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Abstract: A design scheme of the pyroelectric energy harvesting and conversion experimental measurement 
system was proposed. It can be used to evaluate the harvesting and conversion properties of pyroelectric energy 
harvester. The STM32F103VET6 microcontroller is used as control core, and the variation temperature filed can 
be generated by using semiconductor chilling plate, which is controlled by Fuzzy-PID temperature module, to 
achieve the temperature rapid heating or cooling. In system, using DS18B20 to achieve the temperature real-
time data acquisition, using TF TLCD 2.8 LCD to set the initial parameters and display the related real-time 
parameters. The measurement principle, system hardware and software architecture of experiment measurement 
system are specially described in article. Simultaneously, the energy conversion and harvesting properties of 
novel pyroelectric energy harvester, which is prepared by Pb[(MnxNb1-x)1/2(MnxSb1-x)1/2]y(ZrzTi1-z)1-yO3 (PMnN-
PMS-PZT) ceramics, is discussed. The experiment results show that it can quickly realize the system 
temperature heating or cooling, and also can satisfy the experiment needs of the properties of pyroelectric 
energy harvesting and conversion characteristics measurement. Copyright © 2016 IFSA Publishing, S. L. 
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1. Introduction 

 

In recent years, the quantitative and theoretical 
study of the pyroelectric effect aim to different 
materials is increasing day by day [1-5]. In particular, 
the micro energy harvesting, conversion, and storage 
research of the pyroelectric effect based on ceramic 
materials has become a research hotspot in the micro-
energy development field of environmental [6-8]. In 
the research of the pyroelectric energy harvesting and 

conversion, how to effectively study the relationship 
of the quantity of free electric charges by the 
pyroelectric device generated, the output voltage and 
pyroelectric coefficients of pyroelectric materials, the 
surface area of device, and the induced thermal 
frequencies, it has very important significance to the 
development and analysis of Pyroelectric energy 
harvester. Currently, there is little to establish a 
mature and effective method for the measurement of 
pyroelectric materials, and the special devices for 
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measuring the particular correlation parameters are 
less. In order to evaluate the energy harvesting and 
conversion properties of pyroelectric devices, 
therefore, a design scheme of the experimental 
measurement system for the pyroelectric device 
based on dynamic current method was proposed, and 
the energy conversion and harvesting properties of 
the novel pyroelectric devices, which is prepared by 
Pb[(MnxNb1-x)1/2(MnxSb1-x)1/2]y(ZrzTi1-z)1-yO3 (PMnN-
PMS-PZT), is studied based on the experimental 
measurement system. 
 
 
2. The Harvesting and Conversion 

Principle of Pyroelectric Energy 
Harvester 
 
The charge can be generated on the pyroelectric 

energy harvester surface with the temperature 
varying. The reason is that the intensity of 
spontaneous polarization will be changed with the 
temperature field variation [9-10]. That is to say, the 
harvesting and conversion of pyroelectric  
energy harvester is based on the principle of 
pyroelectric effect.  

Pyroeledtric energy harvester, which can directly 
convert thermal energy to electrical energy, is a kind 
of pyroelectric device. Generally, the intensity of 
pyroelectric effect can be expressed by the 
pyroelectric coefficient, λ. And the pyroelectric 
coefficient, λ, can be defined as: 

 
/sdP dTλ = ,

 (1) 
 

where Ps is the spontaneous polarization, T is  
the temperature. 

By the polarization treatment, the spontaneous 
polarization of pyroelectric samples will be changed 
with the temperature field variation. When the output 
electrodes of Pyroeledtric energy harvester are 
connected into the measuring circuit, the pyroelectric 

current, pi , can be is calculated as fellow: 

 

/ / /

/

p s si S dP dt S dP dT dT dt

S dT dtλ
= × = × ×

=
, (2) 

 

where S is the electrode area of pyroelectric samples, 
dT/dt is the temperature variation rate. 

The principle of capacitance stored energy about 
Pyroelectric energy harvester is shown in Fig. 1. 

The sample of Pyroelectric energy harvester can 
be equivalent to a resistance-capacitance parallel 
(Rx-Cx) circuit, and the charge on the electrode can 
be regarded as a current source, which can be 
expressed as a parallel connection of Cx and Rx. 
When the temperature increases (i.e. / 0dT dt > ), 
the load capacitance, CL, will be charged. When the 
temperature decreases (i.e. / 0dT dt > ), the load 
capacitance, CL, will be discharged. The stored 

energy of capacitor can be calculated by the  

formula 2 / 2E CU= . 
 
 

 
 

Fig. 1. The capacitor energy storage measuring principle  
of Pyroelectric energy harvester. 

