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$^©fÄåÆ�{é'�[ïÄ
%z7�NLz!L¡LzÚ¬N)�L§. ©Oæ^ MEAM ³
Ú Tersoff ³ü«³¼ê£ã%z7. (JL²: NLz�, ü«³¼ê£ã� SiC ��f²þUþ!Lindemann �
êÚ(�kSëê�§Ý�Cz'X�q, � MEAM ³éA�NL: (4250 K) ' Tersoff ³ (4750 K) ��p. L¡
Lz�, ü«³¼ê£ã� SiC 3�Ó�L9ÝeLz�Ý�C; 
3�Ó�§Ý^�e,MEAM �^� SiC L¡
Lz�Ý�¯. ù´du MEAM ³ SiC �9åÆL: (3338 K) $u Tersoff ³ SiC �9åÆL: (3430 K) ���.

ü«³¼ê�^� SiC 3¬N)��¡�Éé�.MEAM ³ SiC �¬N)��Ý�LeÝk', LeÝ�� 400 K

�¬N)��Ý�¯. � Tersoff ³ SiC ¬N%3LeÝ� 0—1000 K ���SþØU)�. nÜ�Ä,MEAM ³
' Tersoff ³U�Ð/£ã%z7�LzÚv�1�.

'�c: %z7, ³¼ê, Lz, ¬N)�

PACS: 81.10.Fq, 34.20.Cf, 02.70.Ns

1 Ú ó

%z7´�«n��°�Y��Ná�, äk
2,�A^cµ [1]. 8c�� SiC ü¬�Ì��{
�p§,u{ [2] ÚzÆí��È{ [3], ùüa�
{¥ SiC ¬N)��Ý�ú, �Ç$, J±÷v¢
SA^I�. ��{�±�Ñ¬N)��Ýú�"
:, ïÄö���3?1��{�� SiC ¬N�&
¢ïÄ [4], ,
du SiC �L:p, J±ÀJÜ·
�l�á�, ±9~Øe C 3 Si ¥�M)Ý$�
�Ï, �¦¢�þé��{�� SiC ü¬�ïÄ?
Ð�ú.

©fÄåÆ�O�Å�[�{�¦Ñ¤�[
NX¥z����f� �Ú�Ý, ?
��âf
XÚ3��m¥��müz�;,, é¬N)��
[kÕA�`³
�2�A^ [5,6]. �{¥'��
�Ú´ÏL³¼ê5O��f�Éå, l
�#�

f� �5�¤éá�1���[, Ï
�fm�
�p�^³¼ê�ÜnÀJé�[(J�O(5
äkû½�^. �céu SiC �©fÄåÆ�[
ïÄ¥Ì�$^
ü«³¼ê: �«´d Baskes

3 1992 cuÐ�?�i\�f{ (modified em-

bedded atom method,MEAM)[7]; ,�«´d Tersoff

3 1988 cuÐ� Tersoff ³ [8,9]. ùü«³¼ê
3 SiC �åÆ5U [10,11], pUâfñÂ1� [12],

¬N"� [13], B�\ [14], B�õ¬ [15] ��¡��

Nõ¤õA^. l��þ`,MEAM ³� Tersoff

³�~�q [13].Huang � [13] $^ùü«³¼êé
'ïÄ
 SiC �:"�/¤UÚ[£U, üö(J
þéÐ/ÎÜ
1�5�nO�(J, �´3°Ý
þ�3[���É: :"�/¤U� Tersoff ³(
J�°(, 
[£U� MEAM ³(J�Ð.SiC L
z�(¬´��E,�ÔnL§, æ^@«³¼ê
5é�?1©fÄåÆ�[��n�? éJl®

* I[g,�ÆÄ7 (1OÒ:10502024) ]Ï��K.

† E-mail: lzhou@ncu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

028101-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 028101

km�ïÄ(Jíä, k7�©O±ùü«³¼ê
5?1©fÄåÆ�[ïÄ. 8cÿ��kdaï
Ä��. �©$^©fÄåÆ�{, é'�[ïÄ

 MEAM ³Ú Tersoff ³£ã�%z7�NLz!
L¡LzÚ¬N)�1�, ±Ï� SiC ��v�)
��©fÄåÆ�[ïÄJøë�, l
� SiC ü
¬��{��EâïÄmuJø9Ï.

