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Growth and properties of „001… BiScO 3 – PbTiO3 epitaxial films
Takeshi Yoshimura and Susan Trolier-McKinstrya)

Materials Research Institute, The Pennsylvania State University, University Park, Pennsylvania 16802

~Received 14 June 2002; accepted for publication 25 July 2002!

The ferroelectric and piezoelectric properties of~001! BiScO3– PbTiO3 epitaxial films were
investigated. Epitaxial films 1mm thick were grown by pulsed laser deposition using ceramic targets
of (12x)BiScO3–xPbTiO3 (x50.5) at substrate temperatures of 700 °C on~100!
SrRuO3 /(100)LaAlO3 substrates. Well-saturated hysteresis loops with a remanent polarization of
36 mC/cm2 were observed. The films had a room temperature dielectric constant of 800, tand
50.09 and a maximum permittivity of 3600 at 460 °C. The room temperaturee31f piezoelectric
coefficient was29 C/m2. The piezoelectric properties obtained were comparable to those of
Pb(Zr,Ti)O3 or relaxor ferroelectric-PbTiO3 films. © 2002 American Institute of Physics.
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Ferroelectric thin films have created considerable in
est in recent years for a wide range of applications, such
microelectromechanical systems and nonvolatile memor
Since the temperature stability of the electrical properties
well as good ferroelectric or piezoelectric activity, is impo
tant for device applications, ferroelectrics with high tran
tion temperatures,Tc , are attractive.

Recently, BiScO3– PbTiO3 has been reported as a ne
piezoelectric with a highTc .1 At the morphotropic phase
boundary~MPB! composition,Tc of BiScO3– PbTiO3 ~64/
36! is 450 °C, which is higher than that of Pb(Zr,Ti)O3 . A
remanent polarization of;32 mC/cm2 and ad33 piezoelec-
tric coefficient of;465 pC/N were observed in bulk ceram
ics. In the present study, BiScO3– PbTiO3 epitaxial films
were investigated in terms of their ferroelectric and pie
electric properties. Since rhombohedrally distorted per
skite ferroelectrics show higher piezoelectric propert
along the^001& direction,2 ~001! BiScO3– PbTiO3 epitaxial
films in the rhombohedral phase were prepared.

BiScO3– PbTiO3 films and SrRuO3 bottom electrodes
were prepared by pulsed laser deposition~PLD! on ~100!
LaAlO3 single crystal substrates~MTI Corporation!. ~Note
that in this letter, the Miller indices of LaAlO3 , SrRuO3, and
BiScO3– PbTiO3 are given in terms of a pseudocubic un
cell.! A KrF excimer laser~Lambda Physik Compex 102!
with a 248 nm wavelength was used to ablate the ta
materials. The laser energy density was 1.5–2 J/cm2. SrRuO3

bottom electrodes were deposited using stoichiome
SrRuO3 ceramic targets~Target Materials Inc.!. Details of
the epitaxial growth of SrRuO3 films are given elsewhere.3,4

BiScO3– PbTiO3 films were deposited using sintered c
ramics of (12x)BiScO3–xPbTiO3 (x50.5) which were
batched with 20 mol % excess PbO and 10 mol % exc
Bi2O3 to compensate for the loss of lead and bismuth dur
growth.5 Oxygen and ozone gases were introduced into
deposition chamber using a commercial ozone gener
~PCI!. The deposition ambient consisted of a mixture of 10
O3/90% O2. The crystalline structure of the films was cha
acterized by x-ray diffraction~XRD! using CuKa radiation.
u–2u, v, andf scans were performed using a Scintag Pad
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diffractometer and an X’pert Philips four circle diffracto
meter.

