the resistors 221 to 225, the DC voltage V1 and the
AC signal V2 can be specifically configured.

Tenth Embodiment

[0103] A voltage-to-current converter circuit according to a
tenth embodiment is described hereinafter. A voltage-to-cur-
rent converter circuit 26 described in this embodiment is a
specific example of the voltage-to-current converter circuit 2
described above. FIG. 18 is a circuit diagram showing a
configuration of the voltage-to-current converter circuit 26
according to the tenth embodiment.
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[0104] The voltage-to-current converter circuit 26 includes
a Pch transistor MP10, an Nch transistor MN10, resistors R21
and R22, and differential amplifiers 261 and 262.

[0105] The power supply voltage VDD is applied to one
end of the resistor R21, and the other end is connected to the
source of the Pch transistor MP10. The drain of the Pch
transistor MP10 is connected to the drain of the Nch transistor
MN10. One end of the resistor R22 is connected to the
ground, and the other and is connected to the source of the
Nch transistor MN10. A node between the drain of the Pch
transistor MP10 and the drain of the Nch transistor MN10 is
connected to the output terminal TOUT. The output voltage
V22 is output from the output terminal TOUT.

[0106] The AC signal V2 is applied to the non-inverting
input terminal of the differential amplifier 261. The inverting
input terminal of the differential amplifier 261 is connected to
the source of the Pch transistor MP10. The output terminal of
the differential amplifier 261 is connected to the gate of the
Pch transistor MP10. The non-inverting input terminal of the
differential amplifier 261 corresponds to the positive phase
input terminal of the voltage-to-current converter circuit 26.
[0107] The DC voltage V1 is applied to the non-inverting
input terminal of the differential amplifier 262. The inverting
input terminal of the differential amplifier 262 is connected to
the source of the Nch transistor MN10. The output terminal of
the differential amplifier 262 is connected to the gate of the
Nch transistor MN10. The non-inverting input terminal of the
differential amplifier 262 corresponds to the negative phase
input terminal of the voltage-to-current converter circuit 26.

Eleventh Embodiment

[0108] A phase adjuster according to an eleventh embodi-
ment is described hereinafter. A phase adjuster described in
this embodiment is a modified example of the phase adjuster
6 described above.

[0109] A phase adjuster 61, which is a first modified
example of the phase adjuster, is described hereinafter. FIG.
19 is a circuit diagram showing a configuration of a drive
circuit 501 according to the eleventh embodiment. The drive
circuit 501 has a configuration in which the phase adjuster 61
is added to the drive circuit 200 shown in FIG. 9.

[0110] The phase adjuster 61 includes a resistor R61 and a
capacitor Cl and is configured as a passive low-pass filter. The
resistor R61 is inserted between the terminal T2 of the AC
voltage signal source 1 and the positive phase input terminal
of the voltage-to-current converter circuit 2, and the resistor
R1 in the reference voltage generator circuit 31. One end of
the capacitor Cl is connected to a node between the resistor
R61 and the resistor R1 in the reference voltage generator
circuit 31. The other end of the capacitor C1 is connected to
the non-inverting input terminal of the differential amplifier
AMP in the reference voltage generator circuit 31.

[0111] Because the phase adjuster 61 is a low-pass filter, it
is possible to make an adjustment to delay the phase of the
reference voltage V21 in this configuration.

[0112] The phase adjuster 62, which is a second modified
example of the phase adjuster, is described hereinafter. FIG.
20 is a circuit diagram showing a configuration of a drive
circuit 502 according to the eleventh embodiment. The phase
adjuster 62 includes a resistor R62 and a capacitor C2 and is
configured as a passive high-pass filter. The capacitor C2 is
inserted between the terminal T2 of the AC voltage signal
source 1 and the positive phase input terminal of the voltage-
to-current converter circuit 2, and the resistor R1 in the ref-
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erence voltage generator circuit 31. One end of the resistor
R62 is connected to a node between the capacitor C2 and the
resistor R1 in the reference voltage generator circuit 31. The
other end of the resistor R62 is connected to the non-inverting
input terminal of the differential amplifier AMP in the refer-
ence voltage generator circuit 31.

