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1 Ú ó

2004 c Geim �<3¢�þuy�$L [1], ù
´<ó�����ü�%�f¬N. duÙAÏ�
·¶G8�¬�(�, �$LäkéõÛÉ�Ô
n5� [2]. �$L¥�>fäkép�>f[£
Ç [3], §U
«1ép�>6�Ý [4]. duÙû
Ð�Å�5U!��Ñ$5�, ±9ép�9�
Ç [5], ���ûÐ�>4á� [6] �ë�� [7]. �ü
��$LæU3�å�U/¤V��$L, ÏL>
|�N!Ù�Y [8] l
¢y|�A¬N+ [9]. ¿
�, ÙAÏ�>f(�9V��.�U
³�>D
( [10] 9ÃS�K� [11]. Ïd, �$L�¯õ`É
5�¦Äu%á���B>´¤��U [12], ¤�
�['5�9:.

3�'ïÄ¥, <�Ì�8¥un��ü�½
õ��$L. ¢Sþ, ÏL�Å��l{9	ò)
�����$L, ���EÜõ�(� [1,13]. �«
�{ü��¹´ü��$L�­U, ù�U/¤�

AÏ�É�( [14,15]. ïÄÙ>fÑ$5�´�
��~k���K, é¢y�$L>´8¤�A^

k­��Ï. �C, ¢�þïÄ
üV��$L3
>^|e�>fÑ$5� [14], uy3.¡üý�
¤�UØÓ, ^|eÑy�~�þf��1�. 3
nØþ, éüV��$LEÜ(��>f(�9.
¡m>fÑ$5��ïÄ�k�'�� [15−18], (
JL²�$L.¡NC�3Û��K�U?, ²L
.¡��)�m4z>6. �{z�.��)Û(
J, 3þã�'ó�¥=�Ä
V��$L�m�
C��fm�p�^. Äu;åP�.�nØO�
(JL², Ù>f(�'u¤�U´é¡� [19,20].
ØL, ¢�þuyV��$L>f(��>f�Ç
´�é¡ [21] �, �nØO�(J¿Ø�Î. d	,
�'nØïÄL², �mgC��p�^éV��
$L�15� [22] 9�$B���>�� [23,24] k
­�K�. Ïd, 3ïÄ�$Lõ�EÜ(��>
fÑ$5��, I�?�Ú�Ä�mgC��fm
�p�^�K�.
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�>fß�Ì'u¤�U´�é¡�. duU�«
VÏ�¥Å¼ê�þfZ��^, ß�Xê�U�
«�ÝCzÑy��y�. 3�>ØN�e, $u
¤�U�ß�XêÑy
d�ß������=
C, w«ÑéÐ�m'�A. �'(Jéu�$L
©fì���O�¢SA^k��¿Â.

2 �.��{

·�ïÄ�U�EÜ(�.C�Xã 1(a)
¤«, üã�°��Ã��ç¸.�$B��Ï
L AB æ8�ªë�3�å. 3ü π ;�;åPC
qe, ¤kç¸.�$B��ÑLy�7á5 [25].
Ï
üà��$B���w�n���, ¥mU�
Ü©�V��$B���Ñ�«. ç¸.�$B
��°Ý±î�þ��%�fê W L«. U�Ñ
�«�Ý±p�þV��$B���ü�ê L L
«, ù���ü��)þ!e��ü���%�
f, Ùü��Ý L0 = 2.46 Å, z�ü�¤¹�fê
� 4W .

ã 1 (a) ç¸.�$B��U�EÜ(�. (Ù W = 5,
L = 4, ¢�L«þ���Ã���$B��, :�L«e�m
�Ã���$B��, J��µ¥�V�«��ü�, ¹k 4W

��f); (b) V��$L�fm�p�^«¿ã (A � B ©OL
«ü��$L�ü«:
, 1 � 2 ©OL«V��$L�þ��
e�)

3·��O�¥, �S�Ä�C��fm�
p�^, �m�Ä�C�9gC��p�^. Äu
¢�þdù	1Ì[Ü��� Slonczewski-Weiss-
McClure �.;åPëê [26], �fm�p�^�

§��ålÚ �k', Xã 1(b) ¤«. n��ü
��$Ld��� A � B ü«�d�n�:
�
¤. �üü��$L± AB æ8��ª/¤V��
$L�, þ� A1 �f�e�o´e�� B2 �f,

 A2 9 B1  u,��8��¥%éA� �.
du�m�p�^, �S A � B :
�fØ2�
d. �m�C� A1—B2 �fmål 3.35 Å, �p�
^ γ1 = 0.381 eV. �mgC�X A2—B1 �fmå
l� 3.64 Å, �p�^� γ3 = 0.38 eV; 
 A1—A2

9 B1—B2 m�p�^� γ4 = 0.14 eV. �S�C�
X A1—B1, A2—B2 �fmål� 1.42 Å, �p�
^ γ0 = 3.16 eV. ��f��:U�½��¤�U
�Ó. 3¢SA^�, >4üàÏ~\k Ø, ½ö
3EÜ(�V�«�þ!e��U\k�>Ø [8]

½�,>Ö,� [27], d�Ñ�«þ!e��f�
�:Uòu)Cz. �ïÄ�>Ø�K�, V�«
þ!e��f�:U©O{ü�� V /2 Ú –V /2, V

�¤\�>Ø��.

