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SiO2/Si ���...þþþ���$$$LLL������������(((���LLL���*

x�� /� o|¬ A©� M$Æ† �­r‡

( ¥I�ÆEâ�ÆI[ÓÚË�¢�¿, Ü� 230029 )

( 2011 c 4 � 13 FÂ�; 2011 c 6 � 8 FÂ�?Uv )

3©få	ò��¥, |^���È C �f��{3CXk SiO2 � Si �. (SiO2/Si) þ)��$L, ¿Ï
L Raman 1ÌÚC> X ��áÂ°[(�Ì�¢�EâéØÓ�.§Ý (500 ◦C, 600 ◦C, 700 ◦C, 900 ◦C, 1100 ◦C,

1200 ◦C) )����?1(�L�. ¢�(JL², 3�.§Ý�$�)����´Ã½/%, 3�.§Ýp
u 700 ◦C ���äk�$L�A�, 
��$L�(¬�þ�X�.§Ý�,p
Uõ, �Lp��.§Ý¬¦�
$L�þü$. �.§Ý� 1100 ◦C �(¬�þ�Ð. �.§Ý�$� C �f¹5�$, J±/¤kS� C-sp2 8�
�. 
�.§ÝLp� (1200 ◦C), �.L¡Ü© SiO2 ©), C �f�L¡� Si �f½ö O �f(Ü
{��$L
�/¤, ¿�)L¡"����$L(¬C�.

'�c: ©få	ò, SiO2/Si, �$L��,ÓÚË�

PACS: 73.22.Pr, 74.25.nd, 78.70.Dm, 72.80.Sk

,

1 Ú ó

�$L´CAcuy�dü�½A�%�
f;�ü�¤���8�(���«%�#á
� [1,2]. Ï Ù ä k N õ ÛA� Ô n 5 �, X p
�16f[£Ç (�� 200000 cm2·V−1·S−1)[3]!
¿ § e æ � � º Ý � � � D ÑA5 (300 K

e � � 0.3 µm)[4]! ` û � � 9 5 U (�
� 5000 W/m·K−1)[5] �, �$Lk"¤���e
���>fì��#á� [1,4]. 8c3�$L��
��¡®²��È4�?Ð, uÐ
Å��l [1]!
¬N	ò)� [6−8]!zÆ�z [9]!zÆí��
È [10] ÚkÅÜ¤ [11] �õ«���{. ,
, ù

�{����$LÏ~I�AÏ��.½I�r
����$L=£�Ù¦Ü·��.á�þâU
?1�>fì���OÚ|^, ØU���8c2
�A^� Si Ä��Nó²�(Ü, 
�=£L§
¥¬ØÓ§Ý/»��$L�(�Ú5�. Ïd,

�
Ur�$Lì�Ú Si Ä�.éÐ/(Üå5,

3 Si Ä�.þ����Ñ�$Lá�´��éÐ
�å». Hackly � [12] }Á|^3 Si �.þ�È�
½þÝ��¬%�, ,�^ØÓ�§Ýò»��Ñ

õ¬�$��, �´¢�(Jw«T��¿Øä
k�$L�A�. �
Ú�c3 SiC ü¬þ	ò)
��$L��{�(Ü, �CÑy
�
k3 Si �
.þ)� SiC ,�3ý�¥p§ò»)�Ñ�$
L��� [13,14], �´ù«�{é SiC �)��þ
��¦'���, ��$L��5�¢SA^O\

ó²þ�JÝ.

©få	ò (MBE) ´�«)�p�þ¬N�
��Eâ. §)��Ç4ú, �±���f§Ý�
��)�, 
�)�´3�pý�¥?1, 3	ò
L§¥�;�À/, ,	Ù)�L§´��ÄåÆ
L§, =ò\��¥5âf (�f½©f) ����
/æÈ3�.þ?1)�, 
Ø´��9åÆL§,

¤±§�±)�ÑÊÏ9²ï)��{J±)�
���. MBE �ù
A:¦�Ù3�$L�)�
¥éÓ`³, ,
8c3 MBE ��¥|^���
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È�
 C �f)��$L����é� [12,15].

·�®²mÐ
|^�
©få	òEâ�
�3 Si �.þ���$L���ó� [16]. �

��õ«(��7ì�, X graphene/SiO2/Si (�,

�©&¢3L¡CXk�z�� Si �. (SiO2/Si)

þÏL���È C �f��{)��$L, ¿
| ^ Raman 1 Ì ! C > X � � á Â ° [ ( �
Ì (NEXAFS) �EâïÄ
���(�, ��

�
k¿Â�(J.

