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[Abstract] A group of MD simulations were conducted at 7 cooling rates to study the evolution of microstructure
during rapid solidification of SiGe nano-droplets containing 500 Si atoms and 500 Ge atoms. And the structural
evolution of nano-droplets have been investigated by the pair distribution function (PDF), the energy-temperature
(E-T) relation, the largest standard cluster analysis (LSCA), the angle distribution function ( ADF). dihedral
angle distribution function (DADF) and the visualization methods. The PDF curves at 300 K reveal that as R=1X
10 K/s, a 1000-atom Sis, Ges, nano-droplet can be vitrified; as R<C5 X 10° K/s, it crystallizes. Therefore, the
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critical cooling rate for vitrification of 1000-atom Sis, Ges, nano-droplets is between 1 X10'""K/s and 5>X10° K/s; and
E-T curves further indicates that for crystallization, the lower the cooling rate, the lower the onset temperature of
crystallization.

Further analysis based on LSCA reveals that during crystallization processes, the kind number of LSCs
decreases remarkably and the number of [4-000] cluster jump-up significantly; the bond angle distribution of the
system gradually approaches 109°that is for perfect cells in sphalerite or wurtzite crystals; furthermore the peaks on
dihedral angle distribution function curves locate at 0°, 60°, 120°, and 180°, dominated by 60°and 180°that are the
characteristic for sphalerite crystals. As R<{5X 10" K/s, the system is composed of sphalerite atoms, less wurtzite
atoms, and few others in the final state (300 K); and the slower the cooling rate, the more the number of sphalerite

atoms. In the final solids, atoms comprise 6-atom or 5-atom rings with less irregular big loops.
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Fig.1 Pair distribution function g(r) of Sis, Ges, nanoparticles

at 300 K obtained at different cooling rates
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Fig.2 (a) The variation of atomic average energy with temperature at different cooling rates;

(b), (¢) and (d) are enlarged views at Rs, R, and R, , respectively

3.2 HEHBRTHEWL

% K bp UE H 7% 43 M1 5 (the largest standard
cluster analysis, LSCA)™3% ] L] i — #by 382 5] — A4~
Ji 5 FO SR i 22 ) B 25 (R4 P0G &R s AR T
U SR LA RO A SR OB R R 3 A R
ToJT IR 2 0 JR 3 7 4549, LSCA R i 2k iy B A%
S 4b) BT BR O B K bR ME M1 % (LSC: the largest
standard cluster. & SCHH 7E AN S EOR B WG O .
LSC i #x Ky W) o o1 T DL A 5 o o # AT
ABE — By i — > LSC, AL AT AT LSC %28 B %) Jit
T AT o2 AL 3. Ca) R ARic y [4-000 /9 LSC, J
L BT SRR — A [4-000 ] 7. A 3. (b) R #Rid
H[3-000 /9 LSC, H s 5 5t & — 4~ [3-000 ]
Ji 5.

Bl 4. Cao gy ity 1 B A AN [ ¥ o o 1] 0 72
LSC WIS BB i 2 19 A2 fb. e R=R, 0. 1%
OB, AH ] N 2R B D v U Rs (R,
Ry B, 4 3 245 b b 2 vl AT A 26 0 i o /b, 7
GIAT B 2 i B T Sis, Geso 98 K W3 45 & e &
XF T HES (9 7 BE 5w R B 4. 300 KL R

¢ ¢
(a) (b)

3 (a)[4-000]HF#% (b)[3-000]H 5%
Fig.3 (a) [4-000] cluster (b) [3-000] cluster

Ry (R ¥ 3 F Y LSC F % 2 7 i $i 43 331 ok 105,
125,117.

FEE 4. (b g5 i T AR ¥ 0T [4-000 ] AT #5458
H B 5 B A A8 AR L. 24 %% 3 R=R, B, [4-000 ]
FEBCH AR MR N Ry Ry (R B AR R B A
itk s [4-000 JA FE M B EE7E T Ab Y BB i BR T 3
F W] Siso Geso 1K B 1 f A6 5 [4-000 ] AT % 19 T8 1
FUIMIKEFE R, VR (R, = Fid i L [4-000 ] A #% #
(300 K) & &350 68.5%,66.5%,67.3%. K1k
d 4 AT 45 S Y Sis, Ges, 48 K kLK & b 3=
FELLL4-000 ] AT 45 4 o 2.



Low Temperature Physical Letters

-
- R=1x10"K/s (a)
1000 F| . p,=1x10" K/s
” || - R=1x10" K/s
23 “R=1x10""K/s
2 800+ - R=5x10"K/s
— - Re=2x10° K/s
2 | - R=1x10° K/
= E—
S 600
Gy
o k
S
Q
e 4001
=
z
200

1 " 1 " 1 L 1
400 800 1200 1600
Temperature/K

L (b) Ri=1x10" K/s

7 R=1x10" K/s
X ; R=1x10" K/s
B Ri=1x10""K/s
2 60 Rs=5x10° K/s
= L o R=2x10" K/s
= 'w R=1x10° K/s
8 45 K
< .
s T »':»".v' :
S 30F
= |
Q
2
5 15+
Ay

Un I . 1 . I 1 .

400 800 1200 1600 202000
Temperature/K

B4 ARENHET LSC F#HEMZE (a)Fn[4-000]HAE LB (b) FEIEEIT &
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