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Gratings are optical devices used to achieve wavelength-
10 dependent characteristics by means of optical
interference effects. These wavelength-dependent optical
characteristics can, for instance, serve to reflect light

of a specific wavelength while transmitting or refracting

light at all other wavelengths. Such characteristics are

15 useful in a wide range of situations, including the
extraction of individual wavelength-channels in
Wavelength Division Multiplexed (WDM) optical

communication systems, or providing wavelength-specific
feedback for tunable or multi-wavelength semiconductor
20 lasers. Gratings are usually implemented by modulating
(varying) the effective index of refraction of a wave-
guiding structure. These changes in index of refraction
cause incident light wavelengths to be reflected or
refracted: in the case of an abrupt interface between two
25 index values, light incident directly on the interface is
reflected according to the well-known Fresnel reflection

law.

The term “multi-wavelength grating” generally refers to a

30 grating that is capable of exhibiting optical



characteristics at a nunber of wavel engths. For exanple, a

mul ti-wavel ength grating may be a grating that reflects |ight at several
sel ect waweloangtobs (whi ch may correspond to specific optipcalusopmrahi cati on
channels), yet is 5 transparent to |light at other wavel engths. In sone
situations, however, there is a need. to set the optical characteristics
for a continuous range of wavel engths, rather than at specific wavel ength
val ues; for exdwpbeternheicusithge anupey caff wreatliangthes - cdopersatpléor the
10 unevenness _of i i rofil. L0l ase i d Lcal
anplifiers. Fﬁhgvg?F ggk?%@éﬁ&#ﬁ |§§l§ qh?yeﬁén% 5?%$ugf§gﬁgiﬁﬁggékggnge of
wavel engt hs i didibtf rtubevepal nesteai tvavedadothenabvhiplatieayy doechapbogi es. 15

Simlarly, a rang - iC el eng . . u re y .
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utilizing dif freeespawavel engt hsightf  leitghtrhehi swagehrgs hgormdnl yskmewn as

vavel ength Divicsbn i tiplexing (WM fechnglogy, Peciodie gpatings 20
are often usef 1o Separ at e or pr'ocess these ' channels. Wever,; “peri odic
grating technahegeesepiocess dne anavehengidys foawgaigodewcedengteaded to

process nultipl wavel engt.hs to. | @ |.tiple single-wavel ength periodic
gratings. Thigaggeﬁoﬁ%gﬁ attfgﬁ?ng%sg%ﬂgﬁgﬁg ecgﬁgggSOn%gg F%Sgg ®t he
addi ti onal | osdesn thatngach graticgl creatésg wverocapshagte dfoati tge

occupi es consi derabl e apount. of, space_b ay' s, standard
§ ¥itoday,

.t od . of
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i ntegration an mnraturrz
devi ce capabl epficpilocegsiifidesevetalwewayel engtibsihg ahi30 wpadceeréhit ci ent

manner. In the field oftseniconductor Easer%ﬂ_th hputputd. yeHﬁpg£h of
seni conduct or 1%dset s 8 -aFgeF y T8BEEr MneffVe-cngths 1s diifilcu ©

meet with traditional grating technologies.

15 Similarly, a range of optical wavelengths may be used
where many communication channels are encoded into a
single optical cable by utilizing different wavelengths
of 1light; this is more commonly known as Wavelength
Division Multiplexing (WDM) technology. Periodic gratings

20 are often used to separate or process these channels.
However, ©periodic grating technologies process one
wavelength, forcing devices intended to process multiple
wavelengths to employ multiple single-wavelength periodic
gratings. This is not an attractive solution because, on

25 top of the additional losses that each grating creates,
even a single grating occupies a considerable amount of
space by today’s standards of integration and
miniaturization. It is thus desired to have a single
device capable of processing several wavelengths in a

30 space-efficient manner.

In the field of semiconductor lasers, the output

wavelength of semiconductor lasers is largely determined

2



2 WD 03/007038 PCT/ US02/ 21175 by the presence of "feedback el enents”
around or inside the |aser gain section, which act to reflect light at the
desi red vwoaBeomyssh back into the laser. For nmulti- wavel elgrhusopzrai i on,

mul ti-wavel ength feedback is 5 needed. Again, single-wavel ength grating
technol ogy can only address this demand with a cascade of sinple

gratings, leading to the sane (if not nore notable) |oss and space

probl ens nent ikonddrcabprse® 19f t heeddbelcd cfleppniell arprandnpssiioaideét is

wel | known t Rl QBEEEalr;aﬂﬁt ¥\Q5’é<isor{',u§}hi%8ntdg{?d]:¥“ Lthfeﬁ{ %H%ﬁ:yaknf?ﬁ@ as
di spersion. This property arises fromthe wavel ength- dependence o

ef fective indadesiwkichwhrmelenatlpr digdes iatowavket entpdeiepdidentiugcdup del ay
spectrum for i ty engt . Qpt.J i ber i an, opti cal
pul se al mys%’gg]lg\sigggég o) I2aj|c‘;:g*(§)ltnr’aI I\E\nuic}{% t\}lﬁlﬁgh%gbel efn%e%@%%epeﬁ%ence

| eads to ¥ifferceded: etfaredati oningflevarivelisngsipegiraning otrpohent sgwf cahe

optical pulse, ther dipg.  togld Sp in the spatial. domain, This
spread direct Ioillgo %ﬁ%@%gg t elsbpec%eeﬁa?lgn Eﬁ%ﬁhegop ?%%13[0 enefévFor[?.lm onme forns
of dispersionocatibgscoieedied forthw tdamse nile-neyelergtdotapial | bgss but

only on a chanpel han basi s, .Mr conplicated fornms of dispersion
such as di sperasn:aoﬁ%éf:%pércr}%iaen%botmegglglrﬁe?a% ?/Vn%’orrect ed by singl e-wavel ength

