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Thi s di scivaseasresasel at es generally to optical signaling, amtT/vsozpessti cul ar
but not exclusively, relates to optical swi tches and nodul ators. 10
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, planEWGD-ANDAPPARATUS)FaRISWEEGHNEGANSt ens, or
conbi nati ons of such systens. In nany applications, nodulation _in optical
communi catMODUEATINGoAN OPTIGALeBHONAL AATH; ENHAN G WH ahi ch t he
nmodul ator is in either an ON or OFF state, as in an optical switch. Thus,
optical nodulators in digital signaling systens are essentially OV OFF
opti ca% smié@%‘gppr oach to optical swi tching and nodul ation is based
on contr se 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 differencridetiseiesuret helatess genertiiyl tbe dpticaid signating, hangoint i ons ar e
reconbined to formthe output signal. |f the phase difference is 180

degr ees ( perticolae butnatieptlosivelyr wiatys to opdigalcyiishes ang mogakatergct i ve
interference occurs when the portions are reconbined, resulting in 25

out put signal ideally having an intensity of zero. This configuration can

be us?gif@éggjoﬁﬁtate of the switch or nodul ator. Conversely, if the

phase -zero degrees (or sone nultiple of 360 degrees), then
conpl etely construchimer &WiticbeABCMALRIES, afeSwidbiyndiset tMeomichput
signal having essentially the sanme WO 03/ 025663 PCT/ US02/ 26184 intensity
as that ofcotgunidatioh sysignal. . STibh spticaifsysiematindnde araveguids €e. gasopticel ON

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 which the modulator is in either

an ON or OFF state, as in an optical switch. Thus, optical modulators in digital
signaling systems are essentially ON/OFF optical switches.

One approach to optical switching and modulation is based on

controlling the phase of portions of an optical signal to selectively control the

20 interference between these portions. For example, in one approach, the input

optical signal is split into two matched portions, then the phase 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 completely

destructive interference occurs when the portions are recombined, resulting in

25  output signal ideally having an intensity 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 some multiple of 360 degrees), then completely constructive

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



state of the switch or nodulator. There are several approaches to causing
the phase difference between the portions of the input optical signal. One
approach we iBo2swetise a 5 difference in refractive i ndex @CTiuse2/n@di a i n
which the portions are propagating, which in turn will cause a phase
differenc jar - ' tic and
a1 er enc a?rﬁstttgea[%ﬁggﬂg% A Signafe! TAYSoRfGAIY cé}phb%sreg?%ﬁél GRtic and
a propagagfa@@opmglswﬁbh g}n@]ogmatd?e inportant paraneters of optical swtches
and nodul ators 10 is the power required by the optical switch or nodul ator
to switch between (NesedareCbévesalabpgroaches. to tcaesidgithe poaser diftegenceenent ) .

In nost applications, it is desirable to reduce the drive power
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unl ess otherw se specl igure 1 1s a lagramillustrating an

optical swhli§thagndlepticcand sBesHERAINDPLO nesthamisiedidiené uskd ttbeapy ément
invention. Figure 2 is a block diagramillustrating an enbodi nent of the

optical sefrdctine mger ¥ a peopEgafidoyredium.i n nore detail . Fi gure 3 is a flow
diagramillustrating the operation of the optical 25 sw tching device of

Figure 2, accor di ndProbihe imwpBaniraamsters A ORSEC@%@WfCheP RPeteHfatos wo
03/ OZ?QG Obsi glquﬁg%erzggﬁggtbyéhg g%t?cal swﬁchaordﬂﬁg&flﬁ vHFch%tt\}vQ& &N and

el ect
OFF states (j.e., the drive power requirement). In most applications, it is desirable

to reduce the drive power requirements of the optical 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 illustrating 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.



an optical swtching device, according to one enbodi nent of the present
invention. Figure 5is a diagramillustrating a normalized switch transfer
5 functi owomB/oaweexenpl ary optical switching device. Fi guPeTASV%2@84i agr am
illustrating the phase shift of an exenplary optical swtching device as a

function of the reblect i by 5o ACk BCBILHAE BRplefentationast i cal
swi t chi ng devi ce' s%ﬁ% 4% ta%@@?@%‘io o R O ThE

| LLUSTRATED ISWRETiRg Eevaedi aedvrdingf toa omet bowodinenapyfatis ysesant

swi tching an nodul ati ng an optical signal are described herein. In the

f ol | owi ngndedioni pti on, nunmerous specific details are set forth to provide
a thorough understandi ng of 15 enbodinments of the invention .One.skilled in
the rel evant art wFigure gc@g@i Siagrafollusteating, Raofpalize v%‘ﬁ?&brjﬁra@gfﬁbe
practiced, witho one or._ nor £k 1.fic details, or with other

net hod, @Bﬁ%h‘ggrﬁ%?xwl%ryiogﬁ%a? S@étgﬁngﬁgg'%%'er i nstances, wel | - known
structures, materi g5 re @' isOPNRyARANBUNENG The PHAYE sAlft Eanrexeatblary det ai |
to avoi d obscuring aspects of the invention. 20 Reference throughout this
speci fi cagptral switchmedendoss awnictioonf thereflestiviiylohtbateflaviag surfaces of

particul ar feature, structure, or characteristic described in connection
wi th the twhpdicaswitchingidevica@awtical cavity.east one enbodi nent of the present

i nvention. Thus, the appearances of the phrases "in one enbodinent” or "in
an enbodi ment” in various places throughout this specification are not 25

Bgfffﬁ(ﬁ[; ErAl e B ,(f-l &9 JFEHEATRY R?EBWBOBWEN?Sggr&n%r ned in any

suitabl e manner in one or nore énbodi ments. 3 WD 03/ 025663 PCT/ US02/ 26184
Figure 1 illustrates an optical swtching device 10, according to one
Embodiments of a method and apparatus for switching and

modulating an optical signal are described 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 embodiment is included in at least one embodiment of the
present invention. Thus, the appearances of the phrases “in one embodiment” or
“in an embodiment’ in various places throughout this specification are not

