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Magnetic Domain & Domain Wall 

Magnetic Domains 

.  

Domain-Wall (DW) 

Roberts et al., Phys. Rev. 96, 1494 (1954). Zureks, Chris Vardon, Wikipedia, 2008. 



Domain Applications 

Magnetoresistance Random Access Memory  

 

C. Chappert et al., Nat. Mater. 6, 813 (2007).  4 

The 1st magnetic core memory, IBM 405 
Alphabetical Accounting Machine. The photo 
shows the single drive lines through the cores 
in the long direction and fifty turns in the short 
direction. The cores are 150 mil inside 
diameter, 240 mil outside, 45 mil high. This 
experimental system was tested successfully in 
April 1952.  
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Applications 

Hard Disk Drive 
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Domain Wall Propagation: Applications  

6 DW Logic Circuit Racetrack Memory 

D. A. Allwood et al., Science 309, 1688 (2005). S. Parkin et al., Science 320, 190 (2008). 

Read current

Sensed current
varies depend-
ing on whether
the bit is 0 or 1

Write current

Write field

Target bit

The current induced
field reverses the target
_fq¨păj^dkbqfw^qflk

DW-RAM 

Cros, V et al., Patent WO, 064022 (2006). 
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Walker DW S olution of the LLG Eq.  

L. R. Walker et al., J. Appl. Phys. 45, 5406  (1974). 
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The Walker DW Solution-A Starting  Point!  
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Issue: 
 
Is the Walker Solution Stable?  



Signs of Instability of Walker DW Mode 

X. S. Wang, et al.,  

Phys. Rev. Lett. 109, 167209 (2012). 

11 

R. Wieser, et al. ,  

Phys. Rev. B 81, 024405 (2010). 

Overlooked˻  Attributed to Quasi-1D Nature 



We call it spectrally stable if the whole spectrum lies in the closed left complex half plane. 
 
Spectral stability is the necessary condition for the Lyapunov stability (linear &nonlinear). 

Issue: Instability of a Walker DW mode?  
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Stability Analysis Revisit 
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of Stability  Analysis of 

Traveling Front 

Walker Solution  

Lyapunov analysis  



Modus Operandi : L inearization  
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