25 gratings at all. One such single-wavel ength grating device is a Bragg
Grating. The Bragg Grating consists of a periodic variation in refractive
i ndex andoact Smasciee reféest of bpridl arshnghtssiigl engt bs ofvelll ghtiowel at ed
to the periOd%&g%yo;&Egg n%%w iﬁghmuﬁg égnéékéid???‘é“%ﬁé%éﬁéyaﬁgo&§
as dispersion. This property arises from the wavelength-
dependence of effective index, which in turn produces a
wavelength-dependent group delay spectrum for a givén
15 type and length of optical fiber. Since an optical pulse
always possesses some spectral width, this wavelength-
dependence leads to different retardation of wvarious
spectral components of the optical pulse, thereby leading
to its spread in the spatial domain. This spread directly
20 impedes the operation of the optical network. Some forms
of dispersion can be corrected for with single-wavelength
gratings, but only on a channel by channel basis. More
complicated forms of dispersion such as dispersion slope

cannot be suitably corrected Dby single-wavelength

25 gratings at all.

One such single-wavelength grating device is a Bragg
Grating. The Bragg Grating consists of a periodic
variation in refractive index and acts as a reflector for
30 a single wavelength of light related to the periodicity
(known as pitch, 27A) of the index pattern; and is
frequently used in both semiconductor systemg and fiber-

optic systems. In practice, the Bragg Grating can usually
3



frequently used in both sem conductor systens and fiber- optic systens. In
practice, the Bragg G ating can usually 3 WO 03/007038 PCT/ US02/ 21175
refl ect awolewemad wavel engths, corresponding to overton@€TafSo2/t7s
fundanmental pitch; however, these higher-order wavel engths tend to be at
quite different spectral regions than that of the fundanental wavel ength,
5 thus not nmaking the Bragg Grating useful as a nmulti- wavel ength
reflector. Moredlert these WeyBeplor deavelspgshengt heoxaarendbagt uneel

i ndependent | onfferQBﬁeQ”%Per itg ?&ﬁdﬂr@ﬁﬂa&an}éﬁltg?l t hh%é%%g teglnol ogi es

i ncl ude: 10 anal og superinposed gratings atings
Super - St r uct utdgGeat Pnger ( 88Gr L ehiilrpeteBt agg @mtahggult@aMﬁﬁr@!m i ngs,

Arrayed Waveg ti . el le ati Bi ri nposed
Gratings (BSG%bg% g%%akggﬁggﬁﬁg%ﬁbggég é%aFﬁ%g§u£§%?€¥€%%nggg%¥%§?£%n of the
Bragg G atingtand ar® rovskenyi the Huaws pkentoing sup@ftpbs'a‘si cm maligiati ng

profile con5|%gb@gegétﬁhe el .t he Mggggxegrofl#ﬁg %;% % g@gelength

gratings reflec al | o its constituent Wavelengths a gratlng 20
relies on an arskEdégnghdexcargrdtabeohynehatndepengentéfrattone anotdérrt hat
changes continuously along the grating length. However, it is difficult to
inscribe strong analog gratings using the well-known photorefractive
ef fect, sinceCthercham@éieWaVaUGmgmnukgréﬁiﬂqIlnﬁdhﬂulogieariesch@@elinearly

with str ger sures nakl t he |t|ng fficult
senlcondﬁgtors%'aﬁgresu ¥ %ﬁ graglhgs <§ ghaF P E alg%)Very
di fficult andS@@neFattyctmmfaGratakyio S$$wauhib¢qdeBchggaGahﬁgnégatures
into the Surf%Fe g%nth%r%%ghggpduﬁéfgyed Waveguide Gratings (AWG) ,

Echelle Gratings and Binary Superimposed Gratings (BSG).

15 Analog superimposed gratings are a generalization of the
Bragg Grating and are rooted in a principle of
superposition: a grating profile consisting of the sum of
the index profiles of single-wavelength gratings reflects
at all of its constituent wavelengths. Such a grating

20 relies on an analog index variation, that 1is, a
refractive index that changes continuously along the
grating length. However, i1t is difficult to inscribe
strong analog gratings using the well-known
photorefractive effect, gince the change of index under

25 illumination varies non-linearly with stronger exposures,
making the writing process difficult in semiconductors
where surface relief gratings are used. It is also very
difficult and generally impractical to reproducibly etch
analog features into the surface of the semiconductor.

