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I. Introduction

Recently, the study of magnetic multilayer
has attracted considerable attention and has been
stimulated by recent technological progresses. In
particular, modern high-vacuum techniques, such as
the epitaxial growth ones, allow us to fabricateyve
thin magnetic films of controllable thickness [1]
The increasing technological importance of
manometer scaled magnets results from the general
trend of miniaturization in technical applications.
These interesting magnetic properties of magnets
on a nanometer scale provide both interesting
opportunities for technology and questions for dasi
research. On the other hand, from both the
experimental and theoretical points of view, one
particularly important phenomenon is the
dependence of the transition temperature with
respect to several parameters, such as the film

thickness(L), the geometrical structure or the

composition of the film and magnetic excitation.
Amazonas and al [2] have studied the influence of
the lattice structure on the Curie temperature of a
thin quantum spin % Heisenberg film by using the
varaitional principles of the mean field
approximation and Oubelkacem and al [3] have
investigated the tricritical behaviour of the ciaab
three dimensional Heisenberg model of spin %2 in a
random field. The surface magnetic behaviour of a
semi infinite Ising model with a spin one free
surface is studied by [4]. The Laosiritaworn and al
[5] have used Monte-Carlo simulations and mean
filed analysis to observe the magnetic behaviour of
Ising thin film with a cubic lattice structures as
function of temperature and thickness, especially i
the critical region. It is finding that the magrmeti
behaviour changes from the two-dimensional to
three dimensional characters with increasing film

thickness. The Benayad and al [6] have used the
Monte Carlo treatment to study the magnetic
properties of mixed spin Ising system with

modified surface-bulk coupling. In this work, we

have applied the HTSE and the Padé approximant
[7] to the magnetic susceptibility in the surface and
layer nearest neighbour to the surface (bulk) to
determinate the reduced critical temperature versus

J
Iy
interactions in the bulk and in the surface) and

the the exchange

the magnetic phase diagrams inc(v),x) plane

for two structure and for the three models: Ising,

XY and Heisenberg. The threshold percolations in
the surface and in the bulk are deduced.

I1. Theoretical method

The theoretical method used in this study
has been developed in previous papers [8,9]; here
we only give a brief description of the essentéls
the method. We consider a semi-infinites

ferromagnets Heisenberg, Ising aXdY films with
a simple cubic lattice and face centred cubicdatti
The exchange coupling between spins at ditagd

j takes the valueJg if both spins are nearest

neighbours within the surface layerd if it is
between a spin on the surface and its nearest-
neighbour in the next layer, and the vallye for

nearest-neighbour interactions within the bulk.
Starting with zero-field Heisenberg Hamiltonian:
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H= —ZZ J,S.S, 1)
ij

where the summation runs over all pairs of nearest-
neighbour pair interactions. The strength ofjgjne

is assumed to be positive (ferromagneti).is the

operator of spin at sitd of length é where
S2 =S(S+1). The correlation functions between
spins at site$ and] , in powers of,B [10]:

¥y =(SS) = Z( )
=

1 :
wheref =—— and Kg being the Boltzmann
B
constant.
In our case, we have to deal with nearest-neighbour

coupIingJij . The coefficientt, may be expressed

for each topological graph as [11]:
=8°(-28")' (eI Il @)

with the condition V:lmr =1
form =01L....]. The “weight’ [a,]of each
graph is tabulated and given in Ref. [12hd

k;,K,,...,K, represent the sites surrounding the
sitesi and] . Here HTSE method is developed for
the magnetic susceptibility)((T) with arbitrary
exchange interaction couplinds, J,, andJ, up

to order 6 in 3. For the simple cubic and face

centred cubic lattice ferromagnetic semi-infinite
film, we obtain the following function:

X(T)=g(iia(p.q,n)&m§jr‘” (4)

p=0q=0
J J
hereR, =—% R, =—2,
whereR Jp & Jp
kgT, _ o
T.(V) =———"— and with the condition
2S5(S+1)J,
p+g<n.

The nonzero coefficienta( p,q,n) are computed
till ordern =6, for two cases: first case magnetic
susceptibility in the surfac@((L :O) and in the

bulk )((L :1) is available on request for two
structures for the Heisenberg model. The

coefficients of Ising andXY models are deducted
by the transformation of the coefficients of
Heisenberg model, usingl?]. The values of

[a,](Eq. (3)) are depending only on the

dimensiorV of the spin (i.e.V = | for Ising type,
Vv=XY for XY type and V=H for the

Heisenberg type). We use the well-knowadé
approximants method [13] to estimate the reduced

critical temperaturéc(l/). In this method, the

reduced critical temperaturg, (I/) is determinate

by locating the singularity in the Padé
approximants to the HTSE of magnetic

susceptibility in the surfac}’(L = O). To
introduce the dilution X in the magnetic
susceptibility at the surfaqé(L = O), we adopt a

, O or

b denotes the interactions in the surface, between
the surface and the nearest-neighbour layer and in
the bulk. The interaction is between the nearest-
neighbour site N andp). The probability

distribution is:

distribution function of bonds)™ (i =<

P(J™) =xo(o, —1)[xd(I™
L=x)3(3™)]

Nis considered as the central magnetic site. If
0, =1 there is an interaction of typelJ,
whenever thep site is occupied by a magnetic ion.

