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3 GaAs áÂ�>NC, |^^1 Kerr�Aÿþ
 (Ga,Mn)As Ú p-GaAs �¬�>6p� Kerr^=ÌÚ��
Ì, üöÑ¥yÑ Lorentz ­�/G. >6p� Kerr^=�Ú��Ç�X>6�O�
O�, Kerr ��>6���¤
�''X, ��Ç�>6�²�¤�''X. (Ga,Mn)As � Kerr^=�' p-GaAs ��
��êþ?, ù`² Mn �
f��,¦�>6p��g^4zOr. ,	, �ÿþ
§ÝÚ\�1 ���é>6p� Kerr^=ÌÚ��Ì�
K�. uy�X§Ý�,p, Kerr ÌÚ��Ìþ��Å��£Ä, ù� GaAs �>�§Ý�Cz´���.

'�c: g^>fÆ, D^��N, >6p�g^4z

PACS: 78.20.Ls, 78.40.−q, 78.66.Fd

1 Ú ó

g^>fÆ���­�ïÄ8IÒ´��g
^�G� [1−5]. ¢�þ��´ÏL1|!>|!
^|ég^?1N� [6−10]. 'XM��êâÖ�
Ò´ÏL^Þ^z^�þ�«�. �Xì�º��
Øä �, 3é��«�S�)p^|´�~(J
�. �,^1Æ��{��±¢yég^���
� [11−13], �´1Æ�{éØ|u¢yg^>fÆ
ì���.zÚ8¤z. ÏdÏL>|½>6N�
>fg^¤��cïÄ�9:�� [8].

�
3Ã^|^�e¢y>fg^��)Ú
N�, <�ïÄ
>6½>|é16fg^4z
�K�. @Ï�nØÚ¢�ó�Ì�´8¥3��
>fí�$�á�¥� [14,15]. ÏL>|½>6N
�>fg^�±{ün)�>66L�¬�¦Ù
>f�)g^4z, ù��¡�>6p�g^4
z (current-induced spin polarization, CISP). @Ï�
nØ´ÏL Dresselhaus g^©�Ú Rashba g^©
�)º� [16]. 3��N¥ (ð ¶½n ¶(�),
dug^;��p�^, ¬��üØé¡5 (BIA)
Ú(��üØé¡5¬©OÚå Dresselhaus g^
©�Ú Rashba g^©� [17,18], ¦�>fg^{¿
)Ø, 3>f� Hamilton þ¥ÑyÅ� k ��5

�, ù��5�¦�>f�ÄþÚ>fg^�±�
p=£, 
ù«=£´g^;��p�^���k
�^|½k�Äþ����J, �Ò´Äþ (d>
6��½d>|D�) 3 Dresselhaus ½ Rashba X
Ú¥�±Úu>fg^. knØL², 3��NX
¥, ÏLí�äkg^ - ;�ÍÜ�ÃS 2DEG X
Ú*Ñ>�Üþ, ��±y²	\>Ø�±��
g^È\, 
�g^4z´�'u>| [19]. �C,
3ACNá�¥�¼�
ù��A���¢�y
â [9]. dACÚå� Dresselhaus�A½ Rashba�
A¦g^�þÚ�e�>fU?©�, ©�Uþ�
>f�Å�¤�', Ïd3$§e>fò uUþ
�$�U�þ, äkg^4z. 8c3NõØÓÄ
u GaAs, InAs, ZnSe, Ú GaN �$�(�¥, ®²*
ÿ�
>6p�g^4z, ,
éuNá����
%é�.

�©Ì�ïÄ\�1 (&ÿ1) Å�é>6p
�g^4z�K�. 3 (Ga,Mn)As áÂ�>NC,
·�uy Kerr^=��\�1�Å�ké��'
X. ·��ÿþ
>6p����ÇCz.

2 ¢�C���¬

�©¥^�
ü��¬, �¬´�k Hall bar
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(° Ý � 300 µm)! Ø p § Ý (TC) � 77 K
� (Ga,Mn) As ��, ´ÏL$§©få	ò)�
¤�. Äk3�ý�� GaAs �. (100) ¬¡��
þ)��� 500 nm þ� GaAs �À�, ,�2)
��,ßÝ� 8%, þÝ� 100 nm � (Ga,Mn)As
�. ,�¬´�k Hall bar (°Ý� 300 µm) � p-
GaAs ��, �´ÏL$§©få	ò)��, Ä
k3�ý�� GaAs �. (100) ¬¡��þ)�
�� 500 nm þ� GaAs �À�, ,�2)�þÝ
� 100 nm � p-GaAs �. ��Uìî��IO�
�Nó²�W!1�Ú�{zÆ@¡�¬, ��5
K� Hall bar/G� (Ga,Mn)As Ú p-GaAs. �¬�
3$§�±Ú�p¡, �¬� Hall bar üàÏ�6
>, ^5� (Ga,Mn)As Ú p-GaAs �¬�\�6°
Ä>6. 3vk;��`²e, ¤k�ÿþ(JÑ
´3 T = 3.5 K �§Ýevk	\^|��¹e�
��.

