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Preparation of Ti and TiN Films and Investigation of the Residual Stress
Measuring Method
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Abstract The optical lever method is one of the substrate curvature-based instrumentations, which has been
widely used to measure the residual stress of thin films. In this work, the Ti and TiN films were prepared based
on SUS304 substrate by arc with different thicknesses, and the morphology, density and phase of two films were
studied. Curvature radius of the substrate before and after coating was measured by the optical lever method
from the front side (positive test method) and the opposite side (negative test method). The residual stresses of
films were calculated via Stoney method. The test error and the applicable scope of the negative test method
were studied by comparing the results of the positive and negative test methods and the morphology, density, and

crystal structure of the films. The results show that the measurement value of residual stress by the negative test
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method is lower than the positive test method. The higher of the residual stress, the closer of the measurement
result to the positive test method. When the residual stress is high (>1 GPa), the results measured by negative
test method can reflect true level of the residual stress. However, when the residual stress is low (<1 GPa),
measurement accuracy of the negative test method is usually decreased.

Keywords films; residual stress; optical lever; positive test method; negative test method
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Fig. 2 Measuring schematic diagram of the radius of

curvature by light lever™
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Fig. 4 SEM surface and fracture cross-sections topography of Ti and TiN films
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Table 1 The measured densities of Ti and TiN films

P YORU A (s) R R (g) AL (em P (gem®) Bk (g/em®)
90 1.22 2.50x10"* 4.88
180 236 4.75%x10 4.96

Ti 4.54
360 455 9.75x10* 4.66
720 8.92 1.93x10°° 4.64
90 121 2.30x10 ¢ 5.28
180 248 4.65x10 * 5.33

TiN 5.44
360 4.96 9.20x10* 5.39
720 9.57 1.81x10°3 5.30
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