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Abstract: In order to perform molecular dynamics simulations of Ag diffusion in SiC

crystals, we use ”force-matching” method to fit the interatomic interaction potentials of Ag,

Si and C based on first-principle calculations. The effectiveness of our obtained potential

functions are verified by the calculations of the lattice constants, cohesive energies, bulk

modulus, elastic constants and defect formation energies, etc. The results show that the

values of cohesive energies, lattice constants and bulk modulus can be calculated precisely

by our potentials, and the maximum error does not exceed 0.6%. The values of vacancies
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and interstitial formation energies of Si and C crystals and Si and C vacancy formation

of SiC crystals calculated by our potentials are more accurate than that calculated by

J. Tersoff’s potentials. In addition, the formation energies of the 16 kinds of AgSiC

three-atom defect systems can also be calculated accurately by our potentials.

Key words: Tersoff potential; force-matching; SiC; first-principle calculations
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�Ñ3�$8N¥� TRISO(Tristructural-Isotropic)�C�â-�´p§íe�Aæ�

Ä���, lS�	§�Ä�|¤ü��g´: -�SØ(Ï~´ UO2)!õ��$�À�!

S��9)(�!SiC �!	9)(�, Xã 1 ¤«. 3 TRISO �â¥ SiC ��ÙJø
(

�|±¿�å�{NÌ�Ø�C�Ô*Ñ��^[1]. �, SiC �U
k�³��Ü©7á�

C�Ô�*Ñ, �´�k¢�uy, 3p§^�eE,k Ag ��C�ÔßL SiC �*Ñ�

�Aæe%J¥[1-2]. ù¬�� Ag 3�Aæ¥�ÈD, ù�Ø>XÚ��oó�E¤
é�

�(J, Ó���3�½�S�Û�, Ï���5�Ô110Ag ��PÏ'��, � 253 d.

ã 1 TRISO�C�â-�(�«¿ã

Fig. 1 The structure of Tristructural-Isotropic-coated fuel particle

�
���C�Ô Ag 3 SiC �¥�*Ñ, ²(Ù*ÑÅ�´�'­��. �é Ag 3

SiC �¥�*Ñy�, éõ*ÑÅ��JÑ, Ù¥�) SiC �ü)[3-4]
!ÏL�¿ÚB���

*Ñ[5-7]
!÷X¬â>.Ú� ��*Ñ[8-9]�. �´��8F, Ä¾´=�«*ÑÅ�å�

^E,´Ø²(�, k�u¢�ÚnØó��?�Ú�y.

'u Ag 3 SiC ¥�*Ñ, 3¢�[10-14]ÚÄu�Ý�¼nØ(Density Functional Theory,

DFT)�1�5�n[15-16]�¡Ñk�A�ïÄ, Ù¥éAg*ÑXê�O�Ñ´�âO�Ñ5

�Ì�A«:"��/¤UÚ[£³^UìúªD = D0 exp(−Q/kbT )��¼�; ,
vk

©fÄåÆ�[�¡�ïÄ, ù´Ï�"y�A��fm�p�^³. ¯¤±�, duO�

^����, 1�5�n�{�U3�ºÝ��S?1O�ïÄ; 
©fÄåÆ�{�±3

�ºÝe?1��m�Ä��[, ¿��±ÏL©fÄåÆ�[é*ÑÅ���*L§?

1��*	. ©fÄåÆ�{�±^þ� £{½�Ý'é¼ê{��O�*ÑXê. éu

"�[£ùa�*þ$VÇ¯�, �±/Ïu\�©fÄåÆ�{[17]5?1�[.

?1©fÄåÆ�[ïÄI��A�³¼ê��|±, 3 AgSiC n�fNX¥�
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3 Si-Si!C-C!Si-C!Ag-Ag!Ag-Si Ú Ag-C � 6 «�p�^'X. �´, yk�³¥vk

Ag-Si Ú Ag-C ³. ¹�, ®k� Si-Si ³!C-C ³!Si-C ³[18-22] ÚAg-Ag ³[23]¿Ø´�é·

�ïÄ�NX[Ü�, I^?�Ú?�$�­#[Ü. Ïd, I�ïá�� AgSiC n�fN

X��p�^³, �©fÄåÆ�{ïÄ Ag 3 SiC ¥*ÑJø|±.

