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1. Introduction

Perovskite Lead Lanthanum Zirconate Titanate (PLZT) ceramics have the following
chemical formula Pbi. Lax (Zr,, Tizy)1025x VBoosx O3 and are typically known as PLZT
(100x/100y/100(1-y)). Compositional changes within this quaternary ferroelectric system,
especially along the morphotropic phase boundaries, can significantly alter the material’s
properties and behaviour under applied electric fields or temperature variations. This
allows such a system to be tailored to a variety of transducer applications. For instance,
PLZT ceramics have been suggested for use in optical devices (Glebov et al. 2007; Liberts,
Bulanovs, and Ivanovs 2006; Wei et al. 2011; Ye et al. 2007; Zhang et al. 2009) because of their
good transparency from the visible to the near-infrared, and their high refractive index (
n ~2.5), which is advantageous in light wave guiding applications (Kawaguchi et al. 1984;
Thapliya, Okano, and Nakamura 2003). PLZT compositions near the tetragonal and
rhombohedral ferroelectric phases and anti-ferroelectric/cubic phases, typically with
compositions (a/65/35) with 7<a<12, are known as relaxor ferroelectrics, since they exhibit a
frequency-dependent diffuse ferroelectric-paraelectric phase transition in their complex
dielectric permittivity. Relaxor ferroelectrics are particularly attractive in transducer
applications because they can be electrically or thermally induced into a ferroelectric phase
possessing a large dipole moment accompanied by a large mechanical strain, and revert
back to a non-ferroelectric state upon the removal of the field or temperature. They also
exhibit a slim hysteretic behaviour in the transition region, upon the application of an
electric field, making them ideal for precise control actuator applications.

In this chapter, I will conduct a review on some of the fundamental material properties of
relaxor ferroelectric PLZT ceramics, which include the dielectric, ferroelectric,
electromechanical, electro-optical and thermo-optical behaviours. Further details on each
section can be found in the references (Lévesque and Sabat 2011; Sabat, Rochon, and
Mukherjee 2008; Sabat and Rochon 2009b; Sabat and Rochon 2009c; Sabat and Rochon 2009a).

2. Dielectric properties

The temperature and frequency dependence of the dielectric properties of any ferroelectric
material are essential features to study, since they provide insight to possible transducer
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4 Ceramic Materials — Progress in Modern Ceramics

characteristics, such as the electrostrictive and electro-optic effects, which are both
consequences of dipole moments arising from ion displacements.

Transparent PLZT (9.5/65/35) ceramics, having a thickness of 0.64 mm, were cut in 10 mm
squares. Forty-nanometer layers of gold were sputtered on opposing faces and conducting
wires were glued to each surface to act as electrodes. The complex dielectric permittivity
was measured using an impedance analyzer at a frequency range from 0.12 to 5000 kHz.
The temperature at which the measurements were taken could be varied since the samples
were placed inside a thermal chamber. The probing ac electric field of the impedance
analyzer was set at amplitude of 1 V and the heating rate was approximately 1 °C/min,
starting at -60°C up to 100°C. The relative permittivity and loss tangent can be respectively
calculated from the real and imaginary parts of the dielectric permittivity.

PLZT 9.5/65/35
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Fig. 1. Real relative permittivity of PLZT (9.5/65/35) as a function of temperature and
frequency.

Figures 1 and 2 respectively show the temperature dependence of the relative permittivity
and loss tangent of relaxor ferroelectric PLZT (9.5/65/35). As the temperature increases
from -60°C to 100°C, the relative permittivity generally increased due to the unfreezing of
domains. Between 0°C and 10°C, a broad peak can be seen in the lower frequency curves.
This peak corresponds to the diffuse phase transition in this relaxor ceramic from the
ferroelectric to the paraelectric state (also called the relaxor phase). Further heating
continued to increase the relative dielectric permittivity until a maximum was achieved, at
which point, the crystal’s structure became cubic. This maximum in the permittivity, which
is frequency dependent, occurs at the Curie temperature. Evidence of these phase transitions
can also be seen in the loss tangent graph in figure 2.
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PLZT 9.5/65/35
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Fig. 2. Loss tangent of PLZT as a function of temperature and frequency.

