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NONLINEAR PROPERTIES OF PARAELECTRIC
BARIUM TITANATE CRYSTALS*

HORST BEIGE,** Halle/Saale

A thermodynamical model has been developed in order to calculate the temperature
behaviour of linear and nonlinear elastic, dielectric and electromechanical coefficients for
a phase transition of the first order. For paraelectric barium titanate crystals it is shown
that the comparison of the theoretical results with the experiments provides further
information on the coupling between the order parameter and mechanical stress on the
one hand and the electric field strength on the other. The temperature dependence of the
linear and nonlinear elastic coefficients can be explained by the assumption of a linear
coupling between the order parameter and the mechanical stress, produced by polar
defects.

HEJUMHEMHBIE CBOVICTBA NAPAJJEKTPHYECKUX KPHCTAJLIOB
TUTAHATA BAPHA

B pa6ore passura TepmoguHamuucckas Mofens, [O3BONAIOLUAS PACCUMTATH NHHEH-
HOC U HEJMHEHHOC TEMNEPATYPHOE NOBENEHHE MORYAS YIPYTHOCTH, IH3NEKTPHYECKOI
MOCTOAHHOM ¥ INEKTPOMEXAHHYECKHX KOIPDULHEHTOB 15t ¢azosoro nepexona nepeo-
To popa. TToKa3aHo, YTO B CilyYae MapasNeKTPHIECKOTo KpHCTaina Tutakara Gapus
CPaBHEHHE TEOPETHYECKHX PE3YNALTATOB C IKCAEPUMEHTOM [IA€T BOIMOXHOCTD nonyye-
HHUSl HOBOH MH(OPMALMK O CBA3H MeXIY RapaMeTpoM YNOPAROYEHUS U MEXaHHYECKUM
HANPAXKCHHEM C ORHOM CTOPOHBI ¥ HANPEKEHHOCTLIO INEKTPHIECKOIO MO C Rpyro#
€TOpOHbI. TeMnepaTypHyto 3aBUCHMOCTS THHERHOTO ¥ HENTHHEHAHOTO MORy el ynpyraoc-
TH MOXHO OGBACHUTH, UCXOAS U3 NPEANONOKEHHS IUHEHHON CBS3M MEXJY NapaMeTpom
YNOPANOUCHUA M MEXAHUMECKMM HANPSXCHUEM, CO3XAHHBIM NONAPHBLIMH RedekTamMu.

L. INTRODUCTION

The aim of the present paper is to show that the knowledge of the temperature
dependence of nonlinear elastic, dielectric and electromechanical coefficients
provides further information on the coupling between the order parameter and the
mechanical stress on the one hand and the electric field strength on the other.
Theoretic and experimental results are given for paraelectric barium titanate

* Talk given at 6" Conference of Ultrasonic Methods in Zilina, September 14™—16", 1978.
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trictive coefficient R, describes the electrostriction and the dependence of the
dielectric constant on the mechanical stress. £, is the nonlinear dielectric
coefficient of the third order and characterizes the change of the linear dielectric
constant with the electric field strength,

HI. METHODS FOR THE DETERMINATION OF NONLINEAR ELASTIC,
DIELECTRIC AND ELECTROMECHANICAL COEFFICIENTS

on the driving force js measured.
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The nonlinear piezoelectric coefficient is determined by the change of the
resonance frequency of mechanical vibrations with the application of a dc biasing
field.

A dynamical method, the so-called electrostrictive resonator, is used for the
determination of the electrostrictive coefficients [3].

IV. THERMODYNAMICAL MODEL FOR THE TEMPERATURE
DEPENDENCE OF THE NONLINEAR COEFFICIENTS

A thermodynamical model has been developed in order to calculate the
temperature dependence of linear and nonlinear coefficients near the phase
transitians of the first order. In the spirit of the Landau theory of phase transitions
we start from the following thermodynamical potential function:
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The potential function is expressed in terms of the mechanical stress T;, the electric
field strength E,, and the order parameter 7,. The coupling coefficients K., a..,
M., Bomns Noviy Yoo and V,,, describe the interaction between the order parameter
and the stress on the one hand and the field strength on the other. All the
coefficients of the potential are considered as temperature independent with the

in powers of the electric field strength, in order to be able to compare the results of
the thermodynamical model with the experiment.

For the calculation of the temperature dependence of the nonlinear elastic,
dielectric and electromechanical coefficients we use the following equations :

s=_05 9383n, . _aD, aD, sy,
*TT3T, Ty, AT, 3T, " 3y, aT,
.r _3D, 3D, an,
= 3E, "3, 3E.
-muwﬁmmm ﬁma,v m.,LA%m mm,ma,v
%= 6T Yo, a1, ) =3 3E,. ' an, 3E,
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V. RESULTS FOR PARAELECTRIC BARIUM TITANATE

m_:.no barium titanate is centrosymmetric in the paraelectric phase, all the
no:@:wm coefficients K, M., Brmn and Yrm are equal to zero and we omﬁmm: the
following expressions for the theoretic temperature dependence of the material
coefficients, as shown in Table 3. Further we see in Table 3 the experimental
results for the linear and nonlinear dielectric constants and the electronegative
coefficient are in good agreement.

:‘5 not possible to understand the temperature behaviour of the linear and
nonlinear elastic coefficients, since from the symmetric point of view a linear
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Table 3

Theoretic and experimental temperature dependence of some linear and nonlinear coefficients of
* paraelectric barium titanate

Temperature dependence

Coefficient theoretic experimental
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coupling between the order parameter and the mechanical stress is not allowed and
linear and nonlinear elastic coefficients have to be temperature independent.

The log-log plot in Fig. 1 shows that in a large range of temperature the change
of the linear elastic coefficient is proportional to (¢ — &)

Fig. 2 shows the log-log plot of the change of the nonlinear elastic coefficient.
The change of this coefficient is proportional to (& — #,)">,

These two results obtained by independent methods can be explained only if
a linear coupling between the order parameter and the mechanical stress is
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Fig. 1. Temperature dependence of the linear Fig. 2. Temperature dependence of the nonlinear
elastic coefficient in a log-log plot elastic coefficient in a log-log plot
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a dielectric nonlinearity of the third order, as shown in Fig. 3, indicates the
existence of polar defects in the crystal,

10 % 130 150 7 190 Fig. 3. Temperature dependence of the nonlinear
TEMPERATURE 4 m,ﬂu - dielectric coefficient of the third order

V1. CONCLUSIONS

elastic, dielectric and electromechanieal coefficients.
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