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dc Josephson effect:

I(p) = I.singp (1)

ac Josephson effect:

dp _ 2ey )
dt — h V (2)
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From (2) it follows that ¢ = 22 Vi + ¢, .
Josephson effect

Thus, /; oscillates with frequency
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Layered Bi,Sr,CaCu,0,(Bi2212) single crystals represent
stacks of atomic scale intrinsic Josephson junctions.
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Simulation procedure for IV-characteristics

OTpZTp"Ti’TT:e"‘n 2Tf ... . dIV (880 E) — Q

e Parameters
t 4'_» of simulation:
‘} : t, - recording time;
,,,,,, — Tp - step in time;
l,+3l

t - number of steps
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************** — Tf - size of time domain
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Charging of superconducting
layers iIn HTSC



Parametric resonance in coupled Josephson junctions
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CVC and charge-time dependence in CCJJ mod
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Experimental observation of the longitudinal plasma
excitation in intrinsic Josephson junctions
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Charging of superconducting layers

The electric charge density in the superconducting layers is
determined by the difference between the voltages V, and V,,, across
the neighboring insulating layers, i.e.

Q=Qoa(V}41-V)), Where Q, = €€,V/rp?,
g, IS the relative permittivity
£, IS the permittivity of free space.

For typical values:

o =3 %1010 m,

g = 25,

w, =102 s,

we find V, =3 x 104V and Q, =8 x 10> C m3.

Thus, for a superconducting layer with area S =1 pm? and thickness
d, =3 x101°m, at a=0.1 and (V|,,-V))=1, the charge value is about
Q=107 C.

This value of charge is sufficiently high to play a significant role in the
physical processes in the stack of intrinsic Josephson junctions in
high temperature superconductors.




Variation of Longitudinal Plasma
Wavelength under External
Electromagnetic Radiation



IV-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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Charging of superconducting layers in current |
corresponded to SS subharmonics and ch
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Charging of superconducting layers in current interval
corresponded to SS subharmonics

— 2.0
0.075
116
0.060
12
- 0.045 3
g g
= >
0.8
: 10.030
0.4 10.015
, 0.0 L10.000
e 0.25 030 0.35 0.40
d

In general, the Shapiro and subharmonic steps follow the
continued fractions formula given by,

v — (w n ! \ w, (1)
\ )

Yu.M. Shukrinov, H. Azemtsa-Donfack, I.R. Rahmonov, and A.E. Botha,
Low Temperature Physics, 42, 573, 2016




Devil's Staircases and Continued Fractions In

Josephson Junctions.

DS structure,
A=0.8

DS structure,
A=0.9
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Fractal structure
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Why appearance of Shapiro step
subharmonics followed the continued
fractions algorithm?




JJ
as Majorana fermions detector



Josephson junctions detectors for Majorana fermions

We demonstrate that the current-voltage (I-V ) characteristics of resistively and
capacitively shunted Josephson junctions (RCSJs) hosting localized subgap
Majorana states provide a phase-sensitive method for their detection.

In addition, the RCSJs hosting Majorana bound states also display an additional
sequence of steps in the devil’s staircase structure seen in their I-V characteristics;
such a sequence of steps makes their I-V characteristics qualitatively distinct from
that of their conventional counterparts.
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Charge density waves In
Intrinsic Josephson junctions



Charge Density Waves I I.
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Breathing Charge Density Waves o tosson
In Intrinsic Josephson Junctions |

The effect of external electromagnetic radiation on ool
the system of coupled Josephson junctions in the i

CDW state is completely different from the case of = i a :, E nl
single JJ. It causes the appearance of the set of 10F 3 (O |1
the Shapiro steps in the IV-characteristics of JJ of _ R
the stack related to the voltage distribution among ! 2 1o

JJs. However, usual harmonics and subharmonics o

of radiation frequency are observed in the total IV- 0.54 056 058

characteristics of the stack.
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