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Abstract  
 

Spin Hall effect (SHE) and its inverse effect are group of phenomena that result from spin orbit interaction and 

provide an interconversion mechanism between charge and spin currents. So far materials with heavy elements 

carrying a strong spin orbit interaction are the only option for provide  these effect in metallic thin films. In this 

paper with using the surface roughness as an effect spin scatterer potential in non heavy metallic thin films such 

as Aluminium and Copper, we show strong SHE occurs without using heavy elements. We also demonstrate that 

even a surface with white noise nature can generate SHE with using side jump mechanism. Spin Hall angle 

obtained for these materials is comparable with those in heavy metals such as Platinum and Gold.      
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� �.��`'ẑσσσσ =   J`�/   � ��`.M( .���`�
SJ

SHθ #
� ��� !� ,��+  ��
� +�J!� �1�
/ )�/.  

)13                                                         (
nF

SJ

SH τε
η

θ
′

=
2

h  

2

Fkηη = c� ���� J�*� �9�� JG/ ��'�.
( +� �&�� !�J!� .��'.
σ
ks  ,>��. .�12 �8 �
�/ �
:� 0'
��� !�    �`�+ =>`! ,IG`7 .� 

J!� �  ,>��. +�13 J!� �%��'   ,`� ���-��� ,�
0τ  �.��`� . ��`+ 

 +� �9�����( 2��� y@� �`�+ =>!  ̀� �� `!� )��*��   �`d� .� .��`'

 4����9]1.[  

  

�:*���	���  

       �����3� �
�/ .%18 
� �� �.
�� ,� .%>�
*� +� 4:6,�%*� 

�� JG/ 0�3� ,� ��� !� �
�/ � �2��+ +� ��
� .��' �� !� �9

�' �%/� ,� ��+ =>! ,IG7 .��E .    �9���
`!. h%`� �� ����
`��

 �9���
!. 4.�������3�  �9���
!. �#
� ��� !� .  

    p3� (������ �9���
!.: �
'+   ,1`!
I' �
`�'� )`<��� 2
� 2

�����3� �9���
!. � ��%�8 ,�   2�`�+ F�
`.�� � J'
[R +� �&�


 �.�' 4���� ����]4.[  

)14          (                          ( ) 







−= ∑

=
2

2

1 0

0 1
2

3
,

d

n

n

n

d

d
n

n

n
n

d

τ
τσ

δσ  

 ,>��. �� .�mene 0

2

0 τσ = .��.� #�' .� �9���
! �'��
� .  

 .�0��2 .��%*� �      ,`A 2��`� J'
[`R ]`-6 �`� �9���
`!. 2

�'%���'%3E �  2���,! .��@'aa 10,,0=δ J!� ��� 4!. .' ���
�

�' �J'
[R )���� 
� ,� �%��' ����� �9���
!. �%`� .  ,`W �`� 

�����3� ���&� ��
� ���W%� 2��+� ������( 2
�   �`�+ =>`! +� ��

�' ��*���
�� �%��3� +� 2��*� ���&� ������   ��� `!� �
`�/ ,� 
�

�' 0�1�      �3%`L �`����3� �9���
`!. .� 2��`��� 4�`! � ��%�

J��� ����%V.  .�0��3    F�
`.�� ]`-6 �� �9���
!. .��%*� �

2��� ,A��'�.
( 
� �'%���'%3E 2   0�`� ,�
`�' 2
�2    ,`! 2��`� �

.��@' 
dn J!� ��� 4!. .  ,`*� .�  �9���
`!. �.�%`'    )��`�� 
`�

z��I�� �' )�
� �2��+ .
�&'��
 .w (#
� ��� !� �9���
!. :  
`�

       +� �`�
� #
`� ��� `!� 2
`� ,`��+ � �`����3� �9���
!. �����

 �`' �1�
/ )�/ � ].� �9�����(  4���%`�    �. #
`� ��� `!� ,`��+

4��� ,1!
I'.  

۷۹ مقاله نامه سیزدهمین کنفرانس ماده چگال انجمن فیزیک ایران



  

0��2  :J'
[R ]-6 �� �'%���'%3E ,A �����3� �9���
!. 2���   .��`@' ,!

