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An Investigation of Worn DLC Coatings
Using Atomic Force Microscopy
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Abstract — Tribofilms formed on worn surface protect the DLC coating surface and decrease the friction coef-
ficient. However it is very difficult to evaluate their micromechanical properties due to their small thickness,
inhomogeneity and discontinuity. The phase contrast images in tapping mode atomic force microscopy allow an
estimation of inhomogeneity in micromechanical properties of the sample surface. The purpose of this inves-
tigation is to demonstrate how the phase contrast images contribute to the characterization of thin tribofilms.

Key words — atomic force microscopy, phase contrast image, tribofilm, DLC coating.

LM B

A8 v 7 (atomic force microscopy, AFM)
nlo]Z2 F= Uk £FE0T B9 ¥H B
Tkt ARHARIL SITh[1,2] AEE FARE
Hol Mzt HE, HIFE WAz 2 7+ FH)
tapping mode YAFH ArlFo] girt. o|FelA T
A H7re) 23adhesion® F7)°) T =AH &3
ol mi¢ 22 g8 I3 A3 HEMe AF
8= 92y ghxlo] A2k tpping mode YALE dwl
ZA(TMAFM)S AF&8lioF gttt Tapping mode YA
dr7dol A2k 28R @3] 735 (10~100 N/m)e
¢ A% 2AF F3F7E BF 100 KHz o)l =g
FAF S27F 1 uny/s]l A 8315 Ao HE3He
AlZko] 1 us BT} Zolx AlHe] WS 7oA g
5] Fag Apd AE, Fug 233 94 |
3ehe 7R e

YHoZ ABS TR FU SRY 94 wsbl

S

o

Tz 2 . YA A} : hsahn@kist.re kr

138

’321%8’d(phase contrast image)© 2 Uebdtl, 449
shk= g3 Aldrtolel] Ag-she Tl wig- wizket
ool $1FRIGdeR A|HY VA AFdd
3 ARE AL F Ay 2ol YA B
T8 o|AAE 43t WS- AxtHolae B
A7 Hat 34,5, Bl R0 e
R Aojdoz g2 FHRoZ ojFd uf &3}
Al Ale]o) whiEo] ZhsiA| L 7l BTt Aol ¢
ZFo] Waly} Zvketiy By H1 o)
Diamond-like-carbon(DLC) &2 4t U7le¢} i
312 oFe slehy BEAw W mlEAl, mhidl o
£ E4S VA o] 71o], Wlold, ABAF
29 BeE 5 o] Fopol HEF2 gk X377}
A DLC S8l #g @2 A7 B3r} o). o
HE A DLC Z=®9 xHde 2 EdRIF
(tribofilm)o] B o] E|HBEL VAT A
ot @A nhE, kel S viAe AeE
3 9tH6,7,8]. DLC =289 nlx @Aka}
E4L A48 @u|R g olgdld

ulo]22 E9H(micro-Raman) ~HER

£ N R

fo

oz‘_, rO{' 010



B¥

DLC #¥ wkzwio] tigh xe dv]Z3g o] g8 22
Bo} U olElE 48 & ATH9~121.

R @d7E wird DLC 78 THE 439 v
7oz FAlsld 4L 94 WEl AR oiF T4
& AL Frt

2. AEUS

X 7= Ball-on-plate 23 $XE A3l
A8 g A4 aF 48S ok TiN ZH°
gle) DLC ZEE 27 053 um, 12um= F&35
A7 6mm® 779 DLC 8-S 04 um 3% €
M)zt ZglolE (glassceramic plate) AHS AR
391, 78 $741E Linnik interferometer® 573315
t}. DLC Z¥o] 228 vAH Zeo|E Al et
77 AlEe] mnE £5E 001 mseiges o 7t
&R s 2.5 NoliTh.

ehle) Wsle PG AR 2REEE )

ek 238 27 100 um B8 A2 771815
o2 A3k BEQTH13]. Bad AuE 345
9jafl 7ol 2 dex ©3IE AMSShe] tapping
mode® ZHE3IICE ©] tapping moder $-29] FEF
o] A 9T AH ¥l e vztsly] W
B Agos Ao JAGFe B3 FA 99 A
Azel Al Wals & 47t vk £ el Ay
AF ¥R "4z Wzle gdolry] 93 i &
HEY BME AN

3. 4w % n#

b=}

Fig. 12 12x 10° AlE Agshs $99 n@A)s
wals vebd Zolt}. Ale|Z4vt E7 EE ap
AZ7t oAl 6000 Ale]Eelx 71 W npd
AE iYL olFole vlaAs7 27 S71E
3 12%x10° AW)E7A M E AEl(steady state)S
A stdet. A B wlR B HAL ARIE
Zeo] BBt AROH 12000 AlelE AY Tl A
7] olm g4o] 7L oF 490 umol ATt

B dpiAE SHolE Al A dit HE
Aelel aldAEE B 12X 10° AlE HE Re
DLC 29 W i8] FsHon vyt

Fig. 2()%F (b A% o Zo|E AHe DLC
Zg g st EHY 4 (topography image) S

139

0.35
0304 = b
0.25 1 b

0204 \ — ]
-/.

0.154 1

Friction coefficient

0.10 T J T ~T T T T
0 2000 4000 6000 8000 10000 12000

Number of cycles

Fig. 1. The coefficient of friction as a function of
sliding cycles.

Fig. 2. (a) topography image and (b) phase
contrast image of the unworn DLC coating surface
; and (c) topography image and (d) phase contrast
image of the worn DLC coating surface after 100
cycles; and (e) topography image and (f) phase
contrast image of the worn DLC coating surface
after 12000 cycles.
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Fig. 3. (a) topography image and (b) phase contrast
image of worn DLC coating on plate and (c) variation
of height and phase angle along the line marked in (a)
and (b), respectively.
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Fig. 4. The histograms of phase angle for phase
contrast images in fig. 2(b) and (f), respectively.
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Fig. 5. Micro-laser Raman spectra of the DLC coating
prior to and after the wear test.
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