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Th e m agnet oopt ics of an asymmet ric layere d w aveguide structure is

discussed to investigate the possibi lity of creating new devices that combine
b oth nonrecipro city and nonlineari ty . A fter addressing some fundamental
magneto optic prop erties and the kind of materials needed, a straightf or -
w ard envelop e theory is given that exploi ts the V oigt e˜ect instead of the

more obvious Faraday e˜ect. I t is emphasised that this choice leads to de-
sirable design features. I t is prop osed that the intro duction of an applie d
magnetic Ùeld to a w aveguide structure can be achieved through the use of

thin current- carrying strips. I t is emphasised that the strips can b e arranged
to any degree of complexity and that a high degree of control over spatial
soliton dynamics can be achieved. Spatial soliton light b eams are selected
b ecause they can be generated, w ithin a w aveguide, in a stable form. T he

attractive features of using the typ e of magneto optic w aveguide investigated
here are highli gh ted w ith examples and it is concluded that the formats pro-
p osed can be used for the fully integrated isolator capacity that mo dern laser
systems demand.

PACS numb ers: 42.65.T g, 42.65.Wi, 42.25.Fx, 78.20. Ls

1. I n t rod uct io n

Ma gneto opti cs involv es the behavi our of l ight in a di electri c m edium ex-
posed to an appl ied magneti c Ùeld. It is a phenom enon tha t deeply involv es the
polari zati on state of l ight [1], whi ch is a m easure of i ts vecto r property . T o contro l
thi s is to embrace a positi ve use of m agneto opti cally- dri ven compl exit y tha t intro -
duces forced gyro t ropy [2] into a wa veguide structure . In a m agneto opti c m ateri a l,
a plane wa ve wi th a spati al variati on exp( À i k Â r ) , where r = ( x ; y ; z ) and k is a
wa ve vector, is associated wi th a displacement vecto r D , in the form [3]:

D = " 0 [ " Â E + ig È E ] ; (1)

(121)
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where " i s the dielectri c tensor in the absence of a m agneti c Ùeld and a gyrat ion
vector g / H app is intro duced thro ugh H app , the appl ied magneti c Ùeld vecto r.
From the structure of (1), i t is apparent tha t g È E is norm al to E, so tha t the
di electri c tensor associated wi th a m agneto opti c m ateri al wi ll have o˜- di agonal
elements. It is also the case tha t g does not depend upon whi ch way the l ight
wa ve is going. Thi s m eans tha t i t conti nues to act even after the wave has been
forced to change i ts di recti on by a reÛection. Hence the physi cal system described
by (1) is nonreci procal .

Al tho ugh g y r o tr o py i s the word adopted in W estern l itera ture to describe a
physi cal situa ti on involvi ng nonreci pro city , i t is importa nt to note tha t gyro tro py
has also been adopted in Sovi et l i tera ture [4] to describe chi ra l i ty. In fact, there
is nothi ng wro ng in thi s because g y r otr opy com es from the Greek word g y r o s

m eani ng circl e, so g y r otr opy i s a generic descripti on of any rota ti on of the vi bra ti on
pl ane of l ight.

If a plane, linearl y polari sed, l ight wa ve passesonce thro ugh a bl ock of m ag-
neto opti c m ateri al tha t is in a magneto opti c state, due to an appl ied m agneti c
Ùeld along the pro pagati on di recti on, then the plane of polari sati on, or vi bra ti on
[1, 2], wi l l be rota ted. If thi s wav e is reÛected back thro ugh the m ateri al then, as
im pl ied by (1) and the previ ous di scussion, the plane wi l l conti nue to rota te in the
same di recti on. Faraday di scovered thi s so i t is now cal led the Faraday e˜e ct . It
describes the propagati on of l ight p ar a l l el to , or a nt ipar al l el to , an appl ied m ag-
neti c Ùeld. Ano ther magneto opti c e˜ect is cal led the Voigt, or Cotto n{ Mo uto n
e˜ect, also eponym ously nam ed after thei r co-discoverers. Thei r di scoveri es go
back to the beginni ng of the last century when Voigt observed doubl e ref racti on as
whi te l ight passed thro ugh sodi um vapour tha t wa s exp osed to a stro ng m agneti c
Ùeld, appl ied per pen d i cu l ar to the pro pagati on di recti on. W i thi n a year of thi s
di scovery , Co tto n and Mo uto n also found doubl e refracti on, for the sam e appl ied
m agneti c Ùeld-pro pagati on di recti on arra ngement. Thi s ti me, however, the e˜ect
wa s a tho usand ti m es greater, because they passed whi te light thro ugh ni tro ben-
zene. It is helpf ul to note, at thi s stage of the di scussion, tha t the ki nd of double
ref racti on given by the Cotto n{ Mo uto n m agneto opti c e˜ect is also l ike the signa-
ture of the Kerr electro opti c e˜ect. Furtherm ore, since either of the nam es Voigt
or Cotto n{ Mo uto n can be used wi tho ut loss of cl ari ty , Voigt wi l l be the nam e of
choice in thi s paper.

For a bul k m edium , the signature of the Faraday e˜ect is the rota ti on of
the plane of polari sati on of the electri c Ùeld vecto r and thi s can be resolved into
two counter- ro ta ti ng circul arly polari sed wa ves. Each wa ve is characteri sed by a
ref racti ve index tha t is pro porti onal to the appl ied magneti c Ùeld. A reversa l of
the Ùeld intercha ngesthe indi cesand i t is thi s pro perty tha t m akes the Faraday ef-
fect nonr ecipr ocal . On the other hand, the bul k medium Voigt e˜ect is r ecipr ocal

because the bi refri ngence is now pro porti onal to the square of the appl ied m ag-
neti c Ùeld. Thi s property seems to be a major setback for the use of propagati on
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tra nsverse to an appl ied m agneti c Ùeld in the design of integ rated magneto opti c
structures . In fact, thi s is not the case, since the Voigt e˜ect is nonreci procal in
an asymmet r ic waveguide and thi s wi l l be di scussed later on.

R ecent adv ancesin m ateri al science now m akem any integ rated form ats pos-
sible, so the real issue of nonreci proci ty is how to fabri cate appl icati ons tha t give
ful l rea lisati on to thei r potenti al . They have to depend heavi ly upon waveguide
design, or som e other ideas, l ike post- fabri cati on pro cessing, to overcom e weak-
nesses created by fabri cati on to lerances [5]. The global trends, however, show tha t
integ rated [6] m agneto opti c devi ces are poised to become pi vota l to m any appl i -
cati ons.

The integrati on of magneto opti c devi ceswi th semiconducti ng substra tes tha t
incl ude [7{ 9] acti ve devi ces, such as lasers, detecto rs, am pl iÙers and nonl ineari ty
is very desirable and the nonl inear di recti on has been clearl y m apped out by
appl yi ng an externa l magneti c Ùeld to a wa vegui de conta ini ng thi rd- order opti cal ly
nonl inear materi al and l inear m agneto opti c elements [10{ 15].

Ma gneto opti c m ateri als are easily created [6, 16] but to overcome dom ain
e˜ects, they requi re the appl icati on of an externa l m agneti c Ùeld [17] and i t is Ùlms
of m ateri al , l ike yttri um iron garnet (YIG ) tha t have general ly attra cted attenti on
[5, 6]. As can be seen in (1), g È E is perpendi cular to E so an externa l m agneti c
Ùeld creates o˜- diagonal elements in the perm i tti vi ty tensor tha t are proporti onal
to the induced magneti sati on. These elements are deÙned here as Ï in 2

m Q , where
n m i s the norm al l inear refracti ve index of the magneti c m ateri al tha t app ears in
the di agonal elements of the di electri c tensor and Q i s a magneto opti c param eter,
pro porti onal to the appl ied m agneti c Ùeld. In general , Q i s a spati al distri buti on
and is a relati vely compl icated functi on of the magneti sati on of the m ateri al . An-
other considerati on is tha t Q often vanishes, in the absenceof any appl ied m agneti c
Ùeld, leavi ng no permanent m agneti sati on, because of m agneti c domain e˜ects i .e.
up on swi tchi ng o˜ the appl ied m agneti c Ùeld, the net magneti sati on can return
to zero. Thi s m ay not always be the case, in pra cti ce, but i t does happen qui te
natura l ly [17]. Added to thi s m ay be a concern tha t the desired length of devi ce
m ay be com pro mised by attenua ti on. Thi s is actua l ly not such a problem because
integ rated- opti cal ci rcui t, m agneto opti c, devi ces wi ll use rather weakl y absorbi ng
m ateri als, such as layers of (LuNi Bi ) 3( FeAl )5O12 deposited upon Gd3Ga5O12 sub-
stra tes. Al so, the substi tuti on by cerium of the rare-earth garnet [6] yi elds large
m agneto opti c coe£ cients. It is also accepted tha t the wi despread use of bismuth
and alum ini um doping, reduces attenua ti on to even more acceptable levels. Al l of
these com ments serve to highl ight evidence tha t m agneto opti c devi ces are very
pro mising candi dates for swi tchi ng and routi ng [5, 6, 18, 19].

Cl early, the point of usi ng m agneto opti cs is to intro duce extra degrees of
freedom into gui ded-wa ve pro cesses, over and above tho se tha t appear thro ugh
crysta l symm etry . Indeed, expl oi ti ng m agneto opti c properti es wi ll pro duce very
im pressive integ rated uni ts [7{ 9], when compared to tho se based purel y upon
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GaAs, or Li NbO 3 , technologies. T o achi eve thi s goal, the key issues prom oti ng
success m ust be the opti m ised selection of m agneto opti c m ateri als and the design
of robust m agneto opti c waveguides. Af ter thi s is achieved, exercising the opti on
of addi ng a nonl inear e˜ect yi elds even greater design Ûexibi li t y. As stated ear-
l ier, low loss pro pagati on can now be expected and the classic m ateri al to use is
an expi ta xi al ly grown YIG Ùlm . Lo oki ng ahead to the appl icati ons, i t is desirabl e,
theref ore, to expl ore the f easibi l i ty of using YIG { semiconducto r structures , so tha t
am pl iÙcati on can be added in duri ng pro pagati on. Exp eri menta l ly, i t is always a
bonus tha t YIG is opti cal ly tra nsparent over the 1À 5 ñ m range of wavel engths
and also tha t i ts m agneti sati on is satura ble by smal l, easily generated, m agneti c
Ùelds. The downsi de is tha t YIG cannot be deposited [16] epi ta xi al ly onto a m a-
teri al l ike GaAs or i ts derivati ves, whi ch is exactl y the ki nd of m ateri al tha t could
be selected to pro vi de am pl iÙcati on, thro ugh carri er dri ft mechanisms. Even so,
bu˜er layers or di luted m agneti c semiconducto rs [16] can be used instead, wi tho ut
loss of perf orm ance, and i t has been pointed out recentl y tha t YIG can actua l ly
be \ atta ched" to GaAs [20].

The real ly im porta nt appl icati ons for m agneto opti c devi ces incl ude pivo tal
acti vi ty in laser contro l [7] thro ugh isolato rs and a lot of e˜o rt has gone into
pro ducti on and design [5], com pati bl e wi th low-loss nonreci procal circui ts. Both
isolato rs and circul ato rs are requi red as part of opti cal com munica ti on system s,
wi th ci rcul ato rs, in parti cular, f acil i tati ng routi ng capabi l i ti es and two -way com -
m unica ti ons. In thi s context, a lot of TE{ TM conversion work has appeared in
the l inear dom ain but phase-matchi ng rem ains a di £ cul t pro blem to overcom e.
Al so m anufacturi ng to lerances [5] can reduce devi ce perform ance to unaccepta ble
levels. Ano ther com ment about TE{ TM conversi on is tha t i t rel ies to o much upon
the deploym ent of the tra di ti onal Faraday e˜ect, so another way forwa rd has be-
come popul ar [5, 18, 19]. Thi s uses nonreci procal m odes in the ki nd of asymm etri c
wa veguide discussed earl ier, in whi ch the magneti c Ùeld is perpendicul ar to the
pro pagati on di recti on and l ies in the wa vegui de plane. A simpl e analysis of i ts
di spersion pro perti es [13, 14] reveals tha t the guided l inear TE m odes are not af-
fected, to Ùrst-order, by an appl ied magneti c Ùeld, but, on the other hand, TM
gui ded m odes have am pl i tudes wi th a gradi ent along the pro pagati on di recti on
pro porti onal to the appl ied magneti c Ùeld. Thi s concl usion has led to a preference
for the Voigt e˜ect, over the Faraday e˜ect because there is no need now to address
phase-m atchi ng considerati ons, since any coherence exponenti al factors inv olvi ng
the bi refri ngence are now enti rely absent. The asy mme tr ic gui de, theref ore, is the
designers' choice f or appl icati ons l ike isolato rs.

Al l conventi onal wo rk on isolato rs and circul ato rs has, up to now, ignored
the questi on of opti cal nonl ineari ty . Thi s is rather surpri sing, at Ùrst sight, since
the m agneto opti c com muni t y is currentl y intensely interested in nonl inear m agne-
to opti c. The expl anati on l ies in the f ocus of the m agneti sm com muni ty up on the
m easurement of the Kerr ro ta ti on of the pl ane of vi bra ti on of the light wa ve,
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r e f l ected from ferrom agneti c surfaces. There the attenti on is di rected to the
second-harm oni c generati on because i t was di scovered, recentl y [21] tha t a gi -
ant nonl inear Kerr ro tati on can be observed in the second- harm onic wave, cre-
ated by reÛection o˜ low- dimensional structure s (thi n Ùlm s), using a beam f rom
a Ti :sapphi re laser. Thi s second-harm oni c excita ti on is generated by sym metry-
-breaki ng at the surf ace so thi s is not the unusua l part. The exci ti ng e˜ect is tha t
the nonl inear Kerr ro ta ti on is an order of m agnitude larger tha n anythi ng tha t
can be achi eved in the l inear dom ain. Thi s enhancement of the Kerr ro ta ti on is
aided by magneti cal ly-i nduced elements of the nonl inear susceptibi l i ty tensor. The
acti vi ty surro undi ng the Kerr ro ta ti on e˜ects is in sharp contra st, theref ore, to the
gui ded wa ve work reported here.

2. B asic t h eor y

The paradi gm asym metri cal pl anar wa veguide used here is shown in Fi g. 1.
It supports a spati al sol i to n beam of l ight, pro pagati ng along a z -axi s tha t is
perpendicul ar to a magneti sati on created by a magneti c Ùeld appl ied along the
x -axi s. The wavegui de has an upp er ai r bounda ry and consists of a nonl inear
layer of thi ckness d , atta ched to a thi ck m agneti sed substra te. The sol i to ns are
one-dim ensional but are stabl e because the waveguide is su£ cientl y thi n to prevent
the beam di ˜ra cti ng along the y -di recti on.

Fig. 1. Sketch of a planar w aveguide structure, unb ounded in the Ï x directions.

The TM wa ve has an electri c Ùeld vecto r

E = A (x ; z )[ ¿y ( y ) ŷ + ¿z ( y ) ẑ] exp
±

À i
!

c
Ùz

²
exp ( i ! t ) ; (2)

in whi ch ¿( y ) i s the vector modal Ùeld shape, Ù i s the e˜ecti ve refracti ve associated
wi th the TM wa ve, ! i s an angul ar frequency, c i s the vacuum vel ocity of l ight
and A ( x ; z ) is a sl ow l y varyi ng ampl i tude envelope.

A ( x ; z ) sati sÙesthe fol lowi ng envelope equati on [10{ 15]:
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T o arri ve at (3), the m agneto opti c and nonl inear pro perti es are ta ken as perturba -
ti ons and then an average over the who le wa veguide is ta ken. Thi s results in â m

being an average of the self-phase m odul ati on coe£ cient and " y z being an average
of the " y z com ponent of the l inear m agneto opti c di electri c tensor i .e.

" y z =
c

! Ù 2

R
" y z ¿y

@¿ y

@y
dy

R
( j ¿ j 2 + j ¿ j 2 ) dy

; (4)
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3

4
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; (5)

in whi ch â ; â are thi rd- order nonl inear susceptibi li ty tensor elements.
Thi s equati on has spati al soli tar y wave solut ions (l oosely cal led sol i to ns) but

a consta nt " does nothi ng except to cause the sol i to n to experience an addi ti onal
constant phase shi ft. Thi s is easy to see because a sim ple tra nsform ati on wi l l
perm i t the 2 " A and the 2i term s to be combined. Secondl y, " conta ins the
gradi ent @¿ =@y / ¿ in the num erato r. Hence, a signiÙcant refracti ve index step
is perm i tted at the bounda ry, in order to achi eve a reasonabl e value of longi tudi nal
electri c Ùeld component E .

Equa ti on (3) can be tra nsform ed to a dim ensionl essstate thro ugh the deÙ-
ni ti ons

A =
c

! D 0

p

2
p

Ù 2 â m

ê ; ¡ = 2 Ù2

! 2

c 2
D 2

0 " ; x ! D 0 x ; z ! L z : (6)

Here L = 2 Ù 2 D 2
0 i s cal led the di ˜ra cti on, or R aylei gh, length and is the di stance

over whi ch di ˜ra cti on alone causes a beam to doubl e in size. Af ter the dashes are
dro pped, for conveni ence, the basic envelope equati on becom es

À i
@ê

@z
+

@2 ê

@x 2
+ ¡ ê + 2 j ê j

2 ê = 0 : (7)

Typi cal ly, â m = 5:5 È 10 11 m2 V 2, D 0 ¤ 1 0 ñ m , Ù = 2 : 6 7 ; d = 0 : 3 ñ m,
n 1 = 1 ; n 2 = 3 :3 2 ; n 3 = 2 : 3 ; L = 2 :1 6 m m, and ¡ = 1 : 6 . Thi s data corresponds
to an Al GaAs Ùlm atta ched to a sim ple m agneti c garnet substra te, like YIG , or a
m ore compl ex m agneti c garnet l ike Y 2 5 Ce0 5Fe5 O12 .

The Lagrangian density tha t wi l l generate Eq. (7), after the appl icati on of
the Eul er{ Lagrange equati ons, is
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i
2
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4 + ¡ j ê j

2 (8)

and a suita ble tri al functi on to use in the form ulati on of a vari ati onal calcul ati on is

ê = ² ( z )sech f ² ( z )[ x À x 0 ( z )] g exp i
¿(z )

2
[ x À x 0 ( z )] + i¢ ( z ) : (9)

In thi s functi on, x 0 ( z ) i s now a z -dependent locati on of the centre of the local ised
state (sol i ton), ² ( z ) i s the ampl i tude, ¿( z ) i s the incl inati on of the spati al sol i to n
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beam axi s to the propagati on di recti on and ¢ (z ) i s a phase f actor. The average
La grangian [22] is

L =

Z
1

À1

L dx = ²

˚

¿
@x 0

@z
À 2

@¢

@z

Ç

+
2

3
² 3

À

¿2

2
²

+ ² 2

Z

¡ ( x ) sech2
( x À x 0 ) dx ; (10)

where the possibi l ity tha t the m agneto opti c param eter ¡ could be a functi on of x ,
the tra nsverse coordi nate, is adm i tted for the Ùrst ti me.

The appl icati on of the Eul er{ Lagrange equati ons, and the deployment of a
Ùrst integ ral over x , leads to the energy equati on

1

2

˚
dx 0

dz

Ç2

À

Z
¡ ( x ) sech2

( x À x 0 ) dx = const : (11)

Hence, a potenti al f uncti on U ( x 0 ) contro ls the sol i to n dyna mics, where

U ( x 0 ) = À

Z
¡ ( x ) sech2

( x À x 0 ) dx : (12)

Exp erim enta l ly, the issueis whether a credi ble functi on ¡ ( x ) can be econom ical ly
created, so tha t a useful potenti al barri er / well U ( x 0 ) can be bro ught into existence.

3. Sol i t on co n t ro l wi t h el ect rod e pat t er ns

W hat is needed is the placement of an electrode structure on the upper
surf ace of the guide (the nonl inear/ ai r interf ace), to create a magneti c Ùeld tha t
dro ps rapi dly to wards zero in the ( Ï x )-di recti ons. In thi s way, a m agneti c Ùeld
wi l l be created tha t induces a m agneti sati on tha t is satura ted, or otherwi se, over
a l imi ted region of the m agneti c substra te. Typi cal ly, the magneto opti c, insul at-
ing, m ateri al wi l l exp erience a satu r ation of i ts magneti sati on at about 300 Oe.
Since ¡ ( x ) i s pro porti onal to the magneti sati on, i t m eans tha t ¡ ( x ) satura tes to a
m axi mum value. For many m ateri als, a sim ple hyp erbol ic ta ngent functi on models
the observed vari atio n of m agneti sati on very wel l . It wi ll be assumed, therefore,
tha t ¡ = ta nh ( B H =H ) where A and B are just empiri cal constants, selected to
m ake ta nh ! 1 , in the region of hi gh magneti c Ùeld H , whi ch has the satura ti on
value H .

El ectrode structures have been used [18, 19] in the past to create l inear cou-
pl ers, whi ch consist of silver electro des 2 0 ñ m wi de, carryi ng as l i ttl e as 1 m A
of electri c current. The magneti c Ùeld tha t they pro duce can be accuratel y ap-
pro xi mated by tha t produced by an inÙni tel y long thi n wi re, or a set of wi res.
Som e exp erimenta l ly accessibl e electro de structures are shown in Fi g. 2 and the
coordi nate system for a sing le wi re system is shown in Fi g. 3. In the latter case,
the modulus of the m agneti c Ùeld at the boundary is
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H =
I

2 ¤
p

x 2 + d 2
: (13)

For I = 6 0 m A and d = 0 : 3 ñ m the m axi mum Ùeld di rectl y under the wi re is
H (0 ) = I =2 ¤ d = 4 0 0 Oe. If the m agneti c substra te becomes satura ted at 3 0 0 Oe =

23:87 È 103 A mÀ 1, then the x -positi on at whi ch the m agneti c Ùeld is enough to
satura te the m agneti c m ateri al is x = 0 :2 7 ñ m. For ¡ = A ta nh (B H =H s ) , wi th
A = 1 : 6 , for exam ple, Fi g. 4 shows a plot of the quanti t y ¡ sin Û tha t parti cipates
in satura ti ng the m agneti sati on.

Fig. 2. Some current strip- lin e conÙgurations. The current I Ûowsalong the top surf ace

in thin metallic strips.

Fig. 3. Coordinate system for a single w ire.
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Fig. 4. Magneto optic parameter distributi on for a single current strip w ire.

Fig. 5. Double current strip electro de.

For a tw o para l lel wi re electro de structure, in whi ch the currents are Ûowi ng
in opposite di recti ons, the sol i to n dyna mics are interesti ng. The ¡ ( x ) shown in
Fi g. 5, for I 1 = 1 0 0 mA, I 2 = 2 0 0 mA, has a com pl icated shape and the ( x ; z ) scales
reveal a tra nsverse ñ m dom ain tha t is attra cti ve for integ rati on. The propagati on
is in the m m dom ain, so the sol i to n dyna m icsare clearly accessible experim ental ly.
Fi gure 5 shows tha t a sol i to n encounteri ng the structure shown bounces o˜ i t. No t
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shown in Fi g. 5 is the fact tha t for other current values, such as I 1 = 1 0 0 m A,
I 2 = 1 4 0 m A, there can be som e energy spli tti ng. If one current is swi tched o˜ i t
can be seen tha t ¡ ( x ) becom es just a simpl e regular functi on. In pri nci ple, there
is no lim i t to the well / barri er structures tha t can be created, and the fabri cati on
pro cesses are wel l wi thi n the capabi l iti es of current techno logy. Even curved stri ps
can be used.

4. Co n cl usion s

The basic idea of incl udi ng magneto opti c layers, claddi ngs or substra tes into
the standard pl anar wa vegui de form at has been inv estigated. It is attra cti ve for
integ rated opti cs because the aim is to produce an integ rated opti cs \ chi p- level"
form at tha t wi l l parti cipate in, and contro l , a ll -opti cal pro cessing operati ons in
the future. The use of electro de patterns on nonl inear magneto opti c m ateri als is
an attra cti ve way f orwa rd, if spati al sol ito n beams, tra pp ed in a wav eguide, are
used. They expl oi t di ˜ra cti on, whi ch is always rather stro ng and operates over
onl y the order of m m in the propagati on di recti on and the order of ñ m in the
tra nsverse di recti on. The depl oyment of spati al sol i to ns, theref ore, Ùts the \ chip"
form at very well . In addi ti on, i t is perfectl y feasibl e to scale everythi ng down to
the nanotechno logy level. Contro l l ing sol i to n dyna m ics thro ugh magneto opti cs is
a powerf ul idea because the electro de structures are stri ps of m etal tha t can easily
be m ani pulated and pro duced in any desired f orm at. Even the sim plest of them
gives such an im pressive degree of contro l tha t superim posed, or buri ed, electrode
structures wi l l becom e a feature of al l -opti cal chi p technology, in the near future.
The accessibi l ity of outsta ndi ng m agneto opti c materi als, whi ch can be sculptured
to wi thi n accepta ble to lerance l imi ts [5] is a m ajor dri ver in l inear m agneto opti cs.
Thi s f act should encourage exp erimenta l work on nonl inear g u id ed m agneto opti cs.
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