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Magnetic properties of the site-diluted spin-1 Ising superlattice

N. El Aouad, B. Laaboudi, M. Kerouad, and M. Saber
Departement de Physique, Faculties Sciences, Universitdoulay Ismail, B.P. 4010, MeksgMorocco

F. Dujardin and B. Stee
Laboratoire de Therie de la Matiee Condense, Universitede MetzInstitut de Physique et d’Electronique,
1, Boulevard Arago, 57078 Metz Cedex 3, France
(Received 6 July 2000; published 16 January 2001

The critical behavior of a diluted spin-1 Ising superlattice is examined using the effective-field theory with
a probability distribution technique that accounts for the self-spin correlation functions. The critical tempera-
ture of the system is studied as a function of the exchange interactions in each material, the concentration of
magnetic atoms, and the thickness of the constituents in a unit cell. A critical value of the interface exchange
interaction above which the interface magnetism appears is found. We calculated also some magnetic proper-
ties of a diluted spin-1 Ising superlattice such as the layer longitudinal magnetizations and quadrupolar mo-
ments. It is shown that the properties of the diluted system are different from those of the corresponding pure
system.
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[. INTRODUCTION multilayered systems in which each layer thickness is regu-
lated on the atomic scaf@ Therefore it is possible to design
Magnetic layered structures and superlattices have athe structure of the sample so as to fit it to the study of a
tracted significant attention recently because of a wide arragpecific fundamental physics problem. Examples of such ex-
of fascinating properties. The study of a magnetic superlatperimental studies dealing with the interface and dealing
tice that consists of two or more ferromagnets with differentwith the surface magnetic order problem when the bulk of
bulk properties has been motivated by the idea that the proghe sample is paramagnetic were reported by Shemjal 2°
erties of the superlattice can be significantly different fromand Rauet al,?! respectively. For the site-diluted systems,
those of their constituents. A detailed review of the properthe magnetic atoms on the same lattice sites are randomly
ties of magnetic multilayers and superlattices has appéaredeplaced by nonmagnetic atoms. Generally speaking, the
With the advance of modern vacuum science, in particulamagnetic properties of the diluted magnetic systems may be
the epitaxial growth technique, it is possible to grow veryobviously different from those of the corresponding pure
thin magnetic films, of predetermined thicknesses, even of aystems. It has been known that a lot of new physical phe-
few monolayers. Superlattice structures composed of twmomena can appear in these magnetic systems. Kaneyoshi,
different ferromagnetic layers have already been artificiallyTamura, and Sarmerftoinvestigated a semi-infinite system
fabricated. Ferromagnetic ordering in some of these monowith surface dilution by means of the effective-field theory
layers has been reported and the critical properties of suchith correlations. Qiang Horfg?*and Benyoussef, Boccara,
systems have been studied, either experimeRt@llpr and Sabér studied the diluted semi-infinite system using the
theoretically®=*° For a periodic multilayer system formed mean-field theory and renormalization-group method, re-
from two ferromagnetic materials, Fishman, Schwable, andpectively. Ferchmin and Maciejewékihave studied a di-
Schwenk have discussed its statics and dynamics within thduted Ising film and predicted that the surface magnetic phase
framework of the Ginzburg-Landau formulation. They havecan appear when the concentration of magnetic atoms on the
computed the transition temperature and spin-wave spectraurface is high enough.
The Landau formalism of Camley and Tilley has been ap- Saberet al?’ have studied the phase diagrams of the site
plied to calculate the critical temperature in this syst8m. diluted spini Ising superlattice using the effective-field
For a more complicated superlattice with an arbitrary num-+theory and they have shown that the properties of the diluted
ber of different layers in an elementary unit, Bafasas  system are different from those of the corresponding pure
derived some general dispersion equations for the bulk ansystem.
surface magnetic polaritons. These equations are then ap- All the studies mentioned above are concerned with Ising
plied to magnetostatic modes and retarded wave propagati@ystems withS=3. For S=1, the properties of bulk Ising
in the Voigt geometry? magnetic systen® semi-infinite magnetic system$,and
On the other hand, there is a class of magnetic substancésing magnetic thin film®*3were discussed. However, it is
that are well approximated by simple or site-diluted Isingdifficult to find studies of a diluted Ising superlattice with a
systems®19 Notable examples are @3ls, DyPq,  higher spin.
Fe,Mg; ,Cl,, FgCo,_,Cl;, and Cd_,Mn,Te. Each of In this paper, we are concerned with the phase transitions
them may be a promising candidate for being prepared in thand magnetic properties in a diluted spin-1 Ising superlattice
form of a superlattice and the critical measurements. Froneonsisting of two ferromagnetic materials with different bulk
the experimental point of view it is possible to synthesize theproperties. For simplicity, we restrict our attention to the
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case of simple cubic structures, but other structures can be e © ¢ o o1

