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PCT/ 1L98/ 00 | NTEGRATED OPTI CS BEAM DEFLECTORS &b‘l[,} FJ\/B
FI ELD OF TH??WI ON The present invention ré é‘?%{sﬁ;g 0

integrated optics beam defl ectors and to systens, such as scanners and
optical sw tches, enploying such defl ectors.
BACKGROUND OF THE | NVENTI ON Various types of integrated

optics beam defl 18 wm ..Pat «a39, 598, the
di scl osure of mw@&@ S gﬁ%?&éﬁe%ﬁﬁ t he
references cited therein, as well as the following articles are believed to
represent the state of the art,; z et al, Phase-locked
sem conductor |aser array with M%mmﬁﬁmm . Phys. Lett 43,
1983, pp 521 - 523; . . Va et. al pat..al _optiscal b
steering with an Al GaAePREsERinyeation biégseta “AIFPJQEP% oxbﬁmp@?%%s,aﬁg% No.
18, 20 June, : 3 - . . . SUMVARY
OF THE | NVEI\?(‘%‘%%Q” subiPas égx%ers ﬁlﬁ%%ﬁ‘é‘almg@ﬁ’term%%ﬁ fuglﬁ dgﬂéeecﬁosrs.t 0 provide an
i nproved |ight beam defl ect Iﬁ«‘fﬁmiﬁ'ﬁfﬁkﬁfm ane.
There is thus provided in agg%%lﬁggg)ce wthapre erreyenbodi ment of the
present invention a s i td.cal i i ce
%ﬁﬁhg ,[Wﬁ%s dr fn?%ﬂe Q&s ngs?z% Beafd %eﬁ@&ﬁ}sd?é 'kﬁ&gh {ﬁﬁ tHiGMH,

i ncl udi ng: east rate having torne ereon a
mul ti plicityyef pygmeso hid® i fy\thétiporad tbydeférénitd, tdntin g
light, the %tg)tga?i ty o????ﬁghﬁﬁ%,?éggyggwlﬁeﬁ%ﬁyi plicity o1y waf/egui des
produci ng atthé R¥&knces 't&ﬁ'hla‘éir@'@i Welllhg exeltfam‘ﬁnga&ieles afSlikveditd represent the

at | east one sequential rmultiplexer applying electrical inputs to the at
| east one swsbfidkartf or individually controlling the light emtted by each
of the multiplicity of wavegui des, thereby governing the orientation of

the selectably direct&ue @utlpuPhasehitked semiconductor laser array with separate

1 Preferably, the at | east one sequential nultiplexer
is a phase confatws] Appl. Piyi Létt 4311983, pp 5216 §2Bpse of the light emtted by
each of the nultiplicity of wavegui des. Al ternatively or

additionally, the at |Vaast epak Spatialesyptical bemm tsiepdirg avithi an AlGaAs dntegrased
controller which controls the intensity of the light emtted by each of the
mul ti plicityphesedweapcApplied Optics, 32, No. 18, 20 Juren 1993 pp322@ 3292 h a preferred
enbodi mrent of the present invention, the at |east one substrate includes a
plurality of substrates, each having forned thereon a nultiplicity of
wavegui des, each wavegui de receiving light and emitting |ight and wherein
the at |east one sequential nul SUMMARY FTHEINVEMHON:al i nputs to the
plurality of substrat,@s. ) . There is al so r{‘%i ged i rh
accordance with a preflbemesetinvsatian seeks to pravids ansiamwroved ight beam deflector

sel ectably directable (i ti cal beam defl ecti ng device i ncl uding:

a plural ity %8¢ SYStass sBRIeHE0E $Me having fornmed thereon a multiplicity of
wavegui des, each wavegqui de r.ecei vi. Jight and em tti i ght .. t he ality
of light enitted by tHOSHP f‘}“ﬁmf%‘f"?% 18139%%’6&“&*@& et ﬁt}ieﬁ‘g"g‘fm ot el o
sel ectably %i r ect.abl

D

resért invention a selectably directable optical beam deflecting device including:
at least one substrate having formed thereon a multiplicity of waveguides,
each waveguide receiving light and emitting light, the totality of light emitted by the
multiplicity of waveguides producing at least one selectably directable output beam; and
at least one sequential multiplexer applying electrical inputs to the at least
one substrate for individually controlling the light emitted by each of the multiplicity of

waveguides, thereby governing the orientation of the selectably directable output beam.



out put beam Further in accordance with a preferred

enbodi nent 341019%%92& esent invention there is provided a sel eE‘EE(Hr99’°°293

di rect abl e optical beam generating device including: a

|'i ght source; at | east one substrate having fornmed thereon a
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|l aser formed on the at AlRaRiivély 6r additisallAiBe at least one sequential multiplexer is an
2 at l'east one sequential nultiplexer applying

el ectrical i iersity todntrbleraivhick 28htrol the Sntoisity adfethk dight Reeiitvédbpleadh of the
controlling the I1ght emtted by each of the nultiplicity of wavegui des,

t her eby govemnnilthdicitynof wavegnides.i on of the sel ectably directabl e output beam
Preferably, the at |east one sequential nultiplexer is a phase controller
whi ch control s the pha¥eacrbrdahes Withlatpreferred enbbdimenictr thé ptesent rimfentiqul, itles t v
of wavegui des. Alternatively or additionally, the at |east
one sequent i at leastl anepfubsteate inchuias aipltralityi af\subsiratesp lehchr havirigcformerhthereog & he
intensity of the light emtted by each of the multiplicity of wavegui des.
Preferably, rultiplicity ofwaveguides; eachtwaveguide receisiing lightodndrentitting liglit andi hereint es,
each having fornmed thereon a nul tiF'l icity of wavegui des, each wavegui de
recei ving |i et at dgaat one tsequentiali puitipleer applies| eleatfical dnpute 4e tthe rpdurskityjuednt i al
mul tiplexer applies electrical inputs to the plurality of substrates.

Addi ti onal | yWhﬁtf&fG&ordance with a preferred enbodi nent of the present
invention there is proyjded selectably directapl e optical beam generating
devi ce incl uding: There is also provigded rpgegpr @M‘Ejﬁtpf%fé‘ﬁ?‘i:@{‘b%e“% of the

SR STt RE T IR R
i 1l ei ty of  wavegut By &8 PRt “af bt R PR by Pl 9 o
UL B S s, R R 58 b SHOGPATOEE e DaBpg i
0t oL B RETET AR L oy s

and utput beam® m crolens array receiving light and coupling the
recei ved Iigﬂt tothe nmultiplicity of wavegui des.
3 Further in accordance with a preferred embodiment of the present

invention there is provided a selectably directable optical beam generating device
including;

a light source;

at least one substrate having formed thereon a multiplicity of waveguides,
each waveguide receiving light from the light source and emitting light, the totality of
light emitted by the multiplicity of waveguides producing at least one selectably
directable output beam; and

Preferably the light source includes a laser formed on the at least one

substrate.



Additionally in accordance with a preferred enbodi nent of the present
invention there is provided a selectably directable optical beam generating
devi ce i ncMQR%Hg276 a light source; PCTALYSIOAIPS | o5t
one substrate having fornmed thereon a nultiplicity of waveguides; and

a mcrolens array receiving light fromthe |ight source and coupling the

ived light to th tiplicit f . onl [
i <0 provi ded i n- accor dhled siecrenfa pRTRLY e septical inpyt to he IS 1
rovi ded i . . of “the
et udi ng o iegupAuRt by bl feltht Rl AR ATIR HBpRAY
cl udi ng ! dast” g for m K
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wavegui des. _ Preferablyf Mechriht dneSse§@dntich Maltiplester e phise comtrolierl
beam generati ng device provides wavel ength division nultiplexing.

There is al soyRERYddiRAs the phde oF fharlight sthittbd B;Tl%ch@fﬂw:ﬁﬁlﬁ'pli@@ of waveguidest  of
the present invention an optical device including at |east one substrate
having formed thereon Atterhdtivelploraiddiviondllyptheant ileast omensequettisbmaltiplexer is an
electrically controlled waveguides, and a light receiver directing |ight
into the mul tihghsiy contrallemevhishucahersls the intensity of the lightuemitted tyneashcef thence
with a preferred enbodi nent of the present invention each one of the
mul tiplicity mbltiplidityof navegmidesndependent, electrically controlled
wavegui des includes first and second phase shifting wavegui de rtions.
Still further in accor dyefseably, the at bﬁ%f@\er%’éﬁéﬁ%&ﬁ?‘%@ﬁ@ MWeggﬁ‘g’égﬁ‘Fs’
invention the electric fields of different direcfions, are a (PI ied.to,.t Qe
gu? e receiving ligh

first and secesdbhayingfosmed thereond mpltrlisity 9E wavsaMidss,ceach wave
e oo ol Bl b Sl SRRl b, HRMGRESE s cecrica
electrically i con
hase. Shiftl ! :
2 asesh ';Iegg%‘ﬁ?ﬁe/ gk’?“ﬁ%‘ Orgﬁ%'%g%gg%\d | engt hs havi ng respective first and
second el ectric fields R&diticq{a[l%ﬁ{ g&Horc%h @%ﬁxqﬂgr | &hbddiREMR ST the present
erred embo

Additionally in accordance w a pre I ment of the preseéent

| nvention at hdkbn MereOls bR 4 Isblebtably YaiRkraBR! Bpiicallitean peiepinglésice
electrically controlled vegul des 1 ncludes first and second phase
shifting wavqga?g;ﬁ portions separated by a quarter-wave plate, whereby
light fromthe r%t wavegui de portion passes through the quarter-wave
plate prior to enterinatidag srRdightsourécgid de portion. There
is also provided in accordance with a preferred enbodi nent of the present
invention an optical dewphealitnof sabstrgtes; edchasvingnformed dhereerne a ramitipligity pfned

thereon a nultiplicity of electrically controlled wavegui des, and a |ight
recei ver for waveguides)ceath graveguide redetvingulightpfromi the asfleash vang light SOUTcRAnd) ght
receiver including a selectable polarization rotator. Ther e

i s al so provi eittingrlight; ¢los wealiteofiight emisted by shenmltiplieityf wavegwdePIREMANGTt ¢ he
present invention an optical device including at |east one substrate having
f or med t her edeastonesal¢ctablycdireptable cutput beamkal |y control | ed wavegui des, and a

he mul (i plici Ty of ol Rribes Myacseriehes pish Bt ceebpert S ob Bubelry 'on
odd TNt eger M Cihere 15 orcvided a selectably directable optical beam deflecting device
including:
at least one substrate having formed thereon a multiplicity of waveguides;
and

a microlens array receiving light and coupling the received light to the

multiplicity of waveguides.



Further in e wth a preferred enbodi nent of the pre | tion
the polari zgﬁﬁgﬁggﬁ)gator operates by generating a nagnetic f?glrl]él‘%a%pﬁg

Xt éndi ng
parallel to longitudinal axes of the multiplicity of wavegui des.
Still further in a accordance with a preferred enbodi nent of the present
i nvention the sel ect ablsgidRRhaly fPidORIahQ Rith'a Arfefrdl QbR ¥f BRESRldhY e t O
rotate the polarization so as to provide an op#i m zed |1 ght output fromthe
mul tiplicity i@fentigyp\Rade!i i§Gsrovided a selectably dirfetgbibi spthl Bedh gac@fitiadedcev t h
a preferred enbodi nent of the present invention the selectable
pol ari zat i on jfchidmigor i s responsive to an output of the nultiplicity of
wavegui des.
Moreover in accordance alightsoarge| ef erred enbodi ment of the present
invention the selectable polarization rotator is responsive to the
pol ari zation of an i nput leastione sitstrae!iaving farirey tiereonod moltiplicity. of waveguides;
Further in accordance with a preferred enbodi nent of the present
i nventi on andndhavi ng sel ectably directabl e beam deflection functionality.
Al ternatvely, the sel ectably directable beam defl ection functionality
i ncl udes directabl e bearmicotens arnay recefvingclight i the. light source and coupling e t her
in accordance with a preferred enbodi ment of the present invention and the
sel ect abl y direceived light te theonultpligitytof wayeguidesi zed by means of phase-
shifting. There is, al.so provided, in accordance with yet
another preferred enbdb¢rgdhalseprovided n é%‘@Fﬂa“F%WEhtaP@hﬂawﬁgﬂﬁgéﬁlm@@W'ce
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Opt 1 cal - beamiiict FERplef st e B iR b (ST O Bud i batPie e BENAL e
formed ther egpth@nmﬁfﬁgcﬁi, B%Lyeggﬁegha'se- shifting wavegui des, and a |ight

ng g

recei ver directi Intothe nultiplicity of wavegui des, and wherein
the at |east one subspfefrgbly Nthe Uskisctdbly (dirBtGhiEUbptithl YoehmlS perdtalidg CARHCT OF
| ayers including a nultiplicity of conductors, at |east sone of which are
connect ed t optdvileyadederigdedivision nviltislexing. There is provided in
accordance wth another preferred enbodi nent of the present invention a
sel ectably directabl e Bhire isadlsdpmnidge ireeabidagcedeith asothergirefidired) embodidnentst
one substrate having formed thereon a nmultiplicity of wavegui des, and a

| aser nonol of the padsent ifieentionl an opti¢ad denicd iseluding atleast lnse sabstrateriving domtdng
light to the multiplicity of wavegui des. ) .

6 thereon a multiplicityi of polagzapion iidgpendent, electnicallyivontralled waxegnides.canded

enbodi nent of the L .
a light receiver directing light into the multiplicity of waveguides.

Further in accordance with a preferred embodiment of the present
invention each one of the multiplicity of polarization independent, electrically controlled
waveguides includes first and second phase shifting waveguide portions.

Still further in accordance with a preferred embodiment of the present
invention the electric fields of different directions are applied to the first and second
phase shifting waveguide portions.

Preferably each of the multiplicity of polarization independent electrically

controlled waveguides includes first and second phase-shifting waveguide portions of



present invention an optical device including at | east one substrate having
formed therewnosmomall tiplicity of wavegui des, and a | aser nopgriiLys/ead3l v
formed on the at | east one substrate and providing light to the
mul-tiplicity of wavegui des, the multiplicity of wavegui des and the | aser
being fornmed at different regions of identical |ayers. There
is provided inspetivy fisnasd vécohd Yenigths taving rrespeethey firerl amtberdhdelectricafieldshef
present invention a sem conductor |aser Including an N-doped gallium

arseni de subdifferentadireatioris-agpledctheretori num gal | i um ar seni de | ayer formed over
the substrate, an N- doped gallium arsenide |ayer fornmed over the N doped
al umi num gal | i um ar seniAxdditienally in accoRiaice mithom pteferradaembodinient| ofythe presested
over the N-doped gallium arsenide layer, a P- doped al um numgallium
arseni de | aydnvantioneat leassr onth of Pthd opwltiplicityl iofinpalarizationl dndepgrdent, o plgctacally
P-doped gal lium arseni de | ayer forned over the P-doped al um num gallium
arseni de | ayetontrolled waveguides inqludgscfisst apd osecensd phaseashilting awevegyide rpostions
preferred enbodi nent of the present inventjon_ a s Igct ably djrectable

opti cal beam 3§R4rated bY AAuaren wave plate.whesePyisht Eqmythe SR WayERHGeROSHOMBASHES

f dth | tiplicit f i des, d i ght i i
e el b i o i s AL oS e, oo 19
thereof oY% RS Ao BrE el i HetpntancR vafrot piteted mrEfiegent SEMS: ner

f d nbodi t ,.of the. t. | ti t.abl v dj
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sel ectably d'rﬁﬁf&?‘bl e optical beam deflecting device including at |east
one substrate having formed thereon a multiplicity of waveguides, and a

[ ght " recei ver  dir ect | iheld. 4talio ol | dcBidabt Vil 48 VasBARGHeprefeidg

| ight receiver including a nulti- e Interference coupler.

7 embodiment of thEgresent fvehtion &1 pticiPdevide MERBIng W dGast\bhd) substrate
preferred enbodi nent of the present invention a selectably directable

optical beamigehgefimed tHevora mtiphdity dfatledtdedly comslled beivegtided)aaridng
formed thereon a nultiplicity of waveguides, and a |light receiver

directing |i glolarization fotetomior rotpting ihe \potafizationcafiligtie passing ehrobghh thermuitiplicity
including a planar wave guide. Further in accordance with
a preferred eofislediricallytconfrollédewpreguides by 9hdegnees on ae héd intéger pultiple thergef.
wavegui des have first ends which abut the planar wavegui de, the first ends
bei ng tapered outwar dl yurther in accordance witlsia |preferyed I@%@W%d&r theneesslitih a
preferred emhodi nent, of the present invention the nulti-npde.interference

coupl er i nc| dgNegtien theyRelapization JORIORARKIEGE B3, Seneraing 12, agnetis Asly gending
B e I A AR
e oo, P S Ay 0 Bkl A oG5 LA ARME e gt 2o
with a prefergad s ﬁblé)ﬁzofahgat%ex%‘wﬁr i% ngt%ma.ﬁ&m t%& tive to rotate the

el ectro-absorption nodul'ator receirves a nodul ating 1 npu {aroma flght

det ect or nmonQlyi.t:hi:cal 0 -herew O t 0 ki

Add t1 onal | y PSR, 3 asCKBoBAE aF bhriiokl igh FotpufBbmT 08 FARRNGR) of

control | abl e y,gemAdest © Sel ectably provide multiple selectably directed
out put beans. There is also provided in accordance with a

preferred embodi ment ofAddiiRnally in accordance with a preferred embodiment of the present

invention the selectable polarization rotator is responsive to an output of the multiplicity

of waveguides.



present i nveghlof)ysds Sel ectably directabl e optical beam defl eﬁ* Gefdfays C€
including at | east one substrate having fornmed thereon a nu p I'Cl y of

wavegui des, and a light receiver directing light into the nultiplicity of
wavegui des, and wherein the nmultiplicity of waveguides is controllable so
as to selectably provi ddofoVdri il focsdafide! MithVa ftef@fdde embodiment of BRMpresent
Additionally or alternatively the optical device al so includes a wavegui de
filter includaveption tircieledtable\poluizationveviteids @esFBﬁs&fe! teehy pblafisdion vifdh ifpuel

whi ch receives light and allows propagation of nulti-node |ight waves

t her et hr ough,to ¢herauitiplisity of sakeguides. 8
portion at which higher nodes radi ate outside the wavegui de and only the
modes which can propadurtben freraeedrdangg hwitihss préfere lembodimentirofl ther present vel y
broad out put end. There is also provided in accordance with a
preferred entixsptiemandhavingselegakly directable beam deflestionsfuagianality s Alteraatvely,gheidi ng
a necked wavegui de hav a relatively broad input end which receives

l'i ght and al I8 awcfg%agkobﬁa@f deflection fungtionaligh inclydes directaile beam Jeegiving:
narr owed nec ortion at which higher nodes radi ate outside the waveguide
and only the Balifi ch can propagat e therethrough pass theret-hrough, and

a relatively broad output, end Preferably the i cal device
is inplenented on gall r% fhel, Mo Apgprdance with a preferred ?Wg?é'qegt 8?5‘&3 e FE¥Mded
in accordance W& i nvention, an
opt 1 ca st ¢ Srepich AP 15F ST BRRaBE! tindhonels s edRET by PSS 94 By
opti cal beamsﬁﬁ{nl ecting devices, a plurality of optical beamreceiving

. 3. . . . .
devi ces. There is also provided in accordance with yet

another preferred enmbggifent .RE P%&Feﬁp% drﬂ%ﬁ:@thﬂﬂ 2&t %E#th&a' .élglhe

including a plurality o nDnollth ural il es of "sel y diffee
optical beameggbdigehd 6‘@th@$¥és€&$nve%n@ﬁ Ugrb dg,ttcm 8dviRRhiG@h Pﬁﬁﬁ‘éﬁ@%ﬁbéga

devi ces. her I n accordance wth a pr f'erre nment
of the presehiving fbtﬁiaaltnéireéme oty toy ewzmmuoear&mgd Wavégilides| @&l QﬂIFm

defl ecting devices are arranged generally parallel to one another along an
axi s perpendresiver directing dight) énto theViruttplicise b€ shavbhidededrdeintluding Qolatizhtiqaht
beam i s produced thereby. Still further in accordance with a
preferred enimaihtaising opticat filkerpor esent i nvention the plurality of nonolithic
pluralities of beam deflecting devices are arranged generally distributed
al ong a curve extendi n@hfzrmsaalm mnmdpénpmadxdanﬁeamthmpaaigfmkmandimmtoﬁthe

sel ectabl e defl ection_ of | i ght beamis.produced thereby

There is al sBreganbinveatipn msqué?gbd@m@bh chglé)@axardsﬂmm ldrs*eeemcbdmg@trb@sn ment
of the present invention an optical swtch jncluding a pI urality of

sel ectably ©R§ g@ﬁfaﬁpéﬂmﬁs.@medﬁbﬁﬁwum@eﬁhcm of|phase-shift "@a‘@hveBWéPﬁaéPﬁQ at

| east one supstrate

formed t her et ZeqetHer &ml\%s Pghtdptw%wymp&e%v ofaWeveguides, 2nd mhoregy thﬁﬁ% feast

beam receiv r. in accordance.

preferred enﬁ’ged sHEﬁ{a?%fmcfl‘%espngt@}ﬁ mutually msugted conductor layers m\t,:\ﬂudmg a

multiplicity of conductors, at least some of which are connected to the waveguides by

vias.

There is provided in accordance with another preferred embodiment of
the present invention a selectably directable optical beam generating device including at
least one substrate having formed thereon a multiplicity of waveguides, and a laser
monolithically formed on the at least one substrate and providing light to the multiplicity

of waveguides,



i nvention each of the plurality of optical beamreceiving devices includes
an optical fj referably the optical fiber has a nuneri re of
| ess than 0.‘58%’5927&3 Additionally in accordance w ?#’é&g@ﬁeiggrred
enbodi ment of the present invention the selectably directable optical beam
defl ecti ng devices each include at | east one substrate having forned
thereon a mul tiplicity Tpbre\8VROVidE®Sn accordance with a prefefre@r énbodirdnt @f the
provided in accordance with a preferred enbodi nent of the present

i nvention an ppgkitGalentivh & bpticaCdevibierigchadisg at'ledst dne substreé havilg foerned thetebi ng
devices and a nonolithic plurality of selectably directable optical beam
recei ving dewi maRiplicifyr of evaséguidesheand pat lassr| mbalithicaily eforhed) odethe b Jeast one

sel ectably directable. There is also provided in_accordance
with a pref esobstraterantipreviding flighhdo the aneltiplidityy of wiaveguides,ophei owiltiplioity ©f
including a plurality of optical beamemtting devices and a plurality of
nonol i t hi ¢ pheavegiiddésand tiie laser being firmed it differzht egiops pEidentisalayer®cei vi ng

devi ces. Further in accordance with a preferred enhodi nent
of the present i nvent Theretip@royidedainiacgordanceyyith yetanether awgﬁmdi @E‘"@f“‘%am

recei ving devices are arranged generally parallel to e other al ong an
axi s per pendiof theapresent inyention: a;sgmigendyctorslases dnclyding %fhﬂgemadgaa@m é‘rﬁel"agt
beamis produced thergpy. Alternatively the, plurality, of ngl 1 thic
pluralities SRbSHEEnRR é@é‘mﬁi mm&e@%%%ﬁé%é#fg%ﬂmﬂ ‘5%“3?“&‘?% #Naq

along a cury,

sel ect b ehdgﬁpéééq%%‘] §%eéi«'?e %%@%ﬁ%#?%&%@éﬁ%&?ﬁ i afbelfl Ber,

St ; ; , '

i tn'vleng on 1 lﬁé R ARBhd abehd Dot RERS bl e Rl ERlin P L

'mgife;u?dgé. 8pba aibhifubl Bihin 308 8, oBHEF Gy 454 FRGp8 Plthigh Bl Yy,

Dr el ert o0, SR8 P orh ol BEESARu}B RS b8 1L i Bl "0

éo _ a’i?seﬁ'id?lagéx‘?‘l ity of selectably directable optical beam receiving
evices, each including at |east one substrate having fornmed thereon a

mul tiplicity of waveguinigs. is provided in accordamd@diith @ngreferretl nenitdimicharofethed t h
a preferred enbodi nent of the present invention both the optical beam

em tting devips@sntdmintibe a Qelbdtally direasblé 6pwial beveh deNéctigsdevivedncading hicledsy

di rect abl e. Moreover in accordance with a preferred
enbodi ment ofonk REbshatsSkaving foruied thietsdnad thultiplititid o yaveguidgh tand replight cecepveer t o
the plurality of optical beamdevices and a cylindrical |lens |ight output

coupl er receiciplng! lightt tof the mmuitislicity wf avaveguidsds abfirstoands biesenf, ans/Woerein the
Preferably the cylindrical lens Iight output coupler includes a plurality
of cyli ndri aailtiplieity efwaeeguidenarsoutwardly taperéd atrtheofinst ends theeeofi devi ce.
Alternatively the cylindrical lens |ight output coupler includes a single
cylindrical iens associThemsdisniaise grovidegr an i acporganasp tidha yeh cnpthee refegred
Additional ly in accordance with a preferred enbodi nent of the present.
i nventi on anémbpdiment of the pregent inwention s spleetably dlizeptable) entical peam, deflesting 5|
beam devi ces which includes at | east one cy|ingrical |ens. Pr e@aa&l y.the
i ght i nput @6vige drcluding 1zt jsmstr ane « absirate having| fasmed, thetrorea MHIUPHGHS %t
| east one cylindrical |ens. ] . . . .Myreover 'in .accoi:dance.&/vitlﬂ a
preferred enfeyeguides, and thtpqegggq{tdxrecnng light into the multiplicify of waveguides, the
light receiver including a cylindrical lens.

There is also provided in accordance with a preferred embodiment of the
present invention a selectably directable optical beam deflecting device including at least
one substrate having formed thereon a multiplicity of waveguides, and a light receiver
directing light into the multiplicity of waveguides, the light receiver including a multi-

mode interference coupler.



i nvention thedsdesiast one cylindrical Iens includes a plural '5,]‘,
) ) 8 . . . .
cylindrical | enséésg, each associated with an optical beam de\/‘Jl CZ'.'“%’“"”-”

Still further in accordance with a preferred enbodi nent of the present
i nvention the at | east one cylindrical Iens includes a single cylindrical

| ens associated with af g?%%&e?fgﬁﬁe@mﬂcegﬂgaﬁﬁ%}}g@% i ed embodiment of the

Further in accordance wt rred enbodi nent o present 1 nvention
the Iight i npyles&® itiveftion’d ﬁbdd%ﬁ) difteabR d}u&a ibRdrh Qefdctiff delies RIRBRE 3t feasted
with respect to the at |east one cylindrical lens, each of the

mul tiplicity ghe §ibeir@tk ¥aGiAg fortedafiéredt al indidlicit 0P wavehiiddsCakPalight receiver
transmtting device. Preferably the nultiplicity of

m crol enses | Mﬂfﬁﬁﬁﬂﬂt&ﬁﬂﬂ_@nﬂﬁﬂfcﬁy A srfveguiddse thidlighy eéceiven thclidding Pplasdrt ¥
of mcrol enses includes collimting mcrol enses.

There i s al sowpveoptiideed i n accordance with a preferred enbodi ment of the
present invention an active optical beam transm ssion device including at
| east one substrate hakirthgr finraveordatver eith a prefetred| emboslyment i off duer preseht
el ectronic circuit, and a mnultiplicity of electrically controlled
wavegui des. invention the multiplicityof areguides havedirsteandewhich labut the planarveayeguide,
enbodi ment of the present invention the waveguides emt a selectably

di rect abl e bethenfiost endsgreing tapered oitwardl.y or  additional |y the wavegui des
sel ectably receive a beamof |ight. . Still further in
accordance with a pref edtikferphigaceerdancs withe prefesiedtembodireent jofthe present
multiplicity of wavegui des arge _oPe ative sinultaneous)y to deflect a.
plurality of Bymtien themyli-mode interference couplerpinshuides g @sbwswws]gvatvwde.
wavegui des, mal tiplicity of .el ectrigal ntagt,s, each contact providi ng
A ol'ect i al PIEGFARSEP Gehnracerying wakagvidR inches h et irociing sacoy g s obwardly
electrically controll ed wavegui des. There is al so provided
in accor dance2Bith a preferred enbodi nent of the present invention an

R L T L
UL L6 e e R Tkl A BB B5: 227 ©

contact providing an e!hﬁ&{eﬁ;&aﬁ a&%ﬂiﬁ?ﬁ%‘ iR aigf néde@xﬁfw%(gﬂ@ntoéf %}gle(}resent

nmul tiplicity of electrically contr d waveg es int asse
There is al sqnpnAyh 4R ele&ra@sga&ﬂm%oamfuer Fedeiveb G hdduliii tHptE HonPh light

present invention a nonolithic optical light nodulator including a
substrat e havjefegtor nedndRehicaly frmkd tHerdwith dntBé 80BasP Bn@dudstrdte- absor pti on

nodul ator, and a |ight detector providing a nodulating output to the

el ectro-absorption nodfdditivhnally or alternatively the miltigticity iof waveguidus ¥ tetedilable
accordance with a preferred enbodi nent of the present invention an optical
wavegui de- | erss as e salsttably provide amittiploseliestablytdiretied b&bfhﬂ@eanfsor med thereon a
multiplicity of electrically controlled, phase-shifting wavegui des, and an
12 There is also provided in accordance with a preferred embodiment of the

present invention a selectably directable optical beam deflecting device including at least
one substrate having formed thereon a muitiplicity of waveguides, and a light receiver
directing light into the multiplicity of waveguides, and wherein the multiplicity of
waveguides is controllable so as to selectably provide multiple selectably directed output
beams.

