Magnetic Domain Wall Manipulation SII 03
using MFM Probe

T. Yamaokal, E. Saitoh? , K. Watanabe?, Y. Shirakawabe! and H. Miyajima2
1 S1l NanoTechnology Inc., 2-15-5 Shintomi, Chuo-ku, Tokyo 104-0041, Japan 2 Department of Physics, Keio University, Yokohama, 223-8522, Japan

Abstract

Researches on ultra high-density magnetic recording are actively being pursued. Moreover nano scale magnetic patterns are energetically being
studied with the aim of creating new magnetic devices. For the application of the spin electronics in devices, control and observations of
magnetic domain structure are very important. High-Resolution Magnetic Force Microscopy (MFM) using a low moment probe and the Q-control
method in a vacuum is a powerful tool for exploring nano scale magnetism [4. We have succeeded in the observation of the nearly-free single
domain wall (DW) using High-Resolution MFM. Here, we report the effects of the MFM probe’s stray field in observations of the single magnetic
DW using the low-/medium-/high-moment probe. [ T.Yamaoka et al., J. Magn. Soc. Jpn., 27 (2003) 429

Single Magnetic Domain Wall Principle of Magnetic Force Microscopy
Cantilever Output /\/\VA\ MEM
[ 100 um External magnetic Remnant \ Laser diode Phase | 'magem
b NigFe,,  field (10kOe) state ey detection
width 70 M, e VAVAVAY Attractive
Bt =l = S e A
r ‘_‘ P R AR ‘ii Stray field of sample 9
‘ = DW — 1— g m=p 4 Test pattern of Hard disk Repulsive
R=50
wm Horizontal recording media /\/\/\ Phase shift Small)

Healong a wire) 0 MFM Observations of Single Domain Wall

Comparison of (A) Low-Moment Probe and (B) High-Moment Probe
B

“Domain-Wall Resonator” /

E. Saitoh, H. Miyajima,

T. Yamaoka, and G. Tatara,

i i Topograph MFM  Superimpose
Nature, 432 (2004) 203-206. LLG simulation pography perimp
\ T. Yamaoka et al., IEEE Transaction on Magnetics 41 (2005) 3733-3735. )

Magnetic Domain Wall
Manipulation using
High-Moment MFM Probe

® SPM model:
NanoNavi/E-sweep
SIl NanoTechnology Inc.

@ High-Resolution MFM

Q-Control in a Vacuum

Low Moment Probe T. Yamaoka et al., Jpn. J. Appl. Phys, 45 (2006) 2230—223y

MFM Observations ( Low-Moment Probe \ ( Medium-Moment Probe \ ( High-Moment Probe \
of Single DWs in t=12(m) t=72(m) |

Multistep Wires s /)'VwF
CoPtCr

using Several MFM
Probes

70nm |

Verification of reproducibility
HEXT_ l(T)

=K_\—'>_\:>'>>—> RV

il

Summary

When low-moment probe was used, the observed images were consistent with the micromagnetic simulation and the DWs were reproducibly
observed. In the case of high-moment probe, DW manipulation is observed. This phenomenon has suggested that the DWs were dragged by the
stray field from the MFM probe. By shifting the second scan purposely lengthwise, the DWs were restricted to the first-scan end point in second
scan image. In the case of medium-moment probe, we found that the MFM probe liberated the DWs in the middle of scanning; the first scan and
the second scan show similar image. Furthermore, the displacement of the DWs varies, implying competition between the driving force of the
DW affected by the stray field from the MFM probe and the friction of the DW in the permalloy semicircular wire loop.
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