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By focusing on spatial structure on electron spins as well as local magnetic
moments in nano scale, we will investigate the fundamental technologies for
next-generation non-volatile memories and quantum information processing,
based on the dynamics of spatial spin/magnetic structures. By understanding
the physics of spatial spin/magnetic structures both in semiconductors and
ferromagnetic metals, we will establish new field so called “Helical-Spintronics”.

We will tackle this new field of Helical-Spintronics with two young scientist
(Kohda/Kanai) and two collaborators in overseas who are in the front runners in
the field of Spintronics and Quantum information technology.
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Discovery of long-lived electron spin waves in semiconductors

respect to [001] crystal

orientation

[001]

[115]

[225]

[111]

[221]

Crystal direction
dependence of spin wave
duration. The spin wave
duration in the [225]
crystal direction is much
longer than that in the
[001], [111], and [110]
directions, which have

already been investigated.

Succeeded in extending

the lifetime by about 30%.

Next-generation spin transistors, which utilize the spin
of electrons, are expected to significantly reduce power
consumption compared to conventional transistors. At
this time, spin waves, which propagate in space while
the spins are aligned and rotating in unison, are
indispensable for controlling spin rotation and
transporting spin information in semiconductors.

We have discovered a crystal direction in which spin
waves can be sustained for a longer period of time than
in conventional semiconductors, which are expected to
be a new information carrier. In this study, the crystal
direction in which the spin waves propagate was
appropriately controlled, and the crystal direction in
which the effect of the internal magnetic field is most
suppressed was theoretically clarified. As a result, it was
found that the lifetime of spin waves was extended by
30% compared to the conventional method.
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Demonstrating the World's Fastest Spintronics p-bit
(S. Kanai et al., Physical Review B 103, 094423 (2021). K. Hayakawa et al., Physical Review Letters
126, 117202 (2021). (Joint papers) 2021/3/18 press release)

L _ The late physicist R.P. Feynman envisioned a probabilistic
magnetization  Fig. 1 A top-

direction  view scanning computer: a computer that is capable of dealing with
— “1” state electron probabilities at scale to enable efficient computing. We
— 0" state .‘EJZ;ZSZ?ZV have, for the first time, developed the technology for the
149 nanometer magnetic tunnel nanosecond operation of the spintronics-based

junction device.

probabilistic bit (p-bit) by a nanoscale MTJ device with an
in-plane magnetic easy axis (Fig 1). The magnetization
direction updates every 8 nanoseconds on average - 100
times faster than the previous world record (Fig 2).

lf: “1” state The developed MTJ is compatible with current
leb M semiconductor back-end-of-line processes and shows
800

<> 50 nanometer

1 milli-Volt — «— switching time
'M J substantial promise for the future realization of high-

, , , performance probabilistic computers. Also, our theoretical

0 200 400 600

framework of magnetization dynamics including entropy

transmitted
voltage

“0” state

time (nanosecond) also has broad scientific implication, ultimately showing
Fig. 2 Real time measured transmitted voltage signal which reflects the the potential of spintronics to contribute to debatable
magnetization state as well as bit state. Relaxation time, defined as a issues in statistical physics.

switching time averaging over 100 million times a second, was observed.
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Energy-Efficient Tuning of Spintronic Neurons
(H. Fulara et al., Nature Communications 11, 4006 (2020). 2020/08/17 Press release)
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The human brain efficiently executes highly sophisticated
tasks, such as image and speech recognition, with an
exceptionally lower energy budget than today's computers
can. The development of energy-efficient and tunable
artificial neurons capable of emulating brain-inspired
processes has, therefore, been a major research goal for
decades. With researchers at the University of Gothenburg,
we have reported on an important experimental advance in

lgc (MA) fae (MA) lgc (MA) this direction; demonstrating a novel voltage-controlled
spintronic microwave oscillator capable of closely imitating

Experimental result of oscillation property under various the non-linear oscillatory neural networks of the human

gate voltages. Red and yellow regions mean a strong brain. Using an effect called voltage-controlled magnetic

oscillation taking place. One can see that the oscillation

property changes with the gate voltage. anisotropy, the magnetic and magnetodynamic properties of

CoFeB ferromagnet, consisting of a few atomic layers, can be
directly controlled to modify the microwave frequency,
amplitude, damping, and, thus, the threshold current of the
spin Hall nano-oscillators.



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9

