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BULK SPIN WAVES PROPAGATION IN DIRECTION PERPENDICULAR TO THE (110)
PLANE FOR FERROMAGNETIC SUPERLATTICE

V.A. TANRIVERDIYEV, V.S. TAGIYEYV, S.M. SEYID-RZAYEVA
Institute of Physics of Academy of Sciences of Azerbaijan
Baku - 1143, H.Javid av. 33

A superlattice consisting of alternating layers of two-simple Heizenberg ferromagnetic is considered. Using Green function method the
dispersion equations of bulk spin waves propagation in direction perpendicular to the plane (110) are derived for this systems. The numerical

results are shown graphically.

During the past decade, there has been considerable effort
devoted to the synthesis and study of composite materials,
and of superlattices formed from alternating layers of
different materials [1-3]. The study of spin waves is very
useful in determining the fundamental parameters that
characterize magnetic superlattice. In magnetic superlattices,
elementary excitations have properties distinctly different
from the modes associated with any one constituent. Bulk
spin waves of periodic structure or magnetic superlattices
have been analyzed theoretically in many special cases [4-6].
In the short-wavelength limit, where the exchange coupling is
dominant, comparatively fewer studies have been done. Some
qualitative features of superlattice are most easily explained
for the simple — cubic structure in terms of modified single -
film properties. The bulk spin-wave regions in simple-cubic
Heisenberg ferromagnetic material are derived in Ref.[4] The
aim of this paper is to study by the Green function method
[7,8] properties of an ferrormagnetic  superlattice with
quantum Heisenberg spins at finite temperature and this
theoretical studies are analogous to one from the Ref.[9],
where bulk spin waves propagation in  direction
perpendicular to the plane (001) in ferromagnetic
superlattice is considered.

As indicated in fig. 1 we consider in this paper a simple
cubic ferromagnetic superlattice model in which the atomic
planes of material 1 alternate with atomic planes of material
2. The materials are taken to be simple — cubic Heisenberg
ferromagnetic, having exchange constant J; and J, and lattice
constant a.

We consider here the following Heisenberg Hamiltonian:

H =—%ZJ;'/(SiSj)_Zg'uﬂ(HO +Hi(A))Siz ()
ij i

where J j -represents the exchange between the spins S. and

S ; of the nearest neighbors. Hy is an applied magnetic field

in the superlattice z direction, and H™ (i =1,2) anisotropy
field for a ferromagnetic with simple unaxial anisotropy|

along the z axis. We define a double — time Green function
in real space Gj; (t,t') =<< S/ (t),‘ Sy (t') >> .
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Fig. 1 A simple cubic ferromagnetic superlattice model in
which the atomic planes of material 1 alternate with
atomic  planes of material 2. The same lattice
parameter a is assumed for all materials.

We consider here the following Heisenberg Hamiltonian:
1 A) z
H=-2%, (5,5,)- X g, (e, + )57y
i,j i

where J jj “represents the exchange between the spins S; and

S i of the nearest neighbors. Hy is an applied magnetic field

in the superlattice z direction, and H® (i =1,2) anisotropy
field for a ferromagnetic with simple unaxial anisotropy
along the z axis. We define a double — time Green function

in real space G (t,t') =<< S’ (t),'Sj_(t') >>. Writing the

equation of motion for Green function and employing the
random-phase approximation one obtains a set of equations.
Furthermore, to emphasize the layered structure we shall use
the following the frequency and two-dimensional. Fourier
transformation [6,10]

N 1 :
G, (1t ):?I dk, exp[ ik, (r, -7, ]EI doG . (w.k )exp[—io(t—t')] )

where kH is two-dimensional wave vector, 1 is spin-wave frequency, n and n indices of the layers to which r; and r; and

belong, respectively.
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{(w — ABL  IySIBY, o+ IEIECT) , + I SDECY, , + IEICD,, = 265, (3)

