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Abstract: Single crystalline 3C-SiC thin films were grown on Si(111) at different substrate temper-

atures by solid source molecular beam epitaxy (SSMBE). Their structure, morphology and chemical

component and the influence of the substrate temperature were investigated by reflection high energy

electron diffraction (RHEED), X-ray diffraction (XRD), atom force microscope (AFM) and X-ray pho-

toelectron spectroscopy (XPS). The results indicate that the sample grown at substrate temperature of

1000◦C exhibits the best crystalline quality. For higher substrate temperature, there will be more huge

voids on sample surfaces, and the large mismatch of thermal expansion coefficient between SiC and Si

can cause more dislocation when samples are cooled down to room temperature from high substrate

temperature. For lower substrate temperature, the deviation from stoichiometry will occur, which is

responsible for the deteriorations of crystalline quality.
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4 y 2ZW���Z"%19 Si(111) Z". MBE �v�t 3C-SiC �R��H 721S [3]. 	MK��K1� Si [#$�����_& "�0	MK� Si [#/�w�u SiC �yH
SiC 6 Si r�DX��t#i Si -~H�Q���P2_&6��
W��SiC ��u7T�>TPJ�k�DW1 (CVD) +�>T	�u (GSMBE) 3#/D=�
 CVD � GSMBE �7T�|(.�(��9	O7���9	�$�2_J SiC 2K� I7T���uSw(
��� CVD � GSMBE�7T���*2KH�* k�:P*� k
t��� k�:2 SiC �US=Z��℄_Pn~��� [4]. SSMBE �7T���*� k
t���R�%~=`v.&N
q��
SSMBE wv.�9#H2f_&	x2 (RHEED)�BGY63Uf`�"j�f�
t7T�ND�t+06>)��H
� SSMBE H$�w}�>��.�`	<N 7T&2 [5,6], F0Q{�bND
�$ SSMBE 7T SiC �SPb?=�bBDS}���q�roP�:=��`SQQmo [4].[#&2P I SiC �SXew(����m
���℄MK�ror��/P�$ CVD[7,8]� GSMBE[9,10] MF`_�
 Pfennighaus �� [11]�$ SSMBE J Si [#/7T SiC, ro +[#&2:�Sw(� I
�xGro�&2J�)R (780∼ 900◦C), �,GNJpf�[#&2
(900∼ 1100◦C) `_ Si [#/ SiC �e�S��u7T�6��H2f_&	x2 (RHEED)�X2Bx2 (XRD) �9	 ;�k (AFM) � X 2B�&	_x (XPS) �MFro+[#&2:J Si(111)2K�w�u7T 3C-SiC �S�eb�Xew(� I

2 �T

SiC �S�q��u7TPJ&D{T�	z
SSMBE 3#/`_�
 Si � C >T4*%z&	bD~ [12] �t
[#H$ p Z Si(111), &�:A 10Ω·cm. [#g�.0">�g}h1p"���[p"��j+h�%V�\\�	�}�H6$fo	�mb�k'`�T
t#�D$9���7T�%<F [13]: 9J 720◦C [#&28:	U� Si(111) [#2K`_�����T4J 900 � 1000 � 1100◦C [#&28�`_ C � Si vbD7T SiC. �8�[#2

K� Si 9	R C 9	p$�%GsbD�7T�|Q�dbD� Si D:�(
7T�|��$ RHEED :7T�9#BG
7T��`_ XRD � AFM � XPS �GV

XRD D$ Cu Kα B (λ=0.15418nm), 3#�!&��ui� MXPAHF Z X 2Bx2�
 AFM D$��PI�3#� Digital instruments Nanoscope ui� Dimension TM3100 Z9	 ;�k
 XPS D$ Mg � (�	_( 1253.6eV), 3#� ARUPS10 Z�&	_x�
�qJ��|{O�2K(℄_��}�H
��J`_ XPS GV���qg�[p"�k���j2K}�H

3 1),C8
3.1 RHEED2*� 1P�q� RHEED�J
{| (A)P Si(111)[#� RHEED, �|�G (7×7) �y ( �|$V
R li), 2O[#2K	U.g� (B) � (C) � (D)T4P 900 � 1000 � 1100◦C 7T+ SiC �S��
RHEED, 6 (A) D)�x2�%Ew.���x2�%�/2O*j[#&28|_z��6[#�L	q� 3C-SiC(111) �eS
:2 900◦C 7T��q� RHEED 2=�x2�*�2O�q2K)Rre��.Rf�AH2"h�2OXew(:P���q� �G(� Si ��% (�|$ Sili), 2O�q2K{J0(�w Si. :2 1000◦C7T��q�x2�(�J�(dj�*/��

� 1 Z" (A) �95S%1�p� RHEED �
(B)900◦C, (C) 1000◦C, (D) 1100◦C

Fig. 1 RHEED patterns of Si substrate (A) and SiC sam-

ples with different substrate temperature: (B) 900◦C, (C)

1000◦C, (D) 1100◦C, respectively

R, T, Si denote the diffraction of reconstruction, twins and Si
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722 . . ? , i � 22 z%�2O�q2K.SwE��%`<;℄�2O�SXe�w(R���|E. Si ��%{J��.O;�;e��;eP SiC 7T|R�u/�=M [4,10]. :2 1100◦C 7T��q�x2�*N=������x2�%�2O�q2KÆgp�wE
x2�%:P��N�2OXe.M��.;e (�|$V T li). v RHEED �/��d7��q�wE2s�[#&2�9f�P��Xew(� 1000◦C 7T��q���

3.2 XRD2*� 2 P*j�q� XRD �x�{|I��
SiC(111)x2���B (ω ,L��LT;). XRD|mJ 2θ = 35.6◦ �/i= SiC(111) �x2V��E. SiC �{xx2Vi=�� SiC(111) x2���B℄�:\�Æ2RR�2O SiC �P�e�S
[#&2� 900 �1000�1100◦C�*j�q�
Si(111) x2���B�fÆT4� 1.8◦ � 1.2◦� 1.9◦. �G�[#&2 1000◦C ��q��B�fÆ�P�2O�eb��
G��J θ ∼ 2θ !*,L)�� SiC(111) x2V��fÆ
[#&2�
900 � 1000 � 1100◦C �*j�qT4:� 0.56◦ �
0.50◦ � 0.60◦ *jk
 θ ∼ 2θ !*,L���x2V��fÆ��$�2e��Xew(��4P��H!#��A�H2�Y3
Xew(B���AH2BP��fÆ�BP
*q�G���q��eb���j��q�Xew(�P�[#&2 1000◦C ��q����℄6v RHEED ���X�	q
	��v�[#&29f�:�S�Xe(p�.�
�� RHEED � XRD X��2Of[#&27T��qe�w(H�pM
℄�_P Si

� 2 9Z"%1�p� XRD �w
Fig. 2 XRD patterns of samples with different sub-

strate temperatures

The insert is rocking curves of SiC(111) diffraction

[#� SiC �SE���jX5f=g�}�
J
SiC/Si �qv7TA�f&NnT&��|�℄~�=gK�q SiC �S℄_�(#��HXew(.M
 Fatemi �� [14] �roX�6&)X�	q
q���J SiC(111) x2V�#s�D=
1000◦C 7T��q SiC(111) x2V�#s 2θ =

35.66◦, QQTb��e0�.�|8 SiC(111) �x2#s 2θ = 35.67◦; �f&7T��q SiC(111)x2V�#s� 2θ = 35.72◦, 6�*0�.�qD)�V#Lf� 2θ PMLm�� &7T��q
SiC(111) x2V�#s 2 θ = 35.52◦, V#NL �
2θ PMLm�
V#�m�2O SiC(111) K�eKEwD7+.�
[#&2 1100◦C ��q� SiC(111) x2VLfPm��D{=M�P*�=gL_�
&2N � SiC eh�Wu�) Si �Wu���f&A℄_� SiC �S� Si [#�℄HX�HyG:_�*Wu�NnT&A�j+r>����℄_#�RO� ��SiC �SÆ�/([�V�.�℄KH SiC �S�K\eh�T�v��qnjML�77TML�ehu4�℄qP�q SiC(111)x2V�#sLfP2MLm��9�
 Masao

Uchida �� [15] �$ CVD J Si(001) [#/7T
SiC �D= SiC �S|{JV�.�6&D{X�	q

3.3 AFM2*� 3 P* AFM ���*j�q�2K℄D�
v�|�G��q2K.f=��+[	-
�j	-�f}�3	-�ÆK1s�[#&2�9f�P���4P[#&2f� 1100◦C A�	-�ÆK1��j	-�f}/5yP��n�t +�S��eb�v�N +�S��eb
℄6 J. Pezoldt �� [16] ��%	q��6&)
RHEED � XRD |�J��=M	q
MD/��()? [6−8,11,16−19] /!��*2[# Si 9	�� SiC �SL2K�+�J SiC/Si YKkQQ℄_�(	-
� SSMBE 7T SiC $�℄_℄~}��	- [16], Kanji Yasui �� [18] ��
AFM ��J�+℄~}��	-
	-��	~�����A�n� I~H&k�kbw��:2_&6�v�	-f}Æ??�2 p-n X+{!B�yG�{J0PEZb�
��+I	-�4P�	-�℄_Æ_� Si [#/�w�u7T
SiC ���\$ [17,19]. 	-�f}s�[#&2�
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4 y 2ZW���Z"%19 Si(111) Z". MBE �v�t 3C-SiC �R��H 723

� 3 9Z"%1�p� AFM �
Fig. 3 AFM images of samples with different substrate temperature: (a) 900◦C, (b) 1000◦C, (c) 1100◦C8d4xO�\��`�xF�Fl�n��Y!$04R SiC.

