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Abstract

In the vast application fields of PZT (lead ziraami titanate) thin films, of particular
interest are the interaction effects occurringhat ferroelectric - substrate interface
[1,2]. Relevant for this purpose are polarity sewsiliquid crystals (LC) cells, micro
and nano-electronic applications [3]. In the préseork the polarization current of a
PZT film (PbZo 47Tio5303), obtained by sol-gel synthesis and deposited fog s
coating on ITO (indium tin oxide) electrode, hasemestudied. The different
behaviour showed by such a system when the sumdectrode is previously
submitted to a thermal treatment could be attrthutethe change of the electrical
properties of the ITO layer. In particular, a highegative charge in the conductive
band of the ITO electrode seems to be responsibla tigher order in the

ferroelectric film.

Keywords: PZT film, repolarisation current, thermakatments, Ferroelectric
properties
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1. Introduction

PZT is a well known material for its ferroelectpcoperties that are suitable for a
large number of applications as non-volatile feleogic memories, sensors [4,5] and
so on [6-11]. Recently, thin films of PZT have beesed to create asymmetric
nematic liquid crystal cells (ANLC) in order to alot a polarity sensitive electro-
optical response. The advantage of such cells st3n& controlling both ON and
OFF states by an external field, consequently naduthe switching time [1]. The
electro-optical response obtained with ANLCs caomtey PZT thin films was very
interesting in terms of response time, contrast r@atifying effect. Such behaviour
had been ascribed to the ferroelectric nature ef RET film and to the interlayer
phenomena occurring at the PZT-ITO interface thatrasponsible for a favoured
orientation of the PZT nanodomains and, consequefdr the polar sensitive
response of the liquid crystal layer. In this wthrk repolarisation current of PZT thin
film obtained by sol-gel synthesis has been stuthddo different cases. In the first
case the PZT film has been deposited on an ITOretke deprived of whatever
thermal treatment and subsequently submitted taéirig of 600°C for 1h in order to
ensure the transition to the ferroelectric peraesghase. In the second case the ITO
electrode has been previously submitted to a tHemeatment of 700°C in order to
induce a change of its electric properties, theversd by the sol-gel process and

eventually heated at 600°C for 1h. Interesting tumons have been drawn from the
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comparison between the behaviours of the repotarsa&urrent showed by these

samples.

2. Experimental setup

The repolarisation currents of PZT film were inwgated using the setup described
in Fig.1. The ITO substrate is connected to thipwuof a voltage source (Wavetek
Universal Waveform Generator model 195). The sigipglied to the electrode was a
triangular wave with a 1s period. The upper elatdrof cylindrical shape and 1 cm
in diameter was placed with one of its opticalljigited bases directly in contact to
the PZT film (the contact pressure was providedhsy very weight of the copper
cube). This electrode is connected to the ground bather small and well known
resistor (10@). The voltages drop on this resistor, measuredracorded by a high
input impedance oscilloscope (Agilent Infinium 320D MSO), is directly
proportional to the electric current through thelTHdm. To minimize the noise, the
measuring setup (substrate, PZT film, upper eldetrand the measuring resistor)
was surrounded by a grounded Faraday cage (notrslowhe figure). Another
channel of the oscilloscope was used to visualiet record the applied triangular
wave, this last one also serving to trigger thealloscope. For each frequency two
sets of data have been recorded, allowing repregeatirrents and voltages versus
time. The digitized sets of data are amenable teceraé kind of mathematical
processing (for instance: peak area integratiomogining, curve fitting, etc.). All the

measurements have been performed at room temperatur
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We have used a rather large upper electrode becasseare concerned of
repolarization measurements. The repolarizatiororgrolled by the electric field in
the PZT and, therefore, we tried to create a thamgr condenser between the ITO
substrate and the polished copper surface. We atrenterested in having good
ohmic contacts on totp of PZT free surface, on dbetrary. Actually, the ohmic
current is very small as one can easily see frog2fFianalyzing the slopes of the
currents for the two regimes of the triangular aigiincreasing and decreasing). On
the other hand, the dielectric displacement curckange is quite evident at the time
instants where the two regimes of the triangulgnali change the slopes. On top of
this two currents there appear the ferroelectnmolaization currents manifested as
two narrow peaks.

