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Abstract: We investigated the tribological properties of amorphous carbon (a-C) films deposited with CrC interlayers of
various thicknesses as the adhesive layer. A-C and CrC thin films were deposited using the unbalanced magnetron
(UBM) sputtering method with graphite and chromium as the targets. CrC films as the interlayer were fabricated under

a-C films, and various structural, surface, and tribological properties of a-C films deposited with various CrC interlayer

thicknesses were investigated. With various CrC interlayer thicknesses under a-C films, the tribological properties of

CrC/a-C films were improved; the increased film thickness exhibited a maximum high hardness of over 27.5 GPa, high

elastic modulus of over 242 GPa, critical load of 31 N, residual stress of 1.85 GPa, and a smooth surface below 0.09

nm at the condition of 30-nm CrC thickness.

Keywords: Cr doped amorphous carbon, Unbalanced magnetron sputtering, Hardness and elastic modulus, Adhesion,

Residual stress
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AA| ohFst Ago] AgtEct [5-7]. webA] A 7]gE
gtdlo] Egtol =& X|(tribology) Z® % A 9= &+
ofo] ALg &dsty] ¢siAE= olgst At At
53 dart 9ok o] EAIE siEE 4+ U= 7
7tFs/dol =2 wyoz: UdE 3HE 59 4 U=
24 g DLCSHMe-DLO)S AH&3t: ZHolof [8,9]
F3t Z45Hg g©Aadeks Farz o2 ARgshs 7o)
2 AFoAE 7ol =2 FAEC=N FAF 2
(B4 Bt 35 T8 3US)E 2= Hol5S AMEs
@tk CrC guke u|gAeti(a-C) futat 7| Afo]
F7F A 37102 AtE o, a-C ghatap CrC 4t
o2 =9 38 Eplo] :Eh

st=]l UBMS (unbalanced
magnetron sputtering) 9Hoz A&ttt [1-6,
10-15]. &gt CrC ufate] £A7} Z7tetol| whet s}
= CrC/a-C 4eto] fxA - @A, EQ}o| =24

CrC/a-C ¥rake 2173 10.16 cm@] 99.99% <=4 =
A(C) EMAla X173 5.08 cm? F2(Cr) EF 99.98%
o] 2719] g1E =SSt v UPIYER AME(Y
(unbalanced magnetron sputtering, UBMS) AR &
o]-g3slo] 2x2 cm F7]9] py (100) A=]E (4~8 Q
cm) 71 ol AASET. vrek SAF A Auy 7]
U2 oF 0.003 Pao]t{, CrCe} a-C vfat FARS 9
gt 38YHL 15 scem ot=H(Ar) AWEY TtAS
ZF4sto] oF 0.4 Pa o= AASIAH. H4YUYS CrC
= = ¢l =dat 25 Bl A(target power
density)2 zFzF 30 W/cm?QF 5 W/cm?E Q17fstd 1,

= 5o g7 AM2S 30 W/em?S QI7t
stirt. 3t wure] 14 4AS 913t 8] DC slolo]
A AQFe -100 V= oI7tstgtt & a-C vhoke 150

ol

CEA9 RE uol] &
Aot WA dlE BH S42 FE-SEM (FESEM:
Hitachi, S-4700)2} EDS ¥4, atomic force microscope
(AFM: PSIA corp., XE-200)2 o]&3to] &45tgia, dF
oto] Lx A EX2 microRaman system (Jobin Yvon,
Lab Ram Hr; excitation wavelength of 514 nm)& ©]
goto] A4stn wstYCh Tl e U AL
X CSM (continuous stiffness method) 2Ao] A8
= A2 UL QIWE(MTS, nano-indenter II)E A&

SFiar, vraro] ZhE-S-=(residual stress)2 £HR-8
E| 2~ Ef(residual stress tester) (J&L Tech. JLCST022)
£ o|&sto] A5ttt ®5t, SAME drare] AAr gr
1t o Alee YleA TR AE|(nano-  scratch
tester) (J & L Tech. JLST022)2 A}83}o] £4519ic}
(Holot=E ©H& AMEstRen, A4 st52 35 Neg
S7HA71AL, 232K £ v R AT ALE A7
0.2 mm/s ¥ 5 mm o2 §X|5Hch.

3. du ¥ o

a7 12 WtAnt Y ER AnE A2 SaE
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B2 Cr =go] o3t 7|32 S Holil o
o], glo] FAE a-C ore] 9 ofAls] AU vl
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O 10Dnm

Fig. 1. Cross-sectional FESEM images of CrC/a-C thin films
deposited with CrC interlayer thicknesses of 0 nm and 40 nm.
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Fig. 2. C and Cr concentration in CrC/a-C thin films fabricated
with the increase of CrC interlayer thickness.
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Fig. 3. Variation of G-peak and Ip/lg ratio obtained from Raman
spectrum for CrC/a-C films prepared at various CrC interlayer thicknesses.
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Fig. 4. Hardness and elastic modulus of CrC/a-C thin films
fabricated with the increase of CrC interlayer thickness.
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Fig. 5. Rms surface roughness and friction coefficient of CrC/a-C
thin films deposited with the increase of CrC interlayer thickness.
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Fig. 6. Residual stress and change of critical load value of CrC/a-C

thin films deposited with the increase of CrC interlayer thickness.
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