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BULK SPIN-WAVE REGIONS IN A FERROMAGNETIC SUPERLATTICE

V.S. TAGIYEYV, V.A. TANRIVERDIYEYV, S. M. SEYID-RZAYEVA, M.B. GUSEYNOV
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H.Javid av., 33

A superlattice consisting of alternating layers of two simple-cubic Heiserberg * ferromagnetics is considered. The bulk-spin wave re-
gions for spin waves propagating in a general direction in the superlattice are derived by the Green function method. The numerical results
are illustrated.
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There has been a growing interest in magnetic superlatti- We consider a:simple cubic ferromagnetic superlattice
ces in the last few years. Theoretically, many investigations model in which the atomic planes of material 1 alternate with
have been done with different models and methods [1-3]. The  atomic planes of material 2. Each atomic plane is assumed to
qualitative features of spin waves are most easily illustrated  be the [001] planes. The materials are taken to be single-cubic
for the simple cubic structure. Some features of the layered  Heisenberg ferromagnetic, having exchange constant I, and
structures can be explained in terms of modified single-film I, lattice constant a. The exchange constant between con-
properties. The aim of this paper is to study properties of a  stituents is I.
ferromagnetic superlattice with quantum Heisenberg spins at The Heisenberg Hamiltonian for the system is

finite temperature by the Green function method. |
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where H, is the intemalkﬁeld, which is assumed to be parallel 'the equation of motion for G, (¢ t') and employing the
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to the spins along the z axis and H;™" (i=1,2) anisotropy  random-phase approximation one obtains equations for Green

field for a ferromagnetic with simple uniaxial anisotropy function. Furthermore, to exphasize the layered structure we
along the z axis. The definition of retarded Green function in  shall use the following the frequency and two-dimensional
Fourier transformations

real space is G,;(t, t) =<< Si(t); 55(t') >>. Writing
1 - J
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where k,; is two-dimensional wave vector, w is spin-wave material 1 and (n+1)-th layer is of the material 2, one ob-
frequency, n and n” are indices of the layers to which r; and  tains the following set of equations
r; belong, respectively. Assuming that n-th layer is of theI

(E - Al)gn,n’ + r(gn+1,n' ;+ gn"—i,n‘) = 2Sn5n,n' (3)
(E - Az)gn+1,n' + r(gn+2,n’ + gn,,n') = 2Sn+16n+1,:n' ’
where E= (w-mgH,) /61,5 and g=G(w, k) -61;S. ‘ Triow = 9o EXP (ik,d) . )

The system is also periodic in the z direction, which lat- T
tice constant is d=2a. According to Bloch’s theorem we in-

Using (4) the set of equation (3 b itten under th
troduce the following plane waves [4] g (4) the se quation (3) may be written under the

following matrix form

E - Ai T* ( gn,n' ] o ( vzsnan,n' ]' (5)
T E - A2 gn+1,n' “2Sn+16n+1,n' , : .
where T=r(l+exp (ik,d) and T" is the complex conju- ] ' A C1 ' c2
gate of T. The Green furictions are obtained by solving the G = -+
. E - E, E-E,
equation (5). e (6)
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gn+1,n+1



V.S. TAGIYEV, V.A. TANRIVERDIYEYV, S. M. SEYID-RZAYEVA, M.B. GUSEYNOV

The spin -wave spectrum was obtained as like the poles of he Green function.

Ey

Equations (6-7) are the main result of this paper. It can be
verified from equations (7) that when both media are identi-
cal, I,=I,=I the well-known expression of bulk-spin waves
dispersion equation for constituents is obtained. In fig.1-3 the
result numerically illustrated for a particular choice of para-
meters. Fig.2 shows the spin-wave regions for the superlattice
as a function of the quantity g, while fig. 1 shows those for
the components 1 and 2. Fig.3 describe the spin-wave regions
for the superlattice as a function of ¢ for g=0.2 and g=1. All
these figures correspond —1<cosk,d<l. The analysis of the
results was shows that the width of the bulk-spin waves re-
gions in the superlattice was depended on transverse compo-
nents of the wave vectors and exchange interaction between
constituents. As shown in the Fig.1 the width of the bulk-spin
waves regions of constituents does not depend on transverse
components of the wave vectors.
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Fig.1.The bulk spin-wave regions for the components 1 and 2 as
a function of transverse components of the wave vectors,

dr=0.007, d>=0.008, o=2.
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Fig.2. The bulk spin-wave regions in the superlattice as a function of transverse components of the wave vectors for different values of ¢

d; =0007, d>=0.008, a=2.
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Fig.3 The bulk spin-wave regions in the superlattice as a function of exchange interaction between constituents, d;=0.007, d =0.008,

=2,
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APPENDIX

The terms appearing in the equations (3-7) are

A, =
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where
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g = 1—5 (cos k,a + cos k a)
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FERROMAQNIT iIFRAT QOFOSDO HOCM SPiN DALGA ZONASI

Iki sade kubik Heyzenberq ferromagnitden teskil olunmus ifrat gefese baxilir. Qrin funksiyasi metodundan istifade ederek ifrat
qgofoesin oxu boyu yayilan spin dalgalar tigiin hecm spin-dalga zonalar miiayyan edilmigdir. Netice kemiyyatce tesvir olunmugsdur.

B.C. Tarunes, B.A.TauprsisepaueB, C.M. Ceua-P3aesa, M.B. I'yceiiHoB

OBJIACTb OBBLEMHBIX CIIMHOBbLIX BOJIH B ®EPPOMATHUTHbBIX CBEPXPELIETKAX

PaccMoTpeHa CBepXpeleTka, COCTOALIAA H3 YepeNyIOUIHXCS CNOEB MPOCThIX kybuueckux [efizenbeprosckux dpeppomarnetTukos. Meto-
oM dyHkuyy [puHa onpenenesa 06AacTh CIHHOBBIX BOJH, PacIIPOCTPAHAIOLIMXCA BAONL OCH CBEPXPEWICTKH. Pe3ynbTaTsl NPEACTABNCHBI

YUCIACHHO.
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