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Thi s di scl owo es/28@Bat es generally to optical signaling, anq, ' Pgﬁg%cul ar
but riot. exclusively, relates to optical sw tches and nodul RS 0
BACKGROUND Optical swi tches and nodul ators are widely used in optical
communi cati on systens. Such optical systens include waveguide (e.g.,

optical fibers, planarpefgomd mbpgw’ ﬁszfsmmﬁem, or
conmbi nati ons of such smrﬁ’gﬁavaﬁ-mﬁm'. , ' ' . n optical
comuni cat i GMOTHISATINGFANQPTIC ANESIGNARYWHTH ENHANSEDSENSITIVIFY ch the
nodul ator is in either an ON of OFF state, as In an optical swtch. Thus,
optical nodulators in digital signaling systens are essentially OV OFF
opti cal Wi&&&hﬁg}éﬂr oach to optical swi tching and nodul ation is based
an contTol of portions of an optical signal to selectively
control the 20 interference between these portions. For exanple, in one
approach, the input optical signal is split into two nmatched portions, then
t he phase differencethgt _ | ol 1 e A h oLt ions
are reconbined to fo.rrﬁn@'t \r?g%o'b&%%?‘égt%iaqéﬂg@’? t%gopgr%‘gé‘é]ﬁ%é'r garq@e'rfs 180

degr ees ( orpasticaiarrbut holdsxelushelye pdldtes theptica Pswichbe bkd nelRRidtast | ve |
i nterference occurs when the portions are reconbined, resulting in 25

out put signal ideally having an intensity of zero.' This configuration can
be useg0 a%&l&@_@ate of the switch or nodul ator. Conversely, if the
pgﬁls)e I'f f ' ~2ero degrees (or sone nultiple of 360 degrees), then

G | etely constructhye i rferenge occurs, resulting in the output

si gnal having essentq)é%%_ %@"?ﬁ@"@omﬁ}i@%‘% %6 048 566534 péfr/ W62) 26184
pntensity dgmnilicalibn 'sYgtehitP Usuch Pital sfitbrs IREHidIWadbhGle 8. MSpridaY 2o

 fibers, planar wafer-based circuits) and free-space systems, or combinations of
such systems. In many applications, modulation in optical communication
15 systems is implemented as digital modulation in whi-'ch the modulator is in either
an _ON or OFF state, as in an optical switch, Thus, optical rn'odﬁ!ators in digital
signaling systems are essentially ON/OFF optical switches.
| One approach to optical switching ant_:i modulation is based on
controlling the phase of portions of an optical signal to selectively control thé
20 interference between these portions. For example, in one approach, the input
‘) optical signal is split into two matched portions, then the phaée difference between.
| them is controlled, and then the portions are recombined to form the output signal.
If the phase difference is 180 degrees {or some multiple thereof), then complétely
| destructive interference occurs when the portions are recombined, resulting in
25 output signal ideally having an inte‘nsity of zero. This configuration can be used
as the OFF state of the switch or modulator. Conversely, if the phase difference is
zero degrees (or sbme multiple of 360 degrees), then completely constructive

' interference occurs, resulting in the output signal having essentially the same




staté& of the switch or nodul ator. There are several approaches [
the phase difference between the portions of the input optical 5&&372%\%

approach iswooyeses a 5 difference in refractive index of gheudBAkis N
whi ch the -portions are propagating, which in turn will cause a pﬁse@

di fference rtions. Varioys.elecgtro, optic, therpo-optic, and
stress/ st raiqﬁ{-eggﬂ]%é E?gaépﬁir“lﬁ% P 15, H@@dcqngg%??fPPﬁ% be, uygda8s ?&QMdex of
a propagat i oitataRe tHeBwieA®r Ploduiiof. MPOr tant paraneters of optical switches

and nodul ators 10 is the power required by the optical sw tch or nodul ator

to switch between ON Hmie &¥eFsetarbbaipproathes tdatisingethROPRAsd QfiffdreseENt ) -
In nost applications, it is desirable to reduce the drive power

r equi r enent debveamihepperiiens of the dnud optical mighal. at@mes apRReER IDES@ELET 1:ON OF
THE DRAVNGS..15 Non-|imt,;j d -exh ti nbodi t f th
present V\gi %?anrrép%@ggpgéﬂowf{éﬁ%ég é'? gﬁ?@b\/’f{?"@eﬂoﬁ@p "I‘P"cr;!ergdisﬁﬁ?g@ﬁ&ﬁngur es,
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the present  invention.  Figure 2 1s a blo lragramillustrating

embodi ment  odfractiee imdex obh prepaightibn Aedieyi ce of Figure | in nore detail.

Figure 3 is a flow diagramillustrating the operation of the optical 25

swi t chi ng devi ce of Knguefthe impedantdianemeterscafeptivdlawikhed anll Mdwilgtosent

I nventi g(? 2 téO/ 03/ 2006, 3/ 025663 PCT/ US02/ 26184 Figure 4 is a diagram
i nff Uf PRVRIEABIRHPY &8 oRficahweviichiar Sipdutatorda swiieh batwasni N eindg

i1 ustr
dﬂb' ce, acceifidided f 62 BAHE gbﬁgpnteq(u){reégﬁ).pﬁle mos tapp‘ic%\{i%r%,l ifIs desirable

to reduce the drive power requirements of the opfical switches and modulators.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Non-limiting and non-exhaustive embodiments of the present
invention are described with reference to the following figures, wherein like
reference numerals refer to like parts throughout the various views unless
otherwise specified.
20 Figure 1 is a block diagram illustrating an optical switching device,

according to one embodiment of the present invention.

Figure 2 is a block diagram iilustrating an embodiment of the optical
switching device of Figure 1 in more detail.
Figure 3 is a flow diagram illustrating the operation of the optical
25 switching device of Figure 2, according to one embodiment of the present

invention.




Figute 5is a diagramillustrating a normalized switch transfer (w?%tio
of an exenplary optical switching device. Figure 6 is a di agramlO/

i lTustratinyvaoszseease shift of an exenplary optical swtchidgydemiizg as a
function of the reflectivity. of the reflecting surfaces of the optical

ts‘II_MLtLJg‘rI]':R’R‘gI]'EgeE:\/E?JDIS Ngr\&ﬂ@?r%rﬁoggqv%ﬁ%&gp@%ﬁ&%ﬁ@éﬁ%hﬁ?%n@g s% tching

and  nmodul agh NgptRB) SHitchiM a?\%@I aaé&mﬂsse idiede Pﬁb&h niknt | 6F 4R cffr%érﬂw' ng
description, nunmerous spécific detalils™are set to provi a thorough
under st andi ingemloril5 enbodi nents of the invention. One skilled in the
relevant art will recognize, however, that the invention can be practiced
without one or nore JHGWRE spacidagramdilusirating er narmdlized hewitehe ttrpsfer
conmpone het, j.nstances, wel |l -known structures,

_materi args %‘mﬁﬁéﬁqq @Fﬂ"fi?'gOHB‘fE}@WHﬁm"%FEWE%CH bed in detail to avoi d
obscuring aspects of Fﬁ%ﬁ% gy ey a%%m%%éﬁ%tuﬁ%%%h&g% QHﬁh&L’EnE%eﬁlplary

specification to done | nen nmeans

particul ar dpticbléwitcHily d6Vicd £ a AincHBRbPHLSEASViEy SRS FérflReing bhf&@BMICt i on

with the enbodinent is included in at |east one enbodl ment of the present

i nvention. ﬂﬁem’tlcaltsw:tabtpgaleamfeapmit:iaratyphrases in one enbodinent”, or "in

an enbodi nent" in various places throughout this specification are not 25

necessarily all referring to the same enbodi ment. Furthernore, the

partic ar , el , ! ‘ Ay ,.be combi ned in any
dit ablld IF THEWLUSTRATED EMBODIVENT S\0 03/ 025663 '

P / US02/ 26184 Fi gure 1 |IIustrat es an optlcal SWi tchl ng devi ce 10,

according to one enbodi nent of the present invention. Various enbodi nents

of optical switchi ”QEFTrEw%Hinféﬁtsloof' %C'n%lﬁ p&hcfaéﬁp%\(’ét %C@ieg%d?n

nmodul ators, In this e di ment optlca udes an
optical cawmdduldtihgcamtoptical iipral BRR88scribed herein, In the following description,

numerous specific details are set forth to provide a thorough understanding of

15 embodiments of the invention. One skilled in the relevant art will recognize,

however, that the invention can be practiced without one or more of the specific

details, or with other methods, components, materials, efc. in other instances,

well-known structures, materials, or operations are not shown or described in
detail to avoid obscuring aspects of the invention.

