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¥ Rashba g^;�ÍÜ�)�g^�'�� , >fÏLþeü«´»�, g^ØÓ�>fZ��¹ØÓ, l
�
�
>4¥�g^4z6. �mü>4m� Ø¦ü�þf:¥�g^Èà3é�Uþ«�SU
�±����.

duXÚ(���mØé¡, �K Øeg^Èà�¹��ØÓ. ù
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1 Ú ó

du>f�g^3B�ì�¥�d3A^d
�, g^>fÆ®²¤�và�ÔnÆÚá��
Æ+�S�Ú<Ê8�ïÄc÷��. g^>f
Æ�Ì�?ÖÚ8IÒ´XÛ30*XÚ¥¢y
>fg^�4z�&ÿ. 3�«0*XÚ¥, þ
f:¥g^4zÑ$5��5�É�<��'
5. þf:¥�>fg^�@�´��þf'A
¢y�5þfO�ÚÏÕ�n�ÿÀ��. ùÄ
kI�¢yþf:¥�g^4z¿U
ég^?
1��Úöp. �����{Ò´òþf:ÍÜ
�c^>4þ½ö3þf:þ\^|5��Úö
pg^, �´ùü«�{3¢S�¢�¥éJ¢
y. �C, NõnØÚ¢�ÔnÆ[�åu|^
g^;�ÍÜ¢y��Nþf:¥g^�4zÚ
ö� [1−6].

Cc5, duþfì��B���Eâ�u
Ð, ¢�þ®²U
���§kS�þf:ó(
� [7]. þf:ó3#.1>ì�Úþf&E¥ä
kd3A^d�, Ïdõþf:(�¥>fÑ$5
�Úå
<��4�ïÄ,� [8−13]. Ojeda �<
��
Äu Dicke Ú Fano �A�þf:óg^L
Èì [14]. �:¥ikþf:ó� Aharonov-Bohm

��g^4z�þf:�êÛó��5�±9ò
äk�ÍÜþf:ó� Aharonov-Bohm ���g
^m'ì��ïÄ���� [15,16]. 'uþf:V
ó¥�g^4zÑ$5���'ïÄSN�'�
�. duÏLØÓþf:ó�>f¬u)�pZ
�, �ª¬���´L�g^4zÑ$5�. �©
JÑ�ü�þf:ÍÜ�þf:VóXÚ��g
^LÈìÚg^�4+���. TïÄkÏun
)õþf:XÚ¥�g^4zÑ$5�¿�#.
g^>fÆì���OÚA^JøÔn�.Ún
ØÄ:.
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2 �.Ú�{

·�ïÄ�Ôn�.´dÍÜ��mü�>
4þ� 2N + 1 �þf:|¤, Xã 1 ¤«. þeþ
f:óÑ´d N �þf:|¤, üþf:ó¥m
�¹^Ï, z�þf:¥��¹��U?¿��Ä
Ù¥� Rashba g^;�ÍÜ. NX�M�î�±
L«�

H =
∑

k,σ,α=L,R

εkαa†
kασakασ

+
N∑

σ,i=1

(Euu†
iσuiσ + Edd†iσdiσ) + Ecc

†
σcσ

+
[ N−1∑

σ,i=1

(tuu†
iσu(i+1)σ + tdd†iσd(i+1)σ)

+ tucu
†
Nσcσ + tdcd

†
Nσcσ

]
+ H.c.

+
∑
kσ

(t̃Lua†
kLσu1σ + tLda†

kLσd1σ

+ tRca
†
kRσcσ) + H.c., (1)

Ù ¥, σ = ±1(↑, ↓) © O � L g ^ � þ Ú � e;

a†
kασ, u†

iσ, d†iσ Ú c†σ (akασ, uiσ, diσ Ú cσ) ©O´
>4 α!þþf:ó!eþf:óÚþf: c ¥
>f�) (�v) �Î. εkα, Eu, Ed Ú Ec ©O´
>4 α!þþf:ó!eþf:óÚþf: c ¥
>f�Uþ. tu, td , tuc, tdc, t̃Lu, tLd Ú tRc ©O
´þþf:ó��þf:m!eþf:ó��
þf:m!þþf:ó�þf: c m!eþf:
ó�þf: c m!�>4�þþf:óm!�>
4�eþf:óm!m>4�þf: c m�ÍÜ
Xê. t̃Lu = tLu e−iσϕR+iφ, Ù¥ −σϕR Ú φ ©O
´ Rashba g^;�ÍÜÚ^ÏÚå��  [1].

