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Polycrystalline lanthanum lead zirconate titanate (PLZT) thin films were deposited on Pt/TiO2/SiO2/

Si substrates to study the effects of the thickness and grain size on their structural and piezoresponse

properties at nanoscale. Thinner PLZT films show a slight (100)-orientation tendency that tends to

random orientation for the thicker film, while microstrain and crystallite size increases almost

linearly with increasing thickness. Piezoresponse force microscopy and autocorrelation function

technique were used to demonstrate the existence of local self-polarization effect and to study the

thickness dependence of correlation length. The obtained results ruled out the bulk mechanisms and

suggest that Schottky barriers near the film-substrate are likely responsible for a build-in electric field

in the films. Larger correlation length evidence that this build-in field increases the number of coex-

isting polarization directions in larger grains leading to an alignment of macrodomains in thinner

films. Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4960137]

INTRODUCTION

Recent advances in microelectronic technology and the

continued demand for portability in consumer electronics

has stimulated intensive research on the fundamental proper-

ties of ferroelectric thin films. Sometimes, the physical prop-

erties of polycrystalline thin films are very different with

respect to bulk materials, since the ferroelectricity phenome-

non exhibits an intrinsic dependence on sample size because

a different degree of ordering occurs near surfaces or interfa-

ces. After the advent of new instrumentation to probe these

physical properties with a nanoscale resolution and moti-

vated by problems associated with downscaling and so-

called extrinsic contributions in ferroelectrics, the physical

properties of ferroelectric thin films are periodically revisited

to better understand the basic physics of such size reduction

providing possibilities to develop high performance devices.

La-modified lead zirconate titanate, Pb1�xLax

(Zr1�yTiy)1�x/4O3 (PLZT), is a ferroelectric material known

to exhibit remarkable dielectric, piezoelectric, pyroelectric,

and electrooptic properties with potential for technological

applications.1,2 Depending on the La/Zr/Ti composition,

PLZT exhibits a relaxor behavior, giving rise to very large

dielectric permittivity and electro-optical coefficients.3 The

relaxor behavior is related to the charge disorder caused by

cations of different valences randomly distributed over the

equivalent crystallographic positions, i.e., Pb2þ and La3þ on

A sites of the perovskite structure of PLZT. The composition

La/Zr/Ti¼ 9/65/35 mol. % is particularly important because

most of the properties of technological interest show their

maximum values at this ratio.4 In the thin film form, the

great potential of the PLZT has been demonstrated over past

years for applications in waveguides,5 capacitors,6 photovol-

taic ultraviolet sensors,7 and others.

In the present work, we investigate the effects of thick-

ness and grain size on structural properties, local piezoelec-

tric properties, and correlation length of polycrystalline

PLZT thin films prepared by chemical route. The structural

properties were investigated using X-ray diffraction (XRD)

technique at room temperature, while the piezoresponse

force microscopy (PFM) technique has been used to study

the piezoelectric properties at nanoscale. The main contri-

bution of the present work is to provide a qualitative rela-

tionship between grain size and the size of nanodomains in

the studied PLZT films.

EXPERIMENTAL

PLZT thin films with a nominal composition of

(Pb0.91La0.09)(Zr0.65Ti0.35)0.977O3 were deposited on Pt/TiO2/

SiO2/Si(100) substrates using a chemical route based on

modified Pechini method as described elsewhere.8 A poly-

meric resin with metallic ions randomly distributed along

polymeric chain has been used to prepare films by spin coat-

ing at 5000 rpm for 30 s. Pyrolysis was carried out in air by

putting the deposited films directly on a hot-plate at �200 �C
for 5 min and then in an electric furnace at 300 �C for 1 h. The

film thickness increases when depositing a new layer on the

previously pyrolyzed film layer and repeating the same proce-

dure to remove the organics. Upon obtaining the desired film

thickness, a final temperature annealing at 700 �C for 1 h pro-

motes the final film crystallization. The obtained films were

240, 350, 430, and 540 nm in thickness.
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X-ray diffraction (XRD) has been used to study the struc-

tural properties of the PLZT films using a Rigaku Ultima IV

diffractometer with CuKa (1.5406 Å) radiation. The structural

parameters were obtained from Rietveld refinements. For the

Rietveld analysis,9 XRD data were employed using EXPGUI

interface.10 The peak profiles have been fitted by using the

Thompson-Cox-Hastings11 pseudo-Voigt function while a

sixth-order polynomial has been used to fit the background.

