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Abstract. The local polarization state and the electromechan-
ical properties of ferroelectric thin films can be probed via
the converse piezoelectric effect using scanning force mi-
croscopy (SFM) combined with a lock-in technique. This
method, denominated as piezoresponse SFM, was used to
characterize at the nanoscale level ferroelectricSrBi2Ta2O9
and Bi4Ti3O12 thin films, grown by pulsed laser deposi-
tion. Two types of samples were studied: polycrystalline
films, with grains having random orientations, and epitax-
ial films, consisting of(100)orth- or (110)orth-oriented crys-
tallites, 100 nm to 2µm in lateral size, which are embed-
ded into a(001)-oriented matrix. The ferroelectric domain
structure was imaged and the piezoelectric response under
different external conditions was locally measured for each
type of sample. Different investigation procedures are de-
scribed in order to study the ferroelectric properties via the
electromechanical response. A distinct ferroelectric behav-
ior was found for single grains ofSrBi2Ta2O9 as small as
200 nmin lateral size, as well as for1.2µm×175 nmcrys-
tallites of Bi4Ti3O12. By probing separately the crystallites
and the matrix the investigations have demonstratedat the
nanoscale levelthat SrBi2Ta2O9 has no spontaneous polar-
ization along its crystallographicc-axis, whereasBi4Ti3O12
exhibits a piezoelectric behavior along both thea- and c-
directions. The electrostriction coefficients were estimated to
be 3×10−2 m4/C2 for polycrystallineSrBi2Ta2O9 and 7.7×
10−3 m4/C2 for c-orientedBi4Ti3O12.

Quantitative measurements at the nanoscale level, within
the experimental errors give the same values for remanent
polarization and coercive field as macroscopic ferroelectric
measurements performed on the same samples.

PACS: 07.79.-v; 77.80.Dj; 77.65.Bn

Ferroelectric thin films are very attractive in view of their pos-
sible applications in nonvolatile memories, microelectrome-
chanical devices, and pyroelectric detectors. The decrease in
size (down to tens ofnm) of microelectronic devices requires

an appropriate description of the basic local processes in fer-
roelectric thin films. Therefore, it is of both fundamental and
practical interest to investigate whether ferroelectric struc-
tures with nanometer sizes still exhibit ferroelectric, piezo-
electric, and pyroelectric properties, as well as to study how
these properties are affected by the size [1]. Although the
macroscopic dielectric, piezoelectric, and ferroelectric char-
acteristics of perovskite-type ferroelectrics (especially the
PZT family and theBi-oxide layered perovskite compounds)
have intensively been investigated [2, 3], only a few experi-
mental data on their properties measured at thenm scale are
available. Among several electric scanning force microscopy
(SFM) techniques [4] the piezoresponse mode of SFM has
proven to be the most suitable method to study and tocontrol
the ferroelectric domain structure at the nm scale. This tech-
nique was first used by Güthner and Dransfeld [5] to polarize
and image thin copolymer films at theµm scale. The charac-
terization of domain reversal in lead zirconate titanate (PZT)
films by recordinglocal hysteresis loopswas first reported by
Hidaka et al. [6]. Systematic studies of domain dynamics, re-
tention, and fatigue effects have already been reported for thin
films of PZT-based materials [7, 8]. However, the first results
concerning the observation of the ferroelectric domain struc-
ture of SrBi2Ta2O9 (SBT) thin films were only reported in
1998 [9].

This paper demonstrates that the piezoresponse SFM
method represents a powerful tool not only for imaging the
ferroelectric domain structure, but also to perform local quan-
titative measurements on ferroelectric thin films. It is shown
that the local piezoelectric constant, the polarization, and the
electrostriction coefficient can be estimated using the piezo-
electric response of the sample. Measurements onSBT and
Bi4Ti3O12 (BiT) thin films revealed piezoelectric coefficients
of 2 pm/V and8 pm/V, respectively, under the poling volt-
ages applied. The electrostriction coefficients calculated were
0.03 m4/C2 for SBT and 7.7×10−3 m4/C2 for c-oriented
BiT. Ferroelectric domain visualization inBiT thin films is
reported for the first time and it is proved that a single crystal-
lite of SBTwith only 200 nmlateral size exhibits ferroelectric
properties.
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1 Experimental

1.1 The piezoresponse SFM method

This technique is based on the detection of local vibrations
of a ferroelectric sample induced by a testing ac signal ap-
plied between the conductive tip of the SFM and the bottom
electrode of the sample. The mechanical oscillations of the
sample underneath the tip modulate the global deflection sig-
nal and are detected using a lock-in technique. Because the
first harmonic of the oscillations represents the piezoelectric
constant, it is further referred to aspiezoresponsesignal [10].

