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Molecular Dynamics Simulation on Microscopic Contact of Amorphous

SiO, Clusters with Single Crystalline Silicon Substrate

CHEN Ailian' , LONG Jielong', CHEN Yang®

(1. School of Mechanical Engineering, Changzhou University, Changzhou 213164, China; 2. School of
Materials Science and Engineering, Changzhou University, Changzhou 213164, China)

Abstract; The microscopic contact behavior of amorphous SiO, cluster with crystal silicon substrate
during in chemical mechanical polishing process was explored in terms of molecular dynamics simula-
tion. The internal action of SiO, cluster and Si base and the interaction between SiO,/Si were
simulated by the Tersoff potential function. Considering the existence of micro-scale adhesion and the
elastoplastic deformation of polishing pad, the adhesive contact and separation processes of amorphous
Si0O, and single crystalline silicon were dynamically simulated. The analysis results of the obtained

force-depth curves suggested that the elastoplastic deformation occurred during the microscopic
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contact processes between SiO, cluster and Si substrate. The coordination number (CN) and radial
distribution function (RDF) were also applied in analyzing the phase transition of the single crystalline
silicon substrate. In the microscopic contact, the phase change region increased as the contact depth
increased. However, the boundary of the phase transformation region was not clear, possibly resulting
from the influence of oxygen atoms in SiO, clusters. Moreover, the g-Si atom amounts were predomi-
nant in phase transformation.

Key words: molecular dynamics simulation; amorphous SiO;; single crystalline silicon; phase trans-

formation; chemical mechanical polishing
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Table 1 Parameters of simulation model

. Material Amorphous SiO; Monocrystalline silicon base
Tk Lattice/nm a=0.491 3 a=0.543, ¢=0.543
e 1 R, SIO, B S Si R B Space group P3221 FdmS
¥ 8, A0 A B L i I R gk N B R VIEIRE Dimension/nm r=3.0 10.86 X 16.29X10.86
¢EED'1:)§34‘5@%9‘4‘@%?@%@%5%?@5 Number of atoms 9012 99 271
Temperature/K 298 298

R RES T e, [ E SR AE Rl B P TR
TR R S5 MRS E s 18 12 B9l B2 B8 1E 298 K b il

30 G SR 240 10 KO, R BR 48 0 3 8 4 50 . 510 ,Aee‘
@ > 2 . | ‘; |
JZIRERR A IE )2 BVAE b SiO, 1 FE 55 B i 5 ® Si nanoclhister g .$ > |

i 2 P 15 (B T AT 2 0 B0 1 B T ) .
(b) SiO, 5l

MMNFWER Y., BT MEBBRRTERR 7T :

T Bk 30 5S8R R MV 89 XY O 1 R A ”%2%%%7;Kﬂm cc%gu

WML RN Z IR AR A, osi ool AL Mhermo | @O @
AR R B T JEE NVT R4 ®“NNNNNN$¥§§§ %

i34 Nose Hoover {1t £ b 12 ps. Bf i 25 K e o) S

B 0.001 ps, L IEAE 2 55 14 B 3F (5 2 G54k T- 14 Bl FR-SEUEMEREENS FIHNFEMRR
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Fig.2 Contact distance between SiO, and the surface of silicon base

(d) EFEEE2 nm

He T READL T A O 2 — 25 A B S1O, AT 15 5 ik 2 A 22 18] 9 280707 - T A0 (F-D) 56 & il 28
(P 3) o g RS- THT 3L S Sy A8 s THT 88 A8 5 D T TR BEE & B s BLARBR D A R/ - B4 nNL
8 3 () LA AR A R s S1O, PTHE 55 JE 4% fil 5 9 R B TR B2 L 181 3 () RY AR AR N 278 SiO, 5 5 2
VI o v 42 fih_E 71 PsF 5 A s T 2 T Y B . A S P e R v R RE e B A TR B i £k BESR A (pop-in)
LG 17 A SCRT AU A SOV ik s A 2 (I 3 ) e R WL 56 381 28 B0 00 3 T B 5 R A8 RO 32 BB /)
Lo s A EBEARS B8R 56 o BT A7 AE B 3 mT BBV 1T 12 A2 9 R ) (T 3 5 6 2B i) » 7R A BE T
FAAE SiO, St O J 7~ FIH i AERE IR Y St 7 R A S BAR AT . (HAS I R . fir S1O, B 5 2R IR 58 42
il = AT S A A 3 Bl b T U AT RE AT AE AR AL 3 R N T RE TR TR BE R A DA AR AR I A T
R IEAE AR . HAAR R AT & RA T .

WP 3Ch) B A8 S1O, PAHE 55 5 ff ik 22 1A 119 70 185 3o T v 52 89 2 U 2 A 2800 1) 522 W 28077 A/ L gk
Fe =T AT HERI G . T S1O, BIRR 1 B fil B A S BORAR " A 3R AN 1, S10, 3 1 T A7 TE SR A
IO 73 1 DX 3 B AR R A 7 A 0 R Tl I 3/ T SLO, BRI 3 B 3 K. i T SO, iR
Bl IR R 1 LIRS A S (2 1 nm Z5 47 IR BIC/IMED o ARG AT 2 B 4 1 A 25 58 e fl B IX
PR Pt ik 2R T A A R IR B R L AT SO, MR T 2 A b TS HLRER AN BT R R St I TE Sy
SRR L A A PR 1 D AN R A R AR T T AR R 3 B 22 ST AR AR RE R S U B
ik B B AR 0 0 5 D AR 2 TR AR B R )

1100 1000
1000+ 300k
900
800F u\ 600
700k 400+
% 600F z
5 % 200f
£ s00r w B
S L = oF
< 400 .MM g
300+ ‘*' M -200F
2007 i —400}
100 w'
O_L- ~600}
—-100 1 1 1 1 1 1 ~800 1 1 1 1 1 1 1 1
-0.5 0.0 0.5 1.0 1.5 20 25 3.0 3.0 20 1.0 0.0 -1.0 -2.0 -3.0 -4.0 -5.0
Depth/nm Depth/nm
(a) JEAWE A3 nm (b) EJFZE5.5n0m

3 BUBEMEIETHRT-REXRMBE

Fig.3 Force-depth curve of the micro-contact process
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Fig.4 Phase distributions of the micro-contact
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