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In this study, we have systematically calculated the dynamic susceptibility spectra of LSMO (La0.7Sr0.3MnO3)

ferromagnetic nanopillars by means of a micromagnetic simulation. Simulation has been carried out for LSMO

nanopillars consisted of disk and square shapes with respect to the height variation. The diameter of disk pillar

and the length of square pillar were fixed to be 50 nm and the height of pillar were varied from 100 to 500 nm

with increment of 50 nm. The exponential type magnetic pulses have been applied in the long axis and perpen-

dicular to the initial spin configuration of the pillars. The dynamic susceptibility spectra of the pillar were

determined by fast Fourier transform (FFT) based on the magnetization response. We have obtained the reso-

nance frequency of the pillars from the imaginary part of the dynamic susceptibility spectra. Interestingly, the

resonance frequency peak of the nanopillars increased as the height increased and followed the Kittel’s reso-

nance formula. It was found that the demagnetization energy from dipolar interaction mainly contributed to

the frequency resonance of the nanopillars. 
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1. Introduction

For the last two decades, the perovskite-type manganese

oxide La1-xAxMnO3 (A=Sr, Ba, Ca) has been attracting

much interest due to its potential application for magnetic

random access memory (MRAM) and spintronic devices.

For instance, it has been known that LSMO has a half-

metal property exhibiting the colossal magnetoresistance

(CMR), where the main properties of LSMO are mainly

affected by parameters such as doping, magnetic and

electric field, and strain [1]. Thus, understanding the

LSMO properties and underlying mechanism becomes

important both in fundamental and practical application.

Recently, several reports have been addressed to the

nanostructured LSMO properties, where interesting phen-

omena are found such as the controlling the spin con-

figuration [2], inverted and giant exchange bias [3], and

uniaxial anisotropy [4] of the nanostructured LSMO.

However, very little has been known for LSMO with

shape of nanopillars, where shape influence, different

domain structures from films and bulks, and different spin

wave resonance frequency are expected.

In this study, we calculate the susceptibility spectra of

LSMO ferromagnetic nanopillars using a micromagnetic

simulation. The LSMO nanopillars consisted of disk and

square pillar shapes are systematically analyzed. By using

Fourier transform, we calculate the susceptibility spectra

based on the magnetization and the applied field. We

focus on the imaginary part of the susceptibility spectra

that related to the resonance frequency and also confirms

that the Kittel’s equation is valid for the resonance fre-

quency. Corresponding behavior of the magnetic energy

and the domain structure of the LSMO nanopillars are

discussed.

2. Micromagnetic Procedure

We have systematically calculated the dynamic suscep-

tibility spectra of the LSMO ferromagnetic nanopillars by

a micromagnetic 3D OOMMF [5] based on the Landau-

Lifshitz-Gilbert equation [6]. Two shape of LSMO nano-

pillars were considered in this simulation: the disk pillar
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and the square pillar. The diameter of the disk pillar was a

= 50 nm, the length of square a = b = 50 nm, and the

height of the pillars were c = 1000 nm, as illustrated in

Fig. 1. For this purpose, we simulated the pillars with

respect to the aspect ratio (a/c) from 2 to 20. The material

parameters of LSMO were used [7]. The saturation

magnetization was Ms = 590 × 103 Am−1, the exchange

stiffness was A = 5 × 10−12 Jm−1, and the anisotropy

constant was K = −0.3 × 103 Jm−3. The simulation cell

size was 2.5 × 2.5 × 2.5 nm3 and the damping constant

was set to be α = 0.01. Then, the small external field H(t)

= 1000  (t ≥ 0, H(t) in Am−1 and t in second) was

applied along x-direction perpendicular to easy axis (z

direction) of the pillars [8].

3. Results and Discussions

The dynamic susceptibility of LSMO pillars was deter-

mined based on the relation χ(ω) = M(ω)/H(ω) = χ(ω)' −

jχ(ω)'' where M(ω) and H(ω) were the magnetization and

the external field response in the frequency domain,

respectively. The real χ(ω)' and imaginary χ(ω)'' part of

the susceptibility spectra of LSMO pillars were obtained

by Fourier transform technique. In this study, we focused

on the imaginary part of the susceptibility spectra because

it related to the resonance frequency [9]. The imaginary

part of LSMO pillar for the aspect ratio for 2, 5, 10, 15,

and 20 are shown in Fig. 2(a). The frequency is observed

in range of GHz both disk pillar and square pillar. To

compare, we have also calculated the resonance frequency

of LSMO pillars based on the Kittel’s equation [10] as

follow

(1)

where H0 was the static field,  was the

anisotropy field, Ms was the saturation magnetization, and

γ was the gyromagnetic ratio 2.21 × 105 mA−1S−1. The

demagnetizing factors Nx, Ny, and Nz for square pillar was

determined by Aharoni’s equation [11] and the disk pillar

based on Dao calculation [8]. Fig. 2(b) showed the peak

frequency of the LSMO disk and square pillars from

micromagnetic and Kittel’s equation with respect to the

aspect ratio. Interestingly, the micromagnetic calculation
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Fig. 1. (Color online) The geometry and shape of LSMO

nanopillars corresponds to a = b = 50 nm and c = 1000 nm.

The small external field is applied along the x direction per-

pendicular to z direction. The colour bar represents the mag-

netization in x component (Mx component). 