The piezoelectric constantd33 of a given point can be de-
termined as follows:

νω = δd33Aω, (1)

whereνω is the amplitude of the piezoresponse signal,Aω the
amplitude of the testing ac voltage, andδ the sensitivity of
the optical detector, which is in fact the conversion factor be-
tween the mechanical displacement of the SFM tip and the
electric deflection signal.

It is well known that for ferroelectric materials with a cen-
trosymmetric paraelectric phase the piezoelectric effect can
be considered as the electrostriction effect biased by the spon-
taneous polarizationP [11]:

d33= 2Qε33P. (2)

Therefore, for these ferroelectric materials the piezoresponse
signal image represents in fact an image of the ferroelectric
domain pattern. Moreover, the absolute value of the polariza-
tion can be estimated if the electrostriction coefficientQ and
the dielectric constantε33 are known.

It is important to note that for imaging the ferroelectric
domain pattern without modifying it, the testing ac voltage
has to be as low as possible. Under an ac voltage higher than
the local coercive voltage, switching of polarization occurs,
modifying the actual domain pattern. However, to enhance
the signal-to-noise ratio, the testing voltage has to be as high
as possible in order to get a high amplitude of the mechani-
cal vibration and thus, according to (1), a high piezoresponse
signal. The main noise source during the acquisition of the
piezoresponse images is the global deflection signal itself,
from which the first-harmonic signal is extracted. The deflec-
tion signal, which is used by the SFM system as a feedback
to maintain a constant force between tip and sample, is pro-
portional to the scanning speed and to the derivative of the
surface height with respect to the scan direction. For sam-
ples with a high roughness, the deflection signal exhibits very
sharp high peaks. These fast variations of the deflection sig-
nal may have harmonic components with the same frequency
as the ac testing voltage and amplitudes comparable with the
piezoresponse signal. This noise may be overcome by using
a low scanning speed and a high-frequency probing voltage.
However, this leads to a long recording time necessary for the
acquisition of the image.

Another important parameter governing the piezore-
sponse imaging of ferroelectric domains is the contact force
between the conductive tip and the surface of the sample.
Zavala et al. [12] reported a30% decrease of the piezo-
electric constant of undoped PZT while increasing the con-
tact force from10µN to 23µN. Similarly, Gruverman and

Ykeda [9] could increase the piezoresponse signal by30%
for SBT samples by using a very low contact force (of1 nN)
between tip and sample. However, measurements on non-
ferroelectric samples carried out by Christman et al. [13]
showed that the effect of the electrostatic interaction be-
tween tip/cantilever and sample/bottom electrode on the
first-harmonic signal is significant for soft cantilevers with
a force constant< 0.3 N/m. Therefore, in order to minimize
the electrostatic interaction, a high spring constant of the can-
tilever may be required, even if this implies the use of a high
contact force between tip and sample.

1.2 Local quantitative measurements

The SFM conductive tip represents in fact a nanometer-sized
movable top electrode used for probing the sample surface by
applying an ac voltage. This top electrode can be fixed over
any desired place of the sample surface, in order to explore
only that area. Taking into account that the sample is tested by
detecting the induced oscillations, several procedures can be
used to measure the local properties.

1.2.1 Amplitude sweep.The local piezoelectric constant can
be determined with a high accuracy by sweeping the am-
plitude of the testing ac voltage from zero up to the local
coercive voltage of the sample. The piezoelectric constant can
be easily calculated from the slope of the linear dependence
expressed in (1). In the case of ferroelectrics, as soon as the
ac amplitude is higher than the local coercive voltage, the po-
larization starts to switch with the same frequency leading to
a decrease of the first harmonic response.

1.2.2 Piezoelectric constant versus stress dependence.The
influence of the mechanical stress on the piezoelectric con-
stant can be studied by varying the contact force between the
tip and sample while recording the piezoresponse signal. In
general, the piezoelectric constant decreases when the stress
increases.

