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Domain wall

 Magnetic domains are fundamental structures 

in ferromagnets



Domain wall

Region between adjacent domains: domain wall




In general terms, the thickness of a DW in a

ferromagnetic material is determined by the 

competition between the interatomic exchange 

interaction and the magnetic anisotropies 


For Fe, Co, Ni and their alloys, typical values of 

the DW thickness are of the order of 100 nm. 

Domain wall



Domain wall

 Magnetic domain walls in ferromagnets have 

become the subject of intense research in the past 

years. 

 The interaction between spin polarized current 

flowing in a ferromagnet and the domain wall is 

regarded as providing a new way of exploiting 

the spin degree of freedom. 

 However, details of the interaction between 

current and DWs remain unclear. 



Domain wall

 For a long time, DWs were considered as having 

no appreciable effect on the resistance of 3d 

ferromagnets

Cabrera and Falicov, Phys. Stat. Sol. (b)  (1974); Berger, J. 

Appl. Phys. (1978)

180o DW with thickness L  ≥ 10 nm

 negligible contribution to resistance



Domain wall

 Gregg et al. [PRL 77 (1996)] 

first direct observation of ferromagnetic  

domain wall scattering 



A. Ben Hamida, O. Rousseau, S. Petit-Watelot and M. Viret

EPL, 94 (2011) 27002 EPL, 94 (2011) 27002 

Domain wall thickness



Domain wall

 Ferromagnetic nanowires
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at zero applied field, consistent with Fig. 2 a , i.e., for mod-

erate current densities those below the current required to

cause annihilation of the 360DW described below a 360DW

under any applied field propagated with the same velocity as

a 180DW at zero field.

At a spin current density of u=238 m / s, the 360DW ex-

hibited an annihilation process which is qualitatively differ-

ent from the Walker breakdown exhibited by the 180DW at

u=400 m / s at zero applied field. In agreement with prior

work,12–14 Walker breakdown of the 180DW at high current

or field occurred by the emission of an antivortex core from

the stripe edge and an oscillation in the magnetic configura-

tion and the velocity of the 180DW, but the 180DW was not

destroyed. In contrast, the annihilation of the 360DW was an

irreversible process which occurred by the creation of a vor-

tex core at one edge of the stripe resulting in the formation of

a single 180DW enclosing a U-shaped reverse domain on the

other edge of the stripe, as shown in Fig. 1 c . At this point

the velocity of the DW along the stripe fell to zero, and the

U-shaped reverse domain contracted, Fig. 1 d . As the

shrinking reverse domain approached the edge of the wire, it

began to accelerate along −x, opposite to the initial propaga-

tion direction, Fig. 1 e . Eventually, the reverse domain van-

ished, releasing a burst of spin waves. The current-induced

360DW annihilation also differed from the annihilation pro-

cess of a 360DW caused by a large field in the absence of a

current, which occurs via the formation and movement of

multiple vortex cores accompanied by the emission of spin
waves.

Figure 3 a summarizes the effects of spin current density
and applied field on the 360DW for =0.03. At low current
densities, below u=166 m / s at zero applied field, the
360DW propagated at constant velocity until it reached the
end of the stripe. When it collided with the fixed-spin region
at the end of the stripe it showed damped oscillations but was
not annihilated. At high current densities, above u
=237 m / s at zero field, after propagating some distance

along the stripe, the 360DW collapsed following the process

described in Figs. 1 c –1 e . At intermediate current densities

the 360DW propagated until it reached the end of the stripe

but collapsed once it reached the boundary. These three re-

gimes are denoted stable propagation, perturbed annihilation,

and spontaneous annihilation, respectively, in Fig. 3 a . Be-

low −25 Oe, the 360DW dissociated but above −25 Oe in-

creasing field compressed the 360DW and lowered the value

of current density at which annihilation of the 360DW oc-

curred, from u=267 m / s at −25 Oe to u=201 m / s at 50

Oe. An increasing applied field brought the component

180DWs closer together, facilitating the initial meeting of the

180DWs at the edge of the stripe which begins the annihila-

tion process. It is expected that the critical current for break-

down would continue to decrease for increasing field, until

the 360DW collapses spontaneously at 1438 Oe and zero

current. Because the velocity of the 360DW is independent

of field, the increase in critical current also increases the

maximum propagation velocity. In contrast, a 180DW

showed little effect of field on the propagation velocity at

breakdown, although a transverse applied field has been

shown to suppress breakdown and enable higher velocity.29

These results illustrate qualitative differences between

current-driven 180DW and 360DW behavior.

The nonadiabaticity parameter had a significant influ-

ence on the critical current density for breakdown, as shown

in Fig. 3 b . As decreases, the critical current densities for

FIG. 2. Color online A comparison of domain-wall velocities

for 360° and 180° domain walls a at zero applied field with vary-

ing spin current velocity and b at fixed-spin current velocity u

=100 m / s with varying applied field. The parameter =0.03 in all

cases. Positive field and velocity are directed to the right, along +x.

FIG. 1. Color online a Part of stripe showing the equilibrium

transverse 180DW structure. Axes are indicated. b The equilib-

rium 360DW structure at zero field. c Part way through the anni-

hilation process of a 360DW showing a reverse domain bounded by

a U-shaped 180DW. d and e Successive snapshots of the

360DW annihilation process.
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Present workPoints of interest

 Dependence of the resistance on the the DW 

thickness

 Dependence of the resistance on the material 

parameters

 Contributions from spin-flip and non-spin-flip 

processes to the conduction across a DW

 Magnetoresistance associated with DWs



Landauer formalism 

•  Ballistic regime (λ >> L): Landauer formalism 

)(|e| 21 mme -=

voltage drop 

M = # channels between 

           m1  and m2 

Landauer formalism

• Ballistic regime: mean free path  λ >>L

• Conductance G

T  = transmission coefficient

α  = channel index



Domain wall

exchange field!
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discretization 

solution within each interval 



Domain wall

 by matching the solutions at the boundaries of 

subsequent intervals we obtain

 transmission coefficients   

T[ ] =
T T¯

T¯ T¯¯

é

ë
ê

ù

û
ú

 from which we get 

G[ ] =
G G¯

G¯ G¯¯
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Domain wall

 non-spin flip conductance

Gnsf = G + G¯¯

 spin-flip conductance

Gsf = G¯ + G¯



Domain wall

 magnetoresistance ratio

where  R0 and G0 are the resistance and conductance 

in the absence of the wall

 normalized conductance

G = G / G0



Domain wall

(a) Weak ferromagnet (eg. Fe)

(a) Strong ferromagnet (eg. Ni, Co)

(a)

(b)



(a) Weak ferromagnet



(a) Weak ferromagnet

cv



(a) Weak ferromagnet

cv



(a) Strong ferromagnet



(a) Strong ferromagnet



Conclutions

 Positive contribution of the domain wall to the 

electrical resistance in the ballistic regime.

 magnetoresistance ratios as high as 20% or even 

larger can be obtained for a proper choice of 

materials. 

 Two regimes within which transport is dominated 

either by the non-spin-flip or by the spin-flip 

regime

 Presence of quantum interference effects in the 

process.


