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Abstract Surface and mechanical properties of thin films with submicron thickness was characterized by
nanoindentation with Berkovich and Vickers tips, and scanning probe microscopy. Nanoindention was made
in a depth range of 15 to 200 nm from the surface by applying tiny force in a range from 150 to 9,000 uN.
Stiffness, contact area, hardness, and elastic modulus were determined from the force-displacement curve
obtained. Reliability was first tested by using fused quartz, a standard sample. Elastic modulus and hardness
values of fused quartz measured were the same as those reported in the literature within two percent of error.
Mechanical properties of ITO thin film were characterized in a depth range of 15~200 nm. As indentation
depth increased, elastic modulus and hardness decreased by substrate effect. Ion beam deposited DLC thin
films were indented in a depth range of 40~50 nm. The results showed that the DLC thin film using benzene
and bias voltage 0~-50 V has elastic modulus and hardness value of 132 and 18 GPa respectively. Pure DLC
thin films showed roughnesses lower than 0.25 nm, but silicon-added DLC thin films showed much higher
roughness values, and the wavy surface morphology.
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Table 1. Deposition condition of DLC thin films.
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PS PH SS SH SR
deposition gas Benzene Benzene Benzene+silane (2%) Benzene+silane (2%) Benzene+silane (8%)
bias voltage(-V) 400 0~50 400 0~50 0~50
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Fig. 6. AFM image of ITO thin film.
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Table 2. Comparison of measured elastic modulus with literature data.

Elastic modulus, E (GPa)

Experimental data

; Poisson's
Literature data'?

Berkovich indenter

Vickers indenter

ratio' "

Berkovich indenter  Vickers indenter

Fused Quartz 71.9 72.0
Soda Lime Glass 724 75.7

72 71 0.17
78 82 0.23
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Fig. 7. SPM topography of Berkovich indent on ITO thin film.
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Table 3. Measured Rms roughness of DLC thin films.
PS PH SS SH SR

Rmns

Roughness(nm) 025 015 117 166  2.60

(b)

Fig. 10. SPM topography of DLC thin films, (a)without
silicon(PH), (b)with silicon addition(SR).
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