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Abstract: In the process of SiC film fabricated by chemical vapor deposition method, kinetic process

of chemical reaction in reaction zone and the deposition and diffusion of matrix surface were studied

respectively. With kinetic Monte Carlo method, a three-dimensional atomic-scale of {111}-oriented SiC

film is established and its growth process is simulated by MATLAB. The results show that the growth

of film has three stages including form of little islets, mergence and expanding of islets and dynamic

balance between islets. With the increase of substrate temperature, deposition rate, surface roughness

and height of film all increase. When the deposition rate increases, surface roughness increases while

relative density decreases. Moreover, the simulation results are in well agreement with the relevant

theory and experimental result.
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934 � � : � < � 23 `�HW�|I\$� CVD HI�K	�L�z,l �6`iRoT0�	�>6`�	T��d���YS3	� CVD SiC K {111} x 	|Is+��	<>H-�Lwl � SiC 6`iRoT0�	�>6`sl�|I	O�tzÆ��R:?�J1�SK	��>9Tf, (KMC) HW�'g MATLAB xC#2��`	�pHWY8�iS� SiC K�LmY	HWYS�
2 
0wli	BV CVD SiC K�L �3	��R:?	 KMC H-�O26`iR�>6`	 KMC H-�/2O�szÆH-�
2.1 k:��z5k: KMC Æ1	 CVD 2� SiC mY6�(�0�� Ganz[8]U�	 25 8�>6`�VZ�>6`C$	3�Sg�"�6`C$H<^H=g�?	 Arrhenius[* [7] {��

k = AT βexp(−E/RT ) (1)*6 A m+oZI� β my$+<� E mzÆ�
T� R mb3H<� T m��y$�Bw GanzJ�
	S><	\X<)�"E
"6`C$H< k.HW6(� SiC ONL�mI4�-r�&�|I���5ml SiC t��	E?6`�	
KMC :36	6O +6R�^m:x (0, 1) &+	 1 RH�< ξ, l M RoT	6`6:�6`
m, *`d	���

m−1∑

j=0

νj/

M∑

j=0

νj < ξ ≤

m∑

j=0

νj/

M∑

j=0

νj (2)*6 vj *`p6` j 	C%� v0=0.HW6Jg	 +6L2o&	�=g[* (3)oT�$	MO +6R�C%:v	//W�V�:6�
∆t = −ln(θ)/

M∑

i=1

νi (3)*6 θ m (0, 1) &+	H�<�
2.2 \}x��u℄d KMC Æ1

Ning � [9] F� TEM >�� SCS-6 	��p�$$� β-SiC 	 {111} : \m�hx �	i�d��>�|� [9,10] 3	� SiC{111} x |Is+[�	<>H-���x �Xm�
x = [112̄], y = [11̄0], z = [111]. �KDE z : �L��(���*?2":ON	��B^���

6	6ORN�!*,OR|I�:x Si � C |I�4gH�:�ON�J1O��N�s��Z�5s�	�K	�D�m�'--�OsN� (sv). a �	f'�K�L	: �=g:e4"E\/�jp℄�jL�v1Kp�Ww	0}�&y�'< jL�N�v1	zÆ�	e 1 J,	�60NI*?6�6+��	}*,mO�|I� 1∼6 mRL�N�� 7∼18 mjL�N���jO�|I:k	RL�v1!m|I�O4X�3J1zÆ�T`zÆ	|I	zÆC%^H*,m [10]:

νk = ν0exp[−Ek/kBT ] (4)*6� v0=(2kBT )/h, y*ON|I	��C%�
T m��y$� h mb|pH<� kB m BoltzmanZI� Ek m�C
IJ1zÆmP J6p�	0}�� Ek = ∆E + esk, esk m
I	��*?	zÆ�
T��H-6=gh0:w	 Morse 0 [10] A:
I+	��Sg���
u = u0{exp[−2a(r/r0 − 1)] − 2exp[−a(r/r0 − 1)]} (5)g6� u mL�
I+	Sg0� u0 ma}v1e�
I+	Sg0� r mL�
I+	^�� r0ma}v1e�
I+	^��a2A:|I&+��Sg7k	><�E�mdF� [10,11]��"E6J6K><	\X<)��p* 1 6�
2.3 ~!mjBwT��RH-�\XE3���


 1 ���)>/2
Fig. 1 Surface morphology of substrateV 1 �/C"�<bY 

Table 1 Parameters of the model

kB/eV·k−1
v0/s

−1
esk/eV h/J·s u0/eV r0/nm a

8.61×10−5 6.13×1013 0.751 6.63×10−34 0.376 0.189 2
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5 d �o��

�<k�N� SiC J {111} w��J�{H[#GV 935

1) VZ[* (1), "E
JmoT�>6`	"6`C%�g ri *,�VZ[* (2), :
� mR*?6`�{�O�
I�0�g[* (3) "EJ6K	O� + ∆t. G�H�< θ, {�iO�
I�-	v1�
2)VZ�C
I:kL�
I<	+���
*?�Jm	oTzÆ
I (

I).

3)VZ[* (4)E
Jm

I	zÆC% νjT�MC% Rh(Rh =
∑

νj), 0"E
IzÆO6J6	 + τ(τ = 1/Rh).

4) G�H�< ξ1 ∈(0,1), �0�zÆ	
Ij* h−1∑

j=1

νj < ξ1Rh ≤

h∑

j=1

νj b���/O�*���
h 
I�:
�G�H�< ξ2 ∈(0,1), 
I	zÆ: j p−1∑

i=1

νi
h < ξ2νh ≤

p∑

i=1

νi
hb��|/OE* �E
I℄ � pRsv�g6 νi

h 2� h
I i : zÆ	C%� νh =
∑

νi
h m� h 
I	MzÆC%�

5)iSzÆmY�W*:k7
�|I	zÆC% vj �M	zÆC% Rh.

6) 4
I0�O�mY	 + ∆t szÆ +
τ J1!:��j ∆t ≥ τ , �A�6< 4 (1�|o:�	
I$9����j ∆t ≤ τ , A�6< 1(1��i?	�'-iSHWmY�	Rq 1GB	 Pentium IV PC���'gMAT-

LAB xC#Y�iS SiC K {111} x 	HW�
3 
��t=#	VZT�3		H-�HW�� {111}x SiCOX��6|I	s+[�e�g6O9>�e 2J,�iB^t SiC $#B^O/ [6].

4��-pL^G`'~	6`i6�T MTSm6`~� H2 m�l� Ar m�4lXs��lX�̂ m
\	:*4 MTS x
� MTS 	6`6R�'~�0�>C0S SiC K�
3.1 \}DW$�gde2o(m�s$G [12] J1!:�=g	HW\/���l;��mH� (0.1MPa), ��y$m
1000∼1400K, H2 m 400mL/min, MTSm 140mL/min,

Arm 200mL/min,JT ϕ([H])=54%, ϕ([MTS])=19%,

ϕ mX�><�!R�LmY	 10×10 	 SiC ���J1HW��� SiC K�p03�e 3 J,�oTi
�	O�	`e?'�	a�	|I\$���0SO(b		 (111) D#���e 3(a) J,�HEO�mY	J1�K	�LJ��6e?'�U�
T��8T��O�#� EK�L: 	�L�/�#� EB?J1	z �L��:T��/#�J1w0�'�rZ/	 (111) D��z��Z^��e 3(b) � (c) � (d) J,��SmO' +	O��|IB^J��Pa}BP�


 2 {111} w��J SiC NW5{H�q*Z�

Fig. 2 Atom spatial arrange of the {111}-oriented

SiC crystal


 3 SiC J (111) >4`�J>&�{H)>A℄

Fig. 3 Surface morphologies of SiC

(111) layer at different stages of depo-

sition

(a) The first stage of deposition; (b,c,d)

