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Abstract

We study the magnetization reversal of a two-particle system with partial exchange coupling. We assume that the particles are discs an
that the exchange coupling occurs through one of their plane faces extendinglyprim ®ach particlel{, = (A/K)Y?). The easy axis of
particle 1 coincides with the direction of the applied magnetic fi¢lhd the one corresponding to particle 2 is such that both easy axis are
parallel to the contact face.

We assume that the spins reorientation across the contact plane is similar to that of a Bloch wall. We write the fréeddribegyystem
in terms of the fractiorB of volume affected by exchange coupling, taking into account the anisotropy and exchange energies due to the spin
reorientation and to the fraction {@}-of non-interacting particles’ volume. For a given voluWi¢he fractiong can be varied by sliding one
particle with respect to the other, changing only the contact area.

We calculate the rati&@/KV as function ofH considering the easy axis of particle 2 at different angles with respect to the easy axis of
particle 1. We determine magnetic moments switching paths together with the energy hBrfigrswitching. We find a general expression
of the formA E/KV = (1 — H/ Hyp)*, with Hy = Ho(B, w) andz = zo + a(w) B, beingzy andHy(0, w) equal to the values for non-interacting
particles.

We discuss the switching behavior as a functiomandH.
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In a recent work, Bercoff et al. studied the effect of dif- et al[3]. This type of information would be extremely valu-
ferent sintering processes on the magnetic properties of Baable for the modelling of magnetic information storage in
hexaferrite nanoparticled]. By constructing the Preisach recording medig4].
distribution function of different particulate systems they  Our system consists of two disc-shaped nanoparticles that
showed evidence pointing towards partial exchange couplingmake contact through one of their plane faces and with ex-
as the mechanism responsible for the apparition of detailschange coupling between the atoms located in the boundary
in the distribution function which could not be explained region, as shown in the schemeraf. 1. Our aim is to study
by other type of interactions. In the present work, our aim partial exchange coupling and for this reason the height of
is to analyze in detail the magnetic behavior of partially the disc-shaped particles is assumed to be higher than or at
exchange-coupled nanoparticles under the influence of anleast equal to the extension of the exchange-coupled region.
external magnetic field. Our treatment is similar to the one In order to vary the fraction of the exchange-coupled region
made by Chen et al. for single domain particles with dipo- maintaining constant the particle volume, sliding of one par-
lar coupling[2] and resembles the approach made by Neu ticle onto the other is allowed and the volume fractpof

the exchange-coupled volume can be defined as contact area
mspondmg author. Tel¢54-351-433-4051; times the_ e_xtensioll (or he_ight) of the exchange-coupled
fax: +54-351-433-4054. volume divided by the particle’s volumeg = areax L/ V.
E-mail addressbercoff@mail.famaf.unc.edu.ar (P.G. Bercoff). The limit 8 = 1 is obtained when the height of the
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particle is equal toL and there is contact with all the
face. We also assume that there is perfect contact between
the two grains, to avoid the introduction of an undefined

parameter.

In order to introduce the basic ideas of our treatment, let us
consider that our particles have the same voliuneniaxial
anisotropy described by the const#&tsaturation magneti-
zationMs and exchange constaAt Their anisotropy axes
form an anglev between them and both of them are paral-

lel to the contact plane. The applied magnetic fidlgoints

parallel to the anisotropy axis of particle 1. The free energy
Et of the system per unit area of the contact plane at 0K

Fig. 1. Geometrical arrangement of particles 1 and 2.
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Fig. 2. Contour plot ofEr. Darker shading corresponds to lower levels

of energy. (a)8 = 0.3 andh = 0.3. The two energy barrieraE; and Fig. 3. Contour plot ofEr. Darker shading corresponds to lower levels
AE; for particles 1 and 2 are marked with and 2, respectively. (b) of energy. (a)8 = 1 andh = 0.3. The two energy barrierAE; and AE;

B =03 andh = 0.53. Dashed and dotted lines are the inversion paths are marked withl and 2, respectively. (b)8 = 1 andk = 0.58. Dashed
when thermal activation occurs. and dotted lines are the inversion paths when thermal activation occurs.



