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Abstract. The local polarization state and the electromechanan appropriate description of the basic local processes in fer-
ical properties of ferroelectric thin films can be probed viaroelectric thin films. Therefore, it is of both fundamental and
the converse piezoelectric effect using scanning force mipractical interest to investigate whether ferroelectric struc-
croscopy (SFM) combined with a lock-in technique. Thistures with nanometer sizes still exhibit ferroelectric, piezo-
method, denominated as piezoresponse SFM, was used dtectric, and pyroelectric properties, as well as to study how
characterize at the nanoscale level ferroele@mBi, Ta,Oy  these properties are affected by the size [1]. Although the
and BisTizO012 thin films, grown by pulsed laser deposi- macroscopic dielectric, piezoelectric, and ferroelectric char-
tion. Two types of samples were studied: polycrystallineacteristics of perovskite-type ferroelectrics (especially the
films, with grains having random orientations, and epitaxPZT family and theBi-oxide layered perovskite compounds)
ial films, consisting of(100) - Or (110)on-Oriented crys- have intensively been investigated [2, 3], only a few experi-
tallites, 100 nmto 2um in lateral size, which are embed- mental data on their properties measured attmescale are
ded into a(00D-oriented matrix. The ferroelectric domain available. Among several electric scanning force microscopy
structure was imaged and the piezoelectric response undg@FM) techniques [4] the piezoresponse mode of SFM has
different external conditions was locally measured for eaclproven to be the most suitable method to study arzbttrol
type of sample. Different investigation procedures are dethe ferroelectric domain structure at the nm scale. This tech-
scribed in order to study the ferroelectric properties via thenique was first used by Giuthner and Dransfeld [5] to polarize
electromechanical response. A distinct ferroelectric behavand image thin copolymer films at tipgn scale. The charac-
ior was found for single grains dbrBiTapOg as small as terization of domain reversal in lead zirconate titanate (PZT)
200 nmin lateral size, as well as fdr.2 um x 175 nmcrys-  films by recordindocal hysteresis loopwas first reported by
tallites of BisTizO12. By probing separately the crystallites Hidaka et al. [6]. Systematic studies of domain dynamics, re-
and the matrix the investigations have demonstratiethe  tention, and fatigue effects have already been reported for thin
nanoscale levethat SrBi, TaOg has no spontaneous polar- films of PZT-based materials [7, 8]. However, the first results
ization along its crystallographicaxis, wherea®8i4TizO;2  concerning the observation of the ferroelectric domain struc-
exhibits a piezoelectric behavior along both taeandc-  ture of SrBi,Ta;Og (SBT) thin films were only reported in
directions. The electrostriction coefficients were estimated t4998 [9].
be 3x 10-2m*/C2 for polycrystallineSrBi, Ta,Og and 77 x This paper demonstrates that the piezoresponse SFM
10-3m*/C? for c-orientedBi4 TizOxo. method represents a powerful tool not only for imaging the
Quantitative measurements at the nanoscale level, withiferroelectric domain structure, but also to perform local quan-
the experimental errors give the same values for remanetitative measurements on ferroelectric thin films. It is shown
polarization and coercive field as macroscopic ferroelectrithat the local piezoelectric constant, the polarization, and the

measurements performed on the same samples. electrostriction coefficient can be estimated using the piezo-
electric response of the sample. MeasurementS®h and
PACS: 07.79.-v; 77.80.Dj; 77.65.Bn BisTizO12 (BIiT) thin films revealed piezoelectric coefficients

of 2 pnyV and8 pnvyV, respectively, under the poling volt-
ages applied. The electrostriction coefficients calculated were
0.03nt/C? for SBT and 77 x 10-3m*/C? for c-oriented
Ferroelectric thin films are very attractive in view of their pos-BiT. Ferroelectric domain visualization BIT thin films is
sible applications in nonvolatile memaories, microelectromesreported for the first time and it is proved that a single crystal-
chanical devices, and pyroelectric detectors. The decreaselite of SBTwith only 200 nmlateral size exhibits ferroelectric
size (down to tens aim) of microelectronic devices requires properties.
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1 Experimental Ykeda [9] could increase the piezoresponse signaB®
. for SBT samples by using a very low contact force {afN)
1.1 The piezoresponse SFM method between tip and sample. However, measurements on non-