¢ � C � X ã 1 ¤ «. ¤ ^ � - 1 1 

´ Ti:sapphire £��¦/�¦-1ì, Å�N���
� 780 nm � 900 nm, óÀ­EªÇ� 76 MHz, ü
óÀUþ�� 18 nJ. §uÑ�1²L �¡�\�
���3$§Ú�p��¬ Hall bar ¥%. ��1
kÏL^1º, 2ÏL».dîcº PBSI ©�ü
å, ��^1x�Âìrüå1rÝ���=z�
>&Ò; 1xÑÑ�>&ÒÑ\�£���ì. ·
���¬ Hall bar üà\þªÇ� fE = 7.510 kHz
��6>, ù��6>´d£���ìJø�, Ó
�£���ì±��Jø��6>ªÇ��g
C�ë�ªÇ. Kerr ^=� θK = IKerr/2ITot, Ù
¥ IKerr ´£���ìÖÑ�1x&ÒrÝ ITot ´
��1o�1rÝ. �N!1xÑÑ�"�, �Ò
´1xü:�1r���, ^	1�	4Ù¥�å
1, 2^«ÅìÖÑÙ¥�å1rÝ��Ò�±�
�o�1r ITot.

ã 1 >6p� Kerr^=�ÿþXÚ (λ/2:1/2 Å¡)

3 (Ga,Mn)As ¥>6p�^1 Kerr �
AÚ��Ì�ÿþ

Äk·�ÿþ
 (Ga,Mn)As ¥>6p� Kerr
^=��-1Å��Cz. ÿþ�k3Ð©Å�
?Ãp�>6eò1xN", 2×Å�, ÙmØ2
� Kerr N" (Ï�3¢�¥uy, 3Ð©Å�N"
�, Ù¦Å�?1x�Ä�þ?u"G�). ã 2(a)
¥�Ñ
>6p� Kerr^=�-1Å��Czã.
lã 2(a) ¥�±wÑ, Kerr^=��-1Å��C
z¥yÑ Lorentz ­�/G, ù�N���Ì/G
é�q. ·�^ü� Lorentz ­��§�~�úª
é Kerr ÌÚ��Ì�
[Ü. úªXe:

θK = A0 + A1
W1

4(λ − λc1)2 + W 2
1

−A2
W2

4(λ − λc2)2 + W 2
2

, (1)

Ù¥ A0 ´Ð©&Ò, A1 Ú A2 ´ü�¸�ÌÝ, λc1

Ú λc2 ´ü�¸� �, W1 Ú W2 ´ü� Lorentz
­���p°Ý. ã¥ç�Ò´[Ü­�, l¥�
±wÑ, [Ü­��¢�­�ÎÜ�éÐ. ù�N
���Ìé�q, ù
¸�>fÚ�Ç3U?�m
��[ké�'X, Ïd, ÏL Kerr Ì·�ÒU


)>f�ÇU?��
�¹. 	\>6�±¦�
Ü©>f�)g^4z, >f�g^4z�\��
 1u)�p�^, ¦���1� �¡�éu\
�1�k��é�� =�, �Ò´ Kerr ^=�.
Ï�á�¥�16fÑ´?u,�U?þ�, �k
\�1�1fUþ�16f�[U?�C�, � 
1âU�16fg^u)�p�^. Ïd, ·�ÿ
þ�� Kerr^=��¸ �ATéAu16fØ
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Ó��[U?. Ó�, ÏLé Kerr ��ÿþ, �±

)á�¥16fU?��
&E.