30 The latter difficulty brought about the introduction of
binary gratings, 1i.e., gratings that rely only on two

refractive index values corresponding to the material



30 The latter difficulty brought about the introduction of binary

gratings, i.e., gratings that rely only on two refractive index val ues
correspormipDrig/oom3g he material 4 WO 03/007038 PCT/ US02/ 21PT%/usbr2ngs et ched
or not etched, illumnated or not illum nated. Two representations of

mul ti-wavel ength binary gratings 5 are sanpled gratings (SG and
superstructure gratings (SSG . The SGis constructed with alternating
sections of eargng livdegr atdng- fpee radgiheds ofiltlveiwatedui da Thet

al ternating sqg&{lﬁ)l@ﬁa@é@_duce diffraction spectra consisting of multiple
refl ectance peaks contained within 10 a (typically) symetric envel ope. The
SGis intrinsically limted in the flexibility in the |ocation and

relative str t r s e _pe - e he
fraction of gr%gtgi nmge%fffreesgnkszgg%gl?gi Sgaﬁﬁ%tslpagy(z?l?%ﬁyé I nB?%?%Y eﬁ%ggﬁ%s SGis
t her ef or €5 par eireul satgylathsgreabhes 15Seherand shoersgrativge | gracipgs ed or

wher e wavegui 0s e, high Wth the.super-structure ating (SSG,
the grating 3%?? d ?géc |rlp%d&f)r§18t¥¥uﬁgle9 Wé??i%%t?%nea%ﬁrngt isr?gr:[l)??%h?é 20
whi ch correspamdsihg tamel |@regtimgeffreae tegabthsgradovieneyeheegdiiiss. cale al so be

t hought of as n of __finely tuned. phase shifts; .comon phase
profiles incl &géggﬁ?‘%@? an e%thlaodqr%ti cprc%c}@ﬁ Su%%yfarﬁcitrlr%?eneﬁ?gﬁ%% in
principle all owssasbitgary pebkipiesirkifdnstance rgtatd wor2hihedght shibut only

at the expense ft e)&’gﬂﬂ[ Yy hin%t%[rir eseol u@i on, ﬁger r%’sp.osndi ng.to.a g ry smal |

fraction of tHRe '"¢Fz&%ott e §rating T'Eet BT hembeles-® Chl 68515‘?‘%@

G atings are driattnd devithes flaxgetedtat in the location and relative
strength of reflectance peaks, and, because of the large
fraction of grating-free gpace, is also spatially
inefficient. The SG 1s therefore particularly unsuitable

15 where a short grating is required or where waveguide

losses are high.

With the super-structure grating (SSG), the grating
period is chirped by finely varying the grating pitch,
20 which corresponds to the 1length of one tooth-groove
cycle. This can also be thought of as a sequence of
finely tuned phase shifts; common phase profiles include
iinear and quadratic chirp. Such an implementation in
principle allows arbitrary peak positions and relative
25 heights, but only at the expense of extremely high
resolution, corresponding to a very small fraction of the

size of the grating teeth themselves.

Chirped Bragg Gratings are grating devices targeted at
30 applications such as dispersion compensation and optical
pulse compression. Here a Bragg dJrating’s pitch Ais
varied along its 1length. This produces &a wavelength-

dependent phase spectrum which can be tailored to provide
5



30 applications such as dispersion conpensation and optical pulse
conpression. Here a Bragg grating's pitch Ais varied along its |ength,
Thi s prodwoas/erossmvel engt h- dependent phase spectrum whi cirCearsobziivai | or ed
to provide 5 WO 03/007038 PCT/ US02/ 21175 the desired group del ay
spectrum '6g=-d4/dw. The delay for a given free-space wavel ength Xot hen
follows fromthe round- trip distance to where |ocal pitch has Xo as its
Bragg wavel eridtchdesg(X0) gro@meiglaQ cpechhene 1€ Xd)/dbsThdheledpat ifak &
coordi nate at which _A(z) Xo/ 2nff. In_practice, however, these

i npl ement at i 0IFs VEHf £EFST FBHT @ WIAEiSPE thr e e £y LOFF ppTd® Ghedir€4Pfng t hat
the di spersion GMENSALIAN {5 wHOke CauBLe! git%% CRIITBANL &3 8L ngsagle

bi nary gratings devices wherein the grating features are i npose sone
surface and whereilengthe i feigedh A0ght wHdregm Bakes ilshe sk f agpadtiasone
normal or off-normal angle. The optical wavefrout incident on this
grating experi@oEddngteoneat i mdriioht ekat Mt t A0t herastigat i MewEEarur es and

thereby experignces Ramhhathibype uglf%%: afﬁloimor[e}gcae%sqggosggqjél 04Bra

g
diffraction). This device Is Intende ree-space use and'is no? easily
enpl oyed i n guiigedewavindiseitiioat idws. Foet deéspereion o comphineseidrhels
wavel engt h re%@tutcbﬁlgléﬁglji rements i nposed by 20 nodern opti cal
comuni cati on syste the incident light nust be collimted to a very high
degree, which can prove difficult in practice. Arrayed Wavegui de G atings
(AWG) are used primarily to 25 spatially separate optical channels in a

VWDM envitonnent. They operated by dividing input nulti-wavel ength |ight
bet ween L(?I ar PN“@FW\%\?@S&PE%SW%BF%‘?‘W %%"’ht fiR\d& s wherein the

grating features are impoéed on some surface and wherein
the incident light illuminates the surface at some normal
or off-normal angle. The optical wavefront incident on
this grating experiences a one-time interaction with the
15 grating features and thereby experiences Raman-Nath type
diffraction (as opposed to Bragg diffraction). This
device is intended for free-space use and is not easily
employed in guided-wave applications. Furthermore, to
achieve the wavelength resolution requirements imposed by
20 modern optical communication systems the incident light
must be collimated to a very high degree, which can prove

difficult in practice.

