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Our research group develops novel small-size low-power brain-type hardware focusing on
information processing through physical dynamical process using semiconductor nano-devices and
integrated circuits. We aim at a brainmorphic computing paradigm where brain specific functions
will emerge.
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1. Brainmorphic computing paradigm

2. VLSI information processing systems based on complex dynamics

3. Brain-inspired neuromorphic analog VLSI circuits

4. Brain-inspired VLSI system with consciousness

5. Development of neural network hardware based on nano-device physics
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F 535 EITREHMEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2016-2018]

1.  W.A. Borders, H. Akima, S. Fukami, S. Moriya, S. Kurihara, Y. Horio, S. Sato, and H. Ohno, "Analogue spin—
orbit torque device for artificial-neural-network-based associative memory operation,” Applied Physics
Express, vol. 10, pp. 013007-1 - 013007-4, 2016. [IF: 2.772], [Times Cited: 59]

Abstract: We demonstrate associative memory operations reminiscent of the brain using nonvolatile spintronics
devices. Antiferromagnet—ferromagnet bilayer-based Hall devices, which show analogue-like spin—orbit torque
switching under zero magnetic fields and behave as artificial synapses, are used. An artificial neural network is used
to associate memorized patterns from their noisy versions. We develop a network consisting of a fieldprogrammable
gate array and 36 spin—orbit torque devices. An effect of learning on associative memory operations is successfully
confirmed for several 3 x 3-block patterns. A discussion on the present approach for realizing spintronics-based
artificial intelligence is given.

International impact on both academic and social aspects: This work is the world first physical demonstration
of a working artificial neural network in which spin-orbit torque (SOT) devices are used as analog synapses. The
hardware system proved that the analog memory property of a SOT device can be employed in a learning system.
These facts accelerated the research on analog SOT mechanism in physics, and that on neuromorphic hardware in

engineering. At the same time, several semiconductor companies got interests in our work for future edge Al devices.

2. Y. Horio, N. Ichinose, and M. Ogawa, "Experimental verification of quasi-periodic-orbit stabilization using a
switched-capacitor chaotic neural network circuit,” Nonlinear Theory and Its Applications, IEICE, vol. 9, no.
2, pp. 218-230, 2018. [Web of Science h-index: 7], [Times Cited: Currently registering to Scopus]

Abstract: Pole assignment control for stabilizing a quasi-periodic orbit in a discrete-time dynamical system has
been previously proposed. In this paper, the pole assignment method is applied to a switched-capacitor chaotic
neural network circuit. For circuit experiments in which there are unknown circuit characteristics and parameters,
and inevitable noise, the control method is modified by introducing new control input signals. As a result, the quasi-
periodic orbits are successfully stabilized through pole assignment control. In order to confirm the quasi-periodicity
of the obtained orbits, bifurcation diagrams and phase-plane portraits are provided. In addition, a statistical test
designed for noisy experimental data, in particular, further confirms the quasi-periodicity. Through circuit
experiments, the feasibility, usefulness, efficacy, and robustness of pole assignment control for quasi-periodic orbits
are verified.

International impact on both academic and social aspects: This work experimentally demonstrated for the first
time that the pole assignment control can stabilize a quasi-periodic orbit of a real physical system even with

inevitable noise. In ordinary stabilizations, only periodic or chaotic trajectories can be stabilized, however, this work

3



broke through the wall for controlling the quasi-periodicity. In the academic society, this result opened new area for
complex control theory, while in industry, this work affected to the use of quasi-periodic orbits instead of avoiding

them.
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[2016-2018]

2.(1[1]
As a member of the board of directors, | expanded the JNNS activities to International Neural Network Society
(INNS) and Asian Neural Network Society (ANNS).

2.(1)[2],[4]
Since | was the first chairman of the NOLTA society, IEICE, | have been working hard to revitalize the international

activities of the society as a core member of the NOLTA society.

2.(2)[5]
As an advisor for the NOLTA2017 conference, | succeeded in negotiation to hold the NOLTA2021 in Croatia, in

which I will serve as the general chair.

2.(3)[1]
I heavily contributed to improve the review system including AE memberships of the Journal. As a result, 1 was

elected to the Editor-in-chief of the Journal for the term beginning from June 2019.

3.(Q)[1]
Over 250 people from TDK attended to my lecture in which I stressed on the importance of mutual understanding

between neuro-scientists and device engineers through brainmorphic computation for future Al systems. As a result,

many device engineers including CEO had much interests in the brainmorphic computational paradigm.
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