An orthorhombic phase with Pmmm space group has been

considered as the initial configuration for the refinements,

where the Pb2þ and La2þ ions occupy sites at (0,0,0), Ti4þ/

Zr4þ and O2�
I occupy sites (1/2,1/2,z), and O2�

II occupy sites

at (1/2,0,z). The goodness-of-fit (GOF) v2 ¼ ðRwp=RexpÞ2
attests the quality of a fit, where Rwp and Rexp indices are the

weighted profile and the statistically expected R-factors,

respectively.12 The refined parameters include background,

scale factor, zero correction, peak width, cell parameters, posi-

tional coordinates, and isotropic thermal parameters. The use

of anisotropic thermal parameters was also experimented for

Ti4þ/Zr4þ, O2�
I , and O2�

II ions, but no improvement in the

agreement factors is observed. Based on the refined data,

Williamson-Hall (WH) analysis was applied to evaluate the

microstrain (Dd/d) and crystallite size (D) of the PLZT films

according to C cos h ¼ k=Dþ ðDd=dÞ4 sin h, where d is the

lattice spacing, C is the full width at half maximum (FWHM)

value due to peak broadening, k is the wavelength, and h is

the Bragg angle.

Polar structures on the surface of the films were studied

by piezoresponse force microscopy (PFM) technique using a

commercial AFM (Ntegra Prima, NT-MDT) equipped with a

tip-cantilever system (Nanosensors) having a spring constant

of 42 N/m and a tip apex radius less than 10 nm. The PFM

images were acquired under a probing AC voltage with

amplitude of 5 V and frequency of 50 kHz. The driving fre-

quency was chosen being far from contact resonance in the

cantilever-sample system to avoid the ambiguity experimen-

tal data. The PFM signal was acquired by a lock-in amplifier

(SR-830 A, Stanford Research) set for the time constant and

sensitivity of 10 ms and 1 mV, respectively. Domain images

(x¼Rcosu, where R is the amplitude, and u is the phase of

piezoresponse) were obtained both in both lateral (lateral

PFM—LPFM) and vertical (vertical PFM—VPFM) modes.13

In this way, bright and dark contrasts on the PFM images

reflect the parallel or antiparallel polarization directions rela-

tive to the probing electric field, respectively.

RESULTS AND DISCUSSION

Fig. 1 shows the observed, calculated, and difference pro-

files obtained by Rietveld refinements of the XRD data for

polycrystalline randomly oriented PLZT thin films of different

thicknesses. The indexed (hkl) peaks in Fig. 1 refer to the

orthorhombic phase of the PLZT with Pmmm space group.

The peaks Pt(111) and Pt(200) refer to the cubic phase of the

platinum substrate with the space group Fm�3m and lattice

parameter a¼ 3.892 Å. An agreement between the observed

and calculated patterns in this figure is indicative of a good fit.

The positional coordinates from refinements for the thicker

and thinner PLZT films are summarized in Table I while the

lattice parameters, volume cell, crystallographic R-factors,

and goodness-of fit indices for different thicknesses are given

in Table II. These lattice parameters shown in Table II are in

good agreement with those observed for PLZT bulk ceramics

for the same composition.14 In principle, small v2 factor for

all data in Table II is an indicative of good refinements.

However, numerically, we must also consult Rp and Rwp

indices to judge on the quality of the fit. Rp quantifies the dif-

ference between the observed and calculated data while Rwp

weights the residual so that higher intensity data points are

more representative than low intensity data points. Thus,

Rwp can be unfavorable in situations such as the important

information is contained in the weakest peaks. This is not the

case in the present work. For Rietveld analysis on single

crystals or ceramic data, R-factors are expected to be less

than 10%. However, data noise and peaks width larger in the

FIG. 1. Observed (dots), calculated (lines), and difference (bottom lines)

XRD profiles of PLZT thin films at different thicknesses.

TABLE I. Refined structural parameters for the thinner and thicker PLZT

films.

