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Effect of temperature and vacuum degree on friction and wear properties of ta-C:H films

BHEEX-IT 3F) TH KB LKHEKX-I (E) «~#BFRE #Xx K2HEX (E) HEWL &7
Taiki Yasuda*, Noritsugu Umehara*, Takayuki Tokoroyama*

*Nagoya University

1. EBEERRUEW

BE, NIEER EOFHBEOMEAIE LT, 2 ) 77 o2 EoBERBERAISERS I TS, LML, Zh
5 O EARTEE RN MBSO EEZ 2 T 5. 22T, KEEE, RmmERENZ W 5 RFRE L, DLC
(Diamond-like Carbon) D AL F AL TV 5. DLC BEDHEIZIX, CVD(Chemical Vapor Deposition)iki & PVD(Physical
Vapor Deposition)ii723&% 0, PVD JED NG /e A1 S B EREESAIfRETZ 5. Lo, RiEE £ ta-
C(tetrahedral amorphous carbon)& (%, EZZHIZB W TREDRFEEFL V7V v IRy RPBEMFEMICESE L, @&
LR ENHOENTNDE D, CVDIBIZBWTH 7Y v 7Ry FMEBIRENSRE I N TWDEKEEGHEED, a-CH
L, HBEEERE F OB AL 2L, BIRERE FCTOMBREMICED ZERNThoTND I, i, BEEZEH
“C a-C:H(hydrogenated amorphous carbon film)572%, #'E OREME & WP ORREE 2 /R 3 ¥EEMELR S, —EOBEZEB X T
BPEE R & SRBEARE TS L LTS 9. F3ETIE, PVD EEZAWHER CRKIBEEMREEZER L, FHZEM
TOHEATHEE SN S SIRELEREE T CORBREEZMATIZ L 4ANET5.

2. RBAE
ta-C:H £ D E% 213 IBA-FAD(Ion Beam Assisted-Filtered Arc Deposition)i5 % iV 2. IR S % Table 1 (273, LA
FakBR o4 %, BIERE O KFEFEED 0scem D b D% ta-C, 10scem D H D % ta-C:H_10, 30 scem D H D % ta-C:H_30

Table 1 Deposition condition Table 2 Friction test condition
ta-C | ta-C:H 10 | ta-C:H_30 Normal load, N 0.19
Substrate SUJ2 disk Sliding speed, mm/s 15.7
H: gas mass flow rate, sccm 0 ‘ 10 ‘ 30 Temperature, C 23,100,200
Deposition time, min 5 Barometric pressure, Pa 1X10%5X%10*

EFERT 2. BRI L 72 ta-C:H JEZ T, SUR EREFMFMICHR— LA T 4 A7 OFEEERER Z1T > 7. Table 2 IZFE
BRBROSMEZRT. BEEORBEZIMT H2DICKEATO 1X10°5Pa EEEZEH O 5X10* Pa (28 &8 TRER
{To 7.

3. EBRBERRUEE
31 HZEEMN ta-C:H BEOEEREHICREZTEE

KEH(1 X 105Pa) & @ FLZEH1(5X 104 Pa) D ta-C [0 BEEGRERFE R & Figure 1 12,  ta-C:H_10 fE D BEEGRER#E R % Fig.
2127”9, 400~500cycle D FEXIEEBEAREN ta-C BETIIRE P D 0.16 22 HEEZEH T 0.31 & 93.8%IM L7, Zii

o
oo

bt
o

Sliding speed v, 15.7 mm/s
ta-C: vs SUJ2 ball
| Normal load, 0.19 N
—1x10°Pa

| —5x104P

Sliding speed v, 15.7 mm/s
| ta-C:H_10 vs SUJ2 ball
Normal load, 0.19 N

o

o
o
o

I —1x10°%Pa
—5X10%Pa

o
()

e snattobdeb ot bckeicked

0 100 200 300 400 500
Number of sliding cycles

Fig. 1 Comparison of friction coefficient of ta-C filmin  Fjg. 2 Comparison of friction coefficient of ta-C:H film in
ambient air and in high vacuum. ambient air and in high vacuum.
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L ta-C:H_10 1% 0.01 205 B FEZEHTIX 0.02 & 50%88 N L7, BREGRBREZIHTH Th 5 SUR BROBIEEITH &,
ta-C:H R TITEEAETIC B VWEBERNBE SN0 L, ta-C OB IIBERNBER I N2 o2, 2D L
M5, ta-CHRIZBERZTERT D Z & TIREBREZREH T EE2bN5.

0.2 f-c:Hvs SUI2ball 02 M {a-CHvs SURZball o ta-C:H 10

Normal load, 0.19 N Normal load, 0.19 N

Barometric Pressure, 5% 10 Pa Pressure, 5 X 10 Pa " ta-C:H 30
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Fig. 3 Relationship between average friction coefficient Fig. 4 Relationship between average friction coefficient
of ta-C:H film and temperature in high vacuum. of ta-C:H film and transfer layer thickness in high vacuum.

3.2 BEMNta-CHEOEREHEICRIFTEE

N ELZEH1(5 X 10 Pa) CIREE % 23°C, 100CK U0 200°C & 2L SH 72, ta-C:H_10 5% Y ta-C:H_30 5> 400~500 cycle
DO EEEAR S A Fig. 3 12”7, ta-C:H_10 &I 23°C, 100°C KT8 200°C DI O EIAMNT AL ) BEE AR ST 0.023,
0.050 & Tr0.103 & HIAN L7=. ta-C:H 30 B 23°C, 100°C K OF 200°C DG FE D BEMNT L T EEER AR E0E 0.106,  0.009
J0.016 & 23°C L bl LTl L7z, Fig. 4 ICBEBE X LSRR BEEREOMGR A ~7. ta-C:H_10 E K& O ta-C:H_30
JEAL ISR B R S OB D BRSO Wb 3 ieRR X7z, Halling Oy E (AT VG BRER Ci, B 72 bt o Rk
BN FET DA B W THE B NMEE AW TH D 2 &1 X 2 BERIKHURBER 5 & g 412 X 2 B
T FE DI RO AAEAIC L DERBEILBEIT D LR L TN D Y. 2045 R OBEREBRICE VT, BEOE
BLIZPE S IR AW 2 BB RO R I O L - C, HEEMOM I OB L IXT 2 KT AW R EROEZEN KX
{TpolZ & TRERESRI GO EBEIOND.

4. #E

AWFFEIL, CVD ¥: KL Y AHE 72 DLC BEAMERL ATREZR PVD vE %2 FIWTHERE L 72 KBS A, ta-C:H ED SR E§$
TOBEBREBREREOMIAEZ BT 572, ta-C:H BII KR T R O BB I BB T IR EEEZER T 5 2 & T,
PEERER 0. 02 L F ORI Z /R LT-. £, MEZEP CIREZ B SE D EBERENEAIL L. 2T E{ 24k
SHHZ LT, WEHEMOHNIEZE ) IREAWRBEREINEN LD THDLEELZLND.
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