XÚ�N�M�îþL«�

H = HC + HL + HR + VLC + VRC, (1)

Ù¥ HC, HL, HR ©OL«¥mÑ�«Ü©9�!
m�Ã����Ü©�M�îþ. VLC, VRC ��!
m��Ü©�¥mÑ�«�ÍÜÝ
. Äu��¼
ê�{ [28,29], ��BïÄ�$LU�EÜ(�>
fÑ$5�. Ñ�«���¼ê�L«�

gC = (E − HC − ΣL − ΣR)−1, (2)

Ù¥ ΣL(R) = VCL(R)gL(R)VL(R)C, ´d� (m) �
Ã����Úå�gU, L«��é¥mÑ�«
�K�. gL(R) = (E − HL(R))−1 ´� (m) ���
��¼ê. 3�5�A��S9"§Cqe, Ï
L Landauer-Büttiker úª [30], �����NX�ß
�Xê

T (E) =
2e2

h
Tr[ΓLgCΓRgC+], (3)

Ù¥ ΓL(R) = i[ΣL(R) − Σ+
L(R)] �L� (m) ���

Ñ�«ÍÜ�^��°¼ê.

3 (J�?Ø

� � � � ~ f, · � 3 ã 2(a) ¥ « Ñ 
 °
Ý W = 7, �Ý L = 49 �EÜ(ß�Xê�U
þCz�¹. �Bu'�, Ó��Ñ
 W = 7 ��
{ü�ç¸.�$B���ß�Xê. w,, �{
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ü��$B���ß�Xê¥n��þfz��,
�±c�nØ�� [31,32]. éuU�EÜ(, 3Ø�
Ä�mgC��p�^��¹e, du(Ñ��^,
EÜ(�ß�Xê'�{ü��$B���$, �
Uþ E CzÑy��y�, ¿3¤�UNCÑyé
°��, ß�Xê'u¤�U´é¡�. ?�Ú�
Ä�mgC��p�^, ß�Xêk²wO\, 3
$u¤�U�1�fU«S, ß�XêE�±þf
z��, aq�{ü��$B����¹. ùL²,
¦+�3(Ñ�, >fE,�U��ß�, �«Ù
3�B>fEâ¥�Uäkd3�A^. AO�´,
3pu¤�U«�, ß�Xê¥y¯��1�, U
\3ú����µþ. w,, ß�Xê�¤�UC
z¥y�é¡1�. du�mgC��p�^��
V��$B���>f�Ç���é¡5, Ï
ß
�Ì'u¤�U�¥y�é¡5Cz, ù�¢�*
ÿ�(JéA�� [21,33]. Ïd, EÜ(��mgC
��p�^éÙ>fÑ$5�k­�K�, ØAT
��Ñ. 3vkAO`²�, �©¥¤«(JÑ�
Ä
�mgC��p�^.

ã 2 U�EÜ(�ß�Xê�>f\�UþCz'X (a)
W = 7, L = 49 �EÜ(3�Ä�Ø�Ä�mgC��p�^
�ß�Xê±9 W = 7 �{ü��$B���ß�Xê; (b)
°Ý W = 7, ØÓ�Ý L = 57, 65 eEÜ(ß�Xê

3ã 2(b) ¥?�Ú�Ñ
�$B��U�E
Ü(3°Ý W = 7, ØÓ�Ýeß�Xê�UþC
z��¹. ��Ý L = 57 �, $u¤�UÜ©�ß
�Xê$u 1, ¥yr����1�, 3ØÓUþ?
Ñy
��� 0 ��. Xü²1%B�+m�>f
ß�Ì, ù
�´duV�«�OÛ��¦>fu
)���Ñ�
E¤� [34−36]. � L = 65 �, $u
¤�U1�fU«S�ß�XêA�� 0, Ù°Ý
� 1.3 eV, ��u¢�þV��$LÏL>|N�

����Y [15] (� 0.25 eV). `²ü7á5�$B
��ÏLUCU�«�Ý�/¤�°�Ñ$�Y,
>f3T«�A�����. ù?�Ú�«�$L
EÜ(�3�5�B�>fÆ¥�Uäkd3�
A^d�.