2 �.��{

2.1 ���...���EEE

ã 1(a) X % z 7 L z L § � [ � Ð © �

..X,Y, Z �I¶©OéA SiC ¬Ø� [100],[010]

Ú [001] ¬�, NX��� 10a×7a×7a(a �¬�~
ê), �k 3920 ��f. ��[ SiC NLz�, 3n
����\±Ï>.^�, NXæ^�§�ØX
n (NPT); ��[ SiC L¡Lz�, =3 X Ú Y �
�þ�\±Ï>.^�, 3 Z ���\gdL¡>
.^�, NXæ^�KXn (NVT). ã 1(b) X%z
7¬N)��[�Ð©�.. NXüà� SiC ¬N,

±Jø¬N)�L§¥�¬Ø, ¥mÃSü���
f´lp§ýL?n�NX¥����Ü©, üö
m.¡=¬N)�¡ (100), NX�k 11648 ��
f. �[¥3n����\±Ï>.^�, NXæ
^�§�ØXn (NPT). �mÚ�� 10−3ps.

ã 1 %z7LzÚ¬N)���Ð©�. (a) Lz; (b) ¬N)�

2.2 ³³³¼¼¼êêê

� © © O æ ^ 
 MEAM ³ � Tersoff ³ O
� SiC ��fm�p�^. Ù¥ MEAM ³ [7,16,17]

´3 EAM ³�nØÄ:þ�Ä
�Ý�A�õN
³¼ê, ·Ü�[d�d�(Ü���Ná�, Ù

NXoUþ�O�úª�

E =
1
2

N∑
i=1

N∑
j=1 6=i

Φij(rij) +
N∑

i=1

Fi(ρi), (1)

ª¥,Φij(rij) ´�fm�üN�^é³,Fi(ρi) ´
>f�Ý ρi �i\U,rij ´��f i, j �m�å

028101-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 028101

l.MEAM ³��ÝÏf´ÏL>f�Ý¼êÚ
?�. >f�Ý¼ê�äN/ªÚëê���©
z [7].

Tersoff ³´�â�³nØJÑ��«£ã�
d�(Ü��?³. g 1988 cJÑ±��
·A
ØÓ��[SN½�¸, ²{
õg�?�Úu
Ð [8,9,18]. �©$^�´�Cd Erhart Ú Albel ?
U�õ� Tersoff ³. ÙNXoUþ�O�úª�

E =
∑
i>j

fC(rij) [VR(rij) − bijVA(rij)] , (2)

ª ¥,VR(rij),VA(rij) © O � � f m � ü ½ ³ Ú
áÚ³,bij L«�ÜrÝ, ´LyõN�A�Ï
f, 
 fC(rij) ´ � � 1 w � ä ¼ ê, § ¦ ü �
fm��p�^3ål���1w/ª�u".

VR(rij),VA(rij) Ú fC(rij) �äN/ªÚëê��
�©z [8].

2.3 Lindemann ���êêê

Lindemann �ê´��L�á�9��­�ë
ê [19,20]. §éNX��­é¯a, ~^5(½N
X�NL:. ü��f� Lindemann �êO�L
�ª�

qi =
1

N − 1

∑
j 6=i

√
〈r2

ij〉 − 〈rij〉2

〈rij〉
, (3)

ª¥ 〈rij〉 ��f i, j ålé�m�Ï"�. NX�

N Lindemann �ê�
N∑

i=1

qi/N .

£ãNXkSÃS�C�,��­�ëê´
(�kSëê (structure order parameter) [21]. n�
¬N(��kSëê� 1, §Ý,p(�kSëê
Åì~�, u)�C����kSëê�C 0, ÙO
�L�ª��©z [21].

2.4 """������fffêêê

"��fê Ndef ´��ÝþNX(�kS�
ëê [22]. �ä���f´Äáu"��f´ÏL
O�T�f� “1�C�” 5¢y�. ùp� “1�
C�” ´±T�f�¥%, ^éA§Ýe¬N1�
C�Ú1�C��ål²þ���»x¥, ¥S�
fêÒ´T�f� “1�C�” ê. eT�f� “1
�C�” êØ�un�¬N�1�C�ê, KT�
f�"��f. ��¬NSÜ�fØ´"��f,

LNS��fþ�w¤´"��f, ¤±"��f
ê8�Cz�±L�Lz�?§ [23]. 
Lz�Ý
�ÏL"��fê Ndef ��mCz­���Ç5
O�, =

v(T ) =
d0

N0

∂Ndef(t, T )
∂t

, (4)

ª¥,d0 ��f�mål,N0 �z��fê.

