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Abstract. We report on the simulation of domain wall trapping and field hystery effect on 
domain wall in notch free asymmetric ring structures. Our results reveal that a domain wall is 
trapped at the narrow arm of the asymmetric ring when a vortex state is formed. The chirality 
of the vortex is found to be dependent on the field history of the asymmetric nanoring. The 
domain wall behavior under the externally applied magnetic field is found to be related with 
the chirality of the vortex of the asymmetric ring.  

1. Introduction 
Domain walls and domain wall(DW) motions have attracted intense research interest due to 
their potential significance in spintronic appliacations, for example, data storage[1] and 
magnetic logic devices[2]. For optimum performance of these devices, understanding the 
details of DW formation and motion plays an essential role. A lot of research efforts have 
been dedicated to manipulating the DWs using magnetic fields[3] and/or spin-polarized 
current[4] originating from the spin-transfer torque[5]. In the conventional field switching 
devices, the reduction of device size down to nanoscale causes significant increase[6] in the 
switching field, thus causing the disadvantage of high energy consumption. As a result, 
finding a way to trap a domain wall and depin it with a small field is of significant importance. 
In most experiments examining the domain walls, a DW is trapped at an artificially fabricated 
constriction[7] in nanowires or nanostripes. The artificially fabricated geometric defects such 
as notches traps the domain wall at the expense[8] of large DW depin field or current. To 
investigate magnetic switching mechanisms, a configuration in which different magnetic 
states can easily be realized is required[9]. A possible configuration that fulfills these criteria 
is the ring structure. Elongated ring structure and asymmetric ring[10] which is a ring 
structure with the inner circle off-centered, were also used to investigate the domain wall 
behavior. Previously we have reported simulation work on the domain wall trapping 
behaviour in the asymmetric ring structure[10]. 
In this paper, we present a systematic investigation of the influence of the field history on the 
domain wall trapping behavior in an asymmetric ring structure as shown in Fig. 1. The 
dimensions are Do= 1200 nm, Di=600 nm. l is the distance between the centres of the two 
circle. The motion of the trapped domain wall under an externally applied field is also studied 
via micromagnetic simulations.  
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Fig.1 Schematic of the geometric model of the asymmetric ring. 

 

2. Simulations 
The magnetization configuration and switching properties were simulated using the Object 
Oriented MicroMagnetic Framework (OOMMF) simulation program[11]. In this simulation, 
the micromagnetic equilibrium equations were solved in a two dimensional square mesh with 
a cell size of 4 nm and the spins are free to rotate in three dimensions. The field was ramped 
from -1000 Oe to +1000 Oe in 200 steps.  Other parameters used for the permalloy were 
crystalline anisotropy constant 01 K , saturation magnetization 5106.8 sM A·m-1, 

exchange stiffness 11103.1 A  J·m-1 and the damping coefficient α= 0.5. We assumed that 
the intrinsic uniaxial anisotropy of the bulk NiFe film is negligible when compared with the 
shape-induced anisotropy of the rings. 
 

3. Results and discussions 
 

3.1. Effect of field history on chirality control 
In order to study the effect of the field history of the asymmetric magnetic ring on the 
switching processes and mechanisms, the hysteresis behavior of a magnetic asymmetric ring 
was simulated with the magnetic field applied both in x axis and y axis. Repeated simulations 
using the same parameters have been carried to confirm the reproducibility of the results Fig.2 
shows the simulated switching process of the 8-nm-thick Ni80Fe20 asymmetric nanorings 
with the field applied in y axis. When a negative field of 1000 Oe is applied, the 
magnetization of the asymmetric ring adopts a negative saturation state. Reducing the field, 
an onion with two transverse domain walls nucleated at the narrow arm and wide arm of the 
asymmetric ring, forming an onion state with magnetization aligns along the -y direction. 
When the field is reversed, the domain wall at the wide arm begins to move towards the 
narrow arm, while the domain wall at the narrow arm stays as shown in process I in Fig.2.  
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However, the route is selected randomly. The domain wall either moves via the left arm or the 
right arm of the asymmetric ring. These two kinds of switching both result a domain wall 
trapping vortex state. However, the chirality of the domain wall trapping vortex states is not 
determined. Shown in Fig.2 are the two kinds of switching process. The captured remanence 
states of the two kinds of switching processes are anticlockwise and clockwise domain wall 
trapping vortex.  
  

