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Äug^*Ñ¤£�§, �Ä�>|�K�9kÅ��N¥AÏ�16f>Ög^'X, é��{ü� T .(
�kÅg^ì��.?1
nØïÄ, �Ñ
dkÅì��>6g^4z��ÇL�ª. ïÄL², ì�¥4zf
'Ç!>|Ú>6�ÝÑ¬K�ì��>6g^4z��Ç, ÏLN!dkÅì��>|Ú4zf'Ç�±¼�
���>6g^4z��Ç.

'�c: kÅg^>fÆ, g^5\, >6g^4z��

PACS: 85.75.–d, 72.25.–b

1 Ú ó

1988 c, {I Fert � [1] Ú�I Grünberg � [2]

©OÕá/uyB�õ��¥äkã^>{�A.
ã^>{�uy´ÔnÆÚ�>fEâþ��#
�uÐÚâ», ¿��
g^>fÆù�Æ��/
¤ÚuÐ [1−3]. �g^>fÆ¥¼�2�A^�D
Ú�ÃÅ��N�', kÅ��N�Ü¤�N´�
õ, �äk´L�>Æ!^ÆÚ1ÆA5, Ø=3
kÅu1ì�!w«ì��¡k­�A^, ¿�Ù
ÕA�ÔnA5û½
§3g^>fÆ+�òk
�2,�A^cµ [4−6]. kÅ��N�­��Ôn
A5Ì�k±eü:: �´äkf�g^-;��
p�^, Ïdk���g^µþ�mÚ���g^
*Ñ�Ý, k|ug^5\; �´äkr�>f-¬
��p�^, Ù16f��
�>g��, X�g
^�4zf!Ø�g^�V4zf� [7−9]. ù
A
�¦�kÅg^ì�¥yÑ�ÃÅì�ØÓ�#
5�. kÅì��g^5\�Ñ$®¤�g^>f
ÆnØ�¢�ïÄ���9:, ¿/¤
g^>f
Æ���©| —— kÅg^>fÆ [10].

¢ � � ¡, 2002 c, Dediu � [11] Ä g � �

¿§e La0.7Sr0.3MnO3/8(§/La0.7Sr0.3MnO3

(LSMO/T6/LSMO) n²£(�¥�g^4z5\
ÚÑ$, ¢�uy
K^>{, L²kÅNS�
3g^4z5\, ü>4�m�Ñ$>6´g^
4z�, ¿�uykÅ��NS�g^*Ñ�Ý
´ 200 nm. 2004 c, Xiong � [12] 3 LSMO/Alq3/Co
n²£(��kÅg^z¥*	�
g^5\Ú
Ñ$, ¿3¢�¥ÿ�$§e^>{�p� 40%.
2006 c, Majumdar � [13] æ^ LSMO ��g^
4z>4, ïÄ
 La0.67Sr0.33MnO3/à 3- CÄ(
§/Co (LSMO/RRP3HT/Co) (��kÅg^z¥�
g^4z5\y�, @�kÅ��N�AÏ5�
�
 LSMO Ú RRP3HT g^�'�B.¡��).
2009 c, Drew � [14] ��ÿ�
kÅg^z¥�
>fg^*Ñ�Ý, ¿uyg^*Ñ�Ý�§Ý
�65�kÅg^ì�^>{�A���'. 2011
c, Li � [15] Äg3p§^�euy Si ��¥�3
g^4z, �g^ì���O�)�òÑ
­��
�Ú.

nØ�¡, ©z [16, 17] l��;åPM�î
þÑu, ïÄ

^>{á�/kÅ��NXÚ�Ä
�5�9g^5\�ÄåÆL§, AO�Ñ
4z
fÚV4zf3kÅg^>fÆïÄ¥�­��
^. ©z [18—20] l*ÑnØÑu, ékÅ��N

* I[g,�ÆÄ7 (1OÒ: 10904083, 10904084)!ìÀ�`D¥�c�Æ[�ïøyÄ7 (1OÒ: BS2009CL008) ÚìÀ�p�Æ�
�EøyOy (1OÒ: J09LA03) ]Ï��K.