1 nØ�{

1.1 O��n9úª

�©¥³¼ê��yL§¥¤�9�NXSàU!"�/¤UÚN�5�þ��O�

©Oæ^Xeúª.

SàU�O�úª[24]�

Ecoh = Ebulk −
∑

i

niEatomi, (1)

Ù¥, EbulkÚEatomi©OL«ü�zÆ³¬NUþÚü��fUþ(Ù¥�)g^UÚ":

�ÄUüÜ©).

"�/¤U�O�úª[15,17]�

Ef = Edef − Eundef +
∑

I

∆nIµI , µI = (EI + γI), (2)

Ù¥, EdefL«�¹"��¬�Uþ, EundefL«��¬�Uþ, I L«��«a, ∆nI L«

��¬�¥ I a�fê~�"�¬�¥ I a�fê, µI L«éAzÜÔ�.(SiC ¬N)e

I a�f�zÆ³, EI ´�Aü��.(3ùpÒ´ Ag!Si Ú C ¬N�)eü� I �f�

Uþ, γI L«�� I 3�Aü��.e�zÆ³, ��â©z [25] (½§�����, =,

0 6 γI 6 ESiC − ESi − EC. ùp© 3 «�¹©O�[15]: γSi = γC = (ESiC − ESi − EC)/2;

γSi = ESiC − ESi − EC, γC = 0; γSi = 0, γC = ESiC − ESi − EC. �©O� SiC ¬N"�/¤U

���ÄγC = (ESiC − ESi − EC
[15])/2��¹.

¬�~ê a!SàU E!N�5�þB0��´ÏL Murnaghan �§[26]éNÈ–Uþ'

X�[Ü(J¼�, Murnaghan �§���L�ª�

E(V ) =
B0V

B′
0(B

′
0 − 1)

(

B′
0

(

1 −
V0

V

)

+

(

V0

V

)B′

0

− 1

)

+ E(V0). (3)

�©æ^ Tersoff ³[21]5£ã�fm�p�^, Ù��/ª�

E = ΣiEi =
1

2
Σi6=jVij , Vij = fC(rij)(fR(rij) + bijfA(rij)), (4)

Ù¥, ü½(Repulsive)³fRÚáÚ(Attractive)³fAXª (5) ¤«, �ä(Cutoff)¼êXª (6)

¤«, =

fR(rij) = Aij exp(−λijrij), fA(rij) = Bij exp(−µijrij), (5)

fC(rij) =



















1, rij < Rij ,

1

2
+

1

2
cos[π(rij − Rij)/(Sij < Rij)], Rij < rij < Sij ,

0, rij > Sij ,

(6)
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±9L«�f±��¸�nN�^�

bij = χij(1 + βni

I ζni

ij )−1/2ni , ζij =
∑

k 6=i,j

fC(rik)g(θijk),

g(θijk) = 1 + c2
i /d2

i − c2
i /(d2

i + (hi − cos θijk)2). (7)

ª (4)�ª (7) ¥ i, j, k L«�fSÒ, rikL«�f i Ú k �m�ål, θijk L«ijÚik�fm

zÆ��m��Ý. �
{üå�, - χ = 1, K±þ�ª�k 11 ��½ëê. Ù¥ A, B, λ

Úµ ù 4 �ëê�üN�p�^Ü©, β, n, c, d Ú h �nN�p�^Ü©, R, S �����ä

�»k'.

