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Abstract

Chromium carbide films were deposited on high speed steels using a CrsC, target by magnetron sputter-

ing. Effects of the deposition parameters (power, Ar pressure and substrate temperature) on deposition rates and sur-
face roughnesses of the films were investigated. The morphologies of those films were characterized by scanning elec-
tron microscopy and atomic force microscopy. The grain size of the samples deposited using dc-power is larger than
that using equivalent rf-power. The hardness of the sample increases with increasing rf-power, whereas the elastic
modulus nearly does not change with rf-power. The optimum sputter deposition conditions for chromium carbide cn
high speed steels in the corrosion resistance aspect were found to be the rf-power with small roughness.
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Table 1. Deposition conditions and film thickness, rms values and roughness and average grain size

Sample Target power | Process pressure tesr;lszztie Film thickness er\gig\:ri::s()f Average grain size

(Watt) (mtorr) (C) (nm) (nm) (nm)
a rf 200 7 RT 744 1.57 40.03
b rf 300 7 RT 778.8 1.59 38.08
c rf 400 7 RT 820.8 151 38.76
d rf 500 7 RT 877.2 1.93 47.00
e de 100 7 RT 505.2 2.4 57.80
f de 200 7 RT 883.8 2.3 45.01
g de 300 7 RT 1339.8 4.24 45.72
h de 200 7 300 595.8 7.1 68.99
i de 200 7 400 561.0 7.32 85.97
j de 200 2.5 RT 435.0 32 45.09
k de 200 15 RT 469.8 4.0 38.63
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Fig. 1. The hardness of the CrC film as a function of the rf-
power in sputtering
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Fig. 2. The load-penetration depth graph and The hardness
and elastic modulus of the CrC film deposited at dc- and rf-
power of 200W
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Fig. 3. The rms-roughness of the CrC film as a function of dc-
or rf- power in sputtering
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Fig. 4. The rms-roughness of the CrC film as a function of sub-
strate temperature in sputtering

F2Y A9olE ass o) A=l vlal o ¥
AEE 2 5 5L olv] uE uh ek ZE B
229 A5 2d8Uge) o 2 AEE dehit A
o HAZ 49 4 Aok $4 2H Yo F3Y o
H7)=2e) 27 Hlsted 24P 277} he Hom
THe Hall Petche] A403% o] 49 Axg =
Bk,

bu ro £ ao rfo

H"—‘Ho'*'Kd—”Z
H:A=, Hod2AY W¥-AE, d:yg#=7], kigd
oA B2 %)

222 2HE " A AHEEE Ar 729 2 f--3de) 9
3 Ao Hoxt AR 0-1 at% Y 7tae E4HE
LYA AN AAHELE i es vty Ao 9%
< oHE o}, wpepa whebel] Ard AbREk) TS
ATt 2713k ANEHEAEE Arg FAH 0B AMLER
2 A=Y 2o o € AEE 7H 7 de Aew®
w3k ATA A ArZ)Ae} el EAREE AHESE e &
Hejgye] A7l=F el visl ETE& 24 A 53t
22 Axst EE Zeolth

Fig. 3, 4 2 5= z4zt 25E& 34 sj7pageEel CrC
oto] gz Tl nxEe E9F B 235t ~3H=



PAF - HEA

120n
o~
2 1004
=
5 804
fod
;s
o 60 4
o
4 404
£

204

0 i 2 3 4 s 6
Time (min)

Fig. 5. The rms-roughness of the electroplated CrC film as a
function of electroplating time
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Fig. 8. The deposition rate of the CrC film as a funtion of sub-
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Fig. 11. Optical micrographs of the surface of the CrC film after the corrosion test: (a) deposited by
electroplating for 1min (b) deposited by sputtering at the dc-power of 300W (c) deposited by sput-
tering at the rf-power of 500W (d) deposited by sputtering at the dc-power of 200W (e) deposited

by sputtering at the dc-power of L00W

Ro B jelygr),

3) BHZEE 29EFYe Fer) ArnFe] Aol
ulsted AR o $paldnt. =3, ANEF) e =
FAZEe), 2H e Fu o] A power 277} FETel AA
719} w8t gt o} de-sputtering & AT A9} rf-
sputtering {5 AF&3 A-$d) v)ate] & AA7)E Ry
Aok =g, FH F olws 79 Afele AR o
%718tk

4) ¥ET FAE 7t A$E Cr A7 =g B8 =9

=

ga 39 A CrCZe] WAAe] A3 dx 2§ rf-
sputtering® o F 83 CrC2e] de-sputtering®] e &
g 78 vy Falof of Asigct. o2y
9] Fruto) opje} 1 AAY) wgh WAl §FS v
Ae 527 IAYE & 4 T

TAe 2

£ A7 dstdga $570A8 Bst a4 Jledal



88

Z2nE 8

. B. Meyers, S. Lynn, Chromium elimination, ASM Hand-
book, Surface Engineering ASM International 5, 925
(1994).

. 8. Srivastav, A. Jain, J. Vac. Sci. Technol. A, 13, 2997
(1995).

. A. Darbeida, J.von Stebut, M.Barthol, P. Belliard L.
Lelait, G. Zacharie, Surf. Coat. Techonl., 68-69, 582
(1994).

. G. Cholvy, J.L. Derep, M. Gantoris, Thin Solid Films,
126, 51 (1985).

. M. Pakala, R. Y. Lin, Surf. Coat. Techonl., 81, 233
(1993).

. T. Kacsich, M. Neubaer, U. Geyer, K. Baumann, F.
Rose, M. Uhrmacher, J. Phys. D, 28, 428 (1995).

. P.M. Fabis, R.A. Cooke, S. McDonough, J. Vac. Sci.
Technol., A 8, 3819 (1990).

PIAEGI A AH12W A1E (2002)

8. V. Guilbaud-Masserreau, A. Celerier, J. Machet, Thin

12.

13.

14.

15.

16.

17

Solid Films, 258, 185 (1995).

. D. Wang, T. Oki, Thin Solid Films, 185, 219 (1990).
10.
il.

C. Gaultier, J. Machet, Thin Solid Films, 295, 43 (1997).
Y. Chiba, T. Omura, H. Ichimura, J. Mater. Res., 8, 1109
(1993).

E. Klar : Metal Handbook (American Society for Met-
als, Metal Park, Ohio, June) 9thed. 7, 804 (1984).

K. Isozaki, Y. Hirayama and Y. Imamura : US Patent
4927791 (1990)

M. Wittling, A Bendavid, P.J. MArtin, M. V. Swan,
Thin Solid Films, 270, 283 (1995).

C. Paturaud, G. Farges, M.C. Sainte Catherine, J.
Machet, Thin Solid Films, 347, 46 (1999).

R.W. Armstrong, 1. Codd, R. Deuthwaith, and N.J.
Petch:Philos. Mag., 7, 54 (1962).

. J. -E. Sundgren : Thin Solid Films, 128, 21 (1985).