25 necessarily all referring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be combined in any suitable manner in

one or more embodiments.



enbodi ment of the present invention. Various enbodi nents of optical
switching device 10 include optical swtches and optical nodulators. In
thi s enbodpmaioses3 optical switching device 10 includes anPpopitsozbeisavity 12
COR/tz?I n|t ng a ph;;lse 5 nodul ator 14 having a MZI (also referred to herein as
a structure). Ln this ' - ; h&i hepired to
operate as a sw tph'gb‘Fe M&ﬁﬁg@ggnnﬁggsﬁ@}c\@ﬁ gg\gé%g%tlg;h glb%s"i%gfrya?lgégnot
shown) t Q¢ ARSLhi ONnREsuEesR iMnds OBFous babosimdAn of apticiewlishidg can be
any suitable cavity structure that has at least two partially reflective
sur f aces qwvideamelrgiudenomical ewides rapdt opticpt modulataryi tlp thig dnebaginent,
Fabry-Perot (FP) resonator for the wavel ength of the oPti,caI signal to be
SWi tched.op’uﬂfﬂ:c sxlmﬁnmogn devine Y inghtdesann sefticehicAYI R/ OB airbng)r?erpbgg%, in
gener?a, as follows. An ical signal, 16 (i ndi ar S
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structur .ere§6on§iﬂe SO BECATRPAigmN ot SMBlunp s wehbitien Iktweerc ONleadt@BF or nor e
propagation paths. MZI structure 14 can be controlled to selectively

i nt r oducestatephagticahcdvity ietosadre apytsuitablesiayitabsuginspghitasgy least e

different paths to create interference when these optjcal sj ls_are
conbi ned. partfally vafleetivel surfaees &% fagats udih ONgIeRQARETLy Bpﬁ%?éa\’%@&eausl y

or . .
comdi Hbs ARV STPIER) sSRates o thoNp e e Heaces yl i SEbWiel Sona
When MZI structure 14 rﬂBS&ﬁ%ﬁf@c@Tﬁc@%‘gﬁ(‘ghiﬁ idelickNatogesbd tis gbReran

accunul ated rel ati ve phase shi egrees (or a multiple thereof),

the out puls &gRa) Aﬂbﬂ»ticlaﬁsi'tt;ﬁaltme(irﬂ%%t@iaéen ey seplopegatpt intaloptisalgnal s i n
the two paths will destructively interfere when conbined. In contrast, 25
\ghen th)e retluatueel 12 éh athichethpisimeal shionfined farendtiplemagseriinteyahethef 360
egrees), the output signal will be in the ON state because.th tical
signals i nropagamommeétwhs|fWr1<F|CIltlebﬁgflﬁ%éfﬁs@emymplﬁtW%?*&R%ﬁ@ﬁ‘@?ﬁﬂgﬁed. 4

15 propagates through MZI structure 14. In some embodiments, MZI structure 14

includes two or more propagation paths. MZ! structure 14 can be controlled to
selectively introduce a phase shift between optical signals propagating in the
different paths to create interference when these optical signals 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 intfroduces a
phase shift that results in an accumulated relative phase shift of 180 degrees (or a
multiple thereof), the output signal will be in the OFF state because the optical
signals in the two paths will destructively interfere when combined. In contrast,
75 when the accumulated relative phase shift is zero (or a multiple of 360 degrees),
the output signal will be in the ON state because the optical signals in the two

paths will constructively interfere when combined.



WO 03/ 025663 PCT/ US02/ 26184 One advantage achi eved by optical switching
device 10 is a reduced drive power requirenent. That is, because the phase
shifts arwoasoessud at ed during each pass, Ml structure l1#Crarpo/eds4 a drive
power that is less than a conventional MZI switch (which provides only a

over t ! | _ |
Sinole Pass) Lo, AcBhExAilaes Ao s 6] bRl S MPldNE RIRSErdiESer ence to

achi eve the desire t at es. ure 2 1| ustrates an enbodi nent of

the opti ciiveSydvicivienairetamntce Thet is( egaise e phaswskiftdedrai dccutmultéd s
enbodi nent, optical cavity 12 is inplemented using partially reflective
facets 24uming 2®h Fasast iNAIl struckiredét ieguirésa eedrivep powerd iz ig deps theniampl enent ed

in any suitable manner such as, for exanple, reflective gratings 10 (e.g.

pl ?lnar qiqoﬂf’@'_@toinéh'v'&f gvitery(whigh quiqeéﬁnmﬂéwg&f 8@?5%? aE‘P'g\'ﬁ ?hen (e-9- 8
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hi gh and § 'Yeerref 5 ip@gse ?ﬁ%%%ﬁg{’ ‘g?l?lgﬁat,h%%%ﬂr!@%ﬂ?{foﬂ:ls@éécrgg.d mgrro)r/s, etc.
In some embodi ment ﬁigufehﬁilluéﬁéﬂe@%léﬁhﬁdﬂirﬁént%&ﬁé abtical ERfttRed Hyeed agets 21
and 22 are matched, "al though in other —enbodinments they need not be

mat ched. (Fryupsld) I edre idetdilhi B thigoechboowintent, t dpticabcpaty aizeiseinplevherded i cal
cavity 14 are designed so that optical cavity 14 is resonant for the

wavel engtusing partiglytreBective dacets ghand 28. Peridliireflastivetioetn?! anrR2 s8R ucture 14

i ncludes optical coupler 24, optical I 25 h hi ft 26.
For exampemRignPaan & apicelala TEalepEUch bl renF a SRR i STEARGRr d 50: 50

coupl such as, for,.ex I a Yr r. e 4Sm or an
ot herl%:)thecgala B%\W@F dﬁ?&%esraaﬁ%i gg/%%ﬁ i né'g éo%@ﬁgggg ﬁ'égﬁé?ﬂ sl{éébe a Y
50: 50 coupbgkiric lddaftdteli e ek SaltekMiing Rhydrk & hiGRBNHANE refddaié r ary
power splitting ratios. Phase shifter 26 can be any suitable phase
shifting ideat agateriall pastiafiprsiee@apherors] edt.r odoponee érhiesdimenist itoe and
stress-optic phase shifters. In this embodi nent, phase shifter 26 varies

t he phaserebéctiaity 26 pagitaily. a¢flastive facets 21 apg 2R re Haatebed, adltoygh imaer of t he

di 0 whi ch th ' ; : . .
Lnssel ghmalsgerghc};cﬁmgpgem%gir{e%ggaqéb‘egpnaaltcl’!e?j. plrnoggt%%r%,r}ﬁ'thg Qn%oc%nm%gg Iﬂqg nts may