2 ¢ �

�¬´3gï��
©få	ò (SSMBE) �
�þ���. %
dCk�$���
%>få
�uìJø, �$XÝ� 99.99%. )�¿Úý?n
¿�.ý���� 6.0 × 10−8 Pa, �¬e§Ý��
� 1300 ◦C. �u�ÇÚ��þÝÏL�=¬��
þiÿ¤� ÿþ¿²L��¤�O, �þiÿ¤
.Ò� MAXTEK úi� TM-350.

�.ÀJL¡�z� n . Si(100), �z�þÝ
� 540 nm. �\ý�¿c, �.²LXe?n: 1)

¦^©ÛX�oÅz%!ZÑ!¯U!�lfY
�(�W±�ØhÀ; 2) �lfYÀWêg¿^p
X�íNZ. �¬���Ú½Xe: 1) �.§Ý,
p� 800 ◦C,ò»Øí 30 min; 2) 3�.§Ý©O
� 500, 600, 700, 900, 1100 Ú 1200 ◦C � SiO2/Si �
.þ|^�
%>få�uì���È C �f, C


��u�Ç�� 0.1 nm/30 s, �È�m� 15 min.

) � � � � ¬, © O ? 1 
 Raman 1 Ì
Ú NEXAFS ÿÁ. Raman 1Ì|^{I SPEX ú
i� RAMANLOG 6 -1 Raman ¤3¿§eæ8,

¦^Å�� 514.5 nm ��lf-1ì-u, Åê
°Ý� ±1 cm−1. �¬¥ C � K > NEXAFS Ì�
æ8´3Ü�I[ÓÚË�¢�¿ (NSRL)U19 1
å�^ X ��^5��Ú¢�Õ�¤�, 1fU
þ×£��l 280 � 320 eV, \�1��.�Y�
� 40◦, æ^�>f�� (TEY) �ªÂ8&Ò.

3 (J�?Ø

Raman 1Ì´%á��IOL�Eâ, �´
� « p � Ç ! Ã » � � � $ L u ÿ Ã ã. Ra-

man Ì�/G!°ÝÚ ��	ò���êÚ

	ò���..¡&E�kX;��éX [17,18].

ã 1 �Ñ
ØÓ�.§Ý (500, 600, 700, 900, 1100

Ú 1200 ◦C) � SiO2/Si L¡)��%��9p½�
9)�$ (HOPG) � Raman �Ìã.

ã 1 ØÓ�.§Ýe)���¬9 HOPG � Raman Ìã

ã 2 ØÓ�.§Ýe)���¬9 HOPG ¸ Raman
Ì� G ¸Ú D’ ¸�[Ü

lã 1 ¥�±wÑ, 3�.§Ý 500 ◦C �)
���¬� Raman Ì�3 1250 cm−1—1750 cm−1

�m�3ü���, 
vk�ß�¸Ñy, L²
d�)��%��U´Ã½/%. 
��.§Ý
O\� 600 ◦C �, Raman Ì¥Ñyü��ß� G

¸Ú D ¸.  u 1580 cm−1 NC� G ¸, ´ Bril-
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louin «¥%V(fòz�ª���, §´�¬
¥ C-sp2 ���N, XJ3 Raman ¥uy G ¸,

Ò�±`²�¬¥¹k%� sp2 �G(� [19,20].

 u 1350 cm−1 NC� D ¸´d�$�ÃS5
p� (disorder-induced) �"�Úå�, éu4�k
S!Ã"���$�¬� Raman 1Ì*	Ø�d
¸��3 [21]. G ¸�Ñy`² 600 ◦C �)��
%��kS5Uõ��È�%�f�mm©¤�
/¤äk sp2 ,z��%. �3 600 ◦C �)��
�¬¥�U*	� u 2700 cm−1 NC� 2D ¸.

2D ¸´dV1f31� Brillouin «¥%ü�p
Ø�d� K :NCV�� Raman -uÚå�, 2D

¸I�X Dirac-Weyl ÚÑÌ��>f(�, §�
Ñy~~���$LÑy�;.I� [21], dd`
² 600 ◦C �)���¬L¡�vk/¤�$L.

