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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, an emerging field called 
spintronics is rapidly developing and impacting 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.

  Scope of Research KEYWORDS
Spintronics
Quantum Transport
Nano-fabrication
Artificial Materials



Topics

19ICR ANNUAL REPORT, 2013

Two-barrier Stability that Allows Low Power 
Operation in Current-induced Domain Wall 
Motion

Energy barriers appear in diverse systems and its deter-
mination has long been a debatable issue because it deter-
mines the thermal stability of devices as well as the 
threshold force triggering their dynamics. In general, there 
is a severe dilemma between the thermal stability of bit 
data and the operation power of devices, because larger 
energy barrier for higher thermal stability inevitably leads 
to larger magnetic field (or current) for operation. Here 
we show that this is not the case for the current-induced 
magnetic domain wall motion induced by the adiabatic 
spin transfer torque. By quantifying domain wall depin-
ning energy barriers by magnetic field and current, we 
have found that there exist two different pinning barriers, 
extrinsic and intrinsic energy barriers, which govern the 
thermal stability and threshold current, respectively. This 
unique two-barrier system allows the low power operation 
with high thermal stability, which is impossible in conven-
tional single-barrier systems.

Spin-motive Force Due to a Gyrating 
Magnetic Vortex

A change of magnetic flux through a circuit induces an 
electromotive force. By analogy, a recently predicted 
force that results from the motion of non-uniform spin 
structures has been termed the spin-motive force. 
Although recent experiments seem to confirm its presence, 
a direct signature of the spin-motive force has remained 
elusive. We report the observation of a real-time spin-
motive force produced by the gyration of a magnetic 
vortex core (Figure 2). We find a good agreement between 
the experimental results, theory and micromagnetic simu-
lations, which taken as a whole provide strong evidence in 
favour of a spin-motive force.

Figure 2. (a) A vortex state in a micron-size magnetic disk. (b)-(d) 
Illustrations of the time domain measurements in a gyrating vortex core 
at a time t. The vortex core is indicated by the red arrow. (e) Experi-
mentally observed spin motive force (SMF) as a function of time.

Figure 1. Schematic illustration of DW motion and energy landscape. (a) 
A magnetic DW in a nanowire and its collective coordinates, the position 
q and the tilting angle φ. (b,c) Energy landscape for the DW motion in 
the presence (b) and absence (c) of d.c. current.




