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Effect of environment on the tribological behavior of
Si-incorporated diamond-like carbon films
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Abstract - An experimental study was performed to discover the effect of environment on
the tribological behavior of Si-incorporated diamond-like carbon(Si-DLC) film slid on a steel
ball. The films were deposited on Si{(100) wafers from radio-frequency glow discharge of
mixtures of benzene and dilute silane gases. Experiments using a ball-on-~disk test-rig was
performed under vacuum, dry air and ambient air conditions. It was observed that coefficient
of friction was decreased as the environmental condition changes from vacuum, to dry air. It
was also observed that the coefficient of friction decreased with increasing silicon
concentration in the film. Chemical analyses of debris suggested that the low and stable
friction coefficient is closely related to the silicon rich oxide debris and the rolling action.
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Table 1. Deposition conditions of Si-DLC
thin film

Method rf. PACVD
Processing gas CeHs+diluted SiHa4
Deposition

P 133 Pa
pressure
Bias voltage -400Vb
Diluted silane

Hited sian 0 - 90 %
fraction

-t (100) Si
Substrate pTiype ) Si
wafer
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Fig. 1. Close-up view of experimental
setup.
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Table 2. Test conditions

Specimen
v, . Sl
Test Conditions Ball
Wafer
Roughness, Ra (nm) 10 <1
Coating thickness (nm) - 1000
Speed (mm/sec) 100
Incorporated Si (at%) 0, 05, 2, 95
Normal force (N) 0.9
Lubrication Dry
Ambient air,
) Dry air,
Environments
Vacuum
(6X10° Torr)
Room
Temperature
temperature
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Fig. 2. Friction behavior in ambient air.
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. 3. Friction behavior in dry air.
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Fig. 4. Friction behavior in vacuum.
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Fig. 7. Coefficient of friction vs. linear

wear intensity (track).

Fig. 7o Yeliich olw, linear wear
intensity PR o|(FE H4HEEAE
2 vy @& AFEEET AlE bald %

$ PHBAS Fohed wMEFE F7H)
T A 2 F AU olsge wo=z
SCDLCS A HAG7} S e
Fe it 2RE IS F AR

vacuum (6% 107 Torr)

Fig. 8 Tested ball
sliding direction).

surfaces (arrow:

2 at%e] Sie] #r7td DLCEHES
AEs Fo 3 Si-DLC "E zyd Si
wafere] HEH FW €AL& Fig. 8 #
Fig. 99 Zt2} vdepdigich 8 & Fd9
A% o7l 2=deA “]’E’-?JZVP HEF A

s

2

o

c

gl BHAA prowE AT AL & F
AR o= 24,}_—5-7]5’:7401\/\1‘:* prowe] #A
o] FEXX %¥FE ¥ F UAY. =T
AFZAY A% A43E 28 prowst &
28 AL & F UdEd o) e
A7 FBLE 449 rollge) 947 ¥ &
AW Ho| prowd FAT AL L F g
Atk Si-DLC 98 Z¥9 ¥ Si wafere] 3
5 Fdo BAE AT ZANA op R

-46-



(EUNTE S

vacuum (6X10™ Torr)

Fig. 9. Tested Si-DLC track surfaces.
4347 EYAs} gr1zde) Be
ok Bgm AFYPYERAAAE ool
derx @it ol g 1tz Hud
% AzF/24d A4 29 FAR v}
2dAE A% lpemeolste]l RAge] Wi
ojem wtrlAY] FHL FHolE
A3 shEAA ztztel mA} 4A 7
Bol A& Re F38 & Ak =
gtA olge TEEFCl AHEH Si-DLC
HAEAANM Y wpRAFE FFUAS Rel
I AbsdEd. o7l *‘?ﬁ*]ﬁ«l 3§ ot
P7h wtREed FHFA= F7t
o = A Gl oS
Ak wAM, olge FELS A=E
Ak YA wetA mhE
2371 £JRT F7MEA HH 1

i s fo

]