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 such as, for example, a Y-coupler, a

20 beam-splitter 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, thermo-optic and stress-optic
phase shifters. In this embodiment, phas’e shifter 26 varies the phase of an

25  optical signal by varying the refractive index of the medium in which the optical
signal is propagating. Other embodiments may use phase shifters that create

phase differences using different approaches or mechanisms.



phase differences using different approaches or nechanisns. 5 WD 03/025663
PCT/ US02/ 26184 The el enents of this enbodi nent of optical sw tching device
10 are i rworgoeisexted as follows. Partially reflective fa®erassad2dqiss
connected or arranged to receive input optical signal 16. Optical coupler

24 has an input pofrhe GRS of this BATHoURdnE o'f@gﬂic%q?%i/v}téhiﬁ@‘él@t/icg_lio argat is,
optical coupler 24 is coupled to receive the portion of optical signal 16

t hat passiegrtdnneuigh geaibiiowd.| Partiedll eefldctiee faett 2P @metied oraptangatl si gnal s
that are reflected fromthe surface of partially reflective facet 21 that
faces optlooateivainpuepptral sigpeli t6al Opbeapicerrlen2hhas anirut pR wweBlsddoout put

t ively. d ; f . th . of | cal
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by dashedopticapsigrQ4 thadardORflectdbefrarh s serfdse of partiaBy 28R cting fa@B2ar e
connected to first and second input ports of optical coupler 25. An out put

port of ofpat faaks oplinal eouRte 24 @pligsl sdupler Z¥anay st gnd sedondoautvud posset 22.
The optical signal that passes through partially reflecti 15 facet 22
forms outlsapedivglyaonnectse to one Ohithe ‘E‘%H?ﬂ@'céle‘a%/@% oi@.rm?izégr%‘d?q a flow

A i S, . ! ©-10. € !
2 S cor i $157¢ Bhishinihis, s e ind aBRk Sienet ol ERLAD AR 15 B (7 OUre
Fi gurgs Zerﬁaédi%en%bfhbg%bn%vbfc{?ﬁfé}%n%\ﬁb@@. 16hAReSMEDe8 odrkbewsto 20 I n

operation, 1nput optical signal 16 is propagated into optical cavity 14.
| n one endeslior®oth of aphs 28Atarciat8Ei gnaldickfed by ldasked linghRoAfaral 2@B/el engt h

of 1550 nm |In other enbodi nents, different wavel engths can be used,
t ypi cal | yTheleifiendndsof@imsiZ8A ande2f drectringeted &9 fitshandisggang ipRutgorts specific
SBE: Cal e S bs ANt ok of optien e e 28 s Toabied 6 Sarkaly e
reflective facet22. The optical signal that passes through partially reflective
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 to one embodiment of the present
invention. Referring to Figures 2 and 3, optical switching device 10 operates as
follows.

20 In operation, input optical signal 16 is propagated into 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

25 this embodiment, input optical signal 16 is propagated to partially reflective
facet 21. This operation is represented by a block 31 in Figure 3.

A portion of input optical signal 16 passes through partially reflective



25 this enbodi nent, input optical signal 16 is propagated to partially
reflective facet 21. This operation is represented by a block 31 in Figure
3. A portwon3ptseshput optical signal 16 passes through parciraisby2aief | ective
6 WD 03/ 025663 PCT/ US02/ 26184 facet 21 and propagates to optical coupler

24. 11 8o OB B! GAbptich Uit Bler24. S his EhipbamRdric@btiedignal into

two conponent sign tched 1n phase and energy. One conponent
si gnal praRREatassit AiBpksA sl et bemporient signal3 it afdimatdedriati on is
represented by a block 33 in Figure 3. In other 5 enbodinents, the opti cal
coupl er sgHasesarichenaspy.i Qile crinraaient pIghe propagates iy @m B angdips ofWiponent s

wth dissimlar_ phase rel ations and ener rati .. .Phase ifter, 26 then
i nt roduce8 AMERRr ol L QPEIRYEM S B?prﬁﬁ%fg%d %i?%@gﬁééngﬁgw ﬁrhé){rbeénponent
signals pr ti I . : . : j 6 causes
a relati v%ggﬁcﬁ%ee”&?.t*f‘? °§{e'{%e_ﬁﬁffﬁ§9'§§ﬁﬁ%r? e S bﬁgﬁﬁgﬁ{iﬁéﬁf 2 vel y
resul ts ig,fLbRBbnents WMHLdidsihiatPhabé ANARIRNER é?ferg%jrgh@s.to achi eve the ON
switching state or a destructive interference of Tight to achieve the OFF
swi t chi ng state whé@hasbeshiftan@6néndn aptddoaés s goairgledr emoankeof givasened and

exit optical cavity 14. This operation is represented by a bl ock 35 in
Fi gure 3.differeneenirivedn tee feRIPONERkRIIPRISPRGREGALNG B AENDBX AW 98B to 15

tical I 25. i gal I 25 ' t.h ' l's int
& si gl SoBpb ieve; G re eR sl e SR et ah Ty canpP et a7 in
Fi gury 3, -;H@ "RG0 EREORR) 0PS8! in SLifBRla ConBuctdSniBibiRbe SitORM: Bl opti cal
coupl’er 2% Ben propagat'es to partially re [ectlve facet 22. 1n this

enmbodi mengehieathel @ Iswittlihy Stité Yea ldaseictRe intkiferemcaoiiamt toachiévet the
reconbi ned signal to pass 20 through. That is, the non-reflected portion of

the reconbFRebvichingastalexwhen thetdapaoneohopical signals aselater eembinep@dsi gnal

18. This operation is represented by a block 39 i Ei gure 3.
efit optical cavity 14. IQrhis operation ig represented by a block 35% F?gure 3.

