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A study on the preparation and characterization of Zn,Sr;.,S thin films
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ABSTRACT

Zn,Sry,S thin films were prepared in the whole composition range by rf sputtering, using powder targets
of a mixture of ZnS and SrS with the required mole fraction. The possibility of existence of Zn,Sri.S solid
solutions was systematically investigated from the results of thin film growth, in terms of structural, optical
characteristics and the chemical bonding of the constituent atoms. The XRD, XPS and optical results made it
clear that the solid solutions with a single-phased zincblende structure and a single-phased rocksalt structure
were formed at 0.86~0.93<x<1 and 0<x<0.29, respectively. The miscibility gap, including phase separation
regions was found to exist in 0.3<x<0.86~0.91, in which lattice constants, binding energy and absorption
edges kept almost constant by the same values as those at border compositions. The experimental results on

phase transition agreed well with the fraction of ionic character f; based on the Phillips’ dielectric theory.
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Table 1. Typical sputtering conditions.

REF Diode, 1356Milz,
below 1x10*Pa

Deposition Apparatus

RF Power density 40 W/em®

Sputtering Medium Argon(Ar) Gas

Gas Pressure 3 Pa

Target 7nS/SrS Mixed Powder
Substrate Quartz Glass

00 T

Substrate Temperature
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Fig. 1 (@) The two-dimensional distributions of
each eclement by EDAX and (b} the depth
profile by XPS for the Zng1sSrogsS thin film.
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Fig. 2 Dependence of (a) the deposition rate
and (b) Zn composition in film for Zn,Sry ,S thin
films as a function of Zn composition in target.
The inset in (a) shows the dependence of the
deposition rate of ZnS and SrS fims on
substrate temperature. The dotted plot in (b)
indicates the film composition estimated from
the deposition rates of binary compounds.
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Fig. 3 X-ray diffraction patterns of the Zn,Sr,.,S
thin films with x values of 1, 0.94, 0.56, 0.12 and
0. For reference, those of ZnS and SrS powder
used as starting materials are also shown.
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Fig. 4 The variation of XRD peak intensities
and the lattice constants for the Zn,Sri,S thin
films as a function of Zn composition in film.
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Fig. 5 (a) The typical XPS spectra from S 2pip»
and 2pae core levels for Zn,Sri,S thin films. The
arrows indicate the binding energies of core
levels for elemental S and ZnS compound. (b)
The composition dependence of binding energy
and (c) that of peak intensity of S 2psp core level.
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Fig. 7 Compositional dependence of fraction of
ionic characters caiculated for Zn,Sri—S thin films.
The inset shows the symmetric covalent energy
gap(Er) and the anti-symmetric ionic energy
gap(C) for ZnS and SrS binary compounds.
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