. In Fig.2 is reported the voltage-current vs tiptet. The two peaks of the current
flowing trough the PZT (open circle) that appeacanmrespondence of around +40V
and -29V of the applied voltage (black line) are do the switch of the ferroelectric
dipole. Since the applied signal includes 200 yalee have 400 repolarisation
switches (200 for positive polarity and 200 for aige one) that are enough to do
statistical analyses. From such measurement has pessible to carry out
information about the intensity of the repolarisatcurrent (peak height), the voltage
value at which the repolarisation switches happerd the repolarisation switching

time (peak width measured at the base).

3. Results and discussion

http://mc.manuscriptcentral.com/pm-pml
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The peak height variation as function of the tineasured for both polarities of the
applied voltage, is shown in Fig.3, while in Figie shown the same measurements
for the ITO electrode submitted to a previous th@rireatment at 700°C. Comparing
these results it is evident that in the first casdigher correlation between the
experimental data is present, in particular thekplaight occurring during the
negative polarity of the applied voltage. Such edi#hce could be attributed to a
higher order of the ferroelectric nanodomain oaéon in the first case with respect
to the second case.

In Fig.5 are showed the histograms related to #@leevof the applied voltage at
which the repolarisation switches appear both &mitpre and negative polarity when
the ITO electrode has not been thermally treateds possible to notice that for
negative polarity (ITO negatively charged) the rlsition of voltage values at which
the polar switch happens, within a quite narrongercentres around 33V. On the
contrary, for positive polarity the distributionrgther wide and centres on 18V.

In Fig. 6 the switching time histograms of the éetectric repolarisation are reported
both for positive and negative polarization of th@®© not thermally treated. In this
case also it is possible to notice a remarkabléerdice between the opposite
polarities. In fact, for negative polarity the sehiing time distribution has a narrow
range cantered around 0.02s, while for positiveantyl the switching time
distribution is wider and cantered on 0.04s. WIaat loe deduced by these data is that
when the ITO electrode is negatively charged theo&bectric repolarisation appears

in a faster and cooperative way that when the ITEOtede is positively charged.
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The same histograms have been drawn for the sampleich the ITO electrode has
been previously annealed at 700°C. The histogratased to the value of the applied
voltage at which the repolarisation switch happgrsboth positive and negative
polarity are reported in Fig.7. A remarkable difiece from the precedent case is that
now the required voltage to command the polar $wigdhigher. In fact, for positive
polarity, the distribution is cantered on 60V whiler the negative one, around 43V,
moreover, the two distributions are not so difféiarwidth as the preceding ones. As
the ferroelectric switching time is concerned ($igeB), in the last case we still
observe narrowed distribution for negative polarggpect to the positive one, but the
average switching time is similar, in fact both igwe and negative polarity

distributions are cantered around 0.01s.

4. Conclusions

In this work the switching properties of Ph4iTios40; (PZT) ferroelectric films
were studied. Such films was obtained by sol-gelttsssis and deposited on ITO
covered glass substrates by spin coating depos#imh submitted to a thermal
treatment at 600°C for one hour to ensure the itrando the perovskite phase. The
analysis of the repolarisation current was effadetuan two different kinds of
samples: in one of them the bottom electrode wasi@usly submitted to a thermal
treatment at 700°C in order to induce a structon@adlification of the ITO layer, while
in the other one the substrate was thermally ut@dedrom the statistical analysis

