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With the generalized Landau-Lifshitz equation the dynamics of the magnetization in the permalloy nanopillars of small 
diameter of 120 nm is studied. For the numerical calculation of the magnetic vortices bound dynamics a software package for 
micromagnetic simulations SpinPM was used. The nanopillars have two magnetic layers separated by a nonmagnetic layer. 
The study of two coupled magnetic vortices dynamics under the influence of an external magnetic field perpendicular to the 
plane of the sample and polarized electric current was conducted. The coupled magnetic vortices were taken with the same 
polarity and chirality. By using micromagnetic simulation the dependence of the magnetic field, switching the polarity of the 
vortex core in thin and thick layers, on the current strength was found. For the case of low currents, the vortex polarity switch 
in thin and thick layers was observed with a low exit of the vortex from the geometric center. For the case of high currents, 
the dynamic mechanism for the vortex core polarity switching was observed for a vortex in a thick layer for all values of the 
current polarization. For the vortex in a thin layer the dynamic mechanism of the vortex core polarity switching was observed 
only for the case of a large polarization. The minimum current value in the high current region (similarly to the case of 
nanocylinder with a diameter of 200 nm) significantly decreases with the increase of the current polarization value.
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1. Introduction

The researchers demonstrate great interest in permalloy 
nanopillars that have two magnetic layers separated by a 
nonmagnetic interlayer [1]. The magnetic vortex can be 
realized in them as a basic state. There are two possible 
directions of magnetization in the vortex core (or core 
polarity) – up or down, and that can be used, for example, 
in digital devices. However large energy density in the core 
leads to the presence of a large potential barrier for the core 
polarity switching. The static properties and structure of the 
magnetic vortices in nanodiscs are well studied (e.g., vortex 
state stability as a function of system parameters and external 
influences) [1, 2]. It was also shown that by passing a spin-
polarized current through the magnetic disk, the vortex can 
start moving along orbits of different types (for example, 
along a circular stationary orbit, chaotic, etc.).) [2, 3]. The 
mechanism of the magnetic vortex polarity switching, as 
polarized by current and by pulsed or constant magnetic 
field, was also covered. For the core polarity switching with a 
large, perpendicular to the disc plane, static external magnetic 
field a “static” switching mechanism has been proposed [4]. 
The suggested later “dynamic” scenario [5] (in the presence 
of a spin-polarized current) shows that one can substantially 
reduce the magnetic switch field. In the “dynamic” scenario 
the vortex core goes out of the center and moves along the 
increasing orbit simultaneously increasing the speed. Near 
the vortex core a pair vortex is formed (of opposite polarity) 
– antivortex. Finally, when the speed reaches a critical point, 
the initial vortex and antivortex are destroyed, and the 

remaining vortex of opposite polarity begins to move in the 
opposite direction along the decreasing orbit.

There are many experimental and theoretical papers 
devoted to the study of the magnetostatically bound 
magnetic vortices dynamics. For example, the dependence of 
the magnetic field size, switching all vortices polarities, on 
the polarized current magnitude for nanodisks of different 
diameters was experimentally found [6]. It is shown that 
for a system of two interacting magnetic disks in the vortex 
state, the magnetic vortices oscillation spectrum can change 
fundamentally [7]. In this paper, we theoretically investigate 
the influence of the perpendicular magnetic field, size 
and degree of current polarization on the bound vortices 
dynamics in nanodisks with a diameter of 120 nm.

2. Basic equations and results

The nonlinear dynamics of magnetization in a magnetic layer 
is described by the generalized Landau-Lifshitz equation 
(GLLE) [8]. It contains additional torque ..tsT



, responsible for 
the interaction of current with magnetization and has the form:
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where 


M    — magnetization vector, γ   — gyromagnetic 
ratio, Ms — saturation magnetization, α — Gilbert damping 
parameter. The effective field eff



H  represents a sum of 
an external magnetic field, magnetostatic and exchange 
interaction fields. 
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Here, aj , bj are the coefficients proportional to the current 
density Je , having the dimensionality of the field and 
depending on the material parameters and characteristics 
of the multilayer structure boundaries. mref is a unity vector 
along the magnetization of the support layer. GLLE is a 
complex integro-differential equation and the number of 
analytical methods applications for its solution is very limited. 
For the numerical calculation of the magnetic vortices bound 
dynamics a software package for micromagnetic simulations 
SpinPM was used. 