20 Reference throughout this specification to “one embodiment” or “an

embodiment” means that a particular feature structure or characteristic described

“in connection with the embodlment is mcluded in at Ieast one embodtment of the

present invention. Thus, the appearances of the phr_ases in one embodiment” or’

‘in an embodiment’ in various places throughout this specification are not

25 necessarily' all referring to the same 'er.hbodiment. Furthermore, the particular

features, structures, or characteristics may be combined in any suitable manner in

one or more embodiments.




5 nodul ator 14 having a MZI (also referred to herein at a Ml struﬁ)grﬁ.
In this enbodi nent, MZlI structure 14 is configured to operate ad 7 '

or nodul at orwon®ezsesssi ve to a control signal (not shown) to
between ON and OFF states. Optical cavity 12 can be any sui%gﬁpgdzzjgﬁlty

structure that has at_| east_two artially reflective surfaces or facets.
In one embodi ment, ogt9We 1 Husirates ap gplica] swichipg dpvice19; apeaniingde &t or f or

h | i ' i . Thi s.erhodi f
opti cal svi Pripofimeror 38 biBentififlon Y ABUENEIRRents o pyEd SREAER: | oa
~signal 16 (bedsabaskiade dptcl sWikhdsSamd %ﬁ&?%diﬂg@. Pmltﬂh&aémbsﬁfﬂehv.

structure 12 in which the signal is confined for ti pl e passes through

the propagaplicah svétthing devicadidiincindes cinr bpiical hesity 121 donifing as eopti cal
signal 16 15 propagates t hrough_l\/ZI structure. 14. 1n_sone enbodi nents, MI
structur 1m0dpﬁgqrdde§a\{u\}g)ad\ﬂ hirlse miepedia heeipas ksMZhBtrugture)ctiartbis14 can

be control | gd t& s?!,ﬁ%ivelﬂy !ﬁ.rodu‘e a Rhase shift between optical
Slh gnal s p_roﬁ'?i"ag_ MR ML e i 't 18 1A igyyed %0_538"'95‘? 88 1% SYWiRTeet @eddatorwnen
Structure 17SRoNAR 18 LA HUBE ot SHEBrT isPsBoBAREEer U 4h3 O

accunul at e. sthiék, tical sdvity 14 daRase S9diiEBR cfak)gg( Qi?ﬁétﬁr%'th%ﬂ Mt Teadt tRg t he

two paths to forman output signal. "Wen M ructure 14 1 ntroduces a

phase shi f tpartially reflsctivessiirfacas oadaoets| &1 ede eatiridimentpbpiical ehvifyt120fs 480
degrees (or_a nultiple thereof), the output signal will be in the OFF -
stat e bk al@bry-Rerdd§ePLegsonalpgifesthe wavelength abthpaplical wignial theet switchiede| y

n¥erfere wh nbi ped. | trast, 25 the | ated rel at |
phase shifi 1 sero TBF emisiitepial opficalsuleing 68dss 16 oReragen fLeensrahal wi |
const ruct i v DI RASBIES ity 78 bhffedl 438 Srpidh bdFoestipipd Bl gattal

PCT/ US02/ 2 ; ' ' ; ' ' | ' [
educed  drruty SROAG!E AN I Sl toRfeu1et mibpE Pagtds o ele ¢ °
accumul at egropagation nestiiiim pds 2ddiBh, dirngCthese midtiple fdde’S odiicl! siypaPmyer  t hat

Is less_than a conventional Mzl switch (which provides only a Single pass)
t o achildve propagetasethrough MZI structure 14. In some embodiments, MZI structure 14
includes two or more propagation paths. MZ! structure 14 can be conirolled to
selectively introduce a phase shift between optical signals propagating in .the
different paths to create interference when these optical éignal's are combined.
The multiple passes through MZ! structure 14 advantageously allow the relative
20 phase shifts to accumulate. MZI structure 14 then combines the optical signals
from the two paths to form an output signal. When MZI structure 14 introduces a
phase shift that resuits in an accumulated relative phase shift of'1_8'0 degrees (or a
multiple thereof), the output signal will be in thé OFF state because the optical
~ signals in the two paths will dEStfucti\}ely interfere when combined. In contrast,
25 when the accumulated relative phase shift is zero (or a muitiple of 360 degrees),
| the output signal will be in the ON state because the dptical signals in the two

paths will constructively interfere when combined.




5. effective relative phase difference to achi eve the desired OV
states. Figure 2 illustrates an enbodi nent of the optical sw tcl%iogg(f:)’ég\?i%
10. (Fi gurewoysfprseoore detail. In this enbodi ment, optical gayj el S

i npl emented using partially reflective facets 21 and 22. Pa?%llpg?ﬁ{%?“

reflective facets 2 e i,npl enent ed | n . sui t.abl e mari ner
such as, for exanpl gla(? ﬁ?g?%&%@%cfgﬂgp:@g@hcé]@wd@h@g%%zxﬁpgqudﬁs ad?‘?"f‘iegct i on
grating Uvdfe (godlr régiarerirt! | That B! 6caulh Mo MldsE Uit ardlaBlifibibtel
coatings (i.e., a coating of alternating layers o I'g an-gi1 ow refractive
i ndex mat erdiueihg eapmpass) MZ| stluckre d4 mequiessa deve -power IASRIscRBOdhdreRt S, the
reflectivity of partially reflective facets 21 and 22 are matched, although
in other &rBRliARH M2 Hdleh{whichrerovides anly arsingle pass)ddi achiave the samis _
embodi nent,_the 15 parameters of optical cavity 14 are designed so that -
opt i car§6a9ﬁ1r€}'vﬂgﬁ?€"er@%ﬁ?é{ﬁemf“t‘ﬁ &%’E‘%\ﬂ@ dorired Q/QRfpstatespt i cal signal
16. In this enbodi ] . u ' Lhcl udes..opt i ..coupl er, 24, '
opti cal coupler 25”3:%”3 ststia&%%% %soéé‘._ehgﬁrﬁg)? H'bﬁ‘qé)“’?%{af‘ﬂg‘ﬁf’l'c‘ééﬂp| er 24
can be i nFigurent) &8l nvsrEndbtAl, S ! i CQ’?{E £ w_ i nple, a
Y- coupl erng;@Eng ?)eam splitter 'g??gr#]b?rgm%\h&' 0 gf(:%% ica?@v@?’e@%&ter

devi ce. Opusingpadialiptefiecile facsts 2 Tmd®2. Pariklpefiaviivg Gicetd 21 @hdR can

enbodi nents, the splitters can have arbitrary power splitting ratios.