Arrayed Waveguide Gratings (AWG) are used primarily to

25 spatially separate optical channels in a WDM environment.
They operated by dividing input multi-wavelength light
between an array of waveguides, wherein each waveguide is

of a slightly different optical length. The resulting
optical phase differences between the waveguides’

30 respective outputs leads to a wavelength-dependent
“ interference pattern, which with proper design can lead

6



of a slightly different optical |length. The resulting optical phase
di fferences between the wavegui des' 30 respective outputs leads to a
wavel engtwodafpemdent interference pattern, which wth prepgrusdysiigh can
lead 6 WO 03/007038 PCT/US02/21175 to a separation of wavel ength
conponents. In practice, this technology requires vast anmounts of
sem conductor real estate and inposes extrene manufacturing constraints.
5 Echel |l e gratdongs aepaahsionisefl praivedehgyht eospahémtd y Isepanatécepti cal
channels in a envi.ronnent. Here, a ratin | ane i s ener.at ed by
means of defi rlfi\é[r%/I s G’bc-hr{ﬁg\?gfyen@?%ﬁfgﬂ e‘éa[gﬁR/eaTg‘élgtiﬁ e?fatg%‘gﬂpf’ﬁ}gcb‘?’ézi ng
angl es 10 and meefient ieddateal orghssoneimiaesd planenthe giaatufagrupiage i s
then illumnated with pulti-wavel ength light, often at an oblique angl e,
and the indi vil®GEF*FéfF8ctions add up to substantially separate the
wavel ength conponents. The device tends to be very difficult to 15
i npl ement’in practice, requiring both deep and flat etching
characteristics when inplenmented in semconductor. Prior art regarding
bi nary superi Fsdsédegranatigasymfreskpdso20ides ppebeatidd | kol vaatAallyrut sky,
Dave S. Ell!S@G?%%éteT%@%ﬁcatbeﬂQnﬁgi§’iﬁng %DMN%n§Hro££@§ﬁgnHQ£eM‘ ely
tunabl e sem conductor |asers and the concept of Binary Superinpose
G atings (BSGHRFingEREaNe QhantaanerEredt rioh. megod. o34, dphinizzn- $40; 1998.
25 O der nethqfgehBnbhf REEPL-AVe 2AAIGSS S NG SUALRRS $185ing angles
10 and potentially along some curved plane. The grating

plane is then illuminated with multi-wavelength light,

often at an oblique angle, and the individual reflections

add up to substantially separate the wavelength

components. The device tends to be very difficult to

15 implement in practice, regquiring both deep and flat
etching characteristics when implemented in
semiconductor.

Prior art regarding binary superimposed grating synthesis

20 is presented in Ivan A.AAvrutsky, Dave 8. Ellis, Alex
Tager, Hanan Anis, and J. M. Xu, "Design of widely
tunable semiconductor lasers and the concept of Binary
Superimposed Gratings (BSG's) , " IEEE J. Quantum
Electron., vol. 34, pp. 729-740, 1998.

25
Older methods in the prior art address the synthesis of
"multi-peak" gratings - 1.e., gratings characterized by
reflectance at several '"peaks", which can be controlled
in their position and strength. In these methods, a
30 grating engineer begins with a set of sinusoids, each

sinusoid corresponding to a single reflectance peak and

weighted according to that peak’s desired relative

7



"mul ti-peak" gratings - i.e., gratings characterized by reflectance at
several "peaks", which can be controlled in their position and strength.

I n these wetohoa®3s a 30 grati ng engi neer begins with a set pofi/GsoneRes ds,
each sinusoid corresponding to a single reflectance peak and wei ghted
according to that peak's desired relative 7 WO 03/007038 PCT/ US02/ 21175
strength. These peaks are added together (i.e. superinposed; hence the BSG
is known as as§gpefthposedessr at PAFFSt o FProdueddad " dirdeddiepr of (1 e=. This
profile is thepdightaldy Auanti z6d B¥ca i3 MKt hesholhaet Rodsep For

exanple, if the analog profile value is positive (above a pre-selected
ref erence) thé&FathadtoEPeBpofdrngan BS@asmgmamofided . hifghsoprofike yid i ndex
value; if it ihenn&@ilc8iyt NGGRIEESPRIII D sBRG) SeQRRALL S Sa Amb OHLST

bi nary zero indg(l val%ttie. 16.@\ﬁevelr, thi's apSr oacﬁ IS ?nadequgtgﬁé}n at

| east two® ar &y ¢xamules ife ther esolal qranfikat vedupr obesposinivoduces

internndulat!ngow@igp fgiéﬁiéfEEH‘&%fEQan Ppkhgﬁbkh%tXKQ&egggg%%%

synt hesi zed in this manher to active applications (Il aser
el enents and B% dHedkeht. iSeeomdbl, orhbdnsynt heshdeprovekder eif sitihsted to

mul ti-peak grati an ffer i , cQ |_.ov t he i ndjyi dual
peak shape. I'?ltelgggg?’gb g:n}'%l rgﬁgr%%%%%gbnl% ng ger%n%é]tti nggf 1%t -eitogévp (%: annel s,
as desired bybsorsy2@ectomndexarilon. applications, and of generating the

near- ar %trary reflectance spectra demanded by some gain- and
di spersi on- conpeRSAL] OGN CES: oAe1s MR hRL BYC sYntiggls Lpg! ude
areas: firstly, the threshold gquantization process
introduces intermodulation, which largely 1limits the
applicability of BSGs synthesized in this manner to
15 active applications (laser feedback elements and the
like) . Secondly, this synthesis procedure is limited to
multi-peak gratings, and offers little or no control over
the individual peak shape. It is also entirely incapable
of generating flat-top channels, as desired by some
20 communication applications, and of generating the near-

arbitrary reflectance spectra demanded by some gain- and

dispersion-compensation schemes.