3[ÜL§¥ POTFIT æ^���¦{!�ÝFÝ{!�[ò»{�, 5`zë��

.�åÚUþ�Ônþ�1�5�nO��Ú³¼êO���m���¼ê, ¦����

�, l
¼�³¼ê�ëþ��. ��¼ê���/ª�

Z = ZE + ZF + ZS, (8)

Ù¥,

ZE =

NC
∑

i=1

Wi
(Etersoff

i − EDFT
i )2

(EDFT
i )2

,

ZF =

NA
∑

i=1

3
∑

j=1

Wi

(F tersoff
i,xj

− FDFT
i,xj

)2

(FDFT
i,xj

)2
,

ZS =

NC
∑

i=1

6
∑

j=1

Wi

(σtersoff
i,j − σDFT

i,j )2

(σDFT
i,j )2

,

©O�L5gSàU!åÚØr��z. 3±þ�ª¥ Wi L«�­, NC L«¤k�.�

ê8, NA L«¤k�f�ê8, Fi,xj
L« i �f3 xj ��É��å, σi,j L« i �fAåÜ

þ�1 j �ê�. �©[Ü���Ä
ª (8) ¥�UþÚåü�é��¼ê�K�.

1.2 O�ëê��

�©æ^ Tersoff ³�� Ag!Si Ú C �fm�^�å|¼ê, ÙÜn5®²3ë�©

z [18-22,27] ¥��
éÐ�y. [Ü³¼ê¤I�1�5©fÄåÆ!·�`zÚ>f

Ú`z�O�9�y³¼ê¤I��5~ê!"�/¤U!¬�~êÚSàU�1�5�

n�O�æ^Äu�Ý�¼nØ (DFT) � VASP[28]^��. ³¼ê�[Üæ^Äu“å�

�”�{� POTFIT[29]^��. ³¼ê�yL§¥^[Ü�³O��5~ê!¬�~ê!S

àU!N�5�þÚ SiC ¬N"�/¤U���æ^Äu“ÚîåÆ”� Lammps ^��.

�©^ VASP ^���ÝKM\Å�{?1�Ý�¼O�, æ^ PBE[30]/ª�

GGA[31] ��'é�¼¦) Kohn-Sham �§. ²¡Å�äU� 570 eV. Monkhorst-Pack

K-point[32]��: 8�fNX� 13×13×13; �u 60 �fNX�7×7×7. 3 SiC Ú AgSiC "

��1�5©fÄåÆO�¥, Ú�� 1.55 fs, §Ýë�©z [10-14] ¥�¢�§Ý�

1 073*1 773 K.

Lammps O�L§¥�9�·�`zL§Ñæ^�Íeü�{, Ú�� 1.55 fs. POT-

FIT `zL§¥, NXUþ�­� 100, ò»§Ý� 1 500 K.
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2 (J�?Ø

2.1 �.À�

3 ³ ¼ ê � [ Ü L § ¥ � À � � ¹ ¤ ï Ä � Ô n L § ½ Ô n ^ � � ¬ N

( � � � 1 � 5 � n O � � � .. � 
 £ ã Ag 3 SiC ¬ N ¥ � * Ñ, AgSiC

n � f " � N X � . � À � David Shrader 3 © z [15] ¥ J � � 16 « " �

� � Ä � � ., § � © O ´ AgC!AgTC!AgCVC!AgCVSi!AgC2VSi!AgCVSiVC!

AgCVSiSiC!AgCVSiCSi!AgSi!AgTSi!AgSiVSi!AgSiVC!AgSi2VC!AgSiVCVSi!AgSiVCSiC

Ú AgSiVCCSi. 3ùp AgCÚ AgSi©OL« Ag �fO�
 C Ú Si �f, VSiÚ VC©OL«

3 Ag �f�C� Si � Ú C � , §�c¡�êiL«� �ê8; SiC Ú CSi K©OL

« 1 � Si �fO�
l Ag �f�C� C �fÚ C �fO�
l Ag �f�C� Si �f,

AgTCÚ AgTSiK©OL« Ag WY3 4 � C �¥%Ú 4 � Si �¥%. �
Bun), ·�

xÑ
Ù¥ 5 «"��., Xã 2 ¤«, Ù¥, ã 2(a)AgSiVCL« Ag �f��
 Si �f�

 �, ¿�3 Ag �f� 4 ��C� ���Ñy
 1 � C � ; ã 2(b)AgSiVCVSiKL«

�� Si � Ag �f�o��C� �þÑy 1 � C � , Ó�3 Ag gC� �þÑy


�� Si � ; ã 2(c)AgSi2VCL«�� Si � Ag �f� 4 ��C� �þÑy 2 � C � ;

ã 2(d)AgSiVCCSiL«�� Si � Ag �C� �þÑy 1 � C � , Ó�gC� �� Si �

C ��; ã 2(e)AgSiVCSiCKL«�� Si � Ag �C� �þÑy 1 � C � , Ó��C� 

��,�� C � Si �f��. Ù¦ 11 «�.L«�{±daí.

