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ABSTRACT 
Piezoelectric wafer active sensors (PWAS) at high 

temperature with reliable operation are desired for structural 

health monitoring.  The PWAS may be generalized as an electro-

mechanical system because of the incorporation of electro-

mechanical coupling. The basic principle of SHM method by 

PWAS is to monitor variation in the electro-mechanical (E/M) 

impedance/ admittance signature. The operational temperature 

range of PWAS can be limited by the sensing capability of the 

piezoelectric material at elevated temperatures. Therefore 

stability of PWAS at high-temperature environments is of great 

interest for SHM. In such cases SHM can be done at room 

temperature or at relatively lower temperature. However, during 

service permanently bonded PWAS can be exposed to very 

high temperature. The traditional PWAS use piezoelectric 

materials Lead Zirconate Titanate (PZT) that have been 

attracted by researchers due to its enhanced sensing, actuation 

or both capabilities. This paper discusses properties relevant to 

sensor applications, including piezoelectric materials that are 

commercially available. For temperature dependence study 

PWAS were exposed to 50
0
C to 250

0
C with 50

0
C interval at 

around 2
0
C/min heating rate. E/M impedance/ admittance and 

different material properties such as, dielectric constant, 

dielectric loss, mechanical quality factor, P-E hysteresis loop, in 

plane piezoelectric constant were determined experimentally at 

room temperature after exposure to high temperature.  The 

variation in E/M impedance and admittance signature and 

different material properties were obtained at each temperature. 

The piezoelectric material degradation was also investigated by 

microstructural and crystallographic study. 

INTRODUCTION 
Piezoelectric wafer active sensors (PWAS) have been used 

extensively for detecting damages and flaws in the structure in 

SHM [1], [2], [3], [4]. PWAS can be used for electromechanical 

(E/M) impedance/ admittance method for detecting damages. 

The (E/M) impedance/ admittance method has been utilized to 

determine the local dynamic characteristics of a PWAS bonded 

on a host structure for in situ ultrasonic inspection [3]. The 

basic principle of this non-destructive monitoring method is to 

monitor variation in the impedance/ admittance signature 

measured from the permanently attached PWAS to the host 

structure. PWAS use transduction of ultrasonic elastic waves 

into voltage and vice versa. Since a relationship exist between 

the mechanical impedance/ admittance of the host structure and 

the electrical impedance/ admittance of the PWAS, any change 

in the material state can be attained by measuring the coupled 

electro-mechanical impedance/ admittance. However there is a 

major problem when using (E/M) impedance/ admittance method 

by PWAS on host structures after exposure to high temperature. 

After exposure to high temperature the E/M impedance/ 

admittance method can lead to unsuccessful damage detection 

due to ambiguous change in the impedance/ admittance 

signature. Any change in the material state of PWAS due to 

crossing characteristic temperature limit can lead significant 

change in (E/M) impedance/ admittance. As a result, (E/M) 

impedance/ admittance of free PWAS after exposure to high 

temperature are important dynamic descriptor for characterizing 

the sensor prior to its installation on a structure. 

The thermal effect of PWAS after exposure to high-

temperature environments such as  dry cask storage canister, 
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pressure vessel and pipe (PVP) and so on mostly exist for SHM 

application. In such cases SHM can be done at room 

temperature when the structure is not in operation or out of 

service. But during service permanently bonded PWAS can be 

exposed to very high temperature. The fundamental properties 

of a PWAS are defined by the piezoelectric, dielectric, and 

elastic coefficients. They are amplitude-dependent and become 

nonlinear or even non-reversible when the applied temperature 

exceeds characteristic limits of the material. So, it is important to 

characterize the PWAS at room temperature after exposure to 

high temperature environment. However, the use of active SHM 

in areas subjected to extreme environments and elevated 

temperatures has not been yet explored.  For SHM applications 

at elevated temperatures only a few tentative trials have so far 

been reported but material characterization has not been done 

yet [5]. In this article PZT-PWAS will be investigated at room 

temperature after exposure to high temperature with constant 

heating rate. 