Other methods for BSG synthesis include trial-and-error
25 methods that are most often computationally difficult and

inefficient.
Therefore, for detecting optical wavelengths in optical
devices it ig desgirable to provide methods and

30 apparatuses for overcoming the disadvantages noted above.

SUMMARY



25 nethods that are nost often conputationally difficult and inefficient.
Therefore, for detecting optical wavelengths in optical devices it is
desi rabl ewD®3p098 de net hods and 30 apparatuses for over ®omiusg22hes

di sadvant ages noted above. SUMVMARY 8 WD 03/007038 PCT/ US02/ 21175 1In
accordance with one enbodi nent of the present invention an optical
conponent including at |east one optical supergrating is provided. The at
| east one optlncalacpydpgrat i Wgthnclodes eabgdameny edo¥ ef £het | peesSenindex

profile adapt S&jlvteﬂa%ﬂi hid gofisif ecB#p#n‘&?éﬁé yiHEluéfﬁ%a%Fti Vi ddidexgs; which
inturn are adapted to generate a reffectance spectrumin at |least one
spectral band.opthcadcosdpernceratiiy anst heroehdedli neltite ofatt hdepreseane 10

i nvention a f 1.1 one [ ,C Si a
first point ?§ﬁ£9gggon5£%%?€%§%%ﬂ%rg%¥%§§§5 T%e éﬁé¢é§?ﬁ%ﬂﬂr%ggéc%§g€}ding
at | east dne findsk gpiifdae adapegdi de igrdlilditngg afiopté calucahponenf. The
optical conp Lhclu 1 or jcal_s ratin ving a
guanti zed ref?%%?%sgggédggﬁﬁg%?iS@ﬁggagﬁegg%% g@ihl ﬁ%gﬁﬁkfn Fgég?ﬁgality
of refractivea mgétestaidte sdaatirug phustal l¢astofoneebpactirak bhandexes are
adapted to generate a reflectance spectrumin at |east one spectral band
corresponding to a Fourier transforned anal og 20 refractive index profile.
The met hod i ndinudescotdamsm wiithg ddvehetr | edlstdioremtopbiEcathsi grakettir ough

(ne, 21 hpset SBRLLLS! oBLLSaL, 10" SQUbGE PO seoL Y08 Lhe cBLLege one
of the inventisdgnafh from a first point to a second point is provided.
The method includes providing at least one first optical
waveguide including an optical component. The optical
component includes at least one optical supergrating,
15 having a quantized refractive index profile adapted to
exhibit a finite plurality of refractive indexes. The
finite plurality of refractive indexes are adapted to
generate a reflectance spectrum in at least one sgpectral
band corresponding to a Fourier transformed analog
20 refractive index profile. The method includes
transmitting the at least one optical signal through the
at least one first optical waveguide; and receiving the

at least one optical signal at the second point.

In accordance with another embodiment of the invention an
25 optical component including at least one optical
supergrating 1s provided, wherein the at least one
optical supergrating comprises a binary quantized
refractive index profile adapted to exhibit a £finite
plurality of refractive indexes. The indexes are adapted
30 to generate a reflectance spectrum in at least cne

spectral band.



25 optical conponent including at |east one optical supergrating is

provi ded, wherein the at | east one optical supergrating conprises a binary
guant i zedworoafoomes i ve i ndex profile adapted to exhibit a fcaiuse22ybraural ity
of refractive indexes. The indexes are adapted 30 to generate a refl ectance
spectrumin at |east one spectral band. 9 WO 03/007038 PCT/ US02/ 21175 In
accordance wi th anot her enbodi nent of the present invention a nethod of
processi ng at INead3fCoFanin | Wakh sinfdler seppedinrst: Phe eg hedepaeF udes

providing at n%%ﬁEleﬂeapp&éﬁﬁ&iCeﬁp%ﬁ%%ks9§ﬂgn%5ﬂlé£§§toHQeoBEEb§f| S
supergrati ng. “The at | east one optical supergrating includes a quantized

refractive i ndégngiof 9 e nrcapded. tdﬂKEXWﬁthdaJﬁKﬁN@éSpIEWQN#dyﬁgofat
refractive in t [ ar risti t | east
q%%% %Q%p agcgtjhcfag %&goﬁeg Lical gh 1@%E L3k %%t?@af

one spectral hel udes a aptlng the at I0 Teast one
opti cal c@npoﬁ@m@rgﬁaaiﬂ@ct Thee aﬂ:Ié&@ﬁtoneneopppté¢abignamrgrﬁtangordance

with another qphadibEBnt LRg,Layestiop.ds il sty ¢6led Lotards.an gpt i cal
conponent |nclu ing at |'east one optical supergrating. The a ?eas one
optical 15 supeihgbati ag fimdtaededuaabimar gyt quantacsidre efrdeeteisv edbentes

profile adapted, t eﬁébg@lG%Jfayltecﬂgy%ruéysa refraglive ipdexe

adapted to generate a re ance spec min at | east”one spectra band.
The inventi on specakksd @ﬁﬂéaté@etmw&MOé alﬁeth@dluﬁeSZGdapnmm@rth@ the