,	, ��Ý¼ê (layer density function) [24] �
±�*/£ã÷Lz½(¬���NX(�. ¬�
��f��Ý­��ëY�k¸, LK���f�
�Ý­�k¸��½�C²", ÙO�L�ª��
©z [24].

3 (J�?Ø

3.1 NNNLLLzzz

%z7�NLz�[´3 3000—5000 K �§
Ý��?1, 3A½§Ýeé�\n�±Ï>.
� SiC NX?1��m�ð§µþ, 4NX�(�
ÚUþ��²ï, ,�ÚOÑéA§ÝeNX��
f²þUþ!Lindemann �êÚ(�kSëê, (
J«uã 2. dã��:MEAM ³Ú Tersoff ³ü«
³¼êe��f²þUþ!Lindemann �êÚ(�
kSëê�§Ý�'X­�/GÄ��Ó. 3�é
$§e, �f²þUþÚ Lindemann �êÑ�§Ý
,p¥�5O�, 
(�kSëê�§Ý,p¥�
5eü. �§Ý,�,�.��, nö�§Ý�'
Xþu)
½,Cz: �f²þUþ�l –5.1 eV

×�,p� -4.3 eV, ,p
 0.8 eV;Lindemann �ê
�l 0.05 â,,p� 0.30, ,p
 0.25; (�kS
ëê�l 0.56 ��eü� 0.05, eü
 0.51. �
§ÝUY,p�, �f²þUþ!(�kSëê
Ú Lindemann �ê�§Ý�'Xq¥yÑÐ©�
ã��5,pÚeü�'X.

ü«³¼êe��f²þUþ!Lindemann �
êÚ(�kSëê�§Ý�'Xþ�A
NLz
�Ä�Ôn5Æ. §Ý�,pÌ�Úå�fÄUÚ
�fmå�O�, �ö3³¼ê�åeòÚå�f
³U�,p. 3§Ý$uL:�, %!7�fE�
�å3¬�:
NC�Ä, �f²þUþduÄU
Ú³U�V­O�
�5,p;Lindemann �êÚ
(�kSëê�duNy�fÄU�9�Ä�Ý
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ã 2 % z 7 N L z � � ² ï � N X � � f ² þ U þ
(a)Lindemann �ê (b) Ú(�kSëê (c) �§Ý�'X

O�Ú�fmå�O�
�5O�Úeü. 
n
ö�§Ý'X¥�½,Cz, ¢�þ´%z7�
¬N(���»,SiC d¬�=C¤LK�, =u)

NLz. LN�f�éu¬N�f��Ä�Ý
Ú�fmåÑk
wÍ�Cz, Ï
²þ�fU
þÚ Lindemann �êÑâ,,p, 
(�kSëê
�duLK���fkSÝ�eü
â,eü, Ï
d, ½,CzéA�§ÝÒ´NL: [21]. §Ýp
uNL:�nöCz5Æ�cãÄ��Ó. dd�

�, ü«³¼ê�A�NLz�§Ý�'XÄ��
Ó. 
ü«³¼êe�ØÓ�?3uâCu)��
.§ÝØÓ, �=´NL:ØÓ:MEAM ³�^e
� 4250 K,Tersoff ³e� 4750 K.

3.2 LLL¡¡¡LLLzzz

NLz´¬��5�­�L§, =NX�(�
¬3NL:u)âC [19]. 
¢SLz´`ku)
3L¡þ� [25], X��.¡3pu9åÆL:�
§ÝeØä�¬NSÜí?�L§. L¡Lz�
?§�±ÏLNXS�"��fê��m�Cz
'X5�N. ã 3 «Ñ
 MEAM ³Ú Tersoff ³e

ã 3 %z7L¡Lz�NX3ØÓ§Ýe"��fê��m
�üC (a)MEAM ³; (b)Tersoff ³

�%z7L¡Lz�["��fê Ndef ��m�
üC. dã 3 ��, "��fê² 10 ps �Lz�
m×�d 200 O�� 500 þe, ,��üCÑyü
«�¹: �«´3�é$�§Ýe,SiC �"��
fê3Y²�NCþeÅÄ; ,	�«´3�ép
�§Ýe,SiC �"��fê��mO�
Oõ, �
ù«O�ª³�§Ý,p
�²w. 1�«�¹
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`²3�é$§e SiC "��fêvk²wOõ,

