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In this paper the dependencies are obtained of spin wave reflection coefficients on frequency and exter-
nal magnetic field for ferromagnetic structure in the exchange mode, when the influence of magnetostatic
part of energy is neglected as compared with exchange one. It is shown that ferrogarnet structure, having
very small damping parameter, is good for high-quality filtration of spin waves because it gives large
change of reflection coefficient in small intervals of frequencies and external magnetic fields.
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1. INTRODUCTION

Spin waves are the high-frequency carriers of in-
formation in magnetic media. It is possible to use fer-
romagnetic materials as a conduit for spin wave propa-
gation, where the information can be coded into the
amplitude of the spin wave. Due to this property, the
devices of spin-wave microelectronics and nanoelectron-
ics are very perspective for data exchange in magnetic
media. In the present work we point out the opportuni-
ty of filtration of spin-wave signal. We calculate inten-
sity of reflected spin wave and investigate wave behav-
ior at the interface between two homogenous ferromag-
netics.

2. BASIC EQUATIONS

Consider two half-infinite ferromagnetics with
magnetizations of saturation Moi1, Moz, parameters of
exchange interaction a1, a2, and uniaxial anisotropy /i,
P, contacting along yz plane. The material is placed in
external uniform permanent magnetic field Ho, directed
along easy axis, and z axis of coordinate system.

For a material that consists of two homogeneous
parts with interface plane of yz the density of energy
can be written as [1]

w=3%0 (-1yx w, + ASX)MM,, 1)

a(om\ B ,
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A 1is the parameter characterizing the coupling interac-
tion between homogenous parts, &x)is the Heaviside
step function, m; is the small deviations of magnetiza-
tion from a ground state, Mj(r, ) = Moje, + m;. It is
supposed, that M? = const .

Further, we will use the spin density formalism [1].
Thus, the Lagrange equations will have the form:
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where ¥ are quasi-classical wave functions playing the
role of the order parameter of the spin density; r is the
radius-vector of the Cartesian coordinate system; t is
the time, and o are Pauli matrices, o is the Bohr mag-
neton, A1s Plank constant,

ow, 0 ow;

J

g == +— .
TM gy, (oM, ox,)

Then, using the linear perturbation theory, the so-
lution of Eq.(3) can be written as following [2]:

H
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where yj(r, t) is a small function characterizing the devi-
ation of a magnetization from the ground state. Lineariz-
ing Eq.(3) with taking into account Eq.(2), we obtain:
th 0 5
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where ﬁo.,- =H,/M,, .

3. REFLECTION OF SPIN WAVES FROM THE
INTERFACE BETWEEN TWO
HOMOGENEOUS MEDIA

It is important to estimate the intensity of reflected
and transmitted spin waves for using ferrogarnet struc-
ture as the high-sensitive filter. We will receive expres-
sions for these intensities by means of boundary condi-
tions, which follow from Egs.(1,2):

|:A}/ Xo— X +a1;d:|x:0 =0, (6)
[A Xo— +7a2;(2’]x: =0,

0

where y= Moo/ Mos.
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We associate the functions jyru = exp(ikir),
yref = Rexp(—ikir), ywans = Dexp(iksr) to the incident,
reflected, and transmitted waves correspondingly. Here
R is the complex reflection amplitude, D is the trans-

R= koyay cos@-~/n? —sin? 6 —iA((){1 cosO — a,y?~/n? —sin? 0)
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mitted amplitude. Modules of wave vectors k; are de-
termined by the expression k?= (Qj - B; —HDj)/aj R

where Qj = whl2u0Moj, @ is wave frequency.
Therefore

, (7)
kaya,y cos@-~n? —sin2 @ — iA(oc1 cos@ +a,y2~/n? —sin26)
—2Aia, cosO ®)

D

where n is refractive index n = ki/k2 [3], 6 is angle of
incidence.

4. RESULTS

Intensity of reflected wave is defined as ratio of flux
density of reflected to flux density of incident wave [4]
and defined by Ir=|R2. As shown in Fig. 1, for the pa-
rameters characteristic for ferrogarnets, there is a very
narrow region of frequencies, where the reflection coeffi-
cient changes its value practically from zero to one. And
such resonance value of the frequency can be changed by
means of applying external homogeneous permanent
magnetic field. Therefore, the proposed system can carry
out the role of high-sensitive filter at wide diapason of
frequencies without change of the parameters of medi-
um. Moreover, as can be seen from Fig. 2 the reflected
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Fig. 1 — Variation of reflection intensity with wave frequency
at a/oz=1,25, p1=40, /=90, Ho=2,3k0e, Mo =90G,
Moz =125 G, A= 10 mm, &= 7/80
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Fig. 2 — Variation of reflection intensity with external mag-
netic field at ai/ae=1,25, pi=40, pi=90, Ho=2,3kOe,
o= 0,235 THz, Mo1 =90 G, Moz =125 G, A= 10 mm, 6= /80
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intensity substantially depends on the strength of the
external homogenous magnetic field. The intensity of a
reflected wave can be controlled over a wide range by
varying of the strength of the external magnetic field for
the constant material’s parameters.

