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Waveguide Light-Magnetostatic Waves Interaction in a Ferrite Film
in Inhomogeneous Magnetic Fields

Y. K. Fetlgov, A.A. Kllmov, V. t. Preobrazhengky

Moscow Instltute of nsdloenglneerLng, Electronlcs and
Autonatlon, Vernadskogo 78, 117454 Moscow, US$n

Ltght seattering on magnetostatle waves (HSf{) ln ferrlte
films found by Flsher at aII tll and Tsal at all tZl may be
applied sucsessfully ln mlcrowave optlcal devlees, such ag
lleht moduletors, deflectors and spectrum analyaers ln the 1-
20 GHa frequency band. The nost attentlon ln experlmental ln-
vestlgetton have been peld to llght- MSTI lnteractlon tn homo-
geneously nagnetlaed f llns.

Thls paper represents new posslbtlltles of M$W-wavegutde
optical modes lnteraetLons control by means of lnhonogeneous
magnet,Le f leld. Improving of lnteractl,on eharaeteristles and
some new functlonal opportunltles of magnetooptl-c devlces
eaused by inhonogeneous magnetizetlon ere demonst,rated .

Tle found the lnereaslng of colltnear lleht scatterlng effl-
ctency and narro$rlng of bandwldth ln speclal type of l,nhonoge-
neous mag:netle f teld, The experlmental geometry ls. shown ln
Flg. 1 The YIG fllm used in experiments has been prepared by
tPE .teehnlque on GGG substrate. It' s perameters are the fol-
lowing: thlckness d = 3.8 nkn, saturatlon magnetlzation 4JItl=
1?50 Gg, F!{B llnewldthAH = 0.5 Oe, refractlve lndex n =2.22,optlcal propagatlon losses 1t( = !,2 cnr-3 end Faraday rotation
F =?80 deg/cn at ) =1.15 mkm. MLcrostrlp transducer of 50 nkm
wldth was used to exeLte megnetostatle surface $raves (tISSlN)
ln f =3, . .5 GHz band. Two GaF prLsms wtth cyllndrleal contac-
tlng surfeces placed at ttre dLstanee L=LZ mm one from another
were used to couple TM optleal modes lnto and couple TE 3godesout of the ftlm. External tangentlal magnetLc fteld H wes
orlentated parallelly to the transducer and orth-ogonelly to
the lisht directLon. Modes c'f,nverslon caused by dynamic Fara-
day effect was observed at freguency f o when phsse-matchlnEl
conditi,on Pras satlsfted

4 .-.r ,'

-frrn + k = f,o", where Srnn, -Fr=n , ko

ere w&venumbers of Tlt and TE lrevegulde modes, respeetLvely,
and MSS?I wavenumber, n number of optleal wavegulde mode.

The results obtalned for sl,x optlcal modes are shoern in
FLg,.Z ( R ls the MSt{ delay ll,ne transnlssLon loss ) . fn homo-
geneous magnetlc f teld ( dotted ll-ne) f or lnput mlcrowave power
P =1U mW the eonversLon bandwidth was equal af = 30 MHa and
eonversion efflcLency

/L - ( Trzort /rmt iu )x100 %

dfd not exceeded 0. 0 I ,4,
In transverse-lonsltudlnal inhomogeneous field ( see Flg. 1 )

created by small permenent magnets placed near the film sur-
face the Lncrease of efflclency up t, ?= 0,38 % and narrowing
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of bandwldth up to af = I MHa have been obtalned at the same
P for the thlrd wave€rulde mode, tlnear extrapolatlon glves
nodes converslon efflelency A = 28 % for P =f W, that ls much
larger then result obtalned by Flsher at all ( I ) . The eentral
frequency was trtnearly tuned ln 3.8...4.6G[Ia band by chenglng
the applled f le1d over 3O0 Oe.

The proposal reason of efflclency lnerease ls the HSW fo-
eusing in optlcai aperture with conservatlon of the wave vec-
tor value alorrg the lleht beam ( see Flg. l., solld llnes are
caleulated traectorles of MSW rayg).

t{Sli Fropagatlorr ln lnhomogeneaus magnetlc flelrl may be ac-
companted b!' controlled transformat,lon of the wave vector.
Noncolllnear llsht scatterlnE orr magnetostattc backward volu-
me waves(M$BVt{) have been lnvestlgated under such eondltlons.
I{e observed the transformetlon of Bragg dlffreetlon reglne to
Faman-Nath one ln aeeordance wlth the lncrease of the wave
vector Yalue.

