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�$LÏÙÛA�U�(�Ú`É�Ôn5U
¤�Cc5ïÄ�9:, �´8cü��$L��þ�º�
��
Ù¢SA^�uÐ. �©æ^~ØzÆí��È (CVD) �{, ÄuÔÊ�., |^`���%
��
p�
þ�¡È�ü��õ��$L. ïÄuy: p§Ý!D��`�ßÝ!�á�)��m±9Ü·�íN6�´��
p�þ!�¡È�$L�'�. Raman 1Ì!×£>fw�º!ß�>fw�º�L�(JL²: ����$LÌ
��ü�, =ÔÊ¬.?k�þõ��$L. >ÆÿÁL² CVD ����$L3$§�¥yÑ�²w�a��N
A5; ��>{�	.^|�O�
~�.

'�c: �$L, zÆí��È, Raman 1Ì, >Æ5U

PACS: 87.64.kp, 82.33.Ya, 68.37.Hk, 68.37.Lp

1 Ú ó

�$L (graphene) ´=k���f���%�
f¬N, g 2004 c Geim Ú Novoselov[1] 3¢�þ
uy±5, ÏÙ`É�Ôn5UÚ3�5%>f
Æ�d3A^
¤�ISïÄ�9:. y8�$
L�µþ5U [2]!>Æ5U [3]!B��5U [4,5]

�®²�2�ïÄ, �$L��@��A^u¬
N+ [6,7]!;�á� [8]!Daì [9]!1>f [10,11]

�+�, �´8c�$L�¬N�þ�º���

Ù3A^¥�uÐ, XÛ��p�þ�¡È�
�$LE´ïÄö¡��JK. 8cISþ��ü
�Úõ��$L�Ì��{k: Å��l{!�
z��{!%z7�){!zÆí��È (CVD)
�{�. Ù¥, Å��l{´ÏL��ëY�lp
½�9)�$5¼��$L, =Iù�dA�Æ
� Geim �ÇïÄ| [12] ÄgÏLù«�{��ü
���$L, ù«�{����$L�þp, �´
¡ÈØ�, �Ç�é$. �z��{Ï~æ^�$
���, ÏL�z?n, �(©l, 2ò©l��
�z�$L��¼��$L, ù´8c$¤��

þ���$L�Ì��{, �´3ì���z�
�L§¥¬���$L�
ÔnzÆ5U�"�,
¤����$Lº��é� [13]. %z7�){´
ò 6H-SiC 3�pý���¸ep§�), du Si
�f��uK, L¡� C �fu)­�, /¤�$
L, 2006 c, Berger � [14] Äg3 SiC ü¬¡þ¼�
���	ò�$L, ù«�{�±���¡È��
$L, �´�$L��þÉ SiC �.K�é�, )
�¤���p, I��p§ý��¸. CVD ´ÏL
ò%�íNáNuäkxz¹5��7á½7á
L¡,ÏL\9¦%�íNø�3�.L¡/¤�
$L(�. 8cïÄ�õ��7á�.k MgO[15],
ZnS[16], h-BN[17] �, |^ùa�.����$LØ
¬�\7á,�, �´¼���$Lº��, �é
J±�.©l. ïÄ�õ�7á�.k Ni(111)[18],
Ru(0001)[19], Ir(111)[20] �. duù
7á�.�3
7¡þ�u, Ïdù«�{3���¡È�$L�
¡¹ädå, �´�kF"A^u�>fEâ��
{, �ù
7áé%��MÝ��, J±���$
L/¤��êÚþ!5. �C Ruoff � [21] ±9 Su
� [22] |^�MÝ��� Cu �.3$Øe�¤õ
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¢y
ü��$L� CVD )�, � Ni, Ru �7á
�.�)��ªØÓ, Cu �.þ��$L)�´
�«g��)��ª, Cu ¥�$� C �MÝ��

p§e C ÛÑ�L§. �,|^ CVD {3 Cu
�.þ�±�N´/���$L, �´XÛ��p
�þ�¡È�ü��$LE´��]Ô. éd, ·
�Jø
�«$¤��~Ø CVD �{, |^`�
��%
,ÔÊ (99.9%) ���.��ü��õ�
�$L. 3ù«���{¥, �$L��þÚ¡È
Ì�É)�§Ý!%
`��ßÝ!)��m±
9íN6��K�,ÏLN!ùo�Ì�Ï�ïÄ
&¢
��p�þ!�¡È�$L��Z^�, �
�
�¡È�ü��$L, ��$L8��¢SA
^Jø
�«k�!$¤�!{B����{.

2 ¢ �

2.1 üüü������õõõ������$$$LLL���������

���$L��3g��~Ø CVD XÚ¥�
¤. ¢�L§Xe: ^ZÑÚË°?n��ÔÊ�
��¤ 4 cm×4 cm2 ��, ��3+ª¬��=+
S; 3 Ar íí¨e~Ø,§� 800 ◦C—1000 ◦C,
Ar í6þ�± 600 sccm (1 sccm = 1 mL/min), ,§
�Ç� 8 ◦C/min; �ÔÊ��8I§Ý�, Ï\ H
í��ò»,6þ� 60 sccm, Ar í6þ�§Ý�±
ØC; 20 min �,Ï\ 10—50 sccm `�!100 sccm
H íÚ 1000 sccm Ar í; )� 5—15 min �, '4`
�Ú H í, 3 Ar íí¨e�¬ü§.