Thickness 240 nm Thickness 540 nm

Atom X Y Z Uiso ( �̊A2) X Y Z Uiso ( �̊A2)

Pb2þ 0.0000 0.0000 0.0000 0.1459 0.0000 0.0000 0.0000 0.1061

La2þ 0.0000 0.0000 0.0000 0.2320 0.0000 0.0000 0.0000 0.8000

Ti4þ 0.5228 0.5228 0.5228 0.0369 0.4670 0.4670 0.4670 0.6343

Zr4þ 0.5228 0.5228 0.5228 0.0474 0.4647 0.4646 0.4646 0.0400

OI
2� 0.5200 0.5250 0.0350 0.8000 0.5199 0.5249 0.0349 0.5540

OII
2� 0.5334 0.0404 0.5344 0.7606 0.5333 0.0403 0.5343 0.3900

OIII
2� 0.0394 0.5363 0.5374 0.7741 0.1051 0.5413 0.5226 0.2187
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XRD patterns of thin films result in higher Rwp, Rp, and Rexp

values. Therefore, although R-factors are larger in the pre-

sent work, small v2 values and a small difference between

observed and calculated data as shown Fig. 1 are indicative

of good refinements. Consequently, the structural parameters

and calculated lattice parameters summarized in Tables I and

II are representative values for the studied films in the pre-

sent work.

From refined parameters, the microstrain (Dd/d) and the

crystallite size (D) evaluated using Williamson-Hall analysis

are plotted in Figs. 2(a) and 2(b), respectively, as a function

of the film thickness. As seen, both microstrain and crystal-

lite size increases with increasing film thickness. The

obtained microstrain (0.17%–0.39%) in this work for poly-

crystalline PLZT films are comparable to the values reported

in literature for (100)-oriented PZT thin films prepared by rf-

sputtering technique.15 The observed thickness dependence

of the microstrain can be a direct effect of the polymeric

chemical method used to prepare the films. This result sug-

gests that thinner films reduce the interplanar spacing mini-

mizing the stacking fault in the films. On the other hand,

several depositions increase the film thickness but irregulari-

ties in the planar stacking also increase. The obtained

crystallite size values (28–81 nm) were also close to values

reported in those PZT films. The observed increase of crys-

tallite size with increasing film thickness is in line with sev-

eral reports on ferroelectric films.

The thickness dependence of the orientation factor

a ¼
P
ðh00Þ=

P
ðhklÞ is shown in Fig. 2(c). The a ratio was

0.32 for the film of 540 nm in thickness and increased to 0.47

when the film thickness decreased to 240 nm. This result

demonstrates a slight (100)-orientation tendency for thinner

PLZT films while thicker films show a random orientation

behavior.

Some works in literature have discussed the mechanisms

behind the preferred orientations in PLZT thin films prepared

by different routes.16,17 For rhombohedral films prepared by

sol-gel method, these have been attributed the (100)-orienta-

tion of PLZT thin films on Pt substrates to the presence of a

PbO buffer layer while the (111)-orientation have been

mainly associated with the lattice matching between film-

substrate or to the effect an inter-metallic phase Pt5–7Pb in

the early stage of the crystallization.18 In addition, the (111)-

preferred orientations for tetragonal PLZT films prepared by

rf-sputtering have been attributed to lattice mismatch with

the (111)-oriented platinum substrate.17 In the present work,

there was no indication of the lattice matching between film

and the substrate or of the presence of an additional interme-

diate phase between film-substrate leading to observed small

(100)-orientation tendency. Probably, the growth tendency

observed in the present work for thinner films relaxes at

thicker films after multiple depositions.

The topography and vertical piezoresponse images of

PLZT thin films at different thicknesses are shown in Figs.

3(a) and 3(b), respectively. The topography of the studied

films is very similar, except that for the thicker film exhibit-

ing smaller grains as observed in Fig. 3(a). The bright and

dark areas in out-of-plane images in Fig. 3(b) refer to upward

and downward polarization states, respectively, while inter-

mediate contrast refers to the weak piezoresponse VPFM sig-

nal. Fig. 3(b) reveals that the studied films are quite

homogeneous in terms of piezoresponse.

