BULK SPIN-WAVE REGION IN AN ANTIFERROMAGNETIC SEMICONDUCTOR
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We present theoretical studies of superlattice formed from alternating layers of two simple-
cubic antiferromagnetic semiconductors. The bulk spin-wave regions for spin waves
propagating in a general direction in the superlattice are derived by the Green’s function
method. The results are illustrated numerically.
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i Introduction

In recent years much experimental and theoretical effort has gone into studies of magnetic
multiplayer and superlattice (SL) structures. Various SLs have been prepared in which
ferromagnetic and antiferromagnetic layers alternate. We can design the superlattices that we
need with the aid of theoretical studies. These factors have aroused great interest In
superlattice materials in recent years. It has been shown that multilayered systems have new,
unique properties, not found in single- component systems [1-4]. However, a large number of
problems of the theory of magnetic superlattices with the elementary unit cell consisting of
different magnetic materials remain unsolved. Some qualitative features of superlattice are
most easily explained for the simple — cubic structures in terms of modified single- film
properties [5-7].
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simple cubic antiferromagnetic
semiconductors superlattice mo-
del in which the atomic planes of material 1 alternate with atomic planes of matenial 2. Each
atomic plane 1s assumed to be the [001] planes (fig 1). The exchange interaction between
atoms of the two atomic layers at each interface is assumed to be antiferromagnetic but
different from the corresponding bulk couplings. Dispersion equation of exchange spin
waves for the superlattice under consideration is derived by the Green’s function method
(11,121

2 Model Hamiltonian and equation of motion

The full Hamiltonian of the system 1s expressed as the sum of tree terms: a Heisenberg
Hamiltonian H,, for the localized spins (f type), a Hamiltonian H,, representing the kinetic



and Zeeman energy of the conduction (s) electrons, and s-f interaction Hamiltonian H,,
where
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Here J, is the exchange integral between two nearest-neighbours spins, S, and §, are

spin operators at the lattice sites / and j , respectively, a and b are number indexes of
sublattices. H, is the internal field applied in the z direction, H® (i=1,2) anisotropy field

for an antiferromagnet with simple uniaxial anisotropy along the z axis. Also, /,1s a hopping
term and /, 1s a contact interaction energy. The spin operators s, of the conduction electrons

at site i can be expressed as s/ =a'\a,_ , 57 = (a; a, +a'a, )/2 , where a/ and a, are

Fermi — creation and - annthilation operators at site i, respectively, o =+l corresponds to
the spin — up and - down state.

To study of the magnetic excitations of the system we introduce four different types of
Green'’s functions:
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Using the equation of motions for the Fourier transform of the Green’s functions (2) in
the RPA one obtain the following combined set of equations for the Green’s function
G, (@) and F, (@):
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the upper sign refers to A7 and lower one to AY; &is the vector of location of the nearest
neighbours

Further more, to emphasize the layered structure we shall use the following Fourier
transforms in the xy plane
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Here Kk = (k_k,) 1satwo dimensional wave vector parallel to the xy plane, m and m

denote the z components of the positions of the spins # and #,, 1.e. indices of the layers to

which r, and r, belong, respectively. The normalizafion constant N denotes the number of

sites 1n any of the lattice planes. Assuming that m -th layer 1s of the material 1 and (m + 1) -th
layer 1s of the material 2, one obtains the following set of equations
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Here, the upper sign refers to A, and lower one to ifm‘ Equation (3) 1s valid in the low
temperature limit and random phase — approximation (RPA) (87, ) =852 = (510 ;
(Si2a? = ~(S12y? = {Syzy) have already been done.

The system is also periodic in the z direction, which lattice constant 1s d=2a. According to
Bloch’s theorem we introduces the following plane waves [13,14):
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The set of equation (5) may be rewritten under following matrix form
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The dispersion equation of spin waves propagating in a general direction in the
superlattice under consideration is easily obtained by solving the set of equation (7).
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3 Numerical results and discussion

Equation (8) is the main result of this paper. It can be verified from equation (8) that
when both media are antiferromagnetic dielectrics I, = I, = 0, the equation (8) reduces to

the well-known expression of bulk-spin wave dispersion equation for antiferromagnetic
dielectric superlattice [14]. In fig. 2 a,b the results numerically illustrated for a particular
choice of parameters. Fig. 2 b shows the spin-wave regions for the superlattice as a function
of the quantity y(k,), while fig. 2 a shows those for the components 1 and 2 . Fig. 2 a and 2

b correspondto —1 <cosk,a<1 andto -1 <cosk,d <1 respectively.

x[zi)