† E-mail: renjf@sdnu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

088503-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 088503

¥�>6g^4z5\ÚÑ$?1
ïÄ, Ù¥1
6f��� 1/2 g^�>f½�Ç. Yunus � [21] ï
Ä
c^/kÅ/c^ì�¥g^4z�>ÖÚ�Ç
�5\�Ñ$L§, ?Ø
§�3kÅ��NS�
EÜ.

kÅ��N¥�16f�4zfÚV4zf,
4zfäk 1/2 g^, V4zfÏåP 2 �>f½
�Ç, Ùg^�", Ã{Ñ$g^&Ò. k'kÅ�
�N¥AÏ16fég^5\*Ñ�nØïÄ®
2�Ðm [22,23]. dõ«�{�±JpkÅ��N
S>6g^4zÇ, �´c<¤ïÄ�Ñ´Äuc
^/kÅ��N(�½öc^/kÅ��N/c^n
²£(�, éuJpg^5\�ÇI��½�^
� (Xc^á��^zÇ!c^á��>�Ç!k
Å��Ná��>�Ç�), ù
^�ékÅg^ì
���UA^å�
�½�{N�^. �©ÄuÃ
Å��Nì��g^���. [24], �Ä�kÅ�
�N¥AÏ�16f>Ög^'X, ïá
��{
ü� T .kÅg^ì��., ­:?Ø
K�dì
��.>6g^4z��Ç�Ï�.

2 �.�úª

T .kÅg^ì��.Xã 1 ¤«, d��1
6f5\à (OSC0) Úü�ÑÑà (OSC1, OSC2)
|¤. 5\à!ÑÑàÑ´kÅ��N, 16f3
Ù¥±g^�þ!g^�e�4zfÚØ�g^
�V4zf/ªDÑ. 5\�16f�g^4z�
>f, d�Ã���c^� (FM) 5\��.¥�
5\à. ·�Ø�Äì�¥.¡�A�K�, ��
�>|�UC5JpkÅ��N¥�g^5\�
Ç, ��>6g^4zÇ.

ã 1 T .kÅg^ì��.

>|��3 OSC0 ¥� x0 ¶���Ó,

E0 = E0x0 (E0 > 0) ;

3 OSC1, OSC2 ¥, >|��©O� x1, x2 ¶��
²1,

E1(2) = −E1(2)x1(2)

(
E1(2) > 0

)
.

>f6 J0 5\ OSC0 �, 3©|.¡ (x0 = x1 =
x2 = 0) ?©� J1, J2 üÜ©, ©ODÑ?\ OSC1,
OSC2, K

J0 = J1 + J2.

�½ β1 = J1/J0, β2 = J2/J0, @o β1 + β2 = 1.
b�kÅ��N¥4zf±�A�'Ç γ �3, ¤
�z�g^�'�>6©OL«� j↑, j↓ Ú jbp.
3 OSCi(i = 0, 1, 2) ¥, o>6=�

Ji = ji↑ + ji↓ + jibp

= jis + jibp,

Ù¥ jis = ji↑ + ji↓ L«4zf�z�>6, ¤Óo
>6�'Ç� γi = jis/Ji. kÅ��N¥�>6g
^4zÇ½Â�

αi(xi) = (ji↑ − ji↓)/(ji↑ + ji↓ + jibp)

= ∆ji/Ji.

�â Yu � [25] �Ñ���N¥16fÑ$�
g^¤£*ÑnØ, g^�'>6÷v

j↑(↓) = σ↑(↓)E + eD∇n↑(↓), (1)

Ù¥ σ↑(↓) �kÅ��N¥g^�þ (�e) �4z
f>�Ç, E �>|rÝ, −e �>f>þ, D �4
zf�*Ñ~ê, n↑(↓) ´�²ïG�g^�þ (�
e) 16fßÝ ns/2 � �. kÅ��N¥,

σ↑(↓) = σs/2 + evn↑(↓).

ùp σs = σ↑ + σ↓ �²ïG�e4zf�>�Ç,
σ = σs + σb �kÅ��N¥o�>�Ç, ¿�÷
v'~'X γi = σsi/σi = jis/Ji; v ´4zf�[
£Ç, Ø� E Ú n↑(↓) 
UC, 3�{¿��N¥ v

� D k', ÷vOÏd"'X [24], =

D/v = kBT/e,

Ù¥ kB �À�[ù~ê, T �§Ý.