STATE OF THE ART REVIEW OF SMART SENSING 
SYSTEM 

PWAS is made of piezoelectric materials with electric field 

polarization, E3, across the electrodes deposited on both 

surfaces. PZT-PWAS has been emerged as one of the major 

structural health monitoring (SHM) sensing technologies and 

non-destructive evaluations (NDE) [1], [3]. PZT-PWAS is light 

weighted, inexpensive, unobtrusive, minimally intrusive sensor 

requiring low-power [2]. The piezoelectric materials  PZT as 

PWAS have been attracted by researchers due to its enhanced 

sensing, actuation or both capabilities. PZT with large coupling 

coefficient, high permittivity and quick time to respond make it 

to be an excellent candidate as piezoelectric materials [6]. 

Property enhancement was made at the expense of temperature, 

electric field, and stress s tability. Property enhancement is 

achieved by chemical composition to allow domain wall motion 

to extrinsically contribute to the piezoelectric effect . This 

compound class shows much better piezo-electrical and piezo-

mechanical efficiency than naturally occurring piezoelectric 

materials [7]. Commercially available APC 850 PZT-PWAS was 

used in this research [8]. The wafers disk is 7 mm in diameter 

and 0.2 mm in thickness. The wafer had a PZT thin film with 

silver (Ag) electrode on both sides. 

PZT is one kind of ferroelectric material and for most 

ferroelectric materials, the existence of domain structure or 

domain wall make a significant influence on the material 

properties. In PZT solid solution system the material properties 

can be changed due to change in the domain size and grain size 

[9]. The material properties of PZT depend on both intrinsic and 

extrinsic properties. It is expected that both intrinsic and 

extrinsic contributions are influenced by domain size and 

domain wall motion. The material properties from a single 

domain are denoted as the intrinsic properties of the materials, 

while the contributions from extrinsic parts of the materials 

mainly from domain wall motion. So the dielectric constant  , 

piezoelectric constant d  and elastic compliance s  can be 

written as a summation of two terms [10]. 

 
ex in     (1) 

 
ex ind d d   (2) 

 
ex ins s s   (3) 

Where the subscript ex and in denote the extrinsic and intrinsic 

contribution respectively. 

The thermal anisotropy may contribute to the internal 

stress development during cooling of PZT and that is released 

by changing the domain and grain size as a result of multi 

domain formation, resulting in easy domain switching [9], [11]. 

Therefore after exposure to high temperature environment of 

PZT-PWAS the material properties become nonlinear or even 

non-reversible and ultimately affect the E/M impedance/ 

admittance signature. So the objective is to investigate E/M 

impedance/ admittance signature of PZT-PWAS after exposure 

to high temperature environment and to evaluate nonlinear 

response of PZT-PWAS properties and the degradation of 

PWAS material with respect to some electrical material 

properties, microstructural and crystallographic investigation. 

EXPERIMENTAL PROCEDURE 
E/M impedance/ admittance and different material 

properties of a set of six nominally identical free PZT-PWAS 

were measured at room temperature after exposure to high 

temperature. The objective was to evaluate change in E/M 

impedance/ admittance signature, piezoelectric performance and 

characterization of PWAS material with respect to some material 

properties, microstructural and crystallographic investigation. 

For the experimental study, the following procedure was 

followed. 

1. E/M impedance/ admittance and different material 

properties of free PZT-PWAS were measured at baseline room 

temperature.  

2. PWAS were heated to high temperature (50
o
C to 250

o
C 

with 50
o
C interval at around 2

0
C/min heating rate) in an oven for 

couple of hours then; PZT-PWAS were extracted from the oven 

and allowed to cool in air at room temperature. 

3. E/M impedance/ admittance and material properties of 

PZT-PWAS were measured again at room temperature to 

investigate material response of PWAS. 

4. Microstructural, crystallographic investigation of PZT-

PWAS. 

E/M IMPEDANCE/ ADMITTANCE OF FREE PWAS 

For E/M impedance/ admittance measurement 

commercialized HP 4194A impedance analyzer was used. PWAS 

was loaded in a test stand and that was connected with 

impedance analyzer by wires. PWAS was needed to be stress 

free so it was fixed by a pogo pins that only apply small spring 

forces on the surface. Experimental set up for E/M impedance/ 

admittance measurement is shown in Figure 1. An oven with PID 
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temperature controller was used to elevate the PWAS to higher 

temperature. The E/M impedance/ admittance were collected 

from 250 kHz to 350 kHz with a step size of 50 Hz. A data 

acquisition system was used to collect the EMIS and to attain 

the data in a format that assists to data analysis. The real part of 

the impedance/ admittance is used for EM 

impedance/admittance method as it has been reported to be less 

sensitive [12], [13]. The frequency range is determined by trial 

and error method and only 1
st
 structural anti-resonance/ 

resonance was considered in this article. 