The relative permittivity in figure 1 seems to decrease with increasing frequency, while the
loss tangent in figure 2 increases at higher frequencies. These two observations go hand-in-
hand since the frequency response of the complex permittivity is highly affected by the
ability of ferroelectric domains and dipoles to rotate with the applied electric field. At higher
frequencies, the ceramic material is no longer able to store as much electric energy in the
dipoles and the relative permittivity decreases. As a consequence, a larger portion of the
input energy is transferred to heating the ceramic and the loss tangent increases.

3. Ferroelectric properties

A Sawyer-Tower circuit (Sawyer and Tower 1930), with a 9.8 uF series capacitance, was
used to measure the ferroelectric hysteresis at room temperature. Figures 3 and 4
respectively show the electric displacement of PLZT (9.5/65/35) and PLZT (9.0/65/35)
ceramics as a function of a dc bias electric field. The field was first increased from zero to
+1.7 MV.m, back down to -1.7 MV.m-, and finally up to zero. This cycle lasted 50 seconds
and was repeated 3 consecutive times. Typical relaxor ferroelectric hysteretic curves were
observed for these two compositions.

Figures 3 and 4 clearly illustrate how such a small change in the chemical composition of the
PLZT can strongly affect the material’s properties: PLZT (9.5/65/35) samples appear to
possess a higher electric displacement compared to PLZT (9.0/65/35) at identical field
values, but the hysteresis is slightly slimmer for the (9.0/65/35) composition samples. From
Haertling’s room temperature phase diagram of PLZT (Haertling 1987), it can be seen that
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the relaxor ferroelectric compositions studied here are located near the intersection of
several other crystal phases including the ferroelectric-tetragonal, ferroelectric-
rhombohedral and the antiferroelectric phase. Remnants of antiferroelectric hystereses can
be found in both figures, but it's more evident for PLZT (9.5/65/35).

PLZT 9.5/65/35 (3 cycles @ 0.02 Hz)
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Fig. 3. Electric displacement of PLZT (9.5/65/35) as a function of dc electric fields.

PLZT 9.0/65/35 (3 cycles @ 0.02 Hz)
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Fig. 4. Electric displacement of PLZT (9.0/65/35) as a function of dc electric fields.
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According to the dielectric results in the previous section, decreasing the temperature at
which these measurements were taken should increase the hysteresis gap (ferroelectric
behaviour), and increasing the temperature should further decrease the hysteresis. This was
observed by Carl et al. (Carl and Geisen 1973) for PLZT (9.0/65/35). The slim ferroelectric
behaviour of these PLZT compositions makes them ideal for use as precision sensors and
actuators, since they have almost no remnant polarization when the field is removed. Hence,
the risk of depoling is eliminated in this case.

4. Electrostrictive and piezoelectric properties
4.1 Theory

Electrostriction refers to the elastic deformation of all dielectric materials upon the
application of an electric field. Unlike piezoelectricity, the electrostrictive strain is quadratic
to the electric field and reversal of the field doesn’t reverse the strain direction. The basic
phenomenology of electrostriction in materials is discussed in detail in many texts (Lines
and Glass 1977; Jona and Shirane 1962; Mason 1958; Mason 1950). For a dielectric material
under isothermal, adiabatic and stress-free conditions, upon the application of an electric
field Ey, the strain tensor S; can be written as:

3 3
S = ;dijkEk + 21:7ijklEkEl +e.. (1)

Where d;; is the piezoelectric coefficient and y,;,is the electrostriction coefficient. For the

case where the applied electric field is in the 3-direction, which is taken to be the direction
perpendicular to a sample’s electrodes, equation (1) becomes:

Sy =dyE; + 7333E§ +.. 2)

If all the coefficients of equation (2) are known, one can accurately predict the longitudinal
strain under a varying electric field for a given piezoelectric or electrostrictive material, and
even for a material exhibiting both piezoelectric and electrostrictive effects, such as
irreversible electrostrictive materials. For ideal reversible electrostrictive materials, which
possess no remnant polarization at zero electric field, the odd power term of the electric
field in equation (2) vanishes. However, we will consider the relaxor PLZT ceramics studied
in this chapter as irreversible electrostrictives, to account for any ferroelectric behaviour
under dc bias fields, and we will therefore include both terms of the electric field in equation

(2)-

If a sinusoidal electric field with a dc bias component E; = Ep- + Ejcos(wt) is applied to an
irreversible electrostrictive material, such as relaxor PLZT, equation (2) becomes:

2

Which can be re-arranged as follows:

Sy = ...+ [ds3Ey + 27333EpcEy + ... cos(wt) + [% YassEs + ] cos(2wt) +... 4)
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Hence, first, second and other harmonics should be present in the strain response of the
PLZT ceramic. Experimentally, peaks should appear in the Fourier-transformed strain
measurements at one and two times the driving frequency. By fitting the frequency-domain
experimental strain peaks to the corresponding term in equation (4), the strain-electric-field
longitudinal material coefficients ( d3; and ys35 ) can be obtained.