External magnetie field was orthogonal to the light beam
and wes lnhomogeneous along MSBY?| pr')pagatlon dJ-rectlon,fleld
gradlent wes dtl/dv = 20(l Oelcm. Wide optlcel contact of prl,sm
allowed to shtft the lteht beam of 1 mm aperture over the
f lln plane ( see lnsertl,on ln Fig.3) . For small distences from
the transdueer y
dlfractlon regime was obgerved,.Frpr dlstances y>2 nm end lower
MSBVT| frequencLes only one dtffractlon maxl.mum defleeted at
the angle e heve been observed. [9]. Fl,g.3 shows angle distrL-
butl,ons of zero order ( demped ln 30 tlmes ) and dtffracted
llsht lntensl,tles for two MSBVtf freguences ( t t = 4600 Wlz and
fL = 4650 MtIz ) and y = 3,5 rnm. Dtffractlon- efflclency was
Llnearly Lncreased wlth lncreaslng of P and Fras equal Z=0.5 ?6

for F = I mlf . In FlE.4 the meesured dependences of angle @
on dlstence y ( clrcles ), measured dependence H(y) ( dotted
curve ) and calculated dependenees ( soltd llnes ) are shown.
$o, for the large dlstanees from transducer the dlffractl,on
angle O was egual to 2 deg and ItSBVtf wavenumbers werq estL-
rnatedtobek =I10 cm. OtttractLonparametere= (k2* L )
/(2 *f *f ) was equal to -4 that confLrmed the reelLzation of
Bragg reglme. The results obtalned sho$r the posslbtlttles of
appllcatLon of MSY{ lnduced waveeiulde ll8ht dtffraction Ln mlc-
rowave llsht, deflectors and spectrum analyzers.

Optlcal mode conversion lndueed by codirectlonal MSSII takes
place when MSSW Fravenumber ls equal to k6, At the same tJ.me
the value of DISSIN wavenumber ls conditloned by the wave fre-
quency and the local nagnetLc fteld H, Henee, lt ls. posslble,
by means of a transversely inhomogeneous megnetlc fle1d, to
obtaln the spaee sepsration of H$Sl|-lteht Lnteractlon reglons
where conversion ls caused by MSBW with dlfferent frequencLes
(FlS.5).Our calculations showed that such separatlon requl-ers
both tnansverse and longltudlnal fleld 6radients to malntalne
hlsh converslon efftelency. For example, weak transversal 11-
near fteLd varlatlon

H( 0, 2) = H( 0, 0) + (dHld al*z

requLers quadratlcal field ehange elong MSStf propagstlon
dlreetlon



H(y, E)=fl( 0,0)+ tH( 0, a)+(2rLIr#Ml1/ t16*7I a *Mz*k"*dl*(dH/da)e *y2

A due fleld lnhomogenlty ln ferrlte fllm was formed ln ex-
perlrnent {rwlng to snall permanent magnets. t ls}rt' beam of 6 mm
wldth was passed through cyllndrtcal lens. Ftrg.5 shoyrs measu-
red transverse dlstrlbrrtlons of output TE node lnt,enctty for
M$SW frequenetes f t =3.4 OHa and fz =3.4$ GHa ln transyersely
Lnhomogeneous magnetlc f teld wlth gredlent dIJ./dz = 100 $elcn.
In thls way the frequency resolutlon apProxlnatelr 5-f=$0 M[Ia
over' bandwldth *f lnterac'blon a f = Ail0 l${a hes been obtained.

Thus, our tnvestlgatlons heve denonstrated the capabtlltl-
es of lnhomogeneous nragnetlc fleld utlllaatlgn ln magnetoop-
tlc devices based on wevegulde-lisht lnteractlon wlth MSW tn
ferrlte f llnrs, Fle1d tnhomogenlty results ln the lncrease of
mode converslon efftelency and narrowtng of converslon band-
wldth for colllneer lnteractlon and the lncrease of dlffrac-
tlon angles for orthogonal lnteractlon, Transverse f leld tn-
homogenlty leads to the space scparatlon of MSI{-Ileht lnte-
rsctLon reglons thet mey be used for parallel analysls of
mlcrowaYe slgnals spect,ra.

The authors wlsh to thank Dr. P.S.Kostuk for provldlng
us wlth hlgh qualtty epltaxlal YIG f Llms.
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