[e]
<
<2} =18

H

N
i

5
AZe] .9_0
=

1 &
o

~N
dkwﬂ
4y o ne

rir

-47-

A,

¢

oA A (stability) & ZASA Ho}
AP A A HAFFAAMT YE
roll2eke]  wlmlztzt  YElhg o
Si-DLCEWS AHEH 93l npza
9 Si-DLCEWo] ZdA FAHE dA7t
g AP Aoz oldT AAE A
37] 913t Bag oA el upFE A
o8 AAWY A7V Yo uAE F
83tng YAz sFAF7 2ARYUR
ALE " THS]

o]g1gt o) F=2 HEFHo| AAE debrist
vt A s A FdFe HAARHER

oJFo] ol® =Yg XA YolnE A

Lol
e orir oy

L

oy

— .
L [ vacuum, Sig9.5at %

F si o Fe Si _
c i 1 I -
- v ¥ ¥ Y
2 - Air, Si9.5 at.%
<
2z "’—'—E——W si
2 rSl o ]
2 i L \ L
= T T T =
L I Dry Air, 8i9.5 at.%
_E si € oh Si ]

I i i A
500 1000 1500 2000

ball surface

[ Vacuum, Si9.5 at.%

v -

i Fe Si
| Si ° 1
C Il i A
- T —T Y T
SL [[Ar siosats
<
2 v
(] . N
S [si ° 8i 3
£ c

A Il L

Dry Air, §i9 at.%

i ‘r o
all ) Si .
c L N i —_ 1
$00

1000 1500 2000

Kinetic Energy{eV)
track surface

Fig. 10. Auger spectra of the ball and
track surfaces.



o] Fg3lth Fig. 10 ol 95 at% Siol &
¥ DLCE2EH 779 w&dd d
Auger Electron AnalysisZd#}& eI
o}, old, AFEL FTR/YSZRE i
peak intensity® 12 normalizedts] Zzh
o] 9449 intensityE UEMYUYS. AHFE
AF 7], ARF7Y &2 u@
2t 237 Si-DLCHZ XWX Fe %
250l YetvA A €& &+ A
on wga Sie 73e ¢ £ AN
o} g Fig 9 Si-DLC vl2 E oA
TR JErG vtRYAY Fo AL
SiAl AsEdS ¢+ YU

o

=2
o}
z

3 o 2 AL

4. 48

o4 & HA¥d ditd 3 AES
E&34rh

(1) 488749 W3le Si-DLCHER Z
Fol vpEEAe] 2 Qg mAh

(2) oleig mtAEA e W= SiAl isE
o A 23 FAS Ao

(3) AzF7] 2QAA wt@AF7 P @
2 olfe 719 FAZ uEYAEY 94
Zo] dojubx]  gkol A|H ball A
prow% HAste dA mhERH A
3 vt@ ANz a¥3E e

ZF5E83

1. J. Robertson, "Properties of diamond-
like carbon”, Surface and Coatings
Technology, Vol. 50, pp. 185-203, 1992.

2. A. Erdemire, M. Switala, R. Wei and O.
Wilbur, "A tribological investigation of

- <) “ =3
CEEA, &4, AT 9, NF EE
&

the graphite-to-diamond-like behavior
of amorphous carbon films ion beam
deposited on ceramic  substrates”,
Surface and Coatings Technology, Vol.

50, pp. 17-23, 1991c.

. E. W. Roberts, "Thin Solid Lubricant

Films in Space”, Tribology Inter-
national, Vol. 23, No. 2, pp. 95-104,
1990.

. J. Franks, K. Enke and A. Richardt,

"Diamond-like  carbon-properties and
applications”, Metals and materials, Nov.

pp. 635-700, 1990.

. K. Oguri and T. Arai, "Low friction

coatings of diamond-like carbon with
silicon prepared by plasma assisted
chemical vapor deposition”, J. Mater.
Res., Vol. 5, No. 11, pp. 259-268, 1991.
K. Oguri and T. Arai, "Tribological
properties and  characterization  of
diamond -like carbon coatings with
silicon prepared by plasma-assisted
chemical vapor deposition”, Surface and
Coatings Technology, Vol. 47, pp.
710-721, 1991.

S 874 2A71NA A8 9E ot
2 tm Ag A, AEUFEH, 29
HS A 94-10027F, 1994.

. K. Y. Eun, K-R. Lee, E-S. Yoon and

H. Kong, "Effect of wear debris on the
tribological behavior of diamond-like
carbon films”, Surface and Coatings
Technology, Vol. 86-87, pp. 569-574,
1996.