4.2 Experiment

To measure the strain developed by the PLZT ceramics upon the application of an electric
field, a Doppler laser vibrometer can be used. The vibrometer uses the heterodyne technique
to acquire the characteristic motion of the vibrating samples, as opposed to the homodyne
method which uses the electronic equivalent of the fringe counting principle to measure
strain. The vibrometer’s helium-neon laser beam was pointed at one of the gold-coated
surfaces of a vibrating PLZT sample and scattered back from it; the opposing sample surface
was glued onto a fixed copper plate. The velocity and amplitude of the vibrating sample
surface creates a phase or frequency modulation of the scattered laser light due to the
Doppler effect. Using suitable decoders, the sample velocity information can be recovered
from the frequency modulation of the Doppler signal, while the displacement information
can be reconstructed from the phase modulation available at the same time.

If the velocity decoder on the vibrometer is used, the displacement information can still be
obtained by integrating the velocity signal as a function of time. Fourier analysis can be
performed to transform the displacement-amplitude-versus-time signal into the frequency
domain. Even though the laser vibrometer can achieve picometer resolution, it can’t detect
strain by a dc voltage alone. Only alternating compressive and expansive strain can be
measured with this method. Fortunately, this includes combined ac and dc field excitations.

Since the relaxor PLZT compositions used in this study have a cubic crystal structure at
room temperature, the expectation is that the strain generated should be mostly quadratic,
especially if no dc bias is applied. Figure 5 shows the Fourier-transformed displacement
amplitude as a function of frequency for a PLZT (9.5/65/35) ceramic under a combination
of both ac and dc bias electric fields. As expected, several frequency peaks are seen; this
indicates that the material is vibrating at harmonic frequencies to the applied field.

Figure 6 shows the ac strain amplitude versus ac field amplitude, measured up to the fourth
harmonic, of PLZT (9.5/65/35) without any dc bias. The second harmonic electrostrictive
strain is pre-dominant. It rapidly increased with the ac field and reached a maximum of
0.00026 m.m? at 0.5 MV.m-L. The theoretical curve seen in this figure is the result of fitting
the data collected at 240 Hz to the second harmonic term in equation (4).

Figure 7 shows the ac strain amplitude versus dc bias fields, measured up to the fourth
harmonic, with a driving 0.37 MV.m-1 peak-to-peak ac field at 120 Hz for PLZT (9.5/65/35).
In this case, the first harmonic piezoelectric strain is dominant and seems to increase with
the dc bias field until a maximum is reached at 1.2 MV.m- dc. The theoretical curve seen in
this figure is the result of fitting the data collected at 120 Hz to the first harmonic term in
equation (4), while fixing the ac field value. This general behaviour of relaxor ferroelectrics
has been previously observed for PMN electrostrictive ceramics (Masys et al. 2003).
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Fig. 5. Displacement magnitude of PLZT (9.5/65/35) as a function of frequency.

The increased strain with increasing dc bias in figure 7 can be explained by previous
dielectric measurements of PLZT (9.0/65/35) ceramics as a function of both temperature
and dc bias (Bobnar et al. 1999): They have observed a sharp increase in the dielectric
permittivity with increasing dc bias fields at temperatures close to the ferroelectric-relaxor
phase transition, indicating that the dc bias is inducing the creation of electric dipoles at this
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www.intechopen.com

AC field amplitude (V.m™)




10 Ceramic Materials — Progress in Modern Ceramics

PLZT 9.5/65/35 @ 0.37 MV, _.m"" pp

0.00030 —— : . . - . |
| = 120 Hz
—+— 240 Hz
0.00025 360 Haz .
~ 1—— 480 Hz
€ 0.00020 1 —— Fit to theory ]

0.00015 —

0.00010 —

0.00005 —

AC strain amplitude (m

0.00000  =F—F—v—+—¥—F+—¥——v—¥——¥—9—F—9—9—9 -

T T T T T T T T

0.0 300.0k 600.0k 900.0k 1.2M 1.5M
DC bias field (V.m™")

Fig. 7. Strain amplitude of PLZT (9.5/65/35) as a function of dc bias electric field.

