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Introduction  
By utilizing a compatible buffer layer and proper interface engineering, we report the lowest ever carrier density in a 
topological insulator (TI) system (carrier density as low as 1.0 × 1011 cm-2) in MBE-grown transition metal-doped Sb2Te3 
thin films. 
 
Experimental  
In our 2018 visits we measured the following: 1: Ultralow carrier-density Sb2Te3 films (p- and n-type) using the 45T hybrid 
magnet. 2: The best ungated sample in more detail as well as several top-gated Sb2Te3 films using the 35T resistive 
magnet. 
 
Results and Discussion 
Such low carrier density enabled us to observe the topological surface state-originated quantum Hall effect (QHE), for 
both p- and n-type samples, at much lower fields (as low as ~5.5T; without gating). More importantly, for the first time in a 
TI system, we observed the quantum Hall to insulator transition (QIT) at higher fields. The insulator phase could either be 
a coherent excitonic super fluid or a Hall insulator. Additionally, we could tune the carrier density from p to n-type with 
gate-voltage application (Fig.2). Furthermore, upon investigating the scaling behavior of the QIT at the critical point, we 

found that the critical exponents are different from those of the 
QIT in conventional 2D electron gases, implying that these 
transitions belong to different universality classes. Moreover, the 
flow lines of the conductivity tensor for an ungated 8QL sample is 
shown in Fig.3. The manuscript for this work has been submitted1. 
 

 
 
     
 
 
 
 
 
 
 
         

 

Conclusions 
In summary, these ultra-low carrier density TI films enabled us to explore an extreme quantum limit and the zeroth Landau 
level in TIs which previously were inaccessible. Further, these films can serve as a promising test-bed for high-
temperature quantum anomalous Hall effect and other magneto-topological effects when combined with proper magnetic 
coupling schemes. 
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Figure 3. The conductivity tensor flow of an 8QL sample 
for |B| ≤ 35 T. The points (±e2/h,0), (0,0), and (±0.5e2/h, 
0.5e2/h) correspond to the QH state, the insulator phase, 
and the transition between these two phases, respectively. 
The cusp around zero field indicates weak anti-localization 

 
 

Figure1. a, ρxx and b, ρxy for Sb2Te3 films with various doping concentrations 
as a function of magnetic field from 0 to 45 T.  
 
 

Figure2. a, ρxx and b, ρxy of a top-gated device as a function of gate voltage (-10 V ≤ 
Vg  ≤ 28 V) for different fields from 0 to 35 T at 300 mK show a well-defined p-type 
QHE and an incipient n-type QHE. c, The parametric flow of the conductivity tensor 
(σxx vs. σxy) of the same sample. Each line represents a gate sweep at a constant 
field.  
 


