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Study on Adiabatic Single-Flux-Quantum Circuits Operating in the Thermodynamic
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The aim of this study is the realization of extraordinarily energy-efficient

logic circuits operating in the thermodynamic energy limit using superconducting logic circuits.
Our approach utilizes the adiabatic operation of quantum flux parametron (AQFP) by changing its
phase difference adiabatically or very slowly. Since the bit energy of the AQFP circuits is about
six orders of magnitude smaller than that of the state-of-the-art CMOS circuits, the energy
consumption of the information systems can be significantly reduced, even considering the cooling
energy. In this study, we clarified the basic characteristics of AQFP circuits and established the
fundamental technology for designing large-scale AQFP circuits. In addition, we developed a
high-density memory and a three-dimensional integrated circuit process, which are necessary for the
practical application of the information processing system. We have demonstrated the
energy-efficient high-speed operation of AQFP processors.
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