Additionally or altemafively the optical device also includes a waveguide
filter including a necked waveguide having a relatively broad input end which receives

light and allows propagation of multi-mode light waves therethrough, a narrowed neck
8




el ectrical control signal source providing electrical signals to the
multiplicit vegui des to cause themto have a desired

functionali %“{/‘.%8’59% Additionally the optical devi eé@ﬂ@gg/p?zg?éd
her.ei nabove may al so include an electrical control signal source providing
el ectrical signals to the nmultiplicity of wavegui des to cause themto have
a desired | epsbharihitRdel bt 4 (1 ARG and Gily BRmEd yiHiei0
include a fe éc connect oﬁlogéegtgﬁcag{l the opti can'geam rec%l ving devices

and the optiggal r@ﬁa@%e%éﬂeﬁf&dgﬁ%aﬂet%&ﬁﬁwgh{ and a relatively broadidutput ead.t her in

accordance wth a preferred enbodi nent of the presen i nvention the
optical beam recei vi ngTkk¥ isCdso proided iif dgordante! with @ peéfereed érpliddiment rof the
region sufficiently |arge such that wavel ength dependenci es of the

defl ectors dpresant isehtidrantwaveguide Sfltéreintiuding aonevked wakeguidghbavingns eelatbvelyt he
receiving devices. There is also provided in accordance
with a pref ebmoad inpobeat! which redeivel dightpandsaliows ipnopagatiamofomultipnedsalight wavesh
including a plurality of selectably directable optical beamdeflecting
devi ces, a ptheregliroegh, of napowednegie portionc st which bigherc modes mdiate cqueside thee
plurality of selectably directable gptical beamdeflectin evi ces,and, t he
plurality ofwe\tngu@a|an4)e@!mth%@e¢mwi§du@mpé@@g&§eéh¢fm€ﬂqsiiW%ég?fﬁfhm&%ﬂ‘ n

t he sane substrate, Further in accordance with a preferred
enbodi ment  o# relatwelybeead putpyt$ad i on the plurality of selectably directable
optical beam defl ecti devices apd.the .plurality,of tical .heam

recei ving devices are ‘ﬁ&ﬁ%%@ﬂgwd%ﬁfgﬂn@ﬁm?qu 8%%@8“@6§§P5§t e

e B L e
ol ectr ool AR kB 4 ch "o BRnBlg” 4" PRAMARCOEABIPTE bchpte o

and | ower sug: o . i 4 b1 [(Walp¥ y

per pendi cul aél;%ga%feh(yewutﬁ%gg%h ?ﬁg%‘lgggr%g%ﬁ g@é“slw?fﬁog t%]rbg%?irgﬁl gegl ng -
selected with respect fgurd m&eﬂg&n@%%bmgin_suéé&&ﬁeewtﬁ dt NuthéN PRsférrddne
upper and | ower surfaces such that netal is not substantially coated onto
the i nt er conggkddifiént Deiedsrsent invention an optical switch including a plurality of monolithic

13 whereby el ectrical connections between the upper and | ower
surfaces Vi aplufitiesdfdeleetabicditedbrusptizalcseany defloctingf devive] aoplutality ofooptical
coati ng. Further in accordance with a preferred enbodi nent of
t he present beamrendiviogdevieesnonol ithic structure includes a wavegui de

devi ce. There is also provided in accordance with yet another
preferred enbodi ment Brthendn aqsewlsacet withy anpicforred embodimentopf 4h¢ PEesst a
wavegui de devi ce including providing a wavequi de ving J]ight emtting
capabi | i ty, iaventiopaheplurality p nmdébﬁimakt&sa%ibsmi%a?cﬂa& es P

enbodi ment ofeneilly RErUIELAp Qs WIS AIGHE 8B P PeRRRAIAT I LRy By Wik o
I it f , ti,cal b nb] vy, d I it f
i or mt | o SR AFREe R LR TenEhRE s ArodBRREEN g he plurality of ports
opti cal i bers i nel udi St pefiaf B AREHARRE TR ahetEred pbdfihid beo phésea
There is al i ' ce with. t{ABL j ment
of the pr oscvettiRS ofif Pikdhor 6F BOrANGE ook H RAR AREcRl BEALSCle SRR TET
e pr i ) i'ng a plt of
opt i cal ‘11 bobGep isfRRRE e LAy oR R h il peflfH O RISHVIES |
opti cal _croSghafatASRARRIcN of TEPAAL piokubdd digiehy each having an input and
ed.

out put whi ch are cl ock synchroni Additionally in a

accordance with a pr ef?ﬁér@@seﬁlﬁ’&d%rﬁeiﬁbdoﬁl bERRES OWith | yetemidther pheferred
plurality of ports are clock synchronized anong thensel ves.

embodiment of the present invention an optical switch including a plurality of selectably

directable optical beam deflecting devices, each including at least one substrate having



14 BRI EF DESCRI PTI ON OF THE DRAW NGS

The present YAV&E2™&n will be understood and appreci at ed nor BCTH8H0393 om
the follow ng detail ed description, taken in conjunction with the draw ngs
i n which: Fig. 1is asinplified illustration of |aser -

witing apparatus, constructed,and . operative {n accordance w.th a preferred
enbodi nent " offorHed %F’@Q%ﬁtm“]ﬁf?  Qfvaveguides, and 2 P?“ml?‘yp‘?qg‘?l’%?mw EFHRNg ¢ i ed
illustration pf. a scanning engine suitable for use in the laser witing
appar at us of 1 _ Figs. 3Aand 3B illustrate two

of the scann ng. engt ne Fuine i aBbcrdhrR it O préfEaf Ubofithef dr R e 17" ¢
illustration. i.cal ' i t . : 2 in
accor dance. wit i b of Pl pHiAl e ABREH Bhi rocENg el iHiA aRuphich b
Fig. 5is a g i ' ' : | -connect assenbly
sui table for ?Jé%ﬁ?&'t{?ﬂgﬁ%dﬁegﬁﬁsﬁﬂ%ﬁﬁﬂc%p g’g%%fogéeagﬂ‘%ﬁ%ﬁg. 4,

Figs. 6A and 6B illust?g@ﬁs_ohm A {RbRMBhdeVRitR TR AR letnbobinket bfyﬁg;?@seaﬂ

optics switching unit m ng “‘part of the cross-connect assenb of Fig. 5;

Fig. 7 is a shveifibd tiRGeRb@bl dirdbtable! opfitdl VehR HefbctiB deticeédth Gakhset dtdsasbeam

defl ection unit useful as part of anintegrated optics scanning unit of the
type shown i ryne bitBtratehdviag fordidd Gieréch dmiaRipliditydf wavégddest ed optics swi tching

unit of the type shown in Figs. 6A or 6B, Figs. 8A and 8B
illustrate a wavegui de Therdetis alse brovided ipacdordance With a prefegedembodimentast theam
deflection unit of Fig. 7, Figs. 9A, 9B, 9C and 9D are

gr aphs i | | ustpreseatrigvention Ampptidabswitahi ihéluding a pluralippof epticabbeaduermittirigydestices
optical beam deflector constructed and operative in accordance wth a
preferred entaodiaremnobthia phirgity safnselsctablyn direstatilo ropticdlf beagnrecsiyirg devices.
vol t ages; _Fig. 10 is a sinplified illustration of a

nul ti pl exer Freforablythe epticalheamarceiving deviges prgsalectably direstablel e wavegui des
F g Par o D e oMl L or B C bR N el f BB it

15 , . Fig.,1L1 i h,ill [ he . h
dependency ofPTESHRE IB¥EIHPD A0 oiyt%;gﬁqn&éﬁgﬁu@{rng E P&%ﬂ%ﬁg {3&%‘{]@@%’ ?’Wﬁ@’\ég‘%% tce

12" i's " si g Sadaty, Spbnciic By e AT Uyt optce heam receiving ™ O

constructed %g‘qc&perative I n accordance with a preferred enbodi nent of the
pr esent '

Further in accordance with a preferred embodiment of the present
invention the plurality of monolithic pluralities of beam receiving devices are arranged
generally parallel to one another along an axis perpendicular to a plane in which
selectable deflection of a light beam is produced thereby. Alternatively the plurality of
monolithic pluralities of beam receiving devices are arranged generally distributed along
a curve extending in a plane perpendicular to a plane in which selectable deflection of a
light beam is produced thereby.

Still further in accordance with a preferred embodiment of the present
invention the selectable directable optical beam receiving devices each include at least
one substrate having formed thereon a multiplicity of waveguides.

There is also provided in accordance with a preferred embodiment of the

present invention an optical switch including a plurality of optical beam emitting devices,
10



i nvention; Fig. 13 is a sinplified flowhart illustrating
the manuf actyih 6y/s9h7e2 Wavegui de device in accordance with a peRiioreed3
enbodi ment of the present invention; Figs. 14A, 14B, 14C,
14D and 14E are illustrations of various stages in the manufacture of the
wavegui de device in accordance with the steps set forth in Fig. 13;

Fig. 15 1is X1 ' I Ao 3 I ' ' el dehidi t
g ?gﬁg{ﬁrl%ig{xw seleLtdBly 'debtable Optichl BeAm réceivirigdevides|cya ing &

wavegui de d and opérative in accordance wth a preferred
enbodi ment  Qégst ik RGSFRE havingfontfied hBicon a multiplicity of waveghides. 16A, 16B and
16C are illustrations of the operational paraneters of the wavegui de of
Fig. 15; Additictallyl th hctorlafiéd ith(d pdferted usibodient offthe present

pol ari zati on-independent wavegui de constructed and operative in accordance
W th anot her’m@hﬁéﬁbé&%@&?m beiRi emftting devides eadthie dptivalrteammeceiving devices

Fig. 18 is a sinplified illustration of a polarization-independent

wavegui de c@agﬂmﬁ&r&fwxeoperat Ive in accordance with yet another
preferred enbodi nent of the present invention; Fig. 19 is a
sinmplified illustrati Morebver incdcavidande withi 2 ghegfernatic embodimentu ofishe present
constructed and operative in accordance with still another preferred

enbodi ment  dfiventien agd inclading iarfighhinputncoupler to the plurality of pptical beam devices and
simplified illustration of an optinmal waveguide structure for a, given
wavel engt h iancyliodsicali lens dighti output qeupler recsiving lightl fremthe plurality %mgﬁitbm

I nventi on; L . L1 .

Fig. 21 is alevices Prefeeably they sylingricalnleas light: putpnt &O‘dﬂ%@lf?‘ﬂiés JePhucality, ofi ng
mul ti pl e conductors constructed and operative, in, accotrdance wth

preferred exbesiticak lanses; eapl assqowtsct W‘ﬁ\/éﬁt‘?ﬂiﬁ?‘ beam device. Al¥\enma|t_4]v§y 95 a
sinplified il]usiratiop . of a nonoljthic |aser and.wav i ]

const ruct ed "QIL\'HFQS’ﬁle 2% light quiput coBplgn Ieldey ¢ Sin epcryg%cg.ggengﬁ%sggl%%ﬁ%ﬁgg t he
present invention; . . Fig. 23 is asinplified illustration of
part of a @‘E@ﬁ%@%‘é‘iﬂ”&%‘&?ﬁ%& t apered inputs; Fig. 24
is a sinplified illustyagl | ' | |¢hd de

I nterference coupl er ié\@ttog‘?]rl?ginagﬁc%érﬁg%%ﬁp%ﬁémwgg?n&tWtﬁé preséii

Fig. 25 1is ' Inf I s t [ Vi %ﬁgﬁé,i iticaloben@y deiicede
devi ce havi ﬁ‘é%é‘@rﬁul”w Htlding & 1 ie’@gtng{é“ﬁﬁuﬁ e’ éFop Fig. 26 is
a sinplifiedyhitd Hrhfdad 2P Teattl oNQ¥MinBFEHP A&HR! PRiTerably 2ha\dighginpoe couperi etheavi ng
a free-space 1 nput coupler, Fig. 27 is a sinplified
i[lustrati orpm}EJi\?rofepﬁ&aWémm&:es teludecit |@ssendyylindritablensict ed and operati ve
in accordance with a preferred enbodi nent of the present invention;

Fig. 28 is a sinplifi edofebVersinradcoriance withno podferréd embiediment hfi vhengrasenth

el ectronic and optical functionality; Fig. 29 is a
sinplified iihvension s strient opacylindfica derspinchades asphirabity ofneylindricaljlensesoeashi t hi c
plurality of selectably directable optical beam defl ecting devices in

accor dance assddatahwithamobpticabbbasndeyitenent of the present invention;

Fig. 30 is asinplified illustration of part of an optical sw.tch including
a Still further in accordance with a preferred embodiment of the present

invention the at least one cylindrical lens includes a single cylindrical lens associated with
a plurality of optical beam devices.

Further in accordance with a preferred embodiment of the present
invention the light input coupler also includes a multipliéity of microlenses fixed with
respect to the at least one cylindrical lens, each of the multiplicity of microlenses
directing light into a single beam transmitting device.

Preferably the multiplicity of microlenses includes focusing microlenses.

Alternatively the multiplicity of microlenses includes collimating microlenses.
11



nondl ithic p ' of selectably directable optical beamd '
devices in a?cgjgr%}cfgin%e w th anot her preferred enbodi nent of 'ﬁ]égﬁ%%dé@ggﬁt

i nventi on; Fig. 31 is asinplified illustration of part of
an optical switch including a nonolithic plurality of selectably
di rectabl e optical bea . | [ | C d"@'rh er
preferred enbodi nent oﬁﬂﬁékﬁ%ds@%ﬂ%\%%@%?&wg%&gne Mﬁéﬂt%?meh
17 _  EL G 32 ook it od. | , o

resent invention z?xi Eﬁ’itég dé’?j‘ﬁ%l BdattP tr chidd bsidd lu‘ﬂﬁxg it Rast one

wavegui de deche aving a er 1ncluding a nodulator associ at ed
W th an input guaiedWalBig formed thereon a xr&ultiflb Qaye? InteSraredSél8dionlc Eiftuit, and a

illustration of a beam deflector 1ncluding a” wavegui de structure In
accordance W imliplisityesfildcaibaiyEstitioNBdivatdguidag present invention;

Fig. 34 is an illustration of" operational paraneters of a wavegui de device
having | ens functional i Fyrthen iAcsbfianee witht 8 prefirebcembstimenoof nkeipreséntt he
present invention; Fig. 35is a sinplified illustration of

part of an opinvemtioncthe ssaveguidescémit as sshectdbly dipeczdblebeawl ofirlighn pAtemtatively i or
accordance with a preferred enbodi nent of the present invention;

Fig. 36 is a sadditinally the waveguidesaelectablp recaive apeam af lightoss- connect assenbl y
constructed and operat-ive in accordance with another preferred enbodi nent
of the present inventi$til further in accordance withga pesferrad embridimént fafghie present

il lustration of an optical, cross-connect assenbly constructed and
operative in ivemsionatheemultiplicitye of syayeguidespazss eperativee sipwiianeensly gp daflsct a
present invention; } Fig. 38 is a sinplified illustration of
an optical crBuRlRfeptcal heawS:hiy of the type shown in any of Figs. 35 -
37 with feedback functi

nal i,.ty; . ., FIig..39.s sinplified
illustration of an opt i%ﬁ%‘@ﬁ%@@rlg@ﬁﬁ@%f’vaﬁ%&%l %/g‘“k’d?ﬁ%'fyr ?fg"tl%’r@l‘u@mms’
operative in acgordance with a prefersyed enbodj nen f th resent,. .
i nventi on; &k Contact provu#g?gggn E[?c{rg:al;c 19 ‘Oeaf fef‘ﬁ(gﬁ?r%ﬁ?%ﬁmgﬁplgﬁy of
optical cross; =onstructed and operative in accordance
wi th anot her %?%ﬁ@?gﬁ%anﬁ%T the present invention;
Fig. 41 is a sinplifiedpyeyd ﬁ%ﬁsﬁgj’r&ﬂ&eﬁi ﬁc%&%@%ﬁﬁa giek‘ i enfbodintelbHle 2Nd
operative in accordance wth a preferred enbodi ment of the present

i nvention; angkesent invention an active optical beam transmission device includid@® at least one
Fig. 42 is asinmplified illustration of a nonolithic optical cross-connect

o o AL s oy oncagl bl e i
multiplicity of electrically controlled waveguides, and overlying each of the waveguide
assemblies, a multiplicity of electrical contacts, each contact providing an electrical
connection to at least one of the multiplicity of electrically controlled waveguides in the
assembly.

There is also provided in accordance with a preferred embodiment of the
present invention a monolithic optical light modulator including a substrate having
formed monolithically thereon an electro-absorption modulator, and a light detector

~ providing a modulating output to the electro-absorption modulator.

There is also provided in accordance with a preferred embodiment of the

present invention an optical waveguide-lens including at least one substrate having

formed thereon a multiplicity of electrically controlled, phase-shifting waveguides, and an

12



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI ENTS Reference is
now nmade to {igds; which is a sinplified illustration of |a i f1.ng
appar at us constrli%:zt’gd and operative in accordance with a pre?’g:&f%%d&ds
enbodi nent of the present invention. The |l aser witing apparatus typically
conprises a |laser scanning wunit 20, illustrated in Fig. 2, which wites a
latent i nage efbtrival @omrdlheihilesipée0 lpravdding Vélédtfical SsTi%WH ¢a! thy maRplics of the
cylindrical surface of a drum 23. e phot oreceptor 22,
bearing the Ivaveguidesntogmse them wedmve & dedired dons fiinetiomality.oner hopper 24 via a
devel oper roller 26 and transfers the toner onto a substrate 28 with the
assi stance of a transf &dditionalyrtbe optical déwiestdesaribed hefeinaboveonsyoalsdhincluddan r at e
by a fuser 32. A discharge |l anp 34 serves to discharge the photoreceptor
22. Downst r eglecical gpafralapigeal | mpcesai,rmdmmmy@n@brwmgn t@ahenalgipligity of
charges the photoreceptor, upstream of i npingenent thereon of |aser beans -
37 from | ase™ayeguides ig capserthery to hipvecs desined dens\fungjionglity Furthgemoredthe epticabn

c parti cul ar AP 80 Oids B Jerdbark GemEFien befaeen fee P bowmTaschYaE Lini {
beam def | ect dFceies e orGeal Hsus dekestih A6 ch ar e wount od a plural ity of
LIS S2o S Sl St b St AL bRyl SE ST S
her eof The EERAG ofi i biE reirpBHeasar CRepte Sl e JBR Yt BOtheRks 54
cel ect abry ariibuiared sfilfed,BileBuf AchioRion A OB S EERERAT
phot oconduct Qﬁfecttﬁ%“%}f‘él?ﬁé@'%ﬁ%#@%ﬁﬁhﬁecﬁm%%g&t° cover the entire

useful area o It is a particular

feature of the presentTh&gW%ﬁ)%ﬁ{,ig@& i&mow&tmgéﬂ%g‘{s‘%ﬁgémﬁéhe

al i gned on base 50 to a very egree of accurac

ori ent at | ons pfibed SRS i bRAP SSn L i Y FluBliEbf WEBlY Krslfify g and |

adjustable, "inter aliato e msa I'nto account

At | east onep&@fidemRtind déWies] P pR¥aity 8Bopiial bé& RdcBiirgl dediced, M Whet&n BRCD
substrate 52 for individually Controlling the light eémtted by each of the

mul ti plicityplfality of selectably directable optical beam deﬂectin% devices andOthe plurality of
wavegui des 54, thereby governing the orientation of said selectably

di rect abl e ooptjral bdamaretdiving Bevides ardahymolithically €srumdionahe same supsteater 58 is a
phase controller which controls the phase of the light emtted by each of
the multiplicity of waether desaccéidancenatithv el prefenteti embodimeri8ofrahe (peesant
intensity controller or a conbination phase/intensity controller.

Mul ti pl exer BSentigyp the phmality ofilselestahly direqtahie opti¢al beemrdeflectingrdevices agd the

substrate 52. . An input |ight source 60, such as a diode
| aser or an Pipralityapf foptieal besmovaceivingadeviagh tarp enenclithically clormedhiongthe wmean
i nput lens assenbly 64, .a preferred enbodinent of which is illustrated in

Fig. 7. The Nl?ﬁt[ﬂtel ens assenbly 64 provides a nulti- plicity of focused
s o R O il o) Tepdedn achedpRRS T & AR O] Brecal |y
Yl ncl i oal. FPERbIEHIES 5 medlabetfouTiEs &poronic Soipte TRURG cBbricgsonters,
Ref or ence | snausREB8 o chuteting riedan ¢ ler Heb G pnFdione S8R | ve
embodi ment s af ;afheh Qﬁe‘?‘g&n?tcgﬂm%%é Upper GRITOWAP sitBlcks vith Tdbdl bg%(/apo%tiowm a
direction generally perpendicular to the upper and lower surfaces, the direction being
selected with respect to interconnecting surfaces which interconnect the upper and lower

surfaces such that metal is not substantially coated onto the interconnecting surfaces,

13



scanning engine of Fig. 2. In the enbodi ment of Fig. 3A, an input r 70,
such as a BANI&er, receives a laser control si gnal fron?gﬁﬁf@hﬁgg
control electronics (not shown) and provides a |aser beam 72 whi ch

i npi nges on an input |ens assenbly 74, a preferred enbodi ment of which is

illustrated in Fig. 7. . . The | I |

mul U1 pl 1 ci Ly YOETeb R HeioN o SoRmesions  HEtER ! WHPCT B JRWeh it Py fhees 2
i des 54 bst ' : i | ectrical

put via o EFPORHAT Rifiect i ARIUR bSH: Rl OBaRECS; 10T % LD Coti e

t di : [ [ f QmBEdm 52. A

Sequenti ol mul Ui plexer Tag pin accofantl ih, o pRAIRG ShERIER, BF W0 RS

recei ves addigaion tié HoABhR kb Areciad athioplge Sidnd a phase, intensity,

or phase/intensity 1nput via an 1nput |ine romcontrol electronics

(not shown) and suppli gfed RNARKS. p{'dﬁcl%ﬂsirlt Yaccdtlance with yet another preferred
21 WO 98/ 59276 phase/intensity control signal to each wavegui de 54

via a conduckpbodfhedt"df dhe COpfes&i? vkntion GO RIREMOUOfor PaligniBg fvvveguidiudevice 78.
The phase, intensity or phase/intensity controlled outputs 90 of each of
the wavegui deghiithg2pRvidiE) a Waveghide hadinj Might leftitin® Tapabilitpr atl operatifigh thes ed
out put beam 94, whose direction is controlled by the phase, intensity or
phase/ i nt ens ijayeguideitb emitslighp dintiep aligament!théredfexer 58. The
enbodi nent of Fig. 3B is ii%gntl?‘cgallg?g that of Fig. 3A other than in that
nul tiplexer 58 (Fig. 2Y¥hére inalso praviddd drlacordancecwith atpeefeméstembadimént ofithenat
on which the waveguides 54 are forned, as in Fig. 3A In the enbodi nent of
Fig. 3B, wavegseridavenfidn andopsiesjuswitchahcluding iapplesabty epertse apopticelnesessberd on
a single substrate 100 and thus connector pads 80 may be elimnated. The
remai ni ng el essembly, ahd R glurdity ofyinfaematiote carrying optical iintercorpectng ed are
i ndi cated by the sane reference nunerals. According to an
alternative plipadity nEportowith fieputs tosthatoptial srasshan assembh thealnfPrmation ¢aryiigs es
74 and 92 may be elininated. Other types, of optical couplers, known in the
art, may be entigabljeass inglydingpolarization maintaining fibpgst er ence i s now nade to Fig.

2 which | ol i fied il y t optical swifchi
Const uct ed and oper at 108 if ABCOPIIHER 7 BHECLIBIE T Uitk SHDBG ROTRTH ¢ he
(O tion. Th tical i t chi t f bl [
opt 1 cal i nt cFEBAIBER ohihe pievet iRYeRten &oaliel e ineticlpa g Ay, Sfdis ™

t 112, t h _of ichh t o 114
out put 1 Efogﬁﬁiﬁﬁéogﬁifd&?%%ﬁ%ﬂd! ety %ﬁ\fiﬁﬁtﬁ@s Gl JB‘?’%L?%@*SG:S
upl ex, i | yi . - Syl
Gupl o, o gt SRR k) G0 b Alag B ol ol
sui table for gglh%liaﬁgf?or&fea&pga\gr% %ﬁaﬁt&%nmtlpb?ﬁiﬁfﬂal‘l%&k'sﬁwﬁoﬁieﬂ.e or Wﬁ”’g%

| ack a data I ne an ess output I ne.

optical fibers are e”%ﬂ)iﬁ%gg: iﬂ%ta’éc&’df:ggtggm DBfefekfed enttodinfenP bR Pr&snt t hat

pol ari zati on mai ntai ni ng ers be enp I'n"conjunction with polarized
| asers or 0%ﬁti&&h@blu¥ﬁ§ b SHs SOHbAEFmcHEbhiSeddmdhignhémseive! ar i zat i on

sensitivity of the beam deflection.
22
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Preferably clock synchronization is maintai ned between the input and

out put porti ch of ports 112 and between the various .
The opti cal ?glk'tsget‘r?%(z)ﬁﬁect unit 110, a preferred enbodi nent of aﬁ@%sﬁnﬁg
illustrated in Fig. 5, conprises a beam deflector assenbly array 122 and a
beamreceiving assenbly array 124. Each beam defl ector assenbly in array
122 receives data and addr eBRIEFMDESERIPTION OFOTHE DIRAWINGZach beam
receiving assenbly in array 124 provides a data input to a port 112.

It is a particular feat Theprksedtlitvepti@saill be understoodrant appretiated aydre idly from
interconnect unit 110, as illustrated in Fig. 5, conprises a selectably
di rect abl e opthefaliowingdetailef descrigtion] takenini cogjuactionswithi the doavingsihiwhichar e
nounted a plurality of substrates 152, each having formed thereon a

mul tiplicity of wavegui Higs 1i5asimplifidditiuditation 66lasern writingapparetus lsonstructgd and:
154 preferably receiving lLight and emtting |light having a selectable
phase. The t ooperative isfaceqrdance avithiapreferred embodiment; of thecpresentinventivegui des 154
on each substrate 152 produces a sel ectably directabl e oufput, bheam 156,

Al so preferably mount edFigh 258 dsmpjiied dilustration.afip seanaing; anging Suitshiy {or use 48/
124. Each beam r.ecei vi.ng assenbl y_.158 preferably conprises a beam receiving
| ens 160 whic ec'ﬁﬁb\wgémgaﬂ’w%%%ﬁ%e]am onto an output fiber 162," which is

el aced by a sui tabl o FEgA 40 aB, Buate o ah R’ iodimely of o s
rocei ving assoRGr Retpg ATORRE P BF ub AeBRREREBERE U0 1S N

degree of accuracy, i nagguc St bgn i W ogﬂ{ﬁ%"
thereby is el ectronical ngdﬂt grr?i Egnﬁgﬁﬁ glgj&tdsﬂtagbﬁg, nt er%{érggto a es
into m sali gngGmstrubied And pethtive in accordance with a Drefb@@&P emBOEMERISLHel pibsent
mul tiplexer 168 applies electrical inputs to each substrate 152 for

i ndividual ly @#eedtioal | ing the Iight emtted by each of the nmultiplicity of
wavegui des 154, thereby governing the orientation of the selectably
direct abl e out put beanFig56.is a simplified illustration of an optical cross-connect assembly?3
Preferably, the sequential nultiplexer 168 is a phase controller which
control s the pilitable forf usetimtheioptical switchinglagparasesodf Fig. 4,he nul tiplicity of
wavegui des. Alternatively, nmultiplexer 168 is an intensity or
phase/intensity contr ol Figs. 6A and 6B illustrate two gltgraativasmbodimesty ofeafcintegratedys .
6A and 6B, which illustrate twp alternative enbodinments of an integrated
optics sw t chPPEFsSWitehing pRit fosming parted the@oss-epngect agssmilyf FigsSenbl y of Fig.
5. In the enbodi ment of_Fig.. 6A,. ap.input optical fiber 170 ovi.des a
beam 172 whi ch i npi ngesF’Snga‘ﬁ % sipplifigdepictogiaks Elysiraionof a:hm&ggqtg(i OBHCS beam
enbodi nent of ich is illystrated in Fi 7. .. . . The | nput

| ens assenbl yd%ﬂ}ﬁt“ﬁﬂw} e é’sr}’ﬁﬁ‘& ilgﬁeg@tegfoqngéagagalngéxgﬁsofi%fypeég% 8t

whi ch i npi nges. n th veguides 15 n_subsi.rate. 132 .
wavegui de 15 'g?'erhc‘gfg%gﬁa aglpggt&?%'a'ffelgﬁ%ﬁfo 15 SYIERps é‘@‘é&ﬁ%‘%ﬁgﬁ*ﬁ%‘éf"or
178, which exg g%é‘réﬁn t he wavegui de to a correspondi ng connector pad 180
which is al so go‘rme on substrate 152. A sequential nultiplexer 168 (Fig.
5), formed on a separ atﬁg?“ﬁ’ﬁt&ﬁf%Blﬁﬁstrfitgcf'\a‘()fvg%\qunﬁsﬁseﬁﬂf | N the @

an address bus 184 and a~phase, intensity or ntensity rnput via an

input |ine 18%d ngﬁ&glbgémgg&ai&pﬁ?ﬁ:&ﬁiﬁ% shown) and supplies a phase,
a

intensity or phase/intensity control sig to each wavegui de 154 via a

conductor 188 and a COFijg€SROYR T SﬂH’QEC&Qrgrib%g ilhRfaa08 e RARAE Wiffrhdifon
The phase, intensity or phase/intensity controlled outputs 190 of each of

pattern produced by an optical beam deflector constructed and operative in accordance

-
-

with a preferred embodiment of the present invention for different applied voltages;
Fig. 10 is a simplified illustration of a multiplexer providing sequential
voltage inputs to multiple waveguides forming part of a beam deflection unit in

accordance with a preferred embodiment of the present invention,
15



t he wavegui des 154 are conbined in an output |ens 192 and produce a focused
out put beanVPPE92fose direction is controlled by the phasePCTI8083%y or
phase/intensity inputs supplied via multiplexer 168. The
enbodi mrent of Fig. 6B is identical to that of Fig. 6A other than in that
sequential multiplexer 168 (Fig. 5).is not enbodi ed. on a separate substrate
fromthat on which theéaabbwa@a&ﬂwt%tﬁsm& gtk dependercy qf dhe ppgulase
enbodi nent of, Fig. 6B...Wavegqui des 154 and sequential .multip] exer 168 are
bot h embodi edloﬁ?fﬂ’§ %BHW‘QG%E?&% 1 AGBOTLAREC %8 of"’g e’ﬁ8@8§?§y be
el imnated. The rﬁmafirgi ng elements of Fig. 6B nay be identical to those in
Fig. 6A and aPTESEH VIO by the sanme reference nunerals.

|2g a per sgecti ve ill usﬁg'aﬁ%gﬁrs?f;ﬁ%%gﬁﬁiog%&eﬁévt% ‘E‘é@?&f“%&’?@%ﬁﬂfﬂ?’m’%ﬁe oA
ot ai1 od sect fORREyetRf FhE Bparkfts Wpccohie Sish's, Hohrod dlibcRnkinor it piksfhe

t he wavegui deingé}{tiBn'Of Fig. 8A. It is seen froma consideration of Figs. 8A
and 8B that substrate 52 (Figs. 2 & 7) is preferably forned of an N doped
GaAs | ayer 250 havi ngg:f o Neg ol 0 : ]

contact 252, typicall ng 'migegpfgi%#@@vgégﬁﬁ?ﬁ%t@l%w&y&% Cr?édaover
| ayer 250 is i ; : : f As.
The vavegui de Eyorae afes YRl wih SR BERLA oL R Pl CanRvepfint”
conprising a GaAs PN urmgg. QAAde4B NRIC, IMDAhdN 4R iTherdtiamofovalob@itBges 460 A
cladding layer 262, preferably forned of P doped AlGaAs, is preferably
fornmed over |thyafaneBbturefof thaRvavajiide déddce ifracécrdalek Wwifhotheweeps setFortH apBi.
GaAs, is preferably fornmed over |ayer 262. Al ong the length
of the wavegul3gjes there are provided P-type ohmc contacts 266, typically
formed of Ti/Au. Adjacent wavegui des 54 are separated from each other by
etching. The resul t ant Fgg$ ina smiplifiedcillustratiy of @ peladzationsindependleng®/eguide

A polyimde insulative |ayer 270 is preferably formed over |ayer 266, fills
gaps 268, ancroaructadsandneparativietiaraccerdancecvish appreferred smbpdimenty o the preseat
strips of a netal, layer 274 are fornmed over the polyimde insulative |ayer
270 and cont dBYePHE ohnmic contacts 266 through di screte apertures 272 in

th lyi mde | 27 The, i ] t, I, i de i ndi vi dual
rrute uglol );;I imnsﬁl a? ggr el eg{‘gsi E@FI %%w%BM'E&{%P%}?%R%&@B Lp\gﬁje??rﬁgf

wavegui des 5 | ¥. These pat hways are designated by reference
nuneral 78 ﬁpl \%?‘gerﬁdgﬁgﬁd?gs and by reference nuneral 178 in Figs. 6A and

2{3 éhi ng nmay vary sLE:hiF?gﬁglt? 9{%%@?&@gg&%g%ggggaé%aé%%@ng?%g@ vﬂﬁé;&bﬁ%{i Bg
etched to defcol@nidaaSai dperi@eCHUatBRdantd int(fl;:t %@rﬂ‘&g Jf?@ﬂ%&@&ieﬂ{b% infelfof the

wavegui des 54 may al so be provided by any tabl e techni que, such

as, for exanmpr&entifventio®! antation.
25

Fig. 18 is a simplified illustration of a polarization-independent waveguide
constructed and operative in accordance with yet another preferred embodiment of the
present invention,

Fig. 19 is a simplified illustration of a polarization-independent waveguide
constructed and operative in accordance with still another preferred embodiment of the
present invention;

Fig. 20 is a simplified illustration of an optimal waveguide structure for a

given wavelength in accordance with a preferred embodiment of the present invention;
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Wavegui de structures of this general type are described in the follow ng
publicati 0N, 5%2 references cited therein, the disclosures of which are
hereby i ncorporated by reference: J. G MendBEHUARHRR, ot
al, Analysis of Depletion Edge Translation Lightwave Mdul ators, |EEE

Jour nal of Lightwave Technol ogy Vol. 6, No. 6, June 1988, pp. 793 - 808.