can be deduced that, in the case of the sampladnéive ITO electrode untreated, the
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polar switch occurring when the ITO electrode igatevely charged appears in a
faster and cooperative way than the ITO electraglepositively charged. This
difference was less evident for the other samptaeover, even in this last case, an
increased value of the voltage at which the feectelc switch happen was observed
for both polarities. Such information, togetheriwihe distribution shapes, suggests
that the structure modification induced on the [fil@ by the thermal treatment is
responsible of a higher disorder of the nanodompaatarization. A possible
explanation of this behaviour should take into actdhe influence of the annealing
on the ITO charge carriers. In particular, we caragine the fact that ITO/PZT
interface is not just a geometric dividing plane iballows injection of electrons into
the PZT film. For instance, with negative polamyplied to ITO side of the sample
not only the ITO film has got an influx of electomut also the PZT. As both
zirconium and titanium are transition metals thare d-type orbitals that can accept
extra electrons. The twin potential walls, typit@l ferroelectric materials, go deeper
and the potential barrier increase (see fig.9).tl@ncontrary, the positive potential
extracts electrons also from PZT and the barrieels permitting the electric dipoles
to flip over at a smaller voltage. This synergiadanechanism [12] is consistent to
the nefelauxetic effect seen in transition metahglexes as an auxiliary contribution
to the usual ionic ligand field.

When the ITO substrate was previously treated tspelectrical properties worsen,
the permeability of electrons to PZT diminishes @hd histograms cannot show

clearly the effect.

http://mc.manuscriptcentral.com/pm-pml



Page 9 of 23 Philosophical Magazine & Philosophical Magazine Letters

Acknowledgements

©CoO~NOUTA,WNPE

The authors are greatly indebted to Professor RoBao for his helpful discussions.

http://mc.manuscriptcentral.com/pm-pml



©CoO~NOUTA,WNPE

Philosophical Magazine & Philosophical Magazine Letters Page 10 of 23

References

[1] E. Bruno, M.P. De Santo, M. Castriota, S. Marits. Strangi, E. Cazzanelli, and
N. Scaramuzza*Morphological and electrical investigations of ldazirconium
titanate thin films obtained by sol-gel synthesis indium tin oxide electrodes”.

Journal of Applied Physic403, (2008) p. 064103

[2] Dunn S., Whatmore R.WSubstrate effects on domain structures of PZT G0/7
sol-gel films via PiezoAFM”. Journal of the Europe&eramic Society?2 (6),

(2002) p. 825

[3] S Marino, M. Castriota, G. Strangi, E. Cazzén®&l. Scaramuzza: “8ymmetric
nematic liquid crystal cells containing lead ziroom titanate (PZT) films” Journal
of Applied Physicsl02 (2007) p. 013112. Selected for Virtual JournaNahoscale

Science & Technology July 30, 2007.

[4] Takasu, HidemiThe Ferroelectric Memory and its Applications”. dmal of

Electroceramicgl(2), (2000) p. 327

[5] Cima Lionel, Remiens Denis‘Ferroelectric active sensors”.Sensors and

Actuators A: Physicall9 (1), (2005) p. 120

10

http://mc.manuscriptcentral.com/pm-pml


http://periodici.caspur.it/cgi-bin/sciserv.pl?collection=journals&journal=09552219
http://periodici.caspur.it/cgi-bin/search.pl/GetSearchResults?Any=&Title=&Abstract=&Author=Takasu%2C%20Hidemi&JournalTitle=&Past=No+Restriction...&Since=&Start=1&Max=10
http://periodici.caspur.it/cgi-bin/sciserv.pl?collection=journals&journal=13853449
http://periodici.caspur.it/cgi-bin/sciserv.pl?collection=journals&journal=13853449
http://periodici.caspur.it/cgi-bin/search.pl/GetSearchResults?Any=&Title=&Abstract=&Author=Cima%2C%20Lionel&JournalTitle=&Past=No+Restriction...&Since=&Start=1&Max=10
http://periodici.caspur.it/cgi-bin/search.pl/GetSearchResults?Any=&Title=&Abstract=&Author=Remiens%2C%20Denis&JournalTitle=&Past=No+Restriction...&Since=&Start=1&Max=10
http://periodici.caspur.it/cgi-bin/sciserv.pl?collection=journals&journal=09244247
http://periodici.caspur.it/cgi-bin/sciserv.pl?collection=journals&journal=09244247