Let us consider a nanopillar of circular cross-section 
with a diameter of 120 nm (Fig. 1). It contains three 
layers: thick magnetic layer of permalloy (15 nm thick), 
an intermediate magnetic layer (10 nm thick) and a thin 
magnetic layer of permalloy (thickness 4 nm). The permalloy 
composition  —  Ni80Fe20 , shorthand name  —  Py. System 
magnetic parameters are following: Ms  =  700  erg/Gs·cm3  
for a «thick» and Ms = 600 erg/Gs·cm3 for a «thin» 
layer, exchange rigidity A = 1.2·10-6 erg/cm for a «thick» 
and A  =  1.12·10-6  erg/cm for a «thin» layer, α = 0.01,  
γ = 2.0023·107 (E·sec)-1. In these magnetic parameters, in 
absence of magnetic field and current, we have a quasi-
homogeneous configuration of magnetization in the thin 
magnetic layer and a vortex one in the thick layer [1]. To create 
a vortex state in a thin disk we use current. It is known that 
the switching of a spin-polarized current, through creating 
a circular Oersted field, can result in a vortex formation. 
By changing the current direction, the configurations from 
the parallel and antiparallel directed vortex core polarities 
can be obtained. The size of the cell for the calculations was 
2×2×5 nm3. 

We will investigate the dynamics of bound magnetic 
vortices with the same polarity and chirality. Current flows 
bottom up, perpendicularly to the layers plane, from a thick 
to thin layer. First let’s take current polarization equal to P 
= 0.1, the direction of the vortex cores polarity is upward. 
By using micromagnetic simulation, the dependence of the 
magnetic field size, switching the vortex core polarity in thin 
and thick layers, on current is found. (Fig. 2). 

The simulations take into account the fact that both 
magnetic layers in the stack can act simultaneously as a spin 
polarizer and as a free layer when considering spin torque 
action. The current flow is assumed to be uniform through 
the pillar and the Oersted field is taken into account. A 
constant small in-plane field — 50 Oe is introduced to break 
the system’s symmetry, but is not impacting the gyrotropic 
frequencies or any other dynamical properties. For each 
field and current value, we calculated the vortex dynamics 
of the nanopillar, with the initial state corresponding to the 
quiescent state at this field (i.e., with no current).

For the case of low currents, the vortex polarity switch 
in thin and thick layers was observed with a low exit of the 
vortex from the geometric center. Thus the vortex polarity 
switching mechanism is similar to «static», but with an 

excitation of vortex oscillations internal modes and spin 
waves radiation. Note that this scenario of the vortex core 
polarity switching, accompanied by the excitation of internal 
modes oscillations and spin waves radiation, was also 
observed in a single vortex case (see. e.g. [9]). For the case of 
high currents, the «dynamic» mechanism for the vortex core 
polarity switching [6] was observed only for a vortex in a thick 
layer. Let’s compare the simulation and experimental results 
for the structure presented in [6]. For the case of a vortex 
in a thick layer, two currents region can be distinguished 
in the experimental curve — a region of low current and a 
high current region. Note that the position and size of this 
region in the experimental and theoretical cases are close 
to each other. Just as in the experimental graph, the critical 
magnetic field values of the theoretical graph are qualitatively 
the same in size and decrease with the increase of the current 
value. For the case of a vortex in a thin layer, in contrast to 
the experimental curve, where there are two current regions, 
we have for both low and high current a quasi-static vortex 
polarity switching mechanism.

To study the effect of the polarization current value, let us 
consider the case with P = 0.13. From Fig. 3 we can see that 
similarly to the case with R = 0.1 there are two regions of low 
and high currents.

For the region of high current, depending on the magnetic 
field value, for a vortex in a thick layer one can observe both 
dynamic and quasi-static mechanism of vortex polarity 
switching. The minimum current value in the high current 
region (similarly to the case of nanocylinder with a diameter 
of 200 nm [8]) significantly decreases with the increase of the 
current polarization value.
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Fig. 1. Schematic representation of multi-layer nano-columnar 
structure.1- thick magnetic layer, 2 - non-magnetic layer, 3-thin 
magnetic layer.
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Fig. 2. Switching fields of the thin layer (diamonds) and the thick 
layer (squares) vortex cores for the 120 nm pillar, P = 0.1, obtained 
from micromagnetic simulations.

Fig. 3. Switching fields of the thin layer (diamonds) and the thick 
layer (squares) vortex cores for the 120 nm pillar, P = 0.13, obtained 
from micromagnetic simulations.


