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Abstract: A cantilever method for characetrization of thin piezoelectric films is proposed. Using the proposed cantilever method, piezoelectric coefficient 
d31 of thin film piezoelectric material on various samples was determined. Cantilever based characterization method provides a fast comparison of 
different piezoelectric material samples, since multiple samples can be mounted simultaneously on the testing structure. It is shown how, when combined 
with numerical simulation, piezoelectric coefficient d31 can be determined from fitting measured voltage response with simulated response. 

Exact knowledge of geometry and material properties of cantilever and samples proved to be important in order to determine piezoelectric coefficients 
with sufficient accuracy. Stainless steel cantilever was adequately characterized by measuring its Young's modulus. Silicon properties are adequately 
determined by published data. Mechanical properties of PZT layers are on the other hand more difficult to acquire, since they are rather dependent on the 
actual PZT preparation procedure and composition. Nevertheless, we expect that error here introduced is small due to very thin PZT layer compared to 
stainless steel cantilever and silicon substrate. To improve the proposed method, based on numerical simulation results, guard chips were mounted atthe 
side of the cantilever to reduce stress variation over samples. 

Determined values of piezoelectric coefficients d31 for PZT layers under test were in reasonable agreement with results available in the literature. 

Metoda za dolocanje koeficienta d31 tankih 
piezoelektricnih filmov 

Kjucne besede: piezoelektrik, karakterizacija, d31 koeficient, PZT, simulacija, silicij, FEM, ANSYS 

Izvlecek: V clanku je predstavljena metoda za karakterizacijo tankih piezoelektricnih plasti. Z uporabo roc ice smo dolocili piezoelektricni koeficient d31 

tankih piezoelektricnih filmov. Metoda omogoca hitro primerjavo lastnosti razlicnih materialov, ter s pomocjo numericne simulacije hkratno karakterizacijo 
parametra d31 vecih vzorcev. 

Poznavanje geometrije in materialnih lastnosti rocice in vzorjev je kljucno za natancno dolocitev piezoelektricnih koeficientov. Mehanske lastnosti jeklene 
rocice smo dolocili z meritvijo Youngovega modula, za mehanske lastnosti silicijevega substrata pa smo uporabili podatke v literaturi. Mehanske lastnosti 
tankih PZT plasti so tezje dostopne, saj se razlikujejo zaradi same zgradbe PZT keramike ter njene priprave. Zaradi tanke plasti PZT materiala, ocenjujemo, 
da je napaka pri uporabi vrednosti za debele materiale zanemarljiva. Na osnovi simulacij smo predstavljeno metodo izboljsali z dodatnimi stranskimi cipi, ki 
izboljsajo homogenost stresa na vzorcih. 

Vrednosti za piezoelektricni koeficient d31, ki smo jih dolovili s predlagano metodo, se ujemajo s podatki iz literature. 

1. Introduction 

When designing a new product or device, proper material 
selection is of basic importance. Material properties are 
also used in numerical analysis, when predicting device 
behavior. In case of piezoelectric microstructures, the prop
erties of thin film piezoelectrics are influenced by chemi
cal composition and other parameters of piezoelectric 
manufacturing process. It is thus important to have means 
for analyzing specific samples of piezoelectric thin films. 

Due to unique properties of piezoelectric effect, piezoe
lectrics are important materials in micro-electromechani
cal system (MEMS) technology, used for actuation or sens
ing, energy harvesting etc. Characteristics of piezoe
lectrics, especially piezoelectric coefficients d, play impor
tant role in device design, simulation and behavior predic
tion. In general, thin film materials used in microengineer
ing behave differently than bulk, thus requiring an adequate 
characterization of their core properties. Several methods 
are in use /1 / and new ones are being developed. Selec-

tion of the appropriate material for a certain application 
requires comparison of different materials using datash
eet specifying core information about these materials. 

Properties of piezoelectric materials vary with chemical 
composition, preparation technique e.g. sintering temper
ature and other effects. These influences present difficul
ties for comparison of different materials prepared by dif
ferent methods, of different thicknesses and possibly from 
different producers, usually taking plain datasheet infor
mation from catalogue as a starting point. 

To overcome this obstacle a comparative method for char
acterization of different thin film piezoelectric samples bond
ed to a stainless steel cantilever is proposed. The relative 
response of different piezoelectric samples to the same 
mechanical stress gives immediate comparison of their ba
sic properties such as sensitivity and linearity. Furthermore, 
coupling the measured results with numerical simulation 
based on finite element method (FEM) enables determina
tion of absolute value for piezoelectric coefficient d31 . 
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