ferroelectric samples carried out by Christman et al. [13]
This technique is based on the detection of local vibrationghowed that the effect of the electrostatic interaction be-
of a ferroelectric sample induced by a testing ac signal apween tig/cantilever and sampleottom electrode on the
plied between the conductive tip of the SFM and the bottonfirst-harmonic signal is significant for soft cantilevers with
electrode of the sample. The mechanical oscillations of thg force constant 0.3 N/m. Therefore, in order to minimize
sample underneath the tip modulate the global deflection sighe electrostatic interaction, a high spring constant of the can-

nal and are detected using a lock-in technique. Because thigaver may be required, even if this implies the use of a high
first harmonic of the oscillations represents the piezoelectrigontact force between tip and sample.

constant, it is further referred to pgezoresponssignal [10].
The piezoelectric constadss of a given point can be de-
termined as follows: 1.2 Local quantitative measurements

Vo = 8033A,,, (1) 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
Setecting the induced oscillations, several procedures can be
used to measure the local properties.

wherey,, is the amplitude of the piezoresponse sigi#gl the
amplitude of the testing ac voltage, afidhe sensitivity of
the optical detector, which is in fact the conversion factor be
tween the mechanical displacement of the SFM tip and th
electric deflection signal.

Itis well known that for ferroelectric materials with a cen-
trosymmetric paraelectric phase the piezoelectric effect ¢
be considered as the electrostriction effect biased by the sp
taneous polarizatioP [11]:

gf'._z.1 Amplitude sweefhe 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
dag = 2Qea3P. ) coerciv_e voltage of the sample. The piezoelgctric constant can
be easily calculated from the slope of the linear dependence
Therefore, for these ferroelectric materials the piezorespongxpressed in (1). In the case of ferroelectrics, as soon as the
signal image represents in fact an image of the ferroelectrigc amplitude is higher than the local coercive voltage, the po-
domain pattern. Moreover, the absolute value of the polarizdarization starts to switch with the same frequency leading to
tion can be estimated if the electrostriction coeffici€and  a decrease of the first harmonic response.
the dielectric constants are known.

It is important to note that for imaging the ferroelectric 1.2.2 Piezoelectric constant versus stress depend@&hee.
domain pattern without modifying it, the testing ac voltageinfluence of the mechanical stress on the piezoelectric con-
has to be as low as possible. Under an ac voltage higher thatant can be studied by varying the contact force between the
the local coercive voltage, switching of polarization occursfip and sample while recording the piezoresponse signal. In
modifying the actual domain pattern. However, to enhancgeneral, the piezoelectric constant decreases when the stress
the signal-to-noise ratio, the testing voltage has to be as highcreases.
as possible in order to get a high amplitude of the mechani-
cal vibration and thus, according to (1), a high piezoresponsk.2.3 Hysteresis loop3.he most important characterization
signal. The main noise source during the acquisition of thand also an incontestable proof of ferroelectricity is the pres-
piezoresponse images is the global deflection signal itselénce of piezoelectric hysteresis. This measurement is gener-
from which the first-harmonic signal is extracted. The deflecally performed using a dc bias source connected in series with
tion signal, which is used by the SFM system as a feedbadke ac voltage source. The hysteresis loops are obtained by
to maintain a constant force between tip and sample, is prasweeping the bias voltage and recording the piezoresponse
portional to the scanning speed and to the derivative of theignal. There are two main procedures that may be used:
surface height with respect to the scan direction. For sam- In the first procedure, the probing ac voltage is superim-
ples with a high roughness, the deflection signal exhibits verposed on the dc bias which is varied in steps from zero to
sharp high peaks. These fast variations of the deflection Sig/max. then decreased down Yy, and increased again up to
nal may have harmonic components with the same frequend¥nax, in order to measure the piezoelectric constant as a func-
as the ac testing voltage and amplitudes comparable with th@n of the field appliegimultaneouslyEach step of the bias
piezoresponse signal. This noise may be overcome by usintas a duratiobyias. The loop obtained in this manner is further
a low scanning speed and a high-frequency probing voltageeferred to asn-field hysteresis loop and represents a normal
However, this leads to a long recording time necessary for thé — E curve [15], as it is often used for the characterization of
acquisition of the image. the macroscopic piezoelectric properties of thin films.