�§ÝUY,p� 700 ◦C �, Ù Raman Ì¥Ø

�3�r� D ¸Ú G ¸	, �U*	� 2D ¸,

Ïd��3 SiO2/Si �.þ 700 ◦C m©/¤�$
L. l 700 ◦C m©, �X)�§Ý�ØäJp, �
¬ Raman Ì� G ¸Ú 2D ¸�rÝÅìO�, 3
�.§Ý� 1100 ◦C �, ü¸�rÝ�����, U
Y,p§Ý� 1200 ◦C �ü¸�rÝq~f
. �

l Raman 1Ì¥���´L�&E, ·�©O
é 700, 900, 1100 Ú 1200 ◦C �.§Ýe)���
¬9 HOPG � G ¸?1[Ü, Xã 2 ¤«, ®ò�
¹3Ù¥� D’ ¸� G ¸«©m5. D’ ¸� D ¸
��, �´�$�ÃS5p��"�Úå�. ·�
��Ñ
 700, 900, 1100 Ú 1200 ◦C �.§Ýe)
���¬9 HOPG ©Ì 2D ¸.ùã, Xã 3 ¤«.

,	·�©Oéã 2 Úã 3 ¥ G ¸!2D ¸� 
�!�p°?1
ÚO, ¿O�
 G ¸Ú D ¸�
È©'� (IG/ID) 9 2D ¸Ú G ¸�È©rÝ'
� (I2D/IG), �uL 1 ¥.

lL 1 ¥��±wÑ, 1100 ◦C �)��¬

� G ¸Ú 2D ¸��p°��. ¤k�¬� G

¸   � Ñ 3 � 1588 cm−1 N C, ' HOPG � G

¸ (1580 cm−1) �pª��£Ä, L²��S�
3Aå [22]. Cancado � [23] �Ñ
��|^ D ¸
Ú G ¸rÝ�'� (ID/IG) (ÜÿÁ Raman Ìã
¤^-1Uþ (Elaser) ½þ�O¤)��$L¡S
¬âº� La �²�úª:

La(nm) =
560

E4
laser

(ID

IG

)−1

. (1)

ÏL±þúª·�O�
ØÓ§Ýe��
��$L��S�$L¬â�¡Sº� La, Ù
¥3 1100 ◦C ^�e�¬��$L¬â�¡S
º����� 24.4 nm. ±þ¢�(JL², ·�
3 SiO2 L¡)�Ñ
�$L, 
��$L�¬N
�þ�X�.§Ý�,pkJp�ü$, 3�.
§Ý� 1100 ◦C �)�Ñ
�Ð�þ��$L. �
â 2D ¸� G ¸È©rÝ�'� (I2D/IG) �±

ã 3 ØÓ�.§Ýe)���¬9 HOPG � 2D ¸ Raman Ìã

L 1 éã 1 ¥ Raman Ì¸�ÚO(J

§Ý /◦C
G ¸ 2D ¸

 � /cm−1 �p° /cm−1  � /cm−1 �p° /cm−1 IG/ID I2D/IG La/nm

700 1590 58 2684 70 0.26 0.95 10.37

900 1586 50 2686 67 0.38 1.08 15.15

1100 1587 37 2688 59 0.61 1.67 24.32

1200 1588 42 2687 63 0.33 0.94 13.16
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oÑ/�OÑ�$L��ê [24−26], Gupta � [26]

(Ü�fåw�º (AFM) ��
 1—20 ��$L
9 HOPG � Raman Ìã, L 1 �Ñ
·�3ØÓ
�.§Ýe¤)��$L� I2D/IG , (Ü¦��
êâ, �±oÑ/�OÑ·�¤)��$L�ê
3 4—8 �.

ã 4 ØÓ�.§Ýe)���¬9 HOPG � NEXAFS Ìã

|^Å��l�{����$LÚ3 6H-SiC

½ö 4H-SiC � Si 45¡ÏLp§9ò»���
�$L9 HOPG äk;.� AB Bernal æ÷(
�, =�fUì · · ·ABAB · · · æU
¤ [27]. ä
k AB Bernal æ÷ (AB Bernal stacking) (���
$LÙ 2D ¸²L Lorentzian [Ü��, ü��$
L´��ü¸, ��p°�� 30 cm−1, V��$L
�±©�o�¸, n��$L�©�8�¸, o�
�$L�©�n�¸, Ê�±þ��$L�N��
p½�9)�$��, �±©�ü�¸. 
 Faugeras

� [28] �ïÄL²3 6H-SiC ½ö 4H-SiC � C 4
5¡ÏLp§9ò»���õ��$L� Raman

1Ì� 2D ¸�k�« Lorentz ¤©, Ù�p°�
� 60 cm−1, ¿Øäk AB Bernal æ÷(�, 
´ä
k¡S^=ÃS�Ï�æ÷(� (turbostratic stack-

ing structure). lã 3 ¥�±wÑ·�)���¬
¥, ¤k�¬� 2D ¸ ��Ñ3� 2686 cm−1 N
C, Ñ?3 HOPG � 2D ¸ (� 2627 cm−1) $ª 
�, ¿�¤k�¬� 2D ¸Ñ�ü¸(��Ù�p
°3 65 cm−1 �m, ù�%z7 C 45¡ÏLp§
9ò»��{����$L(J'��� [28], L
²·�����$L�Uäkaqu C 45¡%
z7����$L�Ï�æ÷(�.

