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Outlines 
 

 Josephson junction (J.J) and Josephson effect. 

 Superconductor/Ferromagnet/ Superconductor (S/F/S) J.J. 

 Landau-Lifshitz-Gilbert (LLG) equation. 

 Resistively Shunted Junction (RSJ) Model of S/F/S J.J. 

 Transformation Parameters.  

 Non Linear Landau-Lifshitz-Gilbert Equation and Effective field 

form.  

 Results and Calculations: 

 Current Voltage Characteristic (CVC) of S/F/SJ.J. 

 Amplitude dependence of Shapiro step’s width at  different 

frequencies; Ωo =0.3,0.45,0.5.  

 Amplitude dependence of specific Shapiro steps (V=2 Ωo  and 4 Ωo ). 

  Conclusion 



Cooper pair density 

 AC current 

 

 DC tunneling supercurrent  

 

[1]B.D.Josephson Phys. Lett. 1 (7): 251–253 (1962) 

Josephson junction and Josephson effect 

A Josephson junction is a quantum 

mechanical device, which is made of two 

superconducting electrodes separated by a 

barrier (thin insulating tunnel barrier, normal 

metal, semiconductor, ferromagnet)[1] 



FM 

Magnetization 

Dynamics 

 Superconductor/Ferromagnet/ Superconductor J.J 

• S/F/S Josephson junction under 

application of circularly polarized 

magnetic field in xy-plane with

different values of amplitude hac 

and frequency ω. 

SC 

Phase 

Dynamics 

Coupling through  

gauge-invariant  phase 

difference  



 The effective field is calculated from: 

Landau-Lifshitz-Gilbert (LLG) equation 

Heff : effective field  

γ   :gyromagnetic ratio  

α  : Gilbert damping   

 Total energy of S/F/S system: 

EM : Energy of dc magnetic 

field. 

Eac : Energy of ac magnetic 

field. 

Es: Josephson energy 



Resistively Shunted Junction (RSJ) Model[2] 

  [2] The gauge-invariant phase difference is given by K. K. Likharev, Dynamics of Josephson junctions and circuits , Gordon and 

Breach science publishers –Switzerland. 

 The RSJ equation 

 Gauge invariant phase difference 



Transformation Parameters:  

t=τωc Normalized Time  

ωc=2π Ic
0 R/ɸ0 

Characteristic  

Frequency 
Normalized magnetization  

Normalized effective 

 magnetic field  

Normalized Josephson 

Energy  

Applied Uniform  

Field in Z direction  

Phase difference 

in y- direction  

Normalized polarized 

 magnetic field  

Normalized external 

Frequency  
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Frequency   

Phase difference 

in z-direction  

 



 Non-Linear Landau-Lifshitz-Gilbert Equation 

and Effective field form for  S/F/S J.J 

 Current-phase Equation  



M. Nashaat, Yu. M. Shukrinov, A. Irie,4 A.Y. Ellithi and Th. M. El Sherbini 



Results and 
Calculations  



CVC of S/F/S J.J 

CVC at hac =3, Ωo  = 0.45, ΩF  =0.5. 

 hac: magnitude of circularly polarized magnetic field. 

V = nΩo 

V=4Ωo 

V=2Ωo 

Shapiro step at V=1 Ωo Shapiro step at V=2Ωo  & 4Ωo 



• Amplitude dependence of Shapiro steps’ width at  

Ωo = 0.3. 



• Amplitude dependence of Shapiro steps’ width at  Ωo =0.45. 



• Amplitude dependence of Shapiro step’s width at FMR 

frequency Ωo =  ΩF  = 0.5. 



• Shapiro step width at V=2 Ωo at different 

frequencies of circularly polarized magnetic field 



• Shapiro step width at V= 4Ωo at different frequencies 

of circularly polarized magnetic field 



Conclusions 

  Investigation of Amplitude dependence of Shapiro 

step width for S/F/S J.J at different values of frequency 

and amplitude. 

  Study of the anomalous behavior for width with  

Amplitude at even and half integer Shapiro steps. 

 Our choice to study S/F/S J.J  as it is the field where 

spintronics and superconductivity interact together 

and contribute in many potential applications as 

quantum computing. 

 