1.2.3 Hysteresis loops.The most important characterization
and also an incontestable proof of ferroelectricity is the pres-
ence of piezoelectric hysteresis. This measurement is gener-
ally performed using a dc bias source connected in series with
the ac voltage source. The hysteresis loops are obtained by
sweeping the bias voltage and recording the piezoresponse
signal. There are two main procedures that may be used:

In the first procedure, the probing ac voltage is superim-
posed on the dc bias which is varied in steps from zero to
Vmax, then decreased down toVmin and increased again up to
Vmax, in order to measure the piezoelectric constant as a func-
tion of the field appliedsimultaneously. Each step of the bias
has a durationtbias. The loop obtained in this manner is further
referred to asin-field hysteresis loop and represents a normal
d− E curve [15], as it is often used for the characterization of
the macroscopic piezoelectric properties of thin films.

In the second procedure, the dc bias voltages are in fact
pulses with a durationtbias. After a time intervaltdelay from the
suppression of the polarizing pulse, the piezoresponse signal
is recorded and stored [6, 13]. The amplitudes of the pulses
are varied in steps in the same way as in the first procedure.
Using this measuring method, the electrostatic interactions



263

between tip/cantilever and the bottom electrode are avoided
during the measurement and only theremanentpiezoelectric
coefficient is measured as a function of the dc voltage pulse
previouslyapplied to the sample. The loop obtained accord-
ingly is further referred to asremanenthysteresis loop. This
kind of measurement also reveals the retention characteristics
of ferroelectric thin films.

Whereas the remanent loop is saturated for high values
of the poling voltage, the in-field loop contains a linear part.
It was found that if this linear component is subtracted, the
obtained curve nearly coincides with the remanent hysteresis
loop.

It may be speculated that the electrostatic interaction be-
tween the tip/cantilever and bottom electrode is responsible
for the linear component of the first-harmonic signal which
modulates the first-harmonic signal as explained by Christ-
man et al. [13]. This is not the case here, due to the high
elastic constant used for the cantilever, about 20 times higher
than the value over which the effect of this interaction became
insignificant in their experiments. Moreover, the analysis per-
formed by Franke [15], revealed that the component of the
first-harmonic signal due to the Maxwell stress should be
shifted in phase by180◦ with respect to the piezoresponse
signal. This leads to the conclusion that, if the electrostatic
interaction would be present in the first harmonic with a lin-
ear component, then the slope of this component would be
negative.

1.2.4 Measurement of the electrostriction coefficient.The lin-
ear part of the in-field loop is due to a real increase of the
piezoelectric constant and can be used to estimate the local
electrostriction coefficientQ. Relation (2) can be written
as (3), by considering the total polarizationP of the poled
volume.

d33= 2Qε33(P+ ε33E). (3)

The slope of the linear component can be obtained by differ-
entiating (3) with respect toE, for those regions where the
ferroelectric polarizationP= const., i.e. at the saturation:

∂d33

∂E
= 2Qε2

33. (4)

The electrostriction coefficient can be estimated if the permi-
tivitty is known from other measurements.

1.3 Experimental setup

The experimental setup is very similar to the one used by
other authors [10, 16]. A commercial scanning probe micro-
scope (Dimension 5000, Digital Instruments) working in con-
tact mode was adapted to measure the vibrations of the sam-
ple surface. The small mechanical oscillations are detected
from the global deflection signal using a lock-in amplifier
(EG&G Instruments, Model 7260).

The probing ac signal had a frequencyf = 16.7 kHz and
an amplitudeAω = 2.1 V. This amplitude proved to be low
enough not to influence the domain structure. The dc bias
voltage source, the ac source, and the lock-in amplifier were
all controlled by a computer, using an adequate software. The
voltages applied to the sample for hysteresis measurements

had the following parameters:tbias= 500 msfor the in-field
loops; tbias= 100 msand tdelay= 2 s for the remanent loops.
The number of steps betweenVmin andVmax was usually set
to 100.

The voltages were applied to the sample using highly
doped silicon cantilevers, with a resistivity of0.02Ω cm,
a resonance frequency of334 kHz, and a spring constant of
38 N/m. The experiments presented here were carried out
using contact forces between0.2µN and1.7µN. The radius
of the tip apex was estimated to be about30 nm, a value which
represents the lower limit for the lateral resolution achieved.

