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SPIN WAVES IN A MAGNETIC SUPERLATTICE
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A supaisitice conusting of alternating layers of two @

antiferromagnets is consdered. The disperson
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of growing interest in recent years. Excitation spectra,
sume fundamental properties of periodic magnetic super
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theorctical calaulations for magnetic multilayers src dis-
cussed in Refs. [1-31

In this paper we consider a simple model of & super-
Lsines, namely allemating amplecubic antifaromagnets
m whach the interfaces are (001) planes. Only the nearcst-
neighbour cxchange interaction is taken into sccount.
Our purpose is to derive a general dispersion relation for
ibe spin-wave ing in the direction perpendicular
o the layers by the transfer-matrix method. This theoreti-
cal approsach is analogous to one from the Ref. [1], where
sunphe-cubic faromagnets arc considered.

Let us describe the geometry of the system shown m
Fig.1. The clementary unit of a superiattice consists of
stomic layers n; of material | and atomic layers n; of
material 2. Both materials are taken to be simple-cubic
Hosenbery antferromagnets having the following bulk
parameters: the exchange constants J,, Lande factors g,
spus S, (1=1,2), snisotropy ficlds 5, and lattice con-
stant a. The cxchange constant between constituents is J.
We define m=n;+n; such that the periodic distance is
D=ms. Cell 1 is defined to run from (1-1)ma+ato lma.
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Fg.l A wperisitice modd consisting of altornatmg layers
of two smpic-cubxe Hesenbery antiferromagnetics.

The Hamiltonian of the system can be written in the

form

H= ZZJ.JS.JSW.,HZJ.,JS.,.SWJ
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change interactions, the second term describes the inter-
stomic layer exchange interactions and the last one in-
cludes the Zecman and magnetic anisotropy energies. o
is the index of atomic layer and k describes the position
of a lattice site in this layer, the summation over &§;; de-
ootcs the summation over in-planc ncarcst naighbours.
Exiernal static magnetic ficld 5; is assumed 1o be paralicl
to the axis z.

The dispersion cquation for a bulk spin-wave is found
withun (RPA) from the
equation of motion for the operator 5,"=5,"+is,”. Using
the cquation of motion, onc finds the following system of
equations corresponding to sublattices A and B:
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Haethe RPA <5, ,,>=5.", <5 ,,>=5." and the gen-

eral solution S_ ,, aexp (ikr-iwt) have been done,
2ls0 z;; 15 the number of nearest neighbours in the atomic
layer (z;= 4 in the considered case).

In the particular case, afier passing to the momentum
represcntation, one can find the bulk dispersion
curve in medium | [4] by using the equations (2) and (3):
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&~14.4,/ is the position vector, which joins the stom un-
der consideration with its nearest naghbour.

We now consider the superiattice and find the spin-
wave dispersion cquations solving the equations of mo-
tion for the spin operstors ;" in the RPA. A spin, which
sa't in an interface layer, labelled by a, §, Yy dm



Fig.l, has the same¢ ncarcsi-ncghbour environmeni.
Therefore, the spin-wave amphitudes must be given within
cach componcnt by a ncar combination of the positive-
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m component 2, cell 1.

Tb:phmﬂlﬂm.:p(ﬂt,rjtj and etc. are inserted
f«ummhrﬁ,ﬁz are the posi-

uocns of the lefi-hand layers of the corresponding compo-
oenis in el 1. To denve the dispersion equation we usc
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where the exphat forms of the matrices are given in Ap-
pendix. These cquations combine to yicdd a transfer-ma-
rix
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The matrix T has the property that its determinant is
equal to unity. According to Bloch's theorem for a peni-
odic structure, agenvalues of T should be exp (£iQD),
where 0 is the normal component of the wave-vector de-
scribing the propagation along the axis of the SL. The

dispersion equation for the spin waves in the 5L can be
written in the following form:

(12
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The cxpression for the ciements of the transfer matrices
may be defined We only give in the Appendix the exphait
real form of the dispersion cquation for the case when k;
and k; are real

It can be verified from equation A(B) that when both

-

i s ab
Fig 2. (a) Bulk and (b) superisttice spin-waves dispersion
graphs for (001) propagation with

parameters
T/ T=3/2; J/Tm3f 4 B /B =0.01;
EY /0T e0.1; B/ 0.5 8,/ 0™ =0. 55.

We are grateful 10 N.B.Mustafaycev for the computer
calculations and graphic constructions.



APPENDIX We can find the simpler forms for 2, using Eq.(3) and
The malrices sppeanng in equations (7) and (8) arc “®
Ftv, £i7,) - i_]' {i_I EI"_] Sy
H=(?‘-‘; _C, | AD) g J;l*-’: 1| +2 3, 1 1+H;u+3‘r.’_ 3y,
l'tJJ 't;taJJ A
F;z:,v, f,tT,F;' For the case when k; and k; arc both real, equation
=| = = . A(2)  (12) can be written in the explicit form
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with
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|Bisinax, + 2psinak, +sina k|- 25°0,- AG)
|Bsinak, +sindk | Bsina .k, + sind k,]|+
A(S) +J'sinaksinak, .

a=d-a , i=1,2 ;

where .
f=e** , £=1/f , i=1,2

=" , t=1/t,, i=1,2
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