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2D Topological Insulators 

2D topological insulator ⟹ Helical 1D edge mode   

Quantum wells of Hg/CdTe and InAs/GaSb 

Edge conductance not quantized  
mesoscopic fluctuations as a function of gate voltage 

Existence/Absence of elastic backscattering ? 

Conductance at high magnetic field 



Tungsten Ditelluride WTe2 

Bulk 

Helical modes 

5µm 



WTe2 
5µm 

100 µV a.c. Excitation 
3 mV d.c. bias 
Effects only 1.6K, suppresses ZBA 

3Layer 2Layer 1 Layer 

Stays metallic Wider minimum 
 100>T  plateau of conductance Sharp dip at around VG=0 

Stays metallic for VG>>1 
100>T  →  Bulk is insulating 
⟹ Edge conduction 



Edge Conduction 

5µm 

 Bulk + Edge 

only Bulk  
Edge grounded 

T = 10K 

T = 1.6 K 

T = 10K 

only Bulk  

Not effected by B field  

only between adjacent contacts  

Constant edge contribution 

Suppressed by B-field 

(Black) – (Blue)  

Bulk is insulating  

Independent of VG 
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Edge Conduction 

Negligible bulk contribution 

T = 1.6 K 

5µm 

Possibility of Edge Conductance 
- Gedge is independent of gate voltage 
- No Edge conduction in bilayer  
- 𝐵∥ suppresses Gedge  ⟸ TR symmetry is broken 

𝐺𝑒𝑑𝑔𝑒 = 𝐺0𝑒
−𝛼𝐵∥ 𝑇  

𝐺0 = 17 𝜇𝑆 

𝛼 = 5 

∆𝐵= 𝑔𝜇𝐵𝐵∥ 

𝑔 =
𝛼𝑘𝐵

 𝜇𝐵 ≈ 7.5 



Zero Bias Anomaly 

All edges show dip at 1.6K 

B field ⟹ suppresses ZBA and mesoscopic fluctuations 

ZBA ↔ mesoscopic fluctuation 



Value of Gedge 

Expected Gedge = 1 e2/h = 38.7 µS 

Possible reasons: 
-    Imperfect transmission between edge and the metal contacts. 
- Backscattering from multiple magnetic impurities* 
- Puddles in disorder potential*  

We do not observe the quantized conductance that would be a definitive signature of a 2DTI 

4 samples  
19 adjacent contact pairs 

Sample A Sample B Sample D 

10K 

Sample C 

1.6K 

If some form of backscattering is allowed in a quantum wire,  
ZBA can develop due to interaction effects* 



Discussion 
Suppose single helical edge in disorder potential 

If backscattering, stronger at weak points 

𝐵∥ = 0 ⟹  ½ e2/h 

If the reason is quantum interference, no 𝐵⊥ dependence  

As T lower ⟹ stronger scattering ⟹ ZBA  

Long edges ⟹ smaller conductance 

As T higher ⟹ coherence length decreases  
⟹ Gedge decrease  (above 6K) 

Magnetic field opens gap ∆𝐵 

⟹ Gedge has factor 𝑒−∆𝐵 𝑘𝐵𝑇  

⟹  Rapid mesoscopic fluctations 



Conclusions 

Thank you 

Outlook 
- Excitonic insulator : electron-hole correlations below 100K 
- Edge of exfoliated monolayer: orientation, roughness, chemical details 
- Band structure tuning: chemical substitution, strain 

Monolayer WTe2 is a possible 2D Topological Insulator 

Nonlocal measurements / Pincer shaped contacts to show edge conductance 

Dependece of Gedge on 𝐵∥ ,  𝐵⊥ and T 

GEdge < 1 e2/h = 38,7 µS 

Zero Bias Anomaly 

Discussion on the scenerio of a single helical edge mode 








