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Micromagnetic simulation is employed to study the gyration motion of magnetic vortices in distinct permalloy nan-
odisks driven by a spin-polarized current. The critical current density for magnetic vortex gyration, eigenfrequency, trajec-
tory, velocity and the time for a magnetic vortex to obtain the steady gyration are analyzed. Simulation results reveal that
the magnetic vortices in larger and thinner nanodisks can achieve a lower-frequency gyration at a lower current density in
a shorter time. However, the magnetic vortices in thicker nanodisks need a higher current density and longer time to attain
steady gyration but with a higher eigenfrequency. We also find that the point-contact position exerts different influences on
these parameters in different nanodisks, which contributes to the control of the magnetic vortex gyration. The conclusions
of this paper can serve as a theoretical basis for designing nano-oscillators and microwave frequency modulators.
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1. Introduction
Magnetic vortex (MV) often exists in nanodisks made

of soft ferromagnetic materials, which can be characterized
by an out-of-plane polarity and an in-plane chirality.[1,2] The
MV has received much attention for its technological applica-
tions in spin-transfer-torque magnetic random access memo-
ries, logical devices, and nano-oscillators because of its unique
dynamical behaviors.[3–10] In order to apply MV to new spin-
tronic devices, the key point is to control the dynamic prop-
erties of MV such as the polarity reversal, chirality reversal,
and gyration.[4,11–19] Recently, we investigated the polarity re-
versal mediated by a spin-polarized current in a confined ge-
ometry, finding that not only the MV can be easier triggered
but also the polarity can be reversed with a lower current den-
sity and using less time if the point-contact is not designed
in the nanodisk center.[20,21] Furthermore, our research found
that the position and the size of point-contact can control the
eigenfrequency of MV gyration.[15,22,23] Taking into account
the previous studies and considering the better application of
MV,[24] we particularly focus on the MV gyration in permal-
loy (Py) nanodisks with different sizes in this paper and inves-
tigate the effects of the point-contact position on MV gyration,
including the critical current density of MV gyration, eigenfre-
quency, trajectory, velocity, and the time for a magnetic vortex
to obtain the steady gyration.

2. Simulation details and results
In this work, we pay our attention to the MV gyration in

Py nanodisks with different sizes as shown in Fig. 1. The disk

diameter 2R is set to range from 400 nm to 600 nm with its
thickness L changing from 15 nm to 35 nm. The initial mag-
netic state of nanodisks with these sizes is MV denoted by
(p,c) = (1,1), where p = 1 indicates the +z direction of the
polarity and c = 1 refers to the counterclockwise direction of
the chirality. The current is injected into Py nanodisks through
point-contact, and the diameter of point contact is fixed at
100 nm. Moreover, the point-contact is not located at the disk
center and the distance between its center and the center of the
disk is d. In order to conveniently demonstrate the influence
of the point-contact position on the MV gyration, we define
Rd = d/R in this work.

z
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d L
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Fig. 1. Schematic diagram of a model system. Permalloy nanodisks
of radius R and thickness L are used as model system and polarized
current is applied via a point-contact represented by a white cylinder
with radius Rc. Point-contact is located at y axis and its center distance
from the disk center is d. Red arrow ip = 1 and blue arrow Sp = −1
refer to +z and −z directions of applied current and spin polarization,
respectively.

Magnetization simulation calculation is performed by
OOMMF based on Landau–Lifshitz–Gilbert (LLG) equation
with spin-transfer-torque (STT) and Oersted field induced by
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the current,[18,19,25]

dM
dt

= −γ(M×Heff)+
α

MS

(
M× dM

dt

)
+

γaJ

MS
M× (M× p)− γbJM× p,

where M = mMs is the magnitude of magnetization vector of
the MV, m is the magnitude of unit magnetization vector, Ms

is the saturation magnetization, Heff is the effective fields in-
cluding the external magnetic field, anisotropy field, demag-
netizing field, exchange field, dipolar field generated by the
out-of-plane magnetic polarizer, and γ is the gyromagnetic ra-
tio. The first term on the right-hand side of the LLG equation
describes the Larmor precession of magnetization, the sec-
ond term is the Gilbert damping term, α is the damping fac-
tor, the third and fourth term are the in-plane Slonczewiski’s
spin torque[26] and field-like spin torque,[27–29] respectively.
The simulation Py material parameters are as follows: the ex-
change constant A= 1.3×10−11 J/m, P is the spin polarization
and set to be 0.4, Ms = 8.6× 105 A/m, α = 0.5 and the unit
cell is 2.5×2.5×L nm3.[25,26]
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Fig. 2. Plots of critical current density of gyration jg versus Rd (a) for
nanodisks with the same R and different values of L, and (b) for the
nanodisks with the same L and different values of R.

Firstly, we should confirm the minimum value of the
current density that can trigger the MV gyration in different
nanodisks, and this value is defined as critical current density
jg. Figure 2(a) shows the dependence of jg on Rd in the disks
with the same radius and different thickness values. It is clear

that jg in the thicker disks is much higher than that in the thin-
ner disks, indicating that the MV in thinner disks can develop
gyrotropic motion at a lower current density. We also observed
that the differences among jg values gradually become larger
when the Rd is further increased. For example, the value of jg
is 12× 1011 A/m2 in the disk of L = 15 nm, whereas the jg
value reaches to 28× 1011 A/m2 in the disk of L = 35 nm at
Rd = 0.75. However, their discrepancy is only 5×1011 A/m2

at Rd = 0.025. Therefore it is concluded that the smaller Rd is
more advantageous for the MV gyration, and the point-contact
positions of Rd < 0.4 can be considered as the appropriate po-
sitions for MV gyration because jg increases drastically when
Rd is over 0.4. Indeed, our previous researches demonstrated
that the MV can be pinned when the point-contact is placed
far enough at the smaller current density.[24] For the MV in
the nanodisks with the same thickness and different radii, the

j/1011 ASm-2

j/1011 ASm-2

Rd 

2 4 6 8 10 12 14

3

4

5

6

7

 E
ig

e
n
fr

e
q
u
e
n
c
y
/
G

H
z

(a)