(@ — A6, + I, (SEHGE, . + ISHUGHE, | + I (SHEGR, . + JSHEY, | = 2S5, ,

where

Al(z) = 8Hp (Ho + Hl(é)))+ 4J1(2)<S12(2)> + 2J<Szz(1)> - 2J1(2)<S12(2)> cos(kya),

t= exp(ikxa/\/z), t" = exp(— ikxa/\/g)
The system is also periodic in z direction which lattice constant is a/ \/E . According Bloch’s theorem we can write
GU = ewlit.a/ )G <TGl
Using (4) the system of equation of (3) can be written the following matrix form

[a) — A+ T (ST +0°T") ISHET +e1") ] {G,ﬁ{},} _ (2(595”,”,}

ISHT +e1) oA, +J(SHT+0T")) | G2 )| 2SHHs

' '
n,n n,n

(&)

The dispersion of equation for the bulk spin waves propagating in direction perpendicular to the plane (110) for the
superlattice under consideration is derived by the equation (5) as following form:

o + o coslalk, + k. )N2 )T (SF) +7,(85))— 4, — 4, |+ (27,(S7 ycoslalie, + k.)/N2)- B, )x o
x(27,(53) coslalk, +k.)/N2 )~ B, )- 477 (57 )5 coslalk, - £.)/~2)] =0

The equation (6) is the main results of this paper. It can be verified from equation (6) that when both media are identical

it reduces to dispersion equation of bulk spin waves propagation in direction perpendicular to the plane (110) for ferromagnetic
constituents [4,5].
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Fig 2 Bulk spin-wave regions for (a) the constituents 1 and (b) constituents 2 with the parameters J, / I,=2;¢g =¢g,;
guupH, [T (S{)=0.05, g u,H{" [J,(S7)=0.01; g,u, H{Y [J,(S{)=0.03.
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Fig. 3 Bulk spin—wave regions for superlattice, when J / J, =1.5 and the other parameters are chosen as Fig. 1.
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In Fig.2, 3 the results numerically illustrated for particular
choice of parameters. Fig. 3 shows the bulk spin-wave
regions for the superlattice as a function of the quantity

K.a, while fig. 2 shows those for the components 2 and 3.

The analysis of the results shows that the width of the bulk-
spin wave regions in ferromagnetic superlattice is depended
on wave vectors and exchange interaction.
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FERROMAGNIT IFRAT QOF9SDO (110) MUSTOVISINO PERPENDIKULYAR iSTIQAMOTD YAYILAN
HOCM SPiN DALGALARI

Iki miixtelif sade kubik Heyzenberq ferromagnitin atom laylarmin névbelesmesinden alinan ifrat gefes tedqiq olunub. Qrin funksiyasi
metodu ile ifrat gofesin oxu boyunca yayilan hacm spin dalgalar li¢iin dispersiya tenliyi tapilib. Alinan naticeler parametrlorin se¢ilmis

giymstlari {i¢iin kemiyyetca tosvir olunub.

B.A . TanpsiBepaues, B.C. Tarues, C.M. Ceun-P3aeBa

OBBEMHBIE CIIUHOBBIE BOJIHbBI, PACIIPOCTPAHAIOINMUECS B HATIPABJIEHUU NEPITEHAUKYJIAPHOM K
IJIOCKOCTH (110) B ®BEPPOMATHUTHOM CBEPXPEIIETKE

PaccmatpuBaeTcst cBepXpeleTka, COCTOSIAs U3 YepeTyOMUXCsl CIIOEB ABYX Pa3IMYHBIX THNOB I el3eHOeproBCckux (heppoMarHETUKOB.

Hcnonesys meron ¢yHkuun [puHa MOTydeHBI

JHCTIEPCHOHHBIC YPaBHEHHS OIS OOBEMHBIX CIMHOBBIX BOJH, PacIpOCTPAHSIONIUXCS B

HaTpaBJICHAU TEPIEHANKYIIpHOM K miockocTH (110). UncneHHbIe pe3yabTaThl IPEACTABICHBI TPadUIECKH.
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