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Layered Bi,Sr,CaCu,0,(Bi2212) single crystals represe
stacks of atomic scale intrinsic Josephson junctions.
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CCJJ+DC model I
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Simulation procedure for |V-characteristic

Time, t,
0 Tp 2Tp --- Tf 2Tf v
Parameters
l, — i - of simulation:
‘} | t, - recording time;
I —_ ! Tp - step in time;
It +3l t - number of steps
- in time;
% \li tN - total number of
time steps;
g | +20l L _____ "= Tf- size of time domain
o t =t TP+TF (I-1) /8l Ti-initial time for
averaging,
tN=Tf/Tp, O<t<iN, dl - step in current;
l, - initial current value
Tp =0.05; Ti=50-500; for time dependence
| Tf =250 - 25000; recording;

d
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CVC and charge-time dependence in CCJJ mod
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Radiation effects



|\V/-characteristics

without irradiation

under radiation with A = 0.1 (curve 2)
A = 0.5 (curve 3).
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Demonstration of changing of LPW wavelength
with an increase of the amplitude of radiation.
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Waves in the stack of coupled JJ
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I\VC of a stack with 10 JJ at w= 1.151 and different A.
Inset (b) shows the charge-time dependence at A = 0.06
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Devil's Staircases and Continued Fracti
Josephson Junctions.

DS structure,
A=0.8

DS structure,
A=0.9
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Continued fraction algorithm for SS subharmonics
(underlined is value of n)
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Comparison of the J. Clarke’s experimental re
[ Phys. Rev 155, 419 (1967)]
with continued fractions.
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Analysis of subharmonic appearance with an
Increase in A
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Chaos induced by coupling betwee
Josephson junctions




CVC and Lyapunov exponent as function of ¢
with the charge in the S-layer as a function of
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IV-characteristics at two amplitud
radiation
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Charging of superconducting layer

and chaos
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Effect of coupling between junctions
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DS structure “Svetlana”
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Shunting of Josephson
junctions
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Resonance circuit branches
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Current—voltage characteristics for
the cases N = (a) 1 and (b) 10 calculated at the para
corresponding to BSCCO

® We calculate the necessary capacitance
theshunt at a given inductance L = 50 pH
using the typical parameters for BSCCO

S=1um"2,

d =12 x 10M(-10 )m,
£ =25,

B=0.1,

a=0.1,
w_p=0.5THz.

At these parameters, the capacitance of
the Josephson junction is C_J = 0.2 pF.
At real inductance L = 50 pH, the
dimensionless inductance is L = 2.5.
Consequently, the shunting capacitance
Csh = 0.04 pF is sufficient for the
observation of the rc branch at LC =0.5,

o 02 03 04 *Presented by A. Ustinov and E. llichev

N E! =
y 1@ 20,=3008

E—

(=
I

L=25,p=0.1,
C=02,0=0.1

=

=

=

y o ®
®,, = 2.449

lad
=
U
=

—_—

=




Variation of amplitude dependence of SS wie
INn resonance region
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Resonance conditions
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- Charge density wave
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Breathing Charge Density Waves
In Intrinsic Josephson Junctions

The effect of external electromagnetic radiation on
the system of coupled Josephson junctions in the
CDW state is completely different from the case of
single JJ. It causes the appearance of the set of
the Shapiro steps in the IV-characteristics of JJ of
the stack related to the voltage distribution among
JJs. However, usual harmonics and subharmonics
of radiation frequency are observed in the total IV-
characteristics of the stack.
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Generalized Josephson Relation with Charge Imbalance:

h .
Zw(t) =(1+20)V)— a(Vi-1 + Vi) + Vi = V)

2 |
Where a=r Dfo/ dd;

CCJJ+DC Model

Total current :

Cdv W Vg (t) = V(1)
J= CE + Josing(t) + m(,o,(t) +
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Dynamics for the Quasi-particle Potential for Nonstationary Case
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Effect of the boundary conditions on the Shapiro Step

0 Variation of the Shapiro

— step slope with n
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Conclusions

We predict a series of effects in intrinsic
Josephson junction in HTSC, particularly:

& Variation of longitudinal plasma wavelength with an
Increase of the amplitude of radiation.

& Breathing charge density waves

® Variation of amplitude dependence of SS width In
resonance region

& Chaos induced by coupling between Josephson
junctions

# Slope and shift of the Shapiro step in IV-characteristic
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Estimation of charge

Using Maxwell equation, we express the charge density in the S-layer by the voltages
m the neighbor msulating layers @, =0« -7,). where @, =z, /n,. ¥, =ha /2e. o 1s

=

plasma frequency and r», 1s Debye screeming length. We can estimate the value of electric
charge in the superconducting layer Using = =0.0885+10"F/m. e/#=24+10"1/V+s and
consider », =3+107"m. £=25, @, =10"1/s, we get I, =2+10"V and Q,=5+10"K/m . So, at
@=0, for the superconducting layer with area S=1um" and thickness d=3+10"m, the
charge in the superconducting laver 1s equal to 1.5+107" K . Thas value 15 not high enough. but
the charge dynamics on the superconducting layers determines the features of current voltage
characteristics of the coupled Josephson junctions.
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Results of FFT analysis of V(t)
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Charging of S-layers
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