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中 文 摘 要 ： 我們用理論探索在奈米圖模下二維電子氣可能實現的人造拓

樸絕緣體。二維電子氣的 

高遷移率與成熟的製程技術吸引對於拓樸絕緣體上較完計畫

標題:研究在奈米圖模下 

二維電子氣的拓樸絕緣體物理 

1. 去探索奈米圖模下二維電子氣具有的拓樸絕緣體物理 

2. 對以後的研究建立一個在二維電子氣的製程科技可實現的

新穎機能基礎理論框架 

整尺度物理研究的可能性。我們特別關注的是自旋軌道交互

作用,包含本質自旋軌道交 

互作用,像在奈米圖模下二維電子氣的 Rahsba, Dresselhaus 

自旋軌道交互作用。這些 

效應造成的能隙打開和邊緣態將被研究。 

奈米圖模下二維電子氣包括中空圓,奈米閘極和磁通量晶格之

各種形式晶格將被研 

究。自旋軌道交互作用可由均勻或週期的閘極圖模所造成。

探討拓樸絕緣體對晶格具 

有和不具有反轉對稱的相關性質。中空圓使用硬牆式位能而

鬆餅形位能可使用奈米閘 

極控制。研究在高對稱點 K,M,Γ上由於自旋軌道交互作用引

起的能階交叉和能隙打開, 

以及其他在布里淵區內的 k 點。布洛赫函數可用晶格中心的

圓柱形波函數構成,將之推 

廣到二維磁通量晶格由於自旋軌道交互作用引起的能隙打開,

對於每個佔據能帶可以 

計算 Berry 曲率和 Chern 數。透過直接計算邊緣態的波函數

以及色散關係可以引入適 

當的邊界條件。我們特別想探討樣品邊緣方向性對於邊緣態

的相關性。 

我們的目標是對以後研究建立一個在二維電子氣可實現的新

穎機能理論框架。 

中文關鍵詞： 拓樸絕緣體,奈米圖模,奈米閘極,邊緣態,自旋軌道交互作用,

磁通量晶格,鬆餅形位 

英 文 摘 要 ： Title of the proposal: A study on the topological 

insulator physics in nano-patterned 2DEG 

The goals in this study are 

1. to explore the topological insulator physics in 

nano-patterned 2DEG, 

2. to establish a basic theoretical framework for 

later study on novel functionalities 



made possible by the 2DEG fabrication technologies. 

We propose to explore theoretically the possibility 

of realizing artificial topological 

insulator (TI) in nano-patterned two-dimensional 

electron-gas (2DEG). The high mobility 

of the 2DEG and the associated sophisticated 

fabrication technologies already established 

for 2DEG make this possibility attractive for a 

fuller scale study on the TI physics. 

Particular attention will go to the effects of spin-

orbit interactions (SOI), including 

intrinsic SOIs such as the Rashba-type and 

Dresselhaus-type SOIs, on the nano-patterned 

2DEG. Their effects on gap opening and edge states 

will be studied. 

Nano-patterned 2DEG includes void lattices, nano-gate 

lattices and magnetic flux 

lattices. The SOIs considered are either uniform or 

periodic, in direct correspondence to 

the gate pattern. Lattices with inversion and without 

inversion symmetry will be studied 

to explore its connection to the robustness of the TI 

effects. Various types of lattices will 

be studied. 

Hard wall potential model will be used for the void 

and muffin-tin potential model 

will be used for the nano-gate. Features of energy 

level crossing or gap opening will be 

studied at the high symmetry points, such as the K, 

M, and theΓpoints, and at other k 

points in the Brillouin zone. Detail analysis of the 

Bloch wavefunction in terms of the 

cylindrical wavefunctions centered at a lattice site 

will be carried out and the insights will 

be applied to the study of magnetic flux lattices in 

2DEG. Gap opening due to SOI, the 

effects on the corresponding Berry curvature and the 

Chern number for each such 

occupied band will be calculated. Appropriate 

boundary conditions will be introduced for 

a direct calculation of the edge state dispersions 

and edge state wavefunction. In 



particular, the dependence of the edge states on the 

orientation of the edges will be 

explored. 

In all, we aim at establishing a theoretical 

framework for later study on novel 

functionalities made possible by the 2DEG. 

英文關鍵詞： topological insulators, nano-patterned, nano-gate, 

edge state, spin-orbit 
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報告內容: 

Published works: 

 

  “Effects of edge potential on an armchair-graphene open boundary and nanoribbons” 

   Physical Review B 85, 155444 (2012)  

   C.H. Chiu and C.S. Chu  

 

  “Nonuniversality of the intrinsic inverse spin-Hall effect in diffusive systems” 

   Physical Review B 85, 165201 (2012) 

   L.Y. Wang, A.G. Mal’shukov, and C.S. Chu 

“Robust level coincidences in the subband structure of quasi-2D systems” 

Solid State Communications (2012)   (accepted) 

R. Winkler, L.Y. Wang, Y.H. Lin, and C.S. Chu 

Works in preparation: 

 

“Effects of spin-orbit interaction on the topological physics in a 2D triangular muffin- 

 potential lattice” 

 R.S. Chang, W.L. Su, and C.S. Chu 

Details of these above works are presented in the following. 

