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æ^Äu�Ý�¼nØ��²ï��¼ê, éäkØÓ"��.�ç¸.�$L� (zigzag graphene nanoribbon,

ZGNR) �Ñ$5�?1
nØO���[. ïÄL², �Óê8!ØÓ�."�(�é ZGNR ��>A5ò�)
ØÓ�K�. X A-B �.V�"é ZGNR >��K���wÍ, 
 A-A �.V�"éÙ>��K���. ��­
��´, �Ú\%��."��, ZGNR ò�U5, =d���7á5�=C���N5�,�"�N��$L�>
A5Jø
nØ�â.

'�c: ZGNR, "��., Ñ$5�, U5

PACS: 71.15.Mb, 72.80.Vp, 72.15.Rn

1 Ú ó

2004 c, =Iù�dA�ÆÔnÆ�Ç Geim

� [1], ^��Å��l{����
­½�3�
�$L. Tuyá=Úå
�­.�2�'5, i
å
ULVLÚ%B�+���q�gïÄ9�.

du�$LÛÉ�>Æ!ÔnÚÅ�5U, ±9
Ù2��A^cµ, �$L�uyö Geim �Ç
Ú Novoselov Æ¬�Ç� 2010 cÝì��ÔnÆ
ø, ±LÚ¦� “k'���$Lá��mM5¢
�”. �,�$L�uÐ
áá�Ac�m, �®
²��
R��ïÄ¤J, 3B�ì��¡LyÑ
Ø��5U, Xp�ge% FET[2−5]!p(¯Da
ì [6−8], 3��U>³A^�¡�$L´n��ß
²>4á� [9],Ó�d�$L�E��?>N¿>
=I 200 ms[10]. C5, IBM �´¤õï�Ñ
î8
��$1�Ý�¯��ª�$L¬N+, Ù��ª
Çp� 155 GHz, ���L8c�k?�äk�Ó

»4�Ý�7¬N+ (40 GHz)[11]. ,
, du��
�$LvkUY, �$LÄ¬N+Ã{���'4,

¿ØU¢yDÚ¬N+�õU, Ïd, XÛ3�$
L¥Ú\UY¢yéÙ�>5�U5¤�<�'
5�9:.

8cé�$L?1U5��{Ì�k: 1) |
^þf���AÚ>��A, ò�$Là}¤B
��½þf:5Ú\UY [3,12−19]; 2)ÏLzÆ?
»½�,��{3�$L¥Ú\Ù¦a.�f½
õUì5Ú\UY [20−26]. ïÄL², �,ÏL�
��$L�°Ý�±UCÙ�>5, ��
¼��
Ð���NA5,  I�ò�$L��°Ý��
�A�B�êþ?, ùÃ¦��O\
\óL§�
JÝ9E,5, ¿E¤
�$L�}à«��þ�
$Lá��L¤. 
zÆ�{¬UC�$L�Ô
nzÆ5�, Ù�,L§�©E,, ¿��,��
��ØU°(��. �©æ^Äu�Ý�¼nØ�
�²ï��¼ê{, ïÄ
ØÓ"��.é�$L
� (ZGNR) Ñ$5��K�. O�(JL²,ÏLÚ
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\AÏ�."��3 ZGNR ¥Ú\UY, ¢y�$
L�>5���N�.

2 nØ�.

ZGNR >fÑ$�.Xã 1 ¤«, ©Od�!
müà>4« (¢�Ý/) Ú¥mÑ�«�nÜ©
�¤, J�Ý/L«��ü�, A, B ©OL«�$
L�f¬�. ïÄL², >�ðzé�$LB��
>Æ5�ò�)�rK� [27−29], Ïd, �©é�
?1>�ðz� ZGNR �.?1�[O�, ±¼�
�Cý¢�¹e� ZGNR >fÑ$5�.� �

ã 1 ZGNR >fÑ$�.

��Uþ� E �>fÑ$¼ê½ÂXe:

T (E) = Tr [ΓL(E)Gr(E)ΓR(E)Ga(E)] , (1)

Ù¥, Gr(E) Ú Ga(E) ©O�í´Ú�c��¼
ê, ΓL(E) Ú ΓR(E) ©O��!m>4gU�Jê
Ü©, �ÏLeª?1O�:

ΓL,R(E) = i
[∑

L,R

−
+∑

L,R

]
, (2)

Ù¥,
∑

L Ú
∑

R ©O��!m>4�gU. ÏL
eª?1O�: ∑

R

= HDRgRH+
DR,∑

L

= HDLgLH+
DL, (3)

Ù¥, HDL Ú HDR ´�A�ÍÜÝ
, gL Ú gR ©
O��!m>4�L¡��¼ê.

��¼ê GÏLeª?1O�:

G =
(

EI − H −
∑
L

−
∑
R

)−1

, (4)

Ù¥, H �¥mÑ�«�M��îÝ
, E �16
fUþ, I �ü Ý
,

∑
L Ú

∑
R ©O��!m>

4�gU, dúª (3) O���.

æ^ Landauer úª?1>�O�:

G(E) =
2`2

h
T (E), (5)

Ù¥ T (E)�ß�Xê, dúª (1) O���.

3 (J�©Û

æ ^ þ ã � . Ú � {, Ä k é � 3 V � "
� ZGNR >fÑ$?1
nØO�Ú�[. du�
$Läkü«ØÓ�f¬� (A Ú B), ÏdV�"
��3o«ØÓ�.(�, Xã 2 ¤«, ©O� B-

A �. (a), A-A �. (b), A-B �. (c), Ú B-B �
. (d).

