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In the present paper we present a theoretical model used to estimate the dipolar interaction field in ferromagnetic nanowire
chains. Based on this model, the dependence of the dipolar field on the nanowires separation for two different orientations

of the magnetization inside the nanowires was evaluated.
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1. Introduction

In recent years, the quest for alternative technologies
has stimulated an interest in nanometer-scale materials and
devices. The nanowires are one of the most attractive
materials because of their unique properties that may lead
to a variety of applications, such as interconnects for
nanoelectronics, magnetic devices, chemical and
biological sensors, and biological labels [1-3].

The interest for magnetic nanowires has given rise to
several studies on the interesting magnetic properties of
these systems [4—7]. Not much is known about the details
of the magnetization processes occurring in the arrays of
closely packed magnetic nanowires. Even in single
nanowires, the unusual domain structures were found [7].
The issue becomes highly complex when the long-range
dipolar coupling between the wires is considered [5,6].
The corresponding dipolar field adds to the internal field
of a single wire and it is measurable in experiments such
as FMR [8,9].

We have calculated the dipolar interactions between
the nanowires which are arranged in a 1D chain as
function of the nanowire separation (s). The nanowires
were approximated by rectangular particles and a chain of
perfectly parallel and identical ferromagnetic nanowires.
Then the dipolar field can be easily calculated by summing
the strayfield arising from “charged sheets”. The
corresponding formalism used here it was described in
[10].

2. Theoretical model

Numerical calculations were performed in order to
determine the interaction field for ferromagnetic
nanowires arrays with nanowire length being one hundred
larger than the wire diameter.

Starting from Maxwell’s equations
divB=div(,H+J)=0, we define as the stray field, Hq,

the field generated by the divergence of the magnetization J:
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The sources of the magnetization act like positive and
negative “magnetic charges” for the stray field. The field
can be calculated in the same way as the electrostatic field
which arises from the electrical charges. The only
difference is that the magnetic charges never appear
isolated but they are always balanced by opposite charges.
The energy connected to the stary field is [10]:

1 1
Eq=2 Mg IHﬁdV:—E [Haav @

allspace sample

A general solution of the stray field problem is given
by the potential theory. In this approach the potential of
the stray field at position r is given by integration over r :

(Dd(r)=4-isjuo j‘xrv_(i‘)dv#j%%ds’ 3)

Using this expression we can calculate the stray field,
resulting in:

H,(r)=—grad [®, (r)] @)

The direct computation of integrals would be time
consuming. In order to avoid this situation we must try to
analytically perform as many steps as possible. One
approach is to replace the integration by a summation over
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self energy and interaction energy terms of finite elements.
We consider that the finite elements are volume and
surface elements in which the magnetic charges are
assumed to be constant. If the elements are of the
rectangular shape, all integration can be reduced by
substitution to multiple integrals of the core function

Fyy0=1/r [10]. The integrals of increasing order have

the following expressions:
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Considering a rectangular element with the
magnetization oriented on x direction assuming that there
is no volume charges but only the surface charges, the Eq.
3 is given by:
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The dipolar field components are given by:

3. Results and discussion

We have used the method previously described to
determine the dipolar interaction field for 1D nanowires
chain. Two cases were considered: (i) the orientation of
magnetization inside the nanowire is perpendicular to the
long nanowire axis; (ii) the orientation is parallel to that
axis.
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Fig. 1. Calculated normalized dipolar interaction field as a

function of s/a for Mg 1 z.

For the simplicity of the calculation the nanowires
were approximated by parallelepipeds. The interaction
field is evaluated in the center of the chain and it is
obtained by summing over all charged surfaces of the
whole chain. A number of 10* neighboring wires which
guarantees convergence of the dipolar field sum was taken
into the consideration. Then the total calculated field is the
sum of the interaction field from all other wires and the
self demagnetization field:

H =H;, + Hself (10)

tot int

The results for the nanowire chains magnetized in the
direction perpendicular to the long nanowire axis M ¢ 1 z

are shown in Fig.1. The field is normalized to the value
4nMg and the separation (s) is scaled to the nanowire

radius (r). We have used the normalized value in order to
be able to apply the results to all types of nanowire
material. It was observed that the dipolar interaction field
decreases with the increase of the separation between the
nanowires.

For the separations=0, the interaction field becomes:

Hint :Htot _Hself (11)

Considering that the H_,=—
H;,, =2nMg was obtained for the interaction field.

2nMg, a value of

For increasing the separation (s> 0), the interaction

field falls off rapidly having a value of H,, =0.37Mgat
s=6a .
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Fig. 2. Calculated normalized dipolar interaction field as
a function of s/a for Mg //z .

Fig. 2 shows the results obtained when the orientation
of the magnetization inside the nanowires is parallel to the

long nanowire axis Mg //z . Similarly to the first case, the

dipolar interaction field also decreases with increasing the
separation between the nanowires.
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For a separation s=0between the nanowires the
interaction field is given by Eq. (11). Considering that
H,. ;=0 the interaction becomes: H,, =4nMg. If the
separation between the nanowires increases the interaction
field rapidly decreases and fors=6a, one can gets

H,, =0.75M,.

4. Conclusions

We have presented a model for the interaction field in
large and uniformly magnetized ferromagnetic nanowire
chain. The effective interaction field has been modeled
within a mean field approach with the interaction field
expressed as a function of nanowire separation.

The model predicts that, independently of the wire
diameter and material, the dipolar interaction field
decreases with the increase of the separation. The
decreasing of the interaction field is more pronounced
when the magnetization is oriented perpendicular to the
wire axis.
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