3�{¿��N¥,  l²ïG��4zfß
Ý n↑(↓) 'X9¤£*Ñ�§� [25]

n↑ + n↓ = 0,

∇2 (n↑ − n↓) +
eE

kBT
∇ (n↑ − n↓)

−n↑ − n↓

L2
s

= 0, (2)
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Ù¥ Ls ���g^*Ñ�Ý. g^�'�>zÆ
³ µ↑(↓) �4zfßÝ n↑(↓) �'X�

µ↑(↓) = kBT ln
(

1 +
2n↑(↓)

ns

)
+ eEx + C, (3)

Ù¥ C �~ê. 3>¥5�¹e,

js = σsE,

∆j = eD∇ (n↑ − n↓) + evE (n↑ − n↓) . (4)

3f>|�¹e,

|E| ¿ Ec ≡
D

vLs
=

kBT

eLs
,

(2), (4) ª�±U��

∇2 (n↑ − n↓) ≈ n↑−n↓
L2

s
,

∆j = eD∇ (n↑ − n↓) ,
l (5)

d (2) ª���Ñ�©|¥4zfßÝ n↑(↓) �

n0↑(↓) (x0) = + (−) [A0 exp (x0/Ld0)

+B0 exp (−x0/Lu0)],

n1↑(↓) (x1) = + (−) [A1 exp (x1/Lu1) (6)

+B1 exp (−x1/Ld1)],

n2↑(↓) (x2) = + (−) [A2 exp (x2/Lu2)

+B2 exp (−x2/Ld2)],

Ù¥ Ai, Bi �~ê. d (3) ª���>zÆ³ µ↑(↓)

�L�ª

µ0↑(↓) = kBT ln
(

1 +
2n0↑(↓)

ns

)
+eE0x0 + C0,

µ1↑(↓) = kBT ln
(

1 +
2n1↑(↓)

ns

)
−eE1x1 + C1, (7)

µ2↑(↓) = kBT ln
(

1 +
2n2↑(↓)

ns

)
−eE2x2 + C2.

kÅ��N�g^*Ñ�Ý Ld(u) �>|�
', £ã
>|�3�^�eg^4zP~��m
Øé¡5. Ld L«16f$Ä���>|���
�²1��g^*Ñ�Ý; Lu L«16f$Ä�
��>|��Ó�²1��g^*Ñ�Ý [25−27].

Lu = Ls/Γu,

Ld = Ls/Γd,

LuLd = L2
s ,

Ù¥

Γdi = −1
2

Ei

Ec
+

√(
1
2

Ei

Ec

)2

+ 1,

Γui =
1
2

Ei

Ec
+

√(
1
2

Ei

Ec

)2

+ 1.

(8)

�½n�©|�kÅ��N���g^*Ñ�Ý
��, = Ls0 = Ls1 = Ls2 = Ls, d (8) ª�±wÑ,
� Ei > 0 �, Ldi > Ls > Lui.

�
{üå�, ·�@�n�©|�î�°Ý
�~�, ��u16f�g^*Ñ�Ý, ¿��>
¡?5��Ó, K�òì�w�´���, n�©
|¥�>|÷v E0 = E1 + E2. b��>¡?Ø�
Ä.¡>{, @og^�'�>zÆ³÷v

µ0↑(↓) (x0 = 0) = µ1↑(↓) (x1 = 0)

= µ2↑(↓) (x2 = 0) ,

.¡?g^4z>6Åð, =

∆j0 (x0 = 0) + ∆j1 (x1 = 0) + ∆j2 (x2 = 0) = 0.

3 OSC0 ©|�å:?, dc^�5\ OSC0 .¡
?�>6g^4zÇ½Â�

αin = [j0↑ (x0 = l) − j0↓ (x0 = l)]/J0

= ∆j0 (x0 = l)/J0,

= ∆j0 (x0 = l) = αinJ0. 3 OSC1, OSC2 ©|, d
ug^É�g^*Ñ�Ý���,

ji↑ (xi = ∞) − ji↓ (xi = ∞) = 0 (i = 1, 2) .

�©ïÄ� T .kÅg^ì��>6g^�
�Ç½Â�

k = α1 (x1)/αin,

Knþ��:

k =
1
β1

γ1

γ0

[ (
β1E0

Ec
− Γd1

)
(Γu0 + Γd0)

× exp (−x1Γd1/Ls)

][ (
E0

Ec
+ Γd0

)
×

(
Γu0 +

γ1

γ0
Γd1 +

γ2

γ0
Γd2

)
exp (δΓd0)

+
(

E0

Ec
− Γu0

)(
Γd0 −

γ1

γ0
Γd1 −

γ2

γ0
Γd2

)

× exp (−δΓu0)

]−1

. (9)

d β1 = J1/J0 9 (4) Ú (8) ª��, ��Ç k �>
|rÝ' E0/Ec!OSC1 Ú OSC0 ¥�>6' β1!
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4zf'Ç γi 9�©|��Ýk'. ±e·�ò
äN?ØK�>6g^4z��Ç�Ï�.