2.2 ���$$$LLL���LLL���

)�(å�æ^1Æw�º!×£>fw
�º (SEM)!ß�>fw�º (TEM) ±9 Raman
1Ìé�$L?1L�. Ù¥, 1Æw�º� Leica
DM 4000 M; SEM � Hitachi S-4700; TEM � Philips
CM-200FEG, |u�>Ø� 160 kV; Raman 1Ì
� Renishaw in Via, -1Å�� 514 nm.

3 (J�?Ø

3.1 §§§ÝÝÝééé���$$$LLL���������KKK���

ã 1 ´3ÔÊþØÓ§Ýe)���$L
� Raman 1Ìã±9 SEMã. l Raman 1Ì�±
wÑ: )�§Ý3 800 ◦C—1000 ◦C �Ñ k� $L

ã 1 (a) ØÓ§Ýe)�¤��$L� Raman 1Ìã;
(b) ÔÊ 3 800 ◦C ) � ¤ � � $ L � SEM ã; (c) ÔÊ
3 1000 ◦C )�¤��$L� SEM ã. (b), (c) ¥��I
£«���k�$L«�

)¤; 3�$�§Ý 800 ◦C �, Ñy
 2D ¸, � D

¸��, &D'�$, L²d��$L¬�"��
õ, �$Lêþ��; �X§Ý�,p, D ¸Åì
C�, 2D ¸ÅìOr, L²�$L�þCÐ [23,24];
900 ◦C—1000 ◦C �, ¼���$L¬N�þ�p.
ã 1(b) Úã 1(c) ´ØÓ)�§ÝeÔÊþ)��
$L� SEMã, ç�I£«���$L.ã¥�±
wÑ, )�§Ý�p�, ����$L¡È��!
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þ!5�Ð, �3ÔÊL¡CXÇp. dd��, §
Ý�p, �k|u�$L3ÔÊL¡(¬�þJp
Ú)�¡È*�, )��Z§Ý� 1000 ◦C.

3.2 `̀̀���ßßßÝÝÝééé���$$$LLL���������KKK���

ã 2(a) ´)�§Ý� 1000 ◦C �, ØÓ`�ß
Ý (`�Óo·ÜíN�6þ'�)^�e)��
�$L Raman 1Ì, é'ù
1Ì�±wÑ: �X
`�ßÝ�O\, 2D ¸� G ¸�'�~�, `²
�$L��êCþ, �`�ßÝ� 1/20 �, ���
�$L� Raman 1Ì®�Cu�$. ã 2(b) ´ 2D

¸�é', 2D ¸�¸ Ó��±�N�$L��
ê. 2D ¸�¸ ¬�X�$L�ê�~�
u)
7£ [23]. ã 2(b) ¥ 2D ¸�¸ �`�ßÝ�ü
$
Åì7£, L²�$L��ê�`�ßÝ�~
�
~�, ù��c 2D ¸� G ¸�'�´���.

ã 2 (a) ØÓ`�ßÝ^�e)�¤��$L� Raman 1
Ìã; (b) 2D ¸é'

3.3 )))������mmmééé���$$$LLL���������KKK���

ã 3 ´ØÓ)��m^�e�$L� Raman
1Ìã. �X)��m�O\, 2D ¸� G ¸�¸

�'�ü$, 2D ¸¸ ù£, L²�$L��ê�
)��m�ò�
Cþ.

dd�±wÑ, p§Ý!D��`�ßÝ±9
�á�)��m´��p�þ�¡È��$L�
'�. �)�§Ý� 1000 ◦C, `�ßÝ� 1/110, )
��m� 5 min �, ·���
p�þ!�¡È�
ü��$L.

ã 3 (a) ØÓ)��m¤��$L� Raman 1Ìã; (b) 2D

¸é'

3.4 ppp���þþþ���$$$LLL���)))������ªªª©©©ÛÛÛ

é�$L3ÔÊþ�)�Ån, 8cÊH�É
�*:´: CH4 3ÔÊL¡u))láN, ²ø�
�A��)L¡ C �f, 3�p�§Ýe, L¡á
N� C �f3ÔÊL¡¤Ø��)¤�$L(�,
�Ô�.L¡��$L��CX�, CH4 �)lL
§òÉ�³�, l
³��$L�)�, LyÑg
��)��ª. 3·�ù«~Ø CVD ���{¥,
�$L��þ�¡ÈØ
É)�§Ý!`�ßÝ
±9)��m�K�	, íN�6�é�$L�)
��k�½K�: �`�6��½, 1í (H í� Ar
í�·ÜíN)6�L��, N´���þ��$
L; 1í6�L��, Ø|u�$L)�L§¥þ
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!�¡CXÔÊL¡, ��±·�ÏLò�)�
�m5�Ö. ¢�(JL²oNí63 950—1150
sccm ���S�k|u�$L�)�.