Fig.2. The spin wave frequencies (in unit of 6J,(S7) ) plotted against 7(!(“) in the low-

and high-frequency regions. The parameter values are g,u,H,/J,(S:)=03,
2, =8.=08g, guHP[J(S))=0.18, (S{)=(S)=3/2, (si)=1/2,
Jy /=2, I,[J;=20, I,/J,=17. a) the bulk spin wave regions for
constituents 1 and 2; b) the bulk spin wave regions in the superlattice for
JIJ, =2,

The analysis of the results show that the width of the bulk-spin wave regions in the
antiferromagnetic semiconductors superlattice is depended on transverse components of wave
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vectors, s-f interaction and exchange interaction between localized spins. The bulk-spin wave
regions appear in the low — frequency and in the high — frequency region. The bulk — spin
wave regions move up, but the width of them decreases with increasing s-f interaction.

[1]1 N.EL Aouad, B. Laaboadi, M.Keroud, M. Saber. J.Phys. Condens Matter. 13 (2001) 797.
[2] R.E. Camley, R.L.Stamps. J.Phys. Condens. Matter. 5 (1993)3727.

[3] M.Bentaleb, B. Laaboadi, N.El. Aouad. Chinese Journal of Physics 40, 1 (2002), 41.

[4] Feng Chen and H. K.Sy. J. Phys.: Condens. Matter. 7, (1995) 6591.

[5] Yi-fang Zhou, Tsung-han Lin. Physics Lett. A134, (1989) 257.

[6] V.S.Tagiyev, V.A. Tanriverdiyev, S.M. Seyid-Rzayeva, M.B.Guseynov. Fizika, Baku, 6, 1
(2000) 33.

[7]1 V.A.Tanriverdiyev, V.S.Tagiyev, SM. Seyid-Rzayeva. Fizika, Baku, 6 3 (2000) 28.

(8] D.I. Marvakov, RY.A. Ahed, and A.L. Kuzemsky. Bulgarian Journal of Physics, 17, 3,
(1990), 191.

[9]1 G. Bulk, and W. Nolting. Phys. Stat. Sol. (b), 140 (1987) 261.
[10] L. Dobrzynski , B. Djafari. Rouhani, H, Puszkarski. Phys. Rev. B.33, (1986) 3251.
[11] N. Zubarev, Usp. Fiz. Nauk 71, (1960), 71.
[12] H. T. Diep. Physics Lett. A138 (1989), 69.
[13] V. A.Tanriverdiyev, V.S.Tagiyev, M.B.Guseynov. Transactions, Azerbaijan Academy of
Sciences, 20, 2, (2000) 46 .
TANRIVERDIYEV V.9., TAGIYEV V.S,, SEYID-RZAYEVA S.M.

ANTiIFERROMAQNIT YARIMKECIRICI iIFRAT QOFOSDO
HOCM SPIN DALGA ZONASI

Iki miixtolif sade-kubik Heyzenberq antiferromaqnit atom laylarin névbelegmesindon alinan

antiferromaqnit yarimkegirici ifrat qefosdo hecm spin heyacanlamalan tadqiq edilir. Qrin
* funksiyast metodu ilo, ifrat qofesde hacmi spin dalgalannin yayilmasim xarakterize edon

hacmi spin dalgalar zonast miteyyen edilmigdir. Alinmig naticeler kemiyyeatce tosvir edilir.

OBJIACTH OBBbEMHLIX CIIMHOBBIX BOJIH B AHTU®EPPOMAT HUTHBIX
NOJIYIIPOBOJHUKOBBIX CBEPXPEIIETKAX

TAHPBIBEP/IUEB B.A., TATHEB B.C., CEU-P3AEBA C.M.

B nacrosneit pabore pacCMOTPEHO pacnpocTpaHeHne 00 LEMHEBIX CITHHOBLIX BO3OYKEHNN B
aHTH(EPPOMATHUTHEIX MOMYNPOBOJHUKOBEIX CBEPXPEILETKAX, COCTOALINX U3 YePEeAYIOLHXCS
OZIHOATOMHBIX cnoes reisenbeproeckux kKybuuecknx anTHGEpPPOMArHETHKOB ABYX THIIOB.
Meronom ¢ynxuuii I'puna onpenenensl 0baacTd 00bEMHBIX CIHHOBBIX BOJIH ONHCHIBAIOLIHE
pacrnpocrpaHeHHe 00BLEMHBIX CIIHHOBBIX BOJIH B cBepxpeluerkax. [losydeHnble pesynbTaTsl
YHCEHHO UHTEPIPETHPOBAHBI.
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