From topography images in Fig. 3(a), we measured the

grain sizes. Then, the measured average grain sizes were

plotted as a function of film thickness in Fig. 4(a). It was

observed that the film with 350 nm in thickness has larger

grain size (738 nm) while the thicker film (540 nm in thick-

ness) presents smaller grain size (438 nm). The procedure

employed for measuring the grain size considered spherical

grains, although some elongated grains were observed. In

contrast to the topography observed in the present work for

randomly oriented films, triangular grains reported in litera-

ture for PLZT films prepared by rf-sputtering are associated

with the preferential (111) orientation in the films.18

Excluding the texture effects on the morphology of our films

(these should be indeed minimal for the top layer), a large

amount per deposition of material to be crystallized may

lead to spherical grains observed in the present work.

Fig. 4(b) shows the piezohistograms of PLZT films

acquired from piezoelectric out-of-plane images in Fig. 3(b)

at different thicknesses. The piezohistograms are statistical

distributions of the piezoelectric signal related to the domain

TABLE II. Summary structural parameters and R-factors from Rietveld

refinements of PLZT films with different thicknesses.

Lattice parameters and volume cell R-factors and GOF

Thickness a (Å) b (Å) c (Å) V (Å3) Rwp Rp Rexp v2

540 nm 4.090(4) 4.096(9) 4.086(3) 68.48(5) 26.20 16.12 21.81 1.44

430 nm 4.085(4) 4.098(0) 4.088(3) 68.44(6) 23.35 13.25 19.17 1.48

350 nm 4.097(2) 4.094(5) 4.089(3) 68.60(4) 12.15 7.06 10.75 1.29

240 nm 4.095(6) 4.095(6) 4.090(6) 68.59(2) 13.24 7.12 8.44 2.46

FIG. 2. (a) Microstrain, (b) crystallite size, and (c) orientation ratio of PLZT

thin films as a function of film thickness. Lines are drawn as a guide to the

eye.

054101-3 Melo et al. J. Appl. Phys. 120, 054101 (2016)



configuration in a ferroelectric,19 such as for out-of-plane

polarization the vertical tip displacement is due to the effec-

tive d33 piezoelectric coefficient.13 Thus, the observed peaks

in these distribution curves are associated with the most

probable domain configuration while the peak width is a

measure of a number of domain states. These piezohisto-

grams distribution in Fig. 4(b) suggests single peaks for films

with 240, 430, and 540 nm in thickness, but the distribution

of the piezoresponse signal for the film with 350 nm in thick-

ness clearly exhibits a peak close to 0 V and a shoulder

around �1 V. Lines in Fig. 4(b) refer to fit curves performed

by using Gaussian functions for piezohistograms deconvolu-

tion. Only one peak for films with 240, 430, and 540 nm in

thickness indicates predominance of unimodal domains, and,

for this reason, one Gaussian function has been used to fit

the respective piezohistograms. On the other hand, the

bimodal distribution of the film with 350 nm thick suggest a

predominance of domains centered around 0 V with another

active piezoregion, or “dynamic” polar nanoregion,13 shifted

to negative voltages (�1.0 V). Then, two Gaussian functions

were used to fit this piezohistogram. Despite two Gaussians

used in our analyses, we consider the linewidth of the main

curve around 0 V, since the secondary peak around �1 V is

too small and its linewidth is not considered. However, the

presence of this secondary peak affects the linewidth of the

main peak, as expected, and for this reason, we consider the

linewidth of the main peak for the film with 350 nm thick.

Important information can be obtained from curves fit-

ting in Fig. 4(b). The half-width of peaks of piezohistograms

are important parameter to be considered, as information can

be obtained to infer about the polarization directions evolu-

tion. In polycrystalline thin films with random orientation,

the half-width broadening can indicate various polarization

directions in coexistence.13 The thickness dependence of the

peaks half-width in piezohistograms from Fig. 4(b) is shown

in Fig. 5(a). Looking more closely to the curve shapes in

Figs. 4(a) and 5(a), we observe that both curves show essen-

tially the same shape with a maximum at the film with

350 nm in thickness as well a minimum at the thicker film

(540 nm thick). These results suggest an intrinsic relationship

between the coexisting polarization directions and the grain

size. In other words, the coexisting polarization directions

increase with increasing grain size in the studied films. This

assumption agrees with the observed thickness dependence

of crystallite size in Fig. 2(b). As the domain orientation

inside the grains depends on the internal crystalline structure

and larger grain sizes may host a large number of smaller

crystallites, we expect a more complex internal crystalline

structure for thinner films having larger grain size and

smaller crystallite size.

