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Molecular Dynamics of Structure Formation in Silicon Crystal Nucleation Process
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The nucleation and crystallization process of silicon were studied with molecular dynamics simulations
using Tersoff 3 potential. Amorphous or liquid silicon clusters with a crystal seed in the center are kept at
certain temperature. Depending on the seed crystal size, either growth or decay of crystal was observed.
The simulated silicon crystal had usually several twin defects, which clearly demonstrated the appearance
of (111) surface during the growth and the nano-scale 2-D nucleation process. Furthermore, several
nanoscale crystal morphologies were observed such as regular tetrahedron, regular octahedron, and

pseudo-crystal with 5-fold symmetry.
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Fig. 1 Crystal nucleation from amorphous Si or liquid Si.
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Fig.2 Nucleation process at 2000K



(a) Growth at step interface
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(b) 2-dimensional nucleation
Fig. 3 Growth at step interface and 2-dimensional nucleation
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(c) Five-fold symmetry.  (d) Part of regular octahedron.

Fig. 4 Several structures of crystals from MD simulation.

Electron Microscope) CHER SN T\, F7-, ABFFETIL{I
I CHHENTATINIEOD c-Si bEZE Sz, SHAIE Ly WEdE
HI DGR S LS —F, RFOHDOIFMERIFIZ twinning 73
E UTfCdh o7, ZHUT twinning 2SHERINCA U OO B RER
ThHdHEZEZLND.
3.6 RIr—ILahR

A E TRARTEFERIT, 594000 BDFA S22 D5 H R %E
Wb D TdH 7225, 2000K (BN TIIAr— VR AHER T
72U 8000 fEDF 1M 572 DR E W CEEEDFHF &1 T
Sfe. TOFER, 1E 8 M%< £TOMENFRIE SN
1E 8 AT 46K 4000 fEOFHER T H 979 | filfEsE S -0
HTHY, twinning HERANAET D Z LD, Z @ IR
M7t D THD EEZLND.

4 fER
Tersoff3 & =2 U a2 kAR O T FE 1Y R =
L= a a7, LUFOmMAZE -
() EESRAA XERD, TOFEEMER LT,
(i) AZORRHREIREERE CRRITEL, TOWREN DR S
EINSL 725,
(iii) Tersoff3 Tl twinning 23&5E L7AfE L LTEDILD.
(vi) Twinning /Z{111} A5 D 2 RIMFERZ AT D & ENTHERRY
IZfELIS.
(v) Twinning OTFEIL {111}V U727 CH 5.
(Vi) FEEROTEIL. twinning OHPRDGINC Lo TRE D, Hlx 2285
AEEE A S LTz,
5. BE30Hk
(1) Tersoff, J., Phys. Rev. B, 38 (1988), 9902.
(2) Ishimaru, M., et al., Phys. Rev. B, 56 (1997), 15133.
(3) Ishimaru, M., et al., Phys. Rev. B, 53 (1996), 7176.
(4) Cook, S. I. & Clancy, P, Phys. Rev. B, 47 (1993), 7686.
(5) Fuli - FE, 38 [EUsEAS 7R, (2001), 343.
(6) Yin, M. T. & Cohen, M. L., Phys. Rev. B, 26 (1982), 5668.
(7) Motooka, T, et al., Phys. Rev. B, 61 (2000), 8537.
(8) Spinella, C. & Lombardo, S., Appl. Phys. Lett, 57 (1990), 554.
(9) Kumomi, H. & Yonehara, T, Jpn. J. Appl. Phys, 36 (1997), 1383.



