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Abstract In this study, adhesion of DLC films, which were deposited by the plasma enhanced chemical vapor de-
position system (PECVD), were investigated for various substrate species. Relative adhesion strength could be es-
timated by determining the critical thickness which film delamination start occurs. Film adhesion strength was
quantitatively measured from the values of critical load obtained by the scratch tester. It was found that the DLC
films show the highest ahesion strength for Si substrates. The strength decreases in the order of chromium > ti-
tanium > iron > ceramics. In order to relate the measured adhesion strength with the microstructure of film/sub-
strate interfaces, the bonding structures and atomic profiles at interfaces were investigated using X-ray photoelec-
tron spectroscopy (XPS) and Auger electron spectroscopy (AES). The film adhesion was mainly affected by the
formation of carbide at the interfaces. High adhesion strength was observed when the carbides were formed at
the interfaces, and the formation of interface oxides during the plasma processes substantially degrades the
adhesion.
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Table 1. Critical load and critical thickness of DLC
film on the various substrates.

TC LC
Substrates (critical thickness) | (critical load)
Si(HF passivation) > 20000 A 177 N
Si(No passivation) 10000 A 10.8 N
Cr 1200 A 48 N
Ti 850 A 2 N
Fe 600 A -
Si0, 850 A -
ALO, 600 A -
Stainless steel 600 A -
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Photo. 1. Buckling pattern of DL.C films on the various substrates.
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Fig. 1. XPS results of DLC/Si interface.
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Fig. 2. XPS and AES result of DLC film on the Ti sub-
strate.
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Fig. 3. XPS and AES result of DLC film on the Cr sub-
strate.
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Table 2. Gibbs free energy of carbide formation for
the substrate materials.

Substrates | reaction Gibbs free
energy
Si Si+CH,—SiC+ 2H, -2.87
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Cr.0s 3Cr,0s+ 6CH—2Cr,C,+ 9H,0 300,774
+3H.,
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Fe 3Fe+CH—FesC+2H, 16.93
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