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行政院國家科學委員會專題研究計劃成果報告 
 



操控半導體電子自旋的動力行為與傳輸的研究: (一)在介觀系統中電偶極感應的自旋共

振；(二)在低磁場下的本質霍爾效應的不對稱性質。 
 

A study on the active control and manipulation of spin dynamics and transport in 

semiconductors: [I] Electric dipole induced spin resonance in mesoscopic system;  

[II] Asymmetries in intrinsic spin-Hall effect in low in-plane magnetic field; [III] Spin-Hall 

effects in a Josephson contact. 

 
一、中文摘要: 
 

在本計劃中，我們研究了操控半導體電子自旋的動力行為與傳輸的研究，其中包括(一) 
在介觀系統中電偶極感應的自旋共振；(二) 在低磁場下的本質霍爾效應的不對稱性質。 
 
(一) 在介觀系統中電偶極感應的自旋共振： 

此論文焦點於在介觀系統中電偶極引起的自旋共振現象。進一步來說，量子通道被引

進來探討傳輸系統中有可能被自旋軌道耦合效應引發的自旋極化。主要的發現是當由電場

提供的能量大小是二分之一Zeeman能隙大小時自旋極化被產生了。此吾考慮了intraband 躍
遷由磁場混和了兩個方向的自旋狀態進而造成的，而不是由破壞橫向對稱所造成的。這些

結果由為擾理論得到，而主要的效應由第一sideband方法即可得。 

Evanescent 模式被發現了很久但直到最近才慢慢受到關注。吾研究了電子在外加磁場

下的能譜，能譜也包括了 Evanescent 模式。這像結果事由考慮了 secular equation 和二次

方程式。並且在本篇論文裡有關的計算都包含了 Evanescent 模式。 
 

(二) 在低磁場下的本質霍爾效應的不對稱性質： 
我們研究了在二維的擴散半導體條狀系統中，在低磁場下塊材的自旋密度以及邊緣的自旋

堆積的效應。對於Dresselhaus本質自旋軌道交互作用，我們發現了對於兩個方向的平面磁

場:平行於二維條狀系統或橫向於二維條狀系統，我們發現了對稱與不對稱的特性。對於縱

向場，自旋密度的垂直分量Sz對於條狀系統顯露了奇宇稱而對磁場則是顯露了偶宇稱關

係。對於橫向場，Sz對於空間和場的相關性變成不對稱，對於非零的磁場會有一個非零的

塊材自旋密度存在，我們的研究結果顯示可以利用低磁場去偵測材料本身的自旋軌道交互

作用的根本來源。 

 
 
 
 
關鍵詞:  
自旋軌道交互作用, 自旋霍爾效應, 塊材自旋密度, 自旋堆積, 均勻散射子, 非均勻散射子, 
自旋共振, 平面磁場, evanescent 模, 自旋極化, Rashba 自旋軌道交互作用, Dresselhaus 自旋

軌道交互作用, Zeeman 能隙, intraband 躍遷 
 
 
 



 

Abstract: 
We study the quantum transport in mesoscopic structure: [I] Electric dipole induced spin 
resonance in mesoscopic system; [II] Asymmetries in intrinsic spin-Hall effect in low in-plane 
magnetic field; [III] Spin-Hall effects in a Josephson contact 
 
 
[I] Electric dipole induced spin resonance in mesoscopic system: 
 
This thesis focuses on electric-dipole-induced spin resonance[1] in the mesoscpic system.  
 
Furthermore, a quantum channel is introduced to explore possible spin polarization of the 
spin-orbital effect from quantum resonance allowed by such transport system. A major finding in 
this thesis is that generation of polarization occurs when the energy offered by electric field 
matches the one half of Zeeman gap by considering inelastic scattering process between 
intraband, different branches in the same subband. The intraband transition is not caused by 
breaking symmetry in y-direction, whereas a static in-plane magnetic which mix two spin states 

of xσ and yσ . These analytical results are derived with a perturbed method and the dominant 

effects coming from one side band approach,[2] and the other result of numerical iteration is 
compared. 
 