Another important parameter governing the piezore- In the second procedure, the dc bias voltages are in fact
sponse imaging of ferroelectric domains is the contact forcpulses with a duratiotyias. After a time intervatgejay from the
between the conductive tip and the surface of the samplsuppression of the polarizing pulse, the piezoresponse signal
Zavala et al. [12] reported 80% decrease of the piezo- is recorded and stored [6, 13]. The amplitudes of the pulses
electric constant of undoped PZT while increasing the conare varied in steps in the same way as in the first procedure.
tact force from10pN to 23uN. Similarly, Gruverman and Using this measuring method, the electrostatic interactions
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between tigcantilever and the bottom electrode are avoidechad the following parameters;i;s = 500 msfor the in-field
during the measurement and only teenanenpiezoelectric  100ps; thias = 100 msandtgelay = 2 s for the remanent loops.
coefficient is measured as a function of the dc voltage puls&€he number of steps betwedf,in, and Vimax was usually set
previouslyapplied to the sample. The loop obtained accordto 100.
ingly is further referred to aemanenthysteresis loop. This The voltages were applied to the sample using highly
kind of measurement also reveals the retention characteristideped silicon cantilevers, with a resistivity 6f02 cm,
of ferroelectric thin films. a resonance frequency 884 kHz and a spring constant of

Whereas the remanent loop is saturated for high value38 N/m. The experiments presented here were carried out
of the poling voltage, the in-field loop contains a linear partusing contact forces betwe@®? N and1.7 uN. The radius
It was found that if this linear component is subtracted, thef the tip apex was estimated to be ab®dhm a value which
obtained curve nearly coincides with the remanent hysteresigpresents the lower limit for the lateral resolution achieved.
loop.

It may be speculated that the electrostatic interaction be-
tween the tigcantilever and bottom electrode is responsible2 Results and discussions
for the linear component of the first-harmonic signal which
modulates the first-harmonic signal as explained by ChristFerroelectricSBT andBiT thin films were grown o150-nm-
man et al. [13]. This is not the case here, due to the higkhick LaNiO3 (LNO) epitaxial electrode layers which were
elastic constant used for the cantilever, about 20 times highgfrown onto epitaxialCeQ,/YSZ buffer layers onSi(100)
than the value over which the effect of this interaction becamevafers (YSZ — yttria-stabilized zirconia). The intermediate
insignificant in their experiments. Moreover, the analysis pertayers between the ferroelectric film and the substrate serve
formed by Franke [15], revealed that the component of thas a template for epitaxial growth. TH&0-nm-thick epi-
first-harmonic signal due to the Maxwell stress should beaxial LNO layer also serves as a bottom electrode. All
shifted in phase by8C with respect to the piezoresponse films were grown by pulsed laser deposition at elevated sub-
signal. This leads to the conclusion that, if the electrostatistrate temperatures. Details on deposition conditions, morph-
interaction would be present in the first harmonic with a lin-ology and macroscopic ferroelectric properties can be found
ear component, then the slope of this component would belsewhere [17-19].
negative. Piezoresponse SFM was used to characterize two types

of SBT andBiT samples: (i) polycrystalline and (ii) epitaxial

1.2.4 Measurement of the electrostriction coeffici@ite lin-  films with isolated crystallites embedded in a flat matrix.
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 coefficienQ. Relation (2) can be written 2.1 Characterization of grains in polycristalline films
as (3), by considering the total polarizatiéhof the poled

volume. The SBT films consist of grains having lateral sizes of the
order of 200nm and heights of aboub0nm Figure la
d33 = 2Qe33(P + £33E). (3)  and 1b show the surface morphology and the ferroelectric do-

