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Stationary photocurrent in 2D conducting 
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Normal Superconducting 



Photovoltaic Hall effect in semiconducting 
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Photovoltaic Hall effect in superconducting 
monolayer 

A.V. Parafilo, VMK, I.G. Savenko, Photoinduced anomalous supercurrent Hall effect, PRB (2023) 
A V Parafilo, M Sun, K Sonowal, VMK, I G Savenko, Proposal for superconducting photodiode, 2D Materials (2025) 



Photovoltaic Hall effect in superconducting 
monolayer 

A.V. Parafilo, VMK, I.G. Savenko, Photoinduced anomalous supercurrent Hall effect, PRB (2023) 
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ac Hall effect (SHG) in superconducting 
monolayer 

K. Sonowal, A.V. Parafilo, VMK, I.G. Savenko, «Nonlinear ac Hall effect in  
two-dimensional superconductors», PRB (2024) 



Photovoltaic Hall effect due to 
superconducting fluctuations 

М.В. Боев, ВMK, «Фотовольтаический эффект Холла в двумерных флуктуирующих  
сверхпроводниках», Письма в ЖЭТФ, (2024)  
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Kinetic equation approach 

М.В. Боев, ВMK, «Фотовольтаический эффект Холла в двумерных флуктуирующих  
сверхпроводниках», ПЖЭТФ, (2024)  



dc Hall effect 

М.В. Боев, ВMK, «Фотовольтаический эффект Холла в двумерных флуктуирующих  
сверхпроводниках», ПЖЭТФ, (2024)  



ac Hall effect 

М.В. Боев, ВMK, «Фотовольтаический эффект Холла в двумерных флуктуирующих  
сверхпроводниках», ПЖЭТФ, (2024)  



Fluctuating photogalvanic transport in 
noncentrosymmetric 2D Ising 

superconductors 



Belinicher, Sturman, Sov. Phys. Usp. (1980);    Ivchenko, «Optical spectroscopy…» (2007) 
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Photogalvanic effect (PGE) 

j 

General expression 

Microscopics 
Asymmetry of 
1) Electron scattering processes, 
2) Generation/Recombination processes,  
3) Spin-related phenomena, 
4) Coulomb interaction, 
5)   Anisotropy and nonparabolicity, 
6) … 

Photogalvanic effect: 
 
The emergence of a stationary electric current 
in a homogeneous medium under the action of 
uniform stationary illumination in the absence 
of (stationary) dragging fields. This effect is not 
connected with the transfer of a momentum 
from photons to electrons. 



MoS2 monolayer: Band structure 



Superconductivity in MoS2 

Intervalley Cooper pairing 

Ising superconductivity «Почти» s-wave  



Entin, Magarill, Kovalev, J. Phys.: Condens. Matter  (2019)  

E 
1) Phenomenological expression for D3h group 

3) Violating of valley degeneracy: 
       a) Optical valley-selective population 
       b) External (weak) magnetic field  

PGE in MoS2 monolayer 

2) Microscopic mechanism:  
Trigonal warping of valley dispersion 



PGE in Superconducting MoS2 

PGE in D3h group 

TDGL with warping has been derived in Wakatsuki et.al., Sci. Adv. (2017)  

TDGL 



PGE in D3h group 

Disorder 

Parafilo, Boev, Kovalev, Savenko, submitted to PRB  (2022)  

Model applicability: 1ωτ <<

PGE in Superconducting MoS2 



Fluctuating Coherent PGE transport in isotropic 
2D superconductors: Symmetry consideration 
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3( )cT T −∝ −j
Currents may change the sign 

Kovalev, Sonoval, Savenko, PRB (2021)  

Fluctuating Coherent PGE transport in isotropic 
2D superconductors 



Photon drag effect in  
2D isotropic superconductors 

Boev, PRB   (2021)  



Second Harmonic Generation in  
2D isotropic superconductors 

Boev, Kovalev, JETP Lett.  (2022)  
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