Ref erence i s now nmade 1 QA i : \fi#bhﬁa s
illustrating a simul atlslg'nﬁogs% ﬁgéélg%?‘ﬂu%&éﬁgﬁ%ci‘?%%&gfgnﬁn?éer erence
attern pro b t&@rﬂé Nayfdef : ORStr d da0 iqve in

gccor dan(F:)e S\;nﬂitﬂﬁglg %{r’%dfﬁgtrdr?gdé e égﬁment o%?&?ﬂée igr esendtiﬁlbﬁvgg?i ganFeger?'féd

di fferent appbodfneh?bf &dPesertifiventign! ation is for an optical beam deflector
whi ch includes 256 wavegui des having a pitch between adjacent wavegui des

of 9 mcrons. The wi difig.0f2 &2 Rinyified Mudftafich 8f B méMNEhic Mdert B wafdgaldeNgt h
of the light passing through the ‘deflector is 1.3 mcrons.

Figures 9A, dRcrubtCeaiReruétit iahd Wpbrafivein iRofdahce with @ plefefred enbdiniAriof the
interference patterns for phase shifts between adjacent wavegui des of O;
[err]/2; [erprésenfifiventidherrl/ 2, respectively. It can be seen
froma consideration of Figs. 9A - 9D that the relative phase of each of
the wavegui des det er mRig <R3t e simglificdr illisitatioh @f paft ¢f & eavigaidesdevicethaeing
interference pattern, while the diffraction pattern defines an intensity
envel ope whitaperediapss;not vary with phase but causes different angul ar
| ocations to have different intensities. It is a particular
feature of the presentFig. Pdeista simplifiedtillustratiom bf @ waveguidadevine haxingld mnltivi dt h
of each of the |obes and the angul ar separation between adjacent |obes is
very subst armddglinteferenceccouplsr ingludingfateparébinputvwaavegaide;enabl es a very | arge
nunber of wavegui des s:_tyzpi cally 256) to be fornmed on a substrate and
i ndi vi dual |y oper at ed Fig."25 is a simplified iflystzation0f wanei propegatipedn 4 waveguide
correspondi 5r;]gl_y igh leve] of resolution Ho be realized in various
appl i cat i on<ievieg payinga auknmpdg)intasierengs cUplésy provi ding a hi gh nunber of
swi t chi | ocati ons

i ndi vi dual | dd on d j
| ndi vidual Iy addr essagle gf%%&%gﬁ{kgmygmmr cVAecRFOBIBRHAR i AsWaiERtilE i n

the art that, t.he, peak signal .to background ratio is very high due to | arge
nunber of wi§¥§ abﬁf)‘l%ﬂ?@%l?“p“tcoui’{(e% Ref erence is now nade to Fig.

10 which is an illust i3 Of _-an. | : | rLovi di.ng nti al
vol tage inputs to nul ti Iig '\Raavselg@'%@[smﬁ gtlr‘ar%’io%&{p%ﬂ)&%ﬁf gl%sﬁééa%e@eﬁ%%?on
unit in acc ' f:ery j v iON.
Ao scen | EPaRGRd et LReAE JE SIS RIS rcfired WROBIERECL WRVERET o
input Vvia apwe@stri cal pathway, such as pathway 78 (Figs. 3A and 3B) or
178 (Figs. 6A and 6B). The electrical input is preferably supplied from
the drain 301 of a FEFig, t28ajasd Sinfplified Mlusheseh oflacmdfalithic deoiep!mding bdtle
out put of an AND gate 304. The source of each FET transistor 300 receives
a phase, i nekosodiyamdt optitakfanétivnelityj ty i nput froman anal og voltage |ine
306, identified by reference nuneral 86 in Figs. 3A and 3B and by
reference nuneral 186Fign2fiigys simplifiechillusBation of part of an optical Gaitch Andinding & 304
receives a plurality of digital address inputs via NOT gates 308 from an
addr ess bus n@nolithigifilerality of selegtabily disestable opticalrbsamalefienting deviers in acqordpsice 34
and 3B and by _reference nuneral 184 in Figs. 6A and 6B. Each AND gate 304
is differeMathyne prafersed embogiment ohthe neeseptnysRHO®abl e conbi nation of address

_ A Exposirep o condinat i o
oSt 8 O TR e BB i
T 2 P LG SRR e LR e SR dQRec g S i Mo

with another preferred embodiment of the present invention;

Fig. 31 is a simplified illustration of part of an optical switch including a
monolithic plurality of selectably directable optical beam deflecting devices in accordance

with yet another preferred embodiment of the present invention;
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sequentially ‘gr ovi des individual phase, intensity or phase/intensity inputs
to the indivi¥Ba¥92%%kvegui des, using digital address coding, PETEL58Be3 i ng
a very large nunber of waveguides to be individually addressed.

Reference is now made to Fig. 11, which illustrates the wavel ength

dependency of the angular Location,af .t iffraction ders. Jhis .

wavel ength dependency ﬁﬁyggés %ﬁ'ﬁp&ggﬁﬂ@g@fﬂ"a %&alvflg"ﬁ ¥ g% rl&agﬁ‘gea mth a
preferred e [ .l i,QF ife wavel engt h

G vi oi on mul T PG ibipdite f pAbE ftbeikdBt Wb aR Reh pRRGIAE 10T CN9C el
e SNl uer & S o, BVR! §mpied®uberh®BE ¥ bhdd UehBASr SRANY o

al ong a separate wavel engt h . 27
reference 1S Rl SirhGuidlifl accbdantbiufi a'ngé’&éJ EIRSHEN OF G Prddetl itiehicH]

mul ti pl exi ng appdratus constructed and operative I n accordarnce wth a
preferred enbodi ment ofigl fipisphemBHhtid #ional parameters of a waveguldiedevice
wavel engt h di vision multiplexing apparatus 410 preferably conprises a beam
diffractor ashsidp lensfimyioddity andesordmmoenwitic @i prefefred eambobinmentiof ale péent Each
beam di ffractor assenbly in array 422 receives data and address inputs from -
a port and pineehtioas a | i ght beam having nmultiple wavel ength conponents and
each beamreceiving assenbly in array 424 provides a data input to a port.
It is a particul ar featFige3bfis ahsimplifiedeifiustration mfi part ofian eptisalerees-enngedt
division nultiplexing unit 410, as illustrated in Fig. 12, conprises_ an
optical beam ass¢mbily gensructediand [ppprative inagtcprdanesywish ar prefesred smhodimentcefathbe y
directabl e optical, beamdeflector and includes a base 450 onto which are
mount ed a pl UPTESSRt PV bst rat es 452, each having formed thereon a

multiplicity of wavegui des, 454, prefe ly 256 | n nunpber, each wavegyi de
e Drotorabl v 1 eour o IS 36 % 4 SHPGS dhstaian ohgn PRUGH Sross-apmhest SHOrmaK s
according to their vel ength. The totality..of |jght enitte t he

e oISty st SR8falve, I Gocaniatis it ngthe posfied Eibalimnl of gl os

plurality of selectably directable output beans, here indicated as beans
456 and 457. prgseﬁf:mventn\én, Al so preferably nmounted on base 450 is the beam
recei ving assenbly arr . BV A bly
conpri ses a beamrecei vlliq%'g'ﬁlzfeknas E%@gﬁ%?@hﬁﬁgﬁp&e%gggﬁr%ggg \% e%tﬁ]&gén'?%?an
out put fi ber j i fi : i i hiVi t he
out put fi ber %g%mr?\géf %g ?p};gﬁ;{géﬁ ‘éﬁé&kdgngﬁ%@f&g%ﬁgﬁﬁ@fg&eﬁ%{nﬁ@ﬁ%&ﬁ t})ieéam
recei vi ng ass;ﬁuggghyinpé,ﬁbﬁtr ably receives a beamof a different wavel ength.

It is a particular feature of the present invention that the substrates 452
and the beam recei vi ng Fig 981ibhishepliies illiewstionQsf dacophti nes-comndenssentlp of 0 a
very high degree of accuracy, inasnmuch as the orientations of beans 456
produced t herthbyype shovet iciny ofiFigal35y- Ieyich feedtadk fndtiondlitist abl e, inter alia
to take into msalignnent into account.

28 Fig. 39 is a simplified illustration of an optical cross-connect assembly

constructed and operative in accordance with a preferred embodiment of the present
invention;

Fig. 40 is a simplified illustration of an optical cross-connect assembly
constructed and operative in accordance with another preferred embodiment of the
present invention;

Fig. 41 is a simplified illustration of a waveguide filter constructed and

operative in accordance with a preferred embodiment of the present invention; and
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Reference is now made to Fig. 13, which is a sinplified flowhart
illustratingthe manufacture of a wavegui de device of the type shown in
Fig. 8B, in "AEB6PHSnce with a preferred enbodi nent of the prRCIARN8/00293
invention. As indicated in Fig. 13 a nulti-layer gallium arsenide wafer,
such as that illustrated in Fig. 8B and including |ayers 250, 254, 258,

3?:2” (Fig. 8B) This i ni FEar2dk urpERs ihghaBhcy o %rﬁ:’r_q i o & i it c
1 st rat ed bySPRp bolaidF il ooy h Bhoorbinod W' o refted it Bf he

~regions of thg.ua . layers 258, 260, 262 and 264 (Fig. 8B) are
configured prg$%rggﬁ§mg¥gstandard phot ol i t hography and reactive ion

etching. This stage is illustrated in Fig.. 14B, where the wavegui di ng
regions are indicated by reference nuneral 504. It is a
particular feature of the invention that the front side of the wafer, i.e.
the top surfaces 506 of wavegui ding regions 504 and the top surfaces 508 of
the recesses 5 10 therebetween, is selectively coated with netal by
evaporation in a direction generally perpendicular thereto, the direction
being selected with respect to interconnecting surfaces 512 whi.ch

i nt erconnect the upper and | ower surfaces 506 and 508 respectively such
that metal is not substantially coated onto the interconnecting surfaces
512, whereby electrical connections between the upper and | ower surfaces
506 and 508 via the interconnecting surfaces 512 are not forned by the
nmetal coating. The netal |ayer, which is designated by reference nuneral
266 in Fig. 8B, is indicated by reference nuneral 514 in Fig. 14C

Foll owi ng formati on of 514 by evaporation as aforesaid, one or nore
conductive | ayers, separated fromeach other and fromnetal |ayer 514 by
insulative |layers, are preferably provided. A conductive |ayer is
indicated in Fig. 8B by reference nuneral 274 and in Fig. 14D by reference
nuneral 516 and an insulative layer is indicated in Fig. 8B by reference
nuneral 270 and in Fig. 14D by reference nunber 518. Vias 520 are
preferably provided to interconnect conductive |ayers, such as |ayer 516,

29 with | ayer 514 through insulative |ayer 518. As seen in Fig.

14E, the outlines of the nonolithic device may then be defined by cleaving
and di ci ng. Reference is now made to Fig. 15, which is a
sinplified illustration of a polarization-independent wavegui de

constructed and operative in accordance with a preferred enbodi ment of the
present invention. The waveguide of Fig. 15 is characterized in that it is
formed of at | east two elongate portions 530 and 532, separated by a gap
534. Gap 534 is preferably smaller than the wavel ength of the Iight guided
by the waveguide. A DC voltage V1 of a first polarity is applied to

el ongate portion 530, while a DC voltage V2 of a second polarity, opposite
to the first polarity, is applied to elongate portion 532. Gap 534 need
not be a cut or other physical separation, but may be only an el ectrical

or conductive separation. : It is known that the presence of
an electric field in a galliumarsenide wavegui de changes the phase of

| i ght passing through the wavegui de. The resulting

19



change in phase differs wth the polarization of the |ight, whereby for a
gi ven el ect riC%¥P18 i ght of one pol arization, such as |igHRCYRIHZB npde
is phase shifted nore than light of polarization perpendicular thereto,
such as light in a TM node. It has been appreciated by the

present inventors th ' ' ' ' jc field,
the effect thereof o?‘?’?g ?@?ﬁgmgﬂ%ﬁ@ es @?@QMS Thi s can
be seen from a consi der @i, ' JQSF n . whicla )il

phase shifts produced i nkte%u%hﬁgﬁslxgd“g@?%en |’g'uﬂ5€f?‘3§/" ‘B%‘?‘??&gl"f{ﬁg’ﬂ?;"?f&g‘e _
electric fiel Qﬁitﬁzgiapgfg?ti% ichiistiiete@ahd Yperative in accordance with!d'piefertell eRibofihiAl M1 C

field in a first on causes a greater phase change for light in a TE

nmode than for ofif@ihredent invehMbADTIR la2h wRiting lappdratub Bfpikaily comsraeo B thseh Jo@iidgon,

opposite to the first direction, causes a greater phase change for light in

a TM node t hagnit 20] ilhibtedtéd inFig. 2FwhizHewrites a latent image 21 ohes @ plbfgéceptob 22,
first applying an electric field in a first direction to light guided

al ong the wavegishdetypiedlly loestedppthe chlindritalsuefate ofa driml23. i n a second

di rection, 30 opposite
to the first direction, Thephdtetecéptgh22, belringethé datént ithaged?lareczives tomenfromiae
phase change of the Iight is neutralized. This is visualized in Fig. 16C.
It is appreci &nedhdppet 24 inia atdeweleperaolier 26land trehsfers thectdnerainte substrate 28 withe
opposite in order to neutralize the effect of polarization as aforesaid.
The desired nthetassistancetof artramefer berotren 30z The tomps isifiesed loptacthe isubstniate byl afissen ¢
fields which are not opposite. . Ref erence is now nmade to
Fig. 17, whicB2i4 dischargel lampelft servessta dischangeotheaphgtoreeeptora?l. dlownstispsnefent
wavegui de constructed and operative in_accordance with another preferred
embodi nent of disghargsrlamp 3¢, @ ghasse caratrom 36 vy chasgesfthe-phptorepepter, upstream
characterized in that it _is for{md of two elongate portions 550 and 552 of
i dentical | efgmpingepent therean gf lagerheame a7 fipm kases seangingnit 20, which seledtivelyay e
plate is oper .rotat

ive to the polarization.direction of |]ight guided
al ong the \Navaité‘éhaﬁﬁ?slﬁ?g‘%%ég?@&‘?gc?m% ﬁf"éFﬁeagPﬁ}‘FﬁﬂﬁPtt“ﬂﬁg&#\% component to
a TE conponent and vice,versa.,. Thus .light traweling along the
entire wavegui de has tﬁg ‘§§Wﬁ-}}§§§eﬂt‘gﬁaﬂfége Pfeﬁgéﬂ'évfﬂ"l%g%?%}et lgseg scanmn%
pol ari zati on ent. t.he. Wavegui : -ef ' w
Tade to o URE20 R lerlabe'il g™ BOMBHES a seleptably siregipbig OBl SRR deffch
pol ari zati on-j | | hn nce
W th yet anot REPEREEHE SHFURG A BREhiEL £ DNIRRy REREKS S RN
enbodi ment, 1 figmed itheredd Q nfifiplititP rewhdsuiies!| 946 GirefataBlyoRS6 GA! mitSR each
deflecting device ctg?gg_ri sing a lsﬁ%stratgéggﬂ% ha\’/férjlpg fa0|y0rred ther; eon aeac
nul tiplicity @hveghiRdetss Eﬁ?érablﬁ P&Uelvitig Rght z&haéﬁumgl Tight hviny\AV Qi8R SpHage
such as wavegui des of the type descri bed herei nabove with reference to
Figs. 8A and ffensity or a combination ther€sfc Thel astakty Voftlighe eﬁft&ﬁai_/}f e xﬁﬁl’ﬂﬂlib:ﬂymﬂ of
t he present invention there is also formed on substrate 570 a |ight
recei ver 574 {wavegtides54 ion@adh gibktratatse is fuppliedid arpbutpitt lgnso3s5, wehichoprodiees 272.
Preferably, the light receiver conprises a selectable polarization rotator
576. | n accor sthectblyvditentableputfue beaml 56,vidtich covets apdivenisectpr efthe photncanduéton,

the sel ectable polarization rotator is autonatically operative to rotate
t he The various substrates cooperate to cover the entire ggeful areaf thesptetocpgductor.

It is a particular feature of the present invention that the substrates 52
need not be aligned on base 50 to a very high degree of accuracy, inasmuch as the
orientations of beams 56 produced thereby are electronically determined and adjustable,
inter alia to take misalignment into acécount.

At least one sequential multiplexer 58 applies electrical inputs to each

substrate 52 for individually controlling the light emitted by each of the muitiplicity of
20



pol ari zation so as to provide an optim zed |ight output fromthe
mul tiplici t)rgvé)g g vegui des. Preferably, the sel ectable
pol arizati o TOLAfSr is responsive to an output of  the nul RGHALI¥PRS o
wavegui des. Alternatively, the selectable polarization rotator is
responsive to the polarization of an input to the nmultiplicity of

wavegui des. s : ' i : |
preferably evz%vgg‘,lucel? ﬁi t&etg%f??&%}ﬁiﬁ?ﬁ&h%%ﬂiﬁﬁ g%% sgwg%tabv\%\%‘ |tde,
whi ch may bepeassl Preférably) the deqiRailA matipbxer 5898 a phatl BéritFoller Which@htrols

descri bed herei nabove. eference 1s now made to Fig. 19,

which is a shéphiskiofdhd lightsdniitted 6f eaéh 8f theRALIAPNckF dfORaveRdides WRniatively
wavegui de constructed and operative in accordance with still , another

preferred embnsitiplesentss afaytbean(intessityicontiolien bt @ GomBinkdorepiiase/intensity tontroller.
characterized in that a polarization rotator 590 rotates the polarization
of |ight paddultiplexertS8mmydic cn asubstraté sepataye fidm ol ntégralowith substwate 52! | ed,
phase-shi fting wavegui des 592 by 90 degrees. Preferably, the polarization
rotator 590 conprisesAn mpyhdghtcsdured @0,ssuchcas prdiode laser ionanaoptiagh diber;
field B, whose axis lies parallel to the longitudinal axes of the

wavegui des Poovidesire lightghram 62 rwhichd imspinges tappant inpuy lens assembly 169, &areferredy of
an electric rrent i hown i n_Fi In this way,

light gui demgéﬁﬁﬂk Wﬁﬁ%@@&%ﬁﬂ&bﬁgfgﬁsﬁm lens assamblyi6dinaevidesin mufy-

degrees, thereforg,.shifting the TM co ngnt, to a TE ¢ onent .and_vi ce
ver sa, plicity onocused-h%xgs |5?g?ﬁ°mq%a}%% Rpges of Q‘We"tg‘g? YRV CRHH i 8% has

t he sane phas.ue ateg32Nge irrespective of its polarization upon entry to the
wavegui de. %’T he enbodi nent of Fig. 18, in accordance with a

f d enbodi ' ] ble .

ol ari zati on rotator &8cieeh ¥ Ber3 e Wb s el 27 PRI cBmpries =
anzen _ : Ul ¢ . . .

Pl ¢ pi 1ol ¢ 50 apmiont & LM Wb U8 bl &Ffiray S byipafl Bitroleh e Wonded |

pol ari zat i OfherébatThe SRPut IerisCSPOPBICME Ompfises RAUMA RipdnBRuliHy tdlighedi ty

of wavegui des 592. Alternatively, "'the sel ectabl e polarization

32 cyliidatal lenSE¥®B8 andré@sponsi ve to the polarization of an input to
the multiplicity of wavegui des 592. Ref erence i s now nmade
to Fig. 20, which is Referempé ii§ immdv inhddestor Figsor Aofand n3B o mhicin illustrate gtwwale
structure for a given wavel ength in accordance with a preferred enbodinent
of the preséalemativeeembagiiments of a0intégrated ropties scanningt ity forming roabiuof dke of
light in the waveguide of Fig. 8B. The light intensity is illustrated by
trace 598. Fgagpiag gngige of Fig. dhpuerakodiment of 3ig. A, can isputhlases J0, michtast t he
light is co J‘in@g in | ayers 256 gFig. 8?. Little or_, no light is to be

al lowed in Giodeadasen eeeives & lasenenmirgh signal Slomreontent egatsok eectroaies (natishewn) ght
in layers 256, are, well known In the art and need not be descri bed heregin.
It is addit FShRoVdeps iﬂsefﬁ?eéa‘ Thhich ippiRgss A BRVIGDS Bisemdly i Med Prefereter s

21, whi ch | EPROmiof bich s MSEHPAIE o part of a vavegui de device
having nul tiple Conduf'ﬁeofngutc trllssgsrséjrﬁél? C}4‘filzogglvic?éasear %tuiti\f)ﬁciiynof focused beams 76,
. each of which impinges on one of the waveguides 54 on substrate 52. Each waveguide
54 receives an electrical input via a corresponding conductor 78, which extends from the
waveguide to a corresponding connector pad 80 which is also formed on substrate 52. A
sequential multiplexer 58 (Fig. 2), formed on a separate substrate 82 receives address
information via an address bus 84 and a phase, intensity, or phase/intensity input via an

input line 86 from control electronics (not shown) and supplies a phase, intensity, or
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accordance with a gzr eferred enbodi mrent of the present invention. In the
embodi ment of YORM§2701  tnhere is provided a substrate 610 havPEHIESOPR}
thereon a nultiplicity of phase- shifting waveguides 612. A |ight receiver
(not shown) directs light into the nmultiplicity of waveguides. The

substrate 610 conprises nultjple nmutual]y insulat conductor .| aygers , 614,
which are | nsBRRPREnsEY | Rotrbh Repal Ko, et WAEIHA SF ot gnfoudisier B cdidy 8
wavegui des by vias £18. Vi 35 6%%0ar8 co‘Psc{rl.R;gt ed | ayer by |ayer and are
i nt er connect etPTASES copBeptor pad 89 and conduclorigt or ence is now nade to Fig.

22, which i implifi i ] at.i t . i.1-hi d
2 o S L St ot bR M SRR Rl P 5Eh &
¢ d erboedi . . . i
Bt e “hel evedtforbeeyts, P G TR, pIHEBhpA IensSS o0k § Scicills |
bstrate 620 i - | b Rhicai i s f
hi ah oty onte e a8 IRGiIIE GRRIRATY th Bhisk, ooty pOMBRIASSI pyns
substrate 620gaRMedif Huttiphket s8Nt to the nultiplicity of wavegui des 622.
The | aser 624 \%?ef erably’is constructed in accordance with the foregoing

description of Fig. 8B Prdehtudimél® of Fig. 3B is identical to that of Fig, 3A other than in
33 : an N-doped gallium arseni de substrate 626;

an N-doped al ghat milipleséd Sm(ﬂi?rzs éhnstenibadird da2Ssebarateodibstvate fivmhay i which26;
an N-doped gallium arsenide |ayer 630 forned over the N-doped al um num
gal I i um ar senihd avaveguides33&ye formed, as in Fig, 3A. Inath@entbpdithentadfTFig) 3Ba maeeguities
| ayer 632 fornmed over the N-doped gallium arsenide |ayer 630;
a P-doped al usd andseguértiaimubliptesen $R-atechoth ei@Badi¢dome dinglecsubstiate POQ eppbthus
gal l'ium arseni de | ayer 632, and a_ P-doped gal | i um arseni de
| ayer 636 f oreasdecior padsh80 mayobe ¢limingtedn Tike rgmbiningnelementsof Fig. a3 rmazhe
It is a particular feature_of the present jnvention that the fact that the
wavegui de st ridenticaldoghoseiigFigeih and atgdndicatedbycthe sameyrefarece numefalse, enabl es
greatly enhanced ease of al.ignnment of the vegui de with respect to
external optics, since ‘I‘?Q’A’%é%%?{ﬁg“@&'ﬁ ‘iﬁ‘\,@& tg?%mem“t FRVEREOny (YA g
al i gnnent thereof. Ref ergnce, i,s~now, made.tq. F g. chis
a sinplified 0 qWRY Jenses,74,#nd,% may b mifiated 0 W&%Pﬁ@%&b&ﬁ&@%%
i nputs. The struct yr . Fl be used as part of a selectably

gt oy e cfbyet fhsfag

di rectabl e optica I'ng device and includes a substrate 650

havi ng fornmed thereon i 1 1yl i el ; iver
654 directing Iight i%%ég&'%‘[aldeeplhu t|gﬁ%f@%%ﬁ@@b%ge@ﬂgﬁ?i‘lr"%t%e“?fgg?

t hereof. The &ﬁtircklcivﬁfcﬁin.gsappﬁ‘aﬁfs%QH&&F’&R?%&W@W dbcbrdatdeawith Bepreferred
mul tiplicity of wavegui des 652 are outwardly tapered at said first ends
thereof 656 admbildinidnt | éf0tHe BrdséntSinvaRtionaVEHEUbptecal switehiag aagipﬁsatust pefdratgint
recei ver enploys a cylindrical lens 658. It is appreciated that the
structure of cohiptises?ah opicaldftertdagecania 110 giiichos cpaectet o atmuitplivitg ofiportonl y
as a light input structure. Reference is now nade to Fig.
24, which i s H2smopt orfdachl of whigh hasa data cofpublinevhide guiiaddresseontmit line ¥ 1hapdaa
mul ti-node interference coupler including a tapered input . )

' data input line 118, as well as a, preferably duplex, mformation conduit 120 which can be

of any suitable form, such as, for example, copper or fiber and which can receive data in
any suitable format. Some of the ports 112 may lack a data input line or may lack a data
output line and an address output line.

When optical fibers are employed as data output lines 114, it is preferred
that polarization maintaining fibers be employed in conjunction with polarized lasers or
other polarized light sources. This eliminates polarization sensitivity of the beam

deflection.
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wavegui de. The structure of Fig. 24 is an alternative to the structure of

Fig. 23 and weydgeles a substrate 670 having formed thereon ap@fisissaorsdi ty
of wavegui des 672. Here a 34

i ght receiver 674 conprising a nulti-node interference coupler 676 directs
light into the multiplicity of wavegui des 672. Preferably,
the nul ti-nmode interferPrefeeabboulotie rsynchegnizatios is rhainhined rhetwdeni thy inputetndi de
678 which includes a light receiving end 680 which nay be outwardly

t apered. Li ghbutpdtipoktions of exchiof pdrtal 12 amhietwesnche varipue part$812.i s typical |y
coupled froman optical fiber 682. The optical fiber 682 has preferably a.
mat chi ng out put end 683Thef apticebingdrcompectounith b0, acprefaried emheodpemt of which is™
Reference is now made to Fig. 25, which is a sinplified ila}qéjs%rati on, of -
wave propagat illostrated in Figa $ccampfisesia beasv deflecton @ssempply asray g2 apd f-bgam Jectvingy i ng
a multi- node interference coupler. It is seen that_in the H#éti-gg‘g_e

i nterference assemblyprray tRds Egelubeam deflestor assembly imarmyy 122 recsives dafa agd gddress

interfere both constructive and destructiyvely. By, suitably selegting the
di mensi ons of inpyts fiem & Portoide andteaeh bmae@empqsw%%ybﬁ%y%ﬁe?fpgﬁ%e\ﬂaﬁan
the art, it can be ensurgfl that constructive interference takes place at a
nunber of | ocBPMIR@PETILIZ the interface 694 between the mul ti-node

R L
d h.th j . 6 k | I ' 1c§92,

oo v SRR L FEUCAPFREICNE % ot iy Ao

710, OB S DO R et ity o s

accordance w a preterre e present 1nventidn, the input

vavegui de 700140 hlithilifld foriRe hdrih 'Rl CF WbkvREuiBel01 SEOpréfErably 258! v @

as an el ectro-absorp ul at or, unctional Tty of which is

vel | -known i ngt r,?‘ééé:h_ w]aveguide 154 preferdbly QERNMS lightned Rleing dight Bavidlba
which is a sinplified illuStration of wave propagation in a wavegui de

devi ce havi NggefectabREpHaRa The itbfalify &Q?h{ ehited by theenultiplicitg of davelmidesdSdmn be

identical to that of  Figs. 24 and 25 in structure and function other than

in that the didtRSsdsaie 132 prétucty £selecpdeditestable cugpipbeam T36 are not such
that interference occurs therewithin. Rather the |ight propagates freely

theret hrough as shown Also tphefeiablyembatied Bh2base t150viatbe beate yeceiving pssembly
accordance with a preferred enbodi nent of ) .

