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Abstract: Single-flux-quantum (SFQ) is a promising technology for high-performance computing that
relies on quantum effects in superconducting materials. In SFQ circuits, picosecond-duration pulses travel
down superconducting microstrip transmission lines. By utilizing such a superconducting effect, we have
designed a collision-based SFQ logic computing system based on reaction-diffusion (RD) computing [1]
that consisted of Josephson junctions, inductors and current sources. We here present the extended SFQ

circuits that implement 1) digital cellular automata (CA) with SFQ logic circuits and ii) analog RD com-

puting medium with SFQ circuits where excitable SFQ pulses travel on the 2D medium. Through SPICE

and numerical simulations with standard Nb/Al-AlOx/Nb 2.5-kA/cm? process parameters, we demonstrate

typical operations of the SQF CA that implements Wolfram’s rules 90 and 150, and demonstrate traveling

excitable waves on 2D SFQ RD media as well as computation of Voronoi diagrams.
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(a) Example device of Josephson junction
(b) circuit symbol and |-V characteristics

Fig. 1 (a) Example device of Josephson junction, (b) circuit
symbol and I-V characteristics.
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Fig. 2 (a) I < I., (b) I > I. and (c) single-flux quantum
inside superconducting loop (I < I..).
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Fig. 3 Transmission line. (a) circuit diagram, (b) simulation

results.
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Fig. 4 Collision of SFQs on transmission line. (a) circuit
setup, (b) simulation results.
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Fig. 6 Exclusive OR circuit
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Fig. 7 Simulation results of exclusive OR circuit
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Fig. 9 Simulation results of SFQ CA (rule 90)
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Fig. 10 SFQ cell circuit for Wolfram’s rule 150
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Fig. 11 Simulation results of SFQ CA (rule 150)
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Fig. 12 Propagation of SFQs on 2D transmission media
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Fig. 13 Propagation, collision and disappearance of SFQs on
2D transmission media

Fig. 14 Voronoi diagram
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Fig. 15 SFQ RD device for computation of Voronoi diagram
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Fig. 16 Simulation results. (a) top layer (existence of SFQ),
(b) bottom layer (collision detection)
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