[0113] Because the phase adjuster 62 is a high-pass filter, it
is possible to make an adjustment to advance the phase of the
reference voltage V21 in this configuration.

[0114] A phase adjuster 63, which is a third modified
example of the phase adjuster, is described hereinafter. FIG.
21 is a circuit diagram showing a configuration of the phase
adjuster 63, which one example of the phase adjuster accord-
ing to the eleventh embodiment. The phase adjuster 63
includes a differential amplifier 630, resistors 631 and 632,
and capacitors 633 and 634, and is configured as an active
low-pass filter.

[0115] TheACsignal V2 is applied to one end of the resistor
631. The other end of the resistor 631 is connected to one end
of'the resistor 632 and one end of the capacitor 633. The other
end of the resistor 632 is connected to the non-inverting input
terminal of the differential amplifier 630 and one end of the
capacitor 634. The other end of the capacitor 633 is connected
to the output terminal of the differential amplifier 630. The
DC voltage V1 is applied to the other end of the capacitor 634.
The inverting input terminal of the differential amplifier 630
is connected to the output terminal of the differential ampli-
fier 630. Further, the output terminal of the differential ampli-
fier 630 is connected to the terminal T3. The terminal T3 is
connected to the reference voltage generator circuit.

[0116] Because the phase adjuster 63 is a low-pass filter, it
is possible to make an adjustment to delay the phase of the
reference voltage V21 in this configuration.

[0117] A phase adjuster 64, which is a fourth modified
example of the phase adjuster, is described hereinafter. FIG.
22 is a circuit diagram showing a configuration of the phase
adjuster 64, which one example of the phase adjuster accord-
ing to the eleventh embodiment. The phase adjuster 64 has a
configuration in which resistors 641 and 642 are added to the
phase adjuster 63. One end of the resistor 641 is connected to
the inverting input terminal of the differential amplifier 630,
and the DC voltage V1 is applied to the other end of the
resistor 641. The resistor 642 is inserted between the inverting
input terminal of the differential amplifier 630 and the output
terminal of the differential amplifier 630. The other configu-
ration of the phase adjuster 64 is the same as that of the phase
adjuster 63 and thus not redundantly described.

[0118] Because the phase adjuster 64 is a low-pass filter, it
is possible to make an adjustment to delay the phase of the
reference voltage V21 in this configuration.

[0119] A phase adjuster 65, which is a fifth modified
example of the phase adjuster, is described hereinafter. FIG.
23 is a circuit diagram showing a configuration of the phase
adjuster 65, which one example of the phase adjuster accord-
ing to the eleventh embodiment. The phase adjuster 65 is
configured as an active high-pass filter. The phase adjuster 65
has a configuration in which the resistor 631 and the capacitor
633 are replaced with each other and further the resistor 632
and the capacitor 634 are replaced with each other in the
phase adjuster 63 described above.

[0120] Because the phase adjuster 65 is a high-pass filter, it
is possible to make an adjustment to advance the phase of the
reference voltage V21 in this configuration.
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[0121] A phase adjuster 66, which is a sixth modified
example of the phase adjuster, is described hereinafter. FIG.
24 is a circuit diagram showing a configuration of the phase
adjuster 66, which one example of the phase adjuster accord-
ing to the eleventh embodiment. The phase adjuster 66 has a
configuration in which resistors 641 and 642 are added to the
phase adjuster 65. The resistors 641 and 642 are the same as
those in the phase adjuster 64 and thus not redundantly
described.

[0122] Because the phase adjuster 66 is a high-pass filter, it
is possible to make an adjustment to advance the phase of the
reference voltage V21 in this configuration.

[0123] A phase adjuster 67, which is a seventh modified
example of the phase adjuster, is described hereinafter. FIG.
25 is a circuit diagram showing a configuration of a drive
circuit 507 according to the eleventh embodiment. The drive
circuit 507 has a configuration in which the phase adjuster 6
in the drive circuit 100 is replaced by a phase adjuster 67. The
phase adjuster 67 includes a differential amplifier 670, resis-
tors 671 to 673 and a capacitor 674 and is configured as an
all-pass filter.

