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Abstract. A process of vortex-antivortex magnetization reversal in a Permalloy nano particle 

with uniform polarity of magnetization has been investigated numerically. Micromagnetic 

simulation is performed using the Landau–Lifshitz–Gilbert equation. A short field pulse is 

applied in a film plane anti parallel to magnetization direction.  Sequences of simulation of 

reversals mechanism are evaluated for thickness of nano particle.  As the results in the case of 

thickness of 20 nm thin layer, magnetization reversal realizes through a creation-annihilation of 

Neel-Bloch wall pair.  Contrarily, reversal mechanism via a creation-annihilation process of 

vortex-antivortex pair occurs for thickness of 60 nm thin layer.  By analyzing barrier energy of 

the sample, we find that a maximum barrier energy reaches a threshold value (e.g., ~ 2.6×10
6
 

erg/cm
3
 for Permalloy in this simulation).   

1. Introduction 

Nanometer-order size of magnetic devices is desired to be realized a high density hard disk drive 

(HDD), i.e. exceed to 10 Tbit/in
2
 in the near future.  For realizing, the most important effort up to now 

is how to maintain the magnetic property if a magnetic material scales down to nanometer-order 

without a significant thermal effect. As known well, the thermal effect causes the parts of magnetic 

property lost.   

Generally, read-write mechanism of magnetic device employs magnetization reversal.  

Conventionally, magnetization reversal even occurs at infinite large medium such as continues films 

or bulk materials.  There are two type of switching i.e. spontaneous magnetization via coherent 

rotation and magnetization reversal via domain nucleation following wall propagation to single 

domain configuration.  Furthermore, configuration of domain wall should be Néel wall and Bloch 

wall.  The magnetization reversals also may occur via vortex-antivortex formation [1-6].  In-depth 

information regarding the magnetization reversal mode will guide the design of nano devices with a 

minimum magnetic field require for reversal.  

In this paper, a numerical investigation to study magnetization reversal on nanometer pattern 

Permalloy is carried-out using micromagnetic simulation by solved Landau-Lifshitz-Gilbert (LLG) 

equation.  The discussion focus on the vortex-antivortex formation during magnetization reversal 

under magnetic field with nano second duration.  In order to modify the vortex-antiovortex formation, 

thickness dependence of magnetic field required for switching is also investigated. 
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2. Experimental 

Generally, magnetization under the influence of Heff is given as Landau-Lifshitz-Gilbert (LLG) 

equation  
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where Ms is saturation magnetisation, |γ| is gyromagnetic ratio (|γ| = 1,76  10
7
 Oe

-1
s

-1
 for free electron 

in metal) and  is Gilbert attentuation parameter. Magnetic energy consists of components, i.e. 

exchange energy, anisotropy energy, demagnetisation energy, and Zeeman energy. Without Zeeman 

energy, magnetic energy can be written as  
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with Hd is demagnetisation vector,  kmKa  1 , 
SMMm  and k is unit vector directed to in-plane. 

In this simulation, 50 nm × 100 nm  sized nanoparticel permalloy was subdivided into rectangular 

elements of 15  15. The nanosize permalloy is assumed here as uniaxial anisotropy structured in-

plane nanoparticles with anisotropy constant K = 5000  erg/cm
3
, exchange constant A = 1,3  10

-6
 

erg/cm, saturation magnetisation 4πMs = 1,0  10
4
 gauss,  = 0,3 and step time integraltion (dt) = 2,5 

 10
-13

 s [4-5].   

 

3. Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this paper, energy which is needed to cause magnetisation reversal process is defined as 

activation energy (Ea) i.e. minimum energy that magnetic moment need to change from initial 

minimum condition into another minimum condition as shown at Figure 1.  A left region of peak curve 

is initial condition and a right region of peak curve is other local minimum which obtains after the 

magnetization reversal.  In this simulation, initial condition is set to be uniformly magnetization M = 1 

when zero field is applied. Then, field with disagree orientation to initial magnetization is used to 

reverse the initial magnetization.  So that magnetization gradually along to field direction.  When the 

magnetization reduces to zero (M = 0) and starts to the reversed direction, the magnetization reversal 

occurs.  The field is required for the magnetization reversal even define as switching field (Hsw).   
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Figure 1. Activation Energy Curve (Ea) as function of time (t).   
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Figure 2 shows the thickness dependence of both the Ea and the Hsw under short pulse for 2.5 ns 

magnetic field of Heff = 5 kOe.  It is clear that the Ea goes up with the increase of the thickness, d and 

then becomes a constant at 2.6 × 10
6
 erg after the critical thickness, d is obtained i.e. 30 nm.  In this 

case, the maximum of the Ea is attained.  Contrarily, the Hsw at the beginning linearly increases with 

the raise of the d, after d = 30 nm the remaining Hsw decreases with increasing the thickness.  From the 

simulation results, it means that the addition mechanism for lowering the Hsw is necessary after the 

critical thickness is attained.  When the d is equal 30 nm, the field required for switching Hsw is about 