00 10,,0 aa=δ.  ,�1`̀ � J`̀ �
" 
`̀ �°= Aa 04.40
  �`̀ '�� J`̀ ��6 �+��`̀ �� � 

°= AkF 175.1 �9���
!. �mΩ×= 11065.3 7

0σ .  

  

)15(                                                ( )σθθσ SJ

SH

SS

SHSH +=  


� {�
/ ,>��. 2.�13  �14 ,>��. .� S%� � )0=SS

SHθ(  ;.
18 ,�

�' �+4�!.:  

)16 (                                  








−

′
= ∑

=
2

2

1

2 1

dd

n

n n

nF
SH

n

n

nh

ke d

τ
τ

π
η

σ  

0�� .�4�9���
!. .��%*� � .
�&' z��I�� ]-6 �� #
� ��� !� 

 .��@' ,! 2���1000,100,10=dn �5.0=η ) .��@' 
� #�
&'

�� !����M( ���i .��' (J!� ��� 4!. . �9���
!.#
� ��� !� 

 2����' ��9.�� ���*� J'
[R 
� � ����+ =>!�%� .2.�{�
/ 
� 

 y���.14  �16  ,>��. .�15 �' �<� #
� ��� !� ,��+ ��%�
SJ

SH

SS

SHSH θθθ += �.�E J!� ,� �. . 
� D%���'%3E 2��� #
X' .%L ,�

mΩ×= 11065.3 7

0σ  �°= AkF 175.1  0� #
� ��� !� ,��+

 
� �����%48.0=SHθ �'�%� .����! ;��<� ,1��' +� .��@' �� ,� 

J!� ML � ���M( ���
'.  

0��4  : ,! 2��� .
�&' z��I�� ]-6 �� �'%���'%3E ,A #
� ��� !� �9���
!.

.��@'1000,100,10=dn .��'�.
( 
� 0�� ,�
�' 2
�2 �5.0=η. 

  

+�&����:  

        #
`� ��� !� �"� �
:� �
�'� 2.%a� ;.%7 ,�   2�`�+ y`!%�

 =>!,A �� .� �� `!� ,� 2�<� 2
�     ��`�.�� p�&`R �`��i .��`'

�� �!.��.  �� ���
�' ,���6 �' ��G! �%� 2��+ ���%�  �`"� ��

� �. ��3%� �1�
/ )�/ 4-��
�' y!%����   )��`�� 
� ,� 2.%L ,�

�3%� ��� !� �
�/ �+���� 2��+  �`' )��`�� ��� � �`�
 .  ��`�H*�

.��@'    #
`� ��� `!� ,`��+       2��`� �J`�
��. �`� .� ��`� ,1`!
I'

,1��' 4� D%���'%3E  
�  �`' M`L � ���M( ���
' ����! ;��<� �%`�. 

,�%9 ,� �
� �
��
'+E .� �"� �� ���
�' 2���
�� ,A 2� D
:�� ��

��� .
��. �Y3
V
� � ���
' ,� =>! 2��+ ,� �%�.  

=,�)��  
[1]  S. Maekawa et al; “Spin Current”; 1st edition ، Contemporary Physics . 

(2014)  55.2 
  ]2[ A. Hoffmann ; “Spin Hall effects in metals”; IEEE Transactions on 

Magnetics; 49, No10 (2013) 1834. 

[3]  Y. K. Kato; “Observation of the spin Hall effect in semiconductors” 

Science 306.No5703 (2004) 1910-1913.  

[4]  J. Sinova et al; “Universal intrinsic spin Hall effect”; Physical Review 

Letters 92.No12 (2004): 126603. 

[5]   N. Trivedi and N. W. Ashcroft; “Quantum size effects in transport   

properties of metallic films”: Physical Review B 38,No 17 (1988) 12298. 

[6]  L. Zhou et al; “Spin Hall effect by surface roughness” ; Physical 

Review B 91.4 (2015) 045407. 

                                                 
١ Spin Hall Effect 
٢ Berry phase 
٣ Skew scattering 
٤ Side jump 
٥ Dilation operator 
٦ Trivedi & Ashcroft 0��3 :.��@' ,! 2��� .
�&' z��I�� ]-6�� �9���
!.

dn  

۸۰ مقاله نامه سیزدهمین کنفرانس ماده چگال انجمن فیزیک ایران


	A15