 
 

3. The Hardware System of Pyroelectric 
Energy Harvester 

 
3.1. The Module of Experimental 

Measurement System and its Working 
Principle 

 
The main functions of Pyroelectric energy 

harvester experimental measurement system include 
realizing the temperature field variation by the 
specific law, quick real-time measurement of the 
temperature signal, the output-voltage signal 
sampling of pyroelectric energy harvester, etc. The 
module of experimental measurement system mainly 
includes pyroelectric energy harvester, 
semiconductor chilling plate, STM32F103VET6 core 
circuit board, the real-time temperature data 
measurement circuits, the data acquisition and 
processing module, PWM output module, LCD 
display module, and so on. The experimental 
measurement system structure diagram of 
pyroelectric energy harvester is shown in Fig. 2.  

The main design ideas of experimental 
measurement system are that the STM32F103VET6 
microcontroller is used as the control core, the related 
parameters of temperature variation are set by TF 
TLCD 2.8 LCD or infrared remote controller, the 
digital temperature sensor, DS18B20, is used to 
detect the real-time temperature data. Under the 
control of fuzzy-PID temperature module, the PWM 
controlling waveform can be output to control the 
solid state relay, which rapidly achieves the 
temperature changes by power supply switching. 
Thus the transient temperature field can be generated 
around the pyroelectric energy harvester by the 
semiconductor chilling plate heating or cooling 
control. And then, the output voltage of pyroelectric 
energy harvester can be acquired by the preamplifier 
circuits and ADC circuits. The related electric 
parameters of pyroelectric energy harvester can be 
calculated, such as the energy value, power  
densities, etc. 
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Fig. 2. The experimental measurement system structure diagram of pyroelectric energy harvester. 
 
 

3.2. Fabrication of PMnN-PMS-PZT 
Ceramics Materials and Sample 
Preparation of Pyroelectric Energy 
Harvester 

 
Pb[(MnxNb1-x)1/2(MnxSb1-x)1/2]y(ZrzTi1-z)1-yO3(0.3≤ 

x ≤0.7, 0≤ y ≤0.3, 0.85≤ z ≤0.96) (PMnN-PMS-PZT) 
pyroelectric ceramics with varied compositions were 
fabricated following the conventional solid-phase 
method. In brief, PbO, ZrO2, TiO2, Nb2O5, Sb2O3 

powders with analytical purities were firstly mixed 
with Mn(NO3)2 solution according to the designed 
composition molar ratios, 94/6, 95/5 and 96/4. After 
ball-milling, drying and sieving procedures, the 
mixed PMnN-PMS-PZT powers were pre-sintered at 
1123 K for 2 h, which was followed by the prilling 
and dry pressing processes to form circular disks of 
17 mm in diameter and 1.5 mm in thickness. In the 
next step, the PMnN-PMS-PZT circular disks were 
burned out at 873 K for 2 h and sintered at 1503 K in 
sealed atmosphere for 2 h to form ceramics. After 
that, the ceramics were polished, rinsed and double-
side coated with silver-paste electrodes. Finally, the 
fabricated ceramics with double-side electrodes were 
polarized in silicon oil of 373 K under an electric 
field of 3 kV/mm for 30 min. 

To compare and analyze the dielectric and 
pyroelectric parameters of the PMnN-PMS-PZT 
ceramics, the Zr/Ti compositions is respectively 94/6, 
95/5 and 96/4 after sample polarization. The 
experiment results show that the 95/5 composion of 
Zr/Ti posses best pyroelectric properties, such as 
smaller permittivity, ɛr, smaller dielectric loss and 
larger pyroelectric coefficient. It is suitable for the 
Pyroelectric energy harvester prepared with a large 
working temperature range. The samples prepared of 

Pyroelectric energy harvester and its profiles are 
shown in Fig. 3. 

 
 

 
 

Fig. 3. The samples prepared of Pyroelectric energy 
harvester and its profile: 

(a) Single structure; 
(b), (c) Parallel structure; 
(d), (e) Overlap structure; 

(f) The Pyroelectric energy harvester profile. 
 
 

3.3. STM32F103VET6 Microcontroller 
 

STM32F103VET6 has the high-performance 
ARM Cortex-M3 32-bit RISC core operating at a 
72 MHz frequency, high-speed embedded memories 
(Flash memory up to 512 Kbytes and SRAM up to 
64 Kbytes), and an extensive range of enhanced I/Os 
and peripherals connected to two APB buses. It can 
offer two 12-bit ADCs, three general-purpose 16-bit 
timers plus a PWM timers, as well as standard and 
advanced communication interfaces: up to two I2Cs, 
two SPIs, three USARTs, an USB and a CAN. The 
power supply can from a 2.0 to 3.6 V. A 
comprehensive set of power-saving mode allows the 
design of low-power applications. It can be suitable 
for a wide range of applications such as application 
control, handheld equipment, etc. 
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3.4. The Preamplifier Circuits of Pyroelectric 
Energy Harvester 

 
The preamplifier circuits of Pyroelectric energy 

harvester are shown in Fig. 4. 
 