The middle stage; (e) The stage of dy-

namic balance
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936 � � : � < � 23 `Q7.Qh � (111) C.1��b 3(e) I+��N�hqz� [12] �"E�h��N.�
3.2 r8X�h SiC �B�a;,l��9 SiC I�(=.1�[��ÆP*'�
8U_
(=m?"q�(:" [7]. �(:"lQ��Y�M�;qhz.:�MV4M�;% ��gM�A#nRe
)!D�

v = N1D/N2t (6)f4 N1 lT��))O t QM��zG;�
D l (111) =�_
=)℄ (v 0.126nm), N2 lhzY. (111) C� Si Æ C zG;���9[.
�FU�3_��w"
 (<+v 1000 � 1200 � 1400K), M�A#q(=m?"�$��R�J"FM��)�(=m?"F�IA#��(:"F�IA#�$��FU�h�b
4∼8 I+�{w"3$���M��_
=%� Si Æ CzGM�
{�xu����t0�I��IA#xt��1i (111) =�(=�\Ia���M�N%�)���IA#g(
5��1io(=QQM��7<zG�.Q�J"3_�M=(=�%�R��zG3��Hg(NI�UM��{(=�I;K�N_{���IA#to_��,q��3_w"
�(=M�A#FCw"��J,
t�FU�h�b 4 I+�he!q"E�h [1,13]  8}t�(=m?"F�)�$�e!\#� Grujicicq�u�FU�h��b 5 I+���I_
�(=m?"F�)�
&,�_
t��1ioQÆC�(=�qY.�nk)�NC}�Q�Q_=�.Q�o1
t�(=m?"�%��I�


 4 ��x#) CVD SiC J (111) >�N�B$�b�
Fig. 4 Influence of substrate temperature on the

deposition rate of SiC (111) surface

�II�4
=%�ÆC� (111) ==0�Y.�(=m?"�$�=0,!�{I��IkVto_{��(=m?"�$�Mto_{�h�L�$�x!�u�toy;��g�(111) =�(=m?"FCw"��J,$t�fzY1{w" 8Æ��I��I�{�0�zGkN_��)��f��t0�%�(=m?"x!�Fw"��J��IA#=0
t�(=m?"F%
t�J"FM��)$��u��b 6I+�FM��)�
&�I�~"TK?�2
&�_��I�~"FCw"��J,
t��1io�IA#FCw"��J,
t�.��h�kb 7 ha�(=m?"FC�IA#�
&,
t��1Yl{�IA#xt���I(=�zG
q{��x��W�)M�
{�zGBF,�jh{�3SF�k%�x��k,�I4.Qt���(:"F�IA#$��u��b 8I+�


 5 4`x#Æ CVD SiC J (111) )>n�#�%�
Fig. 5 Surface roughness of SiC film (111) surface

changes with deposition time at different temperatures


 6 4`x#Æ CVD SiC J (111) >�K#GN��*�%�
Fig. 6 Height of SiC (111) surface changes with depo-

sition time at different temperatures
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 7 4`x#Æ CVD SiC J (111) >�)>n�#G�JB$�%�
Fig. 7 Surface roughness of SiC (111) surface changes

with growth rate at different temperatures


 8 4`x#Æ SiC J (111) >�);#G�JB$�%�
Fig. 8 Relative density of SiC (111) surface changes

with growth rate at different temperaturesFC�IA#�
t�I��(:"�,!�℄<#C�n=I<���IA#(�I(=.1�a��
4 �	<e KMC 81�1��	nzGZ"� SiCI (111) C�IF+�DF+�wÆ7<�N14^5Q�;4^ KMC F+�.1j�zGM�q

x�� KMC F+�FU�hq�'q"E��}t��h�
�
1) SiC I�(=.1>J(�l��M��_
=%�.Q�N'a}�|��I��II��R!}�t.qx�lR��4
�I=%�Q7r��N_{�
2) FC��w"��J�I��IA#�(=m?"R�I�~"�
t��IA#�_
t�g(
5�;K�N_{���IA#to_��(=m?"�_
t�to_��I�~"FM��)�
&,
t�
3) FC�IA#�
t�(=m?"
t��(:",!�X�&)
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