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The Effect of Substrate Temperature for Internal Stress on Sputtered Thin Film
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In our recent research, it was found that the effects of ion bombardment for thin films can be estimated using the ion bom-
bardment parameter P;. Internal stress in sputtered thin films can be classified into thermal stress and true stress. In this study,
the internal stress in thin films was evaluated by the changes in evaporant sources (Ni or Al), substrate (Si or glass), and sub-
strate temperature during the deposition. Internal stress in thin films with ion bombardment as a part of true stress was controlled
by plasma diagnostics. Thermal stress in the thin films was evaluated from the thermal expansion coefficient of the films and the
substrate with the changing substrate temperature during thin film deposition. It was found that internal stress of the films was
strongly dependent on thermal stress. Despite the control of ion bombardment by plasma diagnostics, the values of true stress for
the films were not continuous. This suggests that in addition to ion bombardment, true stress is also governed by microstructural

changes with changing substrate temperature.
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Table 1 Material characteristics.

Si Glass Ni Al

Young’s modulus, Pa 1.3x101 7.15x101° 2.0x1011 7.03x 1010

%i{llear expansion coefficient, 2.6x10-6 7.2x10-6 1.34x10-5 2.3x10-5

Poisson’s ratio 0.28 0.21 0.31 0.655
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Fig. 1 Schematic diagram of the DC magnetron sputtering
system.
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Fig. 2 Substrate curvature measurements.
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Fig. 3 Internal stress of Ni films as a function of the Si—sub-
strate temperature.
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Fig. 4 Tensile stress of Ni films as a function of the Si—sub-
strate temperature.
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Fig. 5 Internal stress of Ni films as a function of the glass—
substrate temperature.
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Fig. 6 Thornton model.
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Fig. 7 Internal stress of Al films as a function of the Si-sub-
strate temperature.
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