·�?�Ú�ïÄ
>6��é Kerr ^=
��K�. ã 2(b) ¥�Ñ
 Kerr ^=�3¸ 
? (814 nm Ú 820 nm) �>6�Ý�Cz. lã
¥�±wÑ, Kerr ^=��X>6�Ý�O�

O\. ^���5¼êéÙ?1[Ü, ã¥ç�
Ò´[Ü­�. lã¥�±wÑ, �>6�Ý�
u 0.15 × 103 A/cm2 �, [Ü­��¢�­�ÎÜ
��Ð, �Ò´` Kerr ^=��>6¤�''X,
ù�$�á�¥g^4z�>6¤�'�nØ�
´���. ·���¬´Ná�, ù`²TnØ3
Ná�¥��U¤á, ù��Ná�¥>6p�g
^4zJø
¢��â. Kerr^=��>6´¤�
'�, �>6ÅìO��, ¢�­��[Ü­��
O���O�, �±`´��ØÎÜ. �Okü«
Ï���ù« l. Äk´du>6��� Joule
9Úå�, Joule 9�>6�²�´¤�'�. �>
6���, Joule 9é�, �±�ÑK, Kerr &Ò�
[Ü��ÎÜ�éÐ. �´�X>6�O�, Joule
9þ���Or, Kerr&ÒÒ¬Åì l�''X.
ù�·�ÿþ�(J´���. Ùgdug^µ
þ�m�É�>6½>|�K�. g^µþ�m�
X>6�O�´~��, ù�3@Ï�¢�¥�*
	�
 [20,21], g^µþ�m�~�¬Úåg^4
zÚg^�Ý�ü$, Ï
 Kerr ^=�3p>6

eÑy�Úy�, ·�3¢�¥�*	�
ù«y
� (ã 2(b) ¥¤�Ñ�>6����, ¿vkw«
Ñù�y�, ��X>6�UYO\, ·�(¢*
	�
ù«�Úy�).

>6p� Kerr^=��-1Å��Cz�N
���Ìé�q, 
�3·��XÚ¥��¬�\
��6>é�, Ïd·���±ÿþ>6p���
Ç�-1Å��Cz­�, ù��±¡�>N��
�Ì. ·�½Â��Ç�Cz� ∆R/R, Ù¥ R ´
�¬vk\>6����Ç, ∆R ´\þ>6��
��Ç�éu R �Czþ. ã 2(c) ¥�Ñ
��
Ì­�ã. �éu Kerr ^=��-1Å��Cz
5`, ��ÌCz3/GþÚ Kerr^=��Czé
�q. Ó�^ (1) ª�±éÙ[Ü (3ùp, (1) ª
¥ θK ALã� ∆R/R), ã¥�ç�Ò´[Ü­�,
�±wÑÙ�¢�­�ÎÜ�éÐ. Ó�·��ÿ
þ
��Ç3¸ ?�>6�Ý�Cz, Xã 2(d)
¤«. � Kerr^=��Czaq, ��Ç�X>6
�Ý�O�
O�. �â>N���ÌnØ [22], N
�&Ò��Ì�	\>|�²�¤�', Ïd·
�^��²�¼êéÙ�
[Ü, ã¥�ç�´é
¢�êâ��[Ü. lã¥�±wÑ, [Ü­�Ú
¢�­�ÎÜ�éÐ. ·���, ��Ì�±�N
�¬��«ëê, ��,ßÝ!�YÚU?�[
� [23], Ïd���q� Kerr ÌAT�U�Nù

ëê.

ã 2 (Ga,Mn)As >6p� Kerr ^=�Ú��Ç, T = 3.5 K (a), (c) Kerr ^=�Ú��Ç�\�1Å��Cz, I =

8.3 × 102 A·cm2; (b) Kerr^=�3 (a) ¥ü�¸ ?�>6�ÝCz; (d) ��Ç3ü�¸ ?�>6�ÝCz
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4 p-GaAs ¥>6p� Kerr Ì���Ì
ÿþ

Kerr ^=���¬¥>f31DÂ��þ�
g^4zké��'X, §�N
�¬�^z&
E. 
þ¡ÿþ��¬ (Ga,Mn)As �^5���,
� Mn âfké�'X. �
(½·�ÿþ��
>6p� Kerr ^=�A´Ä� Mn âfk', ·
�^ p-GaAs �¬�
Ó��ÿþ, Xã 3 ¤«.
ã 3(a) Ú 3(c) �Ñ
 Kerr^=�Ú��Ç�-1
Å��Cz­�, �\>6�Ý� 1.67×104 A/cm2.

lã¥�±wÑ, üö3/Gþ� (Ga,Mn)As �é
�q. ã 3(b) Ú 3(d) ¥�Ñ
 Kerr^=�Ú��
Ç3¸ ?�>6�Ý�Cz. Ó�·�©O^�
5�§é Kerr^=��[Ü, ã¥ç�=�[Ü­
�. lã¥�±wÑ, Kerr ^=��¢�­��[
Ü­�ÎÜ�éÐ. ùÌ�´du p-GaAs � Kerr
^=���Òé�, Joule 9é Kerr ��K���
A/C�é�, A�ÚDÑ��. éu p-GaAs �¬
5`, ÙN���ÌÌÝ�´�>6�Ý�²�¤
�'�, Ïd, ·��^��²�¼êéÙ�
[
Ü, lã¥�±wÑ, üöÎÜ�éÐ.