ã 3 ØÓ\�Uþe°Ý W = 7 �U�EÜ(ß�Xê
�Ñ�«�Ý�Cz'X (a) E = 1.5 eV; (b) E = 0.5 eV;
(c)E = 0; (d) E = −0.5 eV; (e) E = −1.5 eV

ã 4 °Ý W = 7 ��{V�ç¸.�$B��$U«�U
?(�ã

�&¢EÜ(NX��>Ån, ·�?�Úï
Ä
ß�Xê�Ñ�«�Ý�Cz. ã 3 «Ñ
Ø
Ó>f\�Uþe°Ý W = 7 �EÜ(ß�Xê
��Ý�Cz. �Ä�Ñ�«�Ý��
 200 �ü
�, Ù¢S�Ý�� 50 nm, �¢�þÿþ�¬�
�Ý�� [37]. �Ä>f�Ç���é¡5, >f
\�Uþ©O�� E = 1.5 eV, 0.5 eV, 0, –0.5 eV
9 −1.5 eV. w,, duEÜ(üà.¡�Ñ�, �
Ñ�«�ÝO\, �l¤�U>f�ß�Xê3 0
� 1 �m±Ï5��, ¥y²w�þfZ�y�.
¤�U?>f�ß�Xê3Ñ�«�Ý���¥
y��y�, ¿��Ý�O\
~�. �Ñ�«
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�Ý�L 30 �ü��, ¤�U?�ß�XêA�
� 0. �>f\�Uþ E = 1.5 eV, 0.5 eV �, ß�
Xê���±Ï

∆L

L0
©O� 64.5, 37, ¿�3pu

¤�U«�Ù��±Ï�UþO\
O\. 
�>
f\�Uþ� E = −0.5 eV, –1.5 eV �, ß�Xê
��±Ïþ� 32.2, �$u¤�U«�S�ß�X
ê��±ÏA�Ø�UþCz. ù
A��Ñ�«
V��$B��AÏ�U�(�k'X.

Äu;åPM�îþ, ·�O���
�{V
��$B���U�(�, Xã 4 ¤«. 3·��
(J¥, �mgC��p�^��¤�U??��
��U�©l, �)
��� 0.0314 eV ����
Y. éu¤�U?\��>f, �V��Ñ�«�
Ý���, ¤�U�Ñ�«þfzU?��, >f
u)aq��ß��y�. 
�Ñ�«�Ý���,
ÙU?(���{V��$���¹�C, (J¤
�U (E = 0) ?u>�Y¥, Ùß�Xê:ì~�,
¿ªC� 0. Ó�V��$B���U��%B�
+�q, 3¤�UNCkü�Ï�. 3·�¤�Ä
�EÜ(�.¥, ü��$B��3$U«´üÏ
��, dÙDÂ5���>fÅ².¡Ñ�?\V
�«�ü�Ï��ª¥DÂ. ùüÏ�¥DÂ�ü
�ÅäkØÓ�Å¥, ©Od k1 � k2 L«. aq
u%B�+��/ [34], üÏ�SÅ�Z�U\¬
��ß�Xê���y�. du3$U«���¥
�mé
��Ï�, ¤±��NX�ß�Xê��
�E� 1. üÅU\u)���¤A÷v�� ^
� [34] �

(k1 − k2)L = (2m + 1)π, (m�?¿�ê). (4)

Ïdß�Xê��Ý���±Ï
∆L

L0
=

2π

(k1 − k2)L0
, (5)

= ß � X ê � � ± Ï � ü Å ¥ � � ¤ � '. l
ã 4 ¥�{V��$B���U�(���, p
u¤�U1�fU«S�ü^U�Cq�ü�
�, ��:3pU«, Ïd1�fU«SüÅ¥�
� ∆k = k1 − k2 �XUþ�O\
~�, ß�X
ê��±Ï�Uþ�O\
O\. �>f\�Uþ
� E = 1.5 eV Ú 0.5 eV �, d�{V��$B��
U�(����±Ï

∆L

L0
©O� 64.5 � 36.8, �

cã���±ÏÄ���. ¤�U±e1�fU«
S�ü^U�A�´²1�, ØÓUþe�üÅ¥
�A�ØC, Ïdß�Xê±ÏØ�UþCz. �

>f\�Uþ´ E = −1.5 eV �, dþª����
�±Ï

∆L

L0
´ 32.3, Ó��c¡�(J��. Ó�,

ß�Xê��ÝCz��������©O� 0
� 1. ùØ=L²3$u¤�UÜ©�ß�Xê�
�±Ï�Ó, �L²ã 2 ¥�þfz��´±Ï5
Ñy�. Ïd, ÏLUC�U�V�«�ÝUk�
���$B��U�EÜ(�>fÑ$5�. d	,
·��O�
ØÓ°Ýeß�Xê��ÝCz�
�¹, uyß�Xê±Ï���A�9Ùþfz�
�y��q. ØL, 3�ÓUþe, �$B���°,
��±Ï��. ù´Ï�ØÓ°Ý�V��$B�
�U?(��ã 4 �q, �$U«VÏ�¥üÅ¥
���°ÝO\
~�, ��ß�Xê��ÝCz
���±Ï�O\.