Page 11 of 23 Philosophical Magazine & Philosophical Magazine Letters

©CoO~NOUTA,WNPE

[6] D. A. Van den Ende, P. De Almeida, Sybrand \dan Zwaag: Piezoelectric and
mechanical properties of novel composites of PZT an liquid crystalline

thermosetting resin”.Journal of materials sciencd2(15), (2007) p. 6417

[7] Wei Zhang, Di Lou, Jian Bai, Hui Ye and GuoggalWang : “Study of a
deformable micro-mirror based on PZT filmg..Opt. A: Pure Appl. Opt.9, (2007)

p. 1014

[8] V.V. Shvartsman, N. A. Pertsev, J. M. Herref®, Zaldo, A.L. Kholkin: “
Nonlinear local piezoelectric deformation in ferleetric thin films studied by

scanning force microscopyJournal of Applied Physicg7, (2005) p. 104105

[9] M. Dawbwr, K. M. Rabe, J. F. ScottPhysics of thin-film ferroelectric oxides

Reviews of Modern Physi@g, (2005) p. 1083

[10] Chen Zhu, Zeng Yong, Yang Chentao, Yang BaagcHinvestigation the
effects of the excess Pb content and annealingitcmmsl on the microstructure and
ferroelectric properties of PZT (52-48) films preed by sol-gel methdd Applied

Surface Sciencgb3(3), (2006) p. 1500

11

http://mc.manuscriptcentral.com/pm-pml



©CoO~NOUTA,WNPE

Philosophical Magazine & Philosophical Magazine Letters Page 12 of 23

[11] Dage liu, Chen Wang, Hongxi Zhang, Junweilligncheng Zhao, Chunli Bai.”
Domain configuration and interface structure an@yf sol-gel-derived PZT

ferroelectric thin film&. Surface and Interface Analys38, (2001) p. 27

[12] J. E. Huheey, E. A. Keiter, R. L. Keiter INORGANIC CHEMISTRY:
PRINCIPLES OF STRUCTURE AND REACTIVIT¥" edition Prentice Hall, 1997

New Jersey.

12

http://mc.manuscriptcentral.com/pm-pml



Page 13 of 23 Philosophical Magazine & Philosophical Magazine Letters

©CoO~NOUTA,WNPE

Figure captions

Fig.1 Repolarization current setup . r is the maaguesistor.

Fig.2 1 s part out of the 200 s plot. The black lis the applied voltage, the open

circles are the current flowing through the PZfil

Fig.3 Peaks height as function of time (sample wile substrate previously
untreated). The black squares are referred to tis#tiye polarity, while the open

circles to the negative one.

Fig.4 Peaks height as function of time (sample wh#hsubstrate previously treated).
The black squares are referred to the positiverpplavhile the open circles to the

negative one.

Fig.5 Voltage value histograms at which the repoédion happens. Positive polarity

(a), negative polarity (b). (Sample with the sudigtipreviously untreated).

Fig.6 Switching time histograms. Positive polalidy, negative polarity (b). (Sample

with the substrate previously untreated).
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Fig.7 Voltage value histograms at which the repmddion happen. Positive polarity

(a), negative polarity (b). (Sample with the suliigtipreviously treated).

Fig.8 Switching time histograms. Positive polaldy, negative polarity (b). (Sample

with the substrate previously treated).

Fig.9 Twin potential walls for a ferroelectric mag& in an ideal symmetric condition

(a) and with the electrons contribution (b).
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