ã 3 p-GaAs >6p� Kerr^=�Ú��Ç, T = 3.5 K (a), (c) Kerr^=�Ú��Ç�\�1Å��Cz, I = 1.67 × 104

A·cm2; (b) Kerr^=�3 (a) ¥ü�¸ ?�>6�ÝCz; (d) ��Ç3 (c) ¥ü�¸ ?�>6�ÝCz

�, (Ga,Mn)As Ú p-GaAs �ÿþ(J3/G
þÑé�q, �'�Ù���, ·�uy§���
Oé�. éu p-GaAs 5`, 3>6�Ý� 1.67 ×
104 A/cm2 � Kerr ^=��¸���� 2 µrad,

 (Ga,Mn)As 3>6�Ý==� 8.3 × 102 A/cm2

� Kerr ^=��¸�Ò��
 90 µrad. 
3�
�Ç�¡, p-GaAs 3>6�Ý� 1.67 × 104 A/cm2

� ∆R/R �¸���� 0.01%, 
 (Ga,Mn)As 3
> 6 � Ý � 8.3 × 102 A/cm2 � ∆R/R � ¸ �
� 0.02%. üö� ∆R/R �� 2 ��m, 
 Kerr
^=�%��p� 45 �. ù`² (Ga,Mn)As ¥
>6p� Kerr^=Å�� p-GaAs �´Ø���,
(Ga,Mn)As ¥>6p� Kerr^=� Mn âfÚ Mn
âf��Çm�p�^k'. du�üØé¡5

Úå�g^©�¬¦�>fg^{¿)Ø, 	\
>6�, XJvkg^µþ½g^Ñ�L§, )Ø
{¿�ü�g^f�ò����Óâ, éo�g
^��´vk�z�. ,
>f3	\>6�°
Äe£Ä�, >fg^Ñk½õ½��g^Ñ�
L§, 
�g^�þÚg^�e16fég^Ñ
���z´ØÓ�, ù�Ò�)
·��g^�
�, ·�3 (Ga,Mn)As Ú p-GaAs ¥Ñ*ÿ�
>
6p�g^4z. éuD^��N (Ga,Mn)As 5
`, §�U�(�´�7á5� [24], =3 Fermi U
??g^�þ�>f��Ýé�, 
g^�e�>
f��Ý%�", �Ò´�7á3 Fermi U??�
k�«g^��, ÏdéN´3 (Ga,Mn)As ¥��
ép�g^4z. 	\>6p��g^4z�A

037801-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 037801

/�¬�ù«�A��. ,	, du sp-d ;���
�p�^, Mn âf��Ç�m����p�^é
r, ù�¬¦�>6p�g^4z�AOr. Ïd
·�3 (Ga,Mn)As ¥*ÿ��>6p�g^4z
' p-GaAs ���éõ.

5 §ÝÚ\�1 ����K�

� 
 ü Ø Kerr &Ò � U ´ � � Ç C z
½ Joule 9Úå�, ·��ïÄ
Ù¦�
Cþ
é (Ga,Mn)As Ú p-GaAs ¥>6p� Kerr ^=�
�K�§Ì��)§ÝÚ\�1 ���. du�
�ÌU�Ná�¥>fU?��
�¹, 
�é
u GaAs �¬5`, ÙáÂ�>´�X§Ý�,p

��Å��£Ä�, Ïd, ·�3ØÓ§Ýe©O
ÿþ
ü��¬�>6p� Kerr^=ÌÚ��Ì,
Xã 4 ¤«. lã¥�±wÑ, ØÓ§Ýe, éuü
��¬5`, ÃØ��Ì�´ Kerr Ì§��/G
Ñé�q, Ñ´ Lorentz ­�/G, �´¸ �X§
Ý�,pÑ��Å��£Ä, �Ò´ù£y�. ù
� GaAs �¬áÂ�>�X§Ý�,p��Å��
£Ä�y���. ù�?�Ú`²
>6p� Kerr
^=ÌÚ��ÌU�N16fU?��
&E. 

�lã¥�±wÑ, Kerr ÌÚ��Ìüö3/Gþ
�,é�q, �üö�¸ ¿Ø��, 
�ü�¸
��é���Ø��, ù`²
 Kerr^=�¿Ø´
d��ÇCzÚå�.