(a) AgSiVC (b) AgSiVCVSi (c) AgSi2VC

(d) AgSiVCCSi (e) AgSiVCSiC

Si

Ag

C

VC

Si

Ag

C

VC

Si

Ag

C

VC

Si

Ag

C

VC

Si

Ag

C

VCVC

VSi

SiC

CSi

ã 2 5 « AgSiC n�fNX"�«¿ã

Fig. 2 Five kinds of AgSiC three-atom system defects

�©ïÄ� AgSiC n�fNX�ÌN´ SiC á�, ¤±3³�[ÜL§¥�o� SiC
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¬N��
5�. Ïd·�Äké Si-Si, C-C Ú Si-C �fm�^³?1
[Ü. 3�©¥

Si-Si!C-C Ú Si-C �fm Tersoff ³��ä�»[21]©O� 3.0 Å, 2.1 ÅÚ 2.5 Å; 
3��`

z�� SiC ¬�¥ Si-Si, C-C Ú Si-C �fmå©O�� 3.1 Å!3.1 Å Ú 1.9 Å. Si-Si Ú C-C

måÑ� 3.1 Å �uéA�³¼ê�ä�» 3.0 ÅÚ2.1 Å, Ïd3O��{ SiC ¬N5��,

Si-Si Ú C-C ³éÙ(JA�vkK�; 
 Si-C må 1.9 Å 3 Si-C ³��ä�» 2.5 Å �S,

Ïd Si-C �^3 SiC ¬N5�O��ké�K�. ·�^©z [21] ¥�Ñ� Tersoff ³?1


�y, (JL², �k3 SiC ¬N¥�3mY�"��, Si-Si Ú C-C �^³â¬é SiC ¬

N5��O�(J�)K�, ÄKvkK�. ù´Ï�mY��3¦� Si-Si Ú C-C �fm

å©O3 3.0 Å Ú 2.1 Å ±e�)
©Ù. Ïd, ·�@� Si-Si Ú C-C �^³é SiC ¬N5

����)�K�é�, �±�küÕ?1[Ü, ù�¦�[ÜL§¯�Ú{ü, ¿���

� SiC NX�³��±o� C Ú Si ¬N�g�5�.

Äu±þ©Û, äN[ÜL§© 3 Ú?1: Äk, ©O[Ü Si-Si Ú C-C ³; ,�, �½

Si-Si Ú C-C ³��ëêØC?�Ú[Ü Si-C ³; ��, �½cüÚ¥�[Ü(JØC, ?1

Ag-Si Ú Ag-C �^³�[Ü. �A�.�À��©�Xe 3 a.

1. Si-SiÚC-C�^³�.

(1) Äk, ��`z64 �f Si(C)¬�; �½¬�~ê©Oé 65(mY)!63(� )�f�

Si(C) �.?1�NÈ`z, ¿O��A�. Si(C) �fmå�©Ù9¤éA�­(ùp��

­��ÓmåÑy�gê¤�'). Si Ú C ü�NX�mY!� (�Xã 3 ¤«.

(2) �â (1) ¥�fmå©Ù, ��½ � 8 �f��`z�¬�, ¦Ù�fmåfÐ÷

v (1) ¥����fmå©Ù. ��¬�) 10 � 20 ��..

Int

Vac

ã 3 Si(C)¬N¥� ÚmY«¿ã

Fig. 3 Vacancy and interstitial of Si(C) crystal

2. Si-C �^³�.

(1) G��§. �
(½ SiC ¬N�¬�~ê!/¤U!N�5�þÚ�5~ê, ·�

é SiC ��¬�?1
��`z(²ïNÈ� V0), ¿À�
 0.90V0 � 1.15V0 � 15 ��..

