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The influence of a damping parameter on the reflection coefficient of spin wave from
a multilayered uniaxial ferromagnetic medium with inhomogeneous distribution of mag-
netic parameters has been studied. Variations of the reflection coefficient with the period
of the structure, external magnetic field and damping parameter have been investigated.

WccnemoBaHo BausgHUE caab0ro 3aTyxaHUA Ha KO9((PUIIMEHT OTpaKeHUsa OO0BLEMHBIX CIIU-
HOBBIX BOJIH OT OJHOOCHOI!I MYJIBTUCJIOIHOIN (heppOMATHUTHON CTPYKTYPHI ¢ HEOTHOPOAHBIM
pacropeJesieHeM MarHUTHBIX IapamMeTrpoB. VccieZoBaHBI 3aBUCUMOCTH Ko3dduimeHTa orpa-
JKeHUs OT Iepuoja CTPYKTYPHI, HapaMeTpa 3aTyXaHWUs U BHEITHEr0 MarHUTHOTO IOJIH.

Consider a system consisting of three parts, planes of whose contacts are parallel to yz plane.
The first and third (along the direction of x-axis) parts each are a uniform uniaxial semi-infinite
ferromagnets; they are interposed by a N-layered ferromagnet with modulated parameters of ex-
change interaction o, uniaxial magnetic anisotropy 3, Gilbert damping parameter n and satura-
tion magnetization M. Layers are arranged parallel to the yz plane and have thicknesses a and b.
Quantities o, B, M), n assume values o, B,, n,, M, and a,, B,, n, M,, in corresponding layers. The
axis of easy magnetization is parallel to the direction of the external permanent magnetic field
H and to the z-axis. We will now calculate the coefficient of reflection of spin waves from such a
structure.

We will use the spin density formalism [5], according to which the magnetization can be written
in the form:

Mj(r,t):Moj\lljf(r,t)olllj(r,t), j=1,2, (1)

where . are quasi-classical wave functions playing the role of the order parameter of the spin
density; ris the radius-vector of the Cartesian coordinate system; [ is the time, and o are Pauli
matrices.

Note that in the exchange approximation, at the condition L. >>1 =a + b, where L is the char-
acteristic length of the material, the energy density in every one of homogeneous layers takes the
form:
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Here it is taken into account that in the ground state the material is magnetized parallel to
e M?(r,t)zconst and Mj(r,t):Mojez—i—mj(r,t), where m(r,t) is a small deviation from the
ground state.

The Lagrange equations for v, have the form:

ih

O (r,t) nh O, (rt)ol; (r,t))

where g is the Bohr magneton, % is Plank constant, m; is Gilbert damping parameter,

Hej = *—.4’—7.'
oM Ox), 0(oM; Jox,,

Then, using the linear perturbation theory [1], the solution of Eq.(3) can be written as following:

= — MOHej (I‘,t)olllj (I‘,t)—l—

\Ilj(r,t>:exp(LMOH0t/h) ’ (4)

X (rt)
where y (r,t) is a small correction that characterizes the deviation of magnetization from the ground

state. Linearizing the Eq.(3) and carrying out the Fourier transformation in terms of time and co-
ordinates y, z, we obtain:

2 r 3 .
o(0) &+ —a(ht 300~ H,, —Hanj]ijki (X)=0- )

) Her? FIO.] :Ho/M ,] » Q]: U)h/Zl,LoM ,] >, O iS the frequency> kJ_ - (O, ky, k2> ’ j: 12, ijkL (x)
is Fourier transform of function 2%, (T, 0).

Following to [6], the amplitude of reflection of a spin wave from a multilayered structure consist-
ing of N layers can be written in the form:

Ry - R 1— (;Xp (2igIN) ’ (©6)
1— R%exp(2igIN)
where R is the amplitude of reflection from the semi-infinite multilayered structure:

O -
\/(p+1)2 42 +\/(p71)2 — 42

q is the Bloch quasi-wave vector, which is determined by the equation:
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Fig. 2. Variation of amplitude of reflection with external magnetic field at o, = o, = 2:10™'m? B, = 20, B, = 100,
M, =90G M, ,=95G, 0=>5210"s? a=38um, b=02um.
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Fig.3. Variation of amplitude of reflection with period of the structure at o, =a,=2-10""m? B, = 20, B, = 100,
M, =90G M,=95G, 0=5210"s" a=3.8 uym, b=0.2 um, H = 2.3kOe.

exp(iglN) = \/

(417 —p? +\/(T71)2 —p?
(T+1)2 fpz f\/(Tfl)z fpz
l=a+Db is the period of the structure; p and 7t are respectively complex amplitudes of reflection

and transmission for a single symmetric (with respect to its center) period.
The Eq.(5) describes the dynamics of magnetization in the exchange approximation. Its solution

is to be continuous and to have a continuous derivative OxXusk (x) . Boundary conditions will have
the following form (indices w and k| are skipped): Ox

0], 0] .

oc(x0 —0)x1(x—0)= oc(xo +0)x), (xo —I—O).

Functional materials, 15, 2, 2008 241



Yu.I.Gorobets et al. / Influence of damping parameter ...

We associate the function Xj= eXp([ikﬁ —ky }x) to the falling wave, the function
Xp = pexp(—[ikl+ —kf}x) to the reflected wave, and the function X+ = TeXp({ikﬁ —kﬂx> to the
wave that transmitted through a separate period. Substituting in (8) these expressions as well as
the expression X;gyer = C eXp([ikz+ —kﬂJC)-l-Cz eXp(—[ikz+ —kﬂx>, which describes the wave in

an intermediate layer, we come to the expressions for amplitudes of reflection and transmission of
a spin wave:

o EF
p= exp(zkfb) exp( k; b)—G E -FE" ©)
T=exp (—ikja)~ exp(kfa)~ ﬁ

Here
G =200 il — i ik ks |
F, = a(iky —kf)z a3 (iky —kg)z,
g, _ kel ik

k}i :\/[isj—i— /312 —|—n,12. ]/2 ;

2 & —

s

As for amplitudes of reflection for the semi-infinite multilayered structure and for structure
consisting of N layers, they are described by the Eqs. (6,7).

Taking into account the damping affects substantially the reflection of spin waves from a mul-
tilayered structure and changes qualitatively the characteristic sections of curves illustrating the
variation of the amplitude of reflection with the period of the structure and external magnetic field.
In particular, the evening-out of the curves is observed near forbidden zones and decrease of gradi-
ents in vicinities of such regions. Just regions with sharp dependencies as known are the perspec-
tive in the sense of the develop of quick-response elements and sensors. Therefore, these processes
have to be taken into account at the development of devices of spin-wave microelectronics.
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BnauB mapamerpa 3racaHHS Ha BigOMTTA 00’€eMHHX
CIiHOBHUX XBMJIb BiJl OMHOBIiCHOI OaraTomapoBoi
¢epoMaruiTHOI CTPYKTYypPH

IO0.1.I'opo6eysb, C.0.Pewmwemusar, T.A.Xomenko

HocnimxeHo BILIUB cJabKoro sracaHHsa Ha KoedillieHT BigOUTTA 00’€MHUX CITIHOBUX
XBUJb BiJ oxHOBicHOI OararomapoBoi (depoMarHiTHol CTPYKTypu 3 HEOJHOPIZHUM pO3-
mofxisioM MarfHiTHuX mapamerpiB. ociigskeHo 3ajeskHOCTi KoedimieHTa BigduTTa Bix mepioxy
CTPYKTYPH, IapaMeTpa 3TacaHHd Ta 30BHINIHHOI'O MAarHiTHOTrO IIOJIA.
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