 
 

Fig. 4. The preamplifier circuits  
of Pyroelectric energy harvester. (a) Equivalent circuit of 

Pyroelectric energy harvester, (b) The dual voltage 
followers, (c) The primary amplification circuits,  

(d) The secondly amplification circuits. 
 
 

The dual voltage followers are designed with the 
low noise and high input impedance JFET chip, 
TL072, and selecting rail-to-rail instrumentation 

amplifier, AD8220, to design the primary 
amplification circuits. The secondly amplification 
circuits based on TL071 chip are designed to realize 
the gain intense adjustment. Using TL072, AD8220 
and TL071 to design the preamplifier circuits of 
pyroelectric energy harvester, fault its reason, mainly 
lies in their advantages of much lower input leakage 
current, much higher input impedance and lower 
noise, etc. It can effectively solve the larger signal 
error in the precision measurement, and can improve 
the dynamic range and properties of system. 
 
 
3.5. The Temperature Control Circuits of 

Experimental Measurement System 
 

In the system, using two chips, 10 A single-phase 
solid state relay MGR-1DD220D10, to achieve the 
temperature rapidly changes by power supply 
switching for semiconductor chilling plate, that is, the 
temperature will be rapidly heating or cooling. The 
structural diagram of temperature controlling circuits 
is shown in Fig. 5. 

 

 
 

 
 

Fig. 5. The structural diagram of temperature  
controlling circuits. 

 
 

The control signals of output power supply, which 
include the heating control signal and the cooling 
control signal, are used to control the analog 
electronic switch, CD4051, realizing power supply 
switching for Solid-state relay, MGR-1 DD220D10. 
Then the PWM controlling waveform by 
STM32F103VET6 controlling output, which is 
respectively PWM controlling waveform at the 
heating stage, PWM controlling waveform at the 
cooling stage, is used to achieve the temperature 
rapidly changes for the semiconductor chilling plate. 
 
 
4. The Software Design of Experimental 

Measurement System 
 

The software design of experimental 
measurement system mainly includes the fuzzy-PID 

temperature control algorithm program, the control 
system program, etc. The software flow diagrams of 
the fuzzy-PID control subroutine program and the 
control system program are shown in Fig. 6. 

 
5. The Measurement Results Analysis 

and Discussion 
 

At the different temperature changing, the 
experimental measurement system is used to measure 
the changing curve of the pyroelectric energy 
harvester surface temperature, T, with the output 
voltage, U. The Zr/Ti compositions of PMnN-PMS-
PZT are 95/5. While the temperature changing were 
respectively set at 45 mHz, 60 mHz, 35 mHz, 
70 mHz, 85 mHz, the relationship curves about the 
temperature T(t) and the voltage U(t) of the 
pyroelectric energy harvester are shown in Fig. 7. 
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Fig. 6. The program software flow diagram of the fuzzy PID control subroutine and the control system. 
 
 

 
 

 
 

Fig. 7. The relation curves  
about temperature T(t) and voltage U(t) at different 

temperature changing frequency. 
 
 

The results show that the output voltage of 
PMnN-PMS-a PZT pyroelectric energy harvester 
would be periodic change. When the pyroelectric 
energy harvester is heated by the semiconductor 
chilling plate, an induced voltage output can  
be observed. 

In the temperature-increasing stage, the maximum 
output voltages reach 1.654 V, 1.897 V, 2.615 V, 
2.632 V and 2.618 V for 35, 45, 60, 70 and 85 mHz, 
respectively. Further more, when the frequency is 
above 70 mHz, the output voltage does not 
significantly increase anymore, indicating that 
70 mHz is the saturation frequency. In the 
temperature-decreasing stage, the output voltage does 
not change much. The voltage values for the five 

frequencies are -0.529 V, -0.535 V, -0.538 V,  
-0.567 V and -0.576 V, respectively. 
 
 
6. Conclusions 
 

In this paper, a novel experiment measurement 
system of pyroelectric energy harvester was 
designed. It provides a novel scheme to study the 
performance and pyroelectric materials properties of 
Pyroelectric energy harvester, meanwhile, it also 
establish the analysis and test foundation for latter 
research. 
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