35 t harrayr R4eBachi beemreceiving askembeiy f 58 preferatiy comprisss b borm £tpaiving lens, | s
outwardly tapered, so as to enhance coupling efficienc

As seen in Fi {60 shichidouplenaergocived beam oato Ao ST bt 46 Whigh it Puefrably 2
reference to Figs. 23, 24, 25 and 26 may_be enpl oyed irlﬁ‘%ati cal g%gltfhtfts
both as sel el Jiber. rAlternatively.othei uiputhiibem 1621 ek PF JRPIARSE Wed Syitpls, it o

input end 734 _and as sel ectably directable receiving devices 736 at the
out put end 73getector. Reference is now made to Fig. 28, which is

2o Lo 11 st a0, iy ARBhL B GT5LF iHBMAPRPED bt
and the beam receiving assemblies 158 need not be aligned on base 150 to a very high
degree of accuracy, inasmuch as the orientations of beams 156 produced thereby is
electronically determined and adjustable, inter alia to take into misalignment into
account,

At least one sequential multiplexer 168 applies electrical inputs to each
substrate 152 for individually controlling the light emitted by each of the multiplicity of
waveguides 154, thereby govemning the orientation of the selectably directable output

beam 156.
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Fig. 28 provi ctive optical beamtransm ssion device conprisin

| east one Jﬂ§§V§§@?750 having formed thereon a multiple |ay /Fﬁwggﬁhted
el ectronic circuit 752 and a nultiplicity of electrically controlled
wavegui des 754. In accordance with a preferred enbodi nent

of the present inventi Of’{)ef &@v% QSle%]eﬁ{P E%if‘;ssﬁlp%%ea%ﬁ&&l'ef SHiaab! e

beam of [ight or selecta Boerveia beam o

Ref erence is é‘%i%m}’ﬂ”ﬁ & t}ﬁgghcﬁh‘("@nﬁtl?ed §%laelat§ bt p%ur it BIths Se},%ﬁ]%dgﬁl ,

part of an opti I nc ng a non

di rectabl e ophieAhiBAMultiidder 168 8 %n SHRdtishEsr ;Z&Qe/inibn@ﬁ,cem%nae with one

preferred enbodi nent of the present invention. I's thus appreciated that

.in the enbodi nent of FiReferflcétlid ndlv hﬁaed@vzfrg@sslfiﬁndem? Whicheflu@rite tiongl e
substrate 762. Each of devices 760 may be substantially |dent| cal to the

devi ces descr aireshtive embodifenie ofti thtdgedted 6ptice sivitcidhg Git & | (45t ofABe oross-24.
In the enbodi nent of Fig. 29, the electronic connection pads 764 are

| ocat ed adj acédtinectassbenbiyliof Fiku 3| Isithe enbobfiflent of Fig. 6A, an input éptipal filerilgoa
sinplified illustration of part of an optical switch including a

monol i t hi ¢ pl prosidet  béans dI72 cwhibh \imgingesc baldne inppt ilena| askeumbly dG#] acpiefegred
devices in accordance - with another preferred enbodi ment of the present

i nvention. | terbodimertiofiwhich is ihestratedio Figr#nt of Fig. 29 other than in that
the el ectronic connection pads 774 for all of the selectably directable
optical beam defl ecti ng lwewméé@usssub!yel7é|nrmn@mtx@dndmna@éfncumé>emésjb& 778
of the common subst 780.

Reference is %W’ﬁw t“BP‘F-"ng onzppe ofitheraveguidessiSaom substiate H%E@?%WPW‘GF

07 b oSS S A R s Vb e

Eéﬁniégfgnepaﬁgﬁé‘éﬁ S0 RO Qe I %ﬁﬁaﬁﬁesﬁ@v@us%@spfn%‘%“ fltrae

EEEJ ﬁidﬁ Lo H¥ fs%ﬁﬁ%%ﬂ“@ggﬂggiﬁgﬁf& ?253'%%? gﬁ seprggq} sugstwte&‘%é‘w%? h

evi ce havi ngqy, sk?@:%gnﬁﬂbb? an§§%ess Y488 ahd/ P GhASE Sfifeh ﬁﬁﬁrm%ﬁmt
y o e

reference to an I'nc udlng a I nput 802
functioning aga #Min @ﬂlﬁ'ﬁetlr%'fﬁﬁ&%rﬁltdl efectioils! (Atshowd ) EndCRBERts WEHase) intdrisily 32
al so includes a Ilght detector 804 providing a nodul ati hg output 806 to

the el ectr o- adrsgtapéd/inGensifip dunted] Osignab e eadhdwavepidie 34eliarabonductonelsi 4idt a
detector 804 receives a light input froman information carrying nodul ated
li ght source dd@sponding connector pad 180Tl cohédwdtsrok78bsor pt i on nodul at or

wavegui de 802 of Fig. 32 may serve as an el ectro-absorption nodulator in

t he enbodi nents of Fi gsTheZhase, #ensither phasb/intelsity comtrolle8 @dtputs H0eéforackn bff
nmonolithically forned together with the el ectro-absorption nodul at or

wavegui de 80Zhewavégnideate4 ssheambaned. in an output lens 192 anBgoreduse adocysed outputide
to Fig. 33, which is a sinplified illustration of a beam deflector

i ncl udi ng a Veewd9Adwheserditectioreisicantaelled by dhe phase tintensityrastphasedateasitygoputent

of the present invention. The beam deflector of Fig. 33 is characterized in
that it incl LEEB“%WPE&*F’ 188t put | ens 820 vvhi ch receives light froma

cylindrical lens 822. rj cal tlcaII co a.

multiplicity of wavegui 4‘"3%80% ég f‘bﬂﬂf Pégi %R*e‘“l?‘ﬂgﬁ’@" in

received fro ui, 824 in irection pe ndi cul ar t ne of

vavegui des bt ﬂ%ﬂgﬂm arer Jef ol T st 8@50‘5@@ 8 a sehere bstrteiobn R
on which the waveguides 154 are formed, as in Fig. 6A. In the embodiment of Fig. 6B,

waveguides 154 and sequential multiplexer 168 are both embodied on a single substrate
200 and thus connector pads 180 may be eliminated. The remaining elements of Fig. 6B

may be identical to those in Fig. 6A and are indicated by the same reference numerals.
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fromthe cylindrical |ens 822. Simlarly to the structure
described aleysysdgh reference to Fig. 23, the waveguides 824 31?&,12'

light froma cylindrical lens 826 which, in turn, receives | ig#?‘ ro%%et he
end 828 of an optical fiber 830. Alternatively, the input structure of the
wavegui des 824 may be simlar to that described above with reference to

Fig. 24. Reference is now made to Figs. 8A and 81§7Fi§.. 8A is a perspective
|

Ref erence is now made to Fig. 34, which is an illustration of operational

par aret er s illustzationvef wdvegtizlel unit saful mg phre rof the imégrated loptics beamndeflecdiemce
with a preferred enbodi nent of the present invention. Fig. 34 indicates
t hat by sui uaiblofFigeTewhilolig. 8B is acdetdiled tsedtivabl illugtration tof atpair ofwaggiides
device of Fig. 33, the focusing functionality of the spherical |ens 820
can be pr ovfatmipgpart ofshevaaesguidd esit 8P Higadl. k isseemfromi accoinsilemtioselFige 84 be
obvi at ed. Thus, it is appreciated that there is thus
provi ded anamsh$B dhat subsiratn $21(Figs. 2ek )i prefasably formed tof rn AN doped,/Gags tayenred
thereon a nultiplicity of electrically controlled, phase-shifting
wavegui des &rfihasingfosaed pa the battom thereof gn N-typsahiic pentaat @SAgtypicallyt sane|
signals to the multiplici f vegui des to cause themto have a desired
|l ens funct PARg pyaporated 1\}.‘/\63%“/&%\“9&?

Lt o BN | L LI Y
L T Lt ALl B ST 2 B S B,
fE any and cqribeiioa GRTREGneREn Atfnsd vy ze l#gé%%’d%&?@é%@é? heaicg”
S B A B AR e N B PR B
Pow et ek 384 prtEl Ga e, dopkd Bk, i prefeptiy frpd pupfineLpeh ) ' °
OPti cal._cr oss- connect aRagaibisgBetiiahoduid HRETAL AR BSGN dARge W LD

a preferred enbodi nent of the“present 1 nvention. ig. 35

i's particul gkaéts ZéR ALY BRRkd Bf THAL, hﬁj{aﬁb&ﬁ'%@i&a&&%ﬁé ée?érai?é‘d from

sel ectably directable optical beam defl ecting ces 8 ch conpri sing

at |east ongchuthei bﬁé@hithHEQeiuﬁmﬂ%igé AreiRiichréY Y referdtkce fibreral 263, Wavegui des.
Optical beam defl ecting devices of this type aré descri bed herei nabove

with reference to Fi gA pdlyiniitélinddlative layer 270 is preferably formed over layer 266, fills
38 The enbodi nent of Fig. 35 is also particularly

char act er i zgags 268,t dndt defihes interittbas discreteudpeitutes 272, hpérmitedd friparof eaetaler s
852. Optical beamreceivers 852 may be optical fiber ends, as seen in Fig.
35. The optlayeal274i dve fernmedyotne the polyémide desutativenldyer 270 mtld dontaet theaotnit hei r
ends may have small numerical apertures. Alternatively, optical

contacts 266 through discrete apertures 272 in the polyimide layer 270. The intermittent

strips provide individual mutually insulated electrical pathways communicating with each

of the waveguides 54 separately, These pathways are designated by reference numeral 78

in Figs. 3A and 3B and by reference numeral 178 in Figs. 6A and 6B. .

It is appreciated that the depth of gaps 268 defined by etching may vary
such that layers 250, 254, 258 and 260 may or may not be etched to define gaps and
waveguides. It is to be appreciated that waveguides 54 may also be provided by any

other suitable technique, such as, for example, ion implantation.

25
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beam recei ver y be light. detectors or selectably dire jght
receivers, asaloﬁgégir;?bed her ei nabove with reference to Fig. Z%QR}‘&”’IGEQ

In the enbodi nent of Fig. 35, at an input side 854, a plurality of

sel ectably directable optical beam defl ecting devices 850 is arranged, each
to receive light from i I I o i i : snbr S
noted that devices 850 gyéwghnggr#gﬁﬁ%%ﬁ?@ﬁggﬁgttgﬁsggﬁgi%bﬁ@ggﬁ%ﬁfbﬂé&mg
mul ti-1ayer cgmm.ﬁoﬁ,uaﬁa rBé Grefefihbes e Phendift, BHeS isclBBi+Ed R WHIEH 'a#d hereby

el ectroni cs 860. Li ght coupling between optical fiber ends
856 and beam dgédrperaie@by réferéheees 850 nay be achieved using a mcrolens
array 862, as shown. The mcrolens array 862 nay conprise a conbination of
cylindrical |enses arrarjggdMendbzacAlosrep concilc Analysis dbfr Depletions Edgd ransltation ens
array 862 provides focusing in tw nutually perpendicular directions with
di f f erent opt iightwavevModulabars,c IERER Jawrsal SGULightwave riechmolégy Vobse Nie s§; rjubed
in Fig. 23, the mcrolens array 862 provi des output beans which are
collimated in ¥¥88cpp @83+ 808.parallel to the plane of the devices 850. Were
devices 850 are simlar to those described in Fig. 24, the mcrolens array
862 provi des out put beaRefarpncetis apw madetodigy. PA, HBii%Cesnd 9B, pahichi arelgraphs t he
pl ane of the devices 850. | Al 't hough a single row of
cylindrical | diustratingsa siysiasionefthe,far-gsld diffraption anshintesferansel pettain psodyeeshbye
row of cylindrical, | enses y alternatiyely be enployed. )

Al ternat i vel y,an opsical beag) deiicciary eapsisepsedhagd 19perative it aecosdalce ithy @ ieferred

| enses may be forned or_,nounted.,ontqQ the optical fiber ends 856. . .
Downst r eam of cAedgHent af ¢ present ayeaion for difthront apelisd yolspgesc Lhe Haalgrion is for

deflecting devi ces. %58 therﬁ .S pLO ide@ Ongsor. ITor e oy i ndri cal Ig&aes 864

whi ch have o@BcRRtca) peam sfecii, Whith. Inelaeh 250 wayeRyides Bving Gebiechy betweén

cy:?ndr?\égl F . ?F“EJ;L% ?JB:) i - ‘ . Lg 3% b pts1 r?a a?yl 866

receives |i gh%gﬁf(gﬁ]%fab{eg%n'é Br ﬁ@%%“scﬁgml coefl‘le"g“;h ¢ Veé%l&l 3" thitRons i the

39 I 0 ] [ ' f ical | 820 i

the enbodi ment %’e'%*é99%.‘*E%%§?%{W5}‘8?‘39€€4%‘§?¥5§|l-f gﬁ%{’ ZS it n?nay be

bviated i wh : [ : | Yool [

beam def | ect| ng- devi oos IhEaly ok, 90 S, SPCMERGAS ther b RIS RiffadtBh' &id
WYL Shrfle

I't is appreci %t%r&ﬁb@tpatéﬂgﬁlsifﬁp hase! AR sSRAWERY adiataft Walediiled HEQ

[ t
rather than an input side, In Such a case, the structures, such as opti cal
fiber ends, Byackdspettiveyas |ight receivers 852 may function instead as
light transmitters. The Pli ght transmtters nmay be static or directable.

Reference is now made t @& dandbe s@n fidih @heonsidérason et FigsedAi S shitaghe qelaife an
optical cross-connect assenbly constructed and operative in accordance with

anot her  pref ghisecbfeatipef thewavefuiddsedeaperntres thd mpalir iicuatiod lo€ giveh ileteh of the
cross-connect assenbly of Fig. 36 is particularly characterized in that it
i ncl udes a pl untedfdrénce qfatterm) ovhile the diffractiohi pattem 8efthes fanSiatensityadrivgioge mehidhabl e
optical beam deflecting devices 872, as wel|l as a plurality of optical
beam r ecei vi ngoesenpic ¥srySwith flase dut covsed|diffarenteangnbir clocations ab heave ndifferent
defl ecting devices 872 may be any of the devices described herein with
reference to MERepsitiee3 - 34. The nonolithic pluralities 870 may be any of
the structures described herei nabove with reference to Fi

In accordance with a prHfigs P@H%‘ﬁ&f@%ﬂJMtth%FfeﬁqﬂéinﬁP@%ﬁhati"gﬁ.%/@%gibéih’{eeliﬁl@
angular width of each of the lobes and the angular separation between adjacent lobes is
very substantial, due to the fact that the invention enables a very large number of
waveguides ( typically 256) to be formed on a substrate and individually operated.

This high ratio enables a correspondingly high level of resolution to be
realized in various'applications, such as scanning and switching, providing a high number

of individually addressable scanning and switching locations.
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plurality of nmonolithic pluralities 870 of beam defl ecting devices 872 are
arranged generally parallel to one another along an axis 876 r | cul ar
to a plane VWPQM$$P% sel ectabl e deflection of a Iight bean1i%?#ﬁig@ﬁ@g%

t hereby, which is the plane of each of the plurality of nonolithic
pluralities 870. A focusing lens 878 receives light from

and Tocuses |t ont ot nit TG pethoBelel oy b BL AR R Pl 6 gg‘%‘“ﬁ%‘? o
emhoa mont of® BegeroRfe s Ay ichitie Y Ak el iRleguidBipmildfed | 112

functionality in the gkgfe?énké ¥s ffw TR b FY. QOPWHILR i bh BRis@atibnOdf hﬁaﬁﬁ"z‘lo

defl ecti ng devi ces 872.

It is appr eChﬂz@%thg&bvtdh% selyutintibll vioftagé inpKs b infultipte Pavigaides formingfaroéf deam
defl ecting devices 872 and lens 878 may alternatively function as |ight
recei vers rab&ei deflebfich @nif in@btortanes svithta preferrbd embmdimentodshe predest wventionur es,
such as optical fiber ends, functioning as |ight receivers 874 may |
function instead as |i gbseenrinBigil0;eack walégnide Grintermittantiyrieceivesan

static or directable. Ref erence is now made to_Fig. 37,
which is a sinppt vié an@lectricaispathwayo suchfaspathwayt78(Higsc3 A #8d 3BHRELYS éés%r% y
constructed and operative in accordance with yet anothe Sbf”ed

embodi ment o#nd §8).pThe elactrioal, énput d% preferablypwupplisd Fesks ec BT K2 FRY of
ool h < plmaen i a0 s b D B bt
devi cos 554, O PSRN b Bany" Th0 CRAP: Epbise: Bl s by b BG4 "3,
The monol |t hPEASH YhlREs iPe S0BaR-ERsY st iRl IEFER AR 4 3B gy ¢
of ool i hi BRIP4 SB BP S BRMR®Rar 1 ccting devices 882 are arranged
generally distributed ?é@f%ﬁ?ﬁﬁ%?ﬁ%?ngﬁ@iﬁ%@@‘emmi“"w‘%mm' ar

to a plane in which se I on amis produced

there- by, gg\gg Bod frohl Y RIJARS bl 3 ﬁfﬁ%&i‘ is Gd¥AtiR ¢ byPtefdrince nubieri 184 i Figs.

pluralities ocusing lens 888 receives light from
the pluralitygacindmehd bjréfererte fudhérhll B33t B30gnisAbani6BeEAchcANIYgale 30468 882
and focuses it onto the Tight receiving devices 884. The | ens 888 nay be
one or nore Uiffeeady apafigied Arhahitheefunailiioabmbiyatitn of aidsess fputscauises 2
enbodi ment of Fig. 33. As such, it may be obviated by inclusion of |ens
functional i t different bingle! ANNBI gate/ too pravislecdni dlétitricapbutpat ta & sorregonding 1getenef a

defl ecting devi ces 882. It is appreciated that the
plurality of comespbadifng EEPltransistot 3¢5 880 of beam defl ecting devices 882 and
| ens 888 may alternatively function as |light receivers rather than.a |ight
transnitter. In such altcigsa pattiselar feature afcthe present myewinn that the HE‘?“P&‘?’FG%,
functioning as light receivers 884 may function instead.as_| i%t i dividual
transmitt er s sequentially gravides indivddyal phase, iptgpsityor phase(iptepiity dpputt-toiff ipdividu

41

waveguides, using digital address coding, thus enabling a very large number of
waveguides to be individually addressed.

Reference is now made to Fig. 11, which illustrates the wavelength
dependency of the angular location of the diffraction orders. This wavelength
dependency may be employed advantageously in accordance with a preferred
embodiment of the present invention to provide wavelength division multiplexing
(WDM). In this manner multiple information channels may be sent over a single physical

fiber by transmitting each channel along a separate wavelength.
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Reference is now made to Fig. 38, which is a sinplified illustration of an
optical cros¥AWH¥Et assenbly of the type shown in any of FiP§I/ILI29337
wi th feedback functionality. The enbodi ment of Fig. 38 conprises an
optical switch input end 900 which receives nodulated light froma

RENTIRR N A * okt e SEE T A e DR L
S TP RS, St P TR o s
R N e LR C b
codbeck, Proceeser i AT bR kSO0 bk BAFERREE?, oo
oo et 5 e gty ey 30 40 A BMRAURY A i

The feedbac %eg@maabgaﬁkamkgn ggg,ggggfekc%%ﬁg 8hd Q&ﬁew%{;@ﬁaﬁsae and

received sign Intensity a araneters operation of the,

optical swt bducw@ﬂém%ﬂmSﬁﬁnmml@ﬁavaéﬁgﬁpéggﬁh\én@%@_'eachsde%%&w‘;ﬁgam the

f eedback processor 1nheclude the phase shift produced by individual

wavegui des, a'g%bgﬂﬁldﬂ-h 834 g@mg Qﬂatﬂﬁr@@yﬁﬁg] &y the polarization rotator,
such as rotator 576 (F¥g. 8) or rotator 59% (Fig. 19). The feedback
processor 908 effecti telsya panicule Jeature asfiiha GPrese ivehtionnthae thie kivdlérgth
optical beamreceiving devices and the optical beam defl ecting devi ces.

It is appredividiar multiilexinge ufieeddDaak iltustrated dnaFigt Y2 neamprises anesptisalabdatyy be
automatic but rather may involve some operator intervention.

Ref er ence i diffractoryahicht preferably a9, opetaiesias ia selactablygdiredtabdeloptichl teamadeflentorof  an
optical cross-connect assenbly constructed and operative in accordance with
a pref er r ed ané iwhatiesranbase 1450 ramtg mwhichnare i mounted o plurdly of cubstratds 453aeach

recei ving devices 910 are configured to receive light over a region 912
suf fi ci ent | Javing fpsmed ghereanca mulipbciraftwavegnidesidénpretesably 23pininumber, sagh

e O Avemwa.be ety el TohtSha ' RBF Wit 57's pibl' of e’

ot ol o éége”o%%”m"&g (the s?%?%fe?g@brﬁgirf?g"p‘{éa o b faed by ok BUBBIE e wih
avequi des STSURAr e of sxdl SpRG SR, btEH Shonel! Mty el 0}

optical beag.3sde &ﬂggé&aﬂk,r}ﬁ%inaigﬁga apbdeaﬂ}sglsg?ga héy of different receivers

924. erence 1s now nmade 41, which is a sinplified

1lustration of a vexeguidecdbly hRha@arsH bie!sd Ble teehiietifng RsdibR! dance

with a preferred enbodi ne the present invention. The waveguide filter
of Fig. 41 efap4ls Eaclbbdaflietsving iaembrlelss Pedertdbly icbipAses 8/bdirh Yeleivingnerd

i nput end 932 which receives |ight and al [ows propagation of nulti-node

| i ght waves 460 avigdhhcoupiss.a Weeived bearmdntd anwieput ifipbt 462, vwhick i prefitrably a
narrowed neck portion 934, the higher nodes radi ate outside the wavegui de
and only t h8exibledder.whlterhatively, theoputygat SberndGiumhy beereplacsd pyor tsuitabloBghtpass

t heret hrough to a

detector. Each beam receiving assembly preferably receives a beam of a different
wavelength.

1t is a particular feature of the present invention that the substrates 452
and the beam receiving assemblies 458 need not be aligned on base 450 to a very high
degree of accuracy, inasmuch as the 6rientati0ns of beams 456 produced thereby is

electronically determined and adjustable, inter alia to take into misalignment into

account,
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relatively broad output end 936. This filter can be used to efficiently
renove hi gheypog/tes wWhi ch can cause crosstal k. PCT/ILb8/00263
appreciated that the structures of Figs. 39, 40 and 41 rmay be applied to
any of the optical beam deflectors, optical beamreceivers, cross-connect
assenblies and optical sw tches described herein. . L

Ref erence i s now made Referenge is4powwinkdeh to Fig 33,nphichi isga j simplifiedaflowehag; a
monol i thi c optical cross-connect assenbly constructed and operative in
accor dance villusirating ﬁh@ﬂ@nﬂféﬁﬁl&mﬁ&iwmléﬁ deviee pf theotypeishowntindtig. §B, in
plurality of selectably directable optical beamdeflecting, devices 950 and
a plurality #rcowsiaagecuith pprefared embodimentiefithe present inveption. As|indigates) indig-dd) | y

formed on the s subsjrate 954. w W ll_be reci ated by
persons ski I4€B’il‘ YF%EﬂSué\‘H‘ arsenide (ypdery puchoss; thay H\B‘é‘ﬁ‘l‘&)ﬁ" F@-ﬁ?ﬁogﬂffﬂcﬁ’éﬂ‘&o

Scope of ¢ naPHE 32 bR 2P0 24 N 26de s isoRS SRR, 1OVIdR 8 TR S
2ol | s iR a%2Ce IR HRE ok dher BRI Tike FoAr HREENTROUEE Bocur
L B Per SOn ElighhiEe " reléncd RunitPR S0 R R b 955 BsRRA"S) Yoot e
gg{ ggtzggl y 09%%?]38?@ optical beam defl ecting devicj(;'g\I g/grrprli si ng: A
at | east one substrat erﬂ}a%;%‘)ggglpﬁlggd 0&5%?&1?@&?‘?36%#‘%%“ %é’»ﬁe{ %/d%%ﬁgz&des,

each wavegui de receiving mtting e tota I'1 ght

emtted by ' | PLdeed [ H t ion

el cct ably ATETELPE BuiiEhict, Bertpay! daRaRI GHUCINaeAphy A8 1l io
sequenti al natHiAd !ms%eaglemlmsm&hﬂg. 4B 2vhérd Wﬁaaeguiaagdegbns dre afficatede
substrate for individually controlling the | I ght emtted by each of the
mul ti plicityby refersiey aedEs04. t her eby governing the orientation of said

sel ectably directabl e output beam 2. A sel ectably directable
optical beam defl ecti fyisdepirtieulacfeatart ofithe invehtiomthat] tha frbmside eif theswafér, at

| east one sequential nultiplexer is a phase controller which controls the
phase -of t hd.d. ithghtopesurfacesdS0fyofowaveguidingtwegions 504 land ithe, topf sunfacesgiiSiefthe 3.
A sel ectably directable optical beam deflecting device according to claim
1 and wher eingcessgsch 18 therebetweennis seleetinelyt gaatedwith metab ke evaperatian i@ difestion
controller which_ controls the intensity, of, th% |ight emtted by each of
the mul tipl i8ePesplins PerReAiRyiag e shereto, 4the direction being™ sglected A Bith JPSPEC: 4B e

O o
L7501 o s S B R
SoPL e 1SRN sl e P i i
a plural ity B s54R%t fidlifiRrcofiffting QVefs 5P5 BR‘hdt MonRa by thE hérdiRlohting. YHe'

metal layer, which is designated by reference numeral 266 in Fig. 8B, is indicated by

reference numeral 514 in Fig. 14C.

Following formation of 514 by evaporation as aforesaid, one or more
coﬁductive layers, separated from each other and from metal layer 514 by insulative
layers, are preferably provided. A conductive layer is indicated in Fig. 8B by reference
numeral 274 and in Fig. 14D by reference numeral 516 and an insulative layer is
indicated in Fig. 8B by reference numeral 270 and in Fig. 14D by reference number 518.

Vias 520 are preferably provided to interconnect conductive layers, such as layer 516,
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wavegui des, _each wavegui de receiving light and emtting light, the totality

of light WO98/59276 44 PCTIEN${0P398d by
said nmultiplicity of wavegui des producing at | east one sel ectably
di rectabl e out put beam 6. A sel ectably directable opti cal

beam gener at_i. devj CONRri Si.Ng: . «a l.i,ght, soyrce:

at | egst on I Qﬁ%&?’%’f@"ﬁ%@h@‘%ﬂ'ﬁéﬁ?éé?eéﬁ S5 F Wpllkgi bﬁ? ?H%%S\P&m? des,
h . . at ? . : . . q Lt Ui ght .

Che total 1t yrplifidsticduey i be SRR ek Ha 3”0, °10, €011 dee por oduc ng

al |east one sel ect abiRkrertichSE AW/ indRibRg. 136 HMchABA simplified lustration of £

east one sequential multiplexer applying eléctrical m%uts to sald at

| east one s ﬁ'ﬁﬁﬁi 3 b ALk i : | ] “Jol BN Gfﬂa'ﬁ : each

of the nult :b% | CI tdjl IB%)éfp °m&#§§§?yt°ﬁ‘§?‘g’%§hg%@g?ﬁﬁgj et %eicgrl en‘%egg’i“g%a of

sai d sel ect 3jpéfrréli redsbiodivhent Ooft Ak prBRAMinvenfion. The waveguid® S€| Eigt a3l ¥s
directabl e optical beam generating device according to claim 6 and wherein

sai d at | eagharasterifeddn chiat itad foried bdt doasy twicSelGhgRftRticd 580 @hd §32, $épacdted
controls the phase of the light emtted by each of the nultiplicity of :
wavegui des. by aSgap 534, Gap 534 is\prefirably siilier dhanathé slavelenptit bf the lighbigaidedisyr at i ng
devi ce according to claim 6 and wherein said at | east one sequenti al

mul ti pl exer theswavegiidecAIDE woltage Vb lof arfirsthpaldrity doapplied o eloegdte peniont330o0f t he
light emtted by each of the nmultiplicity of wavegui des. _ 9. .

A sel ect abl yhile sdo€ aboltageo B2 iof &l seprndrpalasityrepposite tocthe Siest polaotylimapplied ta ai m

6 and wherein said at |east one substrate conprises a plurality of

substrat es, elongse portiong32s Gemadf naed nebbe aicuher othsr physwlo EPapian: Bk massbe each
wavegui de receiving |ight and emtting |ight and wherein said at |east one
sequential PRlvERSieEtical o fondustive SRRAFAtORAl | nputs to said plurality of
substrat es.

sel Iect ably di Ir_ec':}abl el%iﬁt}f"eﬁ?‘dtbéta%edgﬁsé?%ﬁ phgn a@sﬁ“eeﬁ%?)ﬁbg?g&l‘w& eren}t% A

2, el EEA i of P o b 7 B 2

the totari ¢ e if Bs8 Aifocf witBE polbionttms B Sy BLhebsR Yol g

at | east Og@mﬁ%fﬁ&@(ﬁlw @\mheaéq}g{aﬂﬂra.’l@ﬁlgﬁe is shifted more thaf light
IreCtabl e optlca e

sel ectably eam ecting device conprising:

at | east ongrgilmeiatian BerpendicifarthérelUsuch s Bght ifa T fbB¢.i Ci ty of wavegui des;
and a mcrolens array receiving light and coupling said

recei ved light to sai It has been appreciated by the present inventors that by switching the

direction of the electric field, the effect thereof on light in the TE and TM modes is
reversed. This can be seen from a consideration of Figs. 16A and 16B, which illustrate
the phase shifts produced in mutually perpendicularly polarized light by electric fields of
opposite polarity.

