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Neural Networks Using Superconductor Quantum-Flux-Parametron Devices," 2022 IEEE
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Stochastic logic has been proven to be a low-cost hardware solution to accelerate
neuromorphic computing thanks to its bit-wise operation feature, which removes the most
hardware. On the other hand, the superconductive electronic device exhibiting stochastic
behaviour and deep-pipelining nature is a perfect candidate for implementing stochastic
logic-based neuromorphic computing. The adiabatic quantum-flux-parametron (AQFP) logic
family is demonstrated with the highest energy efficiency among its superconducting cousins.
In this work, we introduce the recent designs and implementations of the AQFP-based neural
network prototypes utilizing the stochastic computing paradigm. We further report the
low-temperature measurement results of two different implementations using
approximate-parallel-counter (APC) and bitonic-sorter based design approaches. Thanks to its
adiabatic switching nature and zero-static power dissipation, the AQFP-based implementation
averages 5-6 orders of energy efficiency compared to its CMOS counterpart.

2. F. Ke, O. Chen, Y. Wang and N. Yoshikawa, "Demonstration of a 47.8 GHz High-Speed
FFT Processor Using Single-Flux-Quantum Technology," in IEEE Transactions on Applied
Superconductivity, vol. 31, no. 5, pp. 1-5, Aug. 2021, Art no. 1300905, doi:
10.1109/TASC.2021.3059984.

A fast Fourier transform (FFT) is an algorithm that computes the discrete Fourier transform
(DFT) of a sequence at high speed. FFT can convert a signal from time domain to frequency
domain, and is wildly used in digital signal processing field. In this paper, a high-speed,

low-power FFT processor is demonstrated up to 47.8GHz with the measured power
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consumption of 5.3mW, using single-flux quantum (SFQ) logic. This is the first complete
FFT processor implementation using superconducting technology, performing 8-point 7-bit
FFT in a bit-serial computing manner. The test chip fabricated using a 1.0 um 9-layer process
consists of 17 455 Nb/AIO x /Nb Josephson junctions (JJs), rendering itself the largest
superconducting digital circuit capable of iterative data computing. The correct operation of
the chip has been experimentally confirmed at a maximum operating frequency of 47.8GHz
(word speed 8GHz) by conducting on-chip high-speed testing.

3. Luo, W., Chen, O., Yoshikawa, N. et al. Scalable true random number generator using

adiabatic superconductor logic. Sci Rep 12, 20039 (2022).

https://doi.org/10.1038/s41598-022-24230-5

Alternative computing such as stochastic computing and bio-inspired computing holds promise
for overcoming the limitations of von Neumann computers. However, one difficulty in the
implementation of such alternative computing is the need for a large number of random bits at
the same time. To address this issue, we propose a scalable true-random-number generating
scheme that we refer to as XORing shift registers (XSR). XSR generates multiple uncorrelated
true random bitstreams using only two true random number generators as entropy sources and
can thus be implemented by a variety of logic devices. Toward superconducting alternative
computing, we implement XSR using an energy-efficient superconductor logic family, adiabatic
quantum-flux-parametron (AQFP) logic. Furthermore, to demonstrate its performance, we
design and observe an AQFP-based XSR circuit that generates four random bitstreams in
parallel. The results of the experiment confirm that the bitstreams generated by the XSR circuit

exhibit no autocorrelation and that there is no correlation between the bitstreams.
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