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Outline 

• Tour of Topological Insulators (TIs) 

• Getting into the technical details 

• What is proposed? 

• How will it be done? 

• What good is it? 
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Topological Insulator 

• What is it? 

• How is different from “normal” materials? 

• Why nano-size? 

• How do we “see” it? 

• What good is this information? 
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What is a Topological Insulator? 

• A homogeneous material that behaves 

differently at the edge than in the bulk. 

– What kind(s) of behavior? 

– What is the “edge”? 

– What is the bulk? 
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What is the Behavior of a TI? 

• It is topological - it has a surface and an 

interior 

• It is an Insulator or Conductor of Electrical 

Current by topological region 
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What is the Edge of a TI? 

• The part of the material that conducts 

electrons. 

• It is usually at the surface of the material. 
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What is the Bulk of a TI? 

• The part of the material that is insulating. 

• It is usually interior to the material (not on 

the surface). 
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What is Meso-Region of a TI? 

• The region of the material that is 

– Between the edge and the bulk 

and/or 

– Unstable in its edge/bulk properties 
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How is it different? 

It is both an insulator and conductor. 

Conduction may scale to a lower power than 

expected for the material size increase. 

It may have spin currents with zero net 

current. 
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Why is it nano-size? 

• The Hamiltonian is about atomic or 

molecular structure and the material is 

composed of at most on the order of about 

10,000 atoms or molecules. 
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How can we “see” a TI? 
• Scanning Tunneling Electron Microscopy 

• Functionally with a Quantum Hall Bar 

“Spatially resolved one-dimensional boundary 

states in graphene hexagonal boron nitride 

planar heterostructures,” [26]. 

“A short course on topological 

insulators: Band-structure 

topology and edge states in 

one and two dimensions,” 

[16]. 
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Scanning Tunneling Electron 

Microscopy to “see” a TI. 

https://en.wikipedia.org/wiki/Scanning_tunneling_microscope 

https://www.youtube.com/watch?v=EXcQxuWR1pI 
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Functionally “see” a TI? 

• A Quantum Hall Bar 

“A short course on topological insulators: Band-structure 

topology and edge states in one and two dimensions,” [16]. 
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What good is a TI? 

• The topological effect of a quantum Hall 

Bar is used to define the Ohm. 

• Spintronics 

• Nano Size Electrical Components 
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Technical Details 

• Dimension and “Symmetries” matter 

• Film is 2d, Wire is 1-d and Dot is 0-d 

• Symmetries are determined by the 

material and the physics they are reflected 

in the Hamiltonian and the Matrix 

formulation 
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The 10-Fold way 

“Topological insulators and superconductors: 

tenfold way and dimensional hierarchy,” [37]. 
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Su-Schreifer and Heeger Model 

Wikipedea and [16]. 

Chemical Compound: Polyacetylene usually refers to an organic polymer 

with the repeating unit (C2H2). The name refers to its conceptual 

construction from polymerization of acetylene to give a chain with 

repeating olefin groups. Wikipedia Formula: [C2H2]n 

A segment of trans-polyacetylene 

   

Ball-and-stick model Structural diagram 

http://en.wikipedia.org/wiki/Polyacetylene
https://www.google.com/search?q=polyacetylene+formula&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDYrMC7RUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqzS8otyS3MSAd0lcCA2AAAA&sa=X&ved=0ahUKEwid7rLw1fLLAhXEnYMKHVLVAJsQ6BMIogEoADAW
https://en.wikipedia.org/wiki/File:Trans-%28CH%29n.png
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Su-Schreifer and Heeger Model 

• The winding number is a topological index 

• Bulk-boundary correspondence to net number of edge 
states: NA − NB 

• Simple robust predictions about the low energy physics 
at the edge or of the edge state 

fizipedia.bme.hu/images/1/14/Topological_insulators.pdf and [16]. 

Polyacetylene chain 
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Rice-Mele Model 
• Adiabatic Charge Pumping 

• Time Dependent 

• Number of Pumped Particles is the Chern 

Number 

 

[16] 
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Qi-Wu-Zhang Model 
• Two dimensional 

• Chern Number is the topological invariant 

• Half BHZ model (Next slide) 

[16] 
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Bernevig-Hughes-Zhang Model 

[16] 

Mercury telluride is a binary chemical compound of mercury and 

tellurium. It is a semi-metal related to the II-VI group of 

semiconductor materials. Alternative names are mercuric telluride 

and mercury telluride. Wikipedia 

Formula: HgTe 

Molar mass: 329.18 g/mol 

Density: 8.1 g/cm³ 

http://en.wikipedia.org/wiki/Mercury_telluride
https://www.google.com/search?hl=en&authuser=0&biw=1289&bih=722&site=webhp&q=hgte+formula&stick=H4sIAAAAAAAAAOPgE-LUz9U3SEpOSc_SUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqzS8otyS3MSAXRaGd02AAAA&sa=X&ved=0ahUKEwiXx9unzvHLAhWom4MKHUy6C44Q6BMIkwEoADAQ
https://www.google.com/search?hl=en&authuser=0&biw=1289&bih=722&site=webhp&q=hgte+molar+mass&stick=H4sIAAAAAAAAAOPgE-LUz9U3SEpOSc_S0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxy83MSixRyE4uLAWaxDUU5AAAA&sa=X&ved=0ahUKEwiXx9unzvHLAhWom4MKHUy6C44Q6BMIlgEoADAR
https://www.google.com/search?hl=en&authuser=0&biw=1289&bih=722&site=webhp&q=hgte+density&stick=H4sIAAAAAAAAAOPgE-LUz9U3SEpOSc_SUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxSUvOKM0sqAQ9ogHo2AAAA&sa=X&ved=0ahUKEwiXx9unzvHLAhWom4MKHUy6C44Q6BMImQEoADAS
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What is Proposed? 

• Properties of TI Regions  

– Size 

– Shape 

– Disorder 

– Robustness 

• Transition from Film to Wire  

• Transition from Wire to Dot 

• Numerical Experiments 
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Size 
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Shape 



25 of 33 

Shape 
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Transitions 
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Disorder 
• Impurities 

• Hamiltonian 

In this scanning tunneling microscope (STM) image, electron 

density waves are seen to be breaking around two atom-sized 

defects on the surface of a copper crystal. The resultant standing 

waves result from the interference of the electron waves 

scattering from the defects. Courtesy, Don Eigler, IBM. 
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Robustness 

In this scanning tunneling microscope (STM) image, electron 

density waves are seen to be breaking around two atom-sized 

defects on the surface of a copper crystal. The resultant standing 

waves result from the interference of the electron waves 

scattering from the defects. Courtesy, Don Eigler, IBM. 
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Numerical Experiments 
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Numerical Experiments 
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How will it Get Done? 
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What Good is the Research? 

• More Efficient Prototyping 

• Less Expensive Design 

• Faster Time to Development 

• Increased Knowledge of Shape, Size and 

Disorder on Topological Insulator 

Properties of the Edge, Meso and Bulk 

Regions 

• Local Manufacture 
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Click to edit Master title style 

• Click to edit Master text styles 

– Second level 

• Third level 

– Fourth level 

» Fifth level 
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NanoScience and MicroSystems Engineering 

Questions? 


