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Thin films of PbTiO,(PT), 5-360 nm in thickness, were grown on miscut (301)SrTiO.(ST) substrate (miscut angle of 1.7%)
at 600 °C by if pianar magnetron sputtering. The sputtered PT thin films showed three-dimensional ¢rystal orientation, and
the surfaces were extremely smooth over a large area. The crystal form of bulk PT is cubic at 600 “C, but the epitaxiat PT
thin films on ST substrate become deformed from cubic to tetragonal form by compressive farce in the a-b plane during film
growth since the lattice parameter of ST is smaller than that of PT. The deformed crystal structure was quenched during a
cooling cycle in the deposition process. The PT thin films were coherent to the substraic and tightly bonded on the surface
of the substrate. The transition from tetragonal 1o eubic phase could not be abserved even when the temperature of the FT

thin films was elevated from room temperature to Curie temperature.
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Fig.1 Surface structure of miscut (001) SrTi0.

Table £ Sputtering conditions,

Target PbTiO; powder
Target diameter 100 mm
30 mm

Target-substrate spacing
Substrate

Spuitering gas

Substraie temperature
Growth rate

miscut(001)SrTiO;,
ArjQ, = 20/1 (0.5Pa)
600 °C

3~ 5 nm/min
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Fig. 2 Typical XRD spectrum of sputtered PbTiO; thin film,
100 nm thick, on miscut {001)SrTiO;.
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Fig. 3 Typical surface SEM and AFM images of sputtered
PbTiO; thin film, 100 nm thick, en miscut (0013SrTiCs,
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Fig. 4 Cross-sectional TEM micrograph of sputtered PbTiQ,; thin film, 160 nm
thick, on miscut (001)SrTiQ, with a SAD pattern at the interface of
PLTIO; thin film and StTiO, substrate (f: film, s: substrate).

Fig. 5 Atomic TEM image of sputtered PbTiQ, thin film, 160 am thick, on miscut
{001)SrTiO,; interface of PbTIO; thin film and SrTi0; substrate.
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Fig. 6 Lattice deformation of heteroepitaxial thin films.
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Fig. 7 Temperature dependence of lattice parameters for bulk
PbTiO; (solid line)” and SrTiO, (dashed liney®.
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Fig.8 Temperature dependence of ¢-lattice parameter for (O)
spuitered PbTiO; thin film, 360 nm thick, on miscut
(001)SrTiO; and (@) bulk PbTIO,.
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Fig.9 XRD spectrum of sputtered PbTiQ; thin film, 360 nm thick, on miscut (001)SrTi0, after annealing at 600 *C.

Fig. 10 Typical cross-sectional TEM image of sputtered
PbTiO; thin film, 360 nm thick, on miscut (001)SrTiO,
after annealing at 600 °C.
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Fig. 11 Temperature dependence of lattice parameters for
PbTiO, thin film, 360 nm  thick, on miscut {001)SrT:0;
after annealing at 600 °C (empty circle: heating cycle,
solid circle: cooling cycle).
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