FIG. 3. (a) Topography and (b) VPFM piezoresponse images (15� 15 lm2)

of PLZT thin films for the thicknesses: 540 nm (i), 430 nm (ii), 350 nm (iii),

and 240 nm (iv).

FIG. 4. (a) Thickness dependence of average grain size of studied PLZT

thin films. (b) Out-of-plane distribution of PLZT thin films at different thick-

nesses. Line in (a) is drawn as a guide to the eye while lines in (b) refers to

fit curves.
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The asymmetries observed in the piezohistograms of

Fig. 4(b) are other points to consider. In this figure, the d33

peaks shift slightly to negative voltages for films with 240,

350, and 430 nm in thickness, but the piezohistogram of the

thicker film (540 nm thick) is almost symmetrical around 0 V

(d33 peak � 5.7� 10�3 V). These asymmetries may be due

to instrumental effects or to an imprint effect in the films.

First, let us punctuate possible instrumental effects associ-

ated with tip geometry, to electrostatic effects or to piezo-

electric interactions due to tip-sample interactions on the

PFM signal. Although we used a metallic spherical tip in our

measurements, it was demonstrated that PFM width signal

across a sharp ferroelectric domain wall is linear with tip

contact radius and that the magnitude of the effective piezo-

electric coefficient d33 is independent on the tip radius.20

Other reports demonstrate that asymmetries on the local hys-

teresis loops can be described in terms of a capacitive contri-

bution (/ Vac=k) of the cantilever and a piezoelectric

contribution (d33Vac), where k is the spring constant of the

cantilever.21 In our study, we used stiff cantilevers interact-

ing with film surface only. Consequently, the capacitive con-

tribution is expected to be minimal, and the piezoelectric

part dominates the PFM signal without injection effect due

to the potential barrier between the tip and film surface.

Thus, we expect no direct influence of bottom electrode on

the electrostatic effects, as well no charge injection effect

due to the potential barrier between the tip and surface of the

film. Based on these assumptions, we excluded tip geometry

or electrostatic effects as mechanisms responsible for the

asymmetries in piezohistograms in Fig. 4(b).

Excluding instrumental effects, we must consider imprint

as possible cause for the small asymmetries observed on the

distribution of the piezoresponse signal. The imprint phenom-

enon, referred sometimes as a self-polarization effect, is often

observed in ferroelectric thin films and is characterized by

asymmetries on the hysteresis loops at macroscale and nano-

scale due to the presence of an internal built-in electric field.

Considering the distribution of piezoresponse signal, self-

polarization can be evaluated by the b factor according the

following equation:20

b ¼

ðþ1
0

N vð Þdv�
ð0

�1
N vð Þdv

ðþ1
�1

N vð Þdv

: (1)

Eq. (1) reflects the difference between all positive and

all negative domain states divided by all domain states in the

studied range. Thus, Fig. 5(b) plots the behavior of the self-

polarization b factor as a function of thickness to infer the

origin of asymmetries in the piezohistograms.

The self-polarization factors in Fig. 5(b) slightly shifting

to negative values for thinner films suggest a predominance

of “negative” domains over the oppositely oriented

“positive” domains, indicating a polarization head directed

toward the bulk of the film. For thicker film, the self-

polarization factor is almost zero. Weak self-polarization in

thicker film suggests a predominance of domains toward the

free surface of the film. Asymmetries observed in slim hys-

teresis loops of the PLZT film with 540 nm in thickness (not

shown here) reveal that DPr ¼ Pþr � P�r ¼ þ0:7 lC/cm2.

