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1.   Josephson effect

B. Josephson ( 1962)  
• Two superconductor or two condensates

with macroscopic wave functions



Conventional Josephson junction types



Josephson effect in different systems

Gati Phys. Rev. Lett. 95, 010402,2005



Method of tunnel Hamiltonian



Influence of external magnetic field on the critical
current



ScS junctions:  Aslamazov-Larkin (1970)

Ginzburg-Landau (GL) equation



Bogolyubov-De-Gennes equations



Basic  equation of   JJ with  conventional  CPR



Basic  equation of   JJ with  conventional  CPR



IV curve of underdamped  JJ 

Latching technology on tunnel junctions: IBM Project  1980 years : ns



IV curve of overdamped JJ 

Time resolution at the level 1.2 ps





Thermal activation and MQT in JJ 







Basic  equation of small JJ   for quasicharge

Askerzade, MPLB, 2019 



2.   Order Parameter symmetry in different new compounds



Askerzade, USC  2012

Josephson current in SB/many band superconductors

Yerin,Omelyanchouk, LTP, 2014 



D-wave HTSC:  dwave-GL equations (Sigrist-Rice, 1993):
SB/SB junctions

Tanaka-1997;  Method of Green functions



Two-band SC based JJ:  Yerin-Omelyanchouk (2011)

Green function method: generalization of Baratoff results



JJ Anharmonic CPR : YBCO grain boundary



Majorana fractional term in CPR (p-wave SC) 

JJ  with nontrivial barrier reveal CPR with fractional term



Unconventional CPR JJ: modelling



JJ dynamics equation in general case

Goldobin E. et al  2007 Phys. Rev. B
Askerzade, JSNM, 2019



3. Superconducting qubits



















Coherence time is short: < mks





Due to large loop inductance is sensitive to
flux noise, coherence time is short about
20 ns





Coherence time is not good < mks



Two coupled charge qubits: 2003 





Transmon qubit
Charge qubits: sensitivity to charge fluctuations and low coherence time
For this purpose transmon qubits proposed by J. Koch et al  



Transmon qubit

Key element of several qubit projects !!!!! 



C-shunt flux qubit : Steffen et al, 2010PRL

C-shunt flux qubit is the three junction flux qubit
shunted by a large capacitance

Potential has a single-well form in contrast to three
junction qubits

C-shun flux qubit :

• Coherence time:   is about 1.5  mks
• Strong anharmonicity
• High reprocibility

C-shunt flux qubit

Three junction flux qubit



4.  Qubits on  JJ with anharmonic CPR





















Conlusions

• Basic equations of Josephson Dynamics presented

• Order parameter symmetry and multiband character of new
superconducting materials on current-phase-relation of JJ  is 
analyzed

• Different types of superconducting qubits and their
characteriscs is discussed

• Influence of anharmonic CPR on qubit spectrum is considered