And the important of the evanescent modes exists for long time but until recent get more and 
more attention.[3-5] We study total spectrum of electron states which contain evanescent states in 
different external field magnitudes. The results are obtained analytically by secular equation and 
quadratic equation. In this paper, the all calculation include the affect of evanescent modes. 
  
[II] Asymmetries in intrinsic spin-Hall effect in low in-plane magnetic field: 
 
Effects of low in-plane magnetic field on bulk spin densities and edge spin accumulations of a 
diffusive two dimensional semiconductor strip are studied. Focusing upon the Dresselhaus-type 
intrinsic spin-orbit interaction (SOI), we look for the symmetry, or asymmetry, characteristics in 
two magnetic field orientations: along and transverse to the strip. For longitudinal field, the out- 
of-plane spin density Sz exhibits odd parity across the strip, even parity in the magnetic field, and 
is edge accumulation. For transverse field, Sz becomes asymmetric in both spatial and field 
dependences, and has finite bulk values for finite magnetic fields. Our results support utilizing 
low in-plane magnetic fields for the probing of the underlying SOI. 
 
Keywords:  
Spin-orbit interaction, spin-Hall effect, bulk spin densities, spin accumulation, isotropic scatterer, 
anisotropic scatterer, spin resonance, in-plane magnetic field, evanescent mode, spin polarization, 
Rashba SOI, Dresselhaus SOI, Zeeman gap, intraband transition, Josephson contact 



二、Motivations and goals 

[I] Electric dipole induced spin resonance in mesoscopic system: 
(1) Electric-dipole-induced spin resonance： 
The basic physical concepts of EDSR are analogous to those of nuclear magnetic resonance 
(NMR). Our fundamental idea of the paper base on the concept that employ an effective magnetic 
field due to spin orbital interaction(SOI) instead of the external rotating magnetic field.[1] 
 
(2) Energy spectra of Evanescent mode： 
The intraband transition, transition between different branches in the same subband should 
involve evanescent modes. The evanescent mode is important in the transport property and these 
has been pointed out by other groups also.[3-5] Besides, we will discuss another kind of 
Evanescent modes outside of the gap which have not been discussed numerously so far. The two 
kinds of Evanescent modes have different behaviors individually. 
 
 
[II] Spin Orientation and spin-Hall effect induced by tunneling electrons: 
Generation and manipulation of spin densities by electrical means are major goals of 
semiconductor spintronics that are made possible by spin-orbit interactions (SOI). [1-8] SOIs 
being considered are either of the intrinsic-type: the Rashba [2,5,7,9-11] and the Dresselhaus 
SOIs; [4,8,12,13] or of the extrinsic-type: the impurity-induced SOI. [1,3,6,10,14] These SOIs 
contribute, in an external electric field, to either spin densities in the bulk or spin accumulations 
at lateral edges, or both. Out-of-plane spin polarization is of particular interest because it permits 
efficient optical probe by Kerr rotation. The edge spin accumulation, according to the spin-Hall 
effect (SHE), has an out-of-plane component, and is resulted from a transverse spin current 
induced by the electric field. [1,4-6] However, for the case of intrinsic SOI, consensus has been 
reached that the SHE is quenched by background scatterers, be they isotropic or anisotropic, [15] 
as long as the momentum dependence in the intrinsic SOI is linear. Meanwhile, no out-of-plane 
bulk spin densities is expected in an electric field. [2,10,16] When applying an in-plane magnetic 
field to a two-dimensional (2D) systems, one might be led by the in-plane nature of the effective 
spin-orbit magnetic field, h eff= <h(k)>≠ 0, that there were no out-of-plane spin densities. This is 
shown not to be the case by Engel et al. 11 for a Rashba-type 2D system, where out-of-plane spin 
densities are found when the external in-plane magnetic field is longitudinal: a configuration 
studied by recent experiments. [17,18] However, either the scatterer has to be anisotropic or the 
electron dispersion has to be nonparabolic for the effect to hold. [11] In this work, we have 
shown that out-of-plane bulk spin density can be generated in another configuration with less 
restrictive assumptions. The configuration is a Dresselhaus-type 2D system and the external 
in-plane magnetic field is in a transverse orientation. More importantly, the effect holds for 
isotropic background scatterers and for parabolic dispersion for electrons. Our calculation has 
included the cubic Dresselhaus SOI. 
 