The component signals then propagate in arms 28A and 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 25) then propagates to partially 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 signal 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 particularly,
(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) optical coupler 24

7



However, partially reflective facet 22 also reflects a portion of the
reconbi ned optical signal to propagate back to partially reflective facet
21 via 280mpwemel coupl er 25, arns 28A and 28B, and opti eal/usoupiies 24.
More particularly, (a) optical coupler 25 splits the reflected signal to
propagate in arnms 28A and 28B; (b) phase shifter 26 introduces another
relative phase shift between the conponent signals outputted by signal
conbi ner &dmbihey trasei comhpanenphignalgdard (D pegjally sefptirefaagsd? reerss2a conbi nes
these conponent signals; and (d) parti al Ly @eflectivg fagﬁr 2 re%l ects a
portion oportipe afedBntscABWINGG: puPul SigRal ObPPHTR! | CPIeE 4dpl RIS ETeqRdg

and S0 onporb Sfepts e Ehteralsd A b RiIBG 3P AT SG PR Thusdng 0K 1

and so onP ons™ o0 nal 16 are

confined | Phd ¥l - | Ryniadd indddtikalr @hvitp oL i(defireacet s 21
and 25 f%ﬁeﬁu‘?‘?rﬁg‘{‘sesﬁ'\éggﬁe/%&t%ﬁg%ggﬂn%re s?r uct Sr eFJ l1?1 (fvofrreo(l b;l/\ﬂ)%hase

shifter 26y apgHiamf i efibctheufhedts 224aand5P5pr msltiple meseaes |, thrdugbe Mo ti ons of
the optical signal can accunul ate the phase shifts introduced gg/ phase
shifter 26trimdtreret drinéchy phese shifier 28 fandcentigal eeumdars 24 anf?Srhi RS Fr ocess

can advant ageously reduce the drive power requirenents. of ti
swi t chi ngresdiii dkeseoPeRioRs | ewilify OPH&! SHIal SN ﬁC‘{VB&gﬂﬁi 3196 pB%gz;eseS%gﬁ fter 26

to i ntroduce g rel abivel yukgue siigl RIS SRl foof il 1S then

accunul at gsited resufting phase shift. I'n contrast,

typicgh conventionglis OBfdceas Twht Ghpsntagsbusnduleaios s theeqdivee powed ativel y
| arge drive 15 power to cause phase shifter 26 to introduce a 180 degree

phase shi féquiremengi bYbeticadawstchilhelepieef16r bpriewnd tbacmitdignnendriver opti cal
switching device 10 is described bel ow in conjunction with Figyre 5.
Fi gure 4 phhsesshifier2d tmingodees a epively iMpISEIRINPRRS GR%H \é\%fﬁt’fﬁ‘%\g et i chi ng
nvent | onacites haoarrede doptscaro-B MR aByi K EaEE BhsrEnen: o
in the conventional optical switches and modulators require a relatively large drive
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 circuit 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, respectively. 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



formof a planar integrated optical circuit wherein the optical signal
travel s through waveguides. Mre particularly, optical conbiners 24 and 25
(Fi gure 2yoasm2sepspectively inplenmented with 50: 50 conbi meraiséd2asd 42
(e.g., Y-couplers) in this enbodinment. Partially reflective facets 21 and
22 (Figure 2) are inplenented 25 with reflective gratings 44 and 45,
respectively. In this enbodinent, reflective grating 44 is designed to
have a r efetaichelowtiy cohjuabimunt wib¥iguwe 615 hén tb&weh*ehmgﬁthemt phagst slotiér 26hput

si gnal 16 O her reflectivities can be used in other enbodinments, with

phase shi(FigurR)peimplemaniasd wihapieatis- 9%%@@9 FNFRr A&£ Whigh inglydes @descr i bed

i gure. 6058 « RAUCEADodP roMCh AfAscas TS Gl SE0S (Bl gule 2 HECVE] enent ed

with an elggtye8pti c phase shifter 46, which includes a voltage source
47, a switch 47A, a first electrode 48A and a second 5 el ectrode 48B.

Further a wavegui ElertHd, awiaedyuidecddidesics dntludets séSibns 4B, 408C 40and 49D and
arms 28A and 28B) is used to pagate the optical signals within this
enbodi nerandofOlbpnd @ﬂMS@\&Atfmﬂ E@B)dé\useé tq gropagatentne eptiselsigaals withilavegui de

modi um | TS oEMPI T oI APLCAId W Eh AT CBPEPAgari o Al é%b”o@t’rﬁa be. used
that are 4 Rg5RaUENYs t lidRefl! Gl oo Wawggu.aé mﬂatln% E, LagRdd cation

can be us ave r ctive |n es that

varyilng eJr§sddafion ARMGh! andtreér%mtf&rm@mnmtf@rent b@p@gém@tﬁemmﬁt@m of

Li NoO8 varies with electric field strength. 15 The el ements of this
enbodi mente Wedapdtiatakranwpdrehi toghelepticabsigfaldring usedan don apgitcatiorasarf ol | ows.
Wavegui de section 49A is connected to receive optical signal 16. For
exanpl e, henussot and Iﬂ&l\lﬁefeﬂﬁﬁwleb@d@@%lm%d/aﬂbwhﬁ@ Spgﬁﬁt@ﬂ tprttaétgﬁﬁte@@tmoptl cal

cireuit tnrtléaé[ne CQIQ%J n?o?%&én(%&le, Vg Fe racp\% N \e/>|< %? legbénggﬁgSDW%ﬁtE?eC?rpt I cal

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 optical
signal 16 to waveguide section 49A. Reflective grating 44 is formed between

20 waveguide sections 49A and 49B to form one partially reflective end of optical
cavity 12. Optical combiner 41 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 arms 28A and 28B and waveguide section49C. Reflective
grating 45 is formed between waveguide sections 49C and 49D to form the other

25 reflective end of optical cavity 12.