These results mean that for both local and macroscale cases,

the net remanent polarization (DPr) is positive. Despite dif-

ferent magnitudes, the positive liquid remanent polarization

at macroscale agrees with the positive local self-polarization

observed in Fig. 5(b) for the thicker film (540 nm thick). In

addition, although macroscale P-E hysteresis loops were not

obtained for thinner films, the self-polarization factor shift-

ing to negative values in piezohistograms of Fig. 5(b) for

thinner films (larger grain sizes) indicates the existence of a

build-in electric field toward the bottom film-substrate inter-

face, while for thicker film (smaller grain sizes), a small

build-in electric field toward film free surface.

The origin of the self-polarization in ferroelectric thin

films has been discussed in terms of different mechanisms

such as Schottky barriers,22 lead vacancies,23 mechanical

coupling between the film and the substrate,24 formation

temperature of the ferroelectric phase,25 and some others.

When the top and bottom electrodes of a metal/ferroelectric/

metal configuration are made of different materials, trapped

charges appear near the bottom ferroelectric-electrode inter-

face leading to a build-in electric field responsible for the

self-polarization. Lead and oxygen vacancies are complex

defects in Pb-based thin films that may be also responsible

by localized build-in electric field in the ferroelectric film

responsible by an imprint effect. Such defects appear in these

materials due to several factors such as PbO loss and oxygen

pressure during the synthesis or donor/acceptor impurities

introduced in the perovskite ABO3 structure.24 Additionally,

FIG. 5. (a) Thickness dependence of peak half-width of piezohistograms in

Fig. 4(b). (b) Thickness dependence of self-polarization factor (see text) of

PLZT thin films. Lines in both curves are drawn as a guide to the eye.

054101-5 Melo et al. J. Appl. Phys. 120, 054101 (2016)



strain gradients along the film depth sometimes appear in

epitaxial films due to a perfect match between lattice param-

eters of film-substrate. This strain gradient is another mecha-

nism responsible for the self-polarization. On the other hand,

different thermal expansion coefficients between film-

substrate may originate a compressive or tensile stress on

cooling after the film crystallization that will produce a self-

polarized state.

The space-charge field is another point to consider as

possible origin of build-in electric field in PLZT thin films.

In literature, it was observed that the space-charge field

increases with decreasing grain size and increasing porosity

in PLZT ceramics.26 In the present work, the self-

polarization factors shifting to negative values for thinner

films suggest that build-in electric field increases with

increasing grain size. Although porosity is relatively high

in thin films prepared by the polymeric chemical method

used in the present work, if compared to thin films prepared

by physical methods such as rf-sputtering or laser ablation,

it is improbable that space-charge is the dominant mecha-

nism responsible for the build-in electric field in PLZT

films studied in the present work. Despite different models

are used to explain the mechanisms of the built-in electric

field in ferroelectric films,27 the nature of this effect is still

under discussion and naturally depends on each particular

system studied.

Considering the random oriented PLZT films studied in

this work and the expected low thermal expansion coeffi-

cients between the film and the substrate, we exclude strain

gradients along the film depth and compressive/tensile stress

as mechanisms of self-polarization in these films.

Although recent studies on the thickness dependence of

self-polarization in PZT thin films28 prepared by the same

chemical method used in the present work have excluded

Schottky barriers and mechanical coupling near the film-

substrate interface and assumed that complex defects are the

probable mechanisms responsible by self-polarization,29 the

situation observed in the present work for PLZT films is dif-

ferent. In other words, while the self-polarization in PZT films

occurs in the bulk, our results indicate the Schottky barriers

close to the bottom film-substrate interface seems the domi-

nant mechanism responsible for the self-polarization in PLZT

film. The increase in self-polarization with decreasing film

thickness in the present work first suggests that the alignment

of ferroelectric domains may occur near the film-electrode

interface. In this context, Schottky barriers near the film-

substrate are likely responsible for the build-in electric field in

the studied PLZT films. However, further experiments are in

progress to clarify the mechanism of self-polarization in

PLZT films studied in this work.

Now, we conduct a quantitative analysis of nanodomain

structure of studied PLZT films from autocorrelation images

obtained by applying the transformation Cðr1; r2Þ ¼
P

x;y

Dðx; yÞDðxþ r1; yþ r2Þ on the piezoresponse images in Fig.

