51 6 2002 6 Vol.51 No.6 June 2002
1000-3290/2002/51 06 /1388-05 ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.

001 ’

200030
2001 7 16 2001 10 13
001
1000K 1400—2000K
1400—1800K
001 0.42¢V.
PACC 8210 7115 6170 6630
1. . Breuer
4
. Bar-Yam Moustakas ' 1989
Cy Hy
. Mainwood *
CL
5
Tersoff ©
12
001
001 2.
Halicioglu Sa x5a x5a a

" 50082005



001

1389
z 20 50
1000 . «x 100 010
001 z
Xy 1000K Sps
7
Tersoff 6
Verlet 8
1fs .
’ 1000K 001
1b
1400—1800K
OK 300K
Sps
300K
Sps
300—2000K 001
Einstein 2000K
2
u
D = =
2Nyt 400fs.
D ul
N,
10—12
. 1 a b
1.91 x 107" nm’
u, = - rnla= xyz 2 1400K
ru 1000_1300K
Arrhenius . Mainwood *
1073—1373K
D D [ Em] 3 Davies 1
R Y] Il 973K
Dy E, by 973K
T
973—1073K 1518
1
.Bar-Yam Moustakas '



1390 51

111
. Badzian
v 2 1800K
1273K . Zhu » . 2
B C D E F G
BCD EFG
saddle point
21 22 423
Bar-Yam 1.91 x 10 nm®
Moustakas 1.91 x 10° nm®
2 C
ABCDEFGH . Jiang #
sk o T 7 T—0o—300K —#—1000K ]
’ (@  —A—500K —¥—1200K |
ok —0— 800K —4—1300K |
| —0— 900K | BCD
E-Tsf N xﬁ:’%&’ﬁ .
PN @ * o E F G
£ g0k 00 e, J
\;/ 8.0 ”\ukg _<D n /Dkaén
8.5 Ab A N - 2
6.0 Nates s | 11
o/o\o/o\o'____g.“_o/o
_9. 5 1 L 1 L 1 1 1 1 1 L 1 L 1 1
0 5 10 15 2 25 30 35
t/ps
-b.5 T T T T T T T T
sol ® —o— 1400K ]
) —A— 1600K |
651 ® —0— 1800K -
2ok —e— 2000K ]
E -7.5 1 -
32 8.0 .
5 ]
-8.5 ]
9.0} ]
9.5} ]
_10. 0 1 1 1 L 1 L 1 1 L 1 1 L L L 1 ]
0 5 10 15 20 2 30 35
1/ps 2 1800K
ABCDEFGH 1—2 111
1
a 300—1300K b 1400—2000K
1400—1800K
. Breuer 4 1 3

3 Dy =3.69 x



6 001 1391
10 °cm’/s E, =0.42eV. Mainwood * 1800K
2.3eV Breuer 4 a,
N 2.8eV Tps
Bernhole » 1.7—1.9eV.
12ps Sps.
. De Lorenzi
12 2
a;
12ps
Bar-Yam Moustakas '
-14.5 T T T T T @
-15.0 |~ -
-15.5 -
~ -16.0 -
X i |
5§ -5f -
N
S A |
E -17.0p -
I 1 Tersoff
-17.5 = -
! i 001
-18.0 - -~
-18.5 - -1
1
4 16
(1/kT)/ eV
1. 1000K
3 Arrhcnius 1 400 2000K
081 o . . . 'Y ]
0.6 o . . e e ] )
0.41- o o, ] ® * ]
0.2} ° . e - Bar-Yam  Moustakas
E 0.0F ® . a e ]
> 0.2k ] ® [ e
B -0.4 [ e O\g/ L ] L | .
0.6 ] ) _
0 . ¢ * o 2 1400—1800K
osb ® ™ . . ° E
T ® 1) ° ® e
_1' 0 o 1 1 1 1 1 1 1 1 1 1 N
-1.0-0.8 -0.6-0.4-0.20.0 0.2 0.4 0.6 0.8
x/nm 3
001 0.42eV.



1392 51

1 Bar-Yam Y and Moustakas T D 1989 Nature 342 786 1992 Phys. Rev. B 46 13137

2 Mainwood A 1999 Phys. Sta. Sol. a 17225 15  Takeuchi D Yamanaka S Watanabe H Sawada S et al 1999 Dia-

3 Halicioglu T 1993 Thin Solid Films 228 293 mond and Related Materials 8 1046

4 Breuer S J and Briddon P R 1995 Phys. Rev. B 51 6984 16  Wang C Irie M and Tto T 2000 Diamond and Related Materials 9

5 Rosenblum I Adler J and Brandon S 1998 Comp . Mater . Sci. 129 1650

6 Tersoff J 1989 Phys. Rev. B 39 5566 17 Ishigaki N and Yugo S 2000 Diamond and Related Materials 9 1646

7 Dai Y B et al 2001 Acta Phys. Sin. 50 244 in Chinese 18 Kang]J XiaoCY XiongYY Wang Y G et al 2000 Diamond and

2001 50 244 Related Materials 9 1691
8 Allen M P and Tildesley D J 1987 Computer Simulation of Liquids 19  Badzian A B Badzian T Roy R Messier R and Spear K E 1988
Oxford Clarendon press p79 Mater. Res. Bull. 23 531
9 Allen M P and Tildesley D J 1987 Computer Simulation of Liquids 20 ZhuW Randall C A Badzian A R and Messier R 1989 J. Vac.
Oxford Clarendon press p231 Sci. Technol. A7 2315

10 Kallinteris G C  Evangelakis G A and Papanicolaou N 1 1996 Sur- 21 Zywietz A Furthmuller J and Bechstedt F 1998 Phys. Stat. Sol.
Sface Science 369 185 b 210 13

11~ Sokhan VP Nicholson D and Quirke N 2001 J. Chem. Phys. 113 22 Mehandru S P Anderson A B and Angus J C 1992 J. Mater. Res.
2007 7 689

12 ChengZ N Ding H and Lei Y 1998 Acta Phys. Sin. 47 260 in 23 Bernhole J Antonelli A and Del Sole T M 1988 Phys. Rev. Lett .
Chinese 1998 47 260 61 2689

13 Duan XM Sun DY and Gong X G 2001 Comp . Mater. Sci. 20 151 24 Jiang Z and Brown R A 1995 Phys. Rev. Lett. 74 2046

14 Davies G Lawson S C Collins A T Mainwood A and Sharp S J 25  De Lorenzi G and Jacucci G 1982 Surface Science 116 391

The vacancy diffusion near diamond 001 surface by
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Abstract

The diffusion process of the vacancy near diamond 001 surface and the effects of temperature on the vacancy diffusion were
investigated by molecular dynamics simulation. The results show that when the temperature is about 1000K the vacancy in the
second layer begins to diffuse to the surface. In the 1400—2000K temperature range the vacancy can migrate to the surface.
This result is in a good agreeement with that of experiment and other calculation. In the temperature range of 1400—1800K two
migration stages are observed in the vacancy diffusion process which correspond to two maximums in the mean square displace-
ment curves. In addition the vacancy diffusion path was obtained without any constraints exposed on the atoms and the calculat-
ed diffusion barrier of the vacancy near diamond 001 surface is about 0.42 eV. We also discussed the effects of vacancy num-

ber and different vacancy arrangement on vacancy diffusion at a certain temperature .
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