[0124] The AC signal V2 is applied to one end of the resistor
671, and the other end is connected to the inverting input
terminal of the differential amplifier 670. The AC signal V2 is
applied to one end of the resistor 672, and the other end is
connected to the non-inverting input terminal of the differen-
tial amplifier 670. The resistor 673 is inserted between the
inverting input terminal of the differential amplifier 670 and
the output terminal of the differential amplifier 670. Further,
the output terminal of the differential amplifier 670 is con-
nected to the non-inverting input terminal of the differential
amplifier AMP in the reference voltage generator circuit 3.
The DC voltage V1 is applied to one end of the capacitor 674,
and the other end is connected to the non-inverting input
terminal of the differential amplifier 670. Note that the dif-
ferential amplifier 670 is inserted between the power supply
voltage VDD and the ground and thereby receives power
supply.

[0125] As described above, in this configuration, it is pos-
sible to make an adjustment to delay the phase of the refer-
ence voltage V21. Further, because the above-described
phase adjusters 61 to 66 are RC filters, an adjustment of the
phase of the reference voltage V21 causes a change in the
voltage amplitude. On the other hand, because the phase
adjuster 67 is an all-pass filter, it is possible to make an
adjustment of the phase of the reference voltage V21 without
change in the voltage amplitude.

[0126] A phase adjuster 68, which is an eighth modified
example of the phase adjuster, is described hereinafter. FIG.
26 is a circuit diagram showing a configuration of a drive
circuit 508 according to the eleventh embodiment. The drive
circuit 508 has a configuration in which the phase adjuster 6
in the drive circuit 100 is replaced by a phase adjuster 68. The
phase adjuster 68 has a configuration in which the resistor 672
and the capacitor 674 in the phase adjuster 67 are replaced
with each other. The other configuration of the phase adjuster
68 is the same as that of the phase adjuster 67 and thus not
redundantly described.

[0127] As described above, in this configuration, it is pos-
sible to make an adjustment to advance the phase of the
reference voltage V21. Further, because the above-described
phase adjusters 61 to 66 are RC filters, an adjustment of the
phase of the reference voltage V21 causes a change in the
voltage amplitude. On the other hand, because the phase
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adjuster 68 is an all-pass filter, it is possible to make an
adjustment of the phase of the reference voltage V21 without
change in the voltage amplitude.

[0128] A phase adjuster 69, which is a ninth modified
example of the phase adjuster, is described hereinafter. FIG.
27 is a circuit diagram showing a configuration of a drive
circuit 509 according to the eleventh embodiment. The drive
circuit 509 has a configuration in which the phase adjuster 69
is added to the drive circuit 200. The phase adjuster 69
includes n (n is an integer of 1 or more) number of buffers B_1
to B_n that are in cascade connection.

[0129] Each of the buffers B_1 to B_n is composed of a
differential amplifier 691. The inverting input terminal of the
differential amplifier 691 is connected to the output terminal
of the differential amplifier 691.

[0130] The AC signal V2 is applied to the non-inverting
input terminal of the differential amplifier 691 that constitutes
the buffer B_1 in the first stage. Likewise, the non-inverting
input terminal of the differential amplifier 691 that constitutes
the k-th (k is an integer of 2<k=n-1) buffer B_k is connected
to the output terminal of the differential amplifier 691 that
constitutes the (k-1)th buffer B_k-1. The output terminal of
the differential amplifier 691 that constitutes the n-th buffer
B_n is connected to the inverting input terminal of the refer-
ence voltage generator circuit 3. Note that the differential
amplifier 691 that constitute the buffers B_1to B_nis inserted
between the power supply voltage VDD and the ground and
thereby receives power supply.