) ) _main structure, respectively. White and black regions in the
The slope of the linear component can be obtained by diffepiezoresponse image correspond to positive (polarization up-
entiating (3) with respect t&, for those regions where the ward) and negative ferroelectric domains, respectively. The
ferroelectric polarizatio® = const., i.e. at the saturation: regions without a net black or white contrast correspond to
ad areas of the sample that possess a very weak piezoelectric ac-
Res _ 2Qe§3. (4) tivity. This fact was discussed in [9] and it was concluded
oE that it is due mainly to the domains having randomly oriented
The electrostriction coefficient can be estimated if the permiP0larization. As it can be noticed by comparing the topogra-
tivitty is known from other measurements. phy and the domain structure of the region, this 'conclusmn is
verified: the gray regions in the piezoresponse image corres-
pond to single grains in the topographic image. The ratio of
1.3 Experimental setup

The experimental setup is very similar to the one used b §
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 sa
ple surface. The small mechanical oscillations are detect
from the global deflection signal using a lock-in amplifier
(EG&G Instruments, Model 7260).

The probing ac signal had a frequenty= 16.7 kHz and
an amplitudeA, = 2.1 V. This amplitude proved to be low
enough not to influence the domain structure. The dc bia
voltage source, the ac source, and the lock-in amplifier wer 200 nm

all controlled l_)y a computer, using an adequa}te software. Thgg. 1a,b. Simultaneously obtained topographia) (and piezoresponse
voltages applied to the sample for hysteresis measuremergt images of eSBT film
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the surface area having a high piezoresponse signal is about'r—T——— 11— T 1

3%, measured over %5 um. The grain indicated by an ar- [ ]
row in Fig. 1a was chosen for further characterization. This .} e ]
grain has an initial domain structure, i.e. it is divided into two< | ]

T
1

opposite domains as it can be seen in the piezoresponse image, [ ]
(Fig. 1b). The experiments are illustrated in Figs. 2and 3. Theg /- L7

contour lines in Fig. 2a designate the area of the mechanical [ i

interaction between the SFM tip and the surface of the grain. *°F *,c-*" ]
Due to the tip—grain geometry, this contour does not exactly | -

coincide with the shape of the grain. The SFM tip was fixed seb—tr———to bbb
over the center of the grain. In Fig. 3a, the in-field and the Bias (V)

remanent hysteresis loops are shown. (a)

The slope of the linear part of the in-field hystere- ‘o
sis loop in Fig. 3a was found to be23t 0.05pnyV?2. By P TTTTTTT T T 2
considering a thickness of the sample 200 nm as re-

vealed by cross-section TEM analysis (not shown here),

20

and e33 = 100, as measured from macroscopic measure«-

ments, a valueQ = 0.03+0.01nt*/C? was found for the
electrostriction coefficient. This value is about 3 times lower

Clcm

=

0.0

than that measured by Kholkin et al. [20] on polycrystalline ¢
SBT films. The remanent polarization was estimated using °[
(2). From the value ofl33 =2 pnyV (from the piezoelec- ]
tric hysteresis loop) for the remanent polarization the value 40l : . . L]
P = 3.7uC/cn? was derived. Using a RT66A ferroelectric 20 e 1 2
tester, the macroscopic remanent polarization for the same
sample was found-to bbuC/sz. This value represen&?% ig. 3. a Comparison between the remanénr?) and in-field(e) hysteresis

from the value eStlmated. by plezor_esponse SFM, which ver ops obtained on 8BT film at the point indicated in Fig. 2d Estimated
closely relates to the ratio of the film area that has a strongojarization for the in-field hysteresis loap-) obtained by piezoresponse
piezoelectric signal. For comparison, the nanoscopic in-fieldFM compared with the macroscopic polarization hysteresis (epmeas-
polarization hysteresis loop and the macroscopic one anmeed with a standard ferroelectric tester on the same sample

shown in Fig. 3b.

