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ABSTRACT The single crystal silicon wafer was implanted by carbon ion with different implanting
doses. The nano-hardness and elastic modulus of silicon wafers, the scratching coefficient and depth
between the indenter tip and silicon wafers, and the wear resistance of C*—implanted silicon wafer before
and after CT implantation were measured. The influence of the CT—implantation on the micro—tribological
behavior of silicon wafer was investigated. The results demonstrated that C* implantation can change
the structure of surface of silicon wafer, influence the mechanical properties and improve the tribological
characteristic of silicon wafer. The nano-hardness and elastic modulus decrease for silicon wafer after C*
implantation at the dose of 2x10%%ions/cm?. The scratching coefficient and depth of silicon wafer after
C* implantation are both larger than those of silicon wafer. Friction—reducing effect of the C* implanted
silicon wafer improves and its coefficient of friction decreases. But when the load reaches to a certain
value, the coefficient of friction increases sharply and the worn trace occurs on the silicon wafer surface.
Adhesive wear is the main mechanism at light loads and fatigue and micro fracture are the main mechanism
at heavy loads.

KEY WORDS inorganic non—metallic materials, single—crystal silicon, ion implantation, micro—scratch,
performance of friction and wear
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Fig.1 Histograms of nano-hardness and elastic modulus for silicon wafers before and after C* implan-

tation (a) nano—hardness, (b) elastic modulus
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Fig.2 Variation curves of scratch coefficient and scratch depth of single crystal silicon wafer under
different loads (a) scratch coefficient, (b) scratch depth
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Fig.3 Variation curves of scratch coefficient and scratch depth of silicon wafer before and after C+

implantation (a) scratch coefficient, (b) scratch depth

m Aoy B PR R BTE A AT /N T 1000 pN B RE & 3
fr (7 38 I i R RS, FEBE KT 1000 pN )5, PE#E
RE/N RS, FEE AT 2500 uN B IKF] 5
fIX, #1% 0.035; B E ZATHYHE N, PEHE R B L 18 1
0, AT RE] 5000 pN B, EEERRFGRE] 0.046
A (B 3a). BRE THEAFIE A 2x10'%ions/cm? fif
Fi 10 09 B 8 R EUAE R AT /N T 1000pN B, P 48
F2 B0 P A A G I G PR/ FEERT KT 1000 N
5, BEEERBURATRR, PEHEREE 0.08-0.083 Z [A]
AL BRETIEAF R R 8x10'ions/cm? 1 Fr 13l
IR PR B BRI BT /N T 300 N I, FEHEE R AR L
i 1 TR P /)s; ZEEAT KT 300 uN J5, PE#E R
B2 I ETAL, PEEERETE 0.068-0.074 Z [A] 7R
k. B R T Y Sl TR R JE A i B A 1 1 i
TR, (H A4 3000 uN HHHE & E 3000 uN )5
HIHSE R BB, BRI RIR TR B 75.4 nm (& 3b).
BB FIEAF R R 2x10"i0ons /cm? BEE B9 YR 7R
FEFE AT 0 B AT 2 2VER K& H, BRRIIRIRE
BF T 94.4 nm; BRE TIEAFI A 8x10Mions/cm?
BT ) 0 T V% B e 2 A Y 38 i S R R 44,
ARG ELRE T 117.2 nm.

2.2 TREEEREHREEE

B 4 25 T B AR THEN R TEAR]
Bfar PR AREUEMZ. B TESM 0.1
1.5 N T, BRI S —3, EBERWIE 1
AMERTRIB IR R AL, RS KRIRKE, 7
WiFETFE 0.5-0.6 ZTH] (B 4a). RETFHEAFIER
2x10%ion/cm? WIREF7EE MR 0.1-0.8 N B, FEHEE
RPCEA TR HEEMRAK, 294 0.2-0.3 Z[H, (B2
MEFATAE] 1.0 N B, FFaEEEE R EE0N, TR 100
s 5, BEEARUEEIGRE] 0.5 DL b, WiTE 1.2 N B, B
BEERBRER AR 0.5 Db, HEEAE)E R R
FLEE e e EE R BUEHGR (K 4b). BRETFIE
ANFIEH 8x10%ion/cm? BYREF EE M 0.1 N Hf,
PEBRBUBERER, TE8HH 0.2 N fT 0.3 N Y,
FEHE 2B FAan HBUEMRML, 7E 0.2-0.3 Z[H48
b, MFATHEINE] 0.5 N Bof, FEHR 2R HHE 4 B (E] A 38
BEINK, FAE 250 s FHARIRAME 0.6, EEEBERHE
600 s, FEHE R B BNE D, FEBATH 0.6 N Bf, FEEER
BOEERL 50 s 5l RaEIg KH] 0.6(& 4c).

B 5k B & R B T EE N R R O 2x101°
ions/cm? WIEE F7EBATR 1.0 N T A BEIR 58 BE AT IR



3 .
386 R ¢ 21%
(a)
1
2 06 iy My @) ‘ Width
c e 0 —
Q2
&% 0.4 e 0AN——02N —+—03N b —— pure silicon
8 —v—05N—+—10N —x—15N E 10N
o = ol
5 02 £
5 o -3}
LE & Depth
0.0 -4t
0 100 200 300 400 500 600

t/s
06
b, 4 \ %&j
e hliR A
o 0.5 Jy Y
S [ 5
= /
o 04 —1—01N —+—02N —+—03N —v—05N
o | —+—06N —o—08N —o—1N —s—12N
CIC) 0.3 [ Engery 80 keV 2 x10" ions/cm®  m Jm,_
kS 2 L«"
=
[0
]
(@]

"0 100 200 300 400 500 600
Time/s

0.8

(c) —=2—01N —e—02N —+—03N
—v—05N —+—06N

Coefficient of friction

Energy 80 keV 8 x10 ** ions/cm’
0 100 200 300 400 500 600

0.0

Time/s

4 BREFIENHTE B A TEA R AT B R AL
LA B 2%

Fig.4 Variation curves of coefficient of friction of sil-
icon wafer before and after C* implantation
under different loads (a) single crystal silicon,
(b) implantation dose, 2x10'® ions/cm?, (c)

implantation dose, 8x10'® ions/cm?
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Fig.5 Profile of wear track of silicon wafer before and
after C* implantation (a) single crystal silicon,

(b) implantation dose, 2x10' ions/cm?
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Table 1 Wear volumn of specimens before and after C* implanted silicon under different loads

Wear volumn/x10% um?

Load/N
Silicon wafer 2x10%ions/cm? 8x101%ions/cm?
0.1 36.20 - -
0.2 79.79 - -
0.3 157.77 - -
0.5 275.1 - 106.71
0.6 * - 115.57
0.8 317.62 - *
1.0 343.89 264.85 *
1.2 * 353.38 *
1.5 380.68 * *

Notes: * means no test under this load, — means no wear trace under this load.

6 LR BERIESE SEM I
Fig.6 SEM photos of wear trace of single crystal silicon (a) 0.1 N, (b) 1.5 N

T OBRETIENGE RS SEM B
Fig.7 SEM photos of wear trace of C* implanted silicon (a) dose, 2x10'® ions/cm?, (b) dose, 8x10'°

ions/cm?
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