[0131] The phase adjuster 69 having the multiple stage
buffers can delay an AC signal passing through it. As
described above, in this configuration, it is possible to make
anadjustment to delay the phase of the reference voltage V21.
[0132] A phase adjuster 70, which is a tenth modified
example of the phase adjuster, is described hereinafter. FIG.
28 is a circuit diagram showing a configuration of a drive
circuit 510 according to the eleventh embodiment. The drive
circuit 510 has a configuration in which the phase adjuster 70
is added to the drive circuit 200. The phase adjuster 70 has a
configuration in which a connected position of the phase
adjuster 69 is changed.

[0133] The output terminal of the differential amplifier 691
that constitutes the n-th bufter B_n is connected to the posi-
tive phase input terminal of the voltage-to-current converter
circuit 2. The other configuration of the phase adjuster 70 is
the same as that of the phase adjuster 69 and thus not redun-
dantly described.

[0134] The phase adjuster 70 having the multiple stage
buffers can delay an AC signal passing through it. As
described above, in this configuration, it is possible to make
an adjustment to advance the phase of the reference voltage
V21.

Twelfth Embodiment

[0135] A drive circuit 600 according to a twelfth embodi-
ment is described hereinafter. FIG. 29 is a circuit diagram
showing a configuration of the drive circuit 600 according to
the twelfth embodiment. The drive circuit 600 has a configu-
ration in which the AC voltage signal source is provided with
a phase adjustment function, instead of a phase adjuster.
Specifically, the drive circuit 600 has a configuration in which
the phase adjuster 6 is eliminated from the drive circuit 100
and the AC voltage signal source 1 is replaced by an AC
voltage signal source 10.
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[0136] The AC voltage signal source 10 outputs an AC
signal V12 (which is also referred to as a first AC signal) to the
voltage-to-current converter circuit 2 and outputs an AC sig-
nal V11 (which is also referred to as a second AC signal) to the
reference voltage generator circuit 3. The AC voltage signal
source 10 includes a control circuit 11, digital-to-analog con-
verters (DAC) 12 and 13, and low-pass filters (LPF) 14 and
15.

[0137] The control circuit 11 outputs a digital signal to the
DAC 12 and 13 for controlling their operation. The DAC 12
and 13 convert the input digital signal into an analog signal
and thereby output an AC voltage. The AC voltage output
from the DAC 12 enters the LPF 14 where its high frequency
component is eliminated and is then output as the AC signal
V12. The AC voltage output from the DAC 13 enters the LPF
15 where its high frequency component is eliminated and is
then output as the AC signal V11.

[0138] For example, if the control circuit 11 supplies the
digital signal to the DAC 13 later than the digital signal
supplied to the DAC 12, it is possible to delay the phase of the
AC signal V11 compared with the AC signal V12. Further, if
the control circuit 11 supplies the digital signal to the DAC 13
earlier than the digital signal supplied to the DAC 12, it is
possible to advance the phase of the AC signal V11 compared
with the AC signal V12.

[0139] Note that the AC voltage signal source 10 can be
applied to the drive circuit according to the embodiments
other than the drive circuit 100.

Thirteenth Embodiment

[0140] A drivecircuit 700 according to a thirteenth embodi-
ment is described hereinafter. FIG. 30 is a circuit diagram
showing a configuration of the drive circuit 700 according to
the thirteenth embodiment. The drive circuit 700 has a con-
figuration in which the resistors R1 and R2 in the reference
voltage generator circuit 3 of the drive circuit 100 are replaced
by variable resistors VR1 and VR2 and further a control
circuit 7 is added. The control circuit 7 is composed of a
digital circuit, for example, and can control the resistances of
the variable resistors VR1 and VR2. The other configuration
of the drive circuit 700 is the same as that of the drive circuit
100 and thus not redundantly described.

[0141] Hereinafter, the resistances of the variable resistors
VR1 and VR2 are denoted by R3 and R4, respectively. In this
case, the reference voltage V21 is represented by the follow-
ing equation (6), which is a modification of the equation (1).

