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We propose a way of fast switching the chirality in a magnetic nanodisk by applying a field pulse.
To break the symmetry with respect to clockwise or counterclockwise chirality, a mask is added by
which an inhomogeneous field influences the vortex state of a nanodisk. Using numerical
spin-lattice simulations, we demonstrate that chirality can be controllably switched by a field pulse,
whose intensity is above some critical value. A mathematical definition for the chirality of an
arbitrary shaped particle is proposed. © 2008 American Institute of Physics.
�DOI: 10.1063/1.2829795�

In the past few years, the nonlinear dynamics of mag-
netic nanostructures has been extensively studied in order to
develop useful devices for storage and transmission of infor-
mation. Magnetic nanodots with their vortex ground state
show a considerable promise as candidates for high density
magnetic storage and high speed magnetic random access
memory.1 The vortex state disks are characterized by the
following conserved quantities, which can be associated with
a bit of information: the polarity, the sense of the vortex core
magnetization direction �up or down� and the chirality or
handedness, the sense of magnetization rotation �clockwise
or counterclockwise�. Until recently, the main efforts went
into the control of vortex polarity and vortex motion inside
the nanodots. The polarity switching under the action of an
ac magnetic field was predicted theoretically2 and was re-
cently observed experimentally in Permalloy nanodisks by
using short bursts of an ac magnetic field.3 The polarity
switching under the action of a dc electrical current was pre-
dicted theoretically4 and observed experimentally quite
recently.5 The main features of the polarity switching mecha-
nism were clarified in Refs. 3–10, where it was shown that
no matter whether the switching is induced by a magnetic
field or by an electrical current, it involves creation of a
vortex-antivortex pair and subsequent annihilation of the
newborn antivortex with the original vortex.

In standard experiments with in-plane field and circular
nanodisks, the vortex chirality is not under control because
of the high symmetry of the system.11 However, the chirality
is known to be controlled by introducing an asymmetry in
the particle shape, such as flat edges of the disk,12,13 rings
with asymmetrical inner holes,14 and elliptical dots.15,16 In
circular nanodisks, the chirality switching is possible under
the action of very high perpendicular fields.17 Quite recently,
it was demonstrated18 that the vortex chirality can be
switched by injecting a current pulse with appropriate ampli-
tude, polarity, and duration. This was achieved in a

multilayer structure with two different magnetic layers, each
being in a vortex state.

The aim of the present letter is to show that the vortex
chirality can be controllably switched by applying a mag-
netic field pulse in a circular magnetic disk. We use the disk-
shaped particle in a vortex state �see Fig. 1�. A magnetic field
is applied in the disk plane, which moves the vortex away
from the disk center. If the homogeneous dc field exceeds the
value ban, the vortex is annihilated, and finally the vortex
state switches to the monodomain state.19 After that, the field
is switched off, and a vortex enters the system; however, the
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FIG. 1. �Color online� Schematic of the structure. The mask is added to
create an inhomogeneous magnetic field, which breaks the symmetry and
separates one chirality direction.
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chirality of the newborn vortex could be either clockwise or
counterclockwise.11 To control the chirality of nucleated vor-
tex, one needs to break the symmetry with respect to chiral-
ity. We propose to break it by inhomogeneous field, which
can be simply realized, e.g., by using a mask, which shields
a part of the disk from the field influence �see Fig. 1�. An-
other possibility to achieve the same goal is to use a setup
similar to magnetic core memory devices, see, e.g., Ref. 20.
Here, an inhomogeneous magnetic field is generated by elec-
trical currents passing through the wires which are placed
beneath �or above� the nanodot.

To realize this program, let us consider the dynamics of
classical lattice spins, described by the Landau-Lifshitz-
Gilbert-equations
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where Sn is a unit vector which determines the spin direction
at the lattice point n; the lattice constant is chosen as the
unity length. The dimensionless time �=�0t with
�0=4��MS and MS being the saturation magnetization; �
�1 is a damping coefficient. The Hamiltonian H:
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consists of exchange, Zeeman, and dipolar terms. Here,
�=�A / �4�MS

2� is the exchange length �A is the exchange
constant�, the vector � connects nearest neighbors, and
enn���n−n�� / �n−n�� is a unit vector. The dimensionless
magnetic dc field b=B /4�MS.

In the continuum description, the spin dynamics is de-
scribed by a average spin unit vector s= 	Sn
. Usually, the
chirality is introduced as the sense of a magnetization rota-
tion: either clockwise or counterclockwise around some di-
rection N. To describe the chirality as a continuous quantity,
we introduce the following definition:
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where 	=	eN is a surface, perpendicular to eN, and L is
the length of a contour, which bounds a surface 	. For a
disk-shaped particle of radius R with in-plane magnetization
distribution, described by the angular variable

=arctan�sy /sx�, the chirality C= �1 /2���0

2� sin�
−��d�

around the circle of radius R, where � is a polar angle in the
disk plane. The in-plane magnetization distribution in the
vortex state nanodisk is described by the formula 
=�
+C� /2.