Further, the elements of electro-optic phase 46 are operatively
coupled to arm 28A as follows. Voltage source 47 has one output terminal

connected to electrode 48A and the other connected to a terminal of switch 47A.
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signal 16 to wavegui de section 49A. Reflective grating 44 is forned between
20 wavegui de sections 49A and 49B to formone partially reflective end of
optical wewdwysed®. Optical conbiner 41 is connected to treTasheeeiend of
wavegui de section 49B and to arns 28A and 28B. Optical conbiner 42 is
connected to the other ends of arns 28A and 28B and wavegui de section 49C.
Reflective grating 45 is formed between wavegui de sections 49C and 49D to
f or m t he Aoiotrerr te@tbinaledll switdhv4 Aeisd cofinasiad tmklectivde #8B.2. Elboiredasr48A he

el ements of el ectro-optic phase 46 are operativel co pl%ec? to arm 28A as
fol | ows. agd|48RBy@resyianged A2ahadn g8 SeubplLYher pilehy: 7A¢~%HH% & %Aew ect r ode

48A and the gth i nal i 7
e so2/S i haoPRERE B6la: fielteb bRy, Yerkbhe B g BT AP SrE e ode
48B. Fl e%ké@% Ve Anodient? 8 @ Fotlc! %Higs?éi SRARF 48" AR §Atisde that meken switch

47A is cl ose arm28Ai1s wthin the electric field created between

el ect r odestechdbean@dott SBowh)n siailarlp alrdreyedahesre agn20Bi beinin tied exppositopt i C

phase shifter 46 can include two nore electrodes (not shown) simlarly
arr anged potgdity.ar m 28B but in the opposite polarity. This enbodi nent of
optical swtch devjrc,e 10 operate stanti all sanme . nmanner as

i h
descri bed above in W%njemﬁﬂdi‘rB?Ptvw ?fjhn?ﬁt'%gfﬁw‘ic 166‘5?1%1@ ORGIRIS Nnore
parti cul afb¥ianfhifGhe QaRR! nbnRARCSbL A arBRe T ALaTuASioh QlilrPPufe 3 Nt r oduce
Shi e Signal's

a phase weén conponent o% I ca propagating £n arns 28A

and 28B. aBuert Howewd orhssacaiy eiictrdbortiel hasé vEitr bpyraeduseslicvphase
shift in any optical signal propagating in arm28A. In this enbodinent,

el ect r o- ¢ptintrodutd phamee sdhift thetwekh comabesntaoptebkesignats piopladalret ween
el ectrodes 48A and 48B when switch 47A is closed. As shown in Figure 4, arm
28A is diaspes8d anstfEen

Electro-optic phase shifter 46 selectively introduces a phase shift 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 48B when
switch 47A is closed. As shown in Figure 4, arm 28A is disposed between
electrodes 48A and 48B. The electric field causes a change in the refractive index

of the LINbO3 in arm 28A that is related to the strength and polarity of the electric

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

20 an optical signal is related to refractive index of the propagation medium, the
change in refractive index in arm 28A (i.e., the portion of arm 28A within the
electric field) causes a phase shift of the component signal propagating in

arm 28A relative 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 turns creates a phase difference

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

10



el ectrodes 48A and 48B. The electric field causes a change in the
refractive index of the LINoG3 in arm28A that is related to the strength
and pol arwoysotseshe el ectric field (relative to the dire®Cirarsonpe184
propagation). Because the propagation speed of 20 an optical signal is

related to refract iru@n'te‘ﬂdl@(o;@fiostté%talé,@ﬂ%tziﬂﬁsf@@hé@%o tHR noCdiaige i n
refractive index in arm28A (i.e., the portion of arm28A within the

el ectri c fieldeisdyreagigds el thispivays gheriei istnathange morgfrantivet indexymakrp2épagat i ng i n
arm 28A rel ative bo t he cona'ponent si gnal propagating in arm 28B. For
exanpl e, CTHINGHIE BRFDENYRPRESES 9T Hist cAMRANEN: Bignals heind wishasged. cKithgy devi ce

10 can ¢ | C create an electric field that
changes tﬂgj rgeFrh; g%% ggAi%ﬁﬁe%?% %g eadru(r%ﬂﬁgg%ﬁ ﬂ'ﬁ{?és Eﬂ:fﬁa@eld ef@?Crea‘@tﬂTQ/e i ndex
i N tUBNS ties egtheSneht PRASH shhkes&dCE pihBg cormponent signals

pr opagati ng inga?ms gBA gr%d 28B. 10 v 031/6%}95@%% PCT/ US02/ 26184 To enter
the opposite stat eFigam § dlus#atés iss nopealizdd switchattarsterefeetioni 6f bptRladl i s
created. In this way, there is no change in refractive index in arm 28A,
resul ti n§Witehipgedevideatq (dawr 4l esinpfated cacsordithéntonei gmiddimisi nfthenchanged.

f th £ 8A and _28B . then there | h
G 11 or enBEoSABIVRBtSHe Refsifin B Fiaies & 2no. Jha VEMRBLEHS 2, Ui iresler iilﬁbi ner
! e T - ot . i’
sur tohi ng A b Ee R IREREN e Rl(FL, WS Rb Boue oty BhelBbhent o
the 1Qr esphidal igipeNtBas. inRef Gricaingdgha 1%'?.gurr®h6ﬂﬂ5h%l5axist Beiheethhgal axis of

the transfer function represents the transmssion ratio (1.e., the ratio

power or functiogyepfesentspbe siryleopassphass ghidtl prbGided byngettirapplic phasi gnal  16) .
The horizontal axis of the transfer function represents the single-pass
phase shSfiftepf®yiTdisgtransien fuastion-camn aleo gvalydto ofher types abphays shifteransf er

R e S R T
signal  18pfical RidndngBi &N a0funtith 8 B SBRSSaddNBiges Bhik! prBliaks dsdufy the
15  phase shifter. Because a phase shifter's single-pass phase shift is related to the

drive power, Figure 5 also indicates the energy or power of output optical
signal 18 as a function of drive power.

