Ferroelectricsin student labs

Ryszard Poprawski, Aghieszka Cizman, Beata Radojewska and Jan Szatkowski
Institute of Physics, Wroctaw Univesity of TechggldVybrzée Wyspiaskiego 27, 50-370 Wroctaw, Poland

ryszard.poprawski@pwr.wroc.pl

Ferroelectrics have many practical applicationglieir unique physical properties. Therefore thia main reason why
students of technical high schools should leanméectric physics and know about investigationhods. Based on
simple measurement arrangements we offer a widarels program of ferroelectrics investigation alarit a plain
phenomenological model involved.

I ntroduction

Ferroelectrics, i.e. materials which can changeplarization direction by an external electricldie
show many fascinating properties applied in the emodechnology. The pyroelectric effect, for instanis
employed in thermovision cameras and irradiationsees. The reverse piezoelectric effect is used in
mechanoelectric transducers, piezoelectric moggssors and micromanipulators in scanning micra&sops
well as in ultra- and hyper-sound generators. Megeounique optical properties such as the pieZzoapand
electrooptical effects, the second-harmonic geimratoptical frequency-mixing and parametric amypfify
processes find more and more implementations.

Currently, the greatest interest comes from thet fibat the dielectric hysteresis, typical for
ferroelectrics, is employed to write and read infation bits in non-volatile memories and logic syss. As the
physics education program should follow novel tegbgical achievements, basic problems and ferrtrdsc
investigation must be included in the teachingadjilat major technical high schools. At the Wrocldniversity
of Technology the ferroelectric physics is recogdizas an important discipline, and selected elesmgnt
problems are introduced to the General Physics lzdibry at the basic level, whereas more sophistiteésues
are taught at the expert level in the Faculty aidamental Problems of Technology.

All the quoted results come from our students’ reporhe reports have the form of a research articl
and are scored adequately to give a final gradstgdents’ experiments were carried out for threestats,
namely TGS, MAPCB and MAPBB with phase transitiabd9C, 35°C and 38C, respectively.

Phenomenological description of ferroelectrics

The easiest way to describe physical propertie$enbelectrics is to employ the Ginsburg model
adapted from the Landau theory.

According to the theory, the free energy of thedelectric with the second-order phase transitian,
undergoing any mechanical strain, can be developadower series with respect to the ordering patar, i.e.
the spontaneous polarization:
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Where:®, is the free energy in the paraelectric phase,
G, B are the development factors,
E is the electric field intensity,
P is the polarization.

When looking for the minimum free energy at E = & wan have the temperature dependence of the
spontaneous polarization:
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Relation between the polarization and the eleéield intensity is the following:



E=a(-T,)P+p° ®)
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Temperature dependence of the coercive field catebiged fromﬁ =0.

The hysteresis loop can be measured with the SeWwyeer circuit, as illustrated in Fig.1.
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Fig.1. The circuit diagram for measurements ofgbentaneous polarization.

In order to determine the temperature dependenck,6f) and F’SZ(T) (Fig.2) we can record the

dielectric hysteresis with the digital oscilloscopighin the phase transition temperature range.
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Fig.2. Temperature dependence{(T) and P*(T).

The temperature dependence of the pyroelectridiciaft can be calculated from the first derivatfe

the spontaneous polarization over temperature. @dmsbe obtained from either the temperature degersdof
the spontaneous polarization or from a measuremietite pyroelectric current intensity flowing thighu the
crystal under a constant temperature change (ge®)Fi

thermoste

dT
—— = const
dt



Fig.3. Measurement setup for an investigation efgijroelectric properties with aid of the quastistmmethod.

The temperature dependence of the electric subilégtcan be obtained from the first derivativetbé
polarization over the electric field intensity.

a—E = 1 =a(T -T,) for T>T, (4a)
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E_L. 2a(T —T.) for T<T. (4b)
oP

The temperature dependence of the dielectric congta) can be measured with aid of either the
capacitance bridge or the capacitance meter. Ibeaassumed that the approximate equagiere holds true for

ferroelectrics.
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Fig.4. Temperature dependencesofandy/s for TGS crystal.

By plotting the obtained results as1¥ersus temperature (as in Fig.4) we can determioeefficient
in Egn.4a forT>T, , as well asx coefficient in Eqn.1. Moreover, we can comparehbeings of the1/£ (M
graph forT>T. and T<T, in order to check whether a law of the doublegsle fulfilled (Eqns. 4a and 4b).

Then, having known the coefficient, we can determine tBecoefficient from F’S2 (T) graph.

Optical properties of ferroelectrics (the spontaneous bir efringence)

The spontaneous birefringence of the centrosymmédrioelectrics in the paraelectric phase shows a
nature of the spontaneous Kern effect, therefore:

3(n) = kP2 = —K% (T-T.) (5)

wherex is the proportionality factor.

Fig.5 presents a diagram of the polarization-ietenfice setup for measurements of the temperature
dependence of the spontaneous birefringence. Mzgeglslcan be found in Ref.[1].
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Fig.5. Diagram of the setup for the spontaneousfiilgence measurements.

The temperature dependence of the system transmissshown in Fig.6. The phase shift between the
ordinary and extraordinary beams as a functioreofperature is presented in Fig. 7a. Thermal chaimgdse
spontaneous birefringence of TGS crystal are ii&ist in Fig.7b.
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Fig.6. Temperature dependence of the system trasgmifor TGS crystal.
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Fig. 7a. Phase shift between the ordinary and esdiaary beams as a function of temperature for TGS

Fig.7b. Thermal changes in the spontaneous biggrioe of TGS crystal.

Piezoelectric properties of ferroelectrics

The spontaneous deformatignin a form of the spontaneous electrostriction appeluring the phase
transition in centrosymmetric ferroelectrics in fegaelectric phase.

_gp? = g9 - T)
n=gR =-g———= (6)
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whereg is the electrostriction module.

The electric field dependence of the deformatiarttie ferroelectric can be described:

n=a(P, +Py)? =a(P, + x&E)* = aR? + 2qxe,E + 2qx & E® )
whereP;,4 denotes the polarization induced by the elecieid f

The first component of Eqn.7 describes the spowotasmedeformation of the crystal, the second
compound expresses the linear relation, and the shiows a deviation from the linearity.

The temperature dependence of the spontaneousnddion can be determined with aid of the
capacitance dilatometer [2] and its linearity (E&jrcan be easily checked.

The electric field dependence of the deformation ba measured by the Caspari-Mertz method. It
should be noticed that expressi@OY&, is the piezoelectric coefficient with the lineaepgndence on

temperature. Moreover, a sign of the coefficiem ba changed by the external electric field. A grap the
electric field dependence of the deformation hakape of a butterfly.
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Fig.8. The electric field dependence of the piezcteic deformation for a piezoelectric ceramic.

It should be pointed out that an equation for tlectec field dependence of the birefringence is
analogous to that of the deformation, so electioaptoefficients depend significantly on temperafand their
sign can be changed by an external electric field.

Summary

It comes from the above that ferroelectrics shomankably interesting physical properties especially
for practical applications. An introduction of teeshenomena into the teaching process does nateegjther
any complex theory or expensive and complicatedsoméag devices. A knowledge acquired in this fiedsh be
useful in the future regardless a student’s spieeiddn.
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