treated without any difficulty. In particular, we consider the

two constituentsA and B with different bulk transition tem- e © © © o°2

peratures, i.eTA#TE. The interface is, in general, different :

in nature from both bulks, even if the bulk critical tempera- A : L

tures are the same. We use the effective-field theory with a : : a

probability distribution techniqué in the present work, as it o o o e L.

. . . . a

is believed to be far superior to the standard mean-field ap- J

proximation since it does not predict a zero critical concen- a_ L,

tration for diluted magnets. The method takes into consider- ¢ o J ¢ o L

ation the fluctuations of the effective field and correctly 2 L +1

accounts for all the single-site kinematic relations. The ad- o © ©

vantage of the probability distribution technique is that it o L 42

allows the self-consistent equations that hold for an arbitrary o 0 O O

lattice structure with a coordination numb&to be obtained : :

and therefore results for different structures can be obtained B L,

without the detailed algebra encountered when employing : : L-1

other techniques. For the sake of simplicity, we assume that O O O O ©o

the concentration of magnetic atoms of the superlattice is

homogenous. O o o o ol
Because of the periodicity of the superlattice structure, we

restrict our discussions to a unit cell that interacts with its FIG. 1. Sketch of a unit cell of the superlattice.

nearest-neighbor cells via the interface exchange interaction.

Our major concerns are the dependence of the critical tenthe single-site spin correlations. Following that procedure,
perature on the interface exchange coupling, the influence dhe layer longitudinal magnetizatigi{c;S;,).) and the qua-
the concentration of magnetic atoms, and the interface exdrupolar moment(c;S%).) are given by

change interaction on the critical temperature and the order

parameters. Mi,=((CiSiz)c) = (Ci{Siz)c) =(C){(Siz)c) = c{(Siz)c)

In the following section, we introduce the model and de-
rive the equations that determine the layer longitudinal mag- 2 sin B( 2 c.J S )

ot L — i)z
netizations, the quadrupolar moments, and the critical tem-
perature. Numerical results are discussed in Sec. lll. A brief =
conclusion is given in Sec. IV. 1+2 cos?iiﬁ(E CJ-J”SJ-Z”

i
IIl. FORMALISM
- . L . =c( f1,| 2 ¢3S, )
We consider a superlattice consisting of two different fer- ]

romagnetic materialé andB stacked alternately: materiél

with L, layers and materiaB with L, layers. The exchange 4iz=((Ci(S2)?) ) = (i) {{(S)? ) =c({(S)?)c)

interaction between nearest-neighboring spin&(B) is de-

noted byJ,.(Jpp), While J,, stands for the exchange inter- 2 cos+ﬂ( 2 CjJiijzH

action between the nearest-neighboring spins across the in- j

terface. The periodic condition suggests that we only have to

consider one unit cell of the thickness=L,+L,, which 1+2 Cos’iiﬁ(z CiJiiSizH

interacts with its nearest neighbors via the interface exchange .

interaction J,,. The situation is depicted in Fig. 1. The <f
=C{ Ty

Hamiltonian of the system is given by

Ej: CjJiijz) > (©)