The transfer function of this embodiment of optical switching

circuit 10 is represented by a curve 51. For comparison, curves 52 and 53 are

20  included in Figure 5 to show the transfer functions of a conventional Mzl device

and a conventional FP device. As shown in Figure 5, curve 51 has a maximum at

about 90 degrees and a minimum at about 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 a minimum (i.e., 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 MZi and FP devices

require their phase shifters to provide a 180 degree phase shift to transition from

an ON state to an OFF state.
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15 phase shifter. Because a phase shifter's single-pass phase shift is
related to the drive power, Figure 5 also indicates the energy or power of
out put opwD®al25663 gnal 18 as a function of drive power. TReTUSANS{164
function of this enbodi nent of optical switching circuit 10 is represented
by a curve 51. For conparison, curves 52 and 53 are 20 included in Figure
5 to show the transfer functions of a conventional Ml device and a
conventional FP dduwi ome Asnisduiment] naffisgefife 8nd 288 vef Sdptitak switohikignum at
about 90 degrees and a m ninmum at about 180 degrees. Thus, optical

swi t chi ngevigevPgse designey witkdiiferest lengthp wastaatst%ﬁfet isra P8 dgeieei UR'er

si ngl e-pass phase shift of , about 90 degr.ees. to.chan froma jmumto a
M ni num PF‘?SeBr,‘asferQJ %‘Fﬁ‘c%]%e%e_eé} [egom?oagn C@k%@%%s.%ﬁ“c?mbws&, curves 52
and 53 h | Bt ; hik g Thus,
convegti %}r{lglpﬂﬁl andn%P lé@?/’?(\‘fvgg’e\%éﬁﬁ? ?29{% EE\P!FP% ag\i}&%dﬁlﬁ)??lgggf tglgt%pr ovi de a

180 degrgﬁaﬁﬁ@ﬁmeshei thdre ibramnsi dégree feimgi-pass PNas¢é athit, tresaitingOf sst ate. WO
03/ 025663 PCT/ US02/ 26184 | n one enbodi ment, arns 28A and 28B of opti cal

swi t chi ngadevimeradnisson of ogtpet opiicah sitingf t8 érm., therighhsiated tThan, tthere is a

90 degree single- pass phase difference_befween the conponent optical
si gnal s ®AEA t'&%%Fg%at%)?‘ecﬁoﬁﬁ’t‘%Bf‘?%ed?h‘@%rrftﬁ Regd oqu bprd}@qu?,pr no drive

pover 1S PLAYEISA! BralGhooPRl! Sobaze SHIL LB SuhRRE detidt RO deqr ee

si ngl e- pg resultn ansm ssi on of out put

optiqal $teBRs 48idnificAnt rebltiddh 2o BdwerdesitchDetvidirFthe ON¢ aff BFF at e,
el ectro-optic phase shifter 46 need only be driven to provide a

si ngl e- pasgegphase shift of 90 degrees. Thus, optical sw tching device 10 10
achi eves a significant reduction in drive power to swtch between the ON
and OFF states. Frigures @lusirbigstthatresformangse pf optieah cwitshing piavical 1&wi t chi ng
o e i olE A atinciin or MR or el SRUEPH gt SRLIE) cavity

according to one embodiment of the present invention. The vertical axis

15 represents the single-pass phase shift of optical switching device 10 (Figure 4)
required to transition between a maximum and minimum transmission 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 optical cavity. Thus, in this case, optical

20 switching device 10 is equivalent to a MZI device. Referring back to Figure 8, 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 90% reflectivity is relatively easy to achieve in a reflective grating.

25 A thermo-optic optical switching device according to the present
invention 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 temperature instead of electro-magnetic field. For example,
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according to one enbodi nent of the present invention. The vertical axis 15
represents the single-pass phase shift of optical swtching device 10
(Figure 4y0mmesby ed to transition between a maxi num and ®CRIUSNZR6184

transm ssion 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 opti cataveauideyt9 Gaube implerenteccwitle a silica AO2)2propagation mgdidevi be 10 is
equivalent to a MZI device. Referring back to Figure 6, the graph shows
that a 180ddens e RIARGIIIsEAPUsHERE Raatanelpaeniadiiped of plastodss 498 a
conventi qngl |-devi ce. efl ectivi Lncrease t\he_required.

si ngl e- pa?gg 48 asFeor eé‘ﬁﬁ”fpc'e’ﬁﬁ% Elggtgggl_em'g{&(g)[)%{h 6%8%@%96@?%%%% of ik required
phase s5shichhtabtwiR th A, f‘f‘ﬁg_rtl’?é?ﬁwo-c%tigWﬁl@ﬁfén?é%i*oh}’dcp%}’atééirf Rtdnyigly easy to
achieve in a reflective grating. 25 A therno-optic optical swtching device
accor di nghd sarh@engnes astoptical\eaitthiog devics ubgkigota 4l lly visnof the ptezeapt i cal
switching device 10 (Figure 4) except that wavegui de 49 woul d have a

pr opagat idisslogetd, uengi tskillgdr &7 r thet iavte dandestsa heasigrvai ekesd/strain-eptier at ur e

i nstead of el ecttr,o-ma, netic field. For exanple, 12 WO 03/025663

PCT/ US02/Baegentationy oyt und e apef@eN@iPenent ed with a silica (Si02)