3(b). In this equation, Dðx; yÞ is the piezoresponse signal and

Cðr1; r2Þ is the autocorrelation function that describes some

regularity of the nanodomain structure in a specific direction

on the film surface. Then, the short-range correlations can be

described by the equation CðrÞ ¼ r2 exp ½�ðr=nÞ2h�, where r

is a pre-exponential factor, n is the correlation length and h
(0 < h < 1) is a parameter related to the roughness of a

“polarization interface.”30 Based on the autocorrelation

images (not shown here), the autocorrelation CðrÞ at small r
were recorded for PLZT thin films with different thicknesses

and plotted in Fig. 6(a) with its corresponding best fits.

The thickness dependence of the correlation length n
obtained from fits is shown in Fig. 6(b). The larger correlation

length n in the present study and its maximum value observed

for the film with 350 nm in thickness are two aspects to punc-

tuate. The correlation lengths obtained in this work are about

two to three times larger than those reported in literature for

PLZT ceramics at the same composition31 and comparable

to larger values observed for Ba(Zr,Ti)O3-(Ba,Ca)TiO3

(BZT-BCT) thin films,32 while the typical correlation lengths

observed for relaxor thin films are �80 nm.33 Although it

remains unclear the relationship between correlation length

and its real value at macroscale, we assume that n is directly

related to the average size of polar nanoregions (PNR) in

relaxors34 and thus it can be used to measure the polarization

disorder on the surface of the relaxor films. The great similar-

ity between results shown in Figs. 4, 5(a), and 6(b) suggests a

correspondence between grain size and correlation length.

Based on these results, there was smaller correlation length in

small grains and higher correlation length for large grains.

These results are consistent with previous report on the grain

size effect in PLZT ceramics, which demonstrated larger cor-

relation length for larger grain size.32

Large correlation lengths obtained in the present work

suggests larger PNRs in the studied PLZT films. In literature,

large PNRs observed in BZT-BCT films (n � 151 nm) have

been attributed to stronger polar correlations due to the

seeded layer grown between the film-substrate such that the

FIG. 6. (a) Distance dependence of autocorrelation function CðrÞ and (b)

Thickness dependence of correlation length n of PLZT films. Lines in (a) are

best fits of CðrÞ while in (b) lines are drawn as a guide to the eye.
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seed layer is the responsible for nucleation and growth of

large nanodomains.33 In our PLZT thin films, however, the

large PNRs are certainly due to other mechanisms. The La3þ

substitution on the A site of PZT system breaks the transla-

tional symmetry of the lattice, leading to a disorder responsi-

ble for the condensation of randomly oriented polar

nanodomains below the Burns temperature.35 The feature of

the nanodomains at room temperature depends on the ther-

mal history. On cooling in the absence of biasing electric

field, the domains can become largely sufficient to produce

macrodomains permeating the sample, or domains can freeze

in nanodomains with random orientation. The first assump-

tion leads to a cooperative ferroelectric state while the sec-

ond one leads to a relaxor state with nanodomains randomly

oriented. In addition, in the presence of a biasing electric

field, it is expected an alignment of domains followed by an

increase in their correlation length on cooling leading to a

nano-to-macrodomain transition in PLZT.35 The increase

observed in correlation length with increasing of self-

polarization for thinner films (larger grains) is a strong evi-

dence of the build-in electric field effects on the alignment

of macrodomains in the grains.

CONCLUSIONS

In summary, the thickness and grain size dependences

of structural and piezoresponse properties at nanoscale of

PLZT thin films were investigated. The thinnest films show a

slight (100)-orientation tendency while the thicker film has a

structure with random orientation, and their crystallite size

and microstrain increases almost linearly with increasing

thickness. An imprint effect characterized by a self-

polarization with thickness dependence was observed in the

studied films. The self-polarization increases for thinner

films and tends to disappear for the thicker one. This behav-

ior excluded mechanisms in the bulk and suggests that

Schottky barriers near the film-substrate are likely responsi-

ble by build-in electric field in the films. Under this build-in

field, smaller crystallite sizes in larger grains increases the

polarization directions in coexistence leading to an align-

ment of macrodomains in the grains of the thinner films. The

increase in correlation length with the increase in self-

polarization for thinner films is a strong evidence of this

build-in field effect.
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