He— 2 J;:¢,¢(S,S: 1) v_vhe_remiZ andq;, are, respectively, the Iongitudinal_magne-
o e tization and quadrupolar order parameter of ttte site, 8
) ) ) =1/kgT, (- - - ). indicates the usual canonical ensemble ther-
where the sum runs over all nearest-neighbor spin p&ifs. mal average for a given configuration, and the sum is over all
denotes the component of a quantum sp& of magnitude  the nearest neighbors of the sitg - - -) is the spatial con-
S=1 at sitei, J;; stands for one of the three exchange inter-figurational average. In a mean-field approximation, one
actions depending on where the spin pair is located,camsl  would simply replace these spin operators by their thermal
the occupation number on the lattice site;=1 if the lattice ~ valuesm, (the longitudinal magnetizationdHowever, it is at
site is occupied by a magnetic atom and zero otherwise. Thinis point that a substantial improvement to the theory is
method we use is the effective-field thethy** that em- made by noting that the spin operators have a finite set of
ployed the probability distribution technique to account forbase states, so that the averages over the funcfignand
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f,, can be expressed as an average over a finite polynomial 4
of spin operators belonging to the neighboring spins. This
procedure can be effected by the combinatorial method and
correctly accounts for the single-site kinematic relations. Up
to this point the theory is exact, but the right-hand sides of
Egs. (2) and (3) will contain multiple-spin-correlation func-
tions. To perform spatial configurational averaging on the
right-hand side of Egs(2) and (3), one now follows the
general approach described in Refs. 32—34. Thus, with the
use of the integral representation method of th®irac’s
distribution, Eqs(2) and(3) can be written in the form

miz=f dwflz(w)%f dtexp(iwt)

XH <eXF(_ithJiijz)>, (4)
0 A 1 A 1 . ! .
in:f dwsz(a))%J' dteXF(lwt)l:[ <eXF(_ith\]iijZ)>, 1.0 0.8 0(;6 0.4 0.2
5

FIG. 2. Dependence of the critical temperatl]i@’\]aa of an
where infinite bulk simple cubic lattice of materi@ on the concentration
¢ of magnetic atoms.

2 sini(By)
f1(y)= 1+2 coshigy)’ (6) application of Egs(2), (4), and(8) yields the following set
of equations for the layer longitudinal magnetizations:
fo(y)= 2 costipy) , (7) N N-p Ng No—p1 Ng No—pp
1+2 coshiBy) my,=c2 N"2No> > > D > N owutmtm

. . pn=0 v=0 w1=0 v1=0 wy=0 w»y=0
and 8=1/K,T. In the derivation of the Eqg4) and (5), the
commonly used approximation has been made according to ><C,’jC';‘’“C/'\:"C':‘)_"1CZ°C2l
which the multi-spin-correlation functions are decoupled into v 2

o‘l’«z(l_ anz)M

2

products of the spin averages. X (Gnz—Mng) "(Anzt M )N+ 7(1= 20,1 ,)*1
To make progress, the simplest approximation of neglect- Y No— g v
ing the correlations between different sites will be made. X(An-12"Mp-12)"M(An-1,F My_1 )70 #1771

This is achieved by introducing the probability distribution

X(1—-2 H2 -m V2
of the spin variables,, given by* ( Gn12)2(An+ 127 M 1)

X (qn+ 1,z+ mn+1,z)N07'u27szlz([Jn'n(N_ M 21/)
1
P(Ci,Si2) = 5(1-0)8(c)[ (ST 1)+ 8(S;p) + 6(S.— 1) ] FInn-1(No— 1= 1) +Jn ne1(No— 2= v2) 1),
(12)

1
+58(Ci—D[(Aiz=mMiz) 6(Sz + 1) whereN andN, are the numbers of nearest neighbors in the
plane and between adjacent planes, respectiveby 4 and
+2(c—Qi,) 8(S;,) +(gi,+m;,) 8(S,—1)], (8) No=1 in the case of a simple cubic lattice with a coordina-
tion numberZ=N+ 2N, that is considered herandC}, are

with the binomial coefficientsCl=11/k!(1—k)!.
c={(c;)o), 9) The equations of the longitudinal quadrupolar moments
are obtained by substituting the functidg, by f,, in the
mi,={(CiSi) o), (10) expressions of the layer longitudinal magnetizations; this
yields
and
5 Onz=Mnd F1y)—F2,(Y)]. (13
Qiz:<<cislz>0>' (11)

