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Integrated circuits based on superconductors are promising candidates for realising systems 

exhibiting very low on-chip power consumption in combination with very high performance.  

Actively-switching electronic elements based on superconductive materials make use of the 

Josephson effects taking place at special structures, the so-called Josephson junctions. These 

effects are of quantum mechanical nature and relate the phase of the superconducting wave 

function to the current through and the voltage across a Josephson junction, respectively. If 

designed properly, the Josephson junction responds to an input current above a certain threshold 

with a transient voltage pulse. The time integral is equal to one quantum of magnetic flux Φ0 ~ 

2.07 • 10-15 Vs and represents the binary information. The amplitude of such voltage pulse is 

typically in the range below a millivolt which leads to a pulse duration of a few picoseconds. 

Structures for propagating and storing the information can be designed by arranging appropriately 

designed Josephson junctions together with connecting inductances. As the information is carried 

by a quantized amount of magnetic flux Φ0, this circuit technique is called single-flux-quantum 

(SFQ) electronics. Consequently, the design of SFQ circuits requires engineering of structures for 

storing and propagating magnetic flux quanta which essentially leads to the requirement of a 

thorough assessment of on-chip inductances. Furthermore, as the signals are fast and of low 

amplitude, the influence of the structure on signal integrity plays a prominent role.  

In the contribution, the operation principle, the basic features as well as the state of the art of SFQ 

circuits are addressed. Furthermore, selected design aspects will be described. Special emphasis 

will be put on electromagnetic modeling on device level as well as on particular issues of system 

integration.  
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