[III] Spin-Hall effects in a Josephson contact 
 



The Josephson tunneling through a 2D normal contact with the spin-orbit split conduction band 
has been studied in the diffusive regime. Linearlized Usadel equations for triplet components of 
the pairing function revealed a striking similarity to the equations of spin diffusion driven by the 
electric field in normal metals. We predict that the out-of-plane spin-Hall polarization 
accumulates towards lateral sample edges and the in-plane polarization is finite throughout the 
entire normal region. The spin-Hall current is absent in the considered case of the stationary 
Josephson effect. 
 

三、Results and discussion: 

[ I ] Electric dipole induced spin resonance in mesoscopic system 
The Hamiltonian is written as  
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The evanescent modes are found that their behavior quite different in weak (B <Bc) and 
strong magnetic field (B > Bc). The critical field Bc is given by the Rashba spin-orbit interaction 
(typically Bc 10mT). 
The three following energy dispersion figures corresponding to three magnitude magnetic field . 



 
Fig1：X-axis is momentum k （Unit：1.89×108/m）； Y-axis is Energy ( 0.16ε − )/ （Unit：
59.5mev ）  Red curves ： Propagating mode ； Blue curves ： Evanescent mode. When  
(

0b

0.16ε − )/ <-1, the two modes couple together. The magnetic energy is small then Rashba 
energy and the energy dispersion is Rashba-like. 

0b

 

 
Fig2：X-axis is momentum k （Unit：1.89×108/m）； Y-axis is Energy ( 0.16ε − )/ （Unit：
59.5mev ）  Red curves ： Propagating mode ； Blue curves ： Evanescent mode.When  
(

0b

0.16ε − )/ <-1, the two modes couple together. The magnetic energy is equal to Rashba energy  0b
and the energy dispersion bottom is flat. 



 
Fig3：X-axis is momentum k （Unit：1.89×108/m）； Y-axis is Energy ( 0.16ε − )/ （Unit：
59.5mev ）  Red curves ： Propagating mode ； Blue curves ： Evanescent mode. When  
(

0b

0.16ε − )/ <-1, the two modes couple together. The magnetic energy is lager then Rashba 
energy and the energy dispersion is Zeeman-like. 

0b

 
We also studied spin density variation in position with different frequency. And the different 

frequency cause first side band have different evanescent mode which affect strongly on spin 
density. 
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Fig4：The energy locates the center of Zeeman gap. The fluctuation of xσ  spin density has faster 
saturation when the first side band locates at the lager evanescent mode, see the relation of the 
side band and evanescent mode in fig1. And the spin density becomes larger when we turn on the 
electric field and tune up the frequency. Electric field E0 is in unit of 0.338 KV/cm. 
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Fig5：The energy locates the center of Zeeman gap. The fluctuation of xσ  spin density has 
faster saturation when the first side band locates at the lager evanescent mode, see the 
relation of the side band and evanescent mode in fig1. And the spin density becomes larger 
when we turn on the electric field and tune up the frequency. Electric field E0 is in unit of 
0.338 KV/cm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



[ II ] Asymmetries in intrinsic spin-Hall effect in low in-plane magnetic field  
(see Appendix A, preparing to submit to Physical Review B ) 
 

[III] Spin-Hall effects in a Josephson contact 
 
The distinct feature of this work is that the predicted effect here occurs as a equilibrium result. 
This is in sharp contrast with the spin-Hall effect, where non-equilibrium spin polarization in the 
bulk or the non-equilibrium spin accumulation at edges are generated by a driven electric field or 
an influx of charge current.  This work has been submitted to Physical Review Letters 
(arXiv:0801.4419v1 for an earlier draft in archive, also see Appendix B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
Appendix A: 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 



 

 
 
 
 



 
 
 
 
 



 

 
 
 



 
 
 
 
 



 

 
 
 



 
 
 
 
 



Appendix B: 
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