Phase shi f P@implemeaiedde anyysuitableanarnapisaele asstor fexampled esfiantives gediings, f or

exanplg, electro-optigc, therns-optjic and stress-optic hase shifters. In
thiys eﬁ}oo it Pla'glﬁgggfrgﬁ{% S‘Eat@g- Y¥rwritten 'ﬁé%rgé%@gofefaﬁ high seflaciveé si gnal

byDvaryin ; : ACt] Me | .of 1 iymin which the optical signal
"¢ propagalPREnEEpRRs g, f REY olgfRring iia® dNdeed ok ferilie o' phase
di f f er encapgass i bif T 81 c r gpechani 3 106
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swi t chi ng refattioity 90 partially refleetive Ritett B0ame 28 o ?Hﬁché%‘?rélﬂ'nah#ty inf 8fhbpctive
facets 21 is connected or arranged to receive input optica

C si gnal 16.
Optical cduppasiments they amed muitbepmatched.udheatidifion, in this embodiment, the

15  parameters of optical cavity 14 are designed so that optical cavity 14 is resonant
for the wavelength of input optical signal 16.

In this embodiment, MZ! structure 14 includes optical coupler 24,
optical coupler 25 and a phase shifter 26. For example, optical coupler 24 can be
implemented using a standard 50:50 coupler stuch as, for'exampie, a Y-coupler, a

- 20 beam-spiitter prism, or any other optical power splitter device. Optical coupler 25
can also be a50:50 coupler. In other embodiments, the splitters can have
arbitrary power splitting ratios. Phase shifter 26 can be any suitable phase

| shifting device such as, for example, electro-optic, therma-optic and stress-optic
o phase Shifters\. In this embodiment, p'has.e shifter 26_varies. the phase of an

25 optical signal by varying the refractive index 6f the medium in which the optical

signal is propagating. Other embodiments may use phase shifters that create

phase differences using different approaches or mechanisms.




parti'ally' reflective facet 21. That is, optical coupler 24 is coup) e
receive the 5 portion of optical signal 16 that passes through EMQ%%@OG

reflective ¥&8302566%ind the optical signals that are refl echeflubipigrahe
surface of partially reflective facet 21 that faces optical coupler 24.

Optical coupler 24 haBhd ereﬁtenw@l’tﬁ%(?é}ﬂgod?ﬂﬁbﬁtl @%&Psm{fgi@e&é i%’is?/arq 1 some

connected to one of the ends of optical pat arns

embodi ment s intafoesnoced andolR8B. Partialiiv @iiecivierfatsto gt s coindcted Br 8irAfged O

errbodl ments, they.can have different |engths. Phase shifter 26 I's connected
one or S%f%fy e 'QPWBOPEB«?& signg! 38 Ondisal autiplea 4 dhabyandapitqubrt couptec?®A and

298 Th 8 ted to f t d d

“oput por t s PASpIE RetfeciYe BcER Bl s, Cobcal cGurignas ?%Somsé)d @é{é@@f@zﬂ@f “35 i
led § o th

Lhrough par fial f’?"f oBtics Sigh et tet pASE tuol PAR Brod ARgi 2ttt ot o

swi t chi ng depficak Smalsl:ithBm aeﬂested fromvihéelisafraadof | laﬂ%il{ AdMve E%ceg@qr ation

of optical SWI tching device 10 (Figure 2), accor |ng 0 one e iment of
the present that fagesop ’Cﬂéﬁléﬁﬁl n@ptum! Enqnlem Rasiirét @nd Sedongiadutsivigorii Ng
device 10 oﬁ%(%r at.es. as In operation, input optical signal 16 is
pr opagat ed PECtyRb ?Pé'l"'e"tﬁg\’? P?ePflthﬂ andmef @fbablbatbmor arme @BAadi 288. si gnal

| n ot her enbodinents,

16 | nl 0
di'tiorent e&av%‘ﬁigngﬂ?s NG T8 2R S 29 P Mt Inggthrwhike  Asnded end
o7 apagati on meo oy aaney Faf MRge Bt bfighs. HHRSH YR 2B ecumiened Gnput

prepagation medi um use he applica

i cal si gmel ofiﬁomsofpamm‘ﬁ @fld DeBPaktihdithied 5/ H%Q{égv fnesl 254 éJZQBTh' S

operation is represented by a block 31 in Figure portion 8 |nput

opti cal si gilother ands o smnéh28Aighd @aBtadra bbineckid TNEmdREOR4 3R
03/ 025663 P% 5892/26184 facet 21 and propagates to optical coupP .
this enbod“ERYCA GRPIELES &ﬂ;wtemt eortggppml coiplens iscaiupm‘cgtwbamanp tvvo

conponent se and ener One conponent
cignal pro%%fggﬁ\éés :%é@b? ggg\ %Cﬁl a ﬁsgnglt ﬁ@? passes througlg partially reﬂecﬂve
15  facet 22 forms output signal 18 of optical switching device 10.
Figure 3 is a flow diagram illustrating the operation of optical
switching device 10 (Figure 2), according fo one embodiment of the present

invention. Referring to Figures 2 and 3, optical switching device 10 operates as
follows.

20 . In operation, input optica signal 16 is propagated inte optical
' . \) cavity 14. in one embodiment, input optical signal 16 is laser light of a wavelength
of 1550 nm. In other embodiments, different wavelengths can be used, typically
depending on the intended end use of the device (e.g. a specific optical
communication network) and the propagation medium used in the application. In
2'5 this embodiment, input optical signal 16 is propagated to partially reﬂectwe

| facet 21. This operation is represented by a block 31 in Figure 3.

A portion of input optical stg_nal 16 passes through parti'aily reflective -




in arm 28B. This operation is represented by a block 33 in Fi guri)/& [,n
ot.her 5 enbodi nents, the optical coupler splits the optical si gIIr 1/ 43/ 2006
mul tiple (ndY@0¥MRHR63 t wo) conponents with dissinilar phase nglagé@Rpsand
energy ratios. Phase-shifter 26 then. introduces a controlled anmount of

phase diff ' . n | S prgpagat,i in ar 28A and
D88.° 1 deal AR 2R 34 Ji6Paddis 16 TRAEA Lot P B B Soitchitpet, S0 he
conponent 1Goapign24 splith @is eptfcardigngh ' ' - ive

i nterference oII‘J i hIt) to ® aIIéhi evlgerY?IIIIetodw\lése\é’mﬁ?gh%%?dsntggtﬂelaoaﬁgmée@'IIct ive

i nt er f er encehase gnglenergy. d0he coreporient SIDRE! priphgites th SinRDEA \iRathé bther '

conponent opti cal %i gj,lla'l s are |later conbined and exit optical cavity 14.
Thi s oper at I"bA™ €8Bepl Bi§ AReEiiopyis 4epnesented by a brickB3einFigmess. c dmothramt

' I h ' 2 B 1 I cal I 25.
pti cal CoupTEPOBE b heBed ol s foe cblisalioniak ity 59 At ca