This behaviour could also be explained as a consequence of the dc bias field induced
reorientation of the polar nano-regions, favouring their alignment in the direction of the
field (Tagantsev and Glazounov 1999). It is equally possible that, since the sample’s
composition is located near the ferroelectric tetragonal/rhombohedral boundary on the
PLZT phase diagram, a dc bias induced phase transition from paraelectric to ferroelectric
would increase the number of available polarization states, thus, maximizing the strain.

Next, the ac strain amplitude was plotted as a function of dc bias fields for various driving
ac fields, as seen in figure 8. The first-harmonic piezoelectric strain increased with both the
ac and dc fields until a maximum of approximately 0.8 x 10> m.m" occurred at 1.1 MV.m-!
dc and 1.09 MV.m? ac peak-to-peak. These results once again confirm studies of the
dielectric behaviour of PLZT (9.0/65/35) (Bobnar et al. 1999), in which above a critical field,
called E,, a phase transition from relaxor to ferroelectric occurs in the PLZT structure. It is
perhaps the presence of both phases simultaneously that give rise to the piezoelectric strain;
further increasing of the fields would just render the samples more and more ferroelectric,
therefore decreasing the strain.

The theoretical fitting curves seen in figures 6 to 8 were all fitted simultaneously to the first
and second harmonic terms in equation (4), and the longitudinal piezoelectric and
electrostrictive material coefficients were determined for PLZT (9.5/65/35) and PLZT
(9.0/65/35), as seen in table 1. It can be noted that the experimental results and the theory
are generally in good agreement. The small discrepancy between theory and experiment can
be associated with random experimental uncertainties.
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Fig. 8. Strain amplitude of PLZT (9.5/65/35) as a function of dc bias electric field at various
ac field amplitudes.

(9.5/65/35) PLZT (9.0/65/35) PLZT

Material coefficient Units
Value Error Value Error
das (m.V') x 10 -0.34 2.44 5.65 4.93
Y333 (m*.V?)x107° 6.14 0.64 3.18 0.83

Table 1. Strain material coefficients of PLZT.

5. Electro-optic and thermo-optical properties
5.1 Fabry-Pérot method

Many previously published papers have reported on the dc field electro-optic properties of
PLZT ceramics (Haertling and Land 1971; Haertling 1971; Fogel, BarChaim, and Seidman
1980; Goldring et al. 2003). In this section, the electro-optic effects of large driving ac fields
and the superposition of ac and dc electric fields are studied on relaxor PLZT ceramics using
an interferometric technique. Two-hundred-nanometers thick gold electrodes were
sputtered on both sides of each PLZT sample while leaving ~ 3 mm gap in the centre of each
face, as illustrated in figure 9.
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Fig. 9. Top view representation of the gold-sputtered electrodes on a PLZT sample.

The transmission of a laser light beam through the sample will exhibit a Fabry-Pérot
interference pattern as the light incidence angle changes (Hecht 1987). Upon the application
of any electric field, the angular interference fringes will shift due to a change in the optical
path length within the sample. Depending on the input light’s polarization, the individual
refractive index variations, denoted An;and An;, can be measured individually. The 3-
subscript indicates the direction of the applied field, while the 1-subscript is the direction
orthogonal to it. Figure 10 shows an example of a Fabry-Pérot interference pattern.
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Fig. 10. Fabry-Pérot interference on a PLZT (9.0/65/35) sample with no applied fields.
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The condition for the intensity maxima could be written as:

2
. mA
(nd)2 —d%sin?0 = (7] , m=0,1,2... (5)

where 7 is the refractive index of the PLZT, d its thickness, 0 is the angle of incidence of the
laser and 4 is the wavelength of the laser. Assuming a change in both the refractive index
and the thickness of the PLZT under an electric field, one would obtain from equation (5)
the change in the optical path length between a zero field and an applied field condition:

A(nd) = %(sin2 0, —sin* 6, ) 6)

Where 6, is the incidence angle corresponding to an intensity maximum at a zero field
condition and 6, is the same intensity maximum angle under an arbitrary applied field E; .
But, since A(nd) = nAd + dAn , further development would lead to:

(sin2 6, —sin” 191)

2n

An = -5;n (7)
Where S; is the longitudinal strain due to the arbitrary transverse electric field. It was
previously found that the ratio of An /S for unclamped relaxor PLZT ceramics was
approximately 16 (Carl and Geisen 1973), therefore, the second term in equation (7) should
equate to approximately 0.16An, since relaxor PLZT compositions have an approximate
refractive index of 2.5 at room temperature. Under mechanical clamping conditions, as is the
case illustrated in figure 9, the sample would have restricted movement and hence the
second term on the right hand side of equation (7) would become even smaller.

