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An Analysis of Tribological Properties of Metal Interlayered DLC Films
Prepared by PECVD Method
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Abstract

The properties of metal interlayered DLC films between the Si substrate and the DLC films were
studied. DC magnetron sputtering method has been used to deposit intermediate layers of metals. And
RF-PECVD method has been emploved to synthesize DLC onto substrates of the silicon and metal
layers. After we used metal inter-lavers, such as chromium, nickel, titanium and we studied
tribological properties of the DLC films. The thickness of films were observed by field emission
scanning electron microscope (FE-SEM). Also the surface morphology of the films were observed by
an atomic force microscope (AFM). The crystallographic properties of the films were analyzed with
X-ray diffraction (XRD), the friction coefficients were investigated by AFM in friction force
microscope (FFM) mode. Tribological performances of the films were estimated by nano -indenter,
stress tester measurement.

Key Words : DLC (Diamond-like carbon), PECVD (Plasma enhanced vapor deposition), Thin film, Tribology,
FEM (Friction force measurement)
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Table 1. Deposition condition.

Conditions Metal DLC
DC
Depositi thod t RF
eposition me magnetron | pe
sputtering
Substrates p-type Si (100)
Sputtering/Deposition ) CH4 20
gas (scem) Ar: 50 H.: 80
Base pressure (mtorr) 1x10°® 1
Working pressure 10 1
(mtorr)
Power (W) 100 150
Pre-treatment (min.) 10 10
Cr: 30
Deposition time (sec.)| Ni: 30 DLC: 40
Ti: 30
Deposition temperature | Room temperature
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Fig. 1. Cross sectional SEM images of the

DLC thin film,
(¢c) DLC/NI.

(a) DLC/Cr, (b) DLC/Ti,

el AFM (Auto Probe CP Research)s A&
gled FAlgicl T3 XRD (PANalytical X'Pert
PRO)E AH&3te] DLC #9344 ©%9 XRD o
HE 8o, stress tester (JLCST022, Jnl
Tech)=+= DLC ®9eo] UyRg8& =Hs5c
FFM¥} nano-indenter (nano-indenter II, MTS)
=& F38lel DLC whehe] opaels) hardness®
€ F AR

nif—{

3. 2% 2 uF

a8 12 DC power 100 Well X Z 235k F4:2
2ol RF power 150 Wellq -4 sk DLC =<
FAE HEFE woe] SEM oln A g et
E3lel 20 nm A< DLC =utag
10 nm FAY T4HF0] HeE 718Ye] HEo
2 ZaEo RAE e 4 9

21 2% 1 pmx1 pm® AFM o|R| X & Hol 5

b ol

e lo
L+

\ |:1

2+ eI A&

Atk S SHPE e mue A1H7 v}
DLC whah =2 o Wty AL dolst 5 9,
o] A¥E ¢ 3o gz Fastrk A 7HA
5% X5 DLC 99 3 5 g9 A 24
28k AE JEAA Y, 53] 2 E9 A4S0 7}
F FEezl H3E et £ A gk 7
#it DLC b Abolo]l #4%< E3ahAw v



¥ 2. 1 umx] um Abe]2E 2788 DLC ¥
o] AFM o]u]#],
Fig. 2. 1 utmx1 um AFM images to showing

the surface roughness of the DLC thin

films.

24 [
—e—Cr n

—A—N; A /.
 |—e—T; \\ //

o
=
=
I
=1

41016

!’
]
.
\<\j

Peak to valley (nm)
S~
»
-
(wru) sseuydnox §ING

I
>

=3
P
T
|
*
.

A-\\ .
\\
\

L .
DLC/metal Metal DLC/metal

Thin films

A 3. ¢f 5433 DLC 2ot
Fig. 3.

£ A
Surface roughness of metal layers and
DLC thin films.

o] S Hrg DLC HHE AL £ gon
(RMS roughness < 04 nm), Peak to valley%}
RMS roughness #°] ZEFZ2S AL S o FHAi

_%
o B AAE AL B 5

AT

633

A7) AR A B 8he =X, A198 ATE, 200600 7Y

DL C(20 nm}¥Cr{10 nam)
—— Cx(10

$i0 (211)

Cr(110)

My .

BRI

Intensity (arb. units)

Ti(101)

b,
e nag

200 25 30 35 40 45 50 55 60

20 (degrees)
a8 4. 4 9533 2 99 DLCE A4 Hh
9 XRD =4 JEH“, (a) Cr, DLC/Cr,
(b) Ni, DLC/N, (¢) Ti, DLC/Ti.

Fig. 4. XRD spectra of metal layers and DLC
films on it, (a) Cr, DLC/Cr, (b) Ni,
DLC/Ni, (c) Ti, DLC/Ti.
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Fig. 8. Residual stress of thin films.
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