' | . Thi ' ' i I | n..Fi 3. Th
7 cconbi ned o cenPone e SRS Phece Mahrt el Bt "oal coupler 25)

then propagates to pdHassl hiftarabl sl Wrobae&d 2 2onth IeHhéﬁoEHPBﬂgiﬁ%Qb
partially reflective facet 22 allows a portion of the reconbined signal to
pass 20 t hr@jfigrencarbatween theewompanertf signals dprppagating inf artrze28/e cadtaigped
por ati on i 0efBpiFEEsRTHiEvE LoHsRR R BIStve,PirHSgANIR BetwSciner Gorppanrd! | y
refl ectjigve & L ef s.a portion of the .reconbined optical .
gggnfal 1t SSpéﬁgpaggIggI@%ﬁ(EﬁW% @ 'I?gI?IIﬁ%HI FIIR reEL eRrstrygtive, intgriesancs Qgi's biRi f:al
ceupl er aCRIEVE t N Bt ¢ Ve 8 : - rty,
(a) optical coupler 25 sIoI i tsﬂféﬁe r%g%sg@t e‘éeoﬁIgéﬁé?&?o°pr@@§8%§I‘%b§III§r ms 28A
and 288; (QAF phitsking istdte atheRhé BbMBENER OPRBAIdifalY SleAkicY SoRIbRRR Sl f t
bet ween the i§CO{!%:)‘_:(énen.t Si g%il s out pﬁt_ted t?)? si%l conbienep 25; (%II)IH opti cal
coupl er 24 SX§,pRegi CaBtE. 0 B9 opEreBorPiSTELISSRNRE b4 IockddiasFiglrese conponent
signals; and (d) par iaI,Ig_mreflec_tive facer 21 reflects a Igoortion of the
recombi ned out put siIiIF%tICO opehti signale dhpn epropagatatin sarmsf28Acand 28B to
15  optical coupler 25. Optical coupler 25 combines the component signals into a
single optical signal. This operation is represented by a block 37 in Figure 3.
| The recombined optical signal (i.e., the output signal of optical
coupler 26) then propagates to parfially reflective facet22. In this embodiment,

partially reflective facet 22 allows a portion of the recombined signal to pass

20 through. That is, the non-reflected portion of the recombined signal exits optical

cavity 14 to serve as output signaj 18. This operation is represented by a block 39
in Figure 3. | -

However, partially reflective facet 22 also reflects a portion of the
recombined optical signal to propagate back to partially reflective facet 21 via
25  optical coupler 25, arms 28A and 28B, and optical coupler 24, More particialarly,
(a) optical coupler 25 splits the reflected signal to propagate in arms 28A and 28B;
(b} phase shifter 26 infroduces another relative phase shift between the
component signals outputted by signal combiner 25; (c) .6ptical coupler 24 |
7




porti"on in effect, is then operated on as described in block 31 :
Thus, in 5 effect, portions of input optical signal 16 are conf ilﬂﬂgO?zZ%ﬁ

optical cavi0#82%82fined by partially reflective facets 23 ?@Eoﬁ% or
mul ti pl e passes through MZI structure 14. (fornmed by phase Sﬁl ter % and
optical couplers 24 and 25). As a result, these portions of the optical
signal can accunul ate the phase shifts introduced by phase shifter 26

bef ore exi t i ¢RNGiaes thesecomgonent sigrals; amel (dR Partiblly Tficstivy Rees3! fflects a

advant ageouslc}évred%;c the drive power requirenments of optical swtching
devi ce 10 byPHI¢THR ﬁﬁetrﬁeorabﬁrﬂﬂ Ut nsigial gl orticapisaupiers?d. f t Ehis 2éfleated

I ntroduce a - atd v I, "singl.espass”, phase, shift that is then .
accunul at ed ]{O?l[g@ ieg‘\!/e\eé : l%ﬁ‘e&edﬁe?aé%d Bgéﬁlqegﬁrgz’eﬂ%?@‘%ﬁ"f@d 9P oFiY S dR | '
typi cal Scorssept i tih e al | O[S, i relatively
| arge drive 15 b&%‘fﬂ nts. ?é@@é’%‘ﬁ%@“@ﬁ?f? Feér gfgﬂﬂ%gﬁhﬁ%ﬁg@&gﬁi@sﬁ% ree
phase shift byn partiElipgreflectins sfacdie@ 1penbiasyamre nfii dj ptical
swi t chi ng device 10§'i S edescri ged bel gw in gnjﬂ%ﬁﬁ%ﬁ%ﬂg?h%r Cemgp
Figure 4 i [Stiyeiuer &4 (tonmed dwt phesershifteri28pareepical coupie® 2apand-28). Awid ching

device 10 (Fi re; 2), accordiP | to gne enbodi nent of the present 20
i nvention. feriithiieSsRoRIaReNP! %@pppﬁ%ﬁf sighal cpam @eaeniiste 1 ipbasenshifteent ed

in the for n ' ' d.optical circuit wherein the optical

si gnal tr‘a\r/qerﬁ{?d? %%%ﬁﬁa%%}gg%%jﬁfm%ﬁx '“Hw'ai’ﬁlr%fﬁc?‘!e éﬁﬂ %l conbiners 24
and 25 (@figure 2) arerpige akd V ' ' 50,50 conbi ners 41 and
42y (e. g.q, g/ coupl) er s)erhiéﬁ 5?%%%' e%%d?ang%ﬁ%& me%‘gc‘? emeec e Pt s 21 -
and 22 (Fi greceiréineatseot npﬂi@fremﬁtgﬂngae%éhorW'bmihg Qh&jfgbiiééﬂgn 18 @Re 4>
respectively. In this enbodinent, reflective gratfng "I's desighed to

have a ref | Bigse\ghiler@® tebiotiedi8e% fetativelydowdsiablensist” phase0shift &kt id theut
signal 16. Qther reflectivities can be used in other enbodinents, with

phase shi f t 75FYMHAtER tRerriuevec g desired resyliting ephaise rshifef e atontrasty tymieaicr i bed

BRI C e AT R EN A
15  power to cause phase shifter 26 to introduce a 180 degree phase shift in a single

pass. The performance of one embodiment of optical switching device 10 is

described below in conjunction with Figure 5.

Figure 4 illustrates an electro-optic implementation of optical

switching device 10 (Figure 2), according to one embodiment of the present

. 20  invention. In this embodiment, optical switching device 10 is implemented in the
) | ~ form of a planar integrated optical c_ircuit wherein the optical signal travels through
waveguides. More particularly, optical combiners 24 and 25 (Figure 2) are

respectively implemented with 50:50 combiners 41 and 42 (e.g., Y-couplers) in
this embodiment, Partially reflective facets 21 and 22 '(Figure 2) are implemented |

25 with reflective gratings 44 and 45, reSpecﬁVel-y. in this embodiment, reflective

grating 44 is designed to have a reflectivity of about 90% for the wavelength of

optical input signal 16. Other reflectivities can be used in other embodiments, with

phase shifting performance tending to improve with reflectivity (described in more
8




(Figire 2) is inplemented with an el ectro-optic phase shifter 46, L cgh
I ncludes a voltage source 47, a swtch 47A, a first el ectrode 4@1&%22906

second 5 elWO©s/01566348B. Furt her,. a wavegui de 49 (which incll;&e;ﬁsoafzﬁig“ons
49A, 49B, 49C and 49D and arns 28A and 28B) is used to propagate e
optical signals within this enbodi mrent of optical switching device 10. In
this enbodi ment,  waveguide 49 is inplenented as a planar wavegui de having
a Li Nb03 10dgteibelpat inoconjerttiomwith Figtiacs), antagi dmstdimedi | BS{;]@ Rhifter 26

pr opagat i on,_ medi SJITB can be used that are transparent t(?t e opti cal

si gnal bei n3HE&) Isimpirmerped Méthtaroeiecirnoptisephase chifie 46 awhich e digdds €

i ndices th y bj.ected to varying el ectro- magnetic field. For
exanpl e, tﬁ“}eom_rég%rggp‘%\gﬁn ex’ '8 hlﬂ%ﬁbog \f‘zﬁai &lecfiods 48fecand ca fseebnti
strengt s I8ediffietiggent s of this enbodi nent of optical sw tching device 10
‘ar e I nterconnected as foll ows. Wavegui de section 49A is connected to

receive optical sigRaithétba WavediddBd ?wﬂi%‘ ifbdds L8R %)BT DREC R ed to
t fs cal swt¢c

the planar integrated optical circuit at contalns opti I ng
devi ce 10 tadfH)agdiaeme 2BAcarid 288)daalsed fo propagHRIME dehisECsihR4ls 4oin

Refl ective &r at i 44 is fornmed between wavegui de sections 49A and 49B to
form one pdPti AMApdiasnte af i petieald switclipg i davice 88w t yn 1 this Ophibodimengbi ner
41 is conngehelui he., o; of wavegui de section 49B and to arnms 28A
and 288. QOticglflagg?rb?sne'%%"?@g%oﬁﬁeét8 Nab WAveguiflen dhaviighisa okiNBQss  28A
and 28B)angr 85 Ae t v PRI Y rating A5 is forned between
v_vgyegui de ge%?ons 498%&@8‘96?(%@??%&?%% dﬁqﬁ%& Propagaliondpedives &30 of

opfi cal  cabetped that Bre rhwpardrit © HeSFRBAISighkl GG L8 AP GoBliastipn {an 2! ©

¢}
operativel éﬁi coupled to arm 28A as follows. Voltage sourc ne:

out put ter P Mapd apdrhavetrefisctive didiads thdevatP AvRRdsubiiRte REValgRRNGSdRE to a
term nal Olfnaawet}ccttlle!é.wf’-‘or%xample, the refractive index of LINbO3 varies with electric
3 ctric
field strength.

