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Abstract: Clean two-dimensional electron system (2DES) in semiconductor heterostructures has been a platform to 

study quantum phenomena of electrons which can be applied for quantum electronic devices. Here, we show ZnO 

heterostructure is a new material system hosting clean 2DES, parallel to conventional semiconductors, but possessing 

characteristic material parameters distinct from conventional semiconductors [1]. Owing to a longstanding effort to 

improve the thin film growth technique, electron scattering time of 2DES in the ZnO heterostructure reaches the best-

quality of 2DES of GaAs [2], exhibiting the clear integer and fractional quantum Hall effects (QHE) [3]. 

 

We reveal many characteristic aspects of the 2DES of ZnO heterostructures. For instance, the electron correlation of 

the 2DES is substantially strong owing to the large effective mass, leading to a large spin susceptibility (at most 80 

times larger than that of GaAs) [4]. The strong correlation and large spin susceptibility lead to the observation of 

exotic even-denominator fractional QHE at ν = 3/2, 5/2, and 7/2 [5]. 

 

We also investigate many other aspects such as an interface proximity effect of 2DES/superconductor junction for a 

possible topological superconductor [6] and long spin coherence of 2DES [7] together with a gating technique to 

create 1D transport [8], essential for quantum devices. Our studies demonstrate that ZnO will be a new and unique 

platform for quantum devices. 
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