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Abstract: 
The acquisition of new functionalities in superconductors is essential not only 

for engineering development, such as the creation of more energy-saving devices 

but also for the development of the basic science of superconductivity. In recent 

years, nonreciprocal transport phenomena have attracted much attention as a new 

functionality of matter. In the field of superconductivity, the superconducting 

diode effect (SDE) has been observed in [Ni/V/Ta] artificial 

superlattice superconductors with inversion symmetry breaking [1]. The SDE 

refers to a current flow with zero electrical resistance in one direction and a finite 

resistance in the opposite direction. A theoretical explanation for the SDE was 

given in terms of the deparing current [2-5], i.e., SDE by intrinsic mechanism. 

Moreover, the theory shows an interesting result suggesting that the sign change 

of SDE is closely related to the helical superconductivity [2], in which Cooper 

pairs are stabilized with a finite center-of-mass momentum. On the other hand, the 

time-reversal symmetry breaking by an applied magnetic field violates the 

assumption of Anderson's theorem, and it is widely known that impurities have a 

significant effect on the physical properties of superconductivity [5, 6]. 

The evaluation of the effect of impurities on the SDE is interesting not only for the 

performance evaluation of superconducting diodes but also for the development of 

the fundamental theory of noncentrosymmetric superconductors.  

In this work, we investigate the impurity effect on the SDE using a microscopic 

analysis based on the Rashba-Zeeman model and a self-consistent Born 

approximation. Our results show that the sign change of the SDE disappeared by 

applying the disorder. Furthermore, the similarity of the behavior with respect to 

impurity intensity supports the existence of a correspondence between the SDE 

and helical crossover.  
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