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Perovskite-type oxides are important materials as dielectric substances,
catalysts, and so on, and their physical and chemical properties are often controlled and
optimized by varying compositions. The extension of the solubility limit must bring
information of value to understand the dependence of their properties on the
compositions and open new possibilities for them as functional materials. Sputtering is
a convenient way to prepare film samples of oxides, and formed samples on to substrates
at low temperatures usually have amorphous structures. In the amorphous film sample,
the constituent ions are uniformly dispersed so that it can crystallize only by short-
range diffusion of the ions during annealing. Thus the sputtering and subsequent
annealing can be a potential method to produce solid solutions of oxides avoiding phase
separations. In this study, I tried to expand the solubility limit in perovskite-type oxide
systems of Ba;-yCayTi103 and Ba;-xCaxZrOs by developing the ‘sputter—anneal’ method,

and investigated the composition dependence of the permittivity in the solid solutions.

(1) Formation of Bai-xCa,Ti0Os3 solid solutions without miscibility gap and their dielectric

properties
Barium titanate (BaTiOs) is an important dielectric material, and its dielectric

properties are controlled by combined with additives such as CaTiOs in actual
applications. The solubility limit of Ba;-xCayTiO3s system has been reported to be x <
0.23 and 0.87 < x in the conventional solid-state reaction, and Bai-yCasTiOs solid
solutions with the compositions close to the solubility limit exhibit interesting
properties such as large electrostriction. Thus, the extension of the solubility limit would
make possible the investigation about the origin of those properties and also open new

applications of Ba;-yCa;TiOs as a functional material.



To produce Bai-xCa;Ti03 solid solutions beyond the solubility limit, film sample
formation was performed by rf magnetron sputtering using the targets of
(BaTiO3)1-x(CaTiOs)x with the compositions x from 0 to 1 on to quartz glass substrates
without heating the substrates. The as-prepared film samples by the sputtering were
found to have amorphous structures by X-ray powder diffraction experiments. By
annealing the as-prepared amorphous film samples at the rather low temperature of
800 °C for 3 h, crystallization proceeded in the samples, and Ba; yCayTi03 solid solutions
were obtained successfully in whole the Ca composition range without phase separation.

The permittivity of the formed solid solutions exhibited a peculiar Ca
composition dependence. The dependence was well explained by the formation of extra

space around Ca2* ions substituted for BaZ* ions.

(2) Application of ‘sputter—anneal’ method to Bai-yCaZrQOs system and dielectric

properties of Bai1-xCaxZrQs solid solutions

To examine the effectiveness of the ‘sputter—anneal’ method for the formation of
solid solutions, the method was applied to Ba:-xCaxZrOs system, which has been actively
studied as an attractive candidate for use in microwave applications and reported to
have a quite narrow solubility limit in a conventional solid-state reaction. Film samples
of Bai1-xCayZrOs (0 < x< 1) having amorphous structures were prepared with the help
of rf magnetron sputtering and then annealed at the moderate temperature condition
of 800 °C for 3 h. By the procedure, Ba;-yCaZrOs solid solutions were successfully
formed over the entire Ca composition range, and Ca composition dependence of the
permittivity was revealed in the solid-solution system. The formation of solid solutions
despite the narrow solubility limit demonstrates the usefulness and validity of the

‘sputter—anneal’ method for the formation of solid solutions in perovskite-type oxides.

The ‘sputter—anneal’ method developed in this study would produce new solid-
solution materials in perovskite-type oxide systems and possibly in some other kinds of
oxide systems. The method is expected to open a more precise understanding of the
property dependences of oxide solid solutions on the compositions, which might allow

detailed controlling of the properties more efficiently.



