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Scope of Research

Conventional electronics uses only the charge of electrons, while traditional magnetic devices use only the spin degree
of freedom of electrons. Aiming at complete control of both charge and spin in single solid-state devices, an emerging
field called spintronics is rapidly developing and having an impact on information technologies. By combining the
atomic-layer deposition with nanofabrication, we focus on the development of spin properties of various materials and the
control of quantum effects in mesoscopic systems for novel spintronics devices.
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Topics

Realization of the Field-Free Superconducting
Diode Effect

The diode effect is fundamental to electronic devices and is
widely used in rectifiers and AC-DC converters. At low tem-
peratures, however, conventional semiconductor diodes pos-
sess a high resistivity, which yields energy loss and heating
during operation. The superconducting diode effect (SDE),
which relies on broken inversion symmetry in a superconduc-
tor may mitigate this obstacle: in one direction a zero-
resistance supercurrent can flow through the diode, but for the
opposite direction of current flow, the device enters the nor-
mal state with ohmic resistance. The application of a magnetic
field can induce SDE in Nb/V/Ta superlattices with a polar
structure, in superconducting devices with asymmetric pat-
terning of pinning centres, or in superconductor/ferromagnet
hybrid devices with induced vortices. The need for an external
magnetic field limits their practical application. Here, we pres-
ent implementation of zero-field SDE using noncentrosym-
metric [Nb/V/Co/V/Ta],, multilayers. The magnetic layers
provide the necessary symmetry breaking and we can tune the
SDE by adjusting the structural parameters, such as the con-
stituent elements, film thickness, stacking order, and number
of repetitions. We control the polarity of the SDE through the
magnetization direction of the ferromagnetic layers. Energy-
loss-free SDEs as presented in this work may therefore en-
able novel non-volatile memories and logic circuits with ul-
tralow power consumption.
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Spin-Transfer-Torque-Driven Magnetic
Domain Wall Motion in Antiferromagnetically
Coupled Ferrimagnets

Magnetic domain wall (DW) racetrack memory is a
next-generation, non-volatile and high-density magnetic
memory, where the magnetic domain walls work as informa-
tion bits and they are controlled by electric current via the ef-
fect of spin transfer torque (STT). However, to enhance ther-
mal stability while keeping low driven current is difficult in
traditional domain wall (DW) motion devices. The increasing
of energy barrier for thermal stability inevitably results in the
enhancement of driven current. We numerically investigate
depinning field (H,,;,) and critical current density (J,) for DW
motion as a function of uniaxial magnetic anisotropy (K,) in
vertical DW motion memory with artificial ferromagnet. It is
found that Hy,,;, and J, show different K, dependence. The
results indicate that it is promising to simultaneously achieve
high thermal stability and low driven current in artificial ferro-
magnet based DW motion devices.
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Figure 1. (a) Schematic of the SDE and measurement configuration. The magnetic field is applied perpendicular to both the polar axis and the electrical
current. (b) Non-volatile SDE at 1.9 K. Red and black dots represent the results for negative magnetization (-M) and positive magnetization (+M), re-

spectively. Current densities J = 72.7 kA cm-? and J = —72.7 kA cm-? at 1.

9 K without a magnetic field were repeatedly applied. The device shows a

superconducting state or normal conducting state depending on the polarity of the current. Note that the polarity of SDE depends on the direction of
magnetization. The -M or +M state is achieved after sweeping the magnetic field in the order of +0.5, 0, —0.15, 0 T or —0.5, 0, +0.15, 0 T.

Select

transistor z
1|:_}- 3 /L.v :10 “o

Sielige *xnellc tunnel

W o 00

coupling

transistor
layer

0
1 - junction (1) oMo [+
8 2z
d ¥ U 'L) +
v En X |
bl K1 KB |
i H o 5o
layer
Word fine: 4 2 Current wee. Current
Sileck - Strong 10 I | EX:

0 5 10 15 20 25 30
Strong coupling layers K, (x10° Jim?3)

Figure 2. (a) Schematic illustration of the experimental setup. (b) The STT-induced DW velocity as a function of temperature. The dotted orange line

represents the angular momentum compensation temperature 7,.
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