Thus, if an electric field in a first direction causes a greater phase change
for light in a TE mode than for light in 2 TM mode, an electric field in a second direction,
opposite to the first direction, causes a greater phase change for light in a TM mode than
for light in a TE mode.

Accordingly, by first applying an electric field in a first direction to light

guided along the waveguide and then applying an electric field in a second direction,
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multiplicity of wavegui des. 12. A sel ectably directable optical

beam generati ng devi ce conpri sing: a |light source;

at | east ond¥Q Tat e having forned thereon a nultiplicity BETRENBRI des;
and a mcrolens array receiving light fromsaid |ight source
and coupling said received light to said multiplicity of wavegui des. 13.

APParaLus a3 s hod 15 Bk S5 LRl T "

o a5t o SuRt gD s B AFOHR P €11y of polari zation
SN recel ver i ect . by gl 3 Vbl Sl VY SR e
Y e

claim 15 an n e er ent ctions are applie
to said fi rg;ep géft second phase shifting wavegui de portions. 17.

An opti cal vice according to any of clains 15 - 16 and wherein each of
said multiplicity of RFédcddd hGW mdddQB FREleIT whichGE fal Gmplified Gtrafidd 6fla
wavegui des conprises first and second phase-shifting wavegui de portions of

respective fgolasizativhcingdpendut | wiveblide heonbingctéd Wpg coperstiviel irs laceurdaee caithl
electric fields of different directions applied thereto. 18. An
optical deviaaetherc prefatedgeritdirhent rof e praemhiaventionalhe eavstguidecodFigsdlds
multiplicity of polarization independent, electrically controlled

wavegui des chapcteszed ifi thatt it ds) dormed cofttwrh eloegatéipbttiony SA8vangub P of edenticahs
separated by a quarter-wave plate, whereby light fromsaid first wavegui de
portion pasdength, sepanatied duiadquactar wave plateeSpl. dile quartenwave platet isroperptivaitel

N

second wavegui de portion. 19. ] _An optical device conprising:
at | east ondottebtherpalasizatian digedtionnafdlight guided adonguthei waveghide byf S degrees, cal | y
control |l ed wavegui des; and a light receiver for directing

| i ght into dkereforashifiing theTM comporenttpd TE sompenent padjyice Yasshei ver conpri si ng

a sel ectabl e pol arization rotator. 20. . An_optical device

conpri si ng: Thus light traveling gilengs thss entifecwavegnidg hasr the semeepligss a

mul tiplicity, of electrjcal] control |l ed wavegui des; and

47 Change irrespective Oft5 BIERZASISR HBOR SUDAOSHE WEYEEHIat i ng ¢ he

pol ari zati on of |ight _passing through idomultiplicitw.of .electrically

control | ed wavegui des_RB re6e _’b‘f"éé@g&m 3‘“}38 ggd“'ihﬁk‘éﬁérs‘mmfliﬂg{sga_?{‘e?&)f .

S L i ati opolariztioRBhdepBaent Wabdu i Britrided 8nd oBbrRivein® tottABEeSuitn Rt
another preferred embodiment of the present invention. In this embodiment, there is

provided a selectably directable optical beam deflecting device comprising a substrate
570 having formed thereon a muitiplicity of electrically controlled, phase-shifting
waveguides 572, such as waveguides of the type described herein.above with reference to
Figs. 8A and 8B.

In accordance with a preferred embodiment of the present invention there
is also formed on substrate 570 a light receiver 574 for directing light into the
multiplicity of waveguides 572. Preferably, the light receiver comprises a selectable
polarization rotator 576. In accordance with a preferred embodiment of the present

invention, the selectable polarization rotator is automatically operative to rotate the

31



rot ator ope generating a magnetic field extendi ng p
| ongi t udi naﬁ’%ggzsgg said nultiplicity of wavegui des. a,l’@ﬂ,ﬁ,@ﬁ/odz& An

opti cal device accordlng to any of clains 19 - 21 and mhereln sai d
sel ectabl e polarization rotator is automatically operative to rotate the

pol ari zat i onpigiAfiont® RS XY ﬁ@vme @ptdpkinied lighyhbutput fiotn fthe muldpligity of

mul tiplici ty of wavegui des. An optical device according to
clai m 22 andwatepidest sai d sel ect abl e pol arization rotator is responsive to
an output of said nmultiplicity of wavegui des. 24. An opti cal

devi ce accordi ng to cl Breflerasly, Mse&dcmbblpmlmwbmtmmtﬂsaons{mli@ﬂ outppicnf
rotator is responsive to the polarization of an input to said multipljcity
of wavegui dthe. multipficity of waveguidesanAligrnatively, dbe isclectable opalanizgtion rai¥orots
clainms 14 - 24 -and having selectably directabl e beam defl ect ion -

functi onal i t esponsi¥g to thepdmnowfa@pm“émthGélW“éiﬂ‘c’é}{:@%Wél‘feﬁﬁ’ Bb any of clains
14 - 24 and having selectably directable beamrec n tJ ona 1z

27. An opt i cEhe gelegtable ae@amww%a&)rewmfgf%b %P ‘éG and

wherein said selectably directable {un onal,it lized b ng of
phase-shifti a,rgemde voltage controlleﬁ wavegmcIe w%}ch may be %nstructe maxﬁsgy iiAY bt 28
An optical device c at | east one substrate having

folr _maﬁ there@ﬁ"‘éFaLﬁﬂ tp4 %g?hstfi"@"%v& rically controlled wavegui des; ang
2Ly gt recetver di echkatald Aflon i RRES T LB L4 gied BHGAHLAGE 2
sel ectably di rec@?%&&ﬁ%ﬁ ﬂngecg)hﬁﬁf&eﬂganqaﬂefﬁw? HREdorddnte wtth still

at | east onep%l ereon a Icity o p ase-

shifting wav eiq i)r?@"?éhf embodlmen of the ph‘%l\gﬂt 1ﬁveeﬁﬁbr\’ errpsl reépfoldingent | Eht

into said rru wavegul sai d at
| east one SuBpli@dfed MtHat %lé?i‘iﬁtldﬂo@at&“ﬁ!ﬁidtéfed ih‘élﬁo%ﬁﬁhoncm%hcb@ismgayer S

i ncluding a nmu tlp Icity of "‘conductors, at |east sonme of which are

connect ed tOtipdigh YMMMIHCHP Of Rleck contﬁflled phase-shifting Avavefzsidésaf92 by 90
di rect abl e optical beam generating device accor di ng to claim 6 and wherein

said |ight saegres. Pﬁﬁ?ﬁblf &he polafizion rotatoe $90 Romprisks al mignati¢ field sowobgpte-at e.
31. A sel ectably directabl e optical beam generating device
conprising: ducing a magnetic fielhB, |wiast axisclisupatlichtte thavongjtufliselraxest ¢fetheon a
multiplicity of wavegui des; and

waveguides 592. The magnetic field B is typically produced by the flow of an electric

current £, as shown in Fig, 19.

In this way, light guided along the waveguide has its polarization shifted
by 90 degrees, therefore shifting the TM component to 2 TE component and vice versa,

Thus light traveling along the entire waveguide has the same phase
change irrespective of its polarization upon entry to the waveguide.

As in the embodiment of Fig. 18, in accordance with a preferred
embodiment of the present invention, the selectable polarization rotator 590 is
automatically operative to rotate the polarization so as to provide an optimized light
output from the multiplicity of waveguides 592.

Preferably, the selectable polarization rotator 590 is responsive to an

output of the multiplicity of waveguides 592. Alternatively, the selectable polarization
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a laser nonolithically fornmed on said at | east one substrate and providing
light to sai Lplicity of wavegui des. 32. An optical device
Woblsda¥ at | east one substrate having foPfE@2¥M%%on a

conpri si ng:

multiplicity of wavegui des; and

49 a laser nonolithically fornmed on said at | east one
substrate an jodi; | @H&a el TN ‘?% ?égd

mul tiplici tyq‘gﬁiﬂgﬂ\?gg@ufbggédsgﬁgog% asig%H 6%324 %@t;t%rt}%gergﬁ@pﬁtgﬁ erg d
regions of idgptical |ayers. 33. A sem conductor | aser

conpri si ng: an N-doped gal lium arseni de substrate;

an N-doped al um num galieférencaris fow aeade Ay Fig. 20! Whith @ £ Einfplified HluRtfdtionlofan
an N-doped gallium arsenide |ayer formed over the N-doped al um num gallium

ar seni de | ayeasptimal waveguide structur® fBr dogiech gavtlength dn aecirdenck ayith af preferdd over
the N-doped gallium arsenide |ayer; a P-doped al um num

gal I i um ar seninbedinseptof the presentdmvention #Fid>-20dlhestrateg ah loptineladigeinitive of fightrin and
a P-doped gal lium arsenide | ayer forned over the P-doped al um num gallium
ar seni de | aydhe wavelsgide of Fig. 8B. The lipht intensity is itlustratedalit tracepi98c Rreférabiyn the

defl ecting device conprising: _at least one substrate having
f or med t her eovavaguide isioonstaicted suth that mgat ofdtbe lightrisi confined in layers 256 (Fig. $B)yht
receiver coupling light to said nultiplicity of vvaveqqui des_at_first tg}pds

t hereof , and lvRlerasnp light is to be allowed in gondugtive ilayersc296, arst 29%  Eashnigues 9f o
outwardly tapered af ,said fir end t hereqf 35. A, se| ectably
di rect abl e ooRdmns kighi i lawars 23 ?rﬁdveiléww 1%§wm apdpged not be describad hérin at

| east one substrate haying f.or t here I.ti.pli.cit f vegui des:

and 2" M adaBloBR . preiried st Prav gbctibh oo B FEREPIR BFR 1
of wavegui des,..satd. |i.ght. reggei ver conprising a cylindrical |ens.

50 A?gg.agm%tcaied% thgg'el ectably directable optical beam deflecting

dexico oML SInG: | Refe gy ndhe LBla 0GP Rl AR OFRY,
directing |i gty i piRgmiat Aokt hlide dhofifll NWAUEAIsIEonstradted and operative in
accordance with a preferred embodiment of the present invention. In the embodiment of
Fig. 21, there is provided a substrate 610 having formed thereon a multiplicity of phase-
shifting waveguides 612. A light receiver (not shown) directs light into the multiplicity of
waveguides. The substrate 610 compﬁses multiple mutually insulated conductor layers
614, which are insulated by insulative layers 616 and are connected to said waveguides
by vias 618. Vias 618 are constructed layer by layer and are interconnected via pads 620.
Reference is now made to Fig. 22, which is a simplified illustration of part
of a monolithic laser and waveguide structure constructed and operative in accordance
with a preferred embodiment of the present invention. Such monolithic structure are
believed to be novel. The structure of Fig. 22 preferably comprises a substrate 620
having formed thereon a multiplicity of waveguides 622, of which only one is shown, and
a laser 624, monolithically formed on the substrate 620 and providing light to the
multiplicity of waveguides 622.

The laser 624 preferably is constructed in accordance with the foregoing

description of Fig. 8B and includes:
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i ght recei rising a multi-node interference coupler

A sel ect abl msfgggtgabl e optical beam defl ecting device conp?q'ﬂﬁ%gngs

at | east one substrate having formed thereon a nultiplicity of wavegui des;
and a |light receiver directing light into said nultiplicity

of wavegui des, said elver conprisin )l anar wave gui de. 38.
A sel ectably direct abl"’é‘glg n& %’3 Fﬂ grGévi ce according to claim
37 and wherein said nmult of wa ui des. .have f [ but
sai d planar wavegui de?” ga‘i E‘P"“é’h&%lﬁ‘%é arspnids %Vreéébgﬁ{’ﬂ%?] b%&g_@

A sel ectably_.girectable optical beam deflecting device accordi ng to any of

clains 36 - *and mherein said nulti-node interference coupler conprises a
| i ght receiving vayveg e tical
beam defl ecting devi ce accor gal g ?:semde é@ c?%mﬁ?%?leei}inggégl g}el i g &H

recei vi ng wa¥§%g, ﬂlm&g&g‘gﬁe}# g# receiving end which is outwardly

t aper ed. 'y directable optical beam defl ecting
devi ce according o ei§ Pefoped 3hifffm Hsciiae 14fer 838 fRRACAVRr BRI K-doped allium
recei vi ng wavegui de conpri ses an el ectro- ~ absorption nodul ator.

51 ﬁ&&ndela yer 630; A selectably directable optical beam deflecting
devi ce according to claim 41 and wherein said el ectro-absorption nodul ator
recei ves a nodul ating j pjagped dl0Minam gallini m@@ﬁ&q&ﬁr 639 Termeduveathe P-dopeded
therewith on said at | east one substrate. An optical device
accordi ng t ogailiiym Brisedidelapird32dindg cl ai ns and V\/ner ein said nultiplicity of
wavegui des |s controllable so as to selectably provide nultiple selectably
directed output beans.aP-déged gallium arsenideMager| 636 tfadned alier dretPridpeda@pininah beam
defl ecti ng device conpri sing: at | east one substrate having
f or med t her egailivan anséridqilayeriéB4. of wavegui des; and - a light
receiver directing light into said nultlpI|C|ty of wavegui des, and wherein
said multiplicity of viavegypatisslar featwatofcthe @msentsqumondh&eﬂhed‘@&aﬁhi}t theovi de
mul tiple selectably directed output beans. An opti cal

devi ce accorwaveguide smpptuss ot" HFég.p %cc@mbegomr@mwsan&ghu §@lf°%o?ﬁablF%|8FRjt$
wavegui de filter including a _necked waveguj de, havin

rel atively m@a@eﬂmofeﬂwmmt&f the wayeguide wilh resaer tﬁl"?"&?ﬁ%‘i BPlissajage ﬁ of
mul ti-node |i ves therethrou arrowed neck portion
at whi ch hi g'ﬂg g\ﬁa@%‘wfa ?%@%ﬁ&&@qwgaMETtﬁWgnd only the nodes

whi ch can propagate t 'Erfe r%xtfcreqy gow Bag 1o ﬂ%rﬂ Q&hxc‘fxgls a s%?pqiﬁed illustration of part

of a waveguide device having tapered inputs. The structure of Fig. 23 can be used as part

of a selectably directable optical beam deflecting device and includes a substrate 650
having formed thereon a multiplicity of waveguides 652 and a light receiver 654 directing
light into the multiplicity of waveguides at first ends thereof The structure is
characterized particularly in that the multiplicity of waveguides 652 are outwardly
tapered at said first ends thereof 656 at which light enters the waveguides. Preferably,
the light receiver employs a cylindrical lens 658, It is appreciated that the structure of
Fig. 23 may be used as a light output structure and not only as a light input structure.
Reference is now made to Fig. 24, which is a simplified illustration of a
waveguide device having a multi-mode interference coupler includfng a tapered input
waveguide. The structure of Fig. 24 is an alternative to the structure of Fig. 23 and

includes a substrate 670 having formed thereon a multiplicity of waveguides 672. Here a
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a relatively broad output end. 46. A wavegui de filter

conpri si ng: a necked wavegui de having a rel ativel d

i nput end th?W&?%ﬁéives | ight and al |l ows propagation of nulgFﬁﬂﬁg@kggght
waves t heret hrough 52

a narrowed neck portion at which higher nodes radiate outside the

ther ot hr ough: anipeet VISR ey S indid el HERELRe ATPE PIERERAE i the

t her et hr ough; ativ oa

An optical deyge: Ldkh: y of the preceding clainms and wherein it
g'gﬁlgﬁugtgl%? RVERideR 658 48

is inplenent um-arsenide. 48, _ An optical switch
conpri si ng: . PreferaBlyofhg! wfulti-faoBE Uinfdrfebenc®f couplep C babiprises!i 4 efigtabl e
optical beam defl ecting devices; a plurality of optical

beam r ecei vi ngcdiving SRiveguidé! $78 which includeSNa Qight #edei esd) 680Whichi Mgy be
a plurality of nonolithic pluralities of selectably directable optical beam

defl ecting desutwsrdly tapered. Light which is fecRived af lighy rexbivinglend $80 brewypicallycsupled g
devi ces. 50. An optical switch according to claim49 and

wher ei n sai d fdmiembptical fifer 682.rTHei dpitiical fibex/G82 lias ipecferably laewatctiigg duipdti end 683
devices are arranged generally parallel to one another along an axis

per pendi cul arfor eoupling torthe reseivingend 680.ect abl e defl ection of a light beamis
produced t hereby. 51. . An optical switch according to claim49
and wherein said pl ur afefsfense is pgwompdeia Figt 26 amhichds apsim iffustratien jof
devices are arranged generally distrjbuted along a curve extending in a

pl ane per pendYaYgIPEPPAgALioN in) Wwavesyidgiflevice o€ the tyas show | Bg; 24 rhaying 2 mP\r%‘g ht

i = i LIEKERL, i gty e T PO AR AR o
e cti 19 Sy S5 LT LA Yo S5 R RN W BRI
Cical b o \ ' art tical. s ai
05 any of ol SeRERAHAP P EULS Splccting the dimensions of i inRLGA inBHitcfich AERE <! 1O
beam recei vi rgg dﬁ‘%&lﬁ?\ﬁgﬂmg E‘t‘ﬁ%ﬁ ﬁ?‘%ﬁ%gtﬁg%d {hhp%mtmﬁﬁé interference takes place

optical switch accor ereln sal ptical fiber has
at a number of locations 692 at the interface 694 between the multi-mode interference

coupler and the waveguide.

In accordance with a preferred embodiment of the present invention the
waveguides 696 are constructed such that their entrances 698 are aligned with locations
692, thereby maximizing the coupling efficiency between the multi-mode interference
coupler 690 and the waveguides 696.

In accordance with a preferred embodiment of the present invention, the
input waveguide 700 to the multi-mode interference coupler 690 may be operative as an
electro-absorption modulator, the functionality of which is well-known in the art.

Reference is now made to Fig. 26, which is a simplified illustration of
wave propagation in a waveguide device having a free-space input coupler 710. The
waveguide device may be identical to that of Figs. 24 and 25 in structure and function
other than in that the dimensions of the free-space input coupler 710 are not such that
interference occurs therewithin. Rather the light propagates freely therethrough as shown

to the interface 712 with waveguides 714. In accordance with a preferred embodiment of
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a nuneri cal ‘QQ%%@?? of  ess than 0. 3. 55. An optlcal swi tch
according to ei of clains 48 and 49 and wherein said sel BEF Wﬂ90293
di rect abl e optical beam defl ecti ng devi ces each conprise at | east one
substrate having formed thereon a nultiplicity of wavegui des.

e 1 ng. dev iecefit bbb, fhe enrance 716 gf each vﬁw@“@ﬁ?&t‘%@‘v@é*@? By

di rect abl e 09“ M@%%ﬁlﬁ\ﬁ%ﬁ@i&% devi ces. An opti caI
swi tch conmprising plurality of optlcal beam em tting

devi ces; and upal itV |

sel ect abI y directable optsie%na?‘ glga%grgtge‘?’%}{e gg\%&%s&e&%g%&ém%vgwm

optical swit OfoIFige, 49 ﬂagm7zanﬂawe@reﬁiglby§euﬂ o?:lrub‘él lifchesboth ¥

nmonolithic pluralities of Beam recel vi ng "devi cés "ar e anged gener al

paral l el to gi)Mtably directable o optical beam deflection devices 730 at the input e'iﬂ 734 and as
anot her al ong an aX| s perpehdicular to a plane in which sel ectable

def | ection ofeldtdbiyddifeckBRFeteivifly @IS 334 MAhE Bittput end38. An opti cal
switch according to claim57 and wherein said plurality of nonolithic
pluralities of beam r eReferencwisdow made &y Figaps awkickl isoe siaiplified ilidétrition bfked
along a curve extendi-ng in a plane perpendicular to a plane in which

sel ect abl e dsibhelithic alevicé havihg bbth dectronicsangrapdicalefiindtivaniéthy The efibodiment of

An optical switch according to either of clains 56 and 57 and wherein said
sel ect abl e dFige28 amb'édcqomi ectivebepticalr beagi transgishéon dedcecearhprisingpati least ame| east

one substrate having formed thereon a multiplicity of waveguij des. 61.
An optical swbstsste c?é vigg fgrmed thereon a multlple layes |integratedyelestrogist ditsuit 782am
emtting devices; lurality of sel ectably directable
opti cal beanﬁ%@PWP%‘Ydﬁﬂeé@ﬂlYé&éﬁdl%idﬂWB%‘ﬂ?ﬁg I east one subst rat e
havi ng forned thereon mul t.iplici t of ui des.

optical swtch accordi d’cf’?fd%'ﬁ’)? "t‘}fh odgrent of HWF’@PW“B%W"’S@M

ol cctably obpgb 254 Sk §Sdelly &rec?'a %“geé%l?‘%félg O RO B RS 3 ny

of clains 481@1 52 and said optical beamreceiving devices are selectably
di rect abl e. é‘ An optical switch according to any of clains 48

seosotn o™ Lo 19,5 R4 SRR bt lid S Do
sai d pl ural i §pandptieliswieh ilRRAMgEbAGRhic plurality oPselectably directable optical beam
deflecting devices 760 in accordance with one preferred embodiment of the present
invention, It is thus appreciated that in the embodiment of Fig. 29 all of the devices 760
are formed on a single substrate 762. Each of devices 760 may be substantially identical
to the devices described hereinabove with reference to either of Figs. 23 and 24.

In the embodiment of Fig. 29, the electronic connection pads 764 are
located adjacent each individual device 760.

Fig. 30 is a simplified illustration of part of an optical switch including a
monolithic plurality of selectably directable optical beam deflecting devices in accordance
with another preferred embodiment of the present invention. It is similar to the
embodiment of Fig. 29 other than in that the electronic connection pads 774 for all of the
selectably directable optical beam deflecting devices 776 are all located adjacent the

edges 778 of the common substrate 780,
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65. An optical switch according to claim64 and wherein said

cyl i ndri cal wWodggsezsel ght out put coupl er conprises a pluralityydfiesoezedri cal
| enses, each associated with an optical beam device. 66. An
optical swtch according to claim64 and wherein said cylindrical |ens

l'i ght output coupler conprises a single cylindrical |ens associated with a
plurality of optical Referenteis mooasmade t0&ig. 31, which is a simplified illustration of part

acecording to any of clainms 48 - 63 and conprising a light input coupler to
sai d pl ural i tof ambpiigal switth inclading e manelithic pletalityraf selgctablydirectable optical beam
cylindrical Iens. 68. An optical swtch according to any of

claims 65 - @eflecting wivicesiin asedrdanck ivgtht yet mpother prefereed embodiment of ﬂm!rﬁseyt of
opti cal beam devi ces conprises at |east one cylindrical |ens,

An optical sisveationaEere, therlectiicabrarmestionipads 294rere garmed pvesparhet thﬁévl@qtably sai d
at | east one cylindrical |ens conprises a plurallty of cylindrical |enses,
each associ diredtabig ppticghb @md%’&ﬁliﬂé&%ﬁe&éd‘? gevices 799, An opti cal

switch according to either of ,.clains 67 and 68 wher ei i d at ast
one cylindrical |ens cBefrenseds sowimuge o &ig- .%wﬁ&gm Péﬁgpl%gél& %e? h a
plurality of optical beam devic SW tch

accor di ng t o Wavesuide device haveng a ?'8’@ ‘é}‘l’ﬂz"&ﬁgpef’%ﬁ?a%e ﬁ%“lj‘ﬁ?d ﬁ?’fﬁiﬂ‘?b%'(?u it
east “ont. oy NRRRIR BALHEY A4 OF C@itf@‘&iﬁf? inoyf Peveipidh S BRcfoife gt
55 19! %{}str -aﬁsorptwnsr'ngﬂﬂatabteﬁ@ ftech ob B 54 4%5 tpcludes 4 ljght 93‘5?1‘8‘
V7M§I.er ° ln 21 o0 proyfling a ol Suub B ?f%;&tege?{q"@ Sty R e BERES
%btal:'to ive %ﬁ#ﬁéﬁ“ Felstble P diat AR arkivss A @Bﬁ‘%ﬁf‘ﬁ?ﬁl | Bptign Eiying

"t egr at od 2|"t°@?1ﬂmr‘@g€?°t“@ie?r@%nand "2l thplicity of
electrically controlleg @’g%&g&h&%@nonﬂ lator wave ide 802 QFFgi?Z gy s&9t apeam

transm ssi on devi ce accor ng to erern sal V\B.VGgUI des emt

a sel ect abl y fiefeffrd %@o‘?% accor atbf @the emb(?cﬁments of Figs. 24 £\06,aTHe light QreétoR!

beam transm ssi on devi Ing to claim 74 and ™~ wherein said wavegui des
sel ect ably 1 @0giiy/ Sreferdth MoRblithicall}t formec? fogether thh the gl%tr@-ﬁbso@ptionsmodlﬂhor

according to any of the preceding clains 48 -
waveguide 802 on the same substrate.

Reference is now made to Fig. 33, which is a simplified illustration of a
beam deflector including a waveguide structure in accordance with a preferred
embodiment of the present invention. The beam deflector of Fig. 33 is characterized in
that it includes a spherical output lens 820 which receives light from a cylindrical lens
822, Cylindrical lens 822 is optically coupled to a multiplicity of waveguides 824 and is
operative to direct the light received from waveguides 824 in a direction perpendicular to
the plane of waveguides 824. The spherical output lens 820 focuses the light received
from the cylindrical lens 822.

Similarly to the structure described above with reference to Fig. 23, the
waveguides 824 receive light from a cylindrical lens 826 which, in turn, receives light

from the end 828 of an optical fiber 830. Alternatively, the input structure of the

waveguides 824 may be similar to that described above with reference to Fig. 24.
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wherein said nultiplicity of wavegui des are operative sinmultaneously to
defl ect a pwowsi®r of optical beans. 78. An oRCTARYS/8293i ce
according to any of the preceding clains and al so conpri sing:

overlying said waveguides, a nultiplicity of electrical contacts, each
contact providing an electrical connection to at |east one of the

mul tiplici ty of el ect r Refatenge ismowr wadectd Figy34 owhichsis an illustration of operational
57 An active optical beamt ransm ssi on device

conpri si ng apara@atsts oha wavemideadevios hinving flepsnfmctionaliyoip accordance with a a
plurality of wavequi de assenplies, each including mul tiplici

el ectrical | yP &mb @%ﬁ/@fém g@gent &I’I’Gm“m Fig. 34 indicates t Bﬁﬂ‘@%égﬁ‘a@ﬂ of
sai d wavegui d assenpl I t| a contacts

contact pr ovP g"feﬁﬁ""&‘ iapyts t‘(’; 8%1‘ izég? li‘i?ﬁﬂ“%h‘"f’“‘g‘ah ©
nultlpI|C|ty | ec I ontro vegui des 80
A monol i t hi cth§ ﬁ%PhF'?s %Bﬁﬁlpfﬁvé edi"&}gawé 1cf§s g%‘gﬁﬂgggg%ﬁ?l ng 8120r ned
nonol i t hi cal I P’}E‘?\ﬁ an el ectro-absorption nodul ator; and
a |light det e8 Q‘S’ ding a nodul ating output to said el ectro-absorption
modul at or . 81 r Gyaveguide-

at | east one substrat e gv}t's@a &ga t%}%\r{ﬁe}%ﬁllsdﬁﬁ ?C@Ptdyﬁb? ealvgct1 I’el cally

control | ed, }aéF ‘Eruﬁﬂ fat d @B&r&ﬁ@ﬁﬁﬁg fieted ﬂikfeon a mulnghcug of elecBitaly) Edtitolled!

control sign Sour cg pr oVl ectric si gnal said miltiplicity of
wavegui des t asagﬁﬁl d@ﬂﬁd an Hsetrical chRist sﬁ#ﬁ%&&é@bt&v}ﬁm elBatrical
Apparat us ac ord| ng o an of the preceding clains 1 - and al so

conpri sing agg@iie b the AnukiplidityO bf ShAREhid&0 ¥ CQuy Mltﬂghﬁbestddsﬁéd leisgnal s
to said rrultl plicity of wavegui des to cause themto have a desired | ens

functi onal i t finction@fity. An optical switch according to any of clains
48 - 82 and al so corrprl sing a feedback connection between said optical
beam recei vi ng devi cesFigre# shaid tieppliasashifb praducedcyl tbe electgcal eontond signal as a

58 84. An optical switch according to any of clains 48 -
83 and wher efinction of the mtaveguidetrammber.cle & sekm thatie ins dsnctiomalityo aftilgfnetipnalgy
receive light over a region sufficientl | arge such that wavel ength

dependenci esamd atdombinefl| lens end tidfofimotionalitys may thearenljzeds by suitablecselection of

electrical control signals. It is appreciated that the lens functionality, taken alone, or in
combination with the tilt functionality may be employed in any and all of the
embodiments of the invention described herein.

The present invention also provides an optical switch comprising a
plurality of selectably directable optical beam deflecting devices and a plurality of optical
bearn receiving devices.

