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The present study is devoted to synthesis and investigafidrasic properties of ferro-
electric thin films. The sol-gel-type chemical solution dsjtion method was used for prepa-
ration of (Ba.sSr.4)TiOs (BST) thin films. The thin films were characterized in terms of
their microstructure, crystalline structure, chemicahposition and dielectric properties. It
was found that the BST thin films adopted cubic crystallogi@symmetry of the space
groupPm3m whereas the chemical composition of the thin films corragpd well with the
chemical composition of the solution. Complex impedancecspscopy was used to mea-
sure frequency-dependent dielectric properties of thefitms. Due to the high tunability and
low dielectric loss, great application potential of thesgdelectric thin films was considered
especially as tunable dielectric devices.
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1. Introduction

Materials which show a spontaneous electric polarization and in which the- dire
tion of the polarization can be reoriented between crystallografically dkfitates by
an external electric field are called ferroelectrics [1]. Ferroelectrienas have a lot
of useful properties. High dielectric coefficients over a wide tempezatnd frequency
range are used as dielectrics in integrated or surface mounted depi@etoss. The
large piezoelectric coefficient is applied in variety of electromechan@a s, actua-
tors and transducers [2, 3].

The high dielectric constant of perovskite-type alkaline earth titanates theke
attractive for use in the integrated thin-film capacitors for microwave itircue to its
outstanding pyroelectric coefficient, high dielectric constant, low loss tdragel high
dielectric breakdown strength barium strontium titanate, (B8r, ) TiO3 is usually ap-
plied for high frequency capacitor and ferroelectric dynamic randooess memories
(FEDRAMSs), as replacement for Sif®isN, dielectrics as the storage medium in con-
ventional DRAMSs. Itis also considered as high permittivity dielectric foate filters,
waveguide phase shifters, infrared detectors and electroacoustiduizts [4].
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Goal of the present work was to grow &gy 4TiO3 (BST) thin films by means
of sol-gel method on stainless steel substrates and study their struntarestructure,
chemical composition and dielectric properties.

2. Experimental

Barium acetate (Ba(t30-)-), strontium acetate (Sri€i30-)-), and tetrabutyl ti-
tanate (Ti(OGHoy)4) were used as starting materials for the sol-gel-type chemical solu-
tion deposition of (BasSry.4)TiO3 (BST) thin films. Glacial acetic acid (GGCOOH)
was used as a catalyst, whereadutanol (CH(CH,)3OH) was used as a solvent.
All above reagents were analytic purity. After stoichiometrically dissolweidted and
stirred the precursor solution was deposited by spin coating on stainleksigtetrates.

Amorphous films were kept in a preheated furnace at 620 K for 5 mianmve the
volatile organic components. The coating process (i.e., spinning —gdryyrolysis)
was repeated up to 15 times yielding thin films of 300 nm in thickness. Thepssded
BST thin films were then heat-treated at 920 K for 2 hours (the heating esté W/min)
by conventional furnace annealing to form a good crystal structure.

Microstructure and chemical composition of the BST thin films was studiesxtéy-
ning electron microscopy (Hitachi S-4700-type equipped with EDS — temaal com-
position analysis system of Vantage Noran).

Crystallinestructureof the BST thin films was examined by X-ray diffraction (XRD)
analysis, using the Philips PW 3710 X-ray diffractomet®rQ6 method, CoK .2
radiation, counting time 8 s, steh2©@ = 0.01°) at room temperature.

Pttop electrodewereformedontothe BST thin film by vacuum evaporation through
a shadow mask so as to define capacitors for electrical testing. Theishrigipe ca-

pacitor design is shown in Fig. 1.
Pt - ELECTRODES /— BST THIN FILM

\— ANSI-304 STEEL

SUBSTRATE
Fig. 1. Sandwich-type capacitor design.

The low-frequency(vr = 10 Hz—1 MHz) dielectric properties of BST thin films
were measured using QuadTech 1920 impedance analyzer at roperétune.