64

can be expressed as
+D

[ do\2 .
Et =/ A (-) + K Sinf(6 — w;) | dx
—-D dX

+D
- MSH/ cog6 — m) dx,
-D

where D is the height of each particle. The anghéx)
takes the valueg1(x) for x < 0 (particle 1) anddz(X)

for x > O (particle 2) and the angle; is w1 = 0 (par-
ticle 1) and w2 w (particle 2). Those are the angles
formed by the magnetic moments of particles 1 and 2,
respectively, with the easy axis of particle 1 as function
of their distance to the contact plane £ 0). As 61 will
vary between 0 and, andf, between—w and (v + x),

we will simplify our treatment. Instead of calculating the
distribution of magnetic moments by minimizing the free
energy for each pair of angles, we will assume that the
distribution of magnetic moments in the exchange-coupled
region is like the one associated with a Bloch domain

wall [5]:
. X -1
= arcsm[coth (l—ﬂ ,

wherel, = (A/K)Y? is the appropriate scale length in
this case. Under these assumptions we calculai€gl, 6-,
h)/KV as function ofg between 0.1 and 1 and = /6.
Hereh is the reduced magnetic field & H/Hyk) and Hk
is the anisotropy field. We chose the angle= 7/6 as it is
the mean orientation value for a random distribution of easy
axis orientations.

Fig. 2ashows the results fo8 = 0.3, # = 0.3. In this
case, the particles remain in the initial stable positipa=

0(x) — O(x = —00)
O(x = +00) — O(x = —00)
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others with less energyAE; (marked 1) involves changing
61 while 62 remains constant anlE, (marked 2) involves
changingd, while 61 remains constant. It iIAE> < AEq,

so, if thermal activation occurs, an inversion path through
the energy barrieAE; (dashed line irFig. 29 will be more
likely than throughAE; (dotted line inFig. 2b), but in ei-
ther case the inversion of the magnetic moments of the first
particle will not induce the other to follow and invert too.
Each particle will proceed independently from the other.
The difference betweeAE; and AE, becomes lower and
lower ash increases. Whem\E; = 0, it is h = hg
0.53, the inversion field for particle 2. The inversion path
proceeds by first2 going to (w + ), to a shallow mini-
mum, and therd; going tox through a small energy bar-
rier. Particle 2 inverts first and then particle 1, right after
(Fig. 2b.

The extreme cas@ = 1 with 2 = 0.3 is shown in
Fig. 3a The two energy barrierdE; and AE; are now
equal and thermal activation of one of them proceeds inde-
pendently from the other. But when one of them is activated
through its energy barrier the other immediately follows be-
cause no intermediate minimum is found in this case. So
both of them invert their magnetic moments in a coordinated
way.

The case8 = 1 with » = 0.58 is shown inFig. 3b
where the energy barrier is zero and both particles pro-
ceed following an inversion path where both of them
invert their magnetic moments at the same time, in a
cooperative mannekig. 4 shows the inversion path fol-
lowed by 6; and 6, for each 8 value, when the en-
ergy barrier is zero. For lows the particles invert their
magnetization independently and fgr > 0.7, they act
cooperatively.

At temperature’ = 0 K, magnetization reversal occurs at

0, 2 = w. Two energy barriers separate this state from a reduced fieldhg and is a function of. The energy barrier
4
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Fig. 4. Magnetic moments switching paths for differghtvhen the energy barrier is zero.
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AE; is the one that controls this process and it is The energy barriers found in this work are useful for the
B modeling of magnetic systems of partially exchange-coupled
b/ H ' i
AE>(h,Bw==)=KV|(1-— i particles.
2 (np0 =) ( ho(ﬁ))

whereho(B) = ho(B = 0) + 0.0258 + 0.00782 + 0.03383
andz(B) = z(8 = 0) + 0.0308.
The valuegig(B = 0) = 0.522 andz(8 = 0) = 1.48 are
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