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Phase transitional studies of polycrystalline Pb 045106 TIO3 films
using Raman scattering
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Phy ,Srp6TiO5 films with submicron size grains have been prepared on Pt substrates by the
metalorganic decomposition method. X-ray diffraction analysis reveals that the films are
polycrystalline with a perovskite crystal structure and negligible tetragonal splitting at room
temperature. The room temperature Raman spectrum, however, shows all the characteristic phonon
modes of a tetragonal ferroelectric phase. These modes lose their intensity with an increase in
temperature but persist even up to 150°C. This is in agreement with the dielectric permittivity
versus temperature data which show a broad peak—room temperature, and ferroelectric hysteresis
persisting up to~140 °C. Both Raman and dielectric data are interpreted as due to the presence of
a distribution of phases in the film perhaps caused by a variation in Pb content along the film
thickness and/or near grain boundary regions. 2@3 American Institute of Physics.
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INTRODUCTION been used to estimate the ferroelectric to paraelectric transi-
tion temperature¥’ It has been shown that for BST bulk
Ferroelectric thin films have potential in microelectron- ceramic samples th&, values from Raman measurements
ics applications, including memory devices, sensor technoloeoincide with the correspondinf, values as determined by
gies, and optoelectronic devickThin films of lead titanate  the anomaly in the dielectric constant versus temperature
PbTiO; (PT) and its related solid solutions offer key advan- data. On the other hand, temperature dependent Raman stud-
tages for a wide variety of applicatiof The mixed system ies on BST thin film samples have shown consistently higher
of lead strontium titanate, i.e., Pb,Sr,TiO3 (PST) is very T, values than corresponding BST bulk samples of the same
similar to the barium strontium titanat8ST) system in that composition. The discrepancy in tie values has been at-
the Curie temperature for the cubic to tetragonal transitionributed to intergrain stresses arising from grain boundaries
can be adjusted over an exceedingly large temperature range the thin film samples, which prevent a complete phase
by adjusting the Pb to Sr ratio. Solid solutions of PST in thetransformation from the tetragonal to cubic phase as in the
bulk form have been studied for<Ox<1 and the ferroelec- pulk ceramicg?
tric to paraelectric transition temperature has been shown to In this paper we report the temperature dependent
decrease linearly with an increase in Sr concentratfon. (—80°C to 350 °G Raman spectra and the temperature de-
With a Pb:Sr ratio of 4:6 the Curie temperatufg. of the  pendence of dielectric permittivity and the spontaneous po-
PST bulk material is found to be around room temperaturelarization of Plg ,Sr, ¢TiO5 films. There have been no tem-
Raman spectroscopy has been a valuable technique fferature dependent Raman studies reported on the
studying ferroelectric materials because of the close relationPh, _,Sr, TiO; mixed system in either bulk or thin film form.
ship between ferroelectricity and lattice dynamics. PT hasVe demonstrate that Raman scattering can be used as an
been a textbook example of a displacive-type ferroelectrialternate easy tool to probe the ferroelectric properties with-
and has been well studied by Raman spectros€opyThe  out a need for additional sample preparation such as the
lowest E(1TO) and A;(1TO) lines shift continuously to deposition of electrodes and the contacts necessary for elec-
smaller wave number as the temperature increases fromiical measurements.
20 °C to 495 °C and then abruptly disappear with a transition
to the cubic phase similar to any first-order line. The tem-
perature dependence of the Raman spectra of ceramic bufikPERIMENT

and thin-film samples of polycrystalline Ba,Sr,TiO; has The PRSr, TiO films were prepared on Pt substrates
using the metalorganic decompositidiOD) method. Sepa-
dElectronic mail: vmnaik@umich.edu rate metalorganic precursor solutions of PT and ST were
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FIG. 1. XRD pattern of P§,Sr, ¢TiO5 on a Pt substrate.

FIG. 3. Temperature dependence of dielectric permittiiityrmalized to

vacuum of Phy ,Sry¢TiO3.
prepared using titaniundlV) 2-ethylhexoxide(liquid), lead
(I neodecanoat&0% in naphthaleneand strontium neo- » . . .
decanoatésolid) dissolved in xylene. These solutions were transnlon, whereas ferroelectric hysteresis persists up to
combined in proper proportions to obtain the desired sto—~140 C.
ichiometric balance of lead to strontium. The,R8r, ¢TiO5
films were prepared by dispensing the metalorganic solutioRESULTS AND DISCUSSION
onto substrates, which were then spun at a rate of 4000 rpm
for 15 seconds. After each coat, the film was pyrolized atfun
550 °C for 1 minute in air. Multiple coatings were made to
obtain the desired thickness. Final annealing of the sampl
was done at 950°C for 60 minutes in air. The details of
electrical measurements have been described previtiisly.

