000000000 Vol. 11 (20110 120), OO No. 24-111216

JASCOME

Ooodbbooooboooo ioboobooooobboooooobo
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In the present paper, the interfacial adhesion strength between thin film and substrate is

evaluated by using laser ultrasonic waves. The laser beam is irradiated on the substrate

which has a thin film on the opposite side. The ultrasonic elastic wave is excited by the

laser beam, and it propagates in the thickness direction of the substrate. The ultrasonic

compressive wave reflects at the opposite surface as a tensile wave, and reaches the inter-

face. Finally, delamination at the interface is caused by the tensite wave. In the present

study, the interfacial stress is estimated by inverse analysis using Laplace-transformed

boundary element method. The displacement history on the surface of the specimen can

be related to the interfacial stress by a transfer function. The transfer function can be

obtained numerically by 3-dimensional boundary element analysis. The test specimens

made from Al alloy substrate and Ti thin film were used in the present study. It is con-

firmed that the interfacial strength between thin film and substrate is 68.3 MPa from the

present investigation.

Key Words: Laser Ultrasonic Waves, Inverse Analysis, Boundary Element Method,

Thin Film, Wave Propagation, Interfacial Strength
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Fig.1 Evaluation of interfacial strength for thin film using

laser ultrasonic waves.
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Fig.2 A picture of experimental setup.
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Fig.4 Specimen of Ti film and Al substrate.
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Fig.5 Displacement history on the lower surface of the
specimen at laser energy 52mJ.
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Fig.6 A model of boundary element analyses.

Table 1 Material properties and dimensions of BEM model.

Material Al Ti
Young’s Modulus[GPa] 70.3 110.57
Density[g/cm?] 2.68  4.51
Poisson’s Ratio 0.33  0.32
Thickness[mm|] 1.00 0.03
Radius[mm] 3.00 3.00

Input pressure [MPa]

—— With regularization
I —---- No regularization

-100 s s

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Time [ps]

Fig.7 Input pressure obtained by inverse analysis
at laser energy 52mJ.
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Fig. 8 Interface stress response obtained by
inverse analysis at laser energy 52mJ.
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Fig. 10 Adhesion strength by Weibull distribution
by laser spallation method.
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Fig. 11 Adhesion strength of Weibull distribution
by peel test.
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