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Layered Bi2Sr2CaCu2Oy(Bi2212) single 
crystals represent natural stacks of atomic 
scale intrinsic Josephson junctions.

I-V characteristics
– Multi-branch structure
– large hysteresis
– Roughly equal spacing

X:50mV/div

Y:100 A/div



Experimental IVC of BSCCO-
2212 (Sample Ea, 10K; Eb, 

35K) :Kyoto university, 
Japan

Experimental IVC of BSCCO-2212 
(Sample #1) K.Okanoue, 

K.Hamasaki, APL, 87,222506, 
(2005)

R.Kleiner, P.Muller, 1992



Субщелевая структура на ВАХ





Emission of Coherent THz Radiation from 
Superconductors (1)
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Models of JJ systems with capacitive coupling
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*  CCJJ-model: 
-T. Koyama and M. Tachiki, Phys. Rev. B 54, 16183 (1996)

* CCJJ+DC-model:
-Yu. M. Shukrinov, F. Mahfouzi and P. Seidel,   Physica C 
449,  62 (2006).

-M. Machida, T. Koyama, A. Tanaka and M. Tachiki, 
Physica C 331, 85 (2000). 

*  CIB-model:
-D. A. Ryndyk, Phys. Rev. Lett. 80, 3376 (1998)

MODELS



Модель ССДП с емкостной связью.



Схема системы СДП



Generalized Josephson Relation
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CCJJ model (Koyama, Tachiki, 1996)
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Numerical Procedure
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Time dependence

 div ( 0 E) = Q Ql=Q0 (Vl+1-Vl)

Q0 = 0 V0/rD
2







Result of calculation





M.Machida, T.Koyama





CVC in CCJJ model

Shukrinov, F. Mahfouzi,  Physica C 434 (2006) 6-12.



CCJJ+DC model
sin// CJRVtVCJ
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Yu. M. Shukrinov, F. Mahfouzi and P. Seidel,
Physica C 449, 62-66 (2006)



The branch structure in IVC in CCJJ+DC model at 
different beta



The branch structure in IVC in CCJJ+DC 
model at different boundary conditions



Параметрический 
резонанс в ССДП



Equation for difference of phase differences



Equation for difference of phase 
differences
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Parametric resonance region



Yu.M.Shukrinov, F.Mahfouzi, M.Suzuki  

Phys.Rev.B 78, 134521 (2008).

Charge oscillations near the 
breakpoint  in the stack with 9 JJ

Test of the exponential dependence 
of charge amplitude.





The ab-dependence of the BPC of the 

outermost branch of IVC for stack of 10 IJJ at 
PBC.

Yu.M.Shukrinov, F.Mahfouzi.     Phys.Rev.Lett, 98, 157001 (2007)



(a,b) - The a – and b-dependence of the BPC at PBC.
(c) - Charge distribution among the junctions in the    

stack for different plasma modes.

Yu.M.Shukrinov, F.Mahfouzi.     Phys.Rev.Lett, 98, 157001 (2007)
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IVC of the outermost branch for the stacks 
with different number N of IJJ  at g=0

and at PBC

Yu.M.Shukrinov, F.Mahfouzi, N.F.Pedersen.  Phys.Rev.B 75, 104508 (2007).
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(a)-Parametric resonance region; (b) - Modeling of the BPC

for plasma modes with k = p and k = 2p/5 for stack of 

10 IJJ at PBC; (c), (d)- Modeling of the BPC from 
resonance region.
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Yu.M.Shukrinov, F.Mahfouzi.     Phys.Rev.Lett, 98, 157001 (2007)
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(c) (d)

Cравнение результатов расчета и моделирования



Modeled  and calculated ab-

dependence of the BPC



The simulated IVC of the outermost branch in 
the stack with different number of junctions



The b-dependence of the BPC for the 

stacks with different number of IJJ.



The simulated IVC of the outermost branch in 

the stacks with different number of  junctions
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Модель с разбалансом 
ветвей в спектре 

элементарных возбуждений 
сверхпроводника 

(CIB модель)





CIB-model



Resonance regions in CIB-model



CVC at different coupling



CVC in CIB-model



Effect of eta, alpha and beta





Один контакт



Comparison with the experimental results



Currents in hysteretic region 
in CCJJ model

Yu.M.Shukrinov, I.Rahmonov    JETP Letters (2010).



Averaged currents in CCJJ+DC model

Yu.M.Shukrinov, I.Rahmonov    JETP Letters (2010).



CVC in CCJJ and CCJJ+DC models.



M. Machida, T. Koyama, and M. Tachiki, Phys. Rev. Lett. 83, 
4816 (1999).
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