 
Figure 1 Experimental setup for E/M impedance 

measurement 

CHARACTERIZATION OF PWAS 

For characterizing the PWAS dielectric properties, 

polarization–electric field hysteresis  behavior, piezoelectric 

constant were measured. Low field measurement of dielectric 

constant and dielectric loss of PZT-PWAS were measured by 

E4980A Precision LCR Meter test system at 1 kHz. Only a small 

potential was applied (20 mV) to measure the dielectric 

properties. PZT Ceramics must be ferroelectric to exhibit 

piezoelectricity and it possess spontaneous polarization. 

Polarization-electric field hysteresis behavior of PZT-PWAS was 

measured using Precision Multiferroic and Ferroelectric test 

system at 1Hz with a maximum peak field 8kV/cm. The 

experimental setup is shown in Figure 2. 

 
Figure 2 Experimental setup for measuring P-E hysteresis 

and dielectric properties 

In plane piezoelectric coefficient were measured for PZT-

PWAS by optical fiber sensor system. In plane piezoelectric 

coefficient is the ratio of mechanical in plain strain to applied  

electric field (Units: m/V). PWAS utilize the 
31d  coupling 

between in-plane strain and transverse electric field [14]. An In 

plane piezoelectric relation assuming motion only in the 1-

direction (Figure 3) and retaining only the 31 piezoelectric 

coupling term 
31d i.e. 

 
1 31 3d E   (4) 

At zero stress, 1  is the strain in 1 direction, 
3E is the electric 

field in transverse direction, and 
31d  is the piezoelectric 

coefficient which is measured as strain per unit electric field. 

 
Figure 3 In plane piezoelectric motion at constant electric 

field [14]. 

Fiber Bragg Grating (FBG) sensor was used to measure the in 

plane strain and then equation (4) was used to calculate the 

piezoelectric coefficient
31 d . FBG consist of a very small inner 

core (which has a high reflection index caused by germanium 

doping) and an outer part of pure glass with a smaller reflection 

index [15]. Total internal reflection takes place due to the large 

difference in the reflection indices. When mechanical strain 

 is present, the FBG sensor can be calculated as follows 

 Δ (1 )B B        (5) 

where   is the effective strain-optic coefficient. Thus, an FBG 

sensor bonded to a PZT-PWAS would respond to the structural 

strain by shifting its spectrum. By measuring the mechanical 

strain   from equation (5) 31 d can be calculated from 

equation(4). 

 
Figure 4 Experimental setup for measuring in plane 

piezoelectric coefficient 

The FBG reflective spectrum measurement equipment 

consist of a LUNA Phoenix 1400 tunable laser source (TLS), an 

optical circulator and FBG bonded with PWAS. A small electric 

field was applied to PWAS by function generator and FBG 
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reflective spectrum measurement equipment was used to 

measure the strain. The experimental setup is shown in Figure 4. 

To further understand the material behavior of PZT-PWAS 

at elevated temperature microstructural, crystallographic 

investigation has been done. Scanning Electron Microscopy 

(SEM) system was used to visualize the cross section of 

Ag/PZT/Ag PWAS. For crystallographic investigation X-ray 

powder diffraction (XRD) spectrum of PZT has been done. 

RESULTS AND DISCUSSION 
This subsection presents the real part of the E/M 

impedance of free PWAS at room temperature after exposure to 

different temperature. Characterization of PWAS in terms of 

material properties, microstructure study and crystallographic 

investigation are also presented in this subsection. The change 

in E/M Impedance/ admittance signature and corresponding 

material properties are discussed  

E/M IMPEDANCE/ADMITTANCE OF PZT-PWAS 

Peaks in the E/M impedance/ admittance of PWAS can be 

seen based on electromechanical coupling of piezoelectric 

materials with mechanical anti-resonance/ resonance of the 

PWAS. The coupled relation between the mechanical 

impedance/admittance and complex electrical 

impedance/admittance of PZT can be shown as follows [14]. 
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a = radius of the PWAS, 
at =thickness of the PWAS and 

 =density of the PWAS.  

Complex compliance and dielectric constant can be expressed as  

 
11 11(1 )E Es s i   ; 

11 11(1 )E E i      (8) 

  &   are dielectric and mechanical loss factor respectively. 

