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Thermodynamic stability and material design of piezoelectric nitride with
wurtzite structure
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In Al-Sc-N ternary system, the phase stabilitﬁ of wurtzite phase is very
important in designing highly functional piezoelectric material. In this study, we have assessed the
thermodynamic parameters of Al-Sc-N ternary system by incorporating the results of first-principles
calculation into the CALPHAD method. From the calculated phase diagram, it has been found that the
(Al, Sc)N wurtzite phase exhibits phase separation. On the other hand, (Al, Sc)N solid solution with
wurtzite phase can be formed in thin film which was fabricated by sputtering. This contradiction is
thought to be derived from different phase equilibria between a thin film and a bulk sample. In
this work, we evaluated the solid solution behavior of (Al, Sc)N wurtzite phase by considering the
strain energy generated between the substrate and the thin film. It was found that the tendency of
phase separation was suppressed with decreasing thickness of thin film.
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Fig. 2 Calculated formation enthalpies of BCC, FCC, and HCP solid solutions
of the Sc-N systenm.
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Fig. 3 Isothermal phase diagram
section of the Al-Sc-N ternary
system at 1273 K. (a) Experimental
phase  diagram reported by
Schuster et al. (b) Calculated
phase diagram in this work.
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Fig. 4 Region of phase
separation of the wurtzite phase
for the bulk and thin films.
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