(a)

(c)

(b)

(d)

ã 2 V�"o«ØÓ�.(� (a) B-A �., (b) A-A �., (c) A-B �., (d) B-B �.

ß� X ê T (E) � > f U þ � C z ­ �
ã (ã 3(a)) w«, Ã"�� ZGNR 3¤�U??
�3��ß�¸,ß�Xê T (E)� 3, L²d?�
þfÏ�ê8� 3. 3ß�¸üý©Ok��ß�
Xê� 1 �²�, Ïd ZGNR �;.�7á5�,

�®k©zO��(J�� [30−32]. �X>fUþ
ýé��O\, ��ß�Xê¥y�ê�O�, `
²Uþ���½ê��, >fÏ�ê8Oõ. 
�
Ú\"��, ZGNR �Ñ$5U�Neü, ¿�4
�/O\
NX�ÃS§Ý. ��­��´, �,
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�"ê8�Ó, �´du"��.ØÓ, ZGNR �
>fÑ$�3wÍ�É. dã 3(b) ��, A-B �.
"�é ZGNR >��K���wÍ, 
 A-A �.
"�é ZGNR �>�K���.

�X�"ê8�O\, ZGNR ò�U5, =d
7á5=C���N5, Xã 4 ¤«. �;�ã�
·Ï, ùp=xÑ
äk;."��.� ZGNR

Ñ$5�­�, �©¬�éAÏ"��.?1�
[©Û. dã 4(a) ��, ��"ê8O\� 6 ½ 7

�, 3Uþ −2.2 eV � 0 eV �mÑy
ß�Y, L
² ZGNR ®d���7á5�=C���N5�.

>��§ÝCz­�ãÓ��y
T(Ø, =�X
�"ê8O\� 6 Ú 7 �, >�d�5�eüª³

=C�O�ª³, L² ZGNR ®�U5. �?�Ú
ïÄ ZGNR U5Ån, ©Oé�"ê8� 6 Ú 7 �
ØÓ�.(�� ZGNR Ñ$5�?1
�[ïÄ.

ã 5 ´�"ê8� 6 �ü«;.�"��.
(�ã, Ù¥ã 5(a)�%�"��.,ã 5(b) ´�
5"��.(�. � ZGNR ¥�3%��."�
�, ß�­�ã¥Ñy
ß�Y, >�=C��§
ÝO\
O�, 
�5�."�¿�¦ ZGNR U
5, ZGNR E,Ly�7á5�, Xã 6 ¤«. �"
ê8� 7 �, ���Ó(Ø, Xã 7 ¤«,ã 7(a)!
ã 7(b)�%��."�(�ã,ã 7(c)��5�.
"�(�ã. dd��,%��."��3 ZGNR

¥Ú\UY, ��¦�$LU5�8�.� � � � � �� � � �� 	 
 �� 	 � �� 	 
 �� 	 � � � 	 
 �� 	 � �� 	 
 �� 	 � �
�������� � � � � � ����� � � � � �� � � � � � � � � � � � � � � �

� � �  
� � � !"#

ã 3 ØÓ�.V�" ZGNR �>fÑ$Czã (a)ß�­�ã; (b) >��§ÝCz­�ã� � � � � �� � � 	
��
���� �� � � � � � ����� � � � � � �� � � � � � � � � � � � � � � �
� � � �� � � �� � � �� � � �� � � �� 

ã 4 ØÓê8"�é ZGNR Ñ$5��K� (a)ß�­�ã; (b) >��§ÝCz­�ã

(a) (b)

ã 5 6- �";."��.(�ã (a)%��."�(�; (b) �5�."�(�
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 � � �
 � � �
 � � ���� � � � � � �� 
�
��� � � � � � �

ã 6 6- �"ØÓ"��.é ZGNR Ñ$5��K� (a)ß�­�ã; (b) >��§ÝCz­�ã

� �� � � � � � � � � � � � � � � �
� � � �� � � �� � � 	� � � 
��� 
 �� � � � � � ����� �� � � � � � �� � �� � �� � � � �  � !  � "  � �  � !  � "  #$ # % & '( )

ã 7 7- �"ØÓ"��.é ZGNR Ñ$5��K� (a)—(c) 7- �";."��.(�ã; (d)ß�­�ã; (e) >��
§ÝCz­�ã

4 ( Ø

�©XÚïÄ
ØÓ�."�é ZGNR Ñ$
5��K�, O�(JL², =¦�"ê8�Ó, �
.ØÓ�òéÙ>fÑ$A5�)ØÓK�. éu
V�", A-B �."�é ZGNR >��K���w

Í, 
 A-A �."�éÙ>��K���. ��­
��´, �Ú\AÏ�."�, =%��."��,

ZGNR ò�U5, d���7á5�=C���N
5�. O�(J�"�N��$L�>A5Jø

nØ�â, ¿��$L�U5Jø
#��1Eâ
å».
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Abstract

The transport properties of zigzag graphene nanoribbons (ZGNRs) with different patterns of vacancies are investigated by using

the density functional theory and nonequilibrium Green’s function (NEGF) formalism. It is found that the transport properties vary with

lattice type vacancy. For two vacancies, A-B type vacancies have the most significant influence on the conductance of ZGNRs, while

A-A type vacancies have the most slightly influence on the conductance. More importantly, the pattern of vacancies has enormous

influence on electron transport around the Femi energy. As hexagon carbons are removed, the ZGNRs will be modified, changing from

metallic to semiconducting. This lays the theoretical foundation for tuning the electron properties of ZGNRs by patterning vacancies.
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