2 Results and discussions

FerroelectricSBTandBiT thin films were grown on150-nm-
thick LaNiO3 (LNO) epitaxial electrode layers which were
grown onto epitaxialCeO2/YSZ buffer layers onSi(100)
wafers (YSZ – yttria-stabilized zirconia). The intermediate
layers between the ferroelectric film and the substrate serve
as a template for epitaxial growth. The150-nm-thick epi-
taxial LNO layer also serves as a bottom electrode. All
films were grown by pulsed laser deposition at elevated sub-
strate temperatures. Details on deposition conditions, morph-
ology and macroscopic ferroelectric properties can be found
elsewhere [17–19].

Piezoresponse SFM was used to characterize two types
of SBT andBiT samples: (i) polycrystalline and (ii) epitaxial
films with isolated crystallites embedded in a flat matrix.

2.1 Characterization of grains in polycristalline films

The SBT films consist of grains having lateral sizes of the
order of 200 nm and heights of about50 nm. Figure 1a
and 1b show the surface morphology and the ferroelectric do-
main structure, respectively. White and black regions in the
piezoresponse image correspond to positive (polarization up-
ward) and negative ferroelectric domains, respectively. The
regions without a net black or white contrast correspond to
areas of the sample that possess a very weak piezoelectric ac-
tivity. This fact was discussed in [9] and it was concluded
that it is due mainly to the domains having randomly oriented
polarization. As it can be noticed by comparing the topogra-
phy and the domain structure of the region, this conclusion is
verified: the gray regions in the piezoresponse image corres-
pond to single grains in the topographic image. The ratio of

Fig. 1a,b. Simultaneously obtained topographic (a) and piezoresponse
(b) images of aSBT film



264

the surface area having a high piezoresponse signal is about
30%, measured over 5×5µm. The grain indicated by an ar-
row in Fig. 1a was chosen for further characterization. This
grain has an initial domain structure, i.e. it is divided into two
opposite domains as it can be seen in the piezoresponse image
(Fig. 1b). The experiments are illustrated in Figs. 2 and 3. The
contour lines in Fig. 2a designate the area of the mechanical
interaction between the SFM tip and the surface of the grain.
Due to the tip–grain geometry, this contour does not exactly
coincide with the shape of the grain. The SFM tip was fixed
over the center of the grain. In Fig. 3a, the in-field and the
remanent hysteresis loops are shown.

The slope of the linear part of the in-field hystere-
sis loop in Fig. 3a was found to be 0.2±0.05 pm/V2. By
considering a thickness of the sample of200 nm, as re-
vealed by cross-section TEM analysis (not shown here),
and ε33= 100ε0, as measured from macroscopic measure-
ments, a valueQ= 0.03±0.01 m4/C2 was found for the
electrostriction coefficient. This value is about 3 times lower
than that measured by Kholkin et al. [20] on polycrystalline
SBT films. The remanent polarization was estimated using
(2). From the value ofd33= 2 pm/V (from the piezoelec-
tric hysteresis loop) for the remanent polarization the value
P= 3.7µC/cm2 was derived. Using a RT66A ferroelectric
tester, the macroscopic remanent polarization for the same
sample was found to be1µC/cm2. This value represents27%
from the value estimated by piezoresponse SFM, which very
closely relates to the ratio of the film area that has a strong
piezoelectric signal. For comparison, the nanoscopic in-field
polarization hysteresis loop and the macroscopic one are
shown in Fig. 3b.

Figures 2c and 2d show the topography and the domain
structure of the grain after the hysteresis measurements. The
last voltage applied was+Vmax= 20 V, therefore the polar-

Fig. 2. a Topography andb initial domain structure of aSBT grain; c to-
pographic andd piezoresponse images of the grain after applying a positive
dc voltage

Fig. 3. a Comparison between the remanent(−) and in-field(•) hysteresis
loops obtained on aSBT film at the point indicated in Fig. 2c.b Estimated
polarization for the in-field hysteresis loop(−) obtained by piezoresponse
SFM compared with the macroscopic polarization hysteresis loop(•) meas-
ured with a standard ferroelectric tester on the same sample

ization state remained positive, which is demonstrated by the
white contrast of the entire grain.

The dependence of the piezoelectric constant on the con-
tact force is shown in Fig. 4. When the loading force in-
creased from200 nN to 1600 nN, the piezoelectric constant
decreased by about50%. This is generally considered an ef-
fect of the mechanical clamping of the film under an applied
stress. Most probably, the very low value measured for the
piezoelectric coefficient is determined by the very high con-
tact force used.