ã 1 �ü�þf:ÊÜ�þf:Vó(�«¿ã

·�|^�²ï��¼ê�{O�XÚ¥
�g^4zÑ$5�. í´���¼ê�±½Â

� (2N + 3) × (2N + 3) Ý
 [15]. í´���¼ê
�±|^ Dyson �§��

Gr
σ = gr

σ + gr
σΣr

σGr
σ, (2)

Ù¥, gr
σ ´>4Úþf:¥gd���¼ê, Σr

σ ´
í´�gU. ��í´��¼ê�|^ Keldysh �
§�±�����u��¼ê

G<
σ (ω) = Gr

σ(ω)Σ<
σ Ga

σ(ω), (3)

Ù ¥, � u g U Σ<
σ ´ é � Ý 
, 
 � Σ<

αασ =

2iπfα(ω)/πρ, Σ<
iiσ = 0. fα(ω) = 1/[ e(ω−µα)/kBT +

1] ´>4 α ¥¤�©Ù¼ê, ρ ´>4¥���Ý,

µL = −µR = V/2 ´>4¥�zÆ³, V ´ü>4
m� Ø; Ga

σ = Gr†
σ ´�c��¼ê. �>4¥g

^�'�>6�±L«�

Iσ =
2e

~

∫
dω

2π
Re[t̃LuG<

uL(ω) + tLdG<
dL(ω)]. (4)

g^�'�>�!þf:�ÓkêÚg^Èà©
OL«� Gσ = dIσ/dV , niσ = −i

∫
dω

2π
G<

iiσ(ω)

Ú ∆ni = ni↑ − ni↓.

3 (J�?Ø

�{zO�, �©¥b���Ý ρ = 1, §
Ý kBT = 0.0001, ¤kÍÜXêÑ�~ê 0.4. Uþ
± Γ ≡ 2πρ|tRc|2 ≈ 1 �ü . þ!eþf:ó¥
þf:Uþ©O� Eu = Ec + h Ú Ed = Ec − h,

Ù¥ h �þf:ó¥þf:�þf: c �m�U
þ�.

ã 2 ¥�Ñ
 ϕR = φ = 0 �, þf:ó¥
äkØÓþf:�ê�¹e, o>��þf:U
? Ec �Cz. ¢�!J�Ú:�©O�L h = 0,

h = 0.1 Ú h = 0.2. lã 2 ¥·��±uy� h = 0

�, >�Ì3 −Γ < Ec < Γ «�SÑy
 N �
��¸, `² 2N + 1 �þf:(��¹ N �f
U?, �z�fU?�>4¥zÆ³éA�B¬
Ñy����¸. �Xþf:ê8�Oõ��¸
ê8�Oõ. ,	, ·�uy�z�þf:ó¥
þf:ê8 N �Ûê�, 3 Ec = 0 ?>�´�
�¸, N �óê�>�Ø´��¸, ùÚüþf
:ó�>�Ûó��5�´�Ó�. �þeþf
:óU?Ø���, �Ò´ h 6= 0 �, ·�uy
3 −Γ < Ec < Γ «�SÑy
 N ��~kb�
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���, ùéN´4·���1Æ¥� Dicke �A,

�Ò´��é�f�m�ål�uéA�Ë�Å
��, 1Ì¥¬Ñy���~Ä�u�Ì�. ·�
ïÄ�(�¥Uþ� h ��u�fm�må, d
uþeþf:óØ´��ÍÜ3�åÏd>�Ì
¥Ñy�´kb����
Ø´��¸, 
���

�ê8Úz�þf:ó¥þf:ê8��. ù«
����Ñy��´du>fÏLþ!eüþf
:óü�´»�)Z����(J. �X h �O
�, ��u�fmå�O�, ù«���y�Åì
~f.

ã 2 o>��þf: c U?�Cz

ã 3 �Ñ
 ϕR = φ = π/2 �, þf:ó¥
ØÓþf:�ê�¹e, g^�'�>��þf
:U? Ec �Cz. ¢�ÚJ�©O�L h = 0

Ú h = 0.1, o � Ú [ � © O � L g ^ � þ Ú
g^�e�>�. du ϕR = φ = π/2, éug
^�þ�>f t̃Lu = tLu, 
éug^�e�>
f t̃Lu = tLu e iπ, Ïdù«�¹e^ÏÚ Rashba g
^;�ÍÜég^�þ�>fvk?ÛK�, 

g^�e�>fÏLþþf:ó�N\
���
  π, ù7òK�g^�e>fÏLþeþf:ó
ü«´»��þf: c �Z��¹. duù«g^
�þÚ�e>fZ��¹�ØÓ��
Xã 3 ¤

«g^�þÚ�e>��©l, �ªò��>4¥
g^4z6��). AO´� h = 0 �, g^�e
>f�Z�����, �Ò´ù«�¹e�kg^
�þ�>fÏLì�, 
g^�e�>f��ØU
ÏLì�. ��z�þf:U?3 −Γ < Ec < Γ

«�S3>4¥Ò�±����g^4z�>6.

� h = 0.1 �, g^�þÚ�e�>fÑÑy
�
~r����, �´�Ø�Ä^ÏÚg^;�ÍÜ
�¹e'�, g^�e>f���éA�Uþu)

Cz, ����êC� N − 1.