3. Results and discussion

Phase identification of the experimental XRD spectrum have shown tkernre
of two cubic phases, namely BgSry 4 TiO3 of the space groupm3m(No. 221), and
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austenitic steel Ni-Fe of the space graem3m(No. 225). Contribution of austenitic
steel was due to the substrate as far as AISI 304-type stainless staedadas

On the basis of the phase identification fitting of the X-ray pattern was peetbr
with the computer program PowderCell [5] equipped with the possibility oRileéveld
refinement. It has been found that the BST thin film adopts the regulatsteuwith
the unit cell parameter = 3.9581 A and results are given in Fig. 2.
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Fig. 2. Results of the X-ray pattern fitting for BST thin film etainless steel substrate.

Surface morphology of the BST thin films grown on stainless steel stibstsavell
as results of the point analysis of the chemical composition in the micr&@arBda O on
stainless steel substrate was studied by EDS ()chemical compositiosiaraaly given
in Fig. 3. We can conclude that sol-gel technique yields homogeneoss d&crostruc-
ture, similar with those arising from films prepared by sol-gel techniquextisre [6].
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Fig. 3. Results of EDS analysis and microstructure of 88t 4 TiO3 thin film.
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The calculations performed on the basis of the EDS measurements rioees @
stoichiometric chemical composition of the sol-gel derived £ty 4 TO5 thin films.

The capacitance-voltage (C—-V) measurements were conducted amisar- type
capacitor (Fig. 1) to analyze the tunability of &1y 4 TiO3 thin films. The C-V mea-
surements were conducted by applying a small ac signal of 10 mV angbiud 1 kHz
frequency across the sample while the dc field was swept from a negatpositive
bias. The tunability of the capacitance obtained for BST thin film is given in &ig.
It was found to increase with increase in the applied electric field.
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Fig. 4. C-V characteristics of BST thin film.

Low-frequency measuremer(ts = 10 Hz—1 MHz) are very useful to evaluate the
dielectric properties such as dielectric constant, the dissipation factorténgramular
resistance, and the time dependence of the oxidation, as well as the worritf§ ex-
ternal factors as humidity or of electrode/thin film interfaces [7]. This isngportant
technique in describing the electrical processes occurring in a systeppbying an ac
signal as input perturbation. The output response, when plotted in plexplane plot,
represents electrical phenomena due to bulk material, grain bourféeatyand interfa-
cial phenomena if any. In view of this specialty, complex impedancessaopy (CIS)
makes it possible to separate the contribution due to different companent®lycrys-
talline sample, that of course have different time constants, in the finegjumain.

It is commonly known [8] that for the perovskite type materials one maeek
great differences between the electrode, grain boundary and taatien frequencies,
l.e. v < g, < vB. In this type of conditions one should expect impedance spectra
to show well-resolved bulk, grain boundary, and electrode terms ifiearly separate
semicircles in the imaginary part of impedaricé vs. real part of impedancg’ plot).
However, unusual microstructures with broad size distributions, odiclgashapes,
etc., might yield impedance spectra with unexpected features [9].

As an example, the impedance spectra for thggBa, 4 TiO3 thin film measured at
room temperature is presented in Fig. 5. The residuals plot obtainedreftéramers—
Kronig transformation [10] (Fig. 6) shows a deviation of about 1% ferfilequencies
v > 100 Hz indicating good quality data.
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Fig. 5. Complex impedance plot obtained at room tempera8ineulated curve is also shown.
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Fig. 6. The residuals plot: relative differenceSge,; and Ay, ;, between the impedance data and its
Kramers Kronig-compliant fit plotted versus log(frequency

Simultaneous presenation of the imaginary part of the complex modifygsensi-
tive to determining small capacitances [11]), and impedafic@useful for determining
dominant resistance [11]) is given in Fig. 7.
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4. Conclusions

Research on synthesis, characterization and determination of pgragessicture-
property relationships of commercially important ferroelectric thin films been per-
formed. Sol-gel-type deposition technique was applied to produce goaltygthin
films of Bay 4Srp.4TiO3 chemical composition on stainless steel substrates. Results of
investigation of their functional properties have shown that they posgesatapplica-
tion potential especially as voltage-tunable transducers.
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