NEXAFS ´�«ÓÚË�Ak�>f(�Ú
�fÛ�(��ïÄ�{, ´ïÄ�«á��rk
å�óä [29]. �$L¬�Ì�´d C-sp2 ,z�
� C �f|¤�. z� C �f3¬�²¡SÏL 3

�ér� σ �ÚÙ¦n� C �f�ë�, �¤

�$L¡�äkf5(���e. z� C �fÑ
ko�d>f, ù�z� C �f�zÑ���¤�
� π >f, 3R��$L¬�²¡��/¤ π ;
�, � π >f3¬NS�±gd£ÄD��$Lû
Ð��>5. |^ NEXAFS Eâ�±�Ù/£ã
�$L¥ C �f�ü«��>fG�. �
ïÄ
ØÓ§Ýé SiO2/Si �.þ	ò)� C ���¤�
G�Ú>f(��K�, éØÓ�.§Ýe (500,

600, 900, 1100 Ú 1200 ◦C) )���¬9 HOPG ?
1
 C � K > NEXAFS ÿÁ, Xã 4 ¤«.

lã (4) ¥�±w�, C � K > NEXAFS Ì
Ì��)n�A�¸: 3 285 eV ?�¸, 285—

292.2 eV m�¸, ±93 292.2 eV ?�¸, ©O
^ A, B Ú C IP. A ¸Ú C ¸©OéA%�S�
�U?>f� X ��-u�[���þ π∗ Ú σ∗

;�¤/¤�¸ (C1s →C—C π∗ ¸Ú C1s →C—

C σ∗ ¸)[27], σ∗ ¸�3ü�©¸´du8�é¡
��$L��¥z�¬�¥¹kü� C �f, z
� C �f����f�m/¤ØÓ� σ �Úå
�. A ¸Úäk©�(�� C ¸�ÑyI�Xk
S��$L8��ä(�� sp2 ,z� C �f�
�3 [30]. lã¥�±wÑ, �.§Ý 500 ◦C ��
¬ NEXAFS Ì¥ A ¸�f��Ñy²w C ¸, `
²d��%�f sp2 ,zéf, �UÌ�±�¬%
�f�/ª�3; � 600 ◦C �, A ¸rÝO��
E�Ñy²w� C ¸, L²%�f sp2 ,zOr
�´�vk/¤kS�(�; UY� 700 ◦C �, �
¬�áÂÌ¥ A ¸UYOr�Ñy
äkV¸(
�� C ¸, �´ C ¸�ü�f¸¿ØU�ß/©
E, L²3d§Ýe/¤
�$L�8�%��
´kS5ØÐ; UY,p)�§Ý (900 ◦C) �, A

¸Ú C ¸�rÝØäOr� C ¸�ü�f¸ σ∗
1

Ú σ∗
2 �±��©E; � 1100 ◦C � A ¸Ú C ¸

��éáÂrÝ����, � C ¸�ü�f¸�
U�ß/©E, ÙÌ/Ú HOPG �Ì/��aq,

L²3d§Ýe/¤��$L����þÚkS
5Ñ´�Ð�; � 1200 ◦C �, A ¸Ú C ¸�rÝ
~�, � C ¸�ü�f¸©E��ßÝ�~f, ù
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L²� 1200 ◦C ��$L���)�~f�kS
5C�. ÏL NEXAFS Ì�(J�±�Ù/��,

3 SiO2/Si �.þ, �È� C �f�k�� 700 ◦C

�.§Ýâm©/¤�$L, ¿�§Ý�ØäO\,

/¤�$L��þÚkS5ÅìUõ, � 1100 ◦C

/¤(¬�þ�Ð��$L, ��2Jp�.§
Ý, �$L��þm©eü. ù�(JÚÏL Ra-

man 1Ì���(J´���. ,	, éu¤k�
¬ NEXAFS ¥Ñ�3� B ¸, §AT´éAu�
¬¥ C=O π∗ ��áÂ [31−33], Ù5
�Ukü«:

�´3p§e�È� C �f�U� SiO2 ¥� O �
f3.¡?/¤ C=O�; �´du�¬L¡ËÀ
�5�.