Stabl|lt¥ of %Qg%@“éﬁg 59§<%1eas &g§poqnll¥% rOVédh%gS@tokgast one

opti cal conponent havin one optlca supergratlng avin
quanti zed optical s1gna1

In accordance with another embodiment the invention is
also directed towards an optical component including at
least one optical supergrating. The at least one optical
15 supergrating includes a binary quantized refractive index
profile adapted to exhibit a finite plurality of
refractive indexes adapted to generate a reflectance

spectrum in at least one spectral band.

The invention 1s also directed towards a method of
20 monitoring the étability of an optical system. The method
includes providing at least one optical component having
at least one optical supergrating having a quantized
refractive index profile. The quantized refractive index
profile 1is adapted to exhibit a finite plurality of
25 refractive indexes adapted to generate optical
characteristics in at least one gpectral band. The method
also includes providing a plurality of optical detectors;
providing processing electronics; and adapting the at
least one optical component to affect at least one chosen -
30 wavelength component to interact with the plurality of

optical detectors.

10



refractive index profile. The quantized refractive index profile is
adapted to exhibit a finite plurality of 25 refractive indexes adapted to
gener at e wptoBoedo3s characteristics in at | east one spectralPCvarsd221ire net hod
al so includes providing a plurality of optical detectors; providing
processing el ectronics; and adapting the at |east one optical conponent to
affect at | east one chosen 30 wavel ength conponent to interact wth the
plurality of optical detectors. 10 WO 03/007038 PCT/ US02/ 21175 In

accor dance wi th aérmtdrdanegbadithemnogherhembadéneionof &hgr dgivaniadh e

optical conponent féb hghded he.a roggaggﬁgﬁg ogglcggogggggnen&héncludes

at | east one 5 opt| supergra§|ng aving a quantized-refractive | ndex
profile adapt@&ﬁgﬁa@mhbbet QpﬁuqmltecngWQﬁnﬁylM@E1Ude$raﬁtl@@aﬁhdeQ@%

adapted te gengrateSK ?%%Eﬁka%er o Oﬁk%E 6?hﬂhe Ilfg§¥5c999e893§%£opt cal

band. I n accordance w nvention an
conponent is proviided. aPhptepti tal @@hpbmenta i fghddes afuledsty onef

scattering- req%&éggtggglcagn é%£§ %%&h@g ghavipng a%Qy t zed §%EEaC ive
ap I y O

i ndex profile ted to ex ite plurali refra rve ~indexes
adapt ed to gerdweabetspistied ichatadeert stnesspartimlabahéast one spectral
band. The supergrating also has at |east one gratlng feature di nension

exceedi ng gr atiNg,.coakghkbal weyeLangll XmmbyTnd nef f hea%v%ngﬁgﬁ gonstant

of the nodal tail less than 1/mat 1n a preaeternlne region
| east onél scatardricAd r@@n@¢m@ﬁbpﬂﬁcaPrOQKﬁaﬁupeﬂ@ﬁatDmglcih aEn@pdamte mnth

anot her enbOdHEEﬁhdgg tﬂﬁ:'”!@@éton scattering-reducing optical

supergrating having a gquantized refractive index profile
adapted to exhibit a finite plurality of refractive
indexes adaptgd to generate spectral characteristics in
15 at least omne spectral band. The supergrating also has at

least one grating feature dimension exceeding grating
material wavelength Apar = A¢/nerr, and a decay constant of

the modal tail less than 1/Am: in a predetermined region
of the at 1least one scattering reducing optical

20 supergrating.

In accordance with another embodiment of the invention
an optical component is provided. The optical component
includes at least one multi-dimensional optical

25 supergrating having a guantized refractive index profile.
The quantized refractive index profile is adapted to
exhibit a finite plurality of refractive indexes adapted
to generate gpectral characteristics in at least one
spectral band.

30
The invention is also directed towards an optical coupler

system for coupling light between waveguides. The optical

coupler includes at least one first optical waveguide and
11



an optical conponent is provided. The optical conponent includes at |east
one multi-dinmensional optical 25 supergrating having a quantized refractive
i ndex pr oWDlog/00703he quanti zed refractive index profile isPatasoEeiird
exhibit a finite plurality of refractive indexes adapted to generate
spectral characteristics in at |east one spectral band. 30 The invention
is also directed towards an optical coupler systemfor coupling |ight

bet ween waveg@itdedea¥he ot cegconsoupPEicihc| valeagwitdd -eadheoneb it

opt i cal waveguigle1apd o1y WO03,807038 PEILLS0Z21L5:: ok | easbonls: Second

optical waveguide. The optical coupler also includes at |east” one optical
conponent  optoPEaFRylEoaprphind Hevd ilgisthtf fawmt beart| dasetomee f Fivat