(2) "�. �
ÐÚ�Ä AgSiC NX¥�"�, ·�é AgC� 16 «"��½NÈ?1


`z(æ^ 64 �f SiC ¬N��`z�¬�~ê), ,��K"��.¥ Ag �f¿�±�k

Si �f!C �f �ØC, ?1 DFT ·�O�(��>fÚO�). "�(�ëìã 2. d	,

·���Ä
 SiC ¥����  VC Ú VSi ü«�., Ù(�Xã 4 ¤«.
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ã 4 SiC ¬N¥ Si Ú C � «¿ã

Fig. 4 Si and C vacancy of SiC crystal

(3) ©fÄåÆL§. �
¼� SiC ¬N3�A§Ýe�UÑy��.9ÙåÚUþ�

&E, ·�� 64 �f� SiC ��, æ^NVTXn3 1 073*1 773 K e?11�5�n©fÄ

åÆO�, z�©fÄåÆL§?1 500 Ú, Ú� 1.55 fs, l;,¥À� 20 �ØÓ§Ýe�

�..

3. Si-Ag Ú C-Ag �^³�.

(1) "�·�`z. é AgC� 16 «"�?1�½NÈ`z, Ù¬�~ê9NÈ���`

z� SiC ¬N��.

(2) "�©fÄåÆL§. �
¼��"�NX3�A§Ýe�UÑy��.9Ùå

ÚUþ�&E, ·�^1�5�n©fÄåÆ�{é AgC � 16 «"�3 NVT Xne$1

500 Ú, Ú� 1.55 fs, §Ý 1 073∼1 773 K. z«"�3ØÓ§ÝeÀ�10��..

2.2 [ÜL§

[ÜL§¥, Äk, �â1 2.1 !¥¤ã� 3 a�.À��., ¿^1�5�nO��

�.�åÚUþ�&E. ,�, ^ POTFIT �`z Tersoff ³¼ê¥� 11 ��½ëê, N�

�ëê�Cz����(JÂñ. ��, ^¤�� Tersoff ³O��NX¬�~ê a!SàU

E!�5~ê Cij!N�5�þB0!"�/¤UÚ 16 «"��SàU, ¿�1�5�nO�

(J?1é', �âé'(JN����.��­, �E[Ü, ��é'(J�¬Ü.

3 Si-Si Ú C-C ³�[ÜL§¥, ·��éB!λÚ µ ù 3 �ëê?1
UÄ, Ù¦ëê

/�©z [21] ¥�ê��±ØC. �¤±ùo�´du�©[ÜÄu1�5�nO�, 
©

z¥ [21] ¥�[ÜÄu¢�êâ, üöUþØ��, 
A!B!λ Ú µ �ëêÌ�(½NX

Uþ�p$, ùp B!λ Ú µ ëêv±��Uþ����J; R Ú S ëê(½�p�^³�

�ä��, β!n!c!d Ú h ��f±��¸Ï�k', Ñ�±Ø^UC.

3[Ü Si-C ³�[ÜL§¥, Ø
L«�ä� R Ú S ù 2 �ëê�©z [21] �±��

	, Ù¦ëêÑ?1
UC. ù´duØ
UþØ��	, �©�Ä�"��©z [21] ¥�

Ä�"�Ø��Ó, l
Ü©�f�±��¸Ï�Ø���Ó, �±��¸Ï�k'�ëê

I^­#[Ü.

3 Ag-Si Ú Ag-C �^³�[ÜL§¥, β Ú n ëê�À�ë�
©z [33] ¥�(J�

�� 1, R Ú S ���(Ü SiC ¬N¥�f�C�ÚgC�må?1N�.
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2.3 ³��y9(J

d1�5�nO�� Si!C Ú SiC ¬N�¬�~ê!SàU!N�5�þ!�5~

ê!"�/¤U�Ônþ�L 1 DFT ¤«. ù
êâ��³¼ê�y�Ì��â, ÙO(

5û½�y�!���§Ý. Ïd·�<ù
êâ�Ù¦1�5�nO�(J(L 1 Refa Ú

Refb)?1
é', dL 1 DFT!Refa Ú Refb �êâ�±wÑ, �©�1�5�nO���

Ù¦1�5nØO���~�C, ÙØ��O�^�9°Ýk', �±�É.