15 : The elements of this embodiment of optical switching device 10 are
interconnected as follows. Waveguide section 49A is connected to receive optical
signal 16. For example, an optic fiber may be coupled to the planar integrated
optical circuit that contains optical switching device 10 to propagate opﬁcal
signal 16 to waveguide section 49A. Réﬁective grating 44 is formed between

20 waveguide sections 49A and 498 to fdt_'m one partially reflective end of optical
cavity 12, Opfical combiner41 is connected to the other end of waveguide

section 49B and to arms 28A and 28B. Optical combiner 42 is connected to the

other ends of érms 28A and 28B and waveguide section49C. Reflective
grating 45 is formed between waveguide sections 49C and 49D to form the ofher
25  reflective end of optical cavity 12. i |
| Further, the elements of electro-optic phase 46 are operatively
coupled to arm 28A as follows. Voltage source 47 has one output terminal
connectgd to electrode 48A and the other connected fo a terminal of switch 47A. |
9




10/ 03/ 2006 WO 03/025663 PCT/ US02/ 26184 Anot her term nal of sw %ﬂ,QgA im
coennected to el ectrode 488. El ectrodes 48A and 48B are arrange 1N /glo 6
28A so that YYA&HOBE3% ch 47A is closed, arm28A is within thegbashEiss '
field created between el ectrodes 48A and 48B. In an alternative
enbodi nent, el ectro-optic phase shifter 46 can include two nore el ectrodes
(not shown) simlarly arranged near arm 28B but in the opposite polarity.
Thi s enbodi fephebleraimal ofiswiah #2A iglopnoectdd tomisctiods 488, Eldesbesidgd |y t he
same manner_as @ﬁ?f” bed ove | nrzé njupction with Figures 2 10 and 3.
However, nord B oo Bradey near &gy &%ﬁth@twhagéwm fi7Aris closedt arm 28A f ol | ows
to introdu sk a | _ nt optical signal ropagating in
ar ms 28@ aﬁg g"g@h ﬁfee%EH r@%@? fdz\%%%gééugrﬂs%ﬁ{)?%%ﬁ?%ogﬁ? ég‘f\i g ésgﬂﬁlﬂ ddlces a
phase sHi f taltematizeyempbdireht, Sbleerd- i FRgaLdR 484, hj
IRLORICPAGS sBier BonEaR Hihgd Bb ldeg ¢ ¢

enbodi ment, el ectro=optic 15 phase shi creates an e

bet ween el &iectndes @8R shoeny 8Bnilsng narrawdedc Redr? Arh 98B! BEETh 1S 0?’%_59% in
Figure 4, arm %?:A i s di sposed between el ectrodes 48A and 48B. The electric
field causé@@®™hange in the refractive index of the LiNoGB in arm 28A
that is related to tﬂ_@ strebn th@nd polpg.rity of the electric field .
(relative to the diretti GAPGH A at9PIR3!. “svdichu sdevione1(r opatsdas oin speed
of 20 an oplub§tahtiz3ii o A | ve index. .of the_propagation
medi um t he chana;lgg’is%g?@? r@%ﬁ%‘%éﬂ%@ﬁ&%&ﬂ%ﬁédﬁ BgRMnction “’t'tHeF 'g'JPEizon of

arm 28 wi ahil 3. tHmwever, entreiparfidufdrg) eﬁ@#@%ﬁti@gﬂl@sﬁi@?icﬁerﬁés EQ?OII% onent

s,iﬁnal propagating in arm 28A relative to the conpone srgnal propagating

i-a’ ar m 28B10 [BfodeRafPbase shifo hetweshocimmoment loptiet GEna18 Srepajating GRL i cal

swi t chi ng devigg 10 éﬁﬁ cause 25 switch 47A to be closed to crea?e an

electric frE1He¥haRd eBBnges the refractive index of arm28A This change
hase difference between the

in refractive indexgq4n,turns creat a . |
conponent signal s prElJ)%gaé?ﬁt'ﬁd’%iaﬁe ﬁg%rﬁgﬁelﬁﬁfé}’%BWdW@a phagoelift in
: any optical signal propagating in arm 28A. In this embodiment, electro-optic

15  phase shifter 46 creates an electric field between electrodes 48A and 488 when

swilch 47A is closed. As shown in Figure 4, arm 28A is disposed between
electrodes 48A and 488. The electric field causes a change in the refractive index

of the LiNbOg3 in arm 28A that is fe.lated to the strength and polarity of the electric

field (relative to the direction of propagation). Because thé propagation speed of

20  an optical signal is related to refractive indéx of the prépagation mediuh, the
) change in refractive index in arm 28A (ie., the portion of arm 28A within the
electric field) causes a phase shitt of the component signal propagating in

arm 28A refative to the component signal propagating in arm 28B. For example,

in one embodiment, to enter one state, optical switching device 10 can cause

25 -switch 47A to be closed to create an electric field that changes the refractive index

of arm 28A. This change in refractive index in tums creates a phase difference

between the component signals propagating in arms 28A and 28B.

g -




WD 03/ 025663 PCT/ US02/ 26184 To enter the opposite state, switch 4}17/%%22
opened so that no electric field is created. In this way, t her & 374 006

change in reVP&¥PIS6E i ndex in arm 28A, resulting in the rel gty ses of
t he conponent signals being unchanged. If the |[|engths of arfrésbﬁg%ggﬁd 28B

are equal, then ther €Td entepihehdBEsi LEGr n > the component optical
si gnal s reaﬁé] an opti cal conb!’bﬁgrs.ﬁyﬁ;%%# %&W’ﬁﬁ?%g sgtﬁg‘rp%?fﬁﬁféﬂ swi tch
transfer fulidfiSarestedpin his wagy\tnecdsmiimgo@ﬁuhg@frilpeféa%h@él[@ i ”E[Q at ed
accordi ng t As0R8 ?n&odi %?,nt of the present 1nvention. eFer?iai'B 65"Fi gures
4 and 5, thevertitile® '¥eBhaﬁqéié)fﬁh%ﬁ@ﬂe@nerftBiyrnhlscﬁeirﬁg?@rﬁ&}%ﬁpé& ffke
transm ssi aBp#BE icf g tio po or energy of output 10 optical

si gnal %8 to ?nput agﬁats?gélér@%e;i?rel L_la\ﬁh@n {R'E 49 RO dihasg idiffevéndehwhérn ansf er.
functi oR r dhe esmposentintishiRMnasR hift. provided by el ectro-optic
phase shifter 46. Thims? tra?ygfer ﬁ‘n%?@tﬁaig?{"é'f‘& apply to other types of

