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Aims and Objectives

a. Fabrication of nominally identical nanowires by EBL 
and FIB

b. Formation of domain walls in nanowires

c. Domain wall propagation process by applying 
magnetic field 

d. Influence of edge effect on DWs spin structures
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Importance

Domain walls as carrier of information

Two proposed applications are:
1. Magnetic logic device, and
2. Magnetic race track memory device.

Important to understand
a. domain wall propagation process along the nanowires
b. controlled pinning and de-pinning of DWs
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Structure of the nanowires
Permalloy thickness: 

20 nm

Width of the anti-notch: 
300 nm

Height of the anti-notch: 
150 nm

Electron beam 
lithography and lift off 
technique

Focused ion beam  
technique

Thermal 
evaporation 
technique

I
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400 nm

15 μm
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Phase diagram

• DW type dictated by wire width, w, and 
thickness, t

• Asymmetric transverse DW predicted by
Nakatani et al. [2]

[1] Nakatani et al., J. Magn. Magn. Mater. 290-291, 750 
‏(2005)

300 nm wide and 20 nm 
thick permalloy wire



SP↓N S W↑T C H Workshop “Spin Momentum Transfer”, Krakow 3-5 September 2008

Physical characterization: TEM bright field 
images
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Magnetic characterizations: LTEM

Formation of domain wall

θ1

θ1= 4~5 degree
θ2= 12~18 degree
H ~ 4000 Oe
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Magnetic characterizations: LTEM

Formation of domain wall

θ2 θ1

θ1= 4~5 degree
θ2= 12~18 degree
H ~ 4000 Oe
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Magnetic behavior of DWs

EBL patterned nanowire

d. 52 Oe

a. 0 Oe

b. 17 Oe

c. 44 Oe

Image from simulation

a. 0 Oe

b. 12 Oe

d. -42 Oe

c. 31 Oe

FIB patterned nanowire



SP↓N S W↑T C H Workshop “Spin Momentum Transfer”, Krakow 3-5 September 2008

Domain structure inside the anti-notch
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Summary

Estimated edge effect using TEM BF imaging

-for the e-beam patterned nanowires around 
3~8 nm

-for the FIB patterning nanowires around 
20~25 nm

Domain structure inside the anti-notch was 
varied in the case of FIB milling nanowires
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Summary 