ã 5 ¥(a)!(b)Ú(c)©O�Ñ
 Si!C Ú SiC ¬N�SàU-NÈ'X9^ Murnaghan

�§[Ü�(J. ã¥, p�I�²þz��f�SàU, î�I�²þz��f�N

È, çÚ“△”!7Ú“2”ÚùÚ“©”©OL«©z [21] ¥¤�Ñ�³(Tersoff)!1�5�

n(DFT)Ú�©[Ü�³(This work)�O��, �A�Ó«ôÚ­��L Murnaghan �§[

Ü(J. dã5�±wÑ, d1�5�nêâ� Murnaghan ­�(7Ú)Ú�©�Ñ�³�ê

â� Murnaghan ­�(çÚ) Ä�­Ü, üöÎÜ�éÐ. d Murnaghan �§[Ü���¬
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Fig. 5 The calculated values of cohesive energies at different volumes in Si, C and SiC

crystals and the Murnaghan equation fitting results of these values

L 1 �Ñ
^�©[Ü���³O�¼�� Si!C Ú SiC ¬N¥¬�~êa!Sà

UE!N�5�þB0!�5~êCij!� /¤U Vac!mY/¤U Int!Si � /¤U

VSiÚ C � /¤U VC �Ônþê�, ¿�1�5�nO��!¢��9O<1�5�n

O���é'. Ù¥, exp!Tersoff Ú Ref ©OL«¢��!©z [21] ¥³¼ê�O��Ú

ë�©z�1�5�nO��, �A�êâ5
®3L�¥IÑ; This work Ú DFT ©OL

«�©[Ü¤�³�O��Ú1�5�nO��; �  Vac!mY Int!Si �  VSi Ú C �

  VC �(�Xã 3 Úã 4 ¤«. dL 1(a) Ú L1(b) �±wÑ, �©[Ü�³é Si Ú C ¬N

�¬�~ê!SàU!�5~êÚN�5�þ�O���1�5�nO���~¬Ü; 


é Si Ú C ¬N¥� ÚmY/¤U�O���©z [21] �Ñ³�O��'��C, ��Ù

�'��C1�5�nO��, Ù(Jk¤Uõ; ù´du·�3 Si-Si Ú C-C ³�[ÜL

§¥�[Ü
 B!λ Ú µ ù 3 �ëê, Ó�3�.À���Ä
"�NX��fmå©Ù�

��. dL 1(c)SiC �±wÑ, �©[Ü�³éÙ¦Ônþ�O���1�5�nO��¬
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Ü�éÐ.

LLL 1 Si!!!C ÚÚÚ SiC ¬¬¬NNN¥¥¥���ÔÔÔnnnþþþ���OOO������

Tab. 1 The calculated values of various physical quantities in Si, C and SiC crystals
(a) Si