Figures 2c and 2d show the topography and the domain
structure of the grain after the hysteresis measurements. Thmtion state remained positive, which is demonstrated by the
last voltage applied wasVimax = 20V, therefore the polar- 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 fron200 nNto 1600 nN the piezoelectric constant
decreased by abo6t%. 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 oBi& ferro-
electric thin film. Figure 5a shows the morphology of the film,
which consists of grains of abo800 nmin lateral size. The
arrow indicates the grain that was subjected to measurements.
The initial ferroelectric polarization state of the grain is nega-

0
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Fig. 2. a Topography andb initial domain structure of &BT grain; ¢ to-
pographic andl piezoresponse images of the grain after applying a positiveFig. 4. Dependence of the local piezoelectric constant 888 grain on the
dc voltage contact force between the tip and the surface

2000
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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 @f3 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 af pnyV was found after poling the area un-
derneath the tip with a dc bias 20 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
Fig. 5. a Topographic image of BiT ferroelectric film.b, c Piezoresponse force on the piezoelectric coefficient did not reveal any de-

images of the same area befdi® and after(c) performing the hysteresis Pe€ndence up t@700 nNfor theBiT film.
loop measurement at the point marked by an arrow in

2.2 Characterization of individual grains within epitaxial

films
tive as shown in Fig. 5b. The piezoelectric hysteresis loops

shown in Fig. 6a were taken at the point marked by the arrov second set of experiments was performed on epit&&ar

in Fig. 5a. The remanent piezoelectric hysteresis loop showendBiT films each of them consisting of a very flabriented

a significant decrease of the piezoelectric constant at higmatrix in which (100)¢rth- and (110)orn-oriented crystallites

values of the applied pulses. The decrease of the piezoeleare embedded [19]. These crystallites having lateral sizes

tric constant in ferroelectric materials at high electric fieldsfrom 100 nmup to1-2 pm are square or rectangular in shape.

Figures 7 and 8 show the results of the experiments

performed on an epitaxigdBT ferroelectric thin film. The

150 e ] 190 nmx 270 nmcrystallite protruding20 nmout of the sur-

E RN face shown in the topographic image (Fig. 7a) appears in the

10.0 - B ..::m.oo

Piezoresponse (uV)

8 12 16 20
AC Amplitude (V)

(b) Fig. 7. a Topographic image of &BT epitaxial film showing a110)¢th-
Fig. 6. a Remanent—) and in-field(e) hysteresis loops of the grain shown oriented grain embedded in treoriented backgroundb Piezoresponse
in Fig. 5.b Dependence of the piezoresponse signal on the amplitude of thimage of the grain, showing the initial domain structuce Ferroelectric
ac signal domain structure of the grain, after applyingrd2 V dc pulse
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Fig. 8. Remanent piezoelectric hysteresis loops of the crystaliteshown
in Fig. 7 and of thec-oriented backgrounde)