2 4 6 8 10 12

2.1

2.4

2.7

3.0

 E
ig

e
n
fr

e
q
u
e
n
c
y
/
G

H
z

(b)Rd=0.1

Rd=0.1

0 0.2 0.4 0.6

3

4

5

6

7

E
ig

e
n
fr

e
q
u
e
n
c
y
/
G

H
z

(c)

R=200 nm, L=15 nm
R=200 nm, L=25 nm
R=200 nm, L=35 nm

R=200 nm, L=15 nm
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Fig. 3. Plots of eigenfrequency versus current density j for (a) the same
R and different values of L, for (b) the same L and different values of
R, (c) plots of eigenfrequency versus point-contact position Rd for the
same R and different values of L.
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situation is rather different as shown in Fig. 2(b). It is found
that the differences among jg are much smaller in these disks,
implying that jg is more sensitive to the thickness. It is thereby
derived that the MV in thinner and larger disks is more bene-
ficial to MV gyration.

The eigenfrequency is a vital parameter of the MV ap-
plication for nano-oscillators and modulators. We obtain the
eigenfrequency of MV gyration from fast Fourier transform
based on magnetization 〈mx〉. The dependence of eigenfre-
quency on the current density j and Rd is summarized in Fig. 3.
The eigenfrequency increases as the ratio of thickness to radius
(L/R) increases as shown in Fig. 3(a), which accords with the
previous conclusion.[30] We also find that the dependence of
eigenfrequency on the j is distinct in different disks. For the
thin disk with L = 15 nm, the eigenfrequency first increases
with j increasing and it turns a constant with j further in-
creasing, and the thinner disk has similar dependence of eigen-
frequency on the j as demonstrated in our previous study.[22]

However, the eigenfrequency first increases and then decreases
with j further increasing, which is a peculiar dynamical phe-
nomenon in thicker disks. Figure 3(b) illustrates the depen-
dence of eigenfrequency on current density j in nanodisks with
the same thickness. The eigenfrequency will increase with

j increasing in these disks. By comparing the eigenfrequen-
cies among different disks, we can also observe the prior con-
firmed relations between the L/R and the eigenfrequency.[30]

To further explain how the point-contact position influences
the eigenfrequency, we illustrate the eigenfrequency as a func-
tion of Rd in Fig. 3(c), the MV eigenfrequency in thin disks
decreases with Rd increasing at a fixed j. However, for the
MV in the thicker disks, it first increases with Rd increasing
and then decreases for the larger Rd.

The MV trajectory and velocity are other two important
dynamic parameters of gyration. The trajectory is also differ-
ent in thick and thin disk at Rd = 0.1 as shown in Figs. 4(a)
and 4(b). The radius of MV steady orbit increases with j in-
creasing in both the thicker disks and the thinner disks. How-
ever, it is obvious that the orbital radius in the thicker disks is
much smaller. As shown in Figs. 4(c) and 4(d), the MV ve-
locity increases with j increasing. Moreover, there is another
point worthy to be investigated. Namely, the velocity in thick
disks is much lower than that in thin disks when the j values
are the same. For example, when j is 10× 1011 A/m2, the
average value of steady velocity is 210 m/s in the disk with
2R = 400 nm and L = 35 nm, while the average value can
reach to 297 m/s in the disk with 2R = 400 nm and L = 15 nm.
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Fig. 4. Steady gyration orbits of magnetic vortex in (a) thick and (b) thin nanodisk. Steady gyration velocities of magnetic vortex in (c) thick
and (d) thin nanodisk.

Besides the different orbit radii and steady velocities, an-
other parameter should be paid more attention to, which is the
excitation time and it is defined the time interval between the

start of current injection and the MV reaching the steady gyra-
tion. We plot excitation time as a function of j and Rd in Fig. 5.
It is observed that the excitation time will decrease with j in-
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creasing in all nanodisks. Figure 5(a) shows that the excitation
time of thicker nanodisks is greatly larger than that of thinner
nanodisks. Furthermore, as observed. the point-contact posi-
tion also has a great influence on the excitation time and the
MV is the easiest to trigger when the point-contact Rd is be-
tween 0.2 and 0.4 as shown in Fig. 5(b). Through the above
analysis, we find that the MV has a larger eigenfrequency in
the thicker and smaller nanodisk, but it needs the higher cur-
rent density and longer time to trigger the MV to implement
gyration.
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Fig. 5. Plots of excitation time versus (a) j for Rd = 0.1 and three dif-
ferent values of group of R and L, and (b) Rd for three different values
of group of R, L, and j.

3. Conclusions
In this work, the gyration of the magnetic vortex in dif-

ferent permalloy nanodisks are analyzed, including the crit-
ical current density of triggering magnetic vortex gyration,
eigenfrequency, trajectory, velocity, and excitation time. It
is observed that the magnetic vortices in larger and thinner
nanodisks can obtain gyration at a lower current density and
shorter excitation time, whereas they have low eigenfrequen-
cies. On the contrary, the magnetic vortices in thicker nan-
odisks need higher current density and longer time to attain

steady gyration but have larger eigenfrequencies. Further-
more, the simulation results demonstrate that the point-contact
position of spin-polarized current has great effects on these pa-
rameters and therefore, the magnetic vortex gyration can be
controlled by the point-contact position. The calculation re-
sults and analyses in this work can open the way for designing
magnetic vortex nano-oscillators and modulators.
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