a/Å E/(eV·atom−1) B/Mbar C11/Mbar C12/Mbar C44/Mbar Vac/Å Int/Å

exp[34-36] 5.429 –4.63 0.99 1.7 0.6 0.8

Tersoff[21] 5.432 1 –4.629 0.98 1.3 0.9 0.4 3.7 3.6

This work 5.471 9 –4.545 0.94 1.4 0.7 0.7 3.6 3.4

DFT 5.468 8 –4.545 0.89 1.5 0.6 0.7 3.7 3.8

Refa[22] 1.5 0.8 0.7 3.7 3.8

Refb[37-39] 5.451 –4.67 0.98

(b) C

a/Å E/(eV·atom−1) B/Mbar C11/Mbar C12/Mbar C44/Mbar Vac/Å Int/Å

exp[36,40-41] 3.567 –7.37 4.42 10.8 1.3 5.8

Tersoff[21] 3.566 8 –7.368 4.25 10.7 1.0 6.4 3.3 18.2

This work 3.573 7 –7.773 4.37 11.2 1.0 6.7 3.6 20.4

DFT 3.574 2 –7.773 4.33 10.4 1.2 5.6 7.1 21.3

Refa[20] 10.9 1.2 6.4

Refb[42] 3.560 –7.84 4.37 7.2 23.6

(c) SiC

a/Å E/(eV·atom−1) B/Mbar C11/Mbar C12/Mbar C44/Mbar V si/eV V c/eV

exp[43] 4.36 –6.34 2.2 3.90 1.42 2.56

Tersoff[21] 4.321 –6.164 2.24 4.25 1.09 2.52 3.1 3.9

This work 4.374 –6.432 2.11 3.51 1.42 2.98 7.5 4.2

DFT 4.379 –6.431 2.12 3.96 1.41 2.96 7.5 4.1

Refa[21] 4.32 2.2 4.2 1.2 2.6

Refb[15] 7.4 4.4

L 2 �Ñ
O� AgSiC "�/¤U¤I�zÆ³��, ¿�©z [15] ¥�êâ?1
é

', ÙO��{9Ôn¿Â®31 1.1 !¥0�. d1 1.1 !¥�0���, �©Ú©z [15]

¥�Ñ��zÆ³��É8�(.´ ESi!EC Ú ESiC ��ØÓ. ©z [15] ¥�¬NUþ

–5.44 eV!–9.20 eV Ú –15.08 eV ��§���, �©�SàU –4.545 eV!–7.773 eV Ú

–12.862 eV ��§���. �Ä Si Ú C ��fU –0.880 eV Ú –1.316 eV�, �âª (1) �

dSàUO�¬NU, Ù�©O�–5.425 eV!–9.089 eV Ú –15.059 eV. ù�©z [15] ¥�Ñ�

�E,k���O, ù´duO�°Ý9�{ØÓ¤�.

LLL 2 Ag!!!Si ÚÚÚ C ���zzzÆÆÆ³³³

Tab. 2 Chemical potentials for Ag!Si and C
Case µSi/eV µC/eV µAg/eV γSi/eV γC/eV

Si rich –5.44 –9.65 0 –0.44

Ref. [15] C rich –5.89 –9.20 –0.44 0

γSi = γC –5.76 –9.43 –0.22 –0.22

Si rich –4.545 –8.046 –2.662 0 –0.545 2

This work C rich –5.090 –7.773 -2.662 –0.545 2 0

γSi = γC –4.818 –8.046 –2.662 –0.272 6 –0.272 6
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L 3 �Ñ
�©[Ü�³é 16 « AgSiC n�fNX"�/¤U�O���1�5�nO

��9©z [15] ¥�Ñ���é'(J9�éØ�. �±wÑ, �©[Ü�³O� 16 « AgSiC

NX"�/¤U���1�5�nO���ÎÜ�éÐ. Ø
 AgCVSiVC!AgCVSiSiC!AgCVC

Ú AgSiVCSiC 4 ù«"�/¤UØ�©O� 2.12 eV!2.31 eV!4.83 eV Ú 2.31 eV 	, Ù¦"

�/¤U�Ø�ÑØ�L 0.84 eV. du·��Ä�"�«a�õ, "�(��É��, [Ü�

��³éJ�9�z��"��5�, ù´²�³���Û�5¤�. �O�.�"�/¤Uw

��, �ù�´�±�É�. Xë�©z [20-21] ¥�³é int(S) Ú VSi + VC "�/¤�O��

�1�5�nO�����Ø�©O� 6.7 eV Ú 5.3 eV, �éØ�©O� 40% Ú 42%.

LLL 3 16 «««"""���NNNXXX"""���///¤¤¤UUU���OOO������

Tab. 3 The calculated formation energies of 16 kinds of defect systems

Defect

"�/¤U/(eV·atom−1)