The same experiments were performed on aBiT ferro-
electric thin film. Figure 5a shows the morphology of the film,
which consists of grains of about300 nmin lateral size. The
arrow indicates the grain that was subjected to measurements.
The initial ferroelectric polarization state of the grain is nega-

Fig. 4. Dependence of the local piezoelectric constant of aSBT grain on the
contact force between the tip and the surface
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Fig. 5. a Topographic image of aBiT ferroelectric film.b, c Piezoresponse
images of the same area before(b) and after(c) performing the hysteresis
loop measurement at the point marked by an arrow ina

tive as shown in Fig. 5b. The piezoelectric hysteresis loops
shown in Fig. 6a were taken at the point marked by the arrow
in Fig. 5a. The remanent piezoelectric hysteresis loop shows
a significant decrease of the piezoelectric constant at high
values of the applied pulses. The decrease of the piezoelec-
tric constant in ferroelectric materials at high electric fields

Fig. 6. a Remanent(−) and in-field(•) hysteresis loops of the grain shown
in Fig. 5.b Dependence of the piezoresponse signal on the amplitude of the
ac signal

has been seen before on macroscopic measurements [21, 22]
and is considered an effect of the variation of the permittivity
in relation (2). As it is well known, the dielectric constant de-
creases with the applied electric field and this may generally
cause a decrease ofd33 according to (2). However, this is not
the case here, since the measuring procedure was that of the
remanent hysteresis loop, i.e. without any bias applied dur-
ing the measurement of the piezoelectric constant. This effect
should rather appear in the in-field hysteresis loop and not in
the remanent one. The stress-induced depolarization, recently
reported by Franke et al. [23] for PZT thin films, may be the
origin of this effect. Further experiments are in progress to
elucidate this effect. In Fig. 6b the dependence of the piezore-
sponse signal on the amplitude of the ac voltage is shown.
According to (1), the slope of the curve represents the piezo-
electric coefficient, measured with a better accuracy. In this
case, the value of7 pm/V was found after poling the area un-
derneath the tip with a dc bias of20 V. Above8 V amplitude,
which corresponds well to the coercive field of the remanent
loop (Fig. 6a), the piezoresponse signal decreases, indicating
the polarization switching.

Experiments carried out to study the effect of the contact
force on the piezoelectric coefficient did not reveal any de-
pendence up to1700 nNfor theBiT film.

2.2 Characterization of individual grains within epitaxial
films

A second set of experiments was performed on epitaxialSBT
andBiT films each of them consisting of a very flatc-oriented
matrix in which(100)orth- and(110)orth-oriented crystallites
are embedded [19]. These crystallites having lateral sizes
from 100 nmup to1–2µm are square or rectangular in shape.

Figures 7 and 8 show the results of the experiments
performed on an epitaxialSBT ferroelectric thin film. The
190 nm×270 nmcrystallite protruding20 nmout of the sur-
face shown in the topographic image (Fig. 7a) appears in the

Fig. 7. a Topographic image of aSBT epitaxial film showing a(110)orth-
oriented grain embedded in thec-oriented background.b Piezoresponse
image of the grain, showing the initial domain structure.c Ferroelectric
domain structure of the grain, after applying a+12 V dc pulse
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Fig. 8. Remanent piezoelectric hysteresis loops of the crystallite(−) shown
in Fig. 7 and of thec-oriented background(•)

corresponding piezoresponse image (Fig. 7b) with a negative
initial polarization. Most of the grains have initially the po-
larization vector oriented towards the bottom electrode, prob-
ably due to the asymmetry of the heterostructure. The sur-
roundings of the grain, i.e. thec-oriented matrix, do not ex-
hibit a piezoelectric activity, within the noise limit of the sys-
tem. A poling experiment (not shown here) performed over an
area of5µm×5µm by scanning the tip while a dc voltage
of +15 V was applied to the bottom electrode produced the
change in contrast only for the embedded grains, the flat back-
ground remaining unchanged. To further demonstrate the ab-
sence of the spontaneous polarization along thec axis of the
SBTunit cell, the remanent hysteresis loops acquired with the
tip fixed on top of the grain (in the middle) and over a point of
the matrix, respectively, are presented in Fig. 8. These curves
clearly demonstrate the presence of spontaneous polarization
only for the protruding crystallites, i.e. normal to(100)orth or
(110)orth crystallographic planes [19].