propagati on nediu L] t i fter heat er
el enents i nstead g?hée!%ke)g?éjgig%ér%ﬁg%o@%%n%%g éﬁ%&'@faﬁgwﬁe{‘ﬂ%&ﬁ@ﬁt er
el engut ( %clmf% QBat RSdescAbéd in bagRgadleR! ndlinteAded &PBé akhauitiid optdn 28A.
This therno-optic inplenentation operates in substantially the sanme manner
as opti cdimitdhe irndeintign dethecpretife férngutisciebed. IWhile epedifc ¢hbogimestsmf,
di scl osure, one skilled in the art can also design a stress/strain-optic
i mpl ementati @MRlehden toaduentispeare mereHadoRereirh&rabesiative SeFRgseson of
il lustrated enbodi ts of the invention, . 10 incl udi what ..is descri bed
i the aatRGehdBRRofiedtiiaat BosseiatdneReoss of BeRinibn
i nvention, 4@ &dieghh B r%%\faﬂ{éﬁmﬂliré%é?ﬁfed' Wi | e specific enbodi nents of,
15 These modifications can be made to the invention in light of the
above detailed description. The terms 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 accordance with established docirines of claim interpretation.
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and exanples for, the invention are described herein for illustrative
pur poses, various equivalent nodifications are possible wthin the scope
of the irnwernBioaiss3 as those skilled in the relevant art wPCl/useregsd ze. 15
These nodifications can be made to the invention in |ight of the above
detail ed description. The terns used in the follow ng clains should not be
construed to limt the invention to the specific enbodi nents disclosed in
the specification and the clains. CRAIMBr, the scope of the invention is to
be determned entirely by the follow ng clainms, which are to be construed
in 20 accordance with established doctrines of claiminterpretation. 13 WO
03/ 025663/\/5’(;\1/?/ UéOZ/ 6184 CLAIMS What is clained is: 5 1. An optical
switchin avp &&! ﬁprl sing: an optical cavity having an input port and an
out putg port; and a phase nmodul ator disposed within the optical cavity, the
phase nodul ator having an input port and an output port respectively
coupl ed tp theni giidhl swatchingrdbvickDcdrherising: put port of the optical cavity,
wherein the phase nodul ator introduced a phase shift in a portion of an
optical si gnalanmp@p@lg:amty\ba\rlm an@p@bwt:amd éﬁ@“iwf\%ﬁtl@ t he conponent

one directian, and.intra yft in

Zlng'?ﬁlarl f)olro': ?%?Pq'laﬂts ’%‘édtgﬁttof QEPC’%? Vi H?%B%‘%ﬂ Fﬂﬂg’:’J aﬂ%ﬁ%@%&ﬁf $@ct| on.

2. The o | cal I gl at or
conpri segahouf R A R ok bRy eBl Bl b e PRASRr B Bl 0
dﬁv' CR) ﬁf ; mténom@ﬁfr@ Bpﬂdaﬁcm@sqmmltwé Qhasé?ﬂm@luaﬁ@smﬁﬂdlﬁiedcéro optic
phase shifter.

phase shift in a portion of an optical signal propagating in the optical cavity while

the component signal is propagating in one direction, and introduces a phase shift

in another portion of the optical signal propagating in another direction.

15 2 The optical switching device of claim 1, wherein the phase modulator

comprises a Mach-Zehnder interferometer (MZ1).

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

20

4, The optical switching device of claim 2, wherein the phase modulator

comprises a thermo-optic phase shifter.

5. The optical switching device of claim 2, wherein the phase modulator

25 comprises a stress-optic phase shifter.

8. The optical switching device of claim2 wherein the MZI comprises a

Y-coupler.

14



4. The optical swtching device of claim2, wherein the phase nodul ator
conprises a therno-optic phase shifter. 5. The optical sw tching device of
claim 2, wbes®2s6s he phase nodul ator 25 conprises a stre®sTapsvr/eiphase
shifter. 6. The optical sw tching device of claim2 wherein the MI
conprises a Y-coupler. 14 WO 03/ 025663 PCT/ US02/ 26184 7. The opti cal
switching device of claim2, wherein a first reflective facet and a second
reflecti Ve fafke oplil awiéchingdevipé efielain Agvhereinaptiistisfiectve faget Bd&  The
optical switching device of claim7, wherein the first facet conprises a
coati ng maoPnyedegivefasstaye peed i implarRting jhe pticghedyWayer having an i ndex
of refraction that is different fromthat of an adjoining |ayer, the
refractive indices alternating between higher and | ower refractive

i ndi ces. glO 9Thgf6$tl@aq’ts\l\ﬁt@ilnn§‘@e§/i%9'd?%laﬁ’rﬁ"?‘ Wekdin @H@flr@i faceVB@hridestae first

facet corrprl ses a reflective grating. 10. An optical sw tching device,

conpri si r@atigy hapihg calpigraltyt yf hajoirey dayers)pedchplayer amdingnaouhgax oport; and
15 nmeans, disposed within the optical cavity, for nodul ati ng a phase of a
portion mefr@nﬁloepihatcal dlﬁ‘e@nblfrom gwgétamgdmlﬁlnghl@y@rptth%éefr%%tvetlpdlcqq The
opti cal t chi ng devi ce of n the means for nodul ating

conpr i seé‘\{mﬁ”ﬁﬁﬁ% oEsa gheﬁlagfj?‘é\’?'ﬁr@ rg%@@uges 20 12. The optical switching

device of claim 11, wherein the neans for nodulating conprises an
el ectro-optic phase shifter. 13. The optical sw tching device of claim 11,

V\hhe][ fi'()” the ngRA%plid sWmdhhgidetite ?2imaMPheasin ghd fret faReDpbpriseRase
sni er

reflective grating.

10.  An optical switching device, comprising:
an optical cavity having an input port and an output port; and
15 means, disposed within the optical cavity, for modulating a phase of a

portion of an optical signal propagating in the optical cavity.

11.  The optical switching device of claim 10, wherein the means for modulating
comprises a Mach-Zehnder interferometer (MZI).

20

12.  The optical switching device of claim 11, wherein the means for modulating

comprises an electro-optic phase shifter.

13.  The optical switching device of claim 11, wherein the means for modulating

25 comprises a thermo-optic phase shifter.

14.  The optical switching device of claim 11, wherein the means for modulating

comprises a stress-optic phase shifter.