opti cal Waveg%?‘éﬁcéﬁ_) tvbaﬂze%hlh@aséo OB SeONd oDt i Cale Ss¥aYRIU ﬂ cdpe at
| east one opti conponent includes a quantized refractlve I dex profile,
wher ei n the quaneozéde.rEheasti L@aWd@xe prifided icompdaphedinoleddd Bt a

finite plural uta}lltgfze&eLéPféét | ’1‘?1%%%9%@91@0' x%}?ﬁr%%%ert%tee u§8€f£écﬁ'

characteristics in af |east one spectra and N accordance wit
anot her enbodwﬁémacbivehendﬂmeptoﬁnkanlsopdap@¢ddeQ|eshlblmr@vfdmmteThe

opti cal eV|c ?%ec??s ?t %t MAt Q% oghhg “@Q§§Eﬂé%? Q%V|§g?gpaggt|cal

conponent for i'n the at 1east one opti wavegui de.
The opti cal c&mpgneat chmianﬂa;u&tlssquaﬁﬂtﬂe@aﬂebn&c&pa@trmhéxmprof|Ie
adapted to exhibit a finite plurality of refractive indexes adapted to

generat ey pemﬂnf'ﬂ"ac%@%éﬁ&@%?ﬁﬂ Ghdthed! hfB3ImONE oSRGE! dleRRDEn 48

addi tion, the optical conponent
optical device is provided. The optical device includes

at least one optical waveguide Thaving an optical
component for reflecting light within the at least one
optical waveguide. The optical component includes a
15 quantized refractive index profile adapted to exhibit a
finite ©plurality of refractive indexes adapted to
generate spectral characteristics in at 1least one
spectral Dband. In addition, the optical component
includes an optical circulator having at least one
20 optical port, and optically coupled to the at least one
optical waveguide and adapted to direct the reflected

light to the at least one optical port.

In accordance with another embodiment of the invention an
optical dispersion control system is provided. The system

25 includes at least one first optical waveguide adapted to
exhibit wavelength-dependent optical phase
characteristics. The at 1least one optical waveguide
includes at 1least one optical component having a
quantized refractive index profile adapted to exhibit a

30 finite plurality of refractive indexes adapted to
generate spectral characteristics in at least one
spectral band.

12



i ncludes an optical circulator having at |east one 20 optical port, and
optically coupled to the at | east one optical wavegui de and adapted to
direct thworefodmegted |ight to the at | east one optical pecw/ushmyactor dance
wi t h anot her enbodi ment of the invention an optical dispersion control
systemis provided. The system 25 includes at |east one first optical
wavegui de adapted to exhi bit wavel engt h-dependent optical phase

charact eri sti @& atherdenteasttiprmnayheirc gmbadieei def thec|imyestaen| @ast one

optical compongRt Navhigeaee (MiANd-AGHL! SLLACh] Y€ LAsRad Ofblespdaphed to
exhibit a 30 finite plurality of refractive indexes adapted to “generate
spectral chardercepdssi e i Aphicdeaspupher systemalfdandoudPingd 0841007038

PCTIUS02/ 21179\ BeACopllanial thanakiBt amhod! ERAtool LRS<IpKephlon an

optical dispersion control” systemis pro system 1nc es an
optical cbupl siepspdeam f opt tealpl ipdgse gltharbet eerst iwevegiihdes ophilcatiapt ed
to exhibit wa h n iC p ch cterjsti .

opti cal coup%%#sgg%te%¥?§%ﬁug§§h§¥@%ea§% 02%& ?rs E%pﬁﬁé%ﬁ %gséé%?de and
at | east one sevepgdidpt rudl ahalegsi dene Thecorsy semmaalls ovaivieghiides dhel east

one optical c nt ti.calil oupli the light fromthe at |east one
first 10 optigggg%gveahggeJ%%hfﬁg%atQ#egg?honeoggco%%tﬁﬁgicgfmpaﬁe%guide.
The at | east omtiopligakovohjpunerie ihigthidesrom thpeanrti 2edscebnactiveti ndex

profile ?gapte%tgg xhihit a. finite pluralit f refractiv ingexe

adapted {0 goRerafs spoctiarSchar actsri® igggﬁg at™q e85 ¥he “P15%%pect r al

band. waveguide. The at least one optical component includes a
quantized refractive index profile adapted to exhibit a
finite plurality of vrefractive indexes adapted to

generate spectral characteristice in at 1least one

15 spectral band.

In accordance with one embodiment of the invention an
optical device for separating wavelength components of an
optical signal is provided. The optical device includes
at least one optical wavelength separation system having
20 at least one first optical waveguide and at least one
second optical waveguide. The optical device also
includes at least one optical component optically
coupling the at least one optical wavelength from the at
least one first optical waveguide to the at least one
25 second optical waveguide. The at least one optical
component includes a quantized refractive index profile
adapted to exhibit a finite plurality of refractive
indexes adapted to generate spectral characteristics in

at least one spectral band.