corresponding piezoresponse image (Fig. 7b) with a negati\§
initial polarization. Most of the grains have initially the po- & :
larization vector oriented towards the bottom electrode, probyig 9. a Topography of a1100u-oriented crystallite oBIT embedded
ably due to the asymmetry of the heterostructure. The Suin the c-oriented backgroundb Piezoresponse image showing the initial
roundings of the grain, i.e. theoriented matrix, do not ex- domain structure of the graim. The ferroelectric domain structure of the
hibit a piezoelectric activity, within the noise limit of the sys- crystallite after decreasing the voltage applied frdf, = +30'V to zero
tem. A poling experiment (not shown here) performed over an
area of5 um x 5 um by scanning the tip while a dc voltage
of +15V was applied to the bottom electrode produced thd-ig. 9c, acquired after the poling voltage was reduced from
change in contrast only for the embedded grains, the flat back4nax = 30 V to zero. A positive domain af00 nmlength was
ground remaining unchanged. To further demonstrate the afermed. Another weak positive domain is also visible at the
sence of the spontaneous polarization alongcthris of the  right end of the crystallite. The-orientedBIT regions were
SBTunit cell, the remanent hysteresis loops acquired with thalso probed locally to check for the presence of ferroelectric-
tip fixed on top of the grain (in the middle) and over a point ofity. Due to the very low piezoelectric constant along the c
the matrix, respectively, are presented in Fig. 8. These curvebrection, the small oscillations induced could not be detected
clearly demonstrate the presence of spontaneous polarizatiander the imaging conditions. However, a weak piezoelectric
only for the protruding crystallites, i.e. normal 00)o Or  activity could be detected with the tip fixed over the matrix.
(110)orth crystallographic planes [19]. Figure 10b shows the remanent hysteresis loop obtained in
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- T AR RARRN RAARF
erties [24]. The well-rectangular-shaped hysteresis loop ofthe | '.....'.;.-?-‘“' E
grain represents an incontestable proof th&Ba structure Jf el M7 3
200 nmin lateral size and.50 nmthick is still ferroelectric. [ A . E
The switching of the grain is proved by the piezoresponse [
image shown in Fig. 7c, acquired after the last voltage applied%g - . . \
to the grain wad0 V. The grain possesses a distinct thin fer-° [ K ]
roelectric domain structure, with lateral sizes of the domains *[ Loeessel E
down to40 nm and with positive and negative domains alter- | ** =
nating over the grain length. I P TN TR TN PO TUU AR T
Switching and local characterization @f10),n-0riented T 7 7 Biasw)
grains of BiT embedded into the-oriented matrix are pre- @)
sented in Figs. 9 and 10. The topographic image Fig.9a s
shows a flat background from which a needle-shaped grain
of 1.2 um x 175 nmis protruding out by abol80 nm Cross- _
section TEM analysis revealed that the crystallites are extend-_ .f
ing into depth by abouB65 nmwithin the c-oriented ma- :f
trix of 500 nmthickness. The corresponding piezoresponse %g";‘
image, Fig. 9b, indicates that the initial polarization state is ® .f
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- i
ization. The results are presented in Fig. 10a. The remanent * ™ * ™
hysteresis loop exhibits a stronger effect of depolarization at (b)
hlgh field than in the case Of_pOchrySta”'mT' The max- Fig. 10. a Remanent(—) and in-field (e) piezoelectric hysteresis loops of
imum value ofdss =4 pnyV is about two times smaller. the grain shown in Fig. % Remanent hysteresis loops of the grain)
However, the switching of this crystallite is clearly shown inand of thec-oriented backgrounde)

al-

4
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the flat area, in comparison with the hysteresis loop of th&keferences

grain. The ratio between the effective piezoelectric coefficient
measured over the crystallite and that of thariented region
approximately amounts to 5. From the slope of the linear part
of the in-field hysteresis loopd/dU = (0.0540.01)pm/\V/?

the electrostriction coefficient was calculated@s= (7.7 + 4
2) x 103 m*/C?. It is also possible to estimate the effective
electrostriction coefficient for the crystallite, by using relation 5.

1.

(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@f = (1.47+0.5) x 7.
10-3 m*/C? for the effective electrostriction coefficient nor-
mal to the(110)ry plane. 8.

9.
3 Conclusions

. . 11.
The piezoresponse SFM technique was proven to be a powr,

erful tool not only to image the ferroelectric domain struc-

ture, but also to characterize the ferroelectric thin films at thel3.

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-15.
trostriction coefficient and even the absolute polarization. It16.

was proven that isolated grains®BT having lateral sizes of

200 nmexhibit good ferroelectric behavior, showing a stable 17

nano-domain structure. Also, ferroelectric domain structure, g
switching, and local characterization were achieveddidr
films for the first time.

It was experimentally shown th&BT, which is an even
member of the Aurivillius family, exhibits ferroelectric be-
havior only in theab plane, whereaBiT, being an odd mem-

electric hysteresis along the crystallograptdirection.
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