E/M impedance/ admittance spectra depend on material 

properties such as stiffness coefficient, piezoelectric constant, 

dielectric constant and density. Any kind of damage is the 

source of stiffness change and can be noticed as peak shifts in 

E/M impedance/ admittance. The spectral peaks observed in the 

real part of the E/M impedance spectrum follow the PWAS anti-

resonances and E/M admittance spectrum follows the 

resonance. Figure 5 shows the E/M impedance spectra of free 

PWAS after exposure to different temperature and Figure 6 

shows the admittance spectra. To understand better the 

impedance behavior of PWAS only 1
st
 anti-resonance/resonance 

are considered. It can be seen that both the amplitude and the 

frequency of the peak decrease with increasing temperature in 

case of impedance spectra where in admittance amplitude and 

the frequency of the peak increase. So, Frequency locations and 

amplitude of the strong spectral peaks vary with respect to 

temperature, which indicates that the piezoelectric and 

mechanical properties are changed. The impedance peaks 

diminish in amplitude as the temperature increases. Another 

phenomenon of impedance spectra is the frequency downshift 

as the temperature moves up. 

 
Figure 5 E/M impedance of PZT-PWAS after exposure to 

different temperature 

 
Figure 6 E/M admittance of PZT-PWAS after exposure to 

different temperature 

The peak shifts due to the change of microstructure can be 

explained better by quality factor. The dynamic responses of 

PWAS are essentially determined by their properties of density 

and stiffness, which are responsible for storing energy where 

damping is responsible for loss of energy from the system. 

Mechanical quality factor (Q) can be defined as the ratio of the 

energy stored in the oscillating resonator to the energy 

dissipated by damping processes . 

 2
Energy Stored

Q
Energy Dissipated per cycle

  (9) 

Mechanical quality factor (Q) can also be expressed as follow 

 
1 2

 
 

rfQ
f f




  (10) 

Where rf  resonance frequency and 1 2f f  is the 3db 

bandwidth. 
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Figure 7 shows the Q values based on impedance and 

admittance at different temperature. The Q values are decreased 

with temperature. During admittance the Q values are lower than 

the impedance and it is desire due to more mechanical friction 

during resonance. The observed decrease in Q can be correlated 

to the increase in structural disorder. The inverse of quality 

factor is defined as mechanical loss. Mechanical loss 

contribution due to change in stiffness and damping can 

change the peak of E/M impedance/ admittance.  

 
Figure 7 Mechanical quality factor (Q) of PZT-PWAS after 

exposure to different temperature 

DIELECTRIC CONSTANT AND DIELECTRIC LOSS OF 

PZT-PWAS 

Electrical permittivity under electric field are affected by, a 

medium. Permittivity is the measure of the resistance that is 

encountered when forming an electric field in a medium. The 

permittivity of a medium describes how much electric field  is 

generated per unit charge in that medium [16]. Electric flux exists 

in a medium with permittivity (per unit charge) because of 

polarization effects. Thus, permittivity relates to a material's 

ability to resist an electric field. So the permittivity is influenced 

by the properties of the microstructure, geometrical 

configuration and domain wall motion of PZT. 

 
Figure 8 Dielectric constant of PZT-PWAS after exposure 

to different temperature  

There are several polarization mechanisms contributing to 

the dielectric response (i) electric polarization: the relative 

displacement of the negatively charged electron shell with 

respect to the positively charged core; (ii) ionic polarization: as 

observed in ionic crystals and describes the displacement of the 

positive and negative sublattices under an applied electric field; 

(iii) orientation polarization: the alignment of permanent dipoles 

via rotational movement; (iv) space charge polarization: 

polarization due to spatial inhomogeneities of charge carrier 

densities; (v) domain wall motion: movement of high energy 

domain wall due to reorientation of dipole [9]. Domain wall 

motion plays a decisive role in ferroelectric materials and 

contributes significantly to the overall dielectric response [17], 

[18]. The change in dielectric properties may arise from extrinsic 

response originating from domain wall motion. Any change in 

grain size or domain size ultimately affect domain configuration 

and domain wall mobility which contribute to an irreversible 

change in dielectric properties. Any change in microstructure is 

also responsible for space charge accumulation and ultimately 

affect the polarization. 