Assuming an increase in the temperature of the tested samples under applied ac fields
possibly due to the rapid rotation of domains, thermal expansion of the PLZT ceramic can
be contributing to the strain. Therefore, equation (7) can be modified as follows:

.2 .2
sin” 6, —sin 6’1)

2n

An:(

-Syn—na AT (8)

Where o is the linear thermal expansion coefficient and AT is the temperature variation.
Haertling calculated that the average linear thermal expansion coefficient of various relaxor
PLZT ceramics was around 3.9 x 106 °C-! (Haertling 1971). Therefore, the third term on the
right hand side of equation (8) would contribute approximately 105AT to the refractive
index change An due to thermal expansion. Since there is an experimental error of
approximately + 5 x 10 attributed to the refractive index change found using this method, a
hypothetical increase in the temperature of the sample by just a few degrees would have a
negligible effect on An . Therefore, the bulk of the change in the optical path length due to an
applied electric field and possible thermal expansion should mostly be related to the
refractive index change alone. Equation (8) can be approximated as:
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An =
o ©)

5.2 Room temperature results

The first set of measurements was conducted on the effect of a dc electric field EJ on the
change in the refractive indices Anj (same direction as the applied electric field) and An,
(perpendicular to the applied electric field and the plane of incidence). In order to measure
Any, two polarizers, placed before and after the sample, were set to allow only the
Transverse Magnetic (TM) component of the laser light to propagate; the TM component of
light have their E -vector parallel to the applied electric field on the sample. On the other
hand, An; was measured by having both polarizers allow only the Transverse Electric (TE)
component of the laser light to pass through to the light detector; the TE component have
their E -vector perpendicular to the applied electric field.

PLZT (9.5/65/35), with E,"°=0 V.m"
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Fig. 11. Refractive index change An; as a function of dc electric fields E5“ for PLZT
(9.5/65/35).

Figure 11 shows the change in the refractive indices An;and Arnj as a function of an applied
dc electric field EX© for a PLZT (9.5/65/35) ceramic. The dc field was cycled from 0 to +1.1
MV.m-1 down to -1.1 MV.m-, and back up to 0. An, remained near zero while An; decreased
quadratically with the dc field, due to the electro-optic Kerr effect, until a minimum of -
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0.0037 was reached. It was expected that An; be much larger than An;since the dc field
favours the creation and alignment of domains along its direction, and hence causing a
greater change in the refractive index along its direction. Only a minor hysteresis is
observed in the electro-optic behaviour; this mirrors the dielectric results discussed
previously.

The temperature of the PLZT ceramic was monitored as an ac electric field, with 1 kHz
frequency, was applied. A significant increase of up to 25°C was measured for PLZT
(9.5/65/35) at E4C =620 kV.n™'. This elevation in the samples’ temperature can be
attributed to the increased movement of domains trying to align with the alternating field
direction and would cause a thermal expansion of the sample. The maximum thermal strain
generated should decrease the refractive index change An; of a tested sample by a maximum
of 2.5 x 104. According to the dielectric measurements, such a temperature increase would
also affect the crystal structure of the PLZT by moving it away from the paraelectric-
ferroelectric transition region, around room temperature, towards the paraelectric or relaxor
phase.

PLZT (9.5/65/35), with E,"° @ 1kHz
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Fig. 12. Refractive index change A, as a function of dc electric fields EJ“ at various ac field
amplitudes E5“ @ 1 kHz frequency for PLZT (9.5/65/35).

Figure 12 shows the refractive index change An; as a function of a dc electric field EYC in
superposition with various values of an ac field E5“ at 1 kHz frequency. The effect of
increasing ac fields were found to be opposite to increasing dc fields for PLZT (9.5/65/35)
ceramics; Ang decreased with the dc field, but increased with the ac field. A broad peak can
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be seen in this figure around EY“ =0.5 MV.m™" and this peak becomes more pronounced as
the ac field amplitude increased. These results hint to the presence of a critical threshold dc
field E., below which, increasing ac fields cause the destruction, misalignment and rapid
rotation of domains, exhibited by an increase in the overall temperature of the sample and
the subsequent transition to the relaxor phase, and above which, increasing dc bias fields
favour the stabilization of the ferroelectric phase and promotes the presence of electric
dipoles and their alignment along the dc field direction.