4.56 kOe.  Moreover, the Hsw is only 2.54 kOe at d = 100 nm.  Here, the lowering factor is about 

44.3% (=((4.56-2.54)/4.56)×100%). The obtained result is well-suited to previous report by Zhang and 

Liu [7].  

In more detailed, the gradually magnetization reversal on the micro-magnetic graph is analyzed as 

depicted at Figure 3.  Three sequence of magnetization reversal for thickness d of 20 nm (after that 

call X), 30 nm (Y) and 60 nm (Z) is compared their type of nucleation mode.   For X case, formation 

mode is most simple than for both Y and Z cases.  Here, a very fast creation and domain wall 

propagation is appeared.  And then the domain wall is quickly disappeared.  There are 3 domains 

separated by Néel walls with typical S-state during in about 0.09 ns (90 ps).   Contrast for the Y and 

the Z cases.  A pairing vortex-antivortex is observed during the magnetization reversal.  For the Y 

case, the first vortex-antivortex appears at t = 1.11 ns then makes an interaction with the other and 

finally disappeares as a single domain configuration at t = 1.21 ns.  Duration time of the pairing 

vortex-antivortex is available about 0.1 ns (100 ps).  For the Z case, very fast creation type of the 

vortex-antivortex is turned up at t = 0.68 ns and it makes interaction for t = 0.13 ns (130 ps) with other 

configuration to be a single domain formation via annihilation of domain wall.  This means clearly 

that time for the first nucleation type of vortex-antivortex much effectively influences the assisted 

magnetization reversal.  For the Y case, the time required for the first nucleation is much longer than 

the Z case because magnetic energy compensation of Bloch wall creation decreases with the increase 

of the thickness. From this fact, the field required for switching (Hsw) decreases with enlargement of 

the thickness (d) although the energy activation (Ea) is not so much different (see also the Fig. 2). 

From the above discussion, although the magnetic field require for switching Hsw is still ~ kOe orde, 

the critical thickness for a constant of the Ea is one point interesting for practical application.  The high 

enough of the Ea will ensure thermal stability when sample down scale to nano meter orde without loss 

their magnetization at room temperature.    

Figure 2. Thickness (d) dependence of the activation energy Ea and the switching 

field Hsw. 
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4. Conclusion 

We have studied a process of vortex-antivortex magnetization reversal in a Permalloy nano particle 

with uniform polarity of magnetization by Micromagnetic simulation. A short field pulse is applied in 

a film plane anti parallel to initial magnetization direction.  Sequence of simulation of reversals 

mechanism is evaluated for thickness of nanometer order particle.  In the case of thickness of 20 nm 

thin layer, magnetization reversal realized through a creation-annihilation of Neel-Bloch wall pair.  

Contrarily for the thickness of 60 nm thin layer, reversal mechanism via a creation-annihilation 

X Y Z

t = 0 t = 0t = 0

t = 0.80 ns t = 0.68 nst = 1.11 ns

t = 0.83 ns t = 0.72 nst = 1.14 ns

t = 0.84 ns t = 0.75 nst = 1.17 ns

t = 0.89 ns t = 0.81 nst = 1.21 ns

Figure 3. Micro-magnetic graphs of magnetization reversal process in X (d = 20 nm), 

Y (d = 30 nm), dan Z(d = 60 nm).  

Figure 3. Micro-magnetic grapgh of magnetization reversal process in X (t = 20 nm), Y (t=30 

nm) and Z (t = 60 nm). Yellow and red circles indicate vortex and anti-vortex.  
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process of vortex-antivortex pair. By analyzing barrier energy of the sample we find that a maximum 

barrier energy reaches a threshold value (e.g., ~ 2.6×106 erg/cm
3
 for Permalloy in this simulation). 
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