[Equation 6]

R4 . 6)
V21 = T ~A-sin(2rf) + 1.2

[0142] In the drive circuit 700, it is possible to control the
amplitude of the reference voltage V21 by controlling the
resistances of the variable resistors VR1 and VR2 as repre-
sented by the equation (6). By controlling the amplitude of the
reference voltage V21, the amplitude of the output voltage
V22 can be controlled in the same manner.

[0143] Asdescribed above, according to this configuration,
by appropriately controlling the amplitude of the reference
voltage V21 and the output voltage V22 as initial setting after
connecting the load 4, it is possible to supply a current with a
desired amplitude to the load 4.
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Fourteenth Embodiment

[0144] A drive circuit 800 according to a fourteenth
embodiment is described hereinafter. FIG. 31 is a circuit
diagram showing a configuration of the drive circuit 800
according to the fourteenth embodiment. The drive circuit
800 has a configuration in which a control circuit 8 is added to
the drive circuit 100. The control circuit 8 controls the phase
adjustment amount of the phase adjuster 6 in the reference
voltage generator circuit 3. The control circuit 8 monitors the
output voltage V22, for example, and outputs a control signal
indicating the phase adjustment amount to the phase adjuster
6 according to a monitoring result.

[0145] Asdescribed above, according to this configuration,
by appropriately controlling the phase adjustment amount of
the phase adjuster 6 as initial setting after connecting the load
4, it is possible to control the reference voltage V21 to be in
opposite phase to the output voltage V22.

Fifteenth Embodiment

[0146] A drive circuit 900 according to a fifteenth embodi-
ment is described hereinafter. FIG. 32 is a circuit diagram
showing a configuration of the drive circuit 900 according to
the fifteenth embodiment. The drive circuit 900 is a modified
example of the drive circuit 700 and has a configuration in
which the control circuit 7 is replaced by a control circuit 9.
The control circuit 9 performs not only control of the resis-
tances of the variable resistors VR1 and VR2 but also control
of the phase adjustment amount of the phase adjuster 6 just
like the control circuit 8.

[0147] Asdescribed above, according to this configuration,
by appropriately controlling the amplitude of the reference
voltage V21 and the output voltage V22 as initial setting after
connecting the load 4, it is possible to supply a current with a
desired amplitude to the load 4. In addition, by appropriately
controlling the phase adjustment amount of the phase adjuster
6 as initial setting after connecting the load 4, it is possible to
control the reference voltage V21 to be in opposite phase to
the output voltage V22.

[0148] The present invention is not limited to the above-
described embodiments, and various changes and modifica-
tions may be made without departing from the scope of the
invention. For example, the above-described phase adjusters
61, 62, 69 and 70 can be applied to the drive circuit according
to the above-described embodiments other than the drive
circuit 200. The above-described phase adjusters 67 and 68
can be applied to the drive circuit according to the above-
described embodiments other than the drive circuit 100.
[0149] Although the drive circuits according to the above-
described embodiments 12 and 14 are described as modified
examples of the drive circuit 100, they may be configured as
modified examples ofthe drive circuit according to the above-
described embodiments other than the drive circuit 100.
Although the drive circuits according to the above-described
embodiments 13 and 15 are described as modified examples
of the drive circuit 100, they may be configured as modified
examples of the drive circuit 200 according to the embodi-
ment.

[0150] As the load 4, various types of loads that require an
AC current such as a living body for bioelectrical impedance
measurement or a display panel may be used.