5.3 Temperature effects on the electro-optic properties

The same experimental set-up, as described above, was used, except the samples were now
placed in a temperature-controlled chamber. As seen in figure 13, the temperature of a PLZT
(9.5/65/35) was varied from 20°C down to -30°C, up to 60°C and down again to 20°C. Only
a slight hysteresis was found for these results. The temperature dependence of the refractive
index change An of PLZT (9.5/65/35), without any applied field, was found to be linear in
the above range, with a positive slope of An /AT =(8.57 + 0.25) x 107 °C™". The third term
in equation (8), which corresponds to the linear thermal expansion, contributed
approximately 11% to the calculated slope.

PLZT (9.5/65/35)

0.004 - -
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0.003 - 7 -
| / % |
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001 .
0.00 _ P _
0.000 - e i

-0.001 - 7 -
_ o _
-0.002 - e -

Refractive index change, An
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Fig. 13. Temperature dependence of the refractive index An of PLZT (9.5/65/35).

The temperature coefficient of the refractive index of this tested PLZT composition is in
good agreement with the value of (7.1 + 0.3) x 107 °C™* previously obtained using the
thermal-lens method (Falcao et al. 2006).

An increase in a ceramic’s temperature would increase its specific volume, thus decreasing
its density, and consequently, its refractive index. But, according to Prod’homme
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(Prod'homme 1960), it also increases the electronic polarizability of the sample due to a
decrease in size of the atomic groupings responsible for the polarization, as the structure
tends to a more dissociated state, which in turn causes the refractive index to increase
gradually. These two contradicting effects can be explained by the results of figure 13, and
equation (8): the linear thermal expansion decreased An as the temperature increased, but
the shift in the Fabry-Pérot pattern clearly indicates a much stronger increase of An with
increasing temperature. Therefore, the electronic polarizability had a greater impact on the
temperature dependence of the refractive index of the PLZT ceramic compared to the
thermal expansion.

We have seen that relaxor ferroelectric PLZT ceramics, with compositions (a/65/35) with
7<a<12, undergo a thermally or electrically induced diffuse and frequency-dependent
paraelectric (or relaxor) to long-range ferroelectric phase transition. PLZT (9.5/65/35)
ceramics undergo this phase change around 5°C. However, no evidence of this phase
change is seen in figure 13. This is likely because the specific refractivity of materials R,
which is a measure of the electronic polarization, is unaffected by this particular phase
transition. This refractivity constant is defined by the Lorentz-Lorenz relation:

_n2—1

R
n’+2

1% (10)

Where n is the refractive index and V is the specific volume. Differentiating equation (10)
with respect to temperature yields (Prod'homme 1960):

An (n* =1)(n* +2)
AT 6n

(0= 5) (11)

Since the first term of the right hand side of equation (11) can be considered a constant, the
temperature coefficient of the refractive index An /AT is a measure of the difference
between the electronic polarization coefficient ¢ and the volumetric thermal expansion
coefficient S, where ¢ and f are defined as:

1 dR
_1lak 12
SN (12)
14V
=27 ~3. 13
B s =3¢ (13)

Therefore, with the results of figure 13, the polarization coefficient ¢ for PLZT (9.5/65/35)
is (4.14 + 0.09) x 10®° °C™?, by using an approximate value of f=3-a=1.2x10> °C".

Figures 14 and 15 show the temperature dependence of An; and An;under a dc bias field
EYC =774 kV.m™ for PLZT (9.5/65/35). The application of a dc bias, at a given temperature,
decreased An; while An; remained unchanged. It was found that An; /AT increased over
An / AT , but An; / AT remained somewhat unchanged. This indicates that the dc bias only
increased the electronic polarizability of the test sample along the 3-axis, the direction of the
applied field. All the temperature coefficients of the refractive indices for PLZT (9.5/65/35)
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and PLZT (9.0/65/35) were obtained and are summarized in table 2. Since the signs of all
the calculated An /AT are positive, this means that the polarization coefficient ¢ of these
materials is increasing at a larger rate than the volumetric thermal expansion g with
increasing temperature.