= SiC ¿vku)²w�L¡Lz. 1�«�¹`
²
3�ép§e SiC ¬Nm©u)²wLz, 

�§Ý�pLz�¯. 
ã¥­�å©ã"��f
ê�×�O\, AT´duÜ©L��f3p§e
u)­�, 
�ÚO�"��f¤�. é'ã 3(a)

Ú (b) ��, ü«³¼êeØÓ�?3u"��f

ã 4 %z7�L¡Lz�Ý�§Ý T �'X

ã 5 %z7L¡Lz�[� 100 ps �NX÷ X ����f
��Ý (a) NX�L9Ý� 200K; (b) NX�§Ý� 3600K

ê�Ðm©²wOõ¤éA�§ÝØÓ: MEAM

³éAu 3400 K,Tersoff ³éAu 3600 K; ±9Ó
§Ýe"��fê�O�Ø��,MEAM ³�O�
' Tersoff ³��¯.

L¡Lz�Ý�±d (4) ª�â"��fê
��m�üC��. ã 4 «Ñ
 3100 K � 3800 K

§Ý��S, MEAM ³Ú Tersoff ³e%z7L
¡Lz�ÝØ�"�êâ. dã�wÑ, Ó§Ý
e,MEAM ³�^� SiC NX' Tersoff ³�L¡
Lz�Ý�¯. òL¡Lz�Ý�§Ý�'X­
�?1�5[Ü, ¿	í�L¡Lz�Ý�"��
§Ý, =�������§Ý, ©fÄåÆ�[ò
ù�§ÝCq@�´9åÆL: [21]. dã 4 �w
Ñ,MEAM ³e SiC �9åÆL:� 3338 K,Tersoff

³e� 3430 K. üöþ'Ôn¢�¥ÿ½�9åÆ
L: (3100 K[26]) �p, � MEAM ³' Tersoff ³�
�CuÔn¢���.

�
?�Úé'ïÄü«³¼êe%z7
�L¡LzA5, ·�©OÀJ
'�g9åÆ
L:p 200 K �§Ý, =L9Ý� 200 K, Ú�½
u 3600 K �§Ýe�
ü|é'Lz�[¢�,

¿^R�uLzL¡��f��Ý¼ê5L�L
z?§, (J«uã 5. dã 5(a) �wÑ, ² 100 ps

L¡Lz�[¢��, 3 200 K �L9Ý^�e,

ü«³¼ê�^� SiC ¬N�üà��Ý¼ê�
þé�, L²üàþ®Lz. ¥mã���Ý¼ê
�5ÆCz, �A
¥mã�vkLz�¬N�f
�. é'ü³¼ê�^e�¥m¬N��Ý�±
��Ñüö�Lz�Ý����. dã 5(b) �w
Ñ, 3Ó��§Ýe, MEAM ³�^e�%z7L
zK��f�' Tersoff ³e�õ, `²Ó�§Ý
e MEAM ³�^� SiC �N´�Lz, ù�c¡
ÿ�� MEAM ³�^e� SiC 9åÆL:�$´
���.

3.3 ¬¬¬NNN)))���

·�ò%z7¬N)�NX?u�½§Ýe
ð§µþ, *	¬N)�L§. ã 6 «Ñ
 MEAM

Ú Tersoff ³e� SiC ¬N�)��Ç�§Ý�'
X. ùp�)��ÇÚO�{Eæ^�´"��
fê��müC­���Ç5O��. dã��,

3 1700—3400 K �§Ý��S,MEAM ³�^e
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ã 6 %z7¬N)��Ç�§Ý�'X
ã 7 %z73 400 K LeÝe¬N)��[� 700 ps �NX
�÷ X ����f��Ý

ã 8 %z73 400 K LeÝe¬N)��[� 700 ps �NX� [001] ��ÝK (ã¥���¥%��f�u)
p*Ñ��
f) (a)MEAM ³; (b)Tersoff ³

� SiC ¬Nk�X§Ý,p
O�, � 2900 K §
Ý�)��ÇO����� (� 2.25m/s). ,��
§Ý,p
¯�ü$, � 3400 K �m�, )��Ç
ü�". k¿g�´, 3 1700—3400 K �§Ý��
S,Tersoff ³�^e� SiC ¬N�)��Ç���
", ¬NØU��.

