AJP FIZIKA 2020

volume XXVI Ne3. section: En

LOCAL SPIN-WAVE REGIONS IN A SUPERLATTICE CONSTRUCTED FERRO-
AND ANTIFERROMAGNETIC SEMICONDUCTORS MATERIALS

V.A. TANRIVERDIYEV, V.S. TAGIYEV, G.G. KERIMOVA
Institute of Physics of the National Academy of Sciences of Azerbaijan, Baku AZ -1143,
Baku, H. Javid ave.131, E-mail: vahid_tanriverdi @yahoo.com.

The s-d (or s-f) interaction model is used to study the local spin-wave excitations in a superlattice constructed by
alternating layers of simple-cubic Heisenberg ferromagnetic and antiferromagnetic semiconductors materials. The spin-wave
regions for local spin waves propagating in a general direction in the superlattice are derived by the Green function method.

The results are illustrated numerically.
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INTRODUCTION

Magnetic layered structures constructed by different
materials have received increasing interest during the
last decade. Studies on artificial magnetic
superlattices, either experimental or theoretical have
been a subject of growing interests, because these
structures are realizable in laboratories, whose
characteristics may be much different from those of its
component materials [1-5]. The spin waves spectrum,
which is the signature of the periodicity, has been
intensively studied in multilayered magnetic materials.
The materials with periodic magnetic structure can be
refereed to as magnonic crystals. Many physical
properties of layered magnetic systems may be
explained by the spin wave energy gap [6,7].

There have been considerable theoretical studies
of spin excitations in the long-wavelength limit and in
the short-wavelength limit, where the exchange
coupling is dominant [8-10]. Most of these studies
have been devoted experimental research of the
superlattice properties consisting of two different
ferro- or antiferromagnetic materials. However, little
attention been paid on theoretical study of superlattice

constructed by different type magnetic materials.
Spin-wave excitations of ferro- and antiferromagnetic
superlattice were studied in Ref [11]. In this paper we
will study spectrum of the local spin waves in the
superlattice constructed by alternating layers of
simple-cubic ~ Heisenberg  ferromagnetic  and
antiferromagnetic semiconductors materials using
Green function technique.

MODEL AND FORMALISM

We consider a Heisenberg model for ferro-and
antiferromagnetic semiconductors superlattice with a
simple cubic lattice. A schematic diagram of the
superlattice model in which the atomic layers of
ferromagnetic semiconductors material alternate with
atomic layers of antiferromagnetic semiconductors
materials is illustrated in fig.1. Elementary unit cell of
the superlattice consist of two layers, spins labeled
with a and b belong antiferromagnetic semiconductors
layer, spins ¢ and d belong ferromagnetic
semiconductors layer. Each atomic layers is assumed
to be the [001] planes. Lattice constant of the
superlattice in x-y plane is a.
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Fig.1. A superlattice model constructed by alternating layers of simple-cubic Heisenberg ferromagnetic and
antiferromagnetic semiconductors materials. The lattice parameter a is assumed for both the materials.

Our total Hamiltonian H may be expressed as the sum of four terms:

H = Hpy + Hpg + Hypy + Hypg,

@

where Hp,, is the Heisenberg Hamiltonian for the ferromagnetically ordered localized spins (of d or f type)

Hpy = _%?}Yij (5:5)) ~ S gus(Ho + Hrwi ©)SE

@

Hamiltonians Hpy and H,pp representing an s-d (or s-f) ineraction for ferromagnetic and antiferromagnetic

semiconductors materials, respectively
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The term H,rp, in (1) describes antiferromagnetically ordered localized spins:

- 2
Hppm = Z]ij (Si Sj) - ZgﬂB(Ho + HAFM,i(A))SiZa - ZgﬂB(Ho - HAFM,i(A))SiZb
L] 2 l

Ho in (2) and (4) is the internal magnetic field, which
is assumed to be parallel to the z axis and

H(F’,?,,)(AF,\,,)Vi anisotropy field with simple uniaxial
anisotropy. § and Sare localized and conduction

electron spins operator, respectively. There are both
ferro- and antiferromagnetically spin arrangements

(4)

| between constituents are Y, when ferromagnetically,

and J, antiferromagnetically arrangements between

spins of the two atomic layers at each interface. In
order to obtain the solutions Green function equation,
we define eight type Green functions in the random
phase approximation:

between spins of the two atomic layers at each
interface as shown in fig.1. The exchange Constant|

(b)(a)) =<< Sl (b)’ST(a) >>0
(d)((,()) =<< Sl (d)'S_(a) >>.,
gl])((l)) =<< S (b)’S] (@) >>0

d
gl(])((l)) =<< Si,(d)’ S]‘(a) >>w

(a)((,l)) =<< Sl (a),S] (@) >>0
(C)((U) =<< Sl (C)’S (@) >>0
gl])((l)) =<< Sl (a),S (@) >>0

gl(j)((l)) =<< Sl (C)’ S] () >>0

Furthermore, to emphasize the layered structure we shall use the following two-dimensional. Fourier
transformation [11,12]