It is known that a fundamental issue in today’s physics of
the ferroelectric memories is to find out the lowest dimension
of a ferroelectric capacitor still exhibiting ferroelectric prop-
erties [24]. The well-rectangular-shaped hysteresis loop of the
grain represents an incontestable proof that aSBT structure
200 nmin lateral size and150 nmthick is still ferroelectric.
The switching of the grain is proved by the piezoresponse
image shown in Fig. 7c, acquired after the last voltage applied
to the grain was10 V. The grain possesses a distinct thin fer-
roelectric domain structure, with lateral sizes of the domains
down to40 nm, and with positive and negative domains alter-
nating over the grain length.

Switching and local characterization of(110)orth-oriented
grains ofBiT embedded into thec-oriented matrix are pre-
sented in Figs. 9 and 10. The topographic image Fig. 9a
shows a flat background from which a needle-shaped grain
of 1.2µm×175 nmis protruding out by about30 nm. Cross-
section TEM analysis revealed that the crystallites are extend-
ing into depth by about365 nmwithin the c-oriented ma-
trix of 500 nm thickness. The corresponding piezoresponse
image, Fig. 9b, indicates that the initial polarization state is
negative while the matrix does not show a piezoelectric ac-
tivity. The SFM conductive tip was fixed at the point marked
by the cross (Fig. 9a) in order to perform the local character-
ization. The results are presented in Fig. 10a. The remanent
hysteresis loop exhibits a stronger effect of depolarization at
high field than in the case of polycrystallineBiT. The max-
imum value ofd33= 4 pm/V is about two times smaller.
However, the switching of this crystallite is clearly shown in

Fig. 9. a Topography of a(110)orth-oriented crystallite ofBiT embedded
in the c-oriented background.b Piezoresponse image showing the initial
domain structure of the grain.c The ferroelectric domain structure of the
crystallite after decreasing the voltage applied fromVmax=+30 V to zero

Fig. 9c, acquired after the poling voltage was reduced from
Vmax= 30 V to zero. A positive domain of400 nmlength was
formed. Another weak positive domain is also visible at the
right end of the crystallite. Thec-orientedBiT regions were
also probed locally to check for the presence of ferroelectric-
ity. Due to the very low piezoelectric constant along the c
direction, the small oscillations induced could not be detected
under the imaging conditions. However, a weak piezoelectric
activity could be detected with the tip fixed over the matrix.
Figure 10b shows the remanent hysteresis loop obtained in

Fig. 10. a Remanent(−) and in-field(•) piezoelectric hysteresis loops of
the grain shown in Fig. 9.b Remanent hysteresis loops of the grain(−)
and of thec-oriented background(•)
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the flat area, in comparison with the hysteresis loop of the
grain. The ratio between the effective piezoelectric coefficient
measured over the crystallite and that of thec-oriented region
approximately amounts to 5. From the slope of the linear part
of the in-field hysteresis loop,∂d/∂U = (0.05±0.01)pm/V2

the electrostriction coefficient was calculated asQc = (7.7±
2)×10−3 m4/C2. It is also possible to estimate the effective
electrostriction coefficient for the crystallite, by using relation
(2) written for the two cases and the known values for per-
mittivities and spontaneous polarization from literature [25].
This simple estimation lead to a value ofQa= (1.47±0.5)×
10−3 m4/C2 for the effective electrostriction coefficient nor-
mal to the(110)orth plane.

3 Conclusions

The piezoresponse SFM technique was proven to be a pow-
erful tool not only to image the ferroelectric domain struc-
ture, but also to characterize the ferroelectric thin films at the
nanoscale. By using cantilevers that do not interact electro-
statically with the bottom electrode it is possible to determine
not only the local piezoelectric coefficient, but also the elec-
trostriction coefficient and even the absolute polarization. It
was proven that isolated grains ofSBT having lateral sizes of
200 nmexhibit good ferroelectric behavior, showing a stable
nano-domain structure. Also, ferroelectric domain structure,
switching, and local characterization were achieved forBiT
films for the first time.

It was experimentally shown thatSBT, which is an even
member of the Aurivillius family, exhibits ferroelectric be-
havior only in theab plane, whereasBiT, being an odd mem-
ber of the same family additionally exhibits a distinct piezo-
electric hysteresis along the crystallographicc-direction.

Quantitative measurements at the nanoscale level, within
the experimental errors give the same values for remanent
polarization and coercive field as macroscopic ferroelectric
measurements performed on the same samples.
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