In this work we are interested in the calculation of the order-
Allowing for the site magnetizations and quadrupolar mo-ing near the transition critical temperature. The usual argu-
ments to take different values in each atomic layer parallel tanent thatm,, tends to zero as the temperature approaches its
the surface of the superlattice, and labeling them in accoreritical value allows us to consider only terms lineamin,
dance with the layer number in which they are situated, thédecause higher-order terms tend to zero faster thanon
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approaching a critical temperature. Consequently, all terms&shere  m, is a vector of components
of the order higher than linear terms in E¢B2) that give the  (my,,m,,, ... ,m,,, ... ,m_,) and the matrixM is symmet-
expressions of,, can be neglected. This leads to the set ofric and tridiagonal with elements
simultaneous equations

My, An,n—1mn—1,2+An,nmnz+An,n+1mn+1,z- (14) M| J:(Ai,i _ 1)5i,j +Ai,j(5i,jfl+ 5i,j+l)- (16)
The system of Eq914) is of the form

Mm,=0, (15  The only nonzero elements of the mathkare given by

N N-u No No—wmg No No—wmp vy No—(mgtvy)

Mpnog=c2 N"2No > E > 2 2 X 2 2 (—1)i2rtratreg,

u=0 v=0 u;=0 »;=0 up,=0 vp,=0 i=0
NeN—p~No~No— w1 ~No~No— 1~ V1 ~No = (11 v1)
X ClC)#eheC) o e hoC] o2 iC] (1—r (1=, )"

N +j). N
X (L1, g)pery e om0 D fot vag ), (17

N N-u Nog Nog—ug Ng No—up v N—(utw)

Mpg=c2 VM0 > > 2 X 2 > 2 (—L)iartmtezg
n=0 v=0 u1=0 v1=0 wup,=0 vy=0 i=

X CCY#CoCT0 MCLoC 0 2 TN M (1= ) #(L— 1)1 =1 p)H2

—u)—(i+j)No— w1, Nog—
)r(N=m =Dy Mo sapNo k2g (g y—1, (18)

N N-u Nog No—wg No No—up vy No—(uptvp)

Mpnsg=c2 NN E DD 2 2 (—1)2utmtug

©n=0 »=0 @1=0 »1=0 wr=0 wy=0 =0

XCHC) ey eCh e CToT eeae]o e T (L (L -1y g

X (L=t g)rery o e 2Dy, (19
where
yn:Jn,n(N_M_ZV)+Jn,n—1(NO_/~L1_V1)+Jn,n+l(NO_M2_V2) (20
and
N N-u Ng No—p1 No No—up
_02 N-— 2N02 2 2 2 2 2 2,(1,+M1+/.L2C CN MCNOCNO MlCNOCNO :”'2(1 2r )IL
pn=0 v=0 p1=0 »;=0 wy=0 wvy,=0
XUNTH(L =21 q)Par 0 (L= 2r ) 2r 9 P25,y ) (1)
|
All the information about the critical temperature of the sys- lll. RESULTS AND DISCUSSION

tem is contained in Eq.15). Up to now we did not precise

the values of the exchange interactions; the terms in matrix In this paper, we takd,, as the unit of energy, the length
(15) are general ones. In a general case, for arbitrary exis measured in units of the lattice constant, and we introduce
change interactions and the thickness of the superlattice titbe reduced exchange interactioiy=Jy,/J,, and R,
evaluation of the critical temperature relies on the numericaF J,,/J,5. Let us begin with the evaluation of the critical
solution of the system of linear equatio(ib). These equa- temperature with an example: the critical temperature of the

tions are fulfilled if and only if site-diluted spin-1 Ising model for the simplest possible
“bulk case” of a materialA (i.e., N=4,Ny=1,J; j=Ja3).
detM =0. (22 Then we can reduce det to the following form:
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a b b
b a b
b a b
detM bulk™— b a b ’ (23)
b a b
b a b
b b a L)
where the elements in the above determinant are given by
a= Mn,n(‘]n,n:‘]n,n—lz‘]n,n+l:‘]aa)v (24)
1
b=7(a+1), (25)

andL in the “bulk” case is an arbitrary humber. Now, we obtain the critical temperature from the conditidnggt=0.
This yields forc=1 to T4/J,,=23.5186, which is to be compared with the mean-field approximation réSiut,,= 6.

