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A Study on the Characterization of Ni-C Thin Films Utilizing
a Dual-Source Deposition System

Chang-Suk. HAN*, Chang-Hwan. Chun*, Seung-Oh. Han**
*Dept. of Defense Science & Technology, Hoseo University
**Institute of Fusion Technology, Hoseo University
165 Sechul-Ri, Baebang-Myun, Asan City, Chungnam 336-795, Korea

Abstract Ni-C composite films were prepared using a combination of microwave plasma CVD and ion beam
sputtering deposition working in a codeposition way. The structure of these films was characterized by energy-
dispersive X-ray diffraction (EDXRD), transmission electron microscopy (TEM) and Raman spectroscopy. It was
found that a nickel carbide phase, Ni;C (hcp), formed as very fine crystallites over a wide temperature range
when Ni-C films were deposited at low CH, flow rates. The thermal stability of this nonequilibrium carbide Ni;C
was also studied. As a result, the Ni,C carbide was found to decompose into nickel and graphite at around
400°C. With high CH, flow rates (> 0.2 sccm), the structure of the Ni-C films became amorphous. The formation
behavior of the carbide and amorphous Ni-C phases are discussed in relation to the electrical resistivity of the films.
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Fig. 1. Schematic diagram of dual-source deposition

system equipped with an in-situ energy-dispersive X-
ray diffractometer.
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Table 1. Conditions for the preparation of Ni-C composite films

Base pressure

< 5x107 Torr

Deposition pressure

6 ~ 8x107 Torr

Substrate temperature

R.T,, 200°C, 300°C, 400°C, 500°C

Accelerate voltage for sputtering 2KV

Ion beam current for sputtering 20 mA
Microwave power 245 W

CH, flow rate (CVD) 0.02~0.5 sccm
H, flow rate (CVD) 25 sccm
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Fig. 2. Energy-dispersive X-ray diffraction profile of
Ni-C film deposited at ambient temperature.
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Table 2. Electron diffraction data of Ni,C

Reflections, hkl Uy, € A) dgy ( A) o ( A)
100 2.295 2.286 2.2808
002 2.162 2.162 2.1563
101 2.030 2.021 2.0189
102 1.566 1.571 1.5731
110 1.323 1.320 1.3228
103 1.226 1.219 1.2213
200 - 1.143 1.1420
112 1.127 1.127 1.1277
201 1.105 1.105 1.1076

a=2640 A, c=4323 A, c/a=1.638

Fig. 3. Electron diffraction pattern and TEM bright-field image of Ni-C film deposited at ambient temperature.
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Fig. 4. Energy-dispersive X-ray diffraction profiles
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Fig. 5. TEM bright-field images showing the microstructures of Ni-C films deposited at (a) 200°C, (b) 300°C, (c)
400°C and (d) 500°C. The dark and grey areas are Ni,C carbide grains (Ni,C carbide and/or Ni grains for films
deposited at 400 and 500°C), and light areas are amorphous carbon.
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Fig. 6. AES depth profile of the Ni-C film deposited at
500°C (sputtering rate : 1.1 nm/min). The inset shows a
SEM cross-sectional image of the film.
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