PLZT (9.5/65/35), with E,”°= 774 kV.m"’
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Fig. 14. Temperature dependence of the refractive index An; of PLZT (9.5/65/35) under
dc bias.

PLZT (9.5/65/35), with E,”°= 774 kV.m"
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Fig. 15. Temperature dependence of the refractive index An, of PLZT (9.5/65/35) under
dc bias.
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Parameter E?C (9.5/65/35) PLZT (9.0/65/35) PLZT
(x10°°C1) (kV.m)
Value Error Value Error
A
an 0 8.57 0.25 7.28 0.16
AT
An,
— 774 941 0.42 8.11 0.30
AT
Any
— 774 7.85 0.32 7.47 0.26
AT

Table 2. The measured temperature coefficients of the refractive index of relaxor PLZT
ceramics.

Figure 16 shows the refractive index change An; for PLZT (9.5/65/35) as a function of dc
bias fields up to 1 MV.m- and at temperatures of 0, 20 and 40°C.

Clamped PLZT (9.5/65/35)
0.003 | ' | ' | ' | ' | ' | '
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Fig. 16. Dc bias electric field dependence of the refractive index Any of PLZT (9.5/65/35), at
0, 20 and 40°C.
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The Kerr quadratic electro-optic coefficient K53 in the presence of a dc field EJC can be
obtained from (Narasimhamurty 1981):

1
Any = _§”3K33(E’? ) (14)

The various Kj; coefficients were calculated using equation (14) and reported in table 3. It
was found that K;; seems to decrease with increasing temperature for both PLZT
(9.5/65/35) and (9/65/35). This is due to the ferroelectric to relaxor phase change occurring
around the tested temperature range.

Ky x10™° (m*.V7?)

(9.5/65/35) PLZT (9.0/65/35) PLZT

Temperature
Value Error Value Error
0°C 512 0.04 2.18 0.02
20°C 3.33 0.02 1.54 0.02
40°C 0.79 0.02 0.88 0.02

Table 3. The quadratic electro-optic coefficient K35 of PLZT at various temperatures.

5.4 Thermal-lensing effects

Since PLZT absorbs strongly in the far-infrared, a CO, laser beam (A =10.6 um ) can be used
to create a Gaussian temperature distribution at the surface of the ceramic. This temperature
distribution will consequently alter the localized refractive index of the PLZT, emulating an
optical lens. Hence, a low power visible He-Ne laser, travelling along the same path as the
CO;, laser, will get focalized after passing through the thermal lens. The focal distance of the
created lens is adjustable and will depend on the input power of the CO; laser. Figure 17
gives a graphical representation of this phenomenon.

A PLZT (9/65/35) ceramic was positioned on glass slide substrate, which was moved by
means of a translation stage. It was brought very near the CO, focal point while a CCD
camera was positioned underneath the glass slide at a distance of 13.5 cm. Figure 18 shows
what was observed. As the CO, laser power was increased, a focusing of the red light
occurs.
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Rays of red light
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Fig. 17. CO; beam spatial intensity profile and refractive index gradient near the thick PLZT

ceramic surface and self-focusing of a ray of red light resulting from a refractive index
gradient near the surface.

Fig. 18. Thermal lensing for on PLZT (9/65/35). A lens of 35 mm was used in front of the
camera to produce a better view. CO2 laser power a) 2.5 W b) 2.8W ¢) 3.2W d) 3.5 W.
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6. Conclusion

Ferroelectrics will also play a major role in the next generation of optical devices. They have
the potential to be the backbone of wireless laser communication systems or ground-based
fibre optics, capable of carrying large amounts of information at ultrafast speeds.
Notwithstanding their industrial and technological uses, ferroelectric materials will also
continue to provide consumers with accessories and gadgets that will pleasure and simplify
their everyday life. With the recent push on miniaturization of practical devices and the
advancement of nanotechnology, ferroelectric materials may be fabricated to exhibit
transducer effects at a scale small enough to be useful at the nanometre resolution.

In order to invent and develop future practical applications, we must have a greater
fundamental understanding of the properties of these versatile ceramics. This can be
accomplished by measuring and characterizing their behaviour under a variety of possible
operating conditions. In this chapter, the transducer properties of Lead Lanthanum
Zirconate Titanate (PLZT) ceramics were presented. Their dielectric, electromechanical and
optical properties have been systematically studied and could provide valuable information
for engineers seeking the development or enhancement of practical applications.
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