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Investigation on Guided Wave Dispersion Characteristics
for Metal Thin Films
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Abstract In this study, we investigated the dispersion characteristics of guided waves in thin films. Dispersion
curves are essential for understanding not only the behavior of ultrasonic waves, but also the mechanical properties
of thin films. Matrix techniques are presented for modeling ultrasonic waves in multilayered structures before being
used to calculate the dispersion curves for Al-steel and Al-composite specimens. When compared with the
dispersion curves obtained using the commercial program (Disperse), the dispersion curves generated from the
transfer matrix method show its validity. These developed methods are used to obtain dispersion curves for Al thin
films deposited on a Si substrate. The resulting dispersion curves enable observation of both dispersive and non-
dispersive behavior for the guided waves, depending on the thickness of the thin films.
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Fig. 1 Schematic of a multi-layer structure where
relevant axes and directions of longitudinal
and transverse waves are indicated
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Structure | Material | -ness 3 wave speed
[kg/m’] | wave speed
[mm] [m/sec]
[m/sec]
AL Al 04 | 2700 6320 3130
steel | geel | 12 | 7800 5900 3190
Al- Al 0.3 2770 6320 3150
compo
site | epoxy | 025 2500 3150 1720
Table 2 Material properties of Al and Si used for

simulation

Material Si Al
density [kg/m’] 2329 2375
Young’s modulus [GPa] 130 70
Poisson’s ratio 0.28 0.35
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Fig. 2 Distribution of characteristics function, f, in
equation (19) for Al-steel specimen. Dispersion
curve is the contour plot when f = 0, which
is shown in Fig. 3.
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Fig. 3 Dispersion curve for Al-steel using matrix

transfer method
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