Gi(‘a)(w) == G( ),(w k) explik,(r; —7)], (a=ab,cd), (5)

where k|| is two-dimensional wave vector parallel to the xy- plane , N and N’ indices of the layers to which r;

and rjbelong , respectively. Employing the equation of motion for the Green functions [13,14] one obtains the
following set of equations after Fourier transform (5)

(La(@)GE(w, k) = (SZa) [JV(k||)Gnn (w.ky) = 05Y1 O il d) = 05Y1 (@, kn)] = 2(S7a)0nn's
Ap(@)G (w, kyp) = (SEp) []V(ku)G(a) (0, k) + 162, (@, k) + 11657, (o, k||)] =0,

| 1c(@)GY, (@, k) + (SEyp.0) [YV(k||)Gn+1n (@, ky) + Y26 o (@, k) + Yo n+2,n’(w’k||)] = 2(S5 11000 ns 10"
Aa (@GP, i (w, ke ) +(S +1d)[YV(k| DG (@ kg ) =260 (w,ky ) = 211G, i (w, K |)] =0.

(6)
where 1%(w) = w — K(s%) — w_gij;i’;@;g% ) gl‘H,g??vI 4J(Sxrm) — Y1(SFu)
(@) = 0+ K(s?) ~ — ;Zj e+ OB + 41{STia) + ).
2() = w = Ks7) = —— ; ZSB%OXS?( 57y~ 9HHz = 2V (Sh) = YilSieu)
) = 0= 157 =B g 21 (55 21

y(ky) = 2(coskya+cosky,a),

(Sgy) and (Sjq, ) are average meaning of z-spins components in ferro - and antiferromagnetic sublattices,
respectively.
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The system is also periodic in the z direction, which lattice constant is d=2a. According to Bloch’s theorem,

we introduce the following plane waves [15, 16]:

G2, (@, k) = explik,d] 6% (w,ky)
GTE )m (w, k) = exp[—ik,d] n+1n (w, k), a=ab,cd. ©)
Using (7) the system of equations (6) may be written the following matrix form:
(a)
/ Ao(w) _](SAFM)V(kll) 0.5Y1(Sarm)T" 0 \ / G( » (w g l)
JSar)y () Ap(w) 0 Ji(Sarm)T" G (@, ky ) |
\ Yi(Sen)T 0 Ac(w) Y(SFM)V(kH)) k(;() ’(“"kl |)
0 —2]i(Sarn)T  Y{Sem)v (k) Aa(w)
B e ‘ G\ (@K )
2 (SKFM )6n,n !
_ 0
2(SE a1’ )
0

where T = 1 + exp(ik,d) and T "is the complex conjugate of T . The Green function are obtained by solving
the equations (8). The poles of the Green functions occur at energies, which are the roots of the following local
spin wave dispersion equation for the superlattice constructed ferro- and antiferromagnetic semiconductors

materials:

(SarmY(Sead 1Y Y1y 2 (k) )TT* ((Sapae) + (Spa)) = JEYEASarmN(TT™)? —
]2Y2<SFM)V2(kII)] + (SAFM)/ld((U) []2<SAFM>y2(kII)AC(w) - 0-5Y12(SFM>TT*/1b((U)] +

Ao (@) [2]3(Sarm)* TT* Ac(w) + Ap(w)(Ac

(w)Ag(w) — Y2<SFM>2V2(k||))] =0 9)
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Fig. 2. The bulk spin—wave regions in the superlattice as a
function of transverse components of wavevectors.
The values of parameters are following://Y = 0.5,
J1/Y =05, Y;/Y =15 I/Y = 15 K/Y = 10,
(Sirm) = (SEu) = (s¥) = 0.5, QHBH /y 0.1,

gusHSD, /Y = 0.2.
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For the superlattice under consideration, the bulk
spin-wave energy regions as a function of wave vector
k.,a for a particular choice of parameters is
demonstrated in figure 2, that corresponds to k,a = 0
and —1 < cosk,d <1 range.

The calculations show that roots of dispersion
equation (9) have six positive and two negative
frequencies. In addition, half of the spin-wave regions
correspond to the small value of the frequency
module, and half of the higher ones. The spin wave
frequencies increase with increasing exchange
coupling between localized spins and (s-d) or  (s-f)
exchange interaction of the conduction electrons spins.

The analysis of the results shows that the width
of the bulk-spin wave regions in the superlattice
formed ferro- and antiferromagnetic materials is
depended on transverse components of wave vectors
and exchange interaction.
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