Reference is now made to Fig. 35, which is a simplified illustration of part
of an optical cross-connect assembly constructed and operative in accordance with a
preferred embodiment of the present invention. The embodiment of Fig. 35 is particularly
characterized in that it includes a plurality of selectably directable optical beam deflecting
devices 850, each comprising at least one substrate having formed thereon a multiplicity
of waveguides. Optical beam deflecting devices of this type are described hereinabove

with reference to Fig. 23 and 24.
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anount of |ight sensed by the receiving devices. 85. An opti cal

switch conprising. a plurality of selectably djirect e
opti cal bearﬁ”@éfyg%zafi ng devi ces; a plurality P%h”@%‘[@?%l

beam recei ving devi ces, and wherein said plurality of selectably
directabl e optical beam defl ecting devices and said plurality of optical

B opt | o e emopaent b Fi 75 s aiianparAy, Frabafgiad g bl
wh i id. pl | ist Ve OF l.ect.abl i I ' I '
ovi ces and. DEdeh 3 ilrkig ot pueq AP IIEE b3S bRl b6, rleRERCey EY bEO
monol i thi cal loé‘il&}? LI 2 esx?frguwgeeﬁqxﬂgiﬁ? %g.s‘tl‘fxeg%?tica] ers may be single AndR! &tosutat

form ng a non cture ng e rical contacts ~conprising the

steps of: mode fibers and theR Entd Wal Mavé SMBIP HEmeRcaR apernaes. SAldmitively, vpiel and
| ower surfaces are defined thereon, coating said upper and

| ower surf ac ggantirbdbivers 852 ayebeckiiht detedtors Or delectallp directablgdight agdeivers, as

per pendi cul ar to said upper and |l ower surfaces, sald direction being

sel ect ed wi t ldesceibgdhdreinsbove wéthaefbrencs iofig AW f aces whi ch i nterconnect said
upper and |ower surfaces such that netal is not substantially coated gnto
said interconnecting Iuthacmbedimient of\Figl 3%t af emlinpynside 8568 Pufakbert sai d
upper and |ower surfaces via said interconnecting surfaces ar?1 not f,or med
by said et alselegsehly directable optical beam deflecting devices 850 is arranged, each to receive 5g

WD 98/59276  _88. . A nethod, of form. ng a_nonolithic, stru re
havi ng el ect lightafrom dnsuitably positiensdipptisal @%Ieﬁfirﬁ%éﬁta‘ﬁd‘%ﬁleﬁhéﬁ ﬁe\gcgpgSH are

rOnoL N ¢ St Net S, SOIREL S8 SIENCIL 49 JOULES e, o el "
sal d wavegu; AOREASAIONSRHOTGERSRG ol | gnivent. Chereof 90, oo o And
opti cal sui Leh COTDI1 Sy coulgbewen opaPHBELdY 584 B accimn, o,
a0 0P S R G RE rg?B85. 0o o RS Sy

optical fibeiggy gﬁgpg@@ﬁ}giagg@mmw @Pc,,mm&a@géyg{uﬁﬁ%a %n_two Yerpendicular

An optical sw y of ports;
an optical cisaak s aibins 378y 862 provides focusing in two mutually perpendicular

directions with different optical power. Where devices 850 are similar to those described

in Fig. 23, the microlens array 862 provides output beams which are collimated in a
direction parallel to the plane of the devices 850. Where devices 850 are similar to those
described in Fig. 24, the microlens array 862 provides output beams which are focused in
a direction paralle! to the plane of the devices 850.

Although a single row of cylindrical lenses is shown in Fig. 35, it is
appreciated that a double row of cylindrical lenses may alternatively be employed.

Alternatively, the microlens array 862 may be obviated and individual
lenses may be formed or mounted onto the optical fiber ends 856.

Downstream of the plurality of selectably directable optical beam
deflecting devices 850 there is provided one or more cylindrical lenses 864 which have
essentially the same functionality as that provided by cylindrical lens 822 in the embodi-

ment of Fig. 33. A spherical lens 866 receives light from the one or more cylindrical
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a plurality of_int tion carrying optical fibers interconnecting said
plurality of pg@g&éé}'?h inputs to said optical crossbar assenb?ﬁr 198(00293
plurality of ports each having an input and out put which are clock
synchroni zed. 92. An optical switch according to claim91 and

A" 5% P s Y e s 5003 B RO P 5
defl ecti ng dev ast one nol.i t rli

i.ce.,C ri§ing: ) at, | C,.
seni conduct or Wg’g{gesﬂi’&’?‘%éde@f 830, jt may e %‘i‘”é?‘fé‘? & case wyhserythepluealie; of
an electrical field,in,a relative S thi ckness;,.and . . a
plurality of s&flectably, diregta c?péﬁﬂiexm%g?mﬁgaéfﬁv{fﬁ Iségt Ge Preyfed yvith,a Jens
si ngl e one of aig rgqtl' | east one nonolithic sem conductor substrate, each of
said plurali ty%fﬂ“g Betably directabl e optical beam deflectors conmprising:

Revegui de receiving |1 ohit BEPBtty dhlhE 1yt 58k 31T RacE B e o
it pii oty of thgn/BEen B il dn AR el shEPRT o SHfiAE e s
oper ati ve o r Simstioning ps ight RbeitdiE 52 5, AUREon Bl Clot B0gHE ol Ghin TR g
said nmultipli Cmsnﬁ{ter@@ﬁégggisﬁﬁgbr@i? tab#e a source of electrical

inputs to said at [east one substrate tfor individually controlling the

light emtted by each Ofkéﬁeﬁenealgtﬂow inﬁ&ébb@?. YENREH @%Ssirrrxﬁﬂﬁ%&ﬁiﬁﬁtrﬁfb‘ﬁ%f%”g
el ecta 94.

the orientation of said s l'y directable output bea

A sel ectably dpp@e! ams@c&%wﬁseﬁﬁ?reoﬂﬁmc&@t 0o sERAtive Sn e6ABAHCE it afdthérm
93 and wherein said source of electrical inputs conprises a phase

controller whi ?ﬁf&ﬂﬂtdnsﬂo‘airﬁéhe ogglﬁépre@ént Eﬁi@nﬂic}&g Mthe iptitdlafoddicofieeh agtmblpof

multiplicity of wavegui des. sel ectably directable optical

beam def | ect i nBigdle¢ isqrartisulalycthagcterized inithat #3nclndes\ahshirality of atorolithier pheralities
el ectrical inputs is an intensity controller which controls the intensity

of the |ight ef7Qoestleotablyaditecrabletdpticahblsam deflectiny deices@V2 grsivelilsas a plgr@lity of
A sel ectably directable optical beam deflecting device according to claim
93 and wher ei noptical beam receiving deviags $74) The selestablyrdirettableiopticalibeam adefiecting
conprises a plurali tﬁﬁimc nmonol i t hi c_substrates;

o Ural by of " sdmedss B2 mayiheday 96 M dspices descntadiheas pibreiessnes to Figh. At I
eyt Lo “GhORBSRRE it Bt T ST ARG B
Ejg\{i_ce accor%,%?%%q%egé?{gﬁ 3rggdof el e;:tri cal inputs conprises at |east one
(rjneJ:‘ T Iece!t ?)rigr devi ?:g accor dlinrf‘ﬁc?r@”icl%élﬁﬁ% ggkgﬁfg‘i{,&‘i@@ﬁ#‘%‘g §?gje§€ﬁeg§:§?3n8iﬁrex, trl?ic)de
coupl i ng. sai d PuaEh{EESHorb AR pAfTl Bh\dt ik BiAdind FEAL £ whedirll

A sel ectably didngflidafiaN! Gridl ardBRMalinl! fChds87¢] prbefdicitdr 26 & Pand B whish M

93 and al so conprising a |light source.
selectable deflection of a light beam is produced thereby, which is the plane of each of

the plurality of monolithic pluralities 870.

A focusing lens 878 receives light from the plurality of monolithic
pluralities 870 of beam deflecting devices 872 and focuses it onto the light receiving
devices 874, The lens 878 may be one or more lenses and may have the functionality of
lens 820 in the embodiment of Fig. 33. As such, it may be obviated by inclusion of lens

functionality in the plurality of monolithic pluralities 870 of beam deflecting devices 872.
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100. A selectably directable optical beam defl ecting device
according to claim93 and al so conprising wavel ength division nultiplexing
functi onal i t YO 98/5%06. . A selectably directable optical PCFAL?S/00293
defi ecting device according to claim93 and wherein said nmultiplicity of
wavegui des conprises a multiplicity of polarization independent,

electrically controll ed wavegui des. 102. A selectably directable
optical beam deflectinlf ldévaawddbatcﬁm@lufdmItﬁlmmﬁﬂmglumwhg'f%ef beamnb| y
directable beamemtting functionality A sel ectaply

di rect abl e ogeflesting BevieasFIR| v@dtlmgﬁ‘/&emsc elt%@meb' fagction #s lightrecgivets father

wherein each one of,said nultiplicity of polarization ndepend
el ectrical | y th#8nt light Fansmpitierg Jn gwsh o rgsei dhes strpgtures, afig M%&greends

hi f d A | e di abl |
AR hgglﬁﬁtv- Fliing 8% *Q@Q%quﬁa%?%wa@mﬁ%ﬁﬂf e g o

electrical inputs causeﬁ? ggctr fi,elds of different directions to be
applied to s fters may be stalic op diregtable. o ft| ng wavegui de portions.  105.

i\?iegﬁfét 313:e¥e?'nr cach oReEHpte Ruaodt BRRETa bEot . oo A dra fhididlated’
Shase. shift ?’ﬁé&%‘?f@%ﬁ%@%&?@ﬁ%ﬁ?&é@%ﬁﬁﬁ omsudtip FERRASE it vt angtter
having r eSpeg{eTéf&dféf%%tdu@&g of ‘?ﬂé) ([?ﬂk 18n ]:11; %ﬁw { crtld {(ﬁﬁgt? ag&h{bﬁpaf ons

appl i ed ther eam

defl ecting dﬁg §¢ iS5 R&ulr hﬁﬁ thé't 1@?3 ect X @bﬁl?ot{rﬁ@tﬁﬂl tf?@@u%mc?@' d

mul tiplicity polari zat nln epe ent contro

wavegui des cogpbf sftably difecABR @ﬁeﬂ%@mﬁm@ﬁ&tﬁg idbbib gy LRkl SLa PREAIPOS
separ ated by a qguarter-

- 62- (] Bz PeceVify 8&ices 839! The Qelestablyl difebiable VépricslUbedm Qeflettingn
passes throug sal d quarter-wave plate prior to entering said second
wavegui de podévices 882 nk) be any of the devives desceibéd/hedein adthodeleterep o Figs, 2a04.

defl ecting device according to claim93 and wherein said at | east one node
mat chi ng opt Thamoablithierflurelities 1880 anaycbesmtyeafithd beugimies descabed hereinstmve rwith

108. A selectably directable optical beam deflecting device

accor di ng t oreférenant®Figadfl wherein said nultiplicity of wavegui des each
conprise a selectable §o| arization rotator for rotating the polarization of
| i ght passing through aiedhepluealipy ofanenplighic phyraliges %0&#96’ gging #S an
odd i nt eger tiple th eof A sel ectghly dir.ectabl e .o |caI
beam def | ect r%l?g AR (SGP‘HF‘WQJ‘}!SH‘QH‘%G RHopgg 2 afv eF’ﬁte%‘iﬂ‘%l igep Rl

BSLZ:WEF“%)?”P%%%%%& Rog i ghicg 5 %i??%&ﬂl“@%&h‘*&é%ﬁ@%‘}gﬁ eﬁ%ﬁ?‘lﬁ’o
A

103 and aher B G e R ok R IR BGIL AR RSB D ol § o
output from said mul ti 5 Fele 1, 868 eees Inp ftfh e huilly, Bt Emolma"

di rectabl e ofbisfils SERGY Hefn QEAdRRE dEVEACTACGRT Mclis! lpoﬁioam@nﬂgiapr&eﬂm

wherein said ari zat n rotator 1s responsive to an out put of

sai d mul tipl d&idey 884. mw&ms@% be dnkZor more lensefaPingf ha! the Rinchedatil) 6f
opti cal beam defl ecting device accordl ng to claim 110 and wherein said

sel ect abl e pehaglintthe Smbedidkst! of Fig.r33S ARELH, et In@y b& ebvigted by 2ihisiva offler@n

input to said nultiplicity of wavegui des. A sel ectably
di rect abl e. ofunttivhalityéthedbhirhlitg of ﬂ@ndﬁhmmrﬂ&mesﬂtb ofjbdam ddﬂaﬂmg%waemBSﬁaw ng
sel ectably directable beamreceiving functionality. 114.

sel ectably directabl e Iojig appmécidiedhthad elid p!ctahtygoﬁmmndﬁhquh«rahhesg%ﬂmfcﬂwnm 113
and wherein said nmultiplicity of wavegui des conprises a multiplicity of

pol ari ati on defldetirendevives 882 end tens 888 ymayoaitermakivelyl fivavion as dight receiter$ rather

A selectably directable optical beam defl ecting device according to claim
114 and than a light transmitter. In such a case, the structures, such as opticﬂsgber ends,

functioning as light receivers 884 may function instead as light transmitters. The light

transmitters may be static or directable.
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wherei n each ¥ aid multiplicity of polarization independent
electrically conts;r%% 7?ed wavegui des conprises first and second PEH‘QE%WM”
shi fting wavegui de portions. 116. A sel ectably directable opti cal
beam defl ecting device according to claim 115 and wherein said source of

el ectri cal ' nput s causesyel b ik EhaFiip 4 LA oAl ISkt

an
applied to said first and secon has ing wavegui portions. 117.

A sel ectably dppgat ﬁ%kﬁc&ﬁ&ét%&erw&#%&m i G GEFige o8 lith Geelbitc™

115 and wherein each of said multiplici of polarizati i ndependent

el ectrical ly camficHali§d THE \eatbalmest QPM.'ﬁeéqnfnflrfséé aﬁ"dﬂti&ﬁ%%@h input end 900
phase-shi fting waveguide portions of respective first and second | engths
havi ng respect iiRhirédefies aiddulard gt 868G miltiplhdig! gt siberls g02fng selbétatsly traksniigns
appl i ed thereto. 118. A sel ectably directabl e optical beam

defl ecti ng devileanaintaedlighgtd Dmeltiplicitylokdightrdcelbees 204) sadh dsexptital @ber enfls. Thied
multiplicity of polarization i ndependent, electrically controlled

wavegui des conpwitchdapiti end (908 mihystecamy dujtitde swisdhi ihputrepdvaf\the type degoibeéd hersin
separated by a quarter- wave plate, whereby light fromsaid first wavegui de
portion passeswithreferghcestaiady qfiEigs.&S; 3&a3%| ate prior to entering said
second wavegui de porti-on.. 119. . A sel ectably directable optical
beam def | ecti ng devi ce adigeal pickyptdsvieesaPf teceive atileaptcons paramster of the sigmalsone

node mat chi ng opt.ical el ement conprises a sel ectabl e pol arization rotator.
120. A TEgired amlgs?l iTPRsaNeEDL P4 Asd; pravids cferdbgek | iRyt signalfetq @ feedback

di laim 1 d wh i i l.tiplici f id h
opr 1 s6 s Sl BOFEI0go LAt Sieaih SPa: e Bredbask Brtear 108 SR ORHE R BOVER of
i ght i t h i d lLd plicit . i . by. 9
i A L AR B

feedback ment \ r 0
n c fte ex ena el"to
A

rotator operates by generalihg a nag 'ng paral

| ongi t udi nal af: -5 aked: tiplicity of wavegui des. 122.

sel ectably di ?%@??%Flgﬁggﬁ cal’ beam defl ecting device according to claim 120
and wherein said sel ect affeefeBak liffit! ShalsOfAteRlibdck FrOtASSH 00Pnlay RpRiati ve
to rotate the polarization so as to provide an optim zed |ight output from
said nmul tipli cleteivedf signdbitensigtand crdsdfalk. The paramétepsdfosiendtion of tieasphiodlIsavitch
optical beam defl ecting device according to claim 122 and

- 64- whiaputiend 980 dvitich are afftdted ppbatpuizagratsnfromitiad feedbask paspsosinade o

an output of said nmultiplicity of wavegui des. 124, A sel ectably

di rect abl e optthe ghaseshifh profuced by igdividual saveguidesdiha gmoontcbdfiotatipd Preduded by
wherein said selectable polarization rotator is responsive to the

pol ari zati on dhe golaringsion rotateraisuchras rotplor Si76 y(Figk 18hvegotatigsI90 (Figsl9). The

A sel ectably directable optical beam def|ecting device according to claim
102 and wher eifredbackiprosessen 308 sffagtively pedyidss feesdbacinedrinegtionsbetwesn; the aptisal
means of phase-shifting. 126. . A selectably directable optical beam
defl ecting deVheam receidngidevipes @%ﬂhapw@beaah@ﬂnﬁmgé{eﬁw%i d selectably
directable functionality is realized b aps .of phase-shifting. 127

A sel ectably direct abl e)ibﬁt?@ﬁc‘%@aﬁ’ﬁbé?%%ﬁﬂ’ﬁ@?@g%wgﬂmg‘@“"t“ﬁ’"& B m
93 and al so corrgri jg}g' . a Iirg&?t .rgourrge. 128. A

sel ectably di & nglfegg}ayggg}xedgwgpgf - 6‘ @VFE®Iaccor di ng to claim 127

goupels 9 et L] . . . . .
A ch cont 1ol o the phasd LrEleRd i ade B e 26, REN B0 oA ERM0F B of |
of wavegui des.qgptic %%ss—cgnnect as@exﬁlfﬂ' E&ﬁsgtgb]%% gfcljd W%% Rlorddke RRAD &referred

generati ng devi'ce accor Ing to claim ein sald source

el ectrical | NRULIIMIAPIEIRS pAéehtNinfétiohY HeRNbpdal Beathietdivin® HevitbsS 9101 @re
intensity of the light emtted by each of the multiplicity of wavegui des.

130. A oafifredpd Yediveaiphfbvé @!?éagi&ﬁbli)@@ﬂﬁbigﬁﬂ}e fatgd SChO@¥i S8velength
according to claim 127 and wherein said at | east one nonolithic substrate

conprises a pldépéidendiesodf sptieall beathi deflettBit 91t & noifbstantially affect the aBlouhebf t y
of selectably directable optical beamdeflectors are forfmed in a plurality

of light sensed by the receiving devices,
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single ones of said plurality of nonolithic sem conductor substrates.

131. gtably directable optical beam generating i 0293
accordi ng t?)ve’c albir?”l 127 and wherein said |light source conpri séeé?ﬁ%{gfoaser
formed on said at |east one substrate. 132. A sel ectably

di rect abl e optical beam defl ecting device according to claim93 and wherein
said at |east one mOIQefeixkdiififowRiadedd Fipl UPWhich WD sibplifel Wknaion af eon

mai nt ai ni ng - 65-
optical fi basptical crok$-Gonnect assembhpcomstracied ahd opérathtifiabeordarice evdith apreferred

defl ecting device according to claim93 and wherein said nultiplicity of
wavegui des anhtboditienaoflthe pregent énventior! iHesé 2 anultiplicitgrafofavegdidés 920 are eacln

sel ectably directable optical beam deflecting device according to claim 93
and wher ei n opafativasimultarepusiy e defltct apluralitynaf aptital beame922rand toadmegtrthera 4o a
cylindrical |ens, 135. A sel ectably directable optical beam

defl ecti ng depharalityaf diffecinbtpceivers®24i m 93 and wherein said at | east one node
mat chi ng optical elenment conprises a nulti-node interference coupler
136. A sel ectRefarencgiis pew apade toFig. <) Whichnis Geﬂmﬁl!ﬁeﬁﬁ’é}”&fé‘g?‘b%f a
according to claim 93 and wherein said, at | east one _node t ¢hi opti cal
el enent conyyaveguides lterrronsiEctes andeoperativg n accordance "‘ﬂhs%P@g‘(E'l'?gl

P01 1 pl o ¢ e g BRasPel R eronn K wRYeRsIde ket O Fisc 41 SRRIDTSEA Achepyed FAveRIYe
£ iV M ot
A sel sct bl pORLEBRORETS o Sl Rles hip et A it o
Ryt o s b
o rcer HHE B SRR OE0ED ot g 000 BIRRS S
and wher e%lnqglgﬁ%@fﬁ'ggﬁ aq%y?u??éélg ?l?i\?ésﬁ'gs }rir@egu‘}ag??enggélhﬁtgu?ﬁ&r&gﬁ)\ Fa&}alnlght

detector no i Qv?fc I Liberewith on said at | east one substrate.
142. %)Ageée egtcé%f;{/ug%?%g%#gbl e optical beam defl ecting device

according to clai m 933g4dnMB&hRH that MecktiibiutdsifiFist 39,040 #AE10MhFIBSagplied
controllable so as to selectably provide nultiple selectably directed

out put beamgg any of the optical beam deflectors, o?tical beam receivers, cross-connect aséémblies

143. A sel ectably directabl e optical beam defecting device according
to cl ai m 93 aad Optidabswitchepddserited erei@vegui de filter including:

a necked wavegul de having a relatively broad i nput end which receives |ight
and al | ows propagat i oRefetencellis nowmshele [to Flig. 42awhichtib arsanpiified gltystration of 2

a narrowed neck portion at which higher nodes radiate outside the wavegui de
and only t heomolithic apticalcressrcopnesp agsamblytdosstatctedomd ropeeative ihancerdanesuitt  and
a relatively broad output end. 144. ) A sel ectably directable
optical beam preferred temhgdiment of the prasentrigvantion| Aj plulityapl s¢lpreably directable ot

| east one substrate conprises gallium arsenide, An. act.]

] , 145, .. . ve
optical bea@ptivahheam deflestingidayices 98Q aust 4 piugplityol apsicah byamaprReiving: dFVics #% si ng
S Il e Lyt OCRRCR S S SSO, Shieih b0 e on sar 0 subsirte,

It will be appreciated by persons skilled in the art that the present

invention is not limited to what has been particularly shown and described hereinabove.
Rather the scope of the present invention includes both combinations and subcombina-
tions of various features described hereinabove and shown in the drawings as well as
modifications thereto and variations thereof which would occur to a person skilled in the

art upon reading the description and which are not in the prior art.
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146. ‘glé%yg%g%ve optical beam transm ssion device acco%gjsws;o&ggl aim

145 and wher multiplicity of wavegui des emt a selec
di rect abl e beam of |ight. 147. An active optical beamtransn ssion
devi ce according to claim 145 and wherein said nultiplicity of wavegui des

sel ectably receive a beamof I|ight. &M A sel ectably directable
opti cal beam defl ecting device according to claim93 wherein said

mul tiplicity;of wavegui Eﬂﬁa i i ARl hGmd: | Y

control |l ed vvz}l'vegui des g(rjlsg e e:‘rdﬁ&?g?gmg%!/?éggi %@E%dhggﬁpﬁ%gg@w&@

overlying said mul tipl kQedsy o sub@irate HahAHREformediteldon|al multiplicity of maoéguides
contacts, each contact providing an elecirical connection to at | east one
of the nulti ghdhCivkvegtite RbRfing gt |and canitting lighy theueality d€dight ertifed by said A
sel ectably directable optical  beam defl ecti ng device according to claim93
wher ei n sai dpjittlicip) bfowdvegailies e diitigt feasioomierseleetabln direetilidé dutputdfeampanslyui de
assenblies, each including a nultiplicity of electrically controlled
wavegui des and wher ei nasRasdl shevieqeentinl multiptaxed agplying electrical inputs\tersaidi atg
each of said waveguide assenblies, a multiplicity of electrical contacts,
each cont act lqastane Gubstrarefoeindividuaiyadontroliing thei light emitted by easht of shemoltiplidiey
multi.plicity of electrically controlled waveguides in said assenbly.

-67- of waveguides,7thereby govarbing the orientatipm of said ceelectablyedjtactablecoipéievi ce
according to claim 93 and wherein said nultiplicity of wavegui des
conprises a hedm.iplicity of electrically controlled, phase-shifting
wavegui des and wherein said source of electrical inputs conprises:

an electrical control signal source providing electrical signals to said
multiplicity of waveguides to cause them have_ a .desired |e .
functionalit$.  151. A selectably direciable Gﬁt‘%?ig%id%ecf‘ﬁg 2?‘5?%“9&%‘8 iy e n

said source of el nt r,o

e
cae e . B oA ol L a5 g 1 et i o

and wherein: said nultiplicity of wavegui des conprise a
multiplicity of phase-shifting wavegui des: said at | east one

substrate cogpri ses MikldbaniFiiidabbiy opficilbeins defRnfy'BbAte Aty fontdimdi ng

a multiplicity of conductors east "sonme o Ich”are connected to said

wavegui des bY JMii&sherein 3ald-at least one seﬁuéﬁiaﬁﬁiuﬁﬁ{!ékleﬂ i &f irddilsity @@iittoliel whithm
a

generating device conpri sing: east one |1ght source; and
at | east onecgiifdi thetrtensky6fthd Highttenifted bechch bememx?my bf whvegidys. of
wavegui des, each wavegui de recerving light fromsaid at |east one |ight
source and emtting light-the totality of light emtted by said

mul tiplicity of wavegui des produci ng at | east one sel ectably directable
out put beam 4, 154. A selectabiy dirpttableloptical bezn deftaoting tegce according to claim  at
| east one substrate having forned thereon a nultiplicity of polarization

i ndependent , 1ahéomheseitodaid/atdenst omd substrate camprisee 8 plaaity of substrates, each hayingi ght
receiver directing light into said nultiplicity of wavegui des. 155,

An optical dforined theceparadnuitjplicity of wiaveguiles,each wheaguide recgivingdight and efaifting

mul tiplicity of polarization independent, electrically controlled .
wavegui des clightrand sehersin said ateast one srqupntial multiplexer snplioseleqitical inpyts toisaids .
156. An optical device according to claim 155 and wherein electric
fields of di pluealishef substeatasi ons are applied to said first and second phase
shifting wavegui de portions. -

- 68- 157, An optical device according to claim155 and

wherein each_of sai Jtiplicity of polarizati.on i ndependent electrically
control |l ed Mv&é@FG&%G%‘%%“%\W@hW@% iled ?ﬂﬁ%‘g@g‘gshi fting wavegui de
portions of respective first and cond | engths havi ng, respectiye.fir and
second electric fiel dsad’k“rglft?f r ﬁ§ S & gﬁ'éngaﬁ’&‘%gh‘i’ﬁ%‘f&t‘&‘.‘%&‘c“y &
waveguides, each waveguide receiving light and emitting light, the totality of light

-
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158. An optical device according to claim 154 and wherein at

| east one of i ltiplicity of polarization independent, electrically
control | ed M@?&g?zggs conprises first and second phase shi ft PG de
portions separated by a quarter-wave pl ate,.whereby light fromsaid first
wavegui de portion passes through said quarter-wave plate prior to entering
said second i . I Q0. . - An . cal J .

conpri si ng: V@Mﬁ&%)dgma%&%%ggﬁé%%"%e&%??‘éﬁ'@ ﬁgklglgﬁgc%Fgr e kflgre%tg]r’llea
mul tiplicity ptmgbefhrically controlled waveguides; and a
i ght receiver Tor directing light into said nultiplicity of wavegui des,
said light receiver conprising a sel ectable polarization rotator. 160.
An optical device conprising: at | east one substrate having

formed there@ a mul ti gl seldctablyireclableloptiea bbam garerdtingdedcyoomgrisinges: and
a polarization rotator for rotating the polarization of |ight passing

t hrough said mul tipli ciatlightdousdeectrical ly control |l ed wavegui des by 90
degrees or an odd integer mnultiple thereof 161. An opti cal

devi ce according to cl at leaston® sabsthatethaving forard dharedred inahiplicity ofowaeguides,
operates by generating a nmagnetic field extending parallel to |ongitudinal
axes of sai d eaeh waydguidetrgceiving\light ftongl eaid lightlGidrce and emittingAightyphé totdlitefi ce
according to claim 160 and wherein said selectable polarization rotator is
aut omat i cal | Jightoemittedy by tsgid, gultiplicith of pwivegrides peadusing 2at leastpers, iselectably
optimzed |i %‘r}t Ol.it put f‘n;om sajd multiplicity of wavegui des. 163.

An optical d&ireetabls eutputibesgy a8 cl ai m 162 and wherein sai d sel ectabl e

olarization rotator is gesponsive tgp, an tput of, said pultiplicity, of
\R/av egui des. at least one sequentgﬁ mult?p"fex%r applying electricai 1-inp ts 'g>9sa>.{d at

L5t aro o PR F B S50 T S
UL 0 <81 e B o SRSl e s BRAE 1 °

optical deviggaccording to claim 160 and wherein said nultiplicity of
wavegui des is controllable so as to selectably provide at |east one

sel ectably directed output beam 167. An optical device according
to claim 160 and al so conprising a waveguide filter including:

a necked wavggui de haviAngiedtab! difetidble YopheA) Bearh BEntratRigtevdek abcordifg ty/ Elint | ght
and al l ows propagation of nulti-node |ight waves therethrough;

a narrowed necakd pheteirdiddt 198t St seignes! mEltisiexer a0 ptiaSe otitolleewhidk coudgui de
and only the nodes which can propagate therethrough pass therethrough; and
a rel ativel y therphase afith@light emitted bylath of the multipliéity ebvaveglidelevi ce accordi ng
to claim 160 and wherein said substrate conprises gallium arsenide. 169.
An optical wavegui de-lens device according to claim 160 and wherein said
multiplicity of wavegui des are electrically controlled, phase-shifting
wavegui des aBd wher ei nAsseledtabily\directable opticad bpam gererating device according tinclaim

el ectrical control signal source providing electrical signals to said

nul ti plici ty6dmdyehesejniseidatileast aue acquisntial nanltipiensr ds e dntensity [contoller which
functionality. 170, . Apﬁ)ar atus according to claim160 and al so
conpri si ng aferraicihe intensity ehthe dightsamyited by each of themamltiplicity ot waveguides| si gnal s
to said nultiplicity of wavegui des to cause themto have a desired | ens
functionality. 171. A sel ectably directable optircal beam

generating device conprisjng;, .. ) at | east one substrate having
formed theredn a mul t i fiseleriably slireciable gpticab beam geperating device according fodlaim

nonol i t hi cal ocned on, said at | east one substrate and ., providi l.ght to
Sai'd mult i pl PEm Phefein itk drase Gne subifate Somprses a phality oL SUBEESH TG ai m
1;% and wher ?o'nrrlleg %Hegeogual r}nlll%ﬁc(ftlyt# W%Leg\ﬁl? eg,ge%}:}%i\?vgveagg%e receiving light and emitting

light and wherein said at least one sequential multiplexer applies electrical inputs to said

plurality of substrates.
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sai d | aser d at different regions of identical |ay :
A devi ce acg{)@c?:;s%’%?o claim 172 and wherein the said | ayersﬁcﬁgr‘%s{fé?é

an N-doped gal lium arseni de substrate; an N-doped al um num
gal l ium arseni de | ayer formed over said substrate; an N-doped

Payer: o T8 seleBably GAGARE SBHEH phf el ARE AP IRBAT. || TLT PR

N- doped gal i um ar seni kta%%'r-' . a P-doped al um numgal lium
arseni de | ayer formed éggeear ehgbt-s(?gﬁceetimgdal | i um ar seni de | ayer; and

a P-doped gal | i um ar sefipfig, e ul Haf e RavifiCroRingtp RRsecH o Fhulificplaki um

arseni de | ayer. 174. vi ce according to claim 171 and wherein

sai d mul ti pl{,eddads i sl 41C I and
vevequi de. | VAR, BN LGRS, RaRing ik ROl il b bt lsonee
conpri sing agmigir £ 1RODRAIBL dfARh At AbP Said mubiplicity of wavegtﬁ&esgﬁvd&ﬁxg at
according to claim 175 and whereéin sai d el ectro-absorption nmodul ator
receives a npgkilboaé sehbtdbRiPdifectablRBudput bedih. det ector monolithically formed
therewith on said at |east one substrate. 177. A devi ce according-
to claim 171 and al so conprising a waveguide filter including:.

a necked wavegui de having a relatively broad i nput end which receives |ight
and al | ows prppagat i onA etlediably direceable dptighitbeam\deflecting detite compnising:

a narrowed neck portion at which higher nodes radiate outside the wavegui de
and only the nodes whiatHeasteonepsubgimtmhaying forreed-thenegin a paddtiplicite ofwiveguides; and
a relatively broad output end. 178. A wavegui de filter

conpri sing: and a necked wavegui de having a rel atively broad

i nput end which receives |ight and allows propagation, of nuliji-node |ight
waves therethrough  a microlens arrayecriying Vight andceupling saisdresgvedhkighh, to syter
nodes radi ate oqufside the vegui de and only the nodes which can propagate
t her et hr oughMmpiiBkiciky pf ey h and

-71- a relatively broad output end. 179. A
device according to claim 171 and wherein said substrate conprises gallium

ar seni de. 0. A devi.ce cor di to clat { herein said
mul tiplici tyi%f vvavegﬁ&ggaﬁ’zy @5?%‘1%%’1 ?pé’ﬁflg’%% gﬁ%@&%ﬁ“&%?@ﬂ? W ovi de
“multiple selectably diglﬁigﬂﬁg&ut put beans. 181. A devi ce
according to claim171 d erein said at | east one substrate has forned
thereon a nmultiplicity, ' : St Sty ides:
wavegui des and wherei nat?gft?%%?%%ﬂa a)s("or&gg%rﬁp% tégtg?n 9?:@:&?]51&8%‘ Mwmaiﬁu ’
el ectrical cgtrol signal source providing electrical signals to said
multiplicity of wavegu ides to cause themto have a desired |ens
functionality. 182. a microlens ai¥apatcivisg hght drom sidd light Gbarcenadd ¢oupling adid 0
conprising an electrical control signal source providing electrical signals
to sai d nul ttepéived light @f saitamelgplicity of vaveguides. t hem t o have a desired |ens
83.

functionality. 1 A device according to claim175 and wherein
said nultiplicity of waveguides is controllable so as to sel ectably provide
mul tiple selectably directed output beans. 184. . A devi ce’
accor di ng t ol%l ai m 178Appsthtushanceidingstaiady ahitheprecgding iclaimay providisg svaveleRgton a
substrate conprising_ gallium arsenide. 185. A device according to
claim 175 aofivisign “ng. d substrate conprises gallium arseni de,

14. An optical device comprising:

at least one substrate having formed thereon a multiplicity of polarization
independent, electrically controlled waveguides; and

a light receiver directing light into said multiplicity of waveguides.
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186. A nmethod of formng a nonolithic structure having el ectrical
contacts conppliegikdigs t he steps of: configuring peghiamesdd 2
waf er such that upper and | ower surfaces are defined thereon,

coating said upper and | ower surfaces with netal by evaporation in a
direction generally perpendicular to said upper and |ower surfaces, said

di rection begg sel ect ad gl debReSetorkilg! B! fORNEA Wil aﬁ%PQ&C&:%M

i nt erconnect sai d upper ower sur I'S not

substanti al | ywiphtied of ']bblanﬁﬁldil hﬂéﬁhﬂ&ﬂ”&@&héﬂyswnfn%ﬂ&ﬁ wadBRlidsYcompizky | cal

connecti ons between said

-72- finpaid seoohd Wslﬁﬁ!ﬁé%ﬁ@guideq)o&&hﬂ i nterconnecting surfaces are
not fornmed by said nmetal coating. A nmethod of formng a
nmonol ithic structure having electri cal cont acts according to claim 186 and
wherein said nonolithic structure conprises a wavegui de devi ce. 188.

A sel ect abl y1@li r ect abl An mptical adevice awratdihg atotclaim teund eviecsir elestricofields of

at | east one substrate having formed thereon a nultiplicity of wavegui des;
and different dlirectipns arecapplied tali saigk first garidi gévond rphase shifting. waveguidsi t y
of wavegui des, and wherein said multiplicity of waveguides is -
controll abl eP%O%Fs to selectably provide nmultiple selectably directed

out put beans, 189. An active optical beamtransm ssion device
conprising at | east one substrate having formed thereon: an
i nt egrated e ctronic

ir o
el ectrical l y ontrol eé" ngsaccmd‘i‘ééo any °f°13‘msﬁ%d'eiﬁp%‘@ %ﬁ%ﬂ?&?‘ﬂ’g"ﬁ o)
claim 189 and. i d, substr.ate Il se al li arseni,
A active optidmtELG R polsH R Slepaant dedatu Gonoles R apidsisgmens
wher ei n sai ec irectable.b A 192.
A act 1 ve. optioE A HA AR il SaTEaiiy erfots el Biprg SRl sedeld epetps
wher ei n sai dy I £l
A mot ] ve. opti TeAYeb (16 458 Y e KRS D BRRE birsc 8B} appled et
wher ei n sai d wavegui des form a nodul at or. 194. An active optical
beam transm ssi on device according to claim 189 and wherein said wavegui des
forma pol arjigation cogd bptidaPlevice al:@@rdmg to claim IArhnG%ﬂéfﬁandaﬁéﬁnebﬂ%ﬂiﬂ
transm ssi on device conprising at | east "one substrate having forned
t her eon: multiplicity of pélaizatioi|ihdepetfent)caletrivally canaeied wadeguiies Romptisdsdi ng
a mltiplicity of electrically controlled wavegui des; and
overlying editt afd saont plmse ghifithg wavegnide ipestiona sepdratedIbycd fyartet-vwalve plate, cal
contacts, each contact providing an electrical connection to at |east one
of the mult i yharehyt light froet Mﬁmt:mw;guaiernqmrbﬂ passescthengh daid quarterawavezplatentl y,
196. A nonolithic optical ght nodul at or conpri sing a substrate
havi ng fornmmmmtemnﬁwseyondnw@m e portion. a nodul ator; and
a light detector providing a nodul ating output to said el ectro- absor ption
nodul at or. 197. A monolithic optical light nodul ator according to
claim 196 a&d wherein said n{@e dul ator ,i,s an el ectro-absorption nodul at or.
198. monol i t I‘ﬁ’bol?f o8k dexice COMPESIE dul at or according to claim 196

and wherein said nodul iS a h; Zehnger e nodul at
An optical wavegui de- I ?‘F Pga havmg omeJYereonagnPﬁwgcd;yt Ofo?]“%‘ggf?g&rate

having for n%gn&&gdqg&eg%g&l’ é]h:gl i ci ty of electrically cont‘rol | ed,

phase-shi fting wavegui
a light receiver for directing light into said multiplicity of waveguides, said

light receiver comprising a selectable polarization rotator,

20. An optical device comprising:
at least one substrate having formed thereon a multiplicity of electrically

controlled waveguides; and

A
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an el ectri Ca{vo%i%ﬁh?' signal source providing electrical si g@ﬁ"gﬁﬁs%ﬂf@ d

mul tiplicity of Wavegui des to cause themto have a desired |

functionality. 200. An optical switch conprising:

at | east one selectably directable optical beam defl ecting device

conpri si ng: . | i ﬁ"ﬁ ] ate
formed of |ayers of mat® rolla smgﬁ%%%géﬁ%gr*é E{’a an‘ag%'gg?g? @é%fng?fgﬁgéllfn a

relatively s I EA&% Jecriai : i y
di rectabl e o%dc%‘ltﬂhgea ge? ect orlg c?%tforlrlga “."’r‘{e%"‘?s@nbg: %U g%%&%gf&igfg&gg&%ggst
one nonol it higgsRtHepdyguct or substrate, each of said plurality of

sel ectably directable optical beam defl ectors conpri sing, a
multiplicity of waveguides formed in said senm conductor substrate, each
wavegui de receiving light at an edge of said at |east one sem conductor

substrate angiem tting An gptical Hedcd adcadlding/ td tlaim Q0tandivhéréifl sk soliriZzation
multiplicity of wavegui des produci ng at | east one selectably directable

out put beamn rotator operates by genératinge@ fiagmtie fielickxtending (pardielompt losgitudinhlcaxentf
operative to receive light fromat |east one |light source and provide said
light to sai daidubultiplicitg of wavdguitlesgui des; and a source of
electrical inputs to said at | east one substrate for individually
controlling- the light emtted by each of the multiplicity of wavegui des,
t hereby governing the orientation of

-74- €3i d sel ecthaboppical deviceadscerdingt touany mfalgimea g - 21 and wherein saidat
| east one beam receiving device. 201. An optical sw tch according

to clai m 200 seleciabippelarization rotator is automatieailyl operativentor rotate thecprlarizatigncso as
substrate conprises a plurality of mgnolithic substrates,  and

a plurality P@é‘?‘*&@!‘é’ﬁ?‘?“@ﬂ‘&%‘t%ﬂ‘éWﬁ%mummﬁéﬂaﬁ -are formed in
a plurality of single ones of said plurality of nonolithic sem conductor
substrat es. 202. An optical switch according to claim 201 and

wherein said,plurality,of npl,i t.hi c_substrates akranged ner a
parallel to 8E'e anot hefkna?‘g%ap dRvics Aecor ?%é?mcﬁ?@ﬂla%f and, "Zheg?‘%rfg'%i Wﬁﬁﬁ}ﬁlb)éeh
selectable d i L : i r . An
optical sw t?&faﬁ%&éfgﬁg?tﬁg)r o‘le%lﬁqp%@ %‘%%‘R ﬁ%@ﬁ%{t@?@?ﬁ{ﬁ%g@ E?e} of

nmonol ithic substrates are generally distributed along a curve extending in
a plane perpendicular to a plane in which selectable deflection of a Iight
beam i s prodgged therepy. opticd0device accordify) t®RIdifial2 aid tviterehe Gaid Odelegtable

cl aim 200 and wherein said at | east one beam receiving device conprises a

plurality of polatizatioh rbmason is eesponsivegtodihe ipofasization26F%an input to saiimoltiplicil of
switch according to claim 200 and wherein said at | east one optical beam

recei vi ng dewaweeguidesipri ses an optical fiber. 206. An opti cal
switch according to claim 205 and wherein said optical fiber has a
nunmerical aperture of less than 0. 3. 207. An optical switch

according to claim 200 and wherein said nultiplicity of wavegui des are
el ectroni cal 2§ cont r ol An@ptieal dejitecassording talarypofoaaims 14 - 34 and having selectably
overlying said waveguides, a nmultiplicity of electrical contacts, each
cont act pr ovfiisectabledeam deflecticnfinctionality.t i on to at | east one of the
multiplicity of electrically controlled wavegui des. 208. An
optical switch according to claim200 and wherein said at | east one |ight
source conprjises a pluralit. f.light sources. . 9. .

optical swt % accor di %°PBX"\!83Y“P?I a%@%“‘%d"\ﬂ%?féilﬂms 14-342d ha"mgs"&leﬁéﬁlﬁ'

| east one nmopol ithi,c substr.ate conprises a plurality of nonolithic
substrat es; tébi]e beaim receiving g’“ﬁ‘i‘%ﬁ’i ty of selectably directable optical
beam defl ectors are fornmed in a plurality of single ones of said plurality
of nonolithic sem conductor substrates. 210. An optical swtch

accordi g ozl al m 20\ MISLAER ALY o TS 3 iRk o
02,02 | QA e o P RSB Dr uCcC

wherein said plurality of nonolithic
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substrates are generally distributed along a curve extending in a plane
per pendi cul g/g dgReReP! @ane i n which sel ectable deflection of &gdyingbdnnenmis

produced t hereby. 212. An optical switch according to claim 200
and wherein said at | east one beamreceiving device is also forned on said
at | east one nonolithic sem conductor substrate. 213, An opti cal

switch accorggng to clﬁ%g&pdmmthg said at | east one beam receiving
device conprises a nultiplicity of wavegui des fornmed on a single nonolithic

substrate. 214. at least\Bn@fibse@k havihg Edmred therddmg ntultiplicity wf 2leCtriaaty
wherein said at | east one optical beamreceiving device is selectably
directabl e, contrblled waveguides;Aandopti cal switch according to claim200. and
wherein said at |east one beam deflecting device conprises a plurality of
sel ectably directabl e piightcreiveradireeting lightgintbe sdid emltipligitytof vedveguidescans

| east one beamreceiving device conprises a plurality of selectably

di rect abl e ojathuding polarigationawdintainipgdpticat fbers. 216. An optical swtch
according to claim 215 and wherein said selectably directable optical beam
emtting devices each conprise at | east one substrate having formed thereon
a multiplicity of wavegui des. 217. An optical, switch according to '
cl ai m 215 an29.wher ei n Aaelectably direciabls opticakhcamislefedtingidevice BIEPASINE: ei vi ng
devi ces each conprise at |east one substrate having forned t hereotn a
multiplicity of waveguitdlesst one substrate havigg formed thereopga multiplicity ofaphaser i cal
switch according to claim 215 and wherein said selectably directable

opti cal beanshifting wameguitlesi ands and sai d sel ectably directable optical beam
recei ving devices each conprise at |east .one substrate having fotped
thereon a mul tiplicity2 §ghtgggeives diresting lightgnto Smdsm‘l?ﬂpﬁﬁw 8&3?‘38 ideg; andy,
according to ¢lajm 200 and al so conprising a cylindrical Iens |ight output
coupl er receWbFfﬁQ light fromsaid plurality of optical beam defl ecting

devi ces. 220. .

An tical sw tch accordin 0, Cl ai
wherein said cylindricS#d |&nkat one e CoTpiss? g‘(‘)’ﬁﬂ?ﬁ sng“'llsﬂ}gﬁ'rl)?ﬁr a: |dty of
cylindrical |enses each assqci ated,w,th an opti d [ j ce.
251, cougicigpinem Telers ARGt SRRt SEIRE PapEr ML,
cylindrical lens_light.output. . conprises a single cylindrical |ens
associ at ed quege%ﬁhggpr&g&dgo l|”§5’<réll beam devi ces.  222. An
optical switch according to claim?200 and wherein said at | east one node
mat chi ng optical el enment conprises at | east one cylindrical |ens. 223.

An optical sywwtch accogdi i gmyv? {ting delide adcol fo ¢claim
cylindrical F\%ns has aA%{aﬁf%lgtdiﬁkghﬁﬁgﬁaggali ?fe?dt 524. e An
optical sw tghndGnereh M light SdunddBodpeisés iy Edritied onakid atleattame Substrate.
cylindrical lens conprises a plurality of cylindrical |enses, each
associated with an optical beam device. 225. An optical swtch
according to claim222 and wherein said at |east one cylindrical |ens
conprises a single cyl Andkttably diresisblasptival beaarigenetatingdepicercomprgingf opt i cal
beam def |l ecti ng devi ces. 226. An optical switch according to
cl ai m 222 and wher ei n stdeast bagyubstraip baving fopned thereo aguulfiplicity of avaveguides;
multiplicity of mcrolenses fixed with respect to said at | east one
cylindrical émhs, each of said nultiplicity of microlenses directing |ight
into a single beam deflecting device. 227. An.optical swiich
according to claim 228laseranonalithially Sormed am spidatileast gne subsirate gnd proyiding
conpri ses focusi ng_m crol enses. )

light to said multiplicity of waveguides.

32, An optical device comprising:
at least one substrate having formed thereon a multiplicity of waveguides;

and
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228. An optical switch according to claim 226 and ' id
mul tiplici t))”%?s"ﬁﬂz%r ol enses conpri ses colgl imating mcrol ense’\%@ﬁ"gg%g
An optical device according to claim?200 and wherein said at | east one
substrate has fornmed thereon a multiplicity of electrically controll ed,
phase-shifting wavegui des, said devices also conprising an el ectrical

control signal source plasarimbnolithidatty formed bn Saidmnleasttone sabsirate drd providingy of

wavegui des to cause themto have a desired lens functionality. 230.
An optical dightde saidooultplivitytof wivaguides] Said mbltiglisityiofl wayeghides ands9id lases
substrate has fornmed thereon a multiplicity of electrically controll ed,

phase- shi f t i baingfonsediataliferent apgiongnfiidenticaldayesse al so conprising an

el ectrical control signal source providing electrical signals to said
multiplicity of wavegui des to cause themto have a desired |ens
functionality. 231. . An optical, switch according to claim 204 and
al so conpri s%/'-ﬁg a f eedhsemicopductas {asercamprigitgect sai d sel ectably directabl e
optical beam defl ecting deyvic An optical swtch

S... 232.
according to claim214 tﬂan‘gSﬂWF@gﬁﬁ‘bg‘?‘%edback connection to direct
said selectably directah].e, opji.cal beamreceivj devi ces. 33 .
An optical switch acco?'&"rﬂjl’g‘i)alﬂm"m ?“hﬂ&e"édeg%’eég%ﬁlﬁg?’?{g‘aé SPRSURA c K
connection to direct sai el ectably dif able opt| cal RN
devi ces and said sel ect™ F‘f}’pﬁi? lP’é’b?rgen q??tcl%)(:eélfg‘ﬁ%egrré‘?egé}éer)@?&r?d’%g]ea\ﬁ)%@g%?
234. [ Wi tch according to claim 200 and wherein said at
| east one opgar‘@?g%é'g%airag%tei ving device is configured to receive |light over
a region sufficiently g ug hRige g N Bu
defl ectors do not subs{gl |§Ial %ﬁ'éwgéé? t%eiagﬁnﬁoﬁtng&(;gﬁleﬁg% se?lsedkgy rltﬂhe
recei vi ng deyrisa.g&l er239. An optical switch according to claim 204
and wherein sal p'f%r’al ity of optical beamreceiving devices are configured

to receive light over A pLgsphelsitihlitCealRin Yrdemde Sayer Fomicdaéverane Pedepel
dependenci es of the deflectors do not substantiall'y affect the amount of

| i ght sensedggmunt, BRefigS Ryt fi@ devi ces. 236. An optical swtch
according to claim200 and wherein a plurality of selectably
- 78- di rect abl ea Prddped! gallivamatiedide ¢dyen oriedi s the)@-doppd Whahiry  of

optical beamreceiving devices are nmonolithically formed on a single
substrate  galfum arsenide layékn optical swi tch according to claim236 and
wherein said plurality of optical beamreceiving devices are sel ectably

di rectabl e 238. An optical switch according to claim 200 and
wherein at |east one of said selectably directable optical beam deflecting
devices is oplrative té selectably diveatable gptitakheanmtdefleqting davice gomyirisingt i cal
beans. 239. An optical switch according to claim204 and wherein
at least one of said salleast ens spbstrate baving formagst thergpn panultinlisity eEwayrgudesi ces
is operative to sinultaneously deflect a plurality of optical beans. 240.
An optical se#dch according to claim 204 and wherein sai d wavegui des are
el ectronically controlled and al so conprj sing: . L overlying said
wavegui des, a mul ti pli & light eceinerecoupling, lightoter saidk ultiphicity Qfd’ﬁtvaé‘{‘d‘iir%\?i‘ﬁi ng
an electrical connection to at |east one of the nultiplicity of

el ectri cal | yerdsiherenf) and whereiBu i des. 241. An optical swtch
according to claim 204 a(pd rein,said adg | east ©O substrate, al so
conprises a modul at or , Said swliplicity of wavegyidss, are-oytwatgly tapered 4% saidfirst gpds) ai m

241 and wherein said nodul ator receives a nodul ating input froma |ight
detector monB*f®ically formed therewith on said at | east one substrate.

243. n optical, sw.tgh .accgrndi o.cl ahhm.204 and erei n each of
sai d plurali ?§ of opti éaf’FleB%@%ng‘ggqi?/Pﬂg:atbee\?F’c%Qecé@ FY'gee%g@H's i cal
fiber. at least one substrate having formed thereon a multiplicity of waveguides,

and
a light receiver directing light into said multiplicity of waveguides, said

light receiver comprising a cylindrical lens.
50
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244, An optical switch according to claim 243 and wherein said
optical fiber_ has nuneri cal aperture of less than 0. 3. 245,

optical sw S%?] sé%’ﬁﬁri si ng: a plurality of port sPCI/IL98/00293

- 79 an optical crossbar assenbly; and a
plurality of information carrying optical fibers interconnecting said
plurality of ports with inputs to said optical crossbar assenbly, said
information carrying optical fibers conprising polarization maintaining
fibers, 24 Al t.i gal i tch according.to, claim245 and wherein
sai d opti cal §@r ossbar ﬁggl l¥%56‘ﬁ%w79 : eamcfleﬂe&mgdewg?c?wngo

ne
dovices: and o o168 S b bl B Bl mAAR Br e lis

247. amf” optical switch according to claim?246 and wherein said at
| east one nonolithic plurality conprises a plurality of nmonolithic
pluralities of sel ect gplivhtFetdedr i i barRmHRDlGR! SN FavbRMIdes Said

248. An opti ggllghstvm tch g%lgg?%oﬁ%lﬁ?{x)tocl ai qu 7a§1d%erei n said
plurality of light eeivedomprisingal rilltigfodefinteferdhébedoupiet.i ng devi ces are arranged
generally parallel to one another along an axis perpendicular to a plane in -
whi ch sel ectable deflection of a |ight beamis produced thereby. 249.

An optical switch according to claim 247 and wherein said plurality of
monol i t hi c p3lraliti esA eéledtabdyrditeitableoptival bami deflectimgelevice eomprisingener al | y
di stributed along a curve extending in a plane perpendicular to a plane in
whi ch sel ect abl e def | e fiéastnonefsubsttateyhavingfarmedsthereon acedtiplicity e waveguidss).

An optical switch according to claim?245 and wherein said optical crossbar
assenbly conddi ses: a plurality of selectably directable
opti cal beam defl ecting_devices, each conprising at | east one substrate
havi ng formed t her eon &lightiressiver dlinegting: light irtg smidewultipligity of waveguides, saidg

plurality of ,%Eti cal beam receiving devices. 251. An opti cal
swit ch accor b EECeyerqomneising @ pianar Wavs 84ide.cach of said plurality of optical
beam recei ving devi ces conprises an optical fiber. 252. An

optical switch according to claim251 and wherein said optical fiber has a
nuneri cal

f . 0. 3. . . . . .

Moc | C2 ABEETUT S O A SRSty fupeeae prtipsl heagy defiegting Seice AFPOABEIR SMMer o n

id | ect ' + ahl i i.cal def | ' [ ' t
east one. sbsGPRERACRERHER of BRsRLS Rate Pl PRI 55 SRE aR0 MRS °
254. ' i ' im245 and wh [ id
opti cal crostRsPill 38 MU hLuAREAbBRRubil ! M 242 S T T Of bt ca
beam em tti ng devi ces: and a nmonolithic plurality of
sel ectably directable optical beamreceiving devices. 255. An

optical swi tgh accor digelépatily dirdEtabRAomizal BEARM dRNEctng ddvidé adcRffing @iy of
monolithic plurality conpriséeés a plurality of nmonolithic pluralitieS of

sel ectably dildimgt38bl 8804Hdi Whtrefhesiid MAEMOJR AnféelérefeS coupl@tSbomprises a light
optical switch according to claim255 and wherein said plurality of

monol i t hi ¢ pleseiving Whwsguide, beam recei ving devices are arranged general ly
parallel to one another along an axis perpendicular to a plane in which

sel ectabl e deflection of a Iight beamis produced thereby. 257, An
optical switch according to claim255 and wherein said plurality of

monol i thic plouraliti e sdedabiyndirestable/optivaliesancéeflecting davicaragentdiggie chimh y
distributed along a curve extending in a plane perpendicular to a plane in
whi ch sel ect38bind whdreiacsaidolight freceivingy wavdguide, indugas i light drecdirdngiogd which is

outwardly tapered.

41, A selectably directable optical beam deflecting device according to either
claims 39 and 40 and wherein said light receiving waveguide comprises an electro-

absorption modulator.
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258. An optical switch according to claim254 and wherein said

sel ectably JYP&¥3%M e optical beam receiving devices each coREFVISEE3 | east
one substrate having fornmed thereon a nultiplicity of wavegui des. 259.

An optical switch according to claim 245 and wherein said optical crossbar
assenbly conpri ses: a plurality of optical beamemtting

devi ces; and a plurality of selectably directable optical
beam recei ving devi ces, each_ canprising at |east one supstrate having
formed ther ddn a mul t Apsiestably Grectablpeeplicelesam deflegiing device acoadiag €0 EaRn

swi tch accor diequl_’g to claim 246 and wherein said optical Beam recei ﬁi ng
devi ces ar e deandcvhaseip said, deatrombsorption guodulator receives & mogdulating inppt-fom™a
01079 gk sy ol e Serewlon e s o b s

T conpri ses: a plurality of selectably directable optical
beam em tting devices; and a plurality of selectably

directabl e gptical begm recei ying devices. 262, . An opti.cal

swi tch accofding to c%&‘i W%fgll&éﬂ‘f Wﬁ'@gﬁ"?ﬁ}' 8%@1%‘8?“981%"’%&?‘?@8&%@%‘“
optical beam.em tt.ing deyices e gh CONpI 4 % | e Sgelé)c'?&lflﬁp ) ah{%d}%vi ng
formed therd Quﬁfﬂﬁ‘gvpsflm%& Vel 'P‘Z“Z’g". 326% 5%?16 op%l cal

swi tch accordi tQ. i wherein said selectably directable

opti cal beaﬁ%?‘gwgir%é&d@}&g@ggg ch conprise at |east one substrate having
formed thereon a nultiplicity of wavegui des. 264, An opti cal
switch according to claim 261 and wherein said selectably directable

opti cal beapgyenmtting I Gradas18 bt ool :ond.i cal beam
recei vi ng deméi ces eacﬁ“ds?grrcgﬁﬁse a?ﬁ?ggtgf%ﬁé%gﬁ g%iggttl ac{egﬁ%g%ﬁgﬂé%r nmed
thereon a multiplicity gicWaY fbetrats having fdftmed thereon a mulfPli@RIfSveguidesCh
according to claim246 and conprising a Iight 1 nput coupler to said

plurality ofpg@ptical beam devices and a cylindrical |ens |ight output
coupler receiving light fromsaid. plurality of optical beam devices.

266. An opt i gadighSydckiobr difsetifigllight infd> Sdidimultgfdiitp o waheguides, amli d
cylindrical lens |ight output coupler conprises a plurality of cylindrical
| enses, eackvhesiipci ated with an optical beam device. 267. An

optical switch according to claim265 and wherein said cylindrical |ens

| i ght out put coupl er sadpultiplisitypofSwanggeides/isicontrolishle somsgoaelectablypeayide t h a
plurality of optical beam devices. 268, An optical switch
accordi ng t owitinl¢ seleztrbly-ditected wpinutbemnsa | i ght i nput coupler to said
plurality of optical beam devices which includes at |east one cylindrical

| ens. 269. An optical switch according to claim 268 and wherein
said |light ipput coupler to said plurality of optjcal beam device
conpri ses af‘91 east oné‘"c‘gﬂqcﬁlda?"é‘ifl agegrung o 30y, ot tae prece&ig ?@3& a5 t ch

according to cla erei,n,said at |east one cylindrical

| ai.m 268 an% \gg
- 82- FRRRNNiNg 8 pRveguIds SUELIREPIRE. ¢ vl i'ndrical |enses, each
associated with an opti gg&ﬂ i : Y| :SW tch
according to claim26 ng%(fd%er I ﬁygg‘ﬁ%g gtrgl%té\gag blgr?g I%Htéﬂg%%lfgkgﬁ%
conprises apsy j ' £ ROGi-AS&D 'h%%jﬁ hdrBthfoghur al ity of opti cal
beam devi celsléﬁt_%g%f‘yé b:‘&ﬂigaﬁaﬁg\n -{c})ptl??:al rgswi tc S\Qg%:rgtor I'ng to claim268 and
wherein said |ight inpuaneadB! Rek §lobGort aiTRHiche RigherTHloded radidté Youlide the
m crol enses fixed with respect to said at |east one cylindrical |ens, each
of said nul Wapéguidetand @hlythe molenslsich clinpeepagig thérgthioughtpassaherethedughjmd m
transmtting device.

a relatively broad output end.