 

 

 

 

 

 

 

 

 

 



I 
 



I 
 



I 
 



I 
 



I  



I 
 



I 
 



I  



I 
 



I 

 

 

 

 

 

 

 

 

 



I 

 



I 
 



I 
 



I 
 



I 
 



I 
 



I 
 



I  



I 

 



I 

Works in preparation: 

 

“Effects of spin-orbit interaction on the topological physics in a 2D triangular muffin- 

 potential lattice” 

 R.S. Chang, W.L. Su, and C.S. Chu 
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The findings that we have obtained in this project are many. Two major parts are: 

1. Impact on the topological physics research: 

A.  Edge-states generation at an armchair-graphene open boundary: 

  In this finding, not only that we have shown that edge-states can be generated at an 

armchair-graphene open boundary by an edge-potential, we have also shown that the 

edge-states are non-Tamm-like. This peculiar nature of the edge-state, namely, that there 

is no threshold edge-potential for the edge-state generation, is very interesting, and is 

worth further exploration. It is because one might wonder whether there is topological 

origin in this edge-state formation, and if it did, how to identify it.  

  Equally importantly, we have shown that the physical mechanism that makes possible 

the edge-state formation is the turning on of pseudospin-flipping scattering at the open 

boundary. This is confirmed by our finding of out-of-plane pseudospin spatial 

distribution when a valley-polarized beam incident upon an open boundary. We have also 

studied the contribution to these edge-states to the conductance in an armchair-graphene 

nanoribbon. The chirality of the edge-states is expected to cause their conductance to be 

more robust against disorder. This, again, is worth further exploration. 

B. Effects of structure-inversion asymmetry (SIA) and bulk-inversion asymmetry (BIA) on 

the topological physics in HgTe quantum well structures: 

  With the introduction of the BIA to the 8 8   Luttinger Hamiltonian, we have 

shown that the 0k   energy levels in the HgTe quantum well exhibits level 

anti-crossing at a well width very close to the well known critical well width for 

level-crosing, had the BIA were not introduced. The question whether this would destroy 

the topological physics is answered in this work. We show that the 2D Hamiltonian of 

the HgTe quantum well still contains gapless (or level-crossing) features. We further 

calculate explicitly the edge states, their wavefunction, and their contribution to the 

conductance in a quantum channel that is formed out of the quantum well. The 

conductance characteristics for a quantum channel with a potential region, and with or 

without BIA terms, are studied in light of the Fano processes. Our results show that the 

BIA term has not destroyed the topological nature of the system, but has distinct effects 

on the transmission characteristics. This study gives insight upon the robustness of the 

topological features in well known topological systems. 

C. Topological physics in a 2D muffin-tin potential triangular lattice: 

  In this work, we find out that by introducing a spin-orbit interaction that comes 

together with the muffin-tin potential lattice on a 2D semiconductor substrate, the system 

exhibits 2Z  physics. The Chern numbers of individual energy bands are calculated and 

the optimal lattice configurations for the energy gap are obtained. This work provides 

insight for the possibility of driving a normal system into a topologically non-trivial 

regime. 

2. Nonuniversality of the intrinsic inverse spin-Hall effect in diffusive systems: 

We find out that the factor relating the electric and spin currents is not universal, and 

depends on the origin of the spin current.  
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國科會補助專題研究計畫項下出席國際學術會議心得報告 

                                     日期：   年   月   日 

                                 

一、參加會議經過: 

The APS march meeting was from Feb. 27 (Monday) to March 2 (Friday). My group had 

three talks to present in this meeting: on Monday, Thursday, and Friday, all on the 

morning. So we arrived Boston on Feb. 26 (Sunday) afternoon, and leave on March 3 

(Saturday) morning.  

     The first talk, by my postdoctoral research associate Dr. L.Y. Wang, was in the Session 

A32: Topological Insulators: Quantum Hall Effects. The title of the talk was: 

“Topological property for magnetic flux tubes in a two-dimensional electron gas”. 

     The second talk, by my Ph.D. student Mr. C.H. Chiu, was in the Session V11: Focus 

Session: Graphene Structure, Stacking, Interactions; edges and grain boundaries”. 

    The title of the talk was: “Effects of edge-potential on an armchair-graphene open 

boundary and nanoribbon”. 

     The third talk, my myself, was in the Session Y32: Topological Insulators: General 

theory. The title of the talk was: “Effects of spin-orbit interaction on a triangular 

lattice potential patterned two-dimensional electron gas”. 

    The second and the third talks have each drawn a number of responses and discussions 

after the presentation. We considered them well received.  

    In between our talks, we have attended sessions mostly focusing on topological physics 

and graphene related topics. There were many sessions on these two general topics. 
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二、與會心得 

I think that we had done a good job in presenting the work of my group. Given the 

limited time for each presentation, we managed to post questions in the beginning 

of our talk to best motivate the need of our work. And we presented, in the outset, 

a summary of our work, which will appear again at the end of the talk. This helped 

registering in the audience the take-home main messages of our work. The main message 

in every powerpoint page has to be stated explicitly. A lot of work and time has been 

done to organize our powerpoint, and to make the presentation of equations as friendly 

as possible. I think going through this painstaking process and the experience of 

presenting to an audience of close to hundred physicists has had important impact 

to my postdoc and my Ph.D. student. And allowing younger generation to present their 

work in such an international event is worth the cost of supporting their trip.  

 

三、考察參觀活動(無是項活動者略) 

四、建議 

More generous support for serious Ph.D. students and post-docs to present their work 

in important international conferences. 

五、攜回資料名稱及內容 

六、其他 
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