30 The invention i1s also directed towards a wavelength
stability monitor. The wavelength stability monitor
includes a wavelength monitor having at least one optical

13



I n accordance with one enbodi nent of the invention an optical device for
separati ng wavel engt h conponents of an optical signal is provided. The
opti cal dwoioseoiosgl udes at |east one optical wavel engt h feparsar2am syst em
having 20 at | east one first optical wavegui de and at | east one second
optical waveguide. The optical device also includes at |east one optical
conponent optically coupling the at |east one optical wavel ength fromthe
at | east one dompsenespt | célhevva\ﬂ@ﬁjliitGPér t ;2td9re aintbadas one 2%5usecdredopti cal

wavegui de. 3&%@?% N apt ahl&orm%gt@aa inel lé%g @t%an%aﬁ;ge

refractive index profi to exh a finite ura
refractive i wdexedibsdapeed r%f@%ﬁewatelggeEE$ala@haﬁattéxlsge@srahe at

| east one spe e%tcrgén%haﬁc@fﬁﬁvc%mi atsﬁ%gabl Fée%b%@tkgf’%gﬁda

wavel ength stability nmonit e wavel engt 'ty nmoni I ncl udes a
wavel ength nofdiheor niraditog awlm@asun@dadeptlgalrﬂisav£x93/©®70©8tlcal

PCT1 US02] 21175%:208B000N 0, TG oD (AL S8R Iebudes A duantized oo

refractive index profile a exhibit a nite
refractive |nd@w@Seddapteﬁﬂtuagen@raEW1a$peotEabnahawaehealatmasoradat

| east one spect.| ﬁ or ;al.so incl lurality,of optica
detectors coupl §8? edgﬁﬁe P%én%%$1%¥nhhl aréﬁlg acPeH % é%nerate

a devi ation sﬁ@ma@lwhehlaynoﬁl®mnxnhl werelengs hidexdabesl ddwgaddr&ten a
controll coupl ed h luralit of tical detectors is a
B o oL aeb ekl el bty OOl lBLeC Pa s iR EREREE, to

generate arr el eCtTrca Signa correspon
The i nventi ondeyiaksondi rected towards an optica

The dinvention is also directed towards an optical
wavelength equalizer including at least one optical
15 component. The at least one optical component includes a
guantized refractive index profile adapted to exhibit a
finite plurality of refractive indexes adapted to
generate spectral characteristics in at least one
spectral band. The optical component is also adapted to
20 adjust wavelength power per wavelength in an optical

signal.

In accordance with another embodiment of the invention an
optical wavelength monitor is provided. The optical
wavelength monitor includes at least one optical
25 component, having a quantized refractive index profile
adapted to exhibit a finite plurality of refractive
indexes adapted to generate spectral characteristics in
at least one spectral band. The at least one optical
component i1s adapted to measure power per wavelength in

30 an optical signal.
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wavel ength equal i zer including at | east one optical 15 conponent. The at
| east one optical conponent includes a quantized refractive index profile
adapt ed twOaghitdg a finite plurality of refractive inderes/isdaptiesl to
generate spectral characteristics in at |east one spectral band. The
optical conponent is also adapted to 20 adjust wavel ength power per

wavel ength in an optical signal. In accordance wth another enbodi nent of
t he inventi on Inaceprienfe wavidh ertiiefosimbefinenty el jtded 1nvRet bpei 2l

wavel engt h monRidqbah NCLydes, &l | 8ast ,PHE; QY | Cahe2 5, 5OMANERLNBAYLATG a
gquanti zed refractive index profile adapted to exhibit a finite plurality

of refractive incdddgesatdigrsd one gragramelsiecptdcadharpeteErdtdnoges in  at
| east one spectral band. The at | east one optical conponent is adapted to
measure power per wavelength in 30 an optical signal. 14 W 03/007038
PCT/ US02/ 2117%hel n izyeokdanceiai t hlamot Aereeydsbditirertrdsf ehe pvéetlon an

Opti cal comonafibelenpr oubfist-iihe ontl cal fommanent, . Jghudes af Least one

programuabl e optical supergrati he 1nvention is also dir ed t owar ds
an optical compemegmetioapr Tsenguatabbasetpohelt uhgataragpngcahcludes

ting. T . I I,,C ' i nel ized
Cefracti ve | ndoEuBrOrED SRt 1 T DG A el G rTHthr
refractive i ndexeseadapivedltioy10ofeneredtracspeet r ahdekas acadapis¢éd cston at

|east ong, speghial band, The.invention is,alsg disected tosards gn optical
conponen havi g at east one optical supergrati
spectral band.

The invention i1s also directed towards an optical
component having at least one optical supergrating
adapted to effect optical phase characteristics in at

15 least one spectral band.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The foregoing aspects and other features of the present
invention are explained in the following description,
taken 1in connection with the accompanying drawings,

wherein:

Figure 1 1is a flow chart showing method steps of one
25 method for synthesizing a BSG incorporated by the

invention embodiments presented herein;

Figure 2 shows a pictorial view of a counter directional

coupler incorporating features of the present invention;
30

15



adapted to effect optical phase characteristics in at 15 | east one
spectral band. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 The foregoi ng aspects
and ot herwbaawumes of the present invention are expl ai ne@cCirrusohziifdl | ow ng
description, taken in connection with the acconpanying draw ngs, wherein:
Figure 1 is a flow chart show ng nethod steps of one 25 nethod for
synthesi zing a BSG i ncorporated by the invention enbodinments presented
herein; Figur &igushows @hsvet ori atidrcawadf wlevoumteradiaedtirenