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Optical Microwave Devices Based on Waveguide-Light Interaction
with Magnetostatic Waves in Ferrite Films

y.K. FETISOV, A.A. KLtll(}v, V.L. PREOBRAZHENSKTI

l'loscow Institute of Radio Engineering,
E I ectronics and Automatlon

Vernadskogo 7a^, l'loscow LL7 454, USSR

The experimental reEul ts of investigatlons of waveguide-
I ight (t'f L I scattering on magnetostatic spln waves (f.tsLf l 1n
yttrlum-lron garnet (YIG) f ilns f or col I inear as wel I as
orthogonal geometries of interaction are presented. Some
poesrtbi l ltles of tmplementatlon of IJL-t'l5tJ lnteraction f or
microwave signal processing and optical communicatlon are
considered. Experimental ly obtalned parameters of I ight
modulator, consequent and parallel optlcal microwave spectrun
analyzers ere glven.

1. II{TRODUCTIO}I

The phenomenon of [tL I nteract i on
with t'lstrl in f errite f i lms, caused by
dynamic Faraday effect, is promising
for uti I ization in the optical
nicrowave planar devices in the L-zCI
GHz frequency band r-f), The

senstttvity of l'lslJ
to magnet ic f ie I d
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F ig. 1 Set-up of col I inear tf L-l'1SlJ
scatter ing exper iment.

4HcrO.5 Oe, refractive index n=2.2Z-,
optical propagation losEeE -L.2 cm-r
a.nd Faraday rotat ion F=?EO deg/cm.

l'lierostr ip transducer of 50 rnkm
width placed on the film surface was
rrsed to exc i te HSIJ i n the 3- 12 GHz
frequency band. Two GaP prisms with
cy I indr ica I contacting sur f ases
plaeed at the diEtance L=tZ mm one
from another were used to couple TH
modes i nto and eoup I e Tl,l a.nd TE
modes out of the f i I m. The HE-Ng
laser ( i =1.15 mkm) or Eemiconductor
GaAs I aser ( r\ = 1. 3 mkm ) served as
I i ght .sources. To rea I ize co I I i near
or or thogona I geometry of trL-HS!,
i nteract ion microstr ip transducer
was placed perpendicular or paral lel

specif ic
parameters
variatlons extends the functional
opportunltles of [f L-f'tsLl dev ices in
eompa,r ison with traditional

I n presentacoustooptical ones.
paper hre cons ider the main
characterlstics of tttL-l'lStrl inter-
action ln YIG film for different
types of diffraction in homogeneous
and inhomogeneous steady current and
tlme varying magnetic f lelds. The
principles, schemes and some
exper imental ly obtained paraneters
of l,rL-MSll devices will be discussed.

2. UL-}ISU II{TERACTION TN YIG FTLI.IS.

Expenimental set-up for investiga-
tion of t'lL-f'lslrl interaction is shown
in Fig. 1, The YIG film (YsFBa0ra)
prepared by LPE technique on GGG
substrate of t 111J or ientation $ras
used in exper imentg, Parameters of
the film were the follor.ring:
thickness d = 3"I mkm, saturation
magnetization -4{T ltt= 175O Gs, f erro-
magne t i c tesonance I inewidth



to the I ight propagation direction,
External tangenttal DC magnetizing
f ield of strength H was appl ied
paral lel to the microstrip f or
exc i tat i on of sur f ace l'lSl,, ( t'lSSU ) and
perpend icu I ar to that one for
exc i tat ion of backward vo I ume f'lSL,
( f'lsBv[d ] .

Optical modes conversion caused by
dynamic Faraday effect was observed
at frequency F when phase-matching
cond i tions were satisf ied
d- =d +7 +, = + +F,fTen- JTHn' ^ t tlT, ) Tr"t, '

where Fru, .Fre,/(-are the wave numbers
of Tl'1, TE waveguide modes,
respect i ve I y, and f'lstt wave number,
n number of the optical mode.

The dependencies of convers ion
eff iciency e =(Ircou+ Arnin).tooZ on
mlcrowave frequency F and mode
number n f or col I inear lrtL scatterlng
on f'lSSLlsrt are shown in Fig.2.
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Fig.2 Ef f iciency of col I inear TPI-TE
mode convertion,

By means of f'lSSUl beam f ocus i ng i n
transvers- I ong i tud iona I i nhomoge-
neous magnetic f ie I d, created by
smal I magnets pl aced near the f i I n
we have obtained the conversion
bandw idth 6 f =4 llHz at -3 dB I eve I
and max inal convers ion eff iciency
2 =or281n f or input microwave pohrer
P=8 mlJ. Linear extrapolation gives
tZ =35?f f or P=1 lrt, that is comFat.ibl e
with the resul ts f or Bi-substitut.ed
YlG fiImszt. The central frequency
was linearly tuned in the freguency
band 3. O- t2.A GHz by changing the
applied field strength over 3 k0e,

For noncollinear light. scattering
on f'lSBVt in a longitudinal,ly irr
homogeneous magnetic f ield wi th a
gradient dH/dy=2OO Be/cn the Bragg

d if f ract i on reg ine was obtained3 b ) .
Fig.3 shows the angle distribution
of zero-order (damped in 30 times )

and diffraeted I ight intensities for
two t4SBVtJ frequencies. Bwing to
wavenumber transformation in
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Bragg-d if f ract ion ef f icieney
vs diffraction angle.
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Fig. a Hagnetic f iel d, Bragg-ang I e
and PlSBVl,f hrave number vs
I ong i tr-rd i na.l coord i nate.

nonrrnif orm f ie I d the I'lSBVt{
wa.venrrmber rrp to ft=l* 19s cn- r and
the light diffraction a.ngles up to
e =! deg ha.ve been obtained (Fig.4l.
Diff raction eff iciency was equal
L=Q,5% for P=B m{rl.

Fig.5 demonstrates the geometry of
coI I inear trlL-l,lStJ interaction in Y IG
f i lm plaeed in a two-dimentional
inhomogeneor;E ma,gnetiz ing f ie I di c l .
I n this case the weak transverse

39,

I inea.r field va.r ia.t ion
resul ts inH (O, a ) =H (O, O l+ (dH /dzl xz

the space Eeparation af the film
reg I on where wavBguide modes
convers ion is carrsed by t'lShf of
different frequencies F, and F,
while the longitudina.l quadratic

Q.U.

1-F=4.6GHz
e- F =4.65 GHz
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field gradient Provide the high
convers ion ef f iciencY.

ln exper iment a due field
gradientinhomogeneity with

dH/dz=1OO Oe/cm was formed by neans
of a small pernanent magnet. ln this
way the f requencY reso I ut ion
approx imate I y Sf tSO l'1Hz oveD tota I

bandwidth of interaction a t=2OA MHz
and diff raction eff iciency Q- =0, L*
have been obtained.
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F ig,5 Space separation of [tL-ltSSU
interaction regions in
inhomogenaous field.

3. APPL ICAT IOIIS IN IIAGT{ETOOPT ICAL
H ICROTIAVE DEV ICES

The resu I ts obta i ned shor.r the
posEibi I ities of apPl ication of htL-
f'lSU interaction in ferrite f ilms for
spectrum ana I ys is of mi crowave
s i gna I s. F i g. 6 demons trates the
f requency reso I ut i on i n ctFerat i ona I

band for magnetic field tuned
anal yze" based on col I inear lrL-f'lSshf
interaction (see Fig.2) ' Experimen-
tal device operated in the frequency
range 4-tZ GHz, had f requency
resol ution $ f =+ l'lHz, observation
rate $tas equal-1O GHz/e.

Paral tel spectrum analYsis of
nlcrowave signals may be reallzed in
traditional Bragg diffraction way
using noncol I inear [,L-f'lsBvtd

or on the
IJL-HSSWbas is of col I inear

interaction
( see F ig.5 l

in inhomogeneous f ield

Bragg IJL-I'ISU diffraction may be
userl f or des i gn of p I anar microwave
magnetoopt ical def I ectors control I ed
by signal frequency as well as hY

f ield. The

hf L-t'lSlrl dev ice are of great intereEt
for appl ieation as comb i ned
electrical 1y control
def I ector in compl ex

I ed modu I ator
radio systens.

4.

F ig. t3 FrequencY resPonse of
sequent ia I mlcro$tave oPt ica I

ana I yzer.
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def I ectors iE about 30 deg/ k0e. Such


