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Abstract: Piezoelectric amplifier is a very important part of the piezoelectric actuator. It does not only require
high positioning accuracy, but also high frequency response. This paper designs the error amplifier drive power
consisting of high-voltage op amp and discrete components, consisting of an error-amplified circuit, a power
amplifier circuit, a feedback network and a discharge circuit. A compensation technique based on feedback zero
compensation is proposed and it increases the frequency bandwidth and dynamic characteristics of the PZT
power effectively. Through the power of the theoretical analysis and Multisim software simulation, the power
supply has a good drive capability. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction
With the rapid development of micro-positioning
technology, the scope of application has been deep
into the forefront of science and technology; this
requires that the micro positioning system should
have high positioning accuracy and response
characteristics. The piezoelectric devices are a new
type of micro displacement device in recent years,
using the inverse piezoelectric effect to produce the
required displacement. It demonstrates superior
characteristics of small size, high resolution, fast
response, no heat, no noise, large carrying capacity,
etc. It is an ideal displacement generating device
which is widely used in micro-positioning
technology [1]. The good performance of the
piezoelectric driving power is the most critical
component in piezoelectric devices; it is a
prerequisite to ensure positioning accuracy, so the
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drive power supply technology has become one of
the key technologies of piezoelectric devices.
According to different principles, drive power can
be divided into the charge-driven and voltagedriven [2]. charge-driven is rely on displacement of
the piezoelectric ceramic with a linear relationship
between the amount of electric charge to control
output displacement, this control method can
dramatically reduce the piezoceramic hysteresis and
creep, but there is zero drift, poor low-frequency
characteristics, etc. [3]; voltage-driven is rely on
displacement of the piezoelectric ceramic with a
linear relationship between the voltage, control
output displacement, There are two main forms; One
is the switch mode driver, this method of small power
loss, high efficiency, small volume, but there is a
larger high-frequency interference, the power output
ripple is large, narrow frequency range, etc. [4];
Another kind is error amplifier driver, this method of
small output ripple, wide frequency response [5].
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2. Error Amplified Drive Power
Supply Design
2.1. The Overall Design of Drive Power
According to the special nature of piezoelectric
ceramics, power supply design must meet the
following requirements:
1) The output voltage is continuously adjustable
from 0 V to 150 V within the range.
2) Piezoelectric ceramic belongs to the capacitive
load, the response speed depends on the drive current
of power supply, so the driver should be able to
supply a large current output and should also have a
discharge function [6];
3) Since the piezoelectric ceramics used in micropositioning technology for high precision, so the
drive power requirements stability and output ripple
should be controlled within a narrow range.
In this paper, the design is use of error amplified
drive power structure, the principle shown in Fig. 1.

Fig. 1. The overall structure of the drive power.

It consists of power supply, error amplified stage,
feedback network and power amplifier stage which
has charge and discharge function, etc. The role of
the power is that it can provide reliable power to the
whole drive power; The role of the error amplifier
stage is that it can compare input signal with
feedback signal and amplification it to control the
power amplification stage; The role of the power
amplification stage is that it can enhance the output
current and provides a discharge circuit for
discharging the piezoelectric ceramics.

2.2. Design of the Power Supply
The drive power supply part is also particularly
important, because the ripple of drive power directly
affects the PZT output. In order to reduce
interference of the drive power supply part, convert
the voltage of 220 V AC into 6-way 30 V AC and
output (the supply voltage is higher than the peak of
the drive power). Every way is rectified by singlephase bridge rectifier circuit and filtered by filter
circuit, then outputs stable voltage by three-terminal
adjustable regulator. Finally, cascade of the 6-way
circuit to output stable DC voltage to supply for the
drive power. The schematic is shown in Fig. 2.

Fig. 2. Circuit of power supply.