phase shifters. Accbiguienglilustrotes 4 namsdiged i rves. to indicate the

energy or power. of output _optical signal ci8§"h{az[(s&];'a aﬁegtf}ﬂgﬁlogfof;(p\cglcaﬁ

si ngl e- pass%@% daer‘ﬂqetwpf%gﬁ'fé_éﬂ simuidted Hocpiaamets Bhé téﬁﬁbodﬁﬁ&ﬁtuéfetr% phase

shifter's ﬁfé&hﬁ%‘%ﬁ%{fhﬁﬁfﬁ{éﬁg@éﬂ,?Sg to _the_t drive power, Figure 5

Fnct | on ofurdnind Rt 1T LLARG o L imetLon o ¢ hi caport neansterd

opti caIIQsti tching cir csu?ht %5' é’gsgﬁj@prﬁggﬁrﬁ'etaeﬁﬁﬂ%Pmr\m ehergyrafroutputpar i son,

cur vesls2 optitabsigankis 29 iripgae ' hgure, 5 ,to. show the transfer

f:ﬁgctionsﬁﬁéga cgnvent’i 0;1553 I‘:’I\Eflil%gé;i gg" nd?ﬂeélﬂ%@%ﬁ B¥alofthe denstes. As

shown in 108 Bpresente thel sihgls-pas§omage! Cﬂf&% t degrees and a

i ni num at ?PO%E 0 degr ees. Tf?l?S, opt i c@gﬁf e cai??ég'eﬁﬁ%% cfgaé%l y

requires iYL HATs el Uk theneler fupclinrocanielsa aaﬂpngtoeotﬁéﬁﬁ/p%%??héég g,;iﬁ%rﬁ about
I Ni I'.e., froman "2

90 degree =han rom a. maxi numto a mnimum (i. 5 state
to an CFF%S({CSE e)”. 'iqﬁe %SH%?F%@P, i sees oindisate3he leaeryromponei®f altpge! O

degrees awngtitdl NHigRHIa g 8 rees. Thus, conventional Ml and FP devices
require their phase sﬁ%ﬁ‘ gae@g% §fih\ﬁ 8@9}3@? BBasecshifiherovidsti byt theo
transi¥i onhaseshiften BBeiisaapHaRe Anifldrs Sﬁ{g%ﬁassl%hase shift is related to the

drive power, Figure5 also indicates the energy or power of output optical
signal 18 as a function of drive power.
. The fransfer function of this embodiment of optical switching
circuit 10 is répresented by a curve 51, For comparison, curves 52 and 53 are
20 included in Figure 5 to show the transfer functions of a conventional Mz device
| ) and a conventional FP device. As shown in Figure 5, curve 51 has a maximum at
about 90 degrees and a minimum at abo_ut 180 degrees. Thus, optical switching
device 10 only requires its phase shifter to provide a single-pass phase shift of
about 90 degrees to change from a maximum to & minimum (ie., from an ON
25 state to an OFF state). In contrast, curves 52 and 53 have maximums at zero
degrees and minimums at 180 degrees. Thus, conventional M2zl and EP devices

require their phase shifters to provide a 180 degree phase shift to transition from
an ON state to an OFF state,

11




10/ 03/ 2006 WO 03/ 025663 PCT/ US02/ 26194 I n one enbodi ment, arns §§Q§?§22ﬁﬁgi
of- opti cal SMAtChIng device 10 are designed with dlfferent | en

there is a WOABPIEE si ngl e- pass phase difference between thergsimpaaant
optical signals when conbined by 5 an optical conbiner. In this way, when
no drive power is provided to electro-optic phase shifter 46, there is a
90 degree single-pass phase shift, resulting in a maxinmmtransm ssion of
out put optical si gnal“‘i 16ng embpdlmet. Orres 264) .and@lR8B  dfo opticH eswttdfrﬂn@:F

st at e, ele hase hjfter 46 need only be driven to provide

i 6 ngl ﬁ passt ] (F)ng Erﬁ ‘?s'%ﬁe U‘%Qgﬁ@% engﬂlﬁsso Bﬁfc'tfwe I%wgpmﬁmy sfoglece . 1 O\I
t t t t

A onr e haRs PRt drfithod GEL) B dhortinefE oRiHT Highs She emblIeccty ch.eng

devi ce 10" an(dptidr &rﬂbméﬁ ) tﬁHd’Wég ReRholdiRe n%}gg?st n%rgtnﬁgq ?c{ %lggttré ég{é%caw ty

12 (Figure 4),. sinulated acc Ing to one

i nventi on. phaee \ehiftéretd, thetiesis1s gtefsgreandinglelpRss | ghake - Msreﬁﬁlﬁﬁ% whft of
optical sw tching device 10 (Figure 4) required to transition between a

maxi mum and@NMHR FRRsaissaR mtpumptmd signal H® (i & athesOYnsihte].6 Thehgty e 4) .
The hori zo | preser flectivity of reflective gratings 44
and 45 (Fi %hfeé ‘ﬁ? O%Fﬁé?etgf%« FF‘&ETP@PR? Qfﬁ% shiftg i negrbonly be| dsiven Jo p;ow@ zero,

in effect {hgRBlelSagdao t this t

swi t chi ng devi ge éLaOégl f.?eqw \%’1 en b Heggg%% -5% “Cﬁg E?h'?édﬁ 1[200 Fi gure
6, thel0gr aghlewdroagighlfrbnired 88toA R9EAR SOWSH B sﬂf’i‘tﬁﬁ HRRARA O ON ar’w&dF%qu' red,
just as in a conventional Ml device. As reflectivity increases,

eZw red sétatfse- pass phase shift decreases. At about 90% reflecti VI ty, t he
requi red phase shift is about 90. degrees. A 90% reflectivity is .

relatively easy to ddgfirefeiliupiraies éfd petfovmargeass optical SwitcHile davico 10 C
accor di n present invention is

gﬁg'sf glnt | \gﬂngfyr}'g Qt&adev%qnen%p t@gpel‘%ﬁ}l{r)lb%gf?@ﬂggmwy 1@ (Figutas)e simulatedept

ot veeaaagg Boud BAKSIRR IR B BE e e Ty b,

exanpli, represents the single-pass phase shift of optical switching device 10 (F:gure 4)
required fo transition between a maximum and minimum transmiésion of output
optical signal 16 (Figure 4). The horizontal axis represents the reflectivity of
reflective gratings 44 and 45 (Figure 4). Referring to Figure 4, when the
reflectivity is zero, in effect there is no opfical cavity. Thus, in this case, optical

7 20 switching device 10 is equivalent to é MZI device. Referring back to Figure 6, the

) graph shows that a 180-degree single-pass phase shift is required, just as in a
conventional MZI device. As reflectivity increases, the required single-pass phase
shift decreases. At about 90% reflectivity, the required phase shift is about 90
degrees. A 80% reflectivity is relatively easy to achieve in a refiective grating.

25 | A thermo-opfic optical switching device according to the present
mvent:on is substantially similar to optical switching device 10 {Figure 4) except
that waveguide 49 would have a propagation medium with a refractive index that
varies with temperafure instead of electro-magnetic field. For example,

12




12 10/ 03/2006 WO 03/025663 PCT/ US02/ 26184 wavegui de 49 can be |g@fh¢1§?éﬁ%6
wi-th a silica §]Si 2) propagation nedium In addition, the phas

woul d have HEQEP2566%nents instead of el ectrodes 48A and 48&T/H9R@NP! €,
the heater element(s) can be resistor(s) placed near or.in 5 contact with
arm 28A. This thernp-optic inplenentation operates in substantially the
sanme manner as optical switching device 10 (Figure 4). In view of the
present di YBYRQUAR4S sAB hecimpledentad with astiica 48i0s) propdeation middium. In
stress/strajn=optic jnplenentation without undue experimentation. The
above descr ?%q't?‘%h gt pi’%%?%&%’t weLld havri herlar slegentshinsicad of elantrpdes 88A

i ncl udi ng : | 0 th str ,_1s not intended to be
exhaust Ls\/em%}?i?%él ?ﬁ? ?’%’ﬁ@% ﬂ@g}ﬁaf"e&%'i)%er&@cﬁ E‘é redstpdshrlagpdpeasawdn Wil e
speci fi & entamtictnithsardf 28A.21TH; | StichiRbi lgpvention. ar escri bed
hgr ein for illust rl ati ve28|cft\1r ;ﬁggEWVﬁﬁcéﬁgle&]%?a\;g’lﬂe %ﬁi’_q F@?ﬁ?@'ﬁ'ﬁ‘gy are

possi bl e wi theisamelmasnayzs agticallswvitching dbiios 103iguld WS | i
rel evant ar‘#o\fvi |1 recognize. 15 Thesg modi fi gi?i ons: ggﬁﬁt\)&ebﬁ@%gpef%ﬁ?he
i nvention i¥P4ISYMR: @Anet rRkilledbdv eth@etant lcad discr dasigrona Shesd/straimopsed i n

the fol |l ow; Lae. shqul d not be construed to limt the invention to the

specific er'r@glgﬂ?z‘hﬁ;@n&}"@ﬂ” E%@q gxPefi@entiglieni fi cati on and the cl ai ns.

Rat her, the scope of- ' ' | e _,deterpined entirely by the

fol l ovvilgg cl ai ns, th'i': %g!rwglé/? gééongjﬂ%%ﬁgi'@ﬁ@ep r?mw{]'&%tﬁr‘?féhéé"%rﬁ'ﬁn-

est abl il8heéhcliniiiy whetis dfesefitfddini thé RbBF Sl Ak 20 06 CLALNS What is

ml med is; 5 1. An optical swtching ﬁ'@%c@?‘%ﬂ%%&%ﬁs% ?'EI\:% cavity
¢ing an [miSéhe jryeotiomtd the pedigaformedisclossd. While specific embodiments of,

and examples for, the invention are described herein for illustrative purposes,

various equivalent modifications are possible within the scope of the invention, as
those skilled in the relevant art will recognize.

15 These modifications can be made to the invention in light of the
above detailed description. The termé used in the following claims should not be
construed to limit the invention to the specific embodiments disclosed in the
specification "and the claims, Rather, the scope of the invention is to be
determined entirely by the following claims, which are to be construed in

20 accord_ance with established doctrines of claim interpretation.

13
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a phase nodul ator di sposed within the optical cavity, the phase t.or
conprising: a phase nodul ator input port and an phase nndulatoﬁqgayézg%OG
port respectively 10 coupled to the input port and the output port of the
optical cavity, a first optical conbiner coupled to the phase nodul at or

i nput port; and a second optical conbiner coupled to the phase nodul at or
out put port, wherein the phase nodulator to introduce a phase shift in a
portion of an optical signal propagating in the optical cavity in one

di rection, ¥MSt o i ntroduce a phase shift in another portion 15 of the
optical signal propagating in another direction. 2. The optical sw tching

devi ce of W'h?tiié‘&aﬂ}& %Mgerei n the phase nodul ator conprises a Mach- Zehnder
i nterferoneter ( 79> 20 3. The optical sw tching device of claim2,

wher ei 1P t he phase nodul ator conprises an electro-optic phase shifter. 4.
The optical. swAncdpiicadswitehingcdeviod, cbhpisiiy2, wherein the phase nodul at or

conprises a tharngs: N Eﬂg ifter. 2 . The,optical swtching device
of claim 2, wher el naﬁﬁ\tédy@&\g e mg?%‘r{agg égg?ﬁrﬁ%’%ﬂég"da stress- optic phase
shifter. 6. Thé RyptaRatlaendisnopsdthingls enticaheavity, tiephase mgduigler epnptieing i r st and
second optical conbiapeiss modlatar ifpu peHiand aX phddd Roulator butpli Yortegipbdiadly SW t chi ng
devi cepof cl ai RhgyeqWIRE ﬁ’ugﬁl.pg‘r‘t EAd tﬁé OIEtSLIt Fgr%flt%eopricaa (%’E,ig’and a second
reflective facet are_used in rnplementing the opticdl cavity. 35 8. The
optical switching dafEtepticy cambifiepcomplediodhenhase hedufator inputipadiend conpr i ses a
coating having a phusecahd dpficad Eonstihied botiplRg td thy/ gHabe mEdflor ba&ipoRavi Ng an i ndex
of refraction thabinks oHidef I t.of .an adioining layer. the
refractive i ndi.ce_sIn ar‘%tp_eégr?gﬁdglg{o B%t'%‘%gﬁipa%ee rSh'gﬁlcf' Ffdg\'/(\’/g P * ?’%}P}'%%f'?ﬁ% i ndi ces.
14 10/ 03/ PBRIaENY e opfisel cayly inseedirpgting apdiviinteduse aghagershift in auetheeationhe fir st
f acet 18 onpfthsemsica sigedl pregdgatit in giolier dighctidn. 10. An optical sw tching device,
conprising: an optical cavity having an input port and an output port; and
2. The optical switching device of claim 1, wherein the phase modulator comprises a Mach-

Zehnder interferometer (MZ1).

20 3 The optical switching device of claim 2, wherein the phase modulator comprises an
electro-optic phase shifter,

4. The optical switching device of claim 2, wherein the phase modulator cormprises a
thermo-optic phase shifter.

25
5. The optical switching device of claim 2, wherein the phase modutator comprises a stress-
‘optic phase shifter.

6. The optical switching device of claim 2, wherein the first and second optical combiners
30  areeach a Y-coupler.

7. The optical switching device of claim 2, wherein a first reflective facet and a second
reflective facet are used in implementing the optical cavity.

35 8. The optical switching device of claim 7, wherein the first facet comprises a coating having

a plurality of adjoining layers, each layer having an index of refraction that is different from that of
an adjoining layer, the refractive indices alternating between higher and lower refractive indices.

14
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means, disposed within the optical cavity, for nodul ating a pha
portion of an optical signal propagating in the optical caV|tyﬁﬁPHi32@§H%6
for nodulating including a first optical conbiner, disposed within the
optical cavity, coupled to the input port and a second optical 10 conbiner,
di sposed within the optical cavity, coupled to the output port. 11. The
optical swtching device of claim10, wherein the means for nodul ating
conprises a Mach-Zehnder interferometer (MZI). 15 12. The opti cal

swi t chi ng Bevi cBe@pticel suftehinpidevigghef cleim?, whereimtherfisst faget comptisei iefleptivsonpr i ses an
el ectr o- opgretingphase shifter. 13. The optical sw tching device of claim 11,
wherein the neans for nodul ating conprises a therno-optic phase shifter

20 14. The optlcal swi tching device of claim 11, wherein the neans for

modul atd ng'% onytioticel syitching deyise. spmPrsinghase shifter. 15. The opti cal

swi t chi ng devi ce opicaicdadiiymadidg aieguepdrt dnBan bitpi borgBed Second opti cal conbi ners

25 are each a YaaRlUBkficod bl HOSBRhAR! o MilS 10 get S 2,0l gLai m 11

wherein a first reflectlve facet secon Acet" are used in
i npl ement i WG HEALReRBAINY &l erfical 3@"‘31 the magas gpmpdiainginglecitgi afist detishice of
claim 16, oninbingi dispobeel vithin stie &pa@eéavmommpbsmh@nma&nmaslaaohumgncal plurality
of 21 01 NI BRohéyRlpSsedSAGR tobffla DY) B8R AAGH Plot el ract ion Lhat is

different from dj ol ni'hg ayer r‘fractlve i ndi ces
alternating between higher and | ower refractive indices. 35 18. The
opti cal swilt chiThgoptieal bwihio§ deficaionaidin 10 WMherei the féds fdr itulting esmieesy | ses a

refIectlvqkmgggﬁhagmyéﬁm% rg@é 006 19. A planar optical integrated optica
circuit, conprising Ir acet having a reflectance | ess than one; a

second factet having a reflectance less than one; 5 a first optical
conbi nér daupl & dpbcal $vetching sdvick abaddin 18 whieeDnith mgins &R mocWkTRYy Beafpriseawpl ed to

the secon gle&!%%ﬁd phase shifter.

13. The optical switching device of claim 11, wherein the means for modulating comprises a
thermo-optic phase shifter.

20
14, The optical switc_hing device of claim 11, wherein the means for modulating comprises a

stress-optic phase shifter.

15. The optical switching device of claim 11 wherein the first and second optical combiners

25  are each a Y-coupler.

16. The optical switching device of claim 11, wherein a first reflective facet and a second

reflective facet are used in implementing the optical cavity.

30 17, The optical switching device of claim 16, wherein the first facet comprises a coating
- . having a plurality of adjoining layers, each layer having an index of refraction that is different from
that of an adjoining layer, the refractive indices alternating between higher and lower refractive

indices.

35 18. The opfical switching device of claim 16, wherein the first facet comprises a refiective

grating.
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a first armhaving one end coupled to the first optical conbiner fg
anot her end coupled to the second optical conbiner; a second arl @/@@06
~one end coupled to the first optical conbiner, and another end 10 coupl ed
to the second optical conbiner; and a phase shifter operatively coupled to
the first and second arns. 20. The planar optical integrated opti cal
circuit of claim19, wherein the first and second facets each conprise a
reflective grating. 15 21. The planar optical integrated optical circuit of
clai m 19, Wher eh planan eptiohl irdegragdai dptiet ciicsit, asmprisihgct r o- opt i ¢ phase shifter, a
thereto-optic pl@s@aceitalih®h reniante By RiSTon@Pt i ¢ phase shifter. 22. A nmethod,

conpri si ng: 20 an o tical signal into an optical cavity through
a first input p ?efgr@q%%%g%a‘gw eRiPRceltrs tpertal cavity: causing a portion

of the ®ptical asfrgnatfcaltcgmpn@palgmdeoihafsn‘ecetapti cal path and anot her portion
of the optical éﬂeﬂ&@'op&dﬁld%@:ﬁé’r%&pﬁedt@ttﬁ@%ohﬁfacapt' cal path using a first
optical combin aﬁfr ort; 25 selectively

i ntroduci ng a pha rSt'é’mHtpéfngP'é%%’g CBLH%%{I? ef ﬁg"pﬂffﬁ?‘?"éﬂ’f?r?ﬂd FptBershe F%’aﬁedm gnal
within tHethesesopdppticalgpmiiner,conbi ni ng the portions of the optical signal

using a second sQpédn@alm mm‘gbﬁgeénd cBifbd 1O 1HR RROEPLA BorfbirPLdd MABth&enti € cOMDI ned
si gnal, oout h avi t.¥ through an output port coupled to the

second optllépaﬁdttgg'ﬁﬁgcﬁggomfﬁ cyRPinefiand et hod of claim 22, wherein the optical
cavity is a regdhzesshipioperalively agupleg tovhe first angspmod ame. t he optical signal.
24. The nmethod of claim 22, wherein a reflective gratlng is used to forma

part of t op 2,, Wherein a
Mach- Zend%gr I Lr & r1er %Dgﬁéi@yeg(axfflo)oéﬁaémrﬁ'é'b‘ge? 1%6‘"'1?5? ’C)%Fg]ﬁb@dssé?%& ively
i nt r oduce facple emhaﬁ@mmefafre‘leétwe grating.

15
21, The planar optical integrated optical circuit of claim 19, wherein the phase shifter is an
electro-optic phase shifter, a thermo-optic phase shifter, or a stress-optic phase shifter.
22, A method, comprising:
20 propagating an opfical signal into an optical cavity through a first input port disposed
within the optical cavity;
causing a portion of the optical signal to propagate in one optical path and
another portion of the optical signal to propagate in another optical path using a first optical
combiner coupled to the first input port;
25 selectively introducing a phase difference between the portions of the optical signal within
the optical cavity;
combining the portions of the optical signal using a second optical combiner; and
propagating a portion of the combined signal out of the optical cavity through an output
port coupled to the second optical combiner.
30 '
23. The method of claim 22, wherein the optical cavity is a resonant optical cavity with
respect to the optical signal.
24. The method of claim 22, wherein a reflective grating is used to form a part of the optical
35  cavity.
25. The method of claim 22, wherein @ Mach-Zendher Interferometer (MZ1) is used to
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26. The nethod of claim 25, wherein the MZI conprises a phase s é)f}(?%/2006
selected fromthe group conprising an electro-optic phase shif

t herno-optic phase shifter, or a stress-optic 5 phase shifter. 27. An
optical swtching device, conprising: an optical cavity; neans for

pr opagat i ng an optical si gnal into the optical cavity; 10 a first opti cal
conbi ner, Selec' ell mtmgucethe qoff?l cal conbiner to cause a portion of the
optical sigh hal "t'o prop ad)af'Se it optical path and another portion of the
optical signal to propagate in another optical path, coupled to the neans

for pr opagaat. | NgTHRMne@iol bCaidim 25, YWhardeini th MZILBRpRRRS & Fiidlse SHMEr Eé(ectéai&r%ﬁﬁhé or

selectivel h di f.f. e betwe portions

opti cal rhtOanﬁlslrh%ose{?atwotfphc pree %%h'fgeﬁt ﬁ%ﬁ"o S%t{?lp&fe SElger °r§‘esg8sf?d’p§‘bt| cal
conbi net tlﬁ‘aé‘ﬁﬁﬁehe the portions of the optical signal; and neans for
propagating a portion of the conbined signal out of the optical cavity

coupled tg th conbi ner. 28. The optical sw tching device
of claim ﬁ vvﬁAenr gﬁc%r'&wta%?# O%V'fe comp"smgl ng is used to forma 20 part of the

optical cavity.an®plicalg@étyopti cal switching device of claim27, wherein the
means for sel ecidanehbyprogabsing ue bitigaldignd) idste d;btf:éleéxﬁylce COWDH ses a

Mach- mzlgnd her | %tf?srt B;ﬁ:’&:ﬂ %lﬁﬁer (WM% e}n the2 f5 rst o%flca;rcrtl)%rt_lafr)'n rtt@) ga%se a t%n cﬁ ﬂ%r te cal ce of

cl ai 9, wherel ses a
group corrﬁfgi’@ut%@’%saté ineree Pattca'plﬁihcanﬁ ﬁw@r gortiqr e the oatfcﬁlmgnﬂlﬁo ppeagetephase
shifter, anotha oplictiRBsy; Efuibled tolifx€ans For bopdigatidg/an optical signal into the optical cavity;

means for selectively introducing a phase difference between the portions of the optical

signal disposed within the optical cavity;
15 a second optical combiner to combine the portions of the optical signal; and
means for propagating a portion of the combined signal out of the optical cavity coupled
fo the second optical combiner.

28. The optical switching device of claim 27, wherein a reflective grating is used to form a
20  part of the optical cavity.

28. The optical switching device of claim 27, wherein the means for selectively introducing a
phase difference comprises a Mach-Zendher Interferometer (MZI).

25  30. The optical switching device of claim 29, wherein the MZI comprises a phase shifter
selected from the group comprising an electro-optic phase shifter, a thermo-optic phase shifter, or

a stress-optic phase shifter. :
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