The physical idea of the chirality switching is very
simple. In an external dc magnetic field b, which is stronger
than the annihilation field ban, but below the saturation field
bsat, weakly inhomogeneous phases with close energy and
different chiralities �such as C state, bucking state, and S
state21� appear. However, by choosing the shape of the field,
one can create this intermediate state with a certain nonzero
chirality. After that, if we switch off the field, the vortex will
be nucleated with a predefined chirality.

To study the vortex dynamics, we have performed nu-
merical simulations of the discrete spin lattice �Eqs. �1��. We
consider the case of thin nanodots where the magnetization
does not depend on the z coordinate; the details of the
method are described in Ref. 22. We have integrated numeri-
cally the set of equations in Eqs. �1� over a square lattice
using the fourth-order Runge-Kutta scheme with time step
��=0.01. The lattice is bounded by a circle of diameter 2R.
In most of the simulations, the system diameter 2R=50, the
thickness h=10, and other parameters are �=1.33 and
�=0.01. We applied an inhomogeneous field along the x axis
by the shape b�x ,y�=b��−x���−y� with �x� being the
Heaviside step function. We choose � / �2R�=0.85. Such a
field can be realized by a mask which covers a part of the
disk �see Fig. 1�.

The temporal evolution of the chirality is presented in
Fig. 2�a�. Initially, the chirality was C=−1 �counterclock-
wise� �see Fig. 2�b��. Under the action of the field pulse, the
vortex is pushed away in the direction of the north pole of
the disk, which is accompanied by a decrease of the absolute
value of the chirality �see Fig. 2�c��. The next monodomain
stage is presented in Fig. 2�d�. The vortex is already annihi-
lated, but the total chirality takes a nonzero �positive� value
due to the mask influence. After that, the field pulse is
switched off, and the new vortex enters the disk from the
south pole with a predefined �positive� chirality �see Fig.
2�e��. This vortex quickly moves to the disk center, and fi-
nally, the chirality is C= +1 �clockwise� �see Fig. 2�f��. The
switching process takes place in a wide range of parameters
of the field pulse b� �ban

inhom;bsat
inhom� �see Fig. 3�.

Using typical Parameters for permalloy disks,23 one can
estimate the exchange length �=5.3 nm, which corresponds
to a particle with 2R=200 nm and h=40 nm. The typical
time unit 1 /�0=50 ps and the field unit 4�MS=10 kOe. The
typical switching field intensity ban

inhom0.163 is about
1.63 kOe and the typical switching time �off150 is about
7 ns. According to our simulations the homogeneous satura-

FIG. 2. �Color online� Time evolution of the vortex chirality switching process from simulations with a magnetic field pulse of amplitude b=0.2 and duration
�=480. �a� The vortex chirality as a function of time. ��b�–�f�� Snapshot images illustrating in-plane spin distribution at different stages of the vortex dynamics.
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tion field �without mask� bsat
hom0.065, which corresponds to

650 Oe. One can estimate that the critical field ban
inhom

2.5bsat
hom. This critical value depends on the shape and the

area of the mask.24 We have performed also simulations for
the square geometry with Landau structure. Using approxi-
mately the same areas of the sample and the mask,25 we
computed ban

inhom0.16 for the square system.
Let us note that the chirality switching was previously

discussed by Höllinger et al.17 for a perpendicular field pulse
with intensity about Bsw5 kOe and duration about 40 ps.
Using the saturation field Bsat190 Oe,17 one can estimate
that Bsw26Bsat. Thus, using a mask, we can expect the
chirality switching for fields which are smaller by one order
than proposed in Ref. 17.

To summarize, we have studied the chirality switching
under the action of a dc magnetic field. In contrast to previ-
ous studies on the chirality control, we showed that the
switching can be managed in a pure disk nanoparticle: to
break the symmetry, the usage of the mask is proposed. Usu-
ally, the chirality is considered as either clockwise or coun-
terclockwise. By considering the chirality as a continuous
quantity, we were able to control the switching process: the
key point is an intermediate state with a nonzero chirality.
We consider here only one possible realization of the chiral-
ity switching with a very simple mask. We expect that the
usage of a mask will be prominent for different applications

of nonlinear magnetization dynamics in nanoparticles.
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FIG. 3. �Color online� Time dependence of the vortex chirality for different
amplitudes of field pulses: �a� without switching and ��b�–�d�� with chirality
switching. The switching occurs when the field amplitude exceeds the criti-
cal value ban

inhom0.163, but below the saturation value ban
inhom2.7.
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