,	, ·�O�
þf: c ¥�g^�'�Ó
kêÚÙ¥�g^Èà. e¡�O�·���Äz
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�þf:U?þ�Ó��¹, = h = 0. ã 4 ¥�
Ñ
þf: c ¥�g^�'�Ókê nσ �þf:
U?�Cz. o�Ú[�©O�Lg^�þÚ�e,

¢�!J�!:�Ú:y�©O�L Ø V = 0,

2, 4, 6. lã 4 ¥�±wÑ�þf:U?ép�, =
pu�>4¥zÆ³ µL = V/2 �, >fØU?\
þf: c, ÏdÓkê� 0; �þf:U?é$�,

=$um>4¥zÆ³ µR = −V/2 �, >f�þ
f: c Ð¼, ÏdÓkê� 1. 3þf:U?�K
��g^�'ÓkêÑy�²�, 
��²��ê
8�þf:ó¥þf:�êOõ
O\. ù´du
þf: c �m>4��ÍÜ
��>4ÏLþf
:VóÍÜ. ù«XÚ(��mØé¡��
�²
��Ñy. ÃØ N �Û�, �mü>4vk Ø�,

= V = 0 �, g^�þÚ�e�Ókê�p��,

3 Ec = 0 NCÑk©m. �X Ø�O�, �þf
:�U?3 ØI�S�, g^�þÚ�e�Ók
êÅì©l, ùò��þf: c ¥���g^Èà.

þf: c ¥�g^Èà ∆n �þf:U?�Czd
ã 5 ¥�Ñ, ¢�!J�!:�Ú:y�©O�L
 Ø V = 0, 2, 4, 6. lã 5 ¥·��±wÑ�Ø�
3 Ø�, g^Èà3 Ec = 0 NCÑy�~��
��, 
��X N �O�, ���5�õ, �´�Ì
Åì~�. �ü>4m�3 Ø�, þf: c ¥Ñ
y
���g^Èà, 
�g^ÈàU
3�~�
�Uþ«�S (µR < Ec < µL) ���±���g
^Èà. XÚ(��Øé¡��
þf:U?´K
��Ñy
����.

ã 3 g^�'�>��þf: c U?�Cz

�
�?�ÚïÄ Øéþf: c ¥g^È
à�K�, ·�O�
þf: c ¥g^Èà� Ø
�Cz, (JXã 6 ¤«. ·�b�¤kþf:¥
U?þ� 0, = Ec = 0. ��mü>4m� Ø� 0

�, þf:�U?��mzÆ³�éA, ÃØþf
:ó¥þf:�ê�Û�, þf: c ¥ÑØ¬Ñy

g^Èà. �þf:XÚ?u� Øe�, g^È
à� Ø�O���ªO�.  Øé��, g^È
à�ª����½�. �þf:XÚ?uK Øe
�, g^Èà�~�, 
�� Ø�K�O���
ªªu 0, ù«���Xþf:ó¥þf:ê8�
O\, �����Ì� 5��. �þf: ó ¥þ f
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ã 4 þf: c ¥g^�'Ókê�þf:U?�Cz

ã 5 þf: c ¥�g^Èà�þf:U?�Cz

157201-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 157201

:ê8éõ�, � Øeþf: c ¥�g^Èàé
�, K Øeg^Èà� 0. ù´·�¤ïÄ�XÚ
(��mØé¡���(J. Ïdù��þf:(
��±�¢�þ�Og^�4+JønØ|±.

ã 6 þf: c ¥�g^Èà� Ø�Cz

4 ( Ø

�©|^�²ï��¼ê�{ïÄ
�ü�
þf:ÍÜ�þf:VóXÚ¥g^�'�Ñ$
5�. O�(JL²�þeþf:óU?�3é�
����, XÚ�>�Ì¬Ñyaq Dicke �A�
���y�; �XÚ¥�3^ÏÚ Rashba g^;
�ÍÜ�, 3>4¥�±����g^4z�>6,

XÚ�±^�g^LÈì�. ,	, ·��ïÄ

ü�þf:¥�g^Èà, uy�m>4m� Ø
��
þf:¥���g^Èà. �þf:U??
u ØI�e�, g^ÈàU
���±é�. d
u·�JÑ�þf:XÚäk�m(�Øé¡, Ï
dþf:¥�g^Èà3�K Øe��ØÓ, �
 Øeg^Èà¬����½�, 
K Øeg^
Èàé�, �K Ø�O��ªC� 0. ù
O�(
Jò�¢�þ�Og^>fÆì�Jø�Ï.
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Abstract

The spin-dependent transport through double quantum-dot-array coupled to a single quantum dot is studied by using the non-

equilibrium Green function formalism. Due to the quantum interference and the spin-dependent phase induced by Rashba spin-orbit

interaction, the spin of the electron through the device is polarized. When the energy level of quantum dot is in the bias window, the

spin accumulation in the single quantum dot can maintain a large value in a wide range of energy and the quantum dot is largely spin

polarized. The spin accumulations in the single quantum dot under positive bias and negative bias are absolutely different because of

asymmetric quantum dot structure. These results is helpful for designing and fabricateing the practical spintronics devices.
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