In Fig. 2, we show the behavior of the bulk critical temperafTiféJ,, of the bulk materialA as function of the concen-
tration ¢ of magnetic atoms. With the decrease mfthe phase region in which the ferromagnetic ordering is realizable
gradually becomes small and vanishes at the bulk critical concentrgiiel®.2706 at which the bulk critical temperature
T2/J,, reduces to zero.

A. Phase diagrams

In this section, we are interested in the study of the critical temperatures for the diluted ferromagnet spin-1 Ising superlat-
tice. We remember that the exchange interactions between the nearest-neighbor spinstimustEband across the interface
are different. These differences influence the form ofMietvhich can be written as

M1 Myo M,

M -1 M, My

ML 1, Misa,+1 My 42 . (26)

ML—l,L—Z IvlL—ZI.,L—l ML—l,L

ML,l IvlL,L*l IVIL,L (L,L)

In order to calculate the critical temperatures of the superlat- Figure 3a) corresponds to the pure case=1 and it
tice, we have to solve E¢21) numerically in which we  shows that for £R,<7, the dependence of the critical tem-
substitute deM by its expression given by E¢26). peratureT./J,, on R, is approximately linear in agreement
Without loss of generality, we assume the critical tem-yith the results of other method®2**For higher values of
p>e\]ratur|'§ SfJS|6/‘3b°‘ leher tgar? th%tA(/)\f] Sljtj?é/t\]hat 'S’h‘]aa R,, T./J,, becomes nearly constant for each valué of It
~A,0b (_ l_h bb ”?a\, .),lan ence. afa/ C'f aa’ \IN ere ¢ is easy to see from this figure that there exists a critical value
T/Jd.4 is the bulk critical temperature of a uniform lattice o of the reduced interface exchang§ such that, wherR,

material A and T8/ J,a=R, T4/ J,a. c A B
To study the effects of the reduced interface exchangg Rz and consequentlyc/Jaa>Tc/Jaa: Tc/Jaa, the system

R,=J.,/Jas and the concentration of magnetic atoms on M&y order in the interface layers before it orders in the bulk,
a aa

the critical temperaturé'c /Jaa of the Superlattice‘j’c /Jaa is i.e., the interface magnetism dominates. R@ﬂeSS thach ,
calculated as a function d®, for fixed R;=0.6 and fixed We have the contrary situation. The dashed horizontal line

L,=5, but with various values df, and various values of corresponds to the bulk critical temperature of matekiédr
the concentratiore. the concentration of magnetic atoros 1.0.
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7 3.0
R,=0.6 | R,=06
L ¢ =1 c =0.8
L=3 29
2.8
3%
= 2.7031
27
26
25
2.4
2.496
1 1 1 1 23 1 1 1 1 1 L 1
0 5 10 15 20 25 2 4 6 8 10 12
(a) R, (b) R,
185} R,=06
c =086
1.80
1.75
::ﬁ
=
1.70
1.65
1.60
1.55
1.50 i L " 1 2 1 2 1 " 1 " 1 " 1
0 2 4 6 8 10 12 14
(c) R,

FIG. 3. (a) The critical temperatur&./J,, of the superlattice versus the reduced interface exchange inter&tiod,,/J,, for Ly
=5, R;=J,,/3,,=0.6, andc=1. The number accompanying each curves denotes the valug. d¢b) The critical temperatur&/J,, of
the superlattice versus the reduced interface exchange inter&iod,,/J,, for Lp,=5, R;=J,,/J.,=0.6, andc=0.8. The number
accompanying each curves denotes the valukof (c) The critical temperaturd/J,, of the superlattice versus the reduced interface
exchange interactioR,=J,,/J,, for Ly=5, R;=J,,/J22=0.6, andc=0.6. The number accompanying each curve denotes the valyg of

critical temperature curves show the reentrant phenomena;
same values of the parameters as Fi@ 8L,=5,R;=0.6), for a given value off ./J,, there may exist two values of the
except here the concentration of magnetic atoms=i9.8.  interface exchange interactid®,. This phenomena may be
The dashed horizontal line corresponds to the bulk criticahttributed to the competition between the effects of the ex-
temperature of material for the concentration of magnetic change couplings and the dilution. Second, the dependence
atomsc=0.8. This figure exhibits some new interesting re-of T./J,, on R, is completely different from the first case
sults for the diluted case. First, as is seen from this figure, théc=1); it increases from a value that dependslgnat R,