Figure 8 shows the change of dielectric constant with 

different elevated temperature. All the data were taken 

experimentally at room temperature after exposure to high 

temperature. All the temperature values in Figure 8 are referred 

to the temperature at which PWAS were heated. Data were 

obtained from a set of six nominally identical free PZT-PWAS for 

statistical purpose. Figure 8 shows that permittivity is increased 

slightly initially from room temperature to 50
o
 C and then 

increased continuously from 50
o
 C to 250

o
 C. Such scenario 

replies a definite change in microstructure of PZT-PWAS and 

definitely corresponding change in domain size and domain wall 

mobility. 

 
Figure 9 Loss tangent of PZT-PWAS after exposure to 

different temperature 

Dielectric loss quantifies a dielectric material's inherent 

dissipation of electromagnetic energy (e.g. heat). It can be 

parameterized in terms of the corresponding loss tangent tan δ. 

Movement of domain walls also contribute to the dielectric loss 
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of ferroelectric materials. And any kind of change in grain 

boundary or microstructure causes an irreversible change in 

loss tangent. Figure 9 shows the change of loss tangent with 

different elevated temperature. The data may be interpreted as a 

step change between 25
0
C and 50

0
C, and no significant change 

after 50
0
C. Though. Dielectric loss is increased with temperature 

but still remained within 0.2 % value.  

P-E HYSTERESIS MEASUREMENT  

PWAS material PZT is one kind of ferroelectric materials 

and it contains domain. A ferroelectric domain is a region within 

a ferroelectric in which the spontaneous  polarization is 

uniformly oriented. There are six possible directions of the 

spontaneous polarization in tetragonal PZT at room 

temperature. In a tetragonal ferroelectric phase, the angles 

between two domains are either 90° or 180° (Figure 10) whereas 

they are 71°, 109° or 180° in a rhombohedral phase.  

 
Figure 10 180o and 90o domain wall of tetragonal PZT. The 

arrows indicate the polarization direction. 

Ferroelectric material PZT possess a local spontaneous 

polarization which can be reoriented between two or more 

equivalent crystallographic directions under application of a DC 

electric field. Ferroelectric ceramics can be made piezoelectric 

(poled) below Curie temperature (TC) by application of electrical 

field (E) greater than Coercive field (EC). Maximum polarization 

of a ferroelectric material is called saturation polarization (PSAT) 

.Poling process aligns domains in the direction of the applied 

field yielding a net remnant polarization (PR) [19]. Remnant 

polarization is the major characteristic of piezoelectric materials.  

 
Figure 11 P-E Hysteresis loop of common ferroelectric 

materials [19]  

Poled piezoelectric materials are characterized by the 

remnant polarization (the amount of polarization remaining after 

the poling field is removed) and by the coercive field (the field 

required to flip half of the previously induced remnant 

polarization so that the net remnant polarization is zero). 

Polarization can be measured by P-E hysteresis loops. The 

easiest, most frequently used approach is the investigation of 

charge-field hysteresis. The loop shape is frequency dependent.  

Kamel et al discussed the effect of grain size and corresponding 

domain wall mobility on hysteresis loop [9]. Grain boundaries 

are interfaces where crystals of different orientations meet. A 

grain boundary is a single-phase interface, with crystals on each 

side of the boundary being identical except in orientation. 

Choudhury, S. et al. presented effect of grain orientation and 

grain size on ferroelectric domain switching and evolution by 

phase field simulation [19]. Internal stress development during 

cooling can cause multi domain formation, resulting in easy 

domain switching. Any change in grain size or orientation 

ultimately causes change in domain boundary, domain 

switching and corresponding domain wall motion during 

polarization. The change in domain size and domain wall 

movement causes change in net dipole moments, which 

ultimately affect the net remnant polarization. 

 
Figure 12 P-E Hysteresis loop of PZT-PWAS after exposure 

to different temperature  

Figure 12 shows the P-E Hysteresis loop at different 

elevated temperature. Data were taken at room temperature after 

heating to corresponding temperature. The values of remnant 

polarization ultimately show the capability of PZT-PWAS as a 

piezoelectric material at room temperature even after exposure to 

high temperature. The coercive field remains almost constant 

from room temperature to 250
o
C. 