γSi = γC Si rich C rich

Ref. [15] DFT This work Ref. [15] DFT This work Ref. [15] DFT This work error

AgC 7.65 7.73 7.39 7.89 7.97 7.83 7.35 7.42 0.07

AgCVSi 5.31 6.07 5.28 6.04 5.28 6.04 0.76

AgC2VSi 11.14 10.29 11.40 10.84 10.00 10.96 11.38 10.54 0.84

AgCVSiVC 8.30 6.18 8.54 6.42 8.00 5.87 2.12

AgCVSiCSi 8.00 8.08 7.42 7.49 8.51 8.59 0.08

AgCVSiSiC 7.54 5.23 8.06 5.74 6.97 4.65 2.31

AgCVC 8.14 12.98 8.66 13.49 7.56 12.4 4.83

AgTC 11.18 11.00 10.49 11.15 10.96 10.49 11.15 10.96 0.18

AgSi 6.35 6.49 6.60 6.05 6.18 6.16 6.59 6.73 0.14

AgSiVC 5.31 6.07 5.32 5.27 6.04 5.32 5.28 6.04 0.76

AgSi2VC 6.81 7.00 6.44 7.05 7.24 6.88 6.51 6.69 0.19

AgSiVCVSi 10.72 11.09 10.97 10.4 10.79 10.52 10.96 11.34 0.37

AgSiVCSiC 7.54 5.23 7.05 8.06 5.74 7.93 6.97 4.65 2.31

AgSiVCCSi 8.00 8.08 8.56 7.42 7.50 7.67 8.51 8.59 0.08

AgSiVSi 7.92 7.46 13.53 7.34 6.88 12.65 8.43 7.97 0.46

AgTSi 12.09 12.61 11.38 12.06 12.57 11.38 12.06 12.57 0.52

�ª��� Si!C Ú Ag �fm�p�^³ëêXL 4 ¤«, �©¤ïÄ�"�NX¥�

k�� Ag �f, �6Ø�Ä Ag �fm�p�^, Ag-Ag³ëêÃÄ��¦��". ·�^L 4

¥�³©OO�
 Si!C Ú SiC �õ�Ônþ¿�¢��(exp)?1
é', XL 1 ¤«, üö

k�½��O, ù´du·��[Ü´Äu1�5�nO�?1�. ù�Ø���
´1�5

�nO�(JÚ¢�(J�m��O. oNþ5`·��[Ü´¤õ�.

LLL 4 Si!!!C ÚÚÚ Ag ���fffmmm���ppp���^̂̂³³³ëëëêêêLLL

Tab. 4 Interatomic potential parameters of Si, C and Ag
A/eV B/eV λ/Å−1 µ/Å−1 β n c d h S/Å R/Å

Si-Si 1 830.8 471.69 2.467 2 1.726 1 1.1×10−6 0.787 34 100 390 16.217 –0.598 25 3.0 2.7

C-C 1 393.6 351.93 3.448 9 2.183 2 1.6×10−7 0.727 51 38 049 4.348 4 –0.570 58 2.1 1.8

Si-C 1 413.38 388.706 2.806 9 1.918 0 1.393×10−5 3.363 35 68 706.3 12.952 7 –0.594 85 2.51 2.21

Si-Ag 521.25 99 913.56 50.696 9 3.097 71 1.0 1.0 64 851.36 54.53 –0.374 60 3.65 3.00

C-Ag 99 173.95 99 480.55 4.330 4 1.068 3 1.0 1.0 22.64 0.089 –0.292 48 3.0 2.0

Ag-Ag 0 0 3.808 1 1.082 1 1.0 1.0 309.62 4.347 1 –0.885 72 3.1 2.7
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3 ( Ø

�©æ^“å��”�{, Äu1�5�nO�[Ü
�3Ëì"�� SiC ¬N(�¥

Ag!Si Ú C �fm�p�^³. ù«�{;�
DÚ�Äu¢�êâ[Ü³��{¥êâ
Ø

v�¯K, �E,NXá��fm�^³�[ÜJø
�U. [Ü(JL², ÏLT�{¼��

�fm�p�^³U
éÐ/£ã Si!C Ú SiC ¬Ná��¬�~ê!SàU!�5�þÚ"

�/¤U�. æ^ Tersoff /ª�³5£ã Ag �,� SiC ¬N(�¥ Ag!Si Ú C �fm�p

�^1�k�, Ø��±o� Si!C Ú SiC ¬N�g�5�, 
��UO(O� AgSiC NX�

"�/¤U. �,, du²�³���Û�5, ·�é"�/¤U�[Ü¥, �O�.�Ø��

´��, ù�¡�k�½�J,�m. �[Ü��°(�³, I��\�¡/��Ä��Ï��
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