Figure 3b) shows the dependenceBf/J,, onR, for the
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14
08
" TH,,=1.0
12 09 c=08 / c=06 P
c=0.97 c=0. . - T/Jaa=1 0
10} 06 TH,=2.0
© £ [ R,=0.6
8| R,=3.5
04H c =08
6 o
[ c=0.
4F 0.2
c=1
c=0.4
oL - TH,=20 '
A 00f B
0.0 0.2 0.4 0.6 0.8 1.0 A 1 . 1 A 1 ,
R, 5 10 15 20
FIG. 4. Dependence of the reduced interface exchange coupling
R$ on the reduced exchange coupliRg=Jy,/J,, for L,=5, and FIG. 5. Longitudinal magnetization profiles for a superlattice
several values of the concentratiorof magnetic atoms. with L=40 layers wheR;=Jy,/J,,=0.6,R,=Jp,/J1,=3.5, and

¢=0.8. The solid and dashed lines correspond respectively to the
=0, passes through a maximum, and decreases for large vaublatticeA andB. The number accompanying each curve denotes
ues ofR,. Third, it is interesting to note that there exist two the value of temperaturé/J,,.
critical values of the reduced interface excharigg RS
=2.496 andRS=8.363, such that when 2.496R,<8.363, centration of magnetic atoms, the reduced exchange interac-
and consequentlf¢/Js> T4/ 3,0, T8/J,,, the system may tons, and the unit-cell thickneds We can obtain the layer
order in the interface layer before it orders in the bulk; andongitudinal magnetizations and quadrupolar moments from
when R,<2.496 orR,>8.363 we have the contrary situa- Eqgs.(12) and(l3) as functions of temperature. We consider
tion. a superlattice with. =40 layers whereg_,=L,,=20.

Figure 3c) shows the dependenceBf/J,, on R, for the Four types pf phase diagran(he I.ongitudinal magneti-
same values of the parameters as Fig) 8L,=5,R,=0.6), zationm, , profiles are found depending on the values of the

except here the concentration of magnetic atoms=9.6.  'educed exchange interactioRg, Ry, the temperature, and
The variation ofT./J,, versusR, is the same as in Fig(B), the concentration of magnetic atoms. These phasg dl_agrams
except thatT./J,, increases from a value that depends oncorrespond to the four possibilities for the magnetizations:
L., atR,=0, and it increases with the increaselLqffor L, A A A 5 8 B
fixed. We note that the interface magnetism disappears in [M1,=m;,=ms, and m;,=m;,=>mz,] (type 1,
this case.

In Fig. 4, we show the phase diagram of the system by [mf,<m),<m5, and mf,<m2<mE,] (type2,
plotting the critical reduced interface exchange interaction ’ ' ' ' ' ’
RS as a function oR; for different values of. For the pure
casec=1, there exists a single value Bf for all the values
of R, and it decreases with the increasdgf For the diluted
case,c#1, it is seen that we have a range Rf, which
depends o, where we find two values of the reduced criti-

cal interface exchange interaction. Otherwise this criticaIThese diagrams are shown respeciively in Flgs_. °—8 for
value does not exist. All the curves meet at the point ofSome selected values of the reduced exchange interactions

; _ ; _pC_ Ri, Ry, ¢, andT/J,,. The solid and dotted curves corre-
absciss&R; =1 and of ordinatd?, =R;=1. sSondzto the magngatlization profile of the sublatticandB,
respectively. The number accompanying each curve denotes
the value of the temperatuii®J,,. Because of the symme-

In this section, we are interested in the study of the layetry of the superlattice, we limit the interpretation to the first
ordering parameters of the magnetic superlattice describdahlf of the layers. The variation of longitudinal quadrupolar
above. These quantities depend on the temperature, the camomentsq, , versusn is the same am, , versusn.

