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In this paper a systematic ferromagnetic resonance study shows that an in-plane magnetic anisotropy in the

patterned micron octagon permalloy (NiggFezp) elements is mainly determined by the element geometry. The easy-axis

is along the edge of the elements, and the hard-axis is along the diagonal. The shape anisotropy of the octagon elements

is determined by square and equilateral octagon, and the theoretical calculation was studied on the shape anisotropy.

The shape anisotropy of rectangular was calculated by using the same theory.
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Patterned small magnets and particles have re-
cently attracted increasing interest due to their po-
tential application in magnetic random access mem-
ory (MRAM) and ultrahigh-density data storage.[!—3]
They show rather different behaviours from the

continuous polycrystalline thin films.[

Magnetic
anisotropy is often negligible, but in patterned small
elements it is one of the element shape anisotropy
and is one of the most fundamental properties, for
it influences other properties such as hysteresis loop,
coercivity, remanence, and saturation field.l’) Ferro-
magnetic resonance (FMR) has proven to be a pow-
erful tool for quantifying magnetic anisotropy of thin
films due to its high sensitivity and capability of map-
ping out symmetry.[57 Tt also provides quantitative
information on the magnetization, gyromagnetic ra-
tio and exchange interaction. However, FMR study
of patterned magnetic structures is scare. NiggFesq
films with 900 nm wide, 20 nm thick rectangular el-
ements were studied in our previous work,® but the
theory cannot explain the case of octagon as well as
the rectangular element with aspect ratio 1.5. In this
paper, we report some results of micromagnetic nu-

merical calculation with new theory.

The arrays of patterned elements were fabricated
by using electron-beam lithography and ion-milling.

The width of the square is 900nm and thickness is
20nm. The width of the octagon is 10um and thick-
ness is 100nm. The FMR experiment was performed
at room temperature by using Brucker ER-200D-SRC
ESR equipment with a TE102 rectangular resonant
cavity at a microwave frequency of 9.78 GHz.

The experimental data points representing the
evolution of the FMR field (H,s) as a function of the
orientation (¢g) in the film plane of the patterned
films are shown in Fig.1. For the square elements,
the in-plane anisotropy is clearly fourfold, and Hies
is higher along the diagonal directions than along the
square edges. For the octagon elements, the in-plane
anisotropy is approximate fourfold, and there are eight
peaks. It looks like fourfold with added weaker eight-
fold, and H,es is the highest along the diagonal direc-
tions, and higher along the short edges, and lowest
along the long edges of the octagon elements.

Neglecting the magnetostatic interaction between
the elements, and using an approximation of a homo-
geneously magnetized ellipsoid for a octagon element,
we can write the total free energy density F' as

F =—MH]cosfcosOp + sinfsin 0y cos(¢dp — dpr)]
1
+ K sin?0 + E(NZ — N,)M?cos* 0
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(1 —C) A;M?sin? §sin” 2¢. (1)

N =

Here (6,¢), and (0y,¢n) are the angles for
the magnetization and applied field vectors respec-
tively in spherical coordinates. The various terms
are respectively the zeeman energy, the perpendicular
anisotropy energy, the demagnetizing energy normal
to the film and the in-plane demagnetizing energy, and
the last two terms refer to the shape anisotropy energy
due to the non-uniform demagnetizing effect. N, and
N, are the demagnetizing factors in three orthogonal
direction. C' (0 < C' < 1) is the ratio between the
adjacent edges of the octagon and images the effect of
octagon. When C' = 0, Eq.(1) is the free energy of
square element, and when C' = 1, it is the free energy
of equilateral octagon.
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Fig.1. The variation of the resonance field as a function
of the in-plane orientation of the magnetic field. The dots
represent the experimental data and the lines represent
the theoretical curves: (a) square elements; (b) octagon
elements.

We use the following general expression for FMR
resonance frequency derived from the Landau-Lifshitz
equation and the total free energy density minimiza-
tion with respect to the magnetization orientation

(0, ¢):1)
2

(2) = GramgFwbee —Fi). @
Where Fj; are the second-order derivative of the free
energy of Eq.(1) with respect to 6 and ¢. Substitut-
ing Eq.(1) into Eq.(2), we can obtain the theoretical
FMR frequency or the resonance field as a function
of field orientation based on different expressions for
free energy. The solid curves in Fig.1 are the theoret-
ically fitted curves based on Eq.(1), which agree very
well with the experimental data points. The factor
C, Fig.1(a), of octagon is 0.18, and it is the ratio be-
tween the two adjacent edges of the elements. The
theoretical values from Eq.(1) fit with the experimen-
tal data very well. We can obtain the curves of shape
anisotropy in any octagon elements including square
elements. The contribution of the equilateral octagon
for the shape anisotropy is weaker than that of square
in the values because of its weaker shape anisotropy.
In previous theory, the uniform factor C' is 4 in this
case, so it cannot be explained well.(®!

The variation of the resonance field as a function
of the in-plane orientation of the magnetic field can be
obtained by using Eqgs.(1) and (2) in any octagon with
the factor C changed. Certainly, one must measure
the resonance field in some angles at first. Some theo-
retical curves are showed with variational C in Fig.2.
With rise of the factor C, the shape anisotropy is ap-
proximately eightfold more. The shape anisotropy can
be approximately separated into square and equilat-
eral octagon contribution, and the dominant contribu-
tion is determined by the factor C, the ratio between
the adjacent edges.
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Fig.2. The theoretical curves of the variation of the reso-
nance field as a function of the in-plane orientation of the
magnetic field with different C'.

So we can write the total free energy density F' of
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the rectangularity as
F = —MH]Jcosf cosOn + sin 8 sin 0y cos(¢ — o))
1
+ Klsin?0 + §(Nz — N,)M?cos® 6

+ =(1 = C)A;M?sin? §sin® ¢

N~

1
+ 50145]\42 sin? 0 sin? 2¢.

The factor C' means the effect of the square element
for the rectangularity. Figure 3 shows the data of the
theoretical curve and experimental dots of the rectan-
gular element with size of 10 ym x6 pm x0.1 um(C =
0.1).

In conclusion, our FMR study has demonstrated
a unique capability for pinpointing in-plane magnetic
anisotropy of patterned elements, and we calculated
the shape anisotropy of octagon and rectangular ele-
ments in theory successfully. With decrease of the as-

pect ratio, the effect of shape anisotropy of the square
element became obviously that of rectangular and oc-
tagon element.
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Fig.3. The theoretical curves of the variation of the reso-

nance field as a function of the in-plane orientation of the
magnetic field with element size of 10 pm X6 pm x0.1 pm.
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