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The conventional electronics utilizes only the “charge” of electrons, while the traditional magnetic devices use only 
“spin” degree of freedom of electrons. Aiming at the complete control of both charge and spin in single solid-state 
 devices, a new field called spintronics is rapidly developing and impacting on information technology. 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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Resonant Excitation of the Magnetic  
Vortex Core

Manipulation of the magnetization by spin currents is a 
key technology for future spintronics. Underlying physics 
is that spin currents can apply a torque on the magnetic 
moment when the spin direction of the conduction elec-
trons has a relative angle to the local magnetic moment. 
This can be generalized to the idea that any kind of spin 
structure with spatial variation can be excited by a spin-
polarized current in a ferromagnet.

A typical example of such a non-collinear spin structure 
is a curling magnetic structure (magnetic vortex), which 
appears in a ferromagnetic circular dot. Here we demon-
strate that a magnetic vortex core can be resonantly excit-
ed by an AC current through a ferromagnetic circular dot 
when the current frequency is tuned to the eigenfrequency 
originating from a confinement of a vortex core in a dot. 
Our micromagnetic simulations with the spin-transfer 
effect reveal the detailed motion during the excitation;  
an excited vortex core draws a spiral trajectory to settle  
in a steady orbital around the dot centre. We succeeded in 
detecting the predicted resonance by resistance measure-
ments. We found the efficient excitation by an electric 
current due to the resonance nature and the tunability of 
the resonance frequency by dot shape, which opens up the 
potentiality of a simple magnetic dot as a building block 
for spintronic devices and a rotary actuator for nano-
mechanical systems.

Spin Injection into the Superconductor

The efficient spin injection, accumulation and transport 
in solid state devices are the central issue in both funda-
mental and technological points of view. In general, the 
spin polarized electrons injected from the ferromagnets 
(F) into the nonmagnetic materials (N) such as normal 
metals, semiconductors, and superconductors (SC) create 
nonequilibrium spin accumulation in N. The spin accumu-
lation plays an important role in the field of spintoronics 
which will be realized by manipulating the spin degree of 
freedom of electrons.

Recently it was reported that a spin accumulation signal 
was detected in a lateral Ni80Fe20/Cu/Ni80Fe20 spin valve 
device by using a non-local spin transport measurement. 
However, the possible spin accumulation in SC’s still re-
mained to be explored, which is stimulating because the 
strong competition between superconductivity and mag-
netism is induced by artificial spin polarization in SC’s. 
Theoretically, the non-local spin signal is greatly enhanced 
when N falls into the superconducting state below its tran-
sition temperature (TC). This enhancement is due to the 
fact that SC is a low-carrier system for spin transport but 
not for charge transport.

We addressed the issue by using the tunnel-junction F/
SC/F spin valve structure with the non-local measurement 
technique. By injecting an appropriate current, the spin 
signal was observed to be several times larger in the 
superconducting state than in the normal state, consistent 
with the theoretical prediction.

Figure 1. Time evolution of the vortex under the AC current application. 
Magnetization direction m = (mx, my, mz) inside the dot on the xy plane 
was obtained by micromagnetic simulation. The 3D plots indicate mz 
with the mx – my vector plots superimposed. The plot on the left repre-
sents the initial state of the vortex core situated at the center of the dot 
with r = 410 nm. The 3D plots on the right show the vortex on the steady 
orbital at t = 80.6, 81.5, and 82.3 ns after applying the AC current.

Figure 2. (Top) Scan-
ning electron micro-
scope image of a lateral 
spin valve device, with 
the geometry of the 
non-local measure-
ment. (Bottom) Device 
cross-section.

Figure 3. Current de-
pendence of the non-
local spin accumulation 
signal RS at the super-
conducting state (at 
low current regime), 
showing the enhance-
ment of the spin signal 
compared to that at the 
normal state (at high 
current regime).


