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Fine structure in. BPR
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Yu.M.Shukrinov, F.Mahfouzi, M.Suzuki Phys.Rev.B 78, 134521 (2008).






Time dependence
div (egg E) = p Q=Qp & (Vii1-V))

Qp =g Vo/rp?

Jihe “time dependence™ actually:consists ofi time and bias current
Variation.

Wersolve the system offdynamical equations for phase differences at
fixed value off bias current I'in some time interval (0, 1) of
dimensioniessitime ¢ = to, With the time step 6/, Where t is a real time.
Thislintervallis used|for tire dveraging procedure.

Tihen we change the bias current by o I, and repeat the same procedure
forithe current1+6 1 in new time interval 1, 21). In our simulations
we put I1.=250, 0 7=0.05, 0 I=0.0001 an total recorded time was
calcllated as r+Tm(I0 -I)/6 I, where I, is an initial value of the bias
current for time dependence recording.



CVC and time dependence of the charge in BPR
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Yu.M.Shukrinov, F.Mahfouzi, M.Suzuki Phys.Rev.B 78, 134521 (2008).



Time dependence of the charge in BPR
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Results of FFT analysis
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Before the BP at 1/1:=0.573 the Josephson frequency: o;=0:4542"2rwp =2.85380,

Inithe B-S region ©=0.224672r0,=1.41120, corresponding to the LPW freguency
0=0.67358%210,=4.2336 corresponding to sum ofithe Josephson and LPW freqUencies o;+o|pyy

Thezz S-T' part shows the additional’ peak 0:4395*2n0,= 2.76150,, Whichivalue approximately egual



Superconducting current
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Charge on the S-layers, N=9
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Current-current correlations
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 (b) 1=0.572, t=40001.3
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Effect of noise(N9)
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CVC in CCJJ and CCJJ+DC models.

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




CVC and charge-time dependence in CCJJ model
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Comparison with the experimental results

8 1JJ, Bi;Sr,CaCu0,, T=77 K, I, = J-LH LA
AIT: 39. 1 mV, N=8 > R, = 20.4

S = m , dy = LA s, =10—> C == H#rf, — 1.84 pF. /
Usmﬂ‘ these data, we can estimate McCumber |

parameter: | /
B.(77T K) ~ 560. f 1/ /
In Zappe model, based on [,./I. = 4/( -;'r_,e'i'.?f_? '] at | f Y, / /

1 we get ,',"/"'/ X Sinyvedi
I, ~ 13 pA (or I,/I. = 0.054). { Vi Sudidiv

This wvalue s essentially different from the
experimental one I, =45 pA (or I./1. = 0.188)

A.Irie, Yu.Shukrinov, G.I.Oya, Appl.Phys.Lett, 93,
152510 (2008)




CCJJ+DC model
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Currents in hysteretic region
in CCJJ model

Superconducting e
current

Yu.M.Shukrinov, I.Rahmonov JETP Letters (2010).
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Temperature dependence
of the breakpoint current



IVC of the stack off 11 IJJ and beta dependence of the
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Temperature dependence 1

In the simple parallel resistance model a
Single junction resistivity: p; (1) at subgap
Voltage region:is given by.

Py (1)=psg+pc ()
Where p., IS the temperature independent
tunnel resistivity of the junction, and

p(IH= a exp (b/I)+cl+d is the empirical
Heine formula off the c-axis resistivity with
a,b,c,d as fitting parameters.



Temperature dependence 2

Estimating the tunnel resistivity by p,, = A(0)S/eDI (0], the energy gap A from the expression 2A(0)/kT. = 6

A (T A(T)
= TR fan h—m-*—

- - L
I(T) = 1.(0)y cos ()* tanh (0.58

3% —1/8. = B/2eCs Ry Ic

In our simulations we chose S=2.32*10"°m for the
area, [:=90K for the critical temperature,
J.(0)=5*10°% A/m? for. the density of  critical current at
T=0.

The fitting parameters were chosen as a=6*10®Q m,
b=273K, c=24*10°0Q m/K, d=1.23*1020 m.






Temperature dependence of the
breakpoint current
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Temperature dependence of the
breakpoint current
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Return current
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First branch at different f3
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a="6+10"4m, b=273K, c = 24+ 107%Qm /K. d = 1.23+ 107*Qm (Okanoue0t)

—(r—2)+/(r— 2+ 83,

I.(T) = I.(T)

Fitted 3: 3= c0+ el  exp(T/c2) with c) = 0.01861, el = 510414 + 105, 2 = 0.00980

A= 03x (I./T.0)Y* with a fitted 3




Sample:Nm1-11
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Vip
11.352
17.158
22.667
28.595

34.300

39.870
45.684
51.474

\/bp - from numerical simulations, Ibp=0.576 Ic0,
calculated by formula
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-— 51.47: 0.2014




1 - Zappe, fitted p=a+b exp(T/cT)
2 - Simulation, fittedB,a =0.5

3 - Simulation, fitted B,a =1

4 - Simulation, fitted 3 ,a =2

5 - Ambegaokar-Baratoff Ic/Ico
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Breakpoint current I,
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f university:
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Breakpoint region

SR
Z/ ‘ / / Al=~0.51A
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The observation of the breakpoint region suggests the excitation of the longitudinal
plasma wave in the mesa. 0720, f,=1.97 THz

Experimental results: Utsunomiya university



X-100mV/div Experimental Ve o BSCCO-2212

Y:200uA/div (Sample #1) K. OkalnoUe,

K.Hamasaki, APL, 87222506,
(2005)
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40, 60, and 77 K.
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Experimental results: Utsunomiya university
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