IN PLANE PIEZOELECTRIC COEFFICIENT (
31d ) 

Figure 13 shows the change in piezoelectric coefficient 
31d  

at room temperature after elevating to higher temperature. It is 

already observed that there is a net change in dipole moment 

after cooling it down to room temperature due to change in 

microstructure. This is ultimately affecting the piezoelectric 

coefficient. Piezoelectric coefficient is increased with elevated 

temperature. 
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Figure 13 In pane piezoelectric coefficient 

31d  after 
exposure to different temperature  

It should be noted that FBG was bonded permanently to 

the PWAS. So for different set of temperature different PWAS 

and different FBG were used. And also due to complex 

experimental procedure only one data point was measured at 

each temperature to measure in plane piezoelectric constant. 

Further research is recommended to conduct statistical 

distribution and better experimental procedure can be used to 

measure the in plane strain (e.g. digital image correlation). 

MICROSTRUCTURAL AND CRYSTALLOGRAPHIC 

INVESTIGATION  

To further understand the nonlinear behavior of PZT-

PWAS microstructural, crystallographic investigation has been 

done. Scanning Electron Microscopy (SEM) system was used 

to visualize the cross section of Ag/PZT/Ag PWAS (Figure 14). 

There are several key reasons to change in microstructure and 

domain. 

One possible reason is due to change in grain boundary. A 

grain boundary is a single-phase interface, with crystals on each 

side of the boundary being identical except in orientation. A 

boundary moves due to a pressure acting on it. It is generally 

assumed that the velocity is directly proportional to the 

pressure with the constant of proportionality being the mobility 

of the boundary. The mobility is strongly temperature 

dependent. So, during cooling from elevated temperature causes 

stress at the grain boundary and causes change in grain size. 

Another microstructural characteristic of PZT ceramics  is 

the internal stress that develops because of the incompatible 

strains due to high temperature. The thermal expansion 

anisotropy of crystals contributes to the stress development. 

According to the internal stress model proposed by Buessem et 

al. [11] the large internal stress developed during cooling of PZT 

is released by the formation of different domain structure. The 

grain sizes are changed as a result of multi domain formation. 

Figure 14 shows the change in grain size between room 

temperature and at room temperature after exposing to 200
o
 C. 

During this process PZT-PWAS remain same in the crystal 

structure at room temperature. Figure 15 shows the X-ray 

powder diffraction (XRD) spectrum for PWAS at room 

temperature and room temperature after exposure to 200
o
 C. 

There is no significant change in crystal structure, unit cell 

dimension and symmetry (Figure 15) as the both XRD has been 

done at room temperature. Further XRD is recommended at 

elevated temperature to see the changes in crystal structure.  

 
(a) At room temperature (b) At room temperature after 

exposure to 200
o
 C for 2 

hours 

Figure 14 SEM micrograph of cross section of Ag/PZT/Ag 
PWAS 

 

 
Figure 15 XRD of PZT-PWAS (a) at room temperature (b) at 

room temperature after exposing to 200o C for 2 
hours  

CONCLUSION 
E/M impedance/ admittance method of free PZT-PWAS 

after exposure to high temperature environment was 

investigated. The variation in the impedance/ admittance 

signatures was observed. Peaks are created in the impedance/ 

admittance signature depending on material properties such as 
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stiffness coefficient, piezoelectric constant, dielectric constant 

and density.  Both amplitude and frequency shift in E/M 

impedance/ admittance was observed due to change in material 

state. Any kind of change in material state is the source of 

material properties change. Therefore, E/M impedance/ 

admittance method using PZT-PWAS in SHM application after 

exposure to high temperature environment need to be corrected 

accordingly. Change in the amplitude and resonance/ anti-

resonance frequency can be expressed explicitly as a function of 

temperature and eventually temperature effect can be eliminated.   

Later, characterization of PZT-PWAS was done to 

understand the PZT material behavior as a piezoelectric material. 

The properties of PZT are nonlinear and non-reversible at room 

temperature after exposure to high temperature. The 

microstructure of PZT has changed and responsible for 

changing the domain size and domain boundary. Dielectric 

properties, polarization and in plane piezoelectric coefficient 

were observed after exposure to high temperature. Scanning 

Electron Microscopy (SEM) system was used to see the 

microstructure of PZT and change in microstructure was 

observed. X-ray powder diffraction (XRD) spectrum was used 

for PWAS at room temperature and room temperature after 

exposure to 200
o
 C to see the change in crystal structure, unit 

cell dimension and symmetry. There is no significant change in 

crystal structure, unit cell dimension and symmetry.  
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