 
Fig.2 Two different switching process after saturating the magnetization along negative y 
axis: A-B-C, forming a clockwise domain wall trapping vortex; A-B’-C’, forming an 
anticlockwise domain wall trapping vortex. State A is the negative onion after saturation; state 
B, B’ are domain wall movements via left and right arm of the asymmetric ring; state C, C’ 
are clockwise and anticlockwise domain wall trapping vortex. 
 

 
When the negative field was applied along the x axis of the asymmetric ring and then reduces, 
the magnetization of the asymmetric ring forms a negative onion with two transverse domain 
walls nucleated at the asymmetric axis. Reversing the field, the two domain walls both start to 
move towards the narrower arm of the asymmetric ring and form a vortex state with 
clockwise direction with a 360 degree domain wall trapped at the narrow arm. Shown in Fig.3 
is the corresponding switching process. The chirality of the domain wall trapping vortex is 
thus determined by the field history. When the asymmetric ring is at the right beginning 
saturated in negative direction, the vortex is clockwise and vise verse. 

 
Fig. 3 Switching process after saturating the magnetization along negative x axis. State A is 
the onion state after saturation along x axis; state B is the domain wall movement via narrow arm 
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of the asymmetric ring; state C is the clockwise domain wall trapping vortex. 

3.2.  Chirality dependence of the field driven domain wall motion  
After the domain wall trapping vortex state is obtained, we further study the field driven 
domain wall motion. By saturating the asymmetric ring along the –y axis and then relaxed it, 
the domain wall trapping vortex states are formed. The chirality is by chance clockwise or 
anticlockwise. The field is to apply both in –x and +x direction. Considering the external 
fields direction and the two kinds of the chirality, there are four cases, which are: (i), 
clockwise vortex state with field applied in the -x direction; (ii), clockwise vortex state with 
field applied in the +x direction; (iii), anticlockwise vortex state with field applied in the -x 
direction, and (iv) anticlockwise vortex state with field applied in the +x direction.  However, 
case (i) is same as case (iv), so as (ii) and (iii). As a result, only the domain wall motion with 
fields applied in –x direction were studied, which are case (i) and (iii). 

The simulation shows that the domain wall behaviors are markedly dependent on the chirality 
of the vortex. Starting from the domain wall trapping vortex as shown in Fig.4.(a), when the 
chirality is anti-clockwise, applying a magnetic field to (-x) direction does not annihilate the 
trapped domain wall. Rather, another domain wall is nucleated from the wider part of the ring 
as can be seen as a switch at -160 Oe as shown in Fig. 4.(b). As the field is increased, the new 
wall moves to the left edge of the ring and stayed there. The trapped domain wall then 
annihilates at -620 Oe as shown in Fig.4.(c). The new domain wall does not annihilate even 
when the applied field is increased to a large value of 1000 Oe. Interestingly, when the 
direction of the vortex state is anti-clockwise, the field influences the trapped domain wall 
more significantly. A –x field of 50 Oe breaks the trapped 360 degree domain wall in the anti-
clockwise vortex (Fig.4(d)) into two transverse walls. The separated domain walls move apart 
quickly and annihilate, forming the a saturation magnetic state with the magnetization aligns 
to –x which is shown in Fig.4(e). 

 

Fig.4 Simulated domain wall motion with different chirality in a 10-nm-thick NiFe 
asymmetric ring.(a) anticlockwise vortex with a 360 degree domain wall trapped at the 
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narrow arm; (b) nucleation of a second domain wall at the wide arm with a field of -160 Oe 
applied in the x axis; (c) two domain walls under a large field of -600 Oe; (d) clockwise 
vortex with a 360 degree domain wall trapped at narrow arm; (e) negative ‘onion’ in a small 
field of -50 Oe in the x axis.   

 

4. conclusions 
 
We have studied the magnetic field orientation effects on the domain walls behavior in 
asymmetric nanoring using micromagnetic simulation. At certain thickness a 360 degree 
domain wall is trapped at the narrow arm of the vortex state at remanence. The chirality of the 
vortex is found to be dependent on the field history of the asymmetric nanoring. The magnetic 
field orientation effects on the domain walls behavior are also studied. The simulation results 
show that the domain wall behavior under the externally applied magnetic field is found to be 
related with the chirality of the vortex of the asymmetric ring.  
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