~J)+
) )

If g, =0 the central site is unoccupied, thus there

is no contribution. The obtained results for the
simple cubic lattice (see reference [14]) are:

J.(x) = (x> =3x* +3x%)J..
J, (X) = (-4x” +15x° — 20x> +10x*)J, . (6)
JD(X) = XJD.

and the obtained results of the face centered cubic
lattice are:

J.(X) =(x* -3x* +3x%)J..
J, (X) = (210x** —1386x** + 385" - @
5775 +4950° — 2310x® +462x")J,
J (X)) =(x*=3x* +3x%)J,
[11. Discussions and conclusions:

We have studied the variation of the
reduced critical temperature
keT (V)

r(v)=—2 21—
25(S+1)J,
interaction R, and R, for semi-infinite film with a
simple cubic lattice and face centered cubic lattic
of for different film thickness. 7.(V)is
determinate from the divergence of the magnetic
susceptibility in the surfacj!(L = O). For

with the ratio of exchange



example Figs 1 and 2 shows the variations of
r,(v) with R, for L=0 and L=1 with
R, = R, for Heisenberg model.

R1=R:

R

Fig. 1: The reduced critical temperaturg, as a

function of the ratioR, in the case of the
simple cubic lattice (for the case
whereR, = R,) for Heisenberg model (H).

0.6 0.9 1.2 1.5 1.8

R
Fig. 2: The reduced critical temperatu®, as a

function of the ratio R2 in the case of the face

centred cubic lattice (for the case whEje= Ry)
for Heisenberg model (H).

We see that for a given model the curves intersect
at the

abscisefR; (1) =0.291, R;(XY) = 030,

R; (H) = 0.303and ordinate point:
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r.(1) = 4.483,7, (XY) = 2.244and

r.(H) =1.498 with a simple cubic lattice. The
obtained values for a face centered cubic lattiee a
R(1) =0.817, RE(XY)=0.819

R;(H) =0.823 (see Fig. 1) and ordinate

point:7 (1) = 479,17, (XY) = 2.386 and
r.(H)=1594 (see Fig. 2). At those
pointsT(V) is independent on the fim
thicknesses and becomes similar to three-

dimensional infinite bulk film. The results shows
that the film exhibits two phases: a semi infinite
ferromagnetic film phase where both bulk and
surface are magnetized, and a semi infinite film
paramagnetic phases where both bulk and surface
are disordered. Hence we observe in the phase
diagrams is the existence of a special coudﬁég

at which all the semi-infinite film have a unique
critical temperature T¢(V) for an arbitrary
thicknesd_. This special point separates the
ordinary from the extraordinary transitions in the
semi infinite system. We have also studied the
influence of the dilutionX on the reduced critical

temperaturé (V) . In figures.3a and 3b we present
the magnetic phase diagrams of the semi infinite
film in (7c(V);X) plane for the cases
R=R,=R; and R =R, =5>R} for the
three models for the simple cubic lattice.
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Fig. 3(a): Phase diagramf; versus dilutiorX,
for three models: Ising (1), XY and Heisenberg

H);R =R, =R
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Fig. 3(b):
for three models: Ising (1), XY and Heisenberg (H);
: R =R, =5>R; for L =0 in the case of the
simple cubic lattice in the surface

Phase diagraml, versus dilutiorX,

In Fig. 4a and 4b, we present the phase diagrams in
(7.(V); X) plane of the semi infinite film for the
casesR =R, =R} and R =R, =3 for the
three models for the face centred cubic lattice.

Fig. 4(a): Phase diagramf versus dilutiorX,
for three models: Ising (I), XY and Heisenberg
(H);;RlzRZ:Rg R1:R2:3>R§
L =0 in the case of the face centred cubic lattice
in the surface.

for

In thin spin-1/2 Ising film
T.(1)= 7.203), /kg [14] with a simple cubic
lattice, is superior to those found in the seminiiéd
film T,(1) = 5.073J, /Kg [15]. In thin spin-1/2
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Fig. 4(b):

Phase diagram7 versus dilutiorx,
for three models: Ising (1), XY and Heisenberg (H):
R =R, =3>R; for L =0 in the case of the
face centred cubic lattice in the surface.

Ising film T_(1) = 9.828J, /Ky [16] with a face
centered cubic lattice (fcc) is superior of ourutes
T.(1)= 7323, /kg found in semi infinite film
with the fcc lattice. Our value is slightly smaller

than those found by the high-temperature
expansions for spin-1/2 Ising
T.(1)= 983, /k; [17]. The characteristic

property of the curves, as indicated in the two
figures, is an increase of thg(V)when the

dilution X increases. We know, on physical
grounds, that if the magnetic concentration falls
below the percolation concentration (for a given
lattice), the spin correlation length will reduae t
zero. Consequently the critical temperature
vanishes. The percolation threshold is now defined

as the concentratiofpat whichr = 0. The
obtained value is X, =02 for the two
caseR =R, = R; R =R =5
L = 0 in the simple cubic lattice and, = 0.2 in

and for

the case of face centred cubic lattice for the two
case R=R,=R; and R =R,=3
L=0.

for
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