3.4 XPS0(Æ 4O)i~o� XPSvÆ�v,�U℄8U{C" Voigt�e_^)`�� C1s U℄8`����$iU�V�℄!rR3� 282.6 � 284.5eV.�V�℄�`�U!r�'> [20–22] ��� SiC� C1sU!r�o�̀ `�UrY!$08d>,Q�'zO�$0t 900◦C8d� 1000◦C���d�ZL��t 1.67eVL�� 1.29eV.>t 1000◦C8$� 1100◦C ^^L� 0.03eV, ,��O��$4R�~o C1s UQ�0M`~ozH�h�{=�8�� C 7l�dV�℄�`�U�M�℄�
=R���G��}���℄�
~oH��!i6zN*_^ XPS FU�H^�Sy1^�-�}�
Si2p U℄8`����)iU P1 � P2 � P3.

� 4 9Z"%1�p� C1s � Si2p V^9� XPS �
Fig. 4 XPS of samples with different substrate temper-

ature

P1 UV�℄!r� 100.6eV, 4'> [20–22] ��� SiC � Si2p U!r�o�r�Y!$08d�
P1 U��d��I,O� P2 UV�℄!r�
102.3eV, �℄�<0_^ XPS By�~o0JH��y�=R|��\$iUH)i~oy.zH�>80d$4R~o (1100◦C), H�℄3#h<)�i P3 U�V�℄!r� 99.5eV. `U�℄�<0�u Si. ~7��J AFM Æ-:Jd$4R~o0J����+vTs����F�fO		\R�+v?5h��Y! Si K℄) Si2p U℄8Uy�u Si �h<�>H�$64R�~o�(0�+QO� Si2p U℄8Uy�u Si �X�8O�M:�ms`�V�#����ki SiC �Q~o� Si/C TA'�Y!$0 1000 � 1100◦C �$i~o Si/C TA'R3� 1.01 � 1.02, .PPSa0 1; �> 900◦C 4R�~o Si/C TA'� 1.3, Si8�	&�k�)�E��he'� Kinam Kim�� [9] 		8Y19�F&�C<)�$4R�
SiC �Q℄ Si �
���he'�k���|=R8��e!a,�t>Æo C *Z Si 8��V�℄C4�O�,��\�℄O�$~o�U℄8U,�8�Æ��	&� Si 8��&F�Q�gPe,��\4 SiC(111) w1U� 2θ !rK�O0KKk
�LBC\��he'�k�&�&�&����\�℄O�$4R�~o�u&�Vu&,K�8���J�����Y!0J� Si 8�' C 8�n#�$FraC�\~H4R SiC �Q��%�Y!$0Qd�% 1000 � 1100◦C, 6F Si a4C8	&��℄���E�he'� SiC �Q�
%�Y!$08O�d�% 900◦C, 8��J	&�
Si 8�FraC'�p&Æo SiC �Qy Si �	&��p�EH�Y!$06���E�he'
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724 . . ? , i � 22 z� SiC �Q�*d%� Si � C �aCn9�
4 18�" SSMBE :℄H Si(111) Y!-4R)4Y!ÆK�o� 3C-SiC �sQ�		 RHEED �
XRD � AFM � XPS �X5ol)Y!$08�QVw�[B��h℄R��G� RHEED �XRDV�0M�Q�Vu&��`HY!$0�
1000◦C���80d$4R�~o�SiC�Q�
Si Y!C���iW4e;eK℄n;�!~�ÆoVu&L�� AFM V�0M~o0JzH�+����+�e|r�Y!$0�8d4xO��s��Q��d`���K℄�Q�`,K� XPS V�0MH 900 � 1000 � 1100◦C )iY!$06{��) SiC. Y!$0� 1000� 1100◦C�$i~o Si/C TA'\��he'�>�$4R�~oMk�)�E��he'�0<� Si 8�	&�(pK℄�&���\�℄O�$4R�~oVu&��`6L�8��\O Ttx��:H AFM FUKJl3�����5HK
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