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Elastic Anisotropy of Thermally Grown Oxide Layer Studied by Resonant Ultrasound
Spectroscopy
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In this study, we tried to investigate the elastic anisotropy of thermally grown oxide layers
by measuring the complete set of elastic constants using resonant ultrasound spectroscopy.
Two types of electromagnetic acoustic transducers were built to determine the out-of-plane
elastic constants from through-thickness resonance frequencies. We succeeded in accurately
determining the out-of-plane elastic constants of a free-standing CoNiCrAlY coating, on
which thermally grown oxide layers grow, by measuring through-thickness resonance
frequencies with the self-build electromagnetic acoustic transducers. These transducers
allowed us to measure through-thickness resonance frequencies of a triple-layered plate
consisting of a thermally grown oxide layer, CoNiCrAlY coating, and thermally grown oxide
layer. However, the measurements failed to provide reliable elastic constant data for the
thermally grown oxide layers due to their extremely thin thickness. Future work should
focus on establishing a method to grow homogeneous and uniformly thick thermally grown
oxide layers.
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Fig.2 Schematic of two types of electromagnetic acoustic transducers.
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Fig.3 Resonance spectra for polycrystal copper measured using (a) shearmode and (b)
dual-mode transducers. Red and blue lines represent shear-wave and longitudinal-
wave resonance peaks, respectively.
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Fig.4 Resonance spectra for free-standing CoNiCrAlYmeasured using (a) shear-mode and
(b) dual-mode transducers. Red and blue lines represent shear-wave and
longitudinal-wave resonance peaks, respectively.
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Fig.5 Resonance spectra for triple-layered plate measured using (a) shear-mode and (b)
dual-mode transducers. Red and blue lines represent shear-wave and longitudinal-
wave resonance peaks, respectively.
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