?�Ú·�é'©Û
ü«³¼êe�NX
��Ý¼êÚ�f(�ã, ©O«uã 7 Úã 8.

dã 7 ��,MEAM ³�^e, ����Ý¼ê­
�' Tersoff ³�^e��á, 
üàéAu¬N

Ü©�k¸ã%��. ù`² MEAM ³�^e�
üà� SiC ¬N�¥mLNÜ©?1
)�, ¿
ddÚå��NX��ÝÂ , ùâ�¦­�C
á.Tersoff ³eüà� SiC ¬NéA�k¸ã�Ý
�Ð©�½�Ä�ØC, ?�Ú(½3 400 K �
LeÝe Tersoff ³�^� SiC ¬N�U)�. l
ã 8 ¥�±�*/*	� MEAM ³eÚ Tersoff

³e¬N)��¹. ² 700 ps �[,MEAM ³�^
e� SiC ¬N)�
� 28 ��f�, 
 Tersoff ³
e SiC ¬NØ
k�þ�f�LNÜ©u)
*
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Ñ�	, Ä��±Ð©�½�¬ØÜ©, ¿vk�
LNÜ©)�. ·�­E
ØÓ���NX©O?
1L NPT Ú NVT Xne��[, (JÑaq. d
d��,MEAM ³� Tersoff ³é SiC ¬N)�£ã
k²w�ØÓ:MEAM ³�±�N SiC ¬N)��
5Æ, 
 Tersoff ³�^e,SiC ¬NØU��.Tersoff

³ØUéÐ/£ã SiC ¬N)���«�U�Ï
´:Tersoff ³´�«�?³, �f��? (=��r
Ý) �6u�f�±��¸. ��f�C�ê�õ
�, z�C���Ò�f. ¬N)�L§´���
fdÃS�kS=C�L§, ù�=C7L�Ñ�
½�U^. 
LKG� SiC �f�C�ê'¬��
Oõ, z�C���?���f, ±�uJ±�Ñ
(¬=C�U^
ØU�¤ÃSkS=C, Ï
Ø
UéÐ/£ã¬N)�L§.

4 ( Ø

�©ÏL©fÄåÆ�{�[ïÄ
 MEAM

³�^eÚ Tersoff ³�^e�%z7NLz!L
¡LzÚ¬N)�L§, ��:

1. ü«³¼ê�^� SiC 3NLz�ÚO
Ñ��f²þUþ!Lindemann �êÚ(�kS
ëê�§Ý�Cz'XÄ��Ó, �NL:Ø�
�:MEAM ³e� 4250 K,Tersoff ³e� 4750 K.

2. ü«³¼ê�^� SiC 3L¡Lz�, �?
uÓ�L9Ýe, üö�L¡Lz�ÝÄ���.

�?uÓ�§Ýe,MEAM �^� SiC L¡Lz�
Ý�¯. dL¡Lz�Ý�§Ý�­�'Xuy:

Lz�Ý��É´d9åÆL:ØÓÚå,MEAM

³éA�9åÆL:� 3338 K, $u Tersoff ³é
A� 3430 K.

3. ü«³¼ê�^� SiC 3¬N)��¡�
Éé�.MEAM �^� SiC �¬N)��Ý�Le
Ýk', LeÝ�� 400 K �¬N)��Ý�¯;

� Tersoff ³�^e� SiC %3LeÝ� 0—1000 K

���SþØU)�. Ïd, �, Tersoff ³�2�
A^uLzL§�©fÄåÆ�[, �%Ø·^
u SiC ¬N)���[.
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Abstract

Molecular dynamic simulations of bulk melting, surface melting and crystal growth of SiC are carried out. The atomic interactions

in SiC are calculated by MEAM and Tersoff potentials separately. The results show that the bulk melting of SiC with MEAM potential

exhibits its relations to temperature similar to that with Tersoff potential, while can be indicated by the mean atomic energy, Lindemann

index and structure order parameter. The difference between them is the bulk melt point: MEAM is 4250 K, while Tersoff is 4750 K.

At the same superheat degree, the velocities of surface melting of SiC separately, with MEAM and Tersoff potentials are in substantial

agreement. But at the same absolute temperature, the surface melting of SiC with MEAM potential is faster than that which the Tersoff

potential, which is due to the difference in thermodynamic melting point. The Measured value of the thermodynamic melting point

of MEAM is 3338 K compared with 3430 K of Tersoff. On the crystal growth side, the crystal growth velocity of SiC with MEAM

potential is related to the undercooling. The fastest velocity corresponds to the undercooling of 400 K. However, the crystal of SiC with

Tersoff potential cannot grow in the undercooling of 0 K—1000 K. Overall, the MEAM potential is better than Tersoff potential in the

sense of describing the melting and solidification of carborundum.
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