ã 5 °Ý W = 7, �Ý L = 49 �U�EÜ(ß�Xê�þ
e�m�>Ø��Cz'X (a) V = 0; (b) V = 0.19 eV; (c)
V = 0.38 eV

V��$L�>f(�9�Y�ÏLþe�
>Ø [8] ½>Ö�, [27] ¤�)�>|5N!. Ï
d, ·�?�Ú�Ä
Ñ�«V��$B��3
ØÓ�>ØN�e�>fÑ$5�. ã 5 ´�$
B��°Ý W = 7, Ñ�«�Ý L = 49 �, EÜ
(�ß�Xê��>Ø�Cz�¹. � V = 0 �,
3$u¤�UÜ©, Ñyß�Xê� 1 �þfz
��. �X�>ØO\, � V = 0.19 eV �, $u
¤�UÜ©�ß�Xê�u 1, ¿�Ñyéõ��
� 0 ��, ù´du\�>fu)���Ñ�

E¤�. � V = 0.38 eV �, $u¤�U«��ß
�Xê� 0, `²lù�Uþ«�\��>fò�
���. d	, ·��O�
ØÓ�>Øe�{V
��$B���U�(�, Ù�(��ã 4 �q,
$u¤�UÜ©$U«�ü^U�A�´²1�.
·�uy�X�>Ø V O\, dUþ��SüÏ

077201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 7 (2012) 077201

�¥�Å¥���O\, ÏdUC
ü�ÅZ�
U\�� . ~X�>f\�Uþ E = −1.0 eV,
V = 0 �, L0∆k = 0.0607π; 
� V = 0.38 eV
�, L0k

′ = 0.0811π. 3V�«�Ý L = 49 ��
¹e, ùü«�>ØeÅ¼êU\� �UCþ
� (∆k′ − ∆k) × L0 × 49 ≈ π. Ïd�>ØO�¦
üÅ¥�O\, 3Ñ�«�ÝØC��¹e, VÏ
�¥>fÅ¼ê�Z�Åìd����=C��
����G�, ��$u¤�UÜ©�ß�Xêd
��� 1 ���=C� 0 ���. Ïd, ��>Ø
�O\, $u¤�UÜ©�>fdß�Xê� 1 �
�ÏG�=C� 0 ���G�. ¥yÑm'�A.
(JL²ÏLV�«þe�>Ø�N!�$LU
�EÜ(��>G�.

4 ( Ø

|^;åP��¼ê�{, ïÄ
ç¸.�$

B��U�EÜ(�>fÑ$5�. �Ä
�m
gC��fm�p�^!U�«�Ý9�>Øé
Ù>fß�Ì�K�. uy3k�mgC��p�
^��¹e, EÜ(�ß�Xê'u¤�U´�é
¡�, �vk�Ä�mgC��p�^��¹�'
�, ß�Xêk²w�Jp. duV��$B��
3$U«kü�Ï�, �XÑ�«�ÝO\, VÏ
�¥�>fÅ¼êu)þfZ��A, ��ß�X
ê3 1 S±Ï5��. Ó�duV��$B��
AÏ�U�(�, $u¤�UÜ©±Ï5�Ñy�
�� 0 Ú 1 �þfz��, ¿¼�
�°�Ñ$�
Y (T = 0). 3�U�V�«þe�\�>Ø��
¹e, ��>ØO\, duüÅU\� �UC, �
�� 1 �ß�Xê��=C���� 0 ���, ä
km'�A. �'(Jé�$Lì���O�A^
k���^, ¤ýÏ�5U3�5��$L�B>
fì�¥�Uäkd3�A^.
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Abstract

According to a tight-binding model and the Green’s function formalism, we investigate the electronic transport in hybrid contact

of doubly stacked zigzag graphene nanoribbons. Our study shows that the next nearest neighbor interlayer coupling, the hybrid contact

length and gate voltage each have a significant modulation effect on the electron transmission spectrum. Due to the next nearest

neighbor interlayer coupling, the transmission spectrum of the hybrid contact exhibits an electron-hole asymmetry, which is consistent

with the experimental result. There exist some transmission gap (T = 0) and quantum step (T = 1) within the first subband below

the Fermi energy, meaning that electrons can reflect and/or transmit completely. It is also observed that the transmission coefficient

oscillates within 1 as the contact length increases, showing a quantum interference effect. Under a gate voltage in the bilayer regime,

the transmission coefficient can be changed from 1 to 0, showing that a switching effect exists here. The results is useful for the design

and the application of the graphene-based device.
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