3 (J9?Ø

g^4zÉg^*Ñ�Ý���, ¤±·��
�Óål 0.3Ls ?�>6g^4zÇ�'�. �
©¥�16f�[£Ç v = 5.0 × 10−4 cm2/Vs,
>�Ç [28]σ = 0.01 S/cm, kB = 1.38 × 10−23 J/K,
e = 1.6 × 10−19 C, T = 300 K, kÅ��N¥g
^*Ñ�Ý�©z [11] ¥�¢��, Ls = 200 nm,
K Ec = kBT/(eLs) = 1293.75 V/cm, c^�5
\ OSC0 à>6g^4zÇ�� αin = 0.16.

Äk�½>| E0 = 0.1Ec, OSC0 ¥4zf'
Ç γ0 = 0.5, OSC2 ¥ γ2 = 0.2, ã 2 �Ñ
>6g
^4z��Ç k � OSC1, OSC0 ¥�>6' β1 �
Cz'X. dã 2 �±wÑ: � β1 é��U
��
�����Ç k, ¿�4zf'Ç��, ��Ç�
�. � β1 = 0 �, L« OSC1 ¥>6�", Ø�3
>6g^4z. � β1 = 1 �, L« OSC1 ¥�>6
� OSC0 ¥>6�Ó, @o OSC2 ¥òvk>6, 1
6fÑ$�n�©|�.¡?�¬3>|�^e
A��Ü5\ OSC1 ¥, Ï�.¡?>6Åð, K
5\ OSC1 ¥�>6g^4zÇØC, 
3UYÑ
$�L§¥ò±�ê/ªP~, ¤±d�>6g^
4z��Çò�u 1. �
�������Ç k, ·
�3±e�O�¥� β1 = 0.2.

ã 2 4zf'Ç γ1 = 0.2, 0.5, 0.8 �, ��Ç k � β1 �Cz
E0 = 0.1Ec, γ0 = 0.5, γ2 = 0.2

ã 3 ¤«� γ1 = 0.2, 0.5, 0.8 ���Ç k �>
| E0 �Cz. lã 3 �±wÑ: �X>| E0 �O
�, ��ÇÅì~�. 
4zf'Ç��, ��Ç�

�. Ïd>6g^4zÇ�4zf'Ç�3X7,
éX, ù�©z [29] �ïÄ(J��.

ã 3 4zf'Ç γ1 = 0.2, 0.5, 0.8 �, ��Ç k � E0/Ec �
Cz γ0 = 0.5, γ2 = 0.2, β1 = 0.2

� E0 = 0.1Ec, ã 4 �Ñ
��Ç k �4z
f'Ç γ1 �'X. dã 4 �±wÑ: �X γ1 �O
�, ��Ç´ÅìO��. β1 ��, ���J�Ð.
γ1 = 0 �= OSC1 ¥4zf'Ç�", d�16f
�Ü�Ø�g^�V4zf, >6g^4zÇ�",
¤±��Ç��". γ1 = 1 �L«16f�Ü�4
zf, d���¹�g^5\ÃÅ��N�Ó, >
6g^4zÇ����, ��Ç���.

ã 4 β1 = 0.2, 0.5, 0.8 �, ��Ç k � γ1 �Cz E0 =

0.1Ec, γ0 = 0.5, γ2 = 0.2

4 ( Ø

�Ä�>|�K�9kÅ��N¥AÏ�1
6f>Ög^'X, nØïÄ
 T .(�kÅg^
ì�¥�>6g^4zÇ. lg^*Ñ¤£�§Ñ
u, ��
>6g^4z��Ç�L�ª. ÏLn
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ØO�uy: � OSC0 ¥>| E0 �½�, OSC1 ¥
>6 J1 � J0 �'� β1 ��, ��Ç��; � β1 �
½�, OSC0 ¥>| E0 ��, ��Ç��. Ó��u

y�ì��©|¥>|�½�, OSC1 ¥�4zf
'Ç���k|u¼���>6g^4z��Ç.
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Enlargement of current spin polarization in
organic spintronic device∗
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Abstract

Using the spin diffusion-drift equation and considering the effects of the electric fields and the special carriers in organic semi-

conductors, the enlargement ratio of current spin polarization in a simple T-shaped organic spintronic device is theoretically studied.

It is found that the significant enlargement ratio of the current spin polarization can be acquired by adjusting the electric field and the

polaron ratio in organic semiconductor.

Keywords: organic spintronics, spin injection, enlargement of current spin polarization
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