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Determination of the Effective Elastic Constants of a Superlattice Film by

Measuring SAW Velocities
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ABSTRACT

The effective elastic constants of a single-crystal superlattice film have been determined by two methods based on the
velocities of surface acoustic waves (SAW). One method uses fonmulas to calculate the effective elastic constamis of a
superlattice from the known elastic constants of the constituent layers. The calculated effective elastic constants are tested
by comparing the comresponding SAW velocities calculated for thin-film/substrate systems with the comresponding SAW
velocities measured by line-focus acoustic microscopy (LFAM). The other method determines the effective elastic constants
of the superlattices by inverting the SAW velocity dispersion data measured by LFAM. The results of both methods
applied to a TiN/NbN superlattice fitm are in good agreement.

Key Words: SAW(surface acoustic wave), Effective elastic constants, Superlattice film, LFEM(line-focus acoustic microscope)
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Fig. 1. Schematic diagram of the acoustic probe and a superlattice
specimen.
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Fig. 3. Cross-sectional transmission electron microscopic images
of a TiN/NbN superlattice.
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Table 1. Film thickness and period of the superlattice
specimens TIN/NDN  (drn/ A=03) used for the

experiments.
specimen number | thickness h (#m) | pedod A (nm)
al 0.43 9.46
a2 0.83 2.37
a3 0.91 4.14
ad 1.37 8.37
as 2.36 36.3
ab 2.50 2.62
a7 341 5.50
a8 379 189
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Table 2. Elastic constants and mass density of single-crystal
constituent layers(TiN, NbN) and superlattice(TiN/NbN}.

. mass density| elastic constants (GPa)
material
(&emy (e cap iz 3 Car e
TiN 5.39 625 165 163
NbN 8.43 556 152 125

TiNNDN | €| 752
(dTiNf A=0.3) | M

577 575 156 156 134 136
587 587 127 127 135 135
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Fig. 4. SAW dispersion curves for the (00f) superlattice films
grown on an MgO substrate.
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