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Abstract

Ti-doped DLC films have been prepared on silicon substrates by DC magnetron sputtering with C and Ti
targets in Ar plasma. The amount of Ti in the film has been controlled with the input electric power to the Ti
target from 0 to 200 W. The Ti concentration measured by X-ray photoelectron spectroscopy, increased up to 15
at.% at a Ti target power of 200 W. After the deposition, the DLC and the Ti-doped DLC films were heated at 500
°C for 10 minutes in a vacuum of 1x10™ Pa. The frictional characteristics of the films were evaluated by using a
ball on disk friction tester in an ambient atmosphere. Even after the heating, the DLC and the Ti-doped DLC films
showed the good tribological performance with a low friction coefficient below 0.3 against a steel ball. The
adhesive strength of the DLC film and the Ti-doped DLC films were measured by scratch tests with a loaded
diamond stylus. The Ti-doped DLC films prepared at 250 °C had almost constant values of the critical loads in the
scratch tests irrespective of the Ti concentration. By the heat treatment in the vacuum, the adhesion of the
Ti-doped DLC film with high Ti concentration was improved effectively and the critical loads of the films
containing 15 at.% Ti increased from 180 mN to 400 mN. Furthermore, the critical loads of the Ti-doped DLC
films increased with increasing the deposition temperature. The heat treated Ti-doped DLC films deposited at 350
°C had the maximum critical load of 500 mN. The apparent increase in the critical loads will be caused by the
chemical interaction between Ti and the substrate material.
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Fig.2 Schematic diagram of DC magnetron
sputtering apparatus
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Fig. 3 C1s, Ols and Ti2p spectra measured by
X-ray photoelectron spectroscopy of
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Fig.9 Friction coefficients of Ti-doped DLC film

3.4 TiFMDLCEDOEE

HEREEZ 250CEL, Tiy—4 vy bANOHIIME
1% 0, 100, 200W &LV THMRL &= Ti ik
DLC BED B E % Fig. 10 IZ;,RT. Ti ¥ —45 v bA\OD
FImE N ZEMIETdD (TIaaENWMLTD)
WEOKTFTEEMNINEAMho. LENS T,
15at% FEE O Ti %0 T d N IX DLC B D & i Rk
ZHERFTE, Lo BERABRICIB W TEN Wt R
HERLE-HWEEBXIENS. £/, BN
BTHEORERELEIBRM I N /.
Ti¥ =45y AOHEHME N Z 100W & L, HEHKE
&S, 250, 350°CEA{LIHTHKRLE Ti i
fm DLC DB % Fig 11 1Z/-°9 . H 22 &gl &
WRBEZBESBELTEBKRLEENE T &BEET
HolWN, HIRBENFEEIZGZHEE I NI Mo
. £, EEMABANBICE > THEDRKENLRE
LB EINT, ELMANENFEEICRIITEE
BEMNTH- .

3.5 TiZMDLCEDEEH

HWEEZ 250CEL, TIiy—45 vy bAOHINE
J1% 0, 100, 200W & LI ETHERARL & Ti &M
DLC D, A7 v FRABRIZX 015 N 7= 3 B
RAED X CEZMBANBIC X 2 H HEE R fEO
FEREREZ Fig 12 IZxRF. 20 3 HORXBIZEZEN
BAiOHBEERANMBEBRIREE T . Ti ¥—~4
w b NOHMEBEHZ OWEL, TiZEHAL TR N
DLC FRIZEEMAIC LD HBEHERGFENE T L T
WaDIZHL, Ti~OHMENZ 100, 200W & L
TR LU Tidkiin DLC T EZ 1AM EL &=, Ti
Y=y bANOHMBEAHZHEKRKIYE, Ti ZAE%
ZULEBIEFIEEEZMBNEIC X 2%E LR
HpRE o, B, TIi =45 v b~NOHME
H1%& 200W ELUTIEKRL, DB TIiEAFENSL N Ti
@ DLC i, ERmMALEICX> T2 /B EI
HEE R EZN LI ENEKE. 2D &
NS, HEMBUMICLS2EZIMECE T &8F
mEAKE<EboTW3BEEZENS.
RIZTi¥—4 v b~NOHMENZ 100W & L,
R EE &2 S, 250, 350C &L TIHRKRL 2
Ti %M DLC B H B R E, B X HE MmN

[ Before heating in vacuum
[ After heating in vacuum

Qo

=)

™

Hardness (GPa)

[

ow 100W 200W
Input power to Ti target
(Deposition temp. 250°C)

Fig.10 Nano-indentation hardness of DL.C
films and Ti-doped DLC films

12
[ Before heating in vacuum
10 [ After heating in vacuum
< 8}—
[aW
&}
26—
o
-
<
jas]
21—
0
R.T. 250°C 350C

Deposition Temperatures
(LP. to Ti target 100W)

Fig.11 Nano-indentation hardness of Ti-doped
DLC films

Ik HEENRMED ERERE Fig13 TRT.
BHMARITEREENS WBEIF EHBEE R o E
MRKENS . RBRFEOEKRBEEZRESTH L
THBEEZmABEE SN, HEHERAGTENEML &~
EEZZH6NS. WTNO Ti M DLC W% B 22 i #4
WEIIZ X THEERWGEN W ELZDN, FITHER
mEZE 350C & U TR L & Ti 0 DLC EiZ, X
WRBEZHAGTITA2ETTRBIZETES AL E W HEE
BAMEZRLZ.

il

4. #

APFIEITEZ2MAWEEIC K5 Ti @/ DLC O %

HEhAmEEZHMELTIHWY, UTOREZES=.
HEMANEIZXDERKMKRD LT EIRE
OEAFBEWME N> M, Ti % DLC
PO TiIE—HAOEKEAL, BOIITIiELT
SEREBIRETEAINTVD I ENERS
nr.
TEM B%2 T, Ti %M DLC &A% E 22 i 24 4L 7
BOREEBCIERETHY, MEEREDORED
JAOHER TR OLBMIIHERETE LMo 2.
HZMEAME% S Ti iR DLC B 0 I B 82 55
EHFFTHIENTE, HEOELITIDNEI-
.

— 141 —



HZENELVERIZ X 5 Ti ¥ DLC %35 F716) 1

600

[ Before heating in vacuum
500 [ After heating in vacuum

400 +134%

+51%

Critical load (mN)
&8
S

200 -22%
0
ow 100W 200W
Input power to Ti target

(Deposition temp. 250°C)

Fig.12 Critical loads of DLC films and Ti-doped
DLC films measured by scratch tests
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Fig.13 Critical loads of Ti-doped DLC films
measured by scratch tests
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