[0151] Although embodiments of the present invention are
described specifically in the foregoing, the present invention
is not restricted to the above-described embodiments, and
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various changes and modifications may be made without
departing from the scope of the invention.
[0152] The above-described embodiments can be com-
bined as desirable by one of ordinary skill in the art.
[0153] While the invention has been described in terms of
several embodiments, those skilled in the art will recognize
that the invention can be practiced with various modifications
within the spirit and scope of the appended claims and the
invention is not limited to the examples described above.
[0154] Further, the scope of the claims is not limited by the
embodiments described above.
[0155] Furthermore, it is noted that, Applicant’s intent is to
encompass equivalents of all claim elements, even if
amended later during prosecution.
What is claimed is:
1. A drive circuit comprising:
a signal source that outputs an AC signal;
a voltage generator circuit that includes a differential
amplifier that generates a first AC voltage with a con-
stant amplitude from the AC signal and outputs the first
AC voltage to one end of an external load; and
a voltage-to-current converter circuit that supplies an AC
current with a constant amplitude in opposite phase to
the first AC voltage to another end of the external load in
accordance with the AC signal.
2. The drive circuit according to claim 1, wherein
the AC signal is a positive voltage varying with a constant
amplitude with reference to a specified voltage.
3. The drive circuit according to claim 2, wherein
the voltage generator circuit includes
a first resistor, the specified voltage being applied to one
end of the first resistor and another end of the first
resistor being coupled to an inverting input terminal
of the differential amplifier, and

a second resistor, one end of the second resistor being
coupled to the inverting input terminal of the differ-
ential amplifier and another end of the second resistor
being coupled to an output terminal of the differential
amplifier,

wherein the AC signal is input to a non-inverting input
terminal of the differential amplifier, and

wherein the first AC voltage is output from the output
terminal of the differential amplifier.

4. The drive circuit according to claim 3, wherein

one or both of the first resistor and the second resistor is a
variable resistor, and

the drive circuit further comprises a control circuit that
controls a resistance of one or both of the first resistor
and the second resistor.

5. The drive circuit according to claim 4, further compris-

ing:

a phase adjuster that is placed between the signal source
and the voltage-to-current converter circuit or between
the signal source and the voltage generator circuit, and
adjusts a phase of the AC signal, wherein

the control circuit controls a phase adjustment amount of
the AC signal in the phase adjuster.

6. The drive circuit according to claim 2, wherein

the voltage generator circuit includes
a first resistor, the AC signal being applied to one end of

the first resistor and another end of the first resistor
being coupled to an inverting input terminal of the
differential amplifier, and
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a second resistor, one end of the second resistor being
coupled to the inverting input terminal of the differ-
ential amplifier and another end of the second resistor
being coupled to an output terminal of the differential
amplifier,

wherein the specified voltage is input to a non-inverting
input terminal of the differential amplifier, and

wherein the first AC voltage is output from the output
terminal of the differential amplifier.

7. The drive circuit according to claim 6, wherein

one or both of the first resistor and the second resistor is a
variable resistor, and

the drive circuit further comprises a control circuit that
controls a resistance of one or both of the first resistor
and the second resistor.

8. The drive circuit according to claim 7, further compris-

ing:

a phase adjuster that is placed between the signal source
and the voltage-to-current converter circuit or between
the signal source and the voltage generator circuit, and
adjusts a phase of the AC signal, wherein

the control circuit controls a phase adjustment amount of
the AC signal in the phase adjuster.

9. The drive circuit according to claim 2, wherein

the specified voltage is input to a non-inverting input ter-
minal of the differential amplifier,

the AC signal is input to an inverting input terminal of the
differential amplifier, and
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the first AC voltage is output from an output terminal of the
differential amplifier.

10. The drive circuit according to claim 1, further compris-

ing:

a phase adjuster that is placed between the signal source
and the voltage-to-current converter circuit or between
the signal source and the voltage generator circuit, and
adjusts a phase of the AC signal.

11. The drive circuit according to claim 10, further com-

prising:

a control circuit that controls a phase adjustment amount of
the AC signal in the phase adjuster.

12. The drive circuit according to claim 1, wherein

the signal source outputs a first AC signal as the AC signal
to the voltage-to-current converter circuit, outputs a sec-
ond AC signal as the AC signal to the voltage generator
circuit, and is configured to be able to adjust a phase of
one or both of the first AC signal and the second AC
signal.

13. A drive circuit comprising:

a signal source that outputs an AC signal;

a voltage generator circuit that outputs a first AC voltage
with a constant amplitude to one end of an external load
in accordance with the AC signal; and

a voltage-to-current converter circuit that supplies an AC
current with a constant amplitude in opposite phase to
the first AC voltage to another end of the external load in
accordance with the AC signal.
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