The reflection ability of a structure not only has a
strong dependence on the frequency and external field
but also is mainly determined by the value of the pa-
rameter A, which is pronounced especially strongly at
small values of A, as shown in Fig. 3.
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Fig. 3 — Variation of reflection intensity with the parameter
A, characterizing the coupling interaction at ai/az=1,25,
pi=40, Si=90, Ho=2,3k0Oe, ©=0,238THz, Mo =90G,
Moz =125 G, A= 10 mm, 6= 7/80

5. CONCLUSIONS

Thus, we propose to use the chip of two homogene-
ous ferromagnetic media having different parameters
of uniaxial magnetic anisotropy, exchange interaction
and saturation magnetization as a high-sensitive filter
of spin-wave excitations. It is possible because of the
revealed specific frequency dependence of reflection
coefficient of spin waves, when they fall on the inter-
face of such media. So, the proposed system can fulfil
the role of high-sensitive wide-range resonance filter of
spin-wave signal at transmission of data in ferromag-
netic media.
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@uiasTpanua 00beMHBIX CIIMHOBBIX BOJIH HA 'PAHUILIE JBYX OJHOOCHBIX (b€ pPOMATHUTHBIX CPeSl
I0.U. T'opoGeir?, C.A. Pemreruax?

1 Unemumym maenemusma HAH Yipauno, 6yn. Bepraockozo 36-6, 03142 Kues, Ykpauna
2 HauuonaibHbLli mexHuveckuli yrusepcumem Yrpaunvl «Kuesckuil nosiumexnu4eckuli UHCmumymy,
np. Ilo6eow:, 37, 03056 Kues, Ykpaurna

B pabore mosy4yensr 3aBucuMocTy kK0a)UIIEHTa OTPAKeHUs] CIIMHOBBIX BOJIH OT YACTOTHL ¥ BHEIITHETO
MATHUATHOTO TOJS IJIs (PepPOMATHUTHOM CTPYKTYPHI B OOMEHHOM IIPUOJIMIKEHUN, KOTJA MaTHUTOCTATAYE-
CKOI1 4acThi0 9HEPIrUY MOKHO IIpeHebpeus 110 cpaBHeHMIo ¢ 00MeHHOM. [Tokazawo, yro cTpykrypa n3 deppur-
rpaHaTra, UMeIIas OYeHb MaJIBIH IapaMerp 3aTyXaHUsl, JAeT BBICOKOKAYECTBEHHYIO (DMIIBTPAIIUAI0 CIIFHO-
BBIX BOJIH B MAJIBIX MHTEPBAJIaX YACTOT ¥ MATHUTHEIX IIOJIEH.

Kirouesrnle cioBa: crimHoBasg BOJIHA, (bI/IJ'H)TpaHI/IH, (beppOMaFHI/ITHaH cpena, MarHuTHOe I10JIe, aHU30TPOIINA.
@uiasTparia 00’€eMHHX CIIIHOBMX XBUJIb HAa Me3Ki JBOX OJJTHOBiCHUX (hepOMAarHiTHUX CepeqOBUIIL
I0.1. T'opoGenn!, C.O. Pemerusak?

L ITnemumym macremusmy HAH Yipainu, 6yn. Bepuadcvrozo 36-6, 03142 Kuis, Ykpaina
2 HauionanvHutli mexniunull ynisepcumem Yrpainu «KuiecoKuil nosimexniuHuil iHcmumymy,
np. Ilepemocu, 37, 03056 Kuis, Yrpaina

B po6oti orpumani 3asieskHOCTI KoedillieHTa BIZOUTTA CHIHOBUX XBHJIb BiJl YACTOTH TA 30BHIIIIHBOIO Ma-
THITHOTO IIOJIS /i1 (DEPOMATHITHOI CTPYKTYPH B OOMIHHOMY HAOJIMIKEHHI, KOJIM MATHITOCTATHYHOI YACTH-
HOIO €HepPril MOJKHA 3HEeXTYyBATH y IIOPIBHAHHI 3 00MiHHOI0. [TokasaHo, 110 cTpyKTypa 3 dhepuT-rpaHary, aKka
Mae Iyske MaJIdi ITapaMeTp 3racaHHsd, Jae BUCOKOAKICHY (MiIbTpalliio CIIHOBUX XBUJIb B MAJIMX IHTEpBaJiax
YacTOT 1 MATHITHHUX TIOJIIB.

Knro4gori ciioBa: cinoBa xBuiis, inbrpariisi, pepoMartiTHe cepeJOBUINE, MAarHITHE I10JIe, aH130TPOIIis.
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