A A A B B B
[ml,zg m2,z$ m3,z and ml,z2 m2,z> mS,z] (type 31

A A A B B B
[ml,z2 m2,z2 m3,z and ml,zS mZ,zS m3,z] (type 4)

B. Order parameters
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0.80 0.80 -
TH_=05 TH,=1.0
T, =1.0
T,,=0.5
079 5 .
. 075k THL=20
£ TH,=1.0
078 £
TH,=1.0 0.70F
0.710 |- 2;1.5
" R,=06 ¢ =08
ot 0.65 |
c =08 ’
- km“zz'() J
0709 |
1 1 1 3
5 10 15 20 .
5 10 15 20

FIG. 6. Longitudinal magnetization profiles for a superlattice
with L =40 layers wheR;=J,,/J,,=0.6,R,=Jy,,/J.,=0.5, and
c=0.8. The solid and dashed lines correspond respectively to the
sublatticeA andB. The number accompanying each curve denotes
the value of temperaturé/J,,.

FIG. 8. Longitudinal magnetization profiles for a superlattice
with L=40 layers wheRR;=Jy,/J,.=1.5,R,=Jp,/J22=1.0, and
c=0.8. The solid and dashed lines correspond respectively to the
sublatticeA andB. The number accompanying each curve denotes
the value of temperatur€/J,,.

We present the magnetization profiles in Fig. 5 Ry
=0.6, R,=3.5,¢=0.8, and two values of the temperature:

08F T/J,,=1.0, andT/J,,=2.0. We see that the longitudinal
L TH=1.0 magnetizationsn, , have their largest values at the interfaces
07k and they decrease with the number of layers to reach their
TH,=1.0 minimal values in the bulkr{=10). This suggests that there
06k exists an interface magnetism in the system. It is interesting
: TH,=2.0 to note that the effect of the interface is more significant at
high temperaturem, , decrease with the increase of the tem-
05r peratureT/J,, as expected.
E:* R,=0.6 We present the magnetization profiles in Fig. 6 Ry
0.4+ R,=1 =0.6, R,=0.5,¢=0.8, and two values of the temperature:
¢ =0.8 T/3,,=0.5, andT/J,,=1.0. We see that the longitudinal
03k magnetizationsn, , have their smallest values at the inter-
T faces and they increase with the number of layers to reach
' their maximal values in the bulkn=10). It is interesting to
0.2 note that there is no interface magnetism in this casg;
' decrease with the increase of the temperaiui&,, as ex-
01} pected.
T =20 In Figs. 7 and 8 we show the magnetization profiles for
ook e R,=1.0,¢=0.8, and two values of the temperatuiig’J,,
' . . . . =1.0 andT/J,,=2.0 and forR;=0.6 andR,;=1.5, respec-
5 10 15 20 tively. In these cases we can see that the interface magnetism

is only present in one sublattice, in sublattBdor the first
case and in the sublattigein the second case.

FIG. 7. Longitudinal magnetization profiles for a superlattice
with L =40 layers wheR,=Jy,/J,,=0.6,R,=Jp,/J,2=1.0, and
¢=0.8. The solid and dashed lines correspond respectively to the
sublatticeA andB. The number accompanying each curve denotes
the value of temperaturé/J,,.

IV. CONCLUSION

In conclusion, we have studied the critical behavior and
some magnetic properties of the diluted spin-1 Ising model
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of magnetic superlattice consisting of two materials, using We have also studied the magnetizati¢asd the quadru-

the effective-field theory with a probability distribution tech- polar momentsversus the number of layers of the unit cell

nique that accounts for the self-spin correlation function. and have shown that these phase diagrams exhibit four types
For the pure case, a critical val&®§ of the reduced inter- depending orR;, R,, ¢, andT/J,,. This study also shows

layer exchange interactioR, has been found such that for the existence of the interface magnetism in the system.

R,>RS the interface magnetism dominates, and Ry The formalism of transition temperature derivation ob-

<R we have the contrary situation. tained above is general and can be used for the study of
As discussed in Sec. Il A, the study of the effect of the superlattices of various thicknesses and structures. Although

dilution on the critical temperature of the system is verywe have discussed only ferromagnetic excharigésl>0),

significant: The behavior of the system is different from thethe formulation is applicable to antiferromagnetic couplings

pure case¢=1). A number of interesting phenomena have gs well.

been found such as the reentrant behavior in the critical tem-

perature curves that can be attributed to the competition be-

tween the exchange couplings and the dilution. We can also ACKNOWLEDGMENTS
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