2.3. Working Principle of the Drive Power
Based on the theory of the above figure, the paper
designs drive power structure shown in Fig. 3. Entire
drive power is provided by discrete components, the
core component of the error amplifier is a high-level
operational amplifier, in order to prevent the
occurrence of oscillation circuit op amp requires
external high voltage resistor R2 and the capacitor Cf
phase compensation to improve the stability of the op
amp [7]. The voltage gain of the circuit is determined
by the resistor R1 and Rf in the feedback network
and the gain’s size is approximately equal to 1+
Rf/R1, thus only adjusting the size of the resistance
R1 can determine the magnification of the entire
circuit. Since the piezoelectric ceramic is the
capacitive load, and therefore parallel a capacitor C2
with Rf to feedback zero compensation can improve
the stability of the entire circuit [8]. Power amplifier
stage use complementary symmetry power amplifier
circuit in class AB that can enhance output current of
the drive power. A power amplification stage with
charging and discharging function is composed by
three sets of power amplification circuit parallel.
When the input voltage rises, the above three groups
of NMOS open, the following three groups of PMOS
turn off and high voltage power supply charges the
piezoelectric ceramics through resistor R6 and the
NMOS transistor; when the input voltage drops, the
above three groups of NMOS tubes close, the
following three groups of PMOS transistors open and
piezoelectric ceramic discharge through the PMOS
tube and the resistor R7, resistors R6 and R7 are
limiting the current, by controlling the charge and
discharge current to control the power output drive.
Transistors Q1, Q2 and diodes D1, D2 form a
protection circuit which will make the output
maximum current in the piezoelectric ceramics’
working range. The more power amplification units
are paralleled in the circuit, the more charge and
discharge current is supplied and the more power
consumption can be dispersed. But it is not possible

29

Sensors & Transducers, Vol. 163 , Issue 1, January 2014, pp. 28-32
because of the MOS tube’s input capacitance. When
the number of the MOS transistors increase, input
capacitance will increase exponentially, the required
drive current will increase too, so in the design,
according to the required to determining the number
of the paralleled power amplification unit is needed.

In order to improve the stability of the circuit, this
paper adopts the method of the feedback zero
compensation, paralleling a capacitor Cf with
1
feedback resistor, generating a pole fp1 
2  Rf  Cf
on the curve1/β, which changes the 1/β curve. So the
rate of closure in the intersection of the amended Aol
and 1/β curve will decrease, which improve the
stability of the op amp circuit shown in Fig. 6.

2.4. Stability Analysis of Drive Power
In order to facilitate the analysis of the stability of
the circuit, entire drive power can be regarded as an
ideal closed-loop op amp circuit, R0 is the output
resistance, R1 and Rf are the feedback resistor, the
principle is shown in Fig. 4.
By drawing curve 1/β on the curve Aol to analyze
the stability of the op-amp, Because of the
piezoelectric ceramic belongs to the capacitive load,
therefore produce a pole in the Aol fpo1

3. Drive Power Performance Testing
and Experimentation
In this paper, the magnification of the drive power
which design is 30 times. The input control voltage is
adjustable in the range of 0-5 V, so the output voltage
is adjustable in the range of 0-150 V. In order to
test the performance of drive power, this paper
simulates the schematic diagram of the design by
multiuse software.

1
,
2  RoCL

thus changing the Aol curve, shown in Fig. 5. The
angle which called rate of closure between the
amended Aol curve and 1/β will become large,
leading to the whole circuit unstable [9].
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Fig. 3. Drive power supply circuit.

Fig. 4. Equivalent op amp circuit.
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Fig. 5. Aol and 1/β curve.
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Fig. 6. Aol and 1/β curve.

3.1. Drive Power Linearity Test
The experiments adopt 3 F capacitor instead of
piezoelectric ceramic, sampling the output voltage
per 0.5 V; the range of input control voltage is 0-5 V.
The simulation matches the sampling results by the
least square method, using the Matlab, getting the
fitting curve shown in Fig. 7. The input and output
have a good linear relationship.

Fig. 8. 500 Hz and 1 kHz frequency response.

Fig. 7. Squares curve fitting.

3.2. Dynamic Performance Test
Test the performance of the dynamic power by
using the frequency response and the step response.
The frequency response adopts the signal whose
input amplitude is 5 V and frequencies are 500 Hz
and 1 kHz. Test by sine wave, square wave and
triangle wave respectively. The result is shown in
Fig. 8, and it can be seen the drive power at
frequency of 500 Hz and 1 kHz have better frequency
response.
By inputing 5 V square wave signal, measuring
the drive power rises from 0 V to 150 V time
required and drop from 150 V to 0 V time required to
test the step response of drive power, Fig. 9 rise time
is 19.36 s, fall time is 19.73 s. It can prove that the
response of the drive power is fast, having a good
dynamic performance.

Fig. 9. Drive power step response.

4. Conclusions
This paper design the error amplifier drive power
consisting of the high-voltage op amp and the
discrete components, whose power amplification
class is composed of multiple parallel MOS tubes,
promoting the output power of the drive power
immensely, so it can enhance the drive capability of
the power. Since drive is the capacitive load, we
adopt the method of feedback zero compensation to
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improve the stability of drive power. Finally, the
results of simulation by Multisim software confirm
that the drive power has a better drive capability.
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