Figure 4 shows the Raman spectra of, 81, ¢TiO3 as a

ction of temperature. The symmetry assignments for the
observed optical phonons have been made based on the ear-
fler work on PT by Foster and co-workers, and Burns and
Scott*®and also by the observed changes in the Raman spec-
. . tra of PST films at room temperature, as a function of Sr
The Raman spectra were recorded using a single m0nOChrgbncentration(x).14 As x increases, the separation between

rpator(ln;truments SA-'_Fnax 550 equped with conven- the higherE(TO) and A;(TO) modes decreases and they
tional optics, holographic supernotch filters, and a chargé

. NN eem to merge into a single broad bandxer0.6, reflecting
coupled device de_tector. A514.5nm exmtgﬂon line was use cubic structure. According to the Raman selection rules all
to record spectra in a nearly back-scattering geometry.

X-ray diffraction analysis of RS ¢TiOs film showed the modes should disappear for the cubic phase. However,

that the films are polycrystalline in nature with a perovskite
crystal structure at room temperature and no observable te- ———
tragonal diffraction peak splittingc{a~ 1) as shown in Fig.

1. Scanning electron microscopy revealed that the film thick-
ness~4 um (cross-sectional, figure not shoywrith the av-
erage grain size-150 nm, showing a significant amount of
grain boundary regionee Fig. 2 The dielectric permittiv-

ity versus temperature graplrig. 3) shows a broad peak
around room temperature, indicating a rather diffuse phase
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FIG. 4. Raman spectra of R§Sr, ¢TiO5 film recorded betweer-80 °C and
FIG. 2. Scanning electron micrograph of B8r, ¢TiO5 film. 200 °C.
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' T T L ' peak to the total area of the spectrum between 50-1000

= 016 b e
g * @ cm 1) of A;(3TO)/E(3TO) phonon mode, along with the
< . spontaneous polarization measured from ferroelectric hyster-
5 0T A esis loops[Figs. §b)]. Clearly both sets of data exhibit a
e e . gradual decrease with increasing temperature, without any
T ol * e - discontinuity in slope indicating a gradual elimination of te-
'?é * e tragonal phase in favor of cubic form. This observation sug-
S ol | . . g gests that the sample h_as a distribution of phases with differ-
1 l l ] ent phase transformation temperatures. The presence of a
06 L oo (b) | distribution of tetragonal phases in film could be due to com-
r . ] positional changes near the grain boundary regions in com-
o 04} Tes . parison to grain interior and/or variation of Pb concentration
E % e ] along the growth direction in the film due to its volatility
81 02t . during the high temperature annealing process. In an earlier
a” ot * .. 1 study with potassium tantalum niobate films, prepared by
00 * MOD process, a gradient in potassium composition was ob-
é ' 5'0 ‘ 1(')0 1;0 served along the film normal which led to an up or down
O shift in the hysteresis loop$.In our recent studies on PST

films,'° a similar shift in the hysteresis loops has been ob-

served, suggesting a Pb composition gradient along the film

FIG. 5. Temperature dependence(af normalized integrated intensity of normal

the A;(83TO)/E(3TO) phonon peak, antb) spontaneous polarization mea- ) . . i

sured from ferroelectric hysteresis loops. . In summary, MOD grovyr_1 I:)d-)4sro-f5-|—'_03 f"ms exhibit a
diffuse type of phase transition. The dielectric constant ver-

sus temperature plot shows a broad peak centered around

we observe all the phonon modes ingR®r, ¢TiO5 corre-  100M temperature. The x-ray diffraction shows peaks that are

sponding to a tetragonal perovskite ferroelectric phase. Thigharacteristic of the cubic phase whereas the Raman scatter-
indicates that the film is tetragonal at the microscopic scaldd Shows the characteristic phonon modes of the tetragonal

at which the Raman scattering probes the structure, but wit"ase. The persistence of the hysteresis loops at and well
an average “cubic” structure at the coherence length of thébove room temperature also confirms the presence of tetrag-

x-rays, perhaps due to large Debye—Waller factors. onal phase. The x-ray data is interpreted as due to the film
The intensity of the Raman modes decreases with tthi”Q tetragonal at the microscopic level with in an average
increase in temperaturéFig. 4), but the intensity of the “cubic” structure at the coherence length of the x rays. Both

modes does not vanish even at temperatures well beyorﬁaman and dielectric data are interpreted as due to the pres-
150°C. This is consistent with the observation of a diffuse®Nce of a distribution of phases in the film caused by the
phase transition in the mixed perovskites, where there j¥ariation of Pb content near grain boundary regions and/or
more than one type of atom per crystallographic S§The the presence of a C(_)mposmon gradient aloqg the film normal
statistical composition fluctuations, which must occur be-"€sulting from the high temperature annealing process.
cause different cations can occupy crystallographically
equi\{qlent 7sites, are believed to be the reason for diffus@ ckNOWLEDGMENTS
transitions'’ In addition, several of the modes in the Raman _
spectrum show some softening with an increase in tempera-  This work was supported by the Center for Smart Sen-
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