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Characterization of a Copper Thin Film Using the Surface Acoustic
Wave Measurement Technique
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The elastic property of a copper (Cu) thin film was investigated using the surface acoustic wave (SAW)
measurement technique. The Cu film was deposited on a quartz substrate using a direct current magnetron sputter
and its surface morphology was inspected using atomic force microscopy. Time-domain waveforms of the SAW on
the film were acquired at different propagation distances to estimate the Young’s modulus of Cu such that the
experimentally-obtained dispersion curve can be compared to the analytical result calculated using the Transfer
Matrix method for curve-fitting. Results showed that the film’s elastic property value decreased by 18.5% compared
to that of the bulk state, and the scale effect was not significant in the thickness range of 150-300 nm, showing
good agreement with those by the nanoindentation technique. The property, however, increased by 15.5% with the
grain coarsening.
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NOMENCLATURE A = The 1I* Lamé’s Constant
A Amplitud pu = The 2™ Lamé’s Constant
= mplitude
P ) v = Possion’s Ratio
¢ = Wave Velocity )
. . p = Density
D = Field Matrix
¢ = Stress
E = Young’s Modulus .
f = Frequency ¢ = Scalar Function
y = Vector Function
k = Wavenumber
t = Time
= Displ t
u isplacemen 1 M2
w = Angular Frequency
o = Longitudinal Wave Velocity WEe] HhEA, ofZelAo]d EaAA, TAZdo] Seo] A
~ Transverse Wave Velocly AAE AZQAA WA HE AL Slete] e,
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Fig. 1 A layer of thin film on a semi-infinite half space
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Fig. 3 Time-domain waveforms of the surface acoustic wave on the
300 nm-thick film: (a) at the reference position, (b) at a
propagation distance of 5.0 mm
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Fig. 4 The dispersion curve of the 300 nm-thick film and the curve-
fitting result. Dashed lines are the error bounds (+2 GPa in
terms of the Young’s modulus)
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Fig. 5 The nanoindentation testing result on the 300 nm-thick film
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Fig. 6 The dispersion curve of the 150 nm-thick film and the curve-
fitting result. Dashed lines are the error bounds (+3 GPa in
terms of the Young’s modulus)
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