Figure 1 showsu–2u and f XRD patterns of a 1mm
thick BiScO3– PbTiO3 film deposited at a substrate temper
ture of 700 °C, a deposition pressure of 200 mTorr, a la
repetition rate of 14 Hz, and a target to substrate distanc
40 mm. The deposition rate was 130 nm/min. The 101 d
fraction peaks of BiScO3– PbTiO3 and LaAlO3 were used in
the f scan. As can be seen,~001! BiScO3– PbTiO3 epitaxial
films were obtained. Although small peaks corresponding
polycrystalline BiScO3– PbTiO3 were observed in theu–2u
patterns, to the detection limits of our diffractometer, no s
ond phase such as pyrochlore phase is present. The ou
plane lattice constant determined by measuring the 2u angles
of the 00l type diffraction peaks and using the Nelson–Ril

FIG. 1. ~a! u–2u and ~b! f XRD patterns of a BiScO3– PbTiO3 film on a
~100! SrRuO3 /(100) LaAlO3 substrate.d BiScO3– PbTiO3 , * Pt 111,
mSrRuO3 , andj LaAlO3 .
5 © 2002 American Institute of Physics
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method6 was 4.05160.005 Å. This value is consistent wit
the lattice constants reported in bulk ceramics of rhombo
dral BiScO3– PbTiO3 .1 The full width at half maximum
~FWHM! of the BiScO3– PbTiO3 002 diffraction peaks in
the u–2u and v scans were 0.29° and 1.08°, respective
Although perovskite~001! BiScO3– PbTiO3 films with no
pyrochlore phase were obtained in a range of substrate
peratures~650–730 °C! and deposition rates~30–200 nm/
min!, the films deposited at 700 °C at relatively high depo
tion rates~130 nm/min! have the smallest FWHM values.

To characterize the electrical properties, Pt top el
trodes (f50.44 mm) were sputtered through a shad
mask. Polarization hysteresis loops were measured by a
diant Technologies RT66A standard ferroelectrics tester.
dielectric constant and loss were determined using
inductance-capacitance resistance meter~Hewlett Packard
4284A!. Figure 2 shows the polarization hysteresis loops
the BiScO3– PbTiO3 film shown in Fig. 1. Well-saturated
hysteresis loops were observed. The remanent polariza
and coercive field were 36mC/cm2 and 65 kV/cm, respec
tively. The remanent polarization is comparable to that
bulk ceramics.1 The temperature dependence of the dielec
constant and loss are given in Fig. 3. The dielectric cons
was 800 at room temperature and exhibited a maximum n
460 °C. An inflection observed around 300 °C might cor
spond to the phase transition from rhombohedral to tetra

FIG. 2. Polarization hysteresis loop of the BiScO3– PbTiO3 film in Fig. 1.

FIG. 3. Temperature dependence of the dielectric constant and loss fo
BiScO3– PbTiO3 film.
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nal distortions. It is encouraging that the dielectric loss
mains below 0.1 up to 480 °C.

The effective piezoelectric coefficients (e31f)
7,8 of the

films was characterized. Thee31f coefficients were measure
using a wafer flexure method described previously.9,10 Prior
to measurements of thee31f coefficients, a dc electric field
was applied to the top electrode of the BiScO3– PbTiO3 films
at room temperature for poling. Figure 4 shows thee31f co-
efficient as functions of the poling electric field and tim
The e31f coefficient after poling with a positive electric fiel
was almost constant with the poling electric field and tim
The value obtained~29 C/m2! was comparable to that o
Pb(Zr,Ti)O3 or relaxor ferroelectric-PbTiO3 films.4,7 This is
very encouraging given the high transition temperature of
compound.

A relatively high deposition temperature~700 °C! was
needed to deposit~001! BiScO3– PbTiO3 epitaxial films with
good crystalline quality, and it was found tha
BiScO3– PbTiO3 had good perovskite stability. The remane
polarization of 36mC/cm2, e31f piezoelectric coefficient of
29 C/m2, and Tc of ;460 °C suggest that suc
BiScO3– PbTiO3 films are potentially interesting for micro
mechanical and semiconductor devices.

The authors are grateful to Tom Shrout for synthesis
the ceramic target. Support for this work was provided by
Office of Naval Research and the National Science Foun
tion.
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FIG. 4. e31f coefficient as a function of the poling electric field and time
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