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Superconducting Proximity Effect 

1 



Andreev Reflection in S/N Junctions 
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Retro Andreev Reflection 



Andreev Reflection in S/N Junctions 
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BTK, PRB 25, 4515 (1982) 

Differential conductance vs voltage 
                         at T=0 

Retro Andreev Reflection 

Conversion of normal current to supercurrent : 
charge transfer by 2e  



Andreev Reflection in F/S Junctions 
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Andreev Reflection in Atomically Thin 2D Crystals: 
 

  
Graphene, Transition-Metal Dichalcogenids (TDMs), … 
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Undoped Graphene 

Andreev Reflection in Graphene S/N Junction 
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Highly doped Graphene 
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Andreev Reflection in Graphene S/N Junction 

Retro reflection Specular reflection  



Andreev Reflection in Graphene S/F Junction 
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Andreev Reflection in Graphene S/PF Junction 
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Gap 
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TMDCs: MoS2 Crystal  



Band Structure 
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Low-energy Hamiltonian 
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The difference between electron and hole masses 
recently reported by using ab initio calculations 
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MoS2-based S/N junction 
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Dirac-Bogoliubov-de Gennes (DBdG) equation 

DBdG  equation describes the superconducting correlations between relativistic 
electrons and holes with opposite spins and different valley indices 

2D Hamiltonian of a monolayer MoS2 

Electron-hole conversion: 
superconducting correlations 
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Andreev Reflection in MoS2 

Spin-valley polarized AR process 
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Andreev conductance  

(BTK formula) 

normal reflection Andreev reflection 
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Andreev Reflection in S(p)/N(p) Junction 
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Andreev Reflection in S(p)/N(p) Junction 
 

Amplification of the proximity inducing 
superconductivity in N region 

 Gapped Graphene  (λ=0, β= 0) 
 
 MoS2 (λ=0.08 eV)  with β= 0 
 
 MoS2 (λ=0.08 eV)  with β= 2.21 
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Andreev Reflection in S(p)/N(p) Junction 
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Andreev Reflection in S(n)/N(p) Junction 
 

Attenuation of the proximity 
inducing superconductivity 

in N region 

 Gapped Graphene  (λ=0, β= 0) 
 
 MoS2 (λ=0.08 eV)  with β= 0 
 
 MoS2 (λ=0.08 eV)  with β= 2.21 
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Andreev Reflection in S/N Junction 
 λ=0.08 eV,  β= 2.21 

S(p)/N(p)  S(n)/N(p)  



Conclusion 
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 Presence of strong spin-orbit interaction in MoS2 enhances the amplitude of Andreev 
reflection and the resulting Andreev conductance in MoS2-based S/N structures with  n-
(p-) doped S and p-doped N regions. 
 

 Presence of β term enhances the Andreev conductance in MoS2-based S/N structures 
with  p-doped S, while it decreases the Andreev conductance in S/N structure with n-
doped S region. 
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