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In this talk the anomalous Josephson effect in superconductor/ferromagnet/superconductor 

junctions with strong spin-orbit coupling is discussed. In such systems, a direct magnetoelectric 

coupling arises between the magnetic moment of the ferromagnetic weak link and the phase of 

the superconducting condensate. This allows one to control the magnetization of the weak link 

and switch it using supercurrent pulses [1]. In addition, in a coupled chain of Josephson S/F/S 

junctions with an anomalous phase shift of the ground state, a long-range interaction between the 

magnetic moments of the weak links is predicted [2], which makes this system suitable for 

studying collective magnetic states controlled by the superconducting phase [3,4]. Also in the 

talk, based on the results of first-principles calculations of the electronic structure of 

ferromagnetic films of RET2Si2 intermetallic magnets, where RE - rare earth, T - transition metal 

[5], and subsequent calculations of the Josephson current through weak links made of them, it is 

demonstrated that Josephson junctions through such materials are a natural platform for the 

experimental implementation of magnetoelectric coupling between the magnetic moment and the 

phase of a superconducting condensate. The results of calculations of current-phase relationships 

(CPRs) are presented. The combination of ferromagnetism and strong spin-orbit interaction 

results in two key properties of the CPRs. First of all, the CPRs manifest the anomalous phase 

shift depending on the magnetization direction, which allows for the control of the magnetization 

by the Josephson phase. Second, in such systems, the superconducting diode effect occurs, i.e. 

the critical Josephson current is different when passing electric current in opposite directions. 

The efficiency of the superconducting diode effect is quite high and reaches several tens of 

percent. 
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