Fig. 2. (Color online) (a) The imaginary part of LSMO pillars for the aspect ratio 2, 5, 10, 15, and 20. (b) The frequency behaviour

simulated (circular symbol) and fitting from the Kittel’s equation (solid line) with respect to the aspect ratio.
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showed the validity of the Kittel’s prediction, with a trend

of the frequency increasing as the aspect ratio of the

pillars increased. We have also found the same trend in

the case of disk pillar [8].

For further understanding, we have also investigated the

magnetization energies both disk and square pillars. Fig. 3

shows the demagnetization and the exchange energies for

the aspect ratio 2, 5, 10, 15, and 20. The demagnetization

energy seems to dominate over the exchange energy. With

increasing the aspect ratio, the demagnetization energy

also increased and the exchange energy was observed to

be relatively constant. As in the figure, it was found that

the demagnetization energy of the square pillar was

higher than that of the disk pillar. The demagnetization

energy commonly depends on the volume of the material,

where the volume of the square pillar was larger than the

disk pillar. Thus, it is understandable that the demagneti-

zation energy of the square pillar was higher than the disk

pillar with increasing the aspect ratio. Then, we have also

observed the demagnetization and the exchange energies

for the aspect ratio 2, around time from 0.070 ns to 0.09

ns, as in Fig. 4.

Figure 4(a) shows the time-dependent demagnetization

and the exchange energies for the disk pillar. Interestingly,

the demagnetization energy decreased until t = 0.075 ns

then increased again whereas the exchange energy

increased then decreased around t = 0.085 ns. On the

other hand, different behavior is observed in the case of

the square pillar, where the exchange energy becomes

close to the demagnetization energy and it did not show

overlapping as in the case of the disk pillar (Fig. 4(b)).

We have depicted the detailed domain structure of the

pillars around time from 0.070 ns to 0.090 ns. Interest-

ingly, it is observed that the vortex structure was formed

for both the disk and square pillars. In the case of the disk

pillar, the spin configuration in the vortex structure initially

moved from the edge then to the center of the pillar,

whereas the spin configuration in the vortex structure

moved around the center of the pillar in the case of the

square pillar. 

The different spin configurational dynamics between

the disk pillar and the square pillar is denoted directly by

the resonance frequency behavior. As seen in detail in

Fig. 2(a), the disk pillar sample exhibited two resonance

frequencies at 2 GHz and 6 GHz for the case of the aspect

ratio 2. On the other hand, the square pillar sample with

the same aspect ratio only showed one resonance fre-

quency at 5.2 GHz. The resonance frequency behavior of

the LSMO pillar samples can be confirmed by the spin

configuration and the magnetization energy profiles. We

have presented the spin configuration image of the LSMO

pillars in Fig. 5 for t < 1 ns with an increment of 0.25 ns.

As the external field was switched on, the multidomain

structures are formed for both the disk and the square

Fig. 3. (Color online) The demagnetization and the exchange energy profile corresponding to the aspect ratio 2, 5, 10, 15, and 20

for (a) the disk pillar and (b) the square pillar of LSMO samples. 



Journal of Magnetics, Vol. 22, No. 3, September 2017 − 367 −

Fig. 4. (Color online) The demagnetization and exchange energy profile of the pillars for the aspect ratio 2. Bottom figures present

the corresponding spin configurations at time t = 0.070, 0.075, and 0.080 ns for the disk pillar (left) and t = 0.070, 0.080, and 0.090

ns for the square pillar (right). The vortex structure moves from the edge to the center of the pillar (disk pillar) whereas the vortex

structure moves around the center of the pillar (square pillar). The colour bar represents the magnetization in x component (Mx

component).

Fig. 5. (Color online) The domain structure of the pillars for the aspect ratio 2 until time 1 ns (a) the disk pillar and (b) the square

pillar. The colour bar represents the magnetization in x component (Mx component).
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pillars. The vortex structure also was formed from below

of the pillars, then moving toward the middle and the top

of the pillars. The spin configuration at middle of the

pillars tends to align along the long axis of the pillars. In

this middle pillar region, the demagnetizing field and the

exchange interaction preserve the spin configuration to

align along the long axis, thereby contributing to the

observed resonance frequency behavior. Thus, our simu-

lation results imply that the resonance frequency of the

pillar is mainly originated from the dipolar interaction.

Analysis of the magnetization energy such as the demag-

netization and exchange energy together with correspond-

ing domain structures allows us to understand the reson-

ance frequency behavior simulated for the LSMO pillars.

It has been found that the spin configuration of the LSMO

pillars is consisted of two modes; first at the end of the

pillar and the other at the middle of the pillar like single-

domain structure, where the resonance frequency of the

LSMO pillars was generated mainly from the middle part

of the pillars.

4. Conclusion

In conclusion, our systematic micromagnetic investi-

gation predicts the spin wave resonance spectra behavior

of the LSMO pillars, where the resonance behavior

overall follows the Kittel’s equation. It is observed that

the demagnetization energy mostly dominates over the

exchange frequency with increasing the aspect ratio of

pillars. The dynamic spin configuration is found to have

two modes such as the vortex structure at the end of the

pillar and the single-domain structure at the middle of the

pillars. It is concluded that the dipolar interaction mostly

contributes to determining the resonance frequency

behavior of LSMO pillars.
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