46. A waveguide filter comprising;
a necked waveguide having a relatively broad input end which receives

light and allows propagation of multi-mode light waves therethrough

AR




273. An optical switch according to claim 272 and wherein said

multiplicit 1.crol enses conprises focusing mcrol enses. (f’l%l

An opti cal gvv(\ﬁsésﬁ}@ccordi ng to claim 272 and wherein said i) |é§’?0(2:?3'ty of
m crol enses conprises collimting mcrol enses, 275. An opti cal

devi ce according to claim 250 and wherein said at | east one substrate has

vaegui dos, sai d devi otk Reai bR fChhikh Gl mpS%, pBARE Bl "0

cause t hem (ARRGEE SO e Bt n pRlpHpil ordthifiph Yos? nctENEGRL 282 12

devi ce according to C!ff}eﬁi@b@?&'oﬁ@ﬁ{@ﬂd‘? said at | east one substrate has
plici of. el éc

formed thereon a nulti rically controlled, phase-shifting
wavegui des, said devices al so conprising an electrical control signa
source providing electrical signals to said nultiplicity of waveguides to

cause them tﬂi’ have a Qgpéftial deRide abdbiding P81y dthe pre@%ﬂngdclaim and whéreiPpt | cal

switch according to clalm 250 and al so Conprising a feedback connection to
direct said i§ﬁﬁﬁ&ﬁ@{péyo,gégnﬁﬁﬁ albldopti cal beam defl ecting devi ces. 278.
An optical switch according to claim 259 and al so conprising a feedback
connection to direct said selectably directable optical beamreceiving
devi ces. 279. An optical switch according to claim 261 and al so
conpri sing 48 eedback Arooptiealtswitch comptisisg:t sai d sel ectably directable
optical beamem tting devices and said selectably directable optical beam
recei ving devi ces. a monglithic plurality of selectahly iditattablei opticalabeam deflesting

cl ai m 246 and wherein said optical beamreceiving devices are configured to
recei ve |igHevise®r a region sufficiently large such that wavel ength
dependenci es of the deflectorg do pot substantially affect the amount of

| i ght sensed by the ré&&ﬁehMQ?e%aEwmr%%ﬂmdeCGS- An optical swtch
according to claim 250 and wherein said optical beamreceiving devices are
configured to receive light over a region sufficiently |large such that
wavel engt h pendenci he.dﬁf | ectors do not substantially affect the

S of. >
anount of |ight sense ?Pt'lcﬂéw?tg Q?Wpﬁsén%evi ces. 282. An opti cal

switch according to cl

di rect abl e opti cal begﬁl%g%ﬁ%w@géﬁﬁ%ﬁig%gf%%%# tg?fa I t’@%ﬁgﬁ‘%m

beam recei Vidag X are nmonolithically formed on a single substrate
83. &A%&g%t ?‘ga S switch according to claim 282 and wherein said
plurality of optical BenFulitgeebmicabbéafietSvingi&i&s! ect ably directable
284. An optical switch according to claim 254 and wherein said

plurality of optical beamemtting devices and plurality of selectably
directabl e optical beamreceiving devices are nonolithically formed on a
singl e substS0ate  28RAn optical switchAsccopding &0 chimn t4Gharmic wheminngpid plucdlity wf 246
and wherein at |east one of said selectably directable optical beam

defl ecti ng dmoniolithic pleralities of beam deflesting idevices ares aryanged |gendrally pdrallehko ope of
optical beans. 286. An optical switch according to claim 250 and
wherei n at lenether dorg i axisipdrpendiearstol 3/ plane incwhish selogiable aleflestiomofi @flight t i ng
devices is operative to sinultaneously deflect a plurality of optical

beans.  28beam is producedhesghyi cal switch according to claim 253 and wherein
sai d wavegui des are electronically controlled and al so conpri si ng:
overlying said wavegui des, a nmultiplicity of electrical contacts, each

A o i B RSl S e By o
. i1 . : . 50 . . .
ol ect roni carteyoRBii et <yl dBhecting gpfibes of hiboded Boferl) BRBRE BT,
wavegui des, .2 il dddhalng'ih% pne Pefifehlicfal to°f PR i whiSR sledt i 8ection of a
light beam is produced thereby.

52. An optical switch comprising:

- 53
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providing an el ectrical connection to at |east one of the multiplicity of

electrically RIed wavegui des.  2809. An optical BGFALSR/00293
according to claim 250 and wherein said at | east one substrate al so
conprises a nodul at or. 290. An optical switch according to claim
289 and wherein said nodul ator receives a, nodul ati,ng input froma |ight

det ect or ronol ithical |y #d@ufelity ofselectahly, disectable gptigal beam deferting %55 £3Ch
291. An optical switch accordjng to claim 250 and.wherejn each, of
said plurali tyc‘b‘T’g‘?ﬁﬂﬁg E%é%é’&ﬁ%@ﬁ/*‘%%‘%@ﬂ‘&@éh%w ﬂ&g’\i\‘gw Gh Maxeguides;
fiber. 292. An optical switch according to claim 291 and wherein
sai d optical fF’Eﬁer has a nunerical aperture of |less than 0. 3. 293.

An optical switch conprisipg;,. . a.plurality of ports each having
an input and an out put MP@M@%@P%I“&%} "%‘é{ﬁf’%; and an
optical crossbar assenbly; a plurality of information carrying
optical fibers interconnecting said plurality of ports with inputs to said

tical b bl . . ' fsd i
O g bpt o8l ber o NaPRbeL i s 8B U bl L BBl o

carrying optica nnec urall f ports wth

out puts from saj; i : %ggg ,{ﬁ)ﬂ ical fi opti cal
swi tch accordi %@F@@:‘Pg?#ngpggé an lFre\/\‘%er In s%*?%f u?saﬂ?pyc‘gf bggrts are cl ock

synchroni zed anong t hensel ves. 295. An optical switch according
to claim294 and wherein said optical crossbar assenbly conpri ses:

at |east one megol i thic Ahepsdal switeNacoerdingttalelaim §3 ane whblein sadf dptickl fiverims
defl ecting devices; and 85

a plurality of 2 mnhérival agestare sftessithanr03.devi ces. 296. An opti cal
switch according to claim 295 and wherein said at | east one nonolithic
plurality conmprises a plurality of nonolithic pluralities of selectably
directabl e optical beam deflecting devices. 297. . An optical |
switch accordi f%y to cl ai An2ptcahswiteh ecesrding 40 dithar ofldimy 4§fandptdosnd; whersein
pluralities of beam deflecting devices are arranged generally parallel to
one anot her al #f)selectably dlirpetabie optieal beam; deflgctingadrvicep eaph cpmpeEsecst; lapit one
defl ection of a,light heamis, produced .t hereby, 298. An opti cal
switch accor di fgstrae byvdn %Bdg’ﬁ’é?%é?‘&' “’%Pé‘”ﬁ‘fe@f"gﬁ'ty of nonolithic
pluralities of beam deflecting devices are arranged generally distributed
al ong a curve extending in a plane perpendicular to a plane in which

sel ect abl e def%t,ecti on of, oﬁé&h&ﬁ%%ﬁsiﬂ .oduced t hereby. 299.
ing'to clarm a

An optical swiich accor id wherein said optical crossbar

assenbly conpri ses: a%lurali SOngg%%ﬂ E&Mti%d&%?%&bl y directabl e

optical beam deflecting devices, ¢ conprisi-hg at 'east one substrate
having formed thereon a Manbl?dhi&hﬁﬁ‘aﬁ?} ,o%é!‘é%bgeéi%ec@db% optical beam receivifig
plurality of optical beamrecelvihg devices. 00, An opti cal

sw tch accordi gigide® cl ai m 295 and wherein each of said plurality of optical

beam recei ving devi ces conprises an optical fiber. 301. An
optical switch according to claim300, and wherein said optical fiber has a
nunerical aperture of |ess than 0. 3. 302. An optical swtch

according to c§hi m 295 aAmloptival svitthsaimgrisieg:ect abl y directabl e optical beam
defl ecting devices each conprise at | east one substrate having forned
thereon a nultiplicity ofplumalitypfiogtical beangemitting devices; andh opti cal switch
according to claim 294 and wherein said optical crossbar assenbly

conpri ses: a plupalityr of inpyolithic pluralisies of selactably wireetgblel opticad earand
a nonolithic plurality of selectably directable optical beamreceiving

devi ces. receiving devices.

58. An optical switch according to claim 57 and wherein said plurality of

monolithic pluralities of beam receiving devices are arranged generally parallel to one
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- 86- 304. An optical switch according to claim 303 and
wher ei n sai st one nonolithic plurality conprises a of
nmonol it hic ‘8’ réﬁﬁgl es of selectably directable optical bea%&{l@dé%%sng
devi ces. 305. An optical switch according to claim 304 and
wherein said plurality of nonolithic pluralities of beamreceiving devices
are ar f angeghods Alol!ah &R fbeidichlir 998 e lIH Hhic @Bl deflesticipoPetightcul ar
to a plane 1 n which sel ectab efl ection of a light beamis produced

t her eby. B4t is produced ther@By.opti cal switch according to claim304 and
wherein said pl ural ity of nonolithic pluralities of beamreceiving devices
are arranged generally distributed along a curve extending in a plane
perpendi cular to a plane in which selectable deflection of a light beamis
produced th§9.eby. A optical switch aécordipgitoadlaimvs? and adhecsiniisaid pharalityadfm 303
and wherein said selectably directable optical beamreceiving devices each
conpri se atmbnulishic pluealitieh of bauereoeiving glevicesnarel atrimged generallydistributedialongof

wavegui des. 308. An optical swtch accordlselg to claim294 and
wher ei n sai alcarpe extanding inss blane perpemdidular ¢o aypline ds which ectable deﬂecuanmf@r ality
of optical beamemtting devices; and a plurality of

sel ect abl y hghtbmislpeod;mdﬂ&rebbeam recei ving devices, each conprising at

| east one substrate having formed thereon a nultiplicity of wavegui des.
3009. An optical swtch according to claim295 and wher ein said
optical beamreceiving devices, are selectably directable.

An optical i tch acogﬂ apticgl switeh éﬁ"i‘ﬂ@%t‘hﬁ@m éﬁlaé!dcﬁﬂt Wh?,rF'Bssbar

assenbly conpri ses pluraglity, of sel ectabl ect abl e
opti cal beaﬁﬁ%ﬁ?‘?qt#% dH@@F@%&P“ﬁﬁ%cﬁem receiving devxce%eﬁq F%fPP‘%l%? e%%l‘m‘ft abl y

directabl e tica VI.CES An opti cal

swi tch acc L afg %efeaﬂgf%ﬁ@h@#}ﬁog‘gmgg'éﬁ%ct ably directable
optical beam em tt| ng devi ces each conprise at | east one substrate having
formed ther eon a multiplicity of waveguides. 312. An opti cal
switch accog ing to (t:?%"é\ %ﬁo .&gd wher.ein said selectably directable

-87- pt| cal fiptreaL ﬁ&“‘&&?)f‘%es each corrprl se at |east one

substrat e havi ng for | d:C] vegw des. 313.

An optical switch accoﬁﬁaﬁéﬁ%&@él '“"n"cfi er el N said sel ectably
directab e optlcal bepphaimty bt Bedistiy aﬁ&twog@e béh Gelclg diaactal ©
optical beam recel VI ng evi‘ces each ‘conpri se aW east one substrate having
formed t her Qlo'ne sﬁﬁétrgﬂce h‘é’ﬁ\ﬁgmﬁhereon%ulnphwy of wavégi®dR! i cal

swi tch acco al m 295 and conprising a light input coupler to said
plurality of opt| cal beam devices and a cylindrical lens |ight output
coupler receiving light fromsaid plurality of optical beam devi ces. 315.
An optical egmtch accaf dptivl bwiteH ascordidgitoanty sheliris56sa6t and wherkin bath | ens
l'i ght output coupler conprises a plurality of cylindrical |enses, each
associ at ed said dptiaal bepti enditin davicebeandsaid optidd beam receiving demces)plel S@bbtablw tch
according to claim 314 and wherein said cylindrical |ens |ight output

coupl er cordirectable. a single cylindrical |lens associated with a plurality of
opti cal beam devi ces. 317. An optical switch according to claim
295 and conprising a light input coupler to said plurality of optical beam

devi ces Wmé%h ' nel UdeAfn g})txcaf %'?v}tchoggco(r:a/iilqé rt]g ra}q(r: %} ciaxenrxlﬁs 48 - 52 and said optical

beam receiving devices are selectably directable.

64. An optical switch according to any of claims 48 - 63 and comprising a
light input coupler to said plurality of optical beam devices and a cylindrical lens light

output coupler receiving light from said plurality of optical beam devices.
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318. An optical switch according to claim 317 and wherein said

li ght i nput WO to said plurality of optical beam devi cRETRMWIRLLs at

| east one cylindrical |ens. 319. An optical switch according to
claim 317 and wherein said at | east one cylindrical |ens conprises a
plurality of cylindrical |enses, each_associated with an opfi gaéﬁ beam
device. = 386. An optice) swiiteh pecopding to elaisn 64 rrdywWherewy said-qy4n ns
wherein said at |east one cylindrical .| ens gopprises a sjingle cyli.ndrical

| ens associ &g@d"‘*ﬂp‘#ﬁ’%ﬂ’% GPTaPHsey adﬁ“@ﬁ!ﬁ’i‘%&?ﬁfﬁ lgnsgs. cach as%ﬂ@atf?_‘ with an An
optical sw tchcaggcorgi ng to claim317 and wherein said |ight input coupler
al so conpri SBYCA, OeAR ‘F‘b&city of microlenses fixed with respect to said at

| east. one cylindrical |ens, each of said multiplicity of mcrol enses
directing light into a single beamtransmtting devi ce. - 88-

322. An opticgl | . ke ' s ' j d

it 11 pl i ci ¢ 901 m cr of & BUEAEHISE ARRURE S al 84 hd g i BhGlca =AY

An opti cal i c j | ai 3 indiids rQdaRiafdl Gl billitCht Y of
m cr ol ensesﬁ%tnﬁpge@gﬁ@g@ﬁfﬁg@% lreo eﬁses. Y@ﬁ?ﬁéﬂ&:a&ﬁ Hiek'd %Hﬁggtqi)ff:al .
devi ce accorgi: g0 299 and wherein said at | east one substrate has

f or med thergg%é%béﬁgéﬁe?ci ty of electrically controlled, phase-shifting
wavegui des, said devices al so conprising an electrical control signal
source providing electrical signals to said nmultiplicity of wavegui des to
cause them g9 have a dasiptiosl JviReh atebit@ing Q0 any tof claims348 - 63 and compfising¥ i cal
devi ce according to claim 308 and wherein sard at | east one substrate has
forned ther ggm igp\m!ﬂotxblair tocédid/ plafalie) 6€bpticabbdayh deides MHichdinclpdea e leakst el ng
wavegui des, said devices al so conprising an electrical control signal
source provicdindgicatlenst ri cal signals to said nultiplicity of waveguides to

cause themto have a desired lens functionality. 326. An opti cal
switch according to claim305 and al so conprising a feedback connection to
direct said selectably directable optical beam deflecting devices. _ 327.

An optical 68itch accandiptigaltswitch aicenrding tarany of sleirod Apr-i 66 angd whereiafsidc k
connection to direct said selectably directable optical beamreceiving
devices.  ligl. input couplerge said pbulity vaf t epticalchegmy ewices compaiseh 2 IEBStOM¢ al so
conprising a feedback connection to direct said selectably directable

opti cal beaﬁ}’léﬁflﬁ”% devi ces and said selectably directable optical beam
recei vi ng devi ces. 329. An optical switch according to claim295
and wherein said optical beamreceiving devices are configured to receive

: ‘Eghée?YELt 892:3‘0"20? o arGed i e ating b e SRS S 210 o ERCBRERR Iﬁi o
b . ' 30.. A . e _ . .

200 and vhePed et o PR Jony somplrch GABaigoE FNARER, Shg gt o T

receive |i ggésgﬁx‘gﬁgm&;aﬁﬁ;g@?ﬂ% lighgntly large such that wavel ength

dependenci e ors do not substantially affect the anmount of
| i ght sensed by the receiving devices.
- 89- 331. An optical switch according to claim 295 and

wherei n sai gopl ural it xnQiptiedll SeicRdedording 46 tethbCoPRkiks a7 £RI%68 Sef Wasreinng
devices and said plurality of optical beamreceiving devices are

nonol i t hi cakdiy at Ma8EEnd BylmdfitN IR Soniiiiséh Qingle3Sydindrical lens asddiatdt withtla
switch according to claim 331 and wherein said plurality of optical beam

recei ving dpﬁa@sopd]ﬁicaqiemtdabibgg di rect abl e

71. An optical switch according to any of claims 67 - 70 and wherein said
light input coupler also comprises a multiplicity of microlenses fixed with respect to said
at least one cylindrical lens, each of said multiplicity of microlenses directing light into a

single beam transmitting device.
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333. An optical switch according to claim303 and wherein said
plurality o j.cal beamemtting devices and plurality of sel ectabl

di rectabl e &%@%ﬁ%%eam recei ving devi ces are monol it hi cal | PSRN, 4
singl e substrate 334. An optical switch according to claim 295
and wherein at |east one of said selectably directable optical beam

defl ecting devices is operative to sinultaneously deflect a plurality of
opti cal beans. 335. An optical switch according to claim 299 and
wherein at I-@ast one | Yo I leial ; ting
devices is o%gr ative ?Ibn ?l?drﬁ ﬁt@%%mﬁg?lcg%‘?a}g %d&?gﬁrﬁtafa%m@%tg?
beans. 336Gnicrolenses comPisédiTbd nidfolénbesaccording to claim 302 and wherein
sai d wavegui des are electronically controll ed and al so conpri si ng:
overlying said waveguides, a nultiplicity of electrical contacts, each
contact providing an electrical connection to at | east one of the

mul tiplicityr3of el ect dincepticl switthrastdrdiigwe \ciaiti7dcemd whebélil said multiplicitpof
optical switch according to claim 299 and wherein said wavegui des are

el ect r oni calnhigrolensdsrcompeiskszolimatisg micyolenses.i ng: overlying said

wavegui des, a nmultiplicity of electrical contacts, each contact providing
an electrical connection to at |east one of the nmultiplicity of
electrically controlled wavegui des. 338. | . ,An optical switch
accor di ng t d4el ai m 29%naaetivghepticeh beam dransmissign t deyice eormperising: at Jgasto one

conprises a npdul ator. i
339. su affglal"’é'ﬁlf"‘?ﬁdtt@{e%{bcordi ng to claim338 and wherein said

nodul ator receives a moduylating.input froma. |light detector nonolithically
formed therewith on séi“a‘lftéﬂqe Iagés‘f’tegrr?&d egqy?g{chfrgm{ an§40_ An opti cal
swi tch according to claj [ hd plurality of optical
beam recei ving devi Ceg%d(g?irfé\%?%@&gﬁgg%l?icgrgfﬁ%?@ggﬁ&%m' An
optical switch according to claim340 and wherein said optical fiber has a
nunerical aperture of less than 0.3. 342 _ An optical switch
according 1 gsclal M 29hnaaulipiici 'bead| fanitliBh deVict actditi IR #44Ad! NI
optical fibers interconnecting said plurality of ports wth inputs to said
opti cal CrO%ﬁ{éﬁnWﬁWg&dﬁ@éﬂﬁh%&éﬂ diréctabld B¥AnGF1ighel ni ng fibers. 343.
An optical switch according to claim 294 and wherein said plurality of
information carrying optical fibers interconnecting said plurality of ports
wth outputs fromsaid optical crossbar assenbly conprises mnultinode
fibers. 336. AnAittiopiopticdl behttednsmizsion devige taocartiag rto IkiAmaTd andher ei n
said plurality of information carrying optical fibers interconnecting said
plurality ofwhersirt midwivegoidegseiestablymeteive albeapt ofdight.cr ossbar assenbly

-90-

conprises multinode fibers. 345. A | aser witing apparatus which
i ncludes a | aser scanning unit conprising an optical beam defl ection
devi ce, said beam defl ecting device conpri sing: at | east one

substrate hd¥i ng for mAd apticalswiitch anedrdingIto @iy of tife praceding daims 48ac TP and
wavegui de receiving light and emtting light, the totality of light emtted
by said rul Whereincsaid mulfipligityof wavegnides atr eperajivasimultangougly 4o deflesta plyrajity

di rect abl e out put  beam and at | east one nultiplexer applying
el ectrical PhHoRHcal he8mMsai d at | east one substrate for individually
controlling the light emtted by each of the multiplicity of wavegui des,

t hereby governing the orirentation of said selectably directabl e output

beam 346 A | aser Ltin aratus accordi ng. to,clai m:345 and
wherei n sai d%at | east ABrRPUGH) é\g"tﬂeei‘gp‘%? o %&Lf’grfﬁF é\reﬁ?ﬂ‘éged@@ﬁtar“dl ‘ﬂ%"r

whi ch controls the phase of the light emtted by each of the multiplicity
of wavegui dE¥MpHSIng. -91-

overlying said waveguides, a multiplicity of electrical contacts, each
contact providing an electrical connection to at least one of the multiplicity of electrically

controlled waveguides.

et
g
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347 A laser witing apparatus according to claim 345 an erein
said at | ea¥PBAC I ti pl exer is a sequential intensity con??'ylnl's’é’rdw%i ch
controls the intensity of the light emtted by each of the multiplicity of
wavegui des. 348. A laser witing apparatus according to claim 345

and wherein.said at |geast.one substrate cooprises.a pluralit f

substrat es ?’9eac h havifdfy %ma“‘iﬂﬁ n sf?gg'f’f'pﬁ?qvb“let &”B?“%éb E‘Taateé’ "€ cach
wavegui de regceiviang. | ight d emitting light and wherein said at | east one
mul tipl exeﬁ“ﬁ%ﬁ@"’@l@@?‘f@ﬁﬁe‘w'nput s to said plurality of substrates.

aai d optical beam dert TG SEPRRERME SRAERET aeh Brleidl W mifBMTOF, T\
substrat es, i . on a nmultiplicity of wavegui des, each
wavegui de rog .@Pﬂ%‘%ﬁ@%ﬁ%‘a&%ﬁ?ng light, the totality of light emitted
by said multiplicity i . i s2ast eyl :

di rectabl e out put bgf%gﬂ*ﬁ%w. &e&&)wﬁ‘dﬁ%ss%&b&ﬁgl@’?‘l ﬁgmglf)% r‘gfﬂ?ag%%:ordi ng
toclalm Anablcleql coftatt %gédfi%a?et@ﬁ%@%' %ha%ndgy'aeqe&@wa 8€%he

at |l east one substrate eon a multiplicity ofwavegui des;

and multiplicity 3f BleHedIR ton@6NedYvadvesidasiin shid h@Ehblpnd coupling said
received light to said mulfiplicity of wavegui des. 351. A |aser
writing apparatus according to claim 345 wherein said optical beam

defl ecti ng device conpri ses: a light source; at

| east one sgbstrate havhalittds opecdl hiighe anodulatul comptising Ja shbstratee bavinges; and
a mcrolens array receiving light fromsaid |ight source and coupling said
recei ved | ifgiiedtmorlithdcaliy thergont ci ty of wavegui des. 352. A | aser
witing apparatus according to claim 345 and wherein said nmultiplicity of
wavegui des conpri ses aa eleniro-abdarptianymadulatard; amd zat i on i ndependent,
electrically controll ed wavegui des. 353. A laser witing,

appar at us accor di ng wdighbt détestesprozidingshmodulatingzaitipurie said elestra-absorpiion i city
of pol arization independent, electrically controlled wavegui des conpri ses
first and Jeedylrohase shifting wavegui de portions.

-92- 354. A laser witing apparatus according to claim
353 and wherein electric fields of different directions are applied to said
first and %ﬁcond phase shi fti%% \A@V% ui de portions. 355. A

laser writitlg appar at YOPHCRFYAYFRYIG-EnE cUMRASING5 3 and wherei n each of said

mul C1pli city of pol ay rati it o AGARCHIR e RhACHEILAR' ik Uelidhnaeout des

conprises first and Seco phas ng wavegul respective
first and ggconyl bsad Wg}%‘ﬁﬁépﬁﬁti ve first and second electric fields
I'i’'ed”t he

of different directions apf teto.  356. A laser witing

apparatus accordi ng o ddakid .%égtrang%.gpn?{)gfigg ggﬁ,j‘hggs&em g{gnggitg said

multiplicity of polarization indepen |1y controlled

wavegui des pgiiglicity 88whvegidefftfcab QOB td haRS @Bﬁé&ibﬁmmwﬂﬂh#nde portions
separated by a quarter-wave plate, whereby light fromsaid tirst wavegui de
portion passes through said quarter-wave plate prior to entering said
second wavegui de porti on. 357. A laser writing apparatus
according #82. cl ai m 2jparatusr sicording tb amyt bF phe preceding clatmedH 86sandoalger | ses:
a multiplicity of electrically controlled wavegui des; and . a
| i ght receicomprifing ami electricalgcontrpht signal souzse dprowidingpklectricyl signalade gitiddes,
said light recejver conprjising a selectable polarization rotator. 358.

A | aser wr imultipliciy pEwaveguidgs troraysethemdo bavgiardesived lapsfungtionality sai d

sel ectabl e polarization rotator is automatically operative to rotate the
pol ari zation so as to provide an optim zed |ight output fromsaid

ltiplici f ides.. ,359. ) pti
nccor di ng 88 ol ai m - SSRARE SR 8rooing to wu otalBt §8 cibp aed A BORPIASE.
f ti ity i zable b . hase-shi f;t i.ng. 360. .
| aser ¢ iR necERn bEuyRin AU Rl bR Fsae i AR A PR PP o
beam def | e%ﬁ%m&ﬂéﬁi&i al so conprises a |light source.
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361. A laser witing apparatus according to claim345 and wherein
said nultipligjt f _wavegui des conprise a nmultiplicity of electri
controlled vvaggggéfsg?é{g and wherein said optical device al so co%ﬁ#{ﬂ!‘g@&%

a light receiver directing light into said nultiplicity of wavegui des and

i ncl udi ng - 93-

pol ari zation ngy ntaini ng\xPB%t}id&ka’i &dcording &Pdny of claims 48\- 88 aind rwhidréih isaig
apparatus according to clai 345 erel n sai d optical beam defl ecting

devi ce al so CQjichldRém receiving devices are Sorifigfed tbGe&ivetight ova a Pegidn aifficiéntly
said multiplicity of waveguides at first ends thereof, and wherein

~said mul tipliQhrdgy seéh thavwevelenpth dependeritivaofihe defléutore doaiot Sabstantiallysifeenthe

t her eof . 363. A laser witing apparatus according to claim 345
wherei n sai d caiduatbf lizhasensef bycthe recgivihg\deoicesal SO conpri ses: a
i ght receiver directing light into said multiplicity of wavegui des, said

| i ght receiver conprising a cylindrical |ens. 364. A |aser
writing apparatus according to claim 345 wherein said optical beam

defl ecting deWd5e al so cimqpticaleswitch comprising: a light receiver directing
light into said multiplicity of wavequides, said |ight recejver conprising
a nul ti-nmode interf er encepheraiifyiof selectatipdirectable optical heamalefleting devieesappar at us

according to claim 345 wherein said optical, beamdefl ecting, deyjce als
conpri ses: a plurplity of optiab beam "Qﬂ’P‘F’@StC{QWQe% F&iwll‘ﬁﬁwa@aﬁiw“ﬁ‘ty 0

mul tiplicity of wavegui des, said.light _receiyer conpri.si a pl.anar ve
gui de.  366. Selectably dilre%“gl&é\ﬂwaﬁheﬂ‘%rfgfﬂé‘ﬁﬁ‘ngs &‘g@ 5"?"@ ipﬂgﬂf% of I°Rﬁ?ﬁl gg@“and
wherein said nmul ti.pli,city of wavequides have first ends which abut said

pl anar wavegui§eV ﬁw&?#&mgwﬁﬁgﬁhngagﬁ meggﬁ'? 367. A

| aser witing apparatus according to claim 365 and wherein said planar wave

gui de conprises a light receiving wavegui de. 368. A laser witing
apparatus acc ing to cl.aj d s e i Lot 4d €@R1 Vi yi de
includes a li g6? recei Vi%b&cgpgm%a%%@ {V\b/a?'yl gf{:%’%gr%%, s %E&g&wg& A

| aser witing IR r & 0, ' W{,ﬁ [We M
recei vi ng vvavggl&lg%g con{ae?ﬁggsﬂgee%ggu?&cg!r Eéﬁﬁszieﬁ&ﬁn b aikf s p'l\ﬁmty of
-94- qpti_cal@eaxﬁ re Jix{%ndevicgs are mbhBlithically formed‘oh ffeSaméksilistra@ appar at us
according to cl'aim 345 an erein said nultiplicity of waveguides is
controllable so as to selectably provide nultiple selectably directed
out put beans 371, A laser witing apparatus according to claim
345 and al so @mpri si ng A nwehodgof fbemidg & enonolithic sirigure having electrical cantagtsked
wavegui de having a relatively broad i nput end which receives |Iight and
al | ows pr opagaiomprisiag thedtéps-ofinde | i ght waves t her et hr ough; a
narrowed neck portion at which higher nodes radi ate outside the wavegui de
and only the nodes whi cleonfiguripgapgiges en ahwafer suchuthat ppRes and dowemsusiaes® AR d
a relatively broad output end. 372. A laser witing apparatus
according to clefinedthee8nand wherein said substrate conprises gallium
r-witin arat us gtoc

ar seni de. 373. A. las app .gccordin .aim 345
wherein said optical be&R¢E ’Faé‘g'PPPﬁ‘i %ds%“’(?gﬁﬁf?‘?ﬁ r’fﬂﬂhﬂle@gé’y ‘?VﬁPgﬁJl‘%ﬂ Bye
electronic cirguit fornmed on sai.d,.substrate 4. | [ i 1ing
appar at Us. acc TP SR L PAPSRISILB, i oier and e Jotacepy el iF&Ron Bein
selected with respect to interconnecting surfaces which interconnect said upper and
Jlower surfaces such that metal is not substantially coated onto said intercoanecting

surfaces, whereby electrical connections between said upper and lower surfaces via said

interconnecting surfaces are not formed by said metal coating.
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wavegui des conprises a multiplicity of electrically controlled wavegui des
and wher ei WO&B/@2@€vi ce al so conpri ses: over | yPOTyIIS&I00293
multiplicity of wavegides, a nultiplicity of electrical contacts, each
contact providing an electrical connection to at | east one of the

nultiplicité of electrically controlled wavegui des. A | aser
witing app8¥atus acchr @FW@ th forming,a msolmrmmhmnkpwcﬂcmw

wavegui-des conpyL.i ses e assenblies, .each including a
rrultlpI|C|t§°°gP 2 o 1 o, b ok bRo s FEOAR SORRERS, ) VEATERRoy o
al so conprla overlying each of said wavegui de assenbli es,

a nultiplic ?9‘%f el ectrical contacts, each contact providing an electrlcal

connection to at |east one of the multi plicity of electrically controlled
wavegui des in said assenbl y 376. A | aser writing apparatus

according tggclaim34 wavegui des

conpri ses agrml tiplici y o? efé%ﬁia y cont ro ﬁc ogl)/pn n&se-shifti ng

wavegui des and vvherel ﬁqﬁ&%

952 an elFectri gﬁfi cont$%m3| cago lhtge provi di ng
electrical signals tog gﬁt&tg%wwd%g&aé%&&:mm%ﬁ@ﬁemﬁmthemto have

a desired lens functio
- 96_

90, An optical switch comprising:

a plurality of ports;

an optical crossbar assembly; and

a plurality of information carrying optical fibers interconnecting said
plurality of ports with inputs to said optical crossbar assembly, said information carrying

optical fibers comprising polarization maintaining fibers.

91. An optical switch comprising:

a plurality of ports;

an optical crossbar assembly; and

a plurality of information carrying optical fibers interconnecting said
plurality of ports with inputs to said optical crossbar assembly, said plurality of ports

each having an input and output which are clock synchronized.

92. An optical switch according to claim 91 and wherein said plurality of

ports are clock synchronized among themselves.
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