±þ�¢�(JL², )�§Ý´��%�f
3 SiO2/Si �./¤�$L�­�Ï�. �â��
)��n, éu���õ�)�¤Ø, 7L÷vL
¡*Ñ^�, Ïd��.§Ý�$�, 	5� C �
fL¡*Ñ�Ý�$
ØU[£�¤Ø �, �"
yv
�¹5�p¤�/¤kS�8���(�
��$L, ù�¼����L¡o÷, (�¥�¬.

�X§Ý�Jp, C �f�¹5Or, Ù¤��U
å�O�, /¤��$L��þÅìJp. �´�
p��.§Ý (X 1200 ◦C) q¬¦)���$L�
þC�. ù�U´Ï�§ÝLp�, �.L¡É9
Aå�K�¬�»�, N´¦	5�f�)���
Ã'��fu)(Ü, ��¬NSÚ\�þ"�,

��¬N�þ�
eü. 3·��¢�¥, Ù�Ï
�U´3 Si �.L¡�z/¤� SiO2 �¿Ø´�
~���, �3�É�"�, 
3p§e�. Si �
f�äkép�¹5, v±ÏL�ÉBL SiO2 �
*Ñ��.L¡, ��È� C �fzÜ/¤ SiC,

l
~f�$L�/¤¿¦Ù�þC�. �
�
yd*:, ·�é3 1200 ◦C �)���¬�>f
(�ÚL¡/m?1
ÿÁ.ã 5 � 1200 ◦C �¬
� C 1s �U?� X ��1>fUÌ (XPS), �ã�
�¬L¡/m�1Æw�º 50 ����ã. ²L

é XPS Ìã©¸[Ü�uyd¸¥�)n�¤©
¸, (ÜU u 284.5 eV ?5g�$L¥ C—C �
�¸ [34], 
(ÜU u 283.6 eV 9 285.6 eV ?©
OéAu C—Si �� C—O ��¸ [34,35], ÏdL
²3�¬L¡Ø
�3 C—O �	��3 SiC zÜ
Ô.ã 5 ��þ��\ã��¬L¡�1Æ��/
mã, �±�Ù/w��¬L¡Ñy
�/"��
:. ùü�(JÑL²3 1200 ◦C e, Si �.L¡
� SiO2 �z�®Ø��, l
K�
3 SiO2 �z
�þ/¤��$L��þ.

ã 5 �.§Ý 1200 ◦C e)���¬� XPS Ìã (�
þý�ã��¬L¡��ã�)

4 ( Ø

3 MBE ��¥|^���È C �f��{3
ØÓ�.§Ýe (500, 600, 700, 900, 1100, 1200 ◦C)

���$L��. |^ Raman 1ÌÚ NEXAFS

�¢�EâïÄuy 700 ◦C ��$L/¤�Ð
© § Ý, 
 1100 ◦C � / ¤ � $ L � � Z § Ý.

3 SiO2/Si �.þ����$L��äkÏ�æ
÷��$L(�A�. �X§Ý�Jp, /¤��
$L��þÅìJp, �´�p��.§Ý¬��
�z��ÛÜ©), ¦)���$L�þC�.
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Abstract

Graphene thin films are grown on Si substrates covered by SiO2 layers (SiO2/Si) with the method of directly depositing carbon

atoms in the molecular beam epitaxy (MBE) equipment. The structural properties of the samples produced at different substrate

temperatures (500 ◦C, 600 ◦C, 900 ◦C, 1100 ◦C, 1200 ◦C) are investigated by Raman spectroscopy and near-edge x-ray absorption

fine structure. The results indicate that the thin films grown at lower temperatures are amorphous carbon thin films. While the thin

films grown above 700 ◦C exhibit the characteristics of graphene. As the substrate temperature increases, the crystalline quality of

graphene is improved. However, very high temperature can reduce the quality of grapheme. The best graphene films are obtained at

a substrate temperature of 1100 ◦C. When the substrate temperature is low, the activity of the carbon atoms is not enough to form the

ordered six member rings of C-sp2. While the substrate temperature is too high, the decomposition of some SiO2 induces the deposited

carbon atoms to bond with decomposed oxygen atoms or silicon atoms, resulting in the defects on the surface, which leads to the poor

crystalline quality of graphene films.
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