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a b s t r a c t

We report the dynamical behaviors of magnetic vortices in different Permalloy nanodisks induced by an
out-of-plane spin-polarized current in an off-centered nanocontact geometry through micromagnetic
simulation. Simulation results show that the dynamical behaviors of magnetic vortex are sensitive to
nanocontact position and the dimension of nanodisks. The influences of nanocontact position on the vor-
tex core pinning behavior, the critical switching current density and switching time are analyzed deeply.
Non-circular symmetry of system total energy in such off-centered geometry leads to the magnetic vor-
tex easy to be excited in all nanodisks. The thicker nanodisks are beneficial to the magnetic vortex pin-
ning, and the vortex is easier to exhibit gyration in the thinner nanodisks. We put forward an effective
method to control the magnetic vortex position, thus improving the possibility of using magnetic vortex
as a candidate for magnetic memory and logical devices.

� 2017 Published by Elsevier B.V.

1. Introduction

Magnetic vortex has attracted much attention because of its
flux closure configuration, which is a candidate for data storage
or logic devices [1,2]. Such flux-closure structure is a curling mag-
netization distribution and the magnetization points perpendicu-
larly to the plane with a 10–20 nm vortex core (VC) at the center
of the platelet. It has two main characteristics: one is the curling
direction of the in-plane magnetization (represented by chirality
c), clockwise (c = �1) or counterclockwise (c = 1) and the other is
the core polarity (denoted by polarity p), being p = 1(�1) for
upward (downward) magnetization direction of the VC [3,4]. In
order to realize the application of vortex-based devices, the key
problem is the control of VC dynamical behaviors, especially its
switching. However, the high critical switching current density is
a major obstacle in its applications [5] and less switching time is
also utmost significant in high density magnetic recording and
information processing technology [6]. Therefore, it is highly desir-
able to controllably switch the VC polarity with lower current den-
sity and shorter switching time.

The current is easier to apply and less energetic consumption
than magnetic field, thereby the vortex dynamics triggered by

the spin-polarized current has attracted growing interest. The
nanocontact is one of methods through injecting spin-polarized
current to excite the magnetic vortex, and it is conventionally
achieved by a centered-nanocontact scheme, where the spin-
polarized current is injected into an element via a contact with
its radius about 5–50 nm [7–9]. Moreover, the element dimension
cannot be considered in designing the nanocontact device and the
magnetic field or current should be strong enough to create a vor-
tex in the continuous magnetic film in previous studies [7].
Recently, we designed a confined nanocontact system, where the
spin-polarized current was applied through a nanocontact in the
nanopillar structure [10–13]. In such geometry, we not only real-
ized the steady oscillations of vortex in a wider current range but
also demonstrated the polarity and chirality switching in various
Permalloy (Py: Ni80Fe20) nanodisks [10,14]. We find that the VC
is difficult to be excited because of the circular symmetry of system
total energy and the common method is applying an in-plane field
to displace the VC from the equilibrium positions before injecting a
spin-polarized current [10,15]. As a matter of fact, the nanocontact
can be designed anywhere on the sample according to the experi-
mental reports [16–18], thereby more recently, we shifted the
nanocontact from the disk center and realized the faster polarity
switching with lower current density through breaking the circular
symmetry of system total energy [19]. Furthermore, we also stud-
ied the VC gyration in such system and found that the gyration fre-
quency, an intrinsic dynamical parameter of a given magnetic
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vortex, can be controlled by the nanocontact position [20]. In con-
sideration of the fact that an off-centered geometry is advanta-
geous to control the VC dynamics, it is urgently desirable to
clearly explore the integrated dynamics of VC in various nanodisks
for its better applications.

In this paper, the VC dynamics in Py nanodisks with various
dimensions induced by spin-polarized current in an off-centered
geometry is studied. The VC can be pinned anywhere through
changing the distribution of system total energy, which is a new
dynamical phenomenon in such off-centered structure. The effects
brought by the energy changes embody the VC excitation and
polarity switching as well, namely, the VC is easier to be triggered
in all nanodisks and the polarity can be switched with lower cur-
rent density in shorter time.

2. Model and simulation method

We use Py nanodisks shown in Fig. 1 as a model system, the
radius R and thickness L vary from 200 to 300 nm, and from 15
to 35 nm, respectively. The magnetic state of disks is vortex with
polarity and chirality (p, c) = (1,1). The current is applied through
a point contact along the out-of-plane direction, where the current
flow pointing to +z direction is defined as ip = 1, and the spin polar-
ization pointing to �z direction is defined as Sp = �1. Moreover, we
design the nanocontact at the y-axis of the disk with its radius
Rc = 50 nm, and its distance from the disk center is d. In order to
conveniently explain the influence of nanocontact position on the
VC dynamics in different Py nanodisks, we define Rd = d/R here.

We calculate the magnetization dynamics using Object Ori-
ented MicroMagnetic Framework (OOMMF), which employs the
Landau-Liftshitz-Gilbert equation extended by the Slonczewski
spin-transfer torque (STT) [21,22]. To compare the simulation
results with the real material systems, we choose typical parame-
ters performing the simulation: the saturation magnetization
Ms = 8.6 � 105 A/m, the exchange constant A = 1.3 � 10�11 J/m,
the spin polarization P = 0.4, the Gilbert damping parameter
a = 0.05 and the cell size 2.5 � 2.5 � L nm3 [23,24]. In addition to
STT of spin-polarized current acting directly on the magnetic vor-
tex, we also calculate the circumferential Oersted fields by Biot-
Savart’s formulation [25].

3. Results and discussions

The VC dynamical behaviors of three typical nanodisks are sum-
marized in Fig. 2(a)–(c) as a function of Rd and current density j.

We observe three distinct dynamical behaviors for all disks in such
off-centered geometry and these dynamical behaviors are VC pin-
ning, gyration and polarity switching, representing by regime I, II
and III, respectively. In regime I, the VC is pinned, implying that
the VC does not exhibit gyration or polarity reversal but is dis-
placed from the disk center firstly, then it rotates in a counterclock-
wise direction, however, it finally stays at some position of the disk
after transient rotation. In regime II, the VC gyrotropic motion is
observed. Whereas, it is worthy to point out that the trajectory
of gyration in this off-centered geometry is distinct from the trajec-

Fig. 1. Schematic illustration of an off-centered model system. A Permalloy
nanodisk of radius R and thickness L is used as a model and the polarized current
is applied via a nanocontact represented by white cylinder with radius Rc. The
nanocontact locates at the y-axis and its distance from the disk center is d. The red
and black arrows represent the directions of applied current and spin polarization.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 2. The dynamical behaviors of VC as a function of current density j and Rd.
Regime I, II and III represent the VC pinning, gyration and polarity switching,
respectively. j0 represents the critical switching current density in different disks
when the nanocontact locates at the disk center (a) For the disk with R = 200 nm
and L = 15 nm, denoted by the label R200L15 (b) For the disk with R = 200 nm and
L = 35 nm (c) For the disk with R = 300 nm and L = 15 nm.
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