ã 4 ØÓ§Ýe, (Ga,Mn)As Ú p-GaAs �>6p� Kerr^=ÌÚ��Ì (a) (Ga,Mn)As Kerr Ì; (b) (Ga,Mn)As ��Ì; (c)
p-GaAs Kerr Ì; (d) p-GaAs ��Ì

ã 5 Øp§Ý±þ, (Ga,Mn)As >6p� Kerr^=��-
1Å��Cz

�
?�Ú
) (Ga,Mn)As >6p� Kerr^
=�� Mn âf^z´Äk', ·�3Ù TC =
77 K ±þ�ÿþ
>6p� Kerr ��Cz. 3 TC

§Ý±e�, (Ga,Mn)As áuc^�, 16f��Ò
kg^��, >6�O\¬��g^©�U���
\ì, ù�¬Úå Kerr&Ò�Or, �ù¿Ø´>
6é Mn âf�N��A, �´�«�YN��A.
Ïd·�k7�*ÿ TC §Ý±þ (ù� Mn lf
´ÃS�) � Kerr Ì. ã 5 ¥�Ñ
3Øp§Ý±
þ (Ga,Mn)As >6p� Kerr Ì. lã¥�±wÑ,
3§Ýpu TC �, (Ga,Mn)As �>6p� Kerr&
ÒE' ��. 
 p-GaAs � Kerr � 3 §Ý � 100 K
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�Ò�DÑ�Üìv
 (ã¥vk�Ñ). ù?�Ú
y²
 (Ga,Mn)As >6p�g^4z´� Mn â
k'�.

,	�*ÿ
\�1 ���é&Ò�K�.
du·�^�1´ �1, �\>6´�6>, 

 �1¬��¬S16fg^k�p�^, Ïd
·�ÿþ
ØÓ ����� �1é>6°
Ä Kerr^=ÌÚ��Ì�K�. ü��¬�(J�

ã 6 ØÓ\�1 ���e, (Ga,Mn)As �>6p
� Kerr Ì

�, \�1 ����UCé��ÌA�vk?Û
K�, ØÓ ���e>6p���Ì� Lorentz
­�����, ¸ Ú��ÑvkCz; 
>6p

� Kerr ^=Ì� Lorentz ­�/G%u)
²w
�Cz, ¸ Ú��Ñké��Cz, Xã 6 ¤«.
ã 6 �Ñ
ØÓ\�1 ���e� (Ga,Mn)As
Kerr ^=��­�. ·���1� ���÷X
>6���� 0◦, lã¥�±wÑ, \�1 �¡
3 135◦ Ú 45◦ � Kerr Ì�¸�'��, ù�y�
3 p-GaAs �¬¥�*	�
. ù�U��¬��
�É5k', ØLéuù«y��)�äNÅ��
k�u?�Ú�ïÄ, �ù�2gy²
 Kerr^=
�¿Ø´��Ç�CzÚå�.

6 ( Ø

·�ÿþ
 (Ga,Mn)As Ú p-GaAs �¬�>6
p� Kerr^=ÌÚ��Ì, >6p� Kerr^=�
�X>6�O�
O�, �>6��¤�''X.
Ó���Ç��X>6�O�
O�, �>6�
²�¤�''X. (Ga,Mn)As � Kerr^=�'Ú p-
GaAs ��
��êþ?, ù`²du Mn âf�
�,¦�>6p��g^4zOr. ,	ÿþ
§
ÝÚ\�1 ���é>6p� Kerr^=ÌÚ�
�Ì�K�. �,, ���&²!)ºù«y�, �
k�u?�Ú�nØÚ¢�&?.
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Observation of current-induced polarization in
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Abstract
Current-induced Kerr rotation spectra and reflectivity spectra of (Ga,Mn)As and p-GaAs are measured in the absence of the

magnetic field via magneto-optic Kerr effect around the energy gap. The dependences of the Kerr rotation and the reflectivity on the
laser wavelength show Lorentzian profile. The Kerr rotation depends linearly on the current, and the reflectivity depends linearly on
the square of the current. The Kerr rotation of p-GaAs is much weaker than that of the (Ga,Mn)As, which indicates that the doping
of Mn enhances the current-induced spin polarization. The dependences of the Kerr rotation and the reflectivity on temperature are
also measured, both showing red shifts of their Lorentzian peaks, a familiar behavior as the absorption edge of GaAs. In addition, we
observe the dependence of the Kerr signal on the polarizational direction of the incident beam.
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