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Effects of RF Power, Substrate Temperature and
Gas Flow Ratio on the Mechanical Properties of
WC, Films Deposited by Reactive Sputtering
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Abstract Effects of rf power, pressure, sputtering gas composition, and substrate temperature on the
deposition rate of the WC, coatings were investigated. The effects of rf power and sputtering gas composition
on the hardness and corrosion resistance of the WC, coatings deposited by reactive sputtering were also
investigated. X-ray diffraction (XRD) and Auger electron spectroscopy (AES) analyses were performed to
determine the structures and compositions of the films, respectively. The hardnesses of the films were
investigated using a nanoindenter, scanning electron microscopy, and a salt-spray test, respectively. The
deposition rate of the films was proportional to rf power and inversely proportional to the CH, content of Ar/
CH, sputtering gas. The deposition rate linearly increased with increasing chamber pressure. The hardness
of the WC, coatings increased as rf power increased. The highest hardness was obtained at a CH, concentration
of 10 vol.% in the sputtering gas. The hardness of the WC, film deposited under optimal conditions was found
to be much higher than that of the electroplated chromium film, although the corrosion resistance of the former
was slightly lower than that of the latter.
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Fig. 1. Deposition rate as a function of rf power (CH,
concentration: 20%).
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Fig. 2. Three-dimensional AFM images of WC, films
deposited (CH, concentration: 20%) at (a) 300 W and (b)
400 W.
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Fig. 3. Deposition rate and at.% carbon in WC, film as
functions of pressure (rf power: 400 W, CH,4 concentration:
20%).
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Fig. 4. Deposition rates as functions of CHy concentration in
sputtering gas at 25°C and 280°C.
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Fig. 5. Microhardnesses of films deposited at 280°C with
different CH4 concentrations in sputtering gas (rf power:
400 W).
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Fig. 6. X-ray diffraction spectra of films deposited at 280°C
with varying CH, concentration (rf power: 400 W).
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Fig. 7. Concentration of tungsten in WCy film as a function of
CH, concentration in sputtering gas.
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Fig. 8. AES spectra of WC, films deposited by reactive

magnetron sputtering at a depth of ~500A from WC, film
surface.

o] zAoA 7Hs3 ZAo|th Fig. 8& th¥s CH, 7t
29] Fxo| wE AES (Auger electron spectro-scopy)
23 Eolt}, CH, 7k=ef Tt 0%Y We B2 3
A9} 7t A4 H3zt FEHGoY A FHAE Hol
A &tk CHy 7Hse] w27t S7hdel s o &
Hae gaste A% 19oH, 722t 10, 20, 25 &
30%Y ™ 252eVe 260 eVolA F 7RO 2 B4 T
A7F Bivk 28y 30% A9e UE WA s 7
o= A3 2ol BTk 30%2 W 271 eVollA =
Age EAE dFshs ® o Azt el o
CH; 7k=9] =7t 715l ubet B2sl dxpel 2
HAl 2 &4 A2 7 Frbst S-S Ve
A cabinetol| A AASH 7HERAAY Az RE v
4 S9HYYPes S W] AF A7)=d
B} Yol o 9488 F48 & 4 Aok CH, 7t
28] TR 10%Y e e 2HEHIERL
WC, ] W4 do] Fol o2 () M o] =
o] z}z} 2165 421417 A} & AU

2428} 451717F0] ZAEA] 23S W

v Jo
Ol
X, Jos ox T

2



]

Wh87g AwElE

=) A skl dste] 2ALIS
t}. %asg—t— shejo] W& stAL, CHy 7h29] &
Kl R o] Skl met A4
=& RF 997} 271 wet &
CH7F 10%Y ®ell 7P =2 A

A7Nwge o8 28t A
ZEM HJ*W g A=

it
ki
A
ot

1. B. Meyers and S. Lynn, Chromium Elimination, ASM
Handbook, Surface Engineering ASM International, 5, 925
(1994).

2. G Irons, W. Kratochvil, M. Schroeder and C. Brock,
Thermal Spray, ed. C. C. Berndt (ASM International,
Ohio-USA, 1996).

3. D. Wang and T. Oki, Thin Solid Films, 185, 219 (1990).

4. M. Pakala and R. Y. Lin, Surf. & Coat. Technol., 81, 233

oo REAE, 719es ¥ 7IAgEm)7 W, B2l 7141 B4 7)x)E

10.
11.
12.
13.

14.
15.

16.

'3 625

(1996).

. A. Chen, X. Qiu, K. Sridharan, W. G. Home and R. A.

Dodd, Surf. & Coat. Technol., 82, 305 (1996).

. G. Batis, P. Pautazopoulou and A. Routoulas, Methods and

Mater, 48, 107 (2001).

. H. Herman and S. Sampath, Metallugical and Ceramic

Protective Coatings, ed. K. H. Stern (St Edmundsbury
Press, Suffolk, Great Britain, 1996).

. B. E. Kramer and P. K. Judd, J. Vac. Sci & Technol. A,

3, 2439 (1985).

. D. K. Srivastava, T. V. Tao, V. D. Vankar and K. L.

Chopra, J. Vac. Sci. & Technol. A, 2, 2161 (1984).

P. D. Rack, J. J. Peterson, J. Li, A. C. Geiculescu and H.
J. Rack, J. Vac. Sci. & Technol. A, 19, 62 (2001).

J. E. Sundgren, B. O. Johansson and S. E. Karlsson, Thin
Solid Films, 105, 353 (1983).

M. S. Wong and W. J. Chia, Surf. & Coat. Technol., 86/
87, 381 (1996).

P. D. Davidse and L. I. Maissel, J. Appl. Phys., 37, 574
(1966).

P. Evans and A. J. Noreika, Phil. Mag., 13, 717 (1966).
E. Krikorian and R. J. Sneed, J. Appl. Phys., 37, 3665
(1966).

J. Esteve, G. Zambrano, C. Rincon, E. Martinez, H.
Galindo and P. Prieto, Thin Solid Films, 373, 282 (2000).