ã 4 (a)ÔÊ)�þ�$L��1Æã�; (b)ÔÊ)�þ
�$L�� SEMã (��I£«���$L½º, ç¢µ«
��ü��$L, çJµ«��õ��$L); (c) ü��õ�
�$L� Raman 1Ìã

ÔÊ3p§ò»L§¥¬3L¡/¤¬.Ú
�²�«�, ù
«� C ��MÝ�¬N¥¬ké
�ØÓ, l
K��$L�)�. ã 4(a) Ú 4(b) ´

ÔÊ)��$L��1ÆãÚ SEMã: 1Æã�
w«ÔÊ3p§ò»��)²w�¬.; SEM ã
w«)���$L3ÔÊþk½º�). ÔÊ¬.
þ��$L½º (ã 4(b) ç¢�I£) L²�$L
�±ªL¬âm�¬., �´ëY�. ÔÊL¡�
�$L½º�Udü��ÏE¤: ÔÊÚ�$L�
9)äXêØÓ, 3ò»��ÿ�); �¡È�$
L���X�m�ò�ÅìCXÔÊL¡
u)
�U. dd��, ëY�ü��$L�¡ÈÉÔÊ
¬.!ÔÊÚ�$L�9)äXê±9)��m
�K�.ã 4(c) ´�$L��þØÓ«�� Raman
1Ì, éAuã 4(b) ¥�µ¤I£�«�. ç¢µ
«��ü��$L: G ¸¸ � 1586 cm−1, 2D ¸
� 2696 cm−1, I2D/IG > 2; çJµ«��õ��$
L. Raman 1Ì(JL²ÔÊL¡��$LÌ��
ü�, �´�´�3�þ�õ�«�, cÙ´3�
$L½º«�.

,	, · � é CVD � � Ñ � � $ L ? 1

 TEM L�. ã 5 ´�$L� TEMã�,ã 5(a)
´�$L�$©EÇã�,ã¥�±�ß/w��
$L�½ºÚ��; ã 5(b) ´�$L�þ�«�,
� 10 �;ã 5(c) ´���«�, 1—3 �;ã 5(d) ´
ü��$L�>fû�ã�, >fû�ã�L²�
$LkûÐ��$(�. ��L�(JL², ù«
~Ø CVD �{�±��Ñp�þ!�¡È��$
L��.

3.5 ���$$$LLL���>>>ÆÆÆ555UUU

· � òÔÊ þ � � $ L = £ � ý � �
. (SiO2/Si) þ?1>Æÿþ. ã 6 ´3ØÓ^
|e�$L>{�§Ý�Cz, ^|��¬L¡R
�. ��$L�u	.^|¥�, Ø�$L��ä
kÃ5A5�>f¬K�Ù�>5U	, =£L§
¥�)�"�!� SiO2 �.��>�^±9�$
L�>��A��¬K��$L��>5U. ÿþ
(JL², �$L>{�^|�O�
~�, ��
$5U�� [25]. 3ØÓ�^|e, �$L>{þ�
§Ý�ü$
O�. 3�$�§Ý��S, �$L
¥�9-u>f�X§Ý�ü$
~�, >{�§
Ýü$
×�C�, LyÑa��NA5.
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ã 5 �$L�ß�>fw�ºã� (a) $©EÇß�>ºã�; (b), (c) p©EÇß�>ºã�; (d) À«>fû�ã�

ã 6 �$L>{�§Ý�Cz

4 ( Ø

�©Jø
�«|^ÔÊ��.!`��%

���p�þ!�¡È�$L�~Ø CVD �{.
ÏLïÄ)�§Ý!`�ßÝ!)��m±9í
N6�é�$L�K��Ñ
���$L��Z
^�, ��$L��5���ÚA^Jø
�«$
¤�!ó²{ü����{. >Æ5UL², CVD
����$L3$§eäka��N�A, é	.
^|�Czk¯a�A, w«Ñ�$L3Daì�
¥�d3A^cµ.

a�þ°�XÚ�&EEâïÄ¤&EõUá�I[

­:¢�¿�´¸�ïÆ�?Ø.
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Research on synthesis of high-quality and large-scale
graphene films by chemical vapor deposition∗
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Abstract
Graphene has aroused great interest because of its peculiar band structure and excellent physical properties. But today, the

development of graphene is limited to its size and quality. In this paper, single- and multilayer graphene films are synthesized on copper
foils by chemical vapor deposition (CVD) using methane at ambient pressure. Experimental results find that the high temperature, low
concentration of methane gas, shorter growth time and suitable gas flow are the key to obtaing the high-quality and large-scale graphene
films. Raman spectra, scanning electron microscope and transmission electron microscope characterization indicate the graphene films
are mostly of single-layer structure, only a few of multilayer graphene films are observed around the copper boundaries. Further
electrical tests show that the graphene films grown by CVD method represent semiconductor behavior under low temperature and the
sheet resistances of graphene films decrease with the external magnetic field increasing.

Keywords: graphene, chemical vapor deposition, Raman spectra, electrical behavior
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