15



14. The optical switching device of claim1ll, wherein the neans for

nodul ating conprises a stress-optic phase shifter. 15 WO 03/ 025663

PCT/ US02/\20618425685. The optical switching device of clai mpCI/ushze@Bhn t he
MZI conprises a Y-coupler. 5 16. The optical sw tching device of claim 11,
wherein a first reflective facet and a second reflective facet are used in
i npl ementing the optical cavity. 17. The optical switching device of claim
16, wher ebn the foptict! dwitthtngcdeyice sésclaim toathiergin Hhei Mgl gopilpiises iat y of

adj oining |ayers, each layer having an index of 10 refraction that is

di f f er ent/-gauplert hat of an adj oi ning | ayer, the refractive indices

al ternating between higher and | ower refractive indices. 18. The optical
swi tching device of claim16, wherein the first facet conprises a

reflestiyg grﬂ% Bygt\cailg\gljt&mqi‘d&n@é‘@f IR wa;l/hérah%gfr@t RcORld BBkt &g cui t,

conpri si ng: |rst cet having a reflectance less than one; a second

fact haV'a%c@nd rfilbesleFacst dressed reimplemeenting the opticabpavityal combi ner coupl ed
to the first facet; 20 a second optical conbiner coupled to the second
facet; a first armhaving one end coupled to the first optical conbiner and

th d led to th d tical nbi - havi
one end déupl BeF BicehBWishiag deyies enfla 'ﬁ%w{%?e'a' st BB R ed o
th d t | f led t
the 11 oEoaity bERhacd Hramy Lo Bpig AR eaeh Tah ! nB0RLoH (oK sOUPI ed o
circypt obpLhigh Mhai%is IMISER frokhehalt idf S é’d]@‘nm@elﬁyétd theeefractieadhdicenpri se a

reflective grating.
alternating between higher and lower refractive indices.

18.  The optical switching device of claim 16, wherein the first facet comprises a

reflective grating.
15
19. A planar optical integrated optical circuit, comprising:
a first facet having a reflectance less than one;
a second fact having a reflectance less than one’
a first optical combiner coupled to the first facet;
20 a second optical combiner coupled to the second facet;
a first arm having one end coupled to the first optical combiner and another
end coupled to the second optical combiner;
a second arm having one end coupled to the first optical combiner and
another end coupled to the second optical combiner; and

25 a phase shifter operatively coupled to the first and second arms.

20. The planar optical integrated optical circuit of claim 19, wherein the first and

second facets each comprise a reflective grating.
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16 WO 03/ 025663 PCT/ US02/ 26184 21. The planar optical integrated optical
circuit of claim19, wherein the phase shifter is an electro-optic phase
shifter, wOtoh®ew3 opti ¢ phase shifter, or a stress- opticprpohasezshigéter. 5
22. A nethod, conprising: propagating an optical signal into an 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 pat h; TA® prekeoplicat infegrtadoahticahgreait pif atimdiof inbiessic éheopbaseen t he
portions of t he tical nal ; conbining the portions of the optical

si gnal ; ahkﬂepraa@aggptrﬁ@pac pga$¢ shiftgr, %W@”&Qfﬁﬁﬁ'%@ﬁaiﬁ SJHler. oue Bresthe opti cal
cavity Th thod of claim22, wherein the optical cavity is a
resonant BB‘f PE%ﬁe S%Etgﬁ%l ty with respect to the optical signal. 24. The nethod
of clgim22 wherein a reflective grating is used to forma part of the
optical cavity. 20 25. The nmethod of claim 22, wherein a Mach-Zendher

| nterferopet en hdBbd, domprigigd to selectively introduce the phase
difference. 26. The nethod of claim25, wherein the MZI conprises a phase
shifter 25 spiopagaiihgfaroopticakesignalupo compticalicagityan el ectr o- opti ¢ phase
shifter, a thermp-optic, phase shifter, or a stress-optig e shifter.
27. An opti caFausing H?Pﬁ@”o%f\;h%th'%ﬁﬁﬁﬁgﬁorﬁ‘)pagﬁeW ti“f?g gt 2 CP

PCT/ USOZ/ 26 %ﬁ' portion of the optical signal to propagate in another optical path;

10 selectively introducing a phase difference between the portions of the
optical signal;
combining the portions of the optical signal; and

propagating a portion of the combined signal out of the optical cavity.

15 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 cavity.

20
25.  The method of claim 22, wherein a Mach-Zendher Interferometer (MZI) is

used to selectively introduce the phase difference.

26. The method of claim 25, wherein the MZI comprises a phase shifter
25 selected from the group comprising an electro-optic phase shifter, a thermo-optic

phase shifter, or a stress-optic phase shifter.

27.  An optical switching device, comprising:

17



an optical cavity; neans for propagating an optical signal into the optical
cavity; neans for causing a portion of the optical signal to propagate in
one opti cab 03B2366pat h and anot her portion of the optical ®Cysb2L@as4
propagate in another optical path; neans for selectively introducing a
phase difference between the portions of the optical signal; neans for
conbi ning the portions of the optical signal; and neans for propagating a
portion of thearcoptisaheaditgi gnal out of the optical 10 cavity. 28. The
optical switching device of claim?27 wherein a reflective grating is used

to forma partM8ens REPWPEIREIY FHOPYGR! Sigaaligfo theeptisst ¢34 swi t chi ng devi ce
of claim 27, i . faor i i I e
di fference com}g%@e ré%ﬁ?%éﬁgﬁeoﬁl%n?@E(%a}elgée(raétt%PH@%QF‘% |H%§8oﬁ5§}§% opti cal
swi tchy Ug?é’tﬁ‘érﬁear@fhe? baitith 29 thebigicai §lghd¢o P@pa@é’t@ﬁrﬁ bAGRePoptiiapsahshi f ter
selected fromthe group conprising an electro-optic phase shifter, a 20
t her no- opti ¢ phases ®hiskleefivelpint@dsting ssplogsei diffgrbase bstweenethe potidns
of the optical signal;
means for combining the portions of the optical signal; and
means for propagating a portion of the combined signal out of the optical

10 cavity.

28.  The optical switching device of claim 27 wherein a reflective grating is used

to form a part of the optical cavity.

15 29. The optical switching device of claim 27, wherein the means for selectively

introducing a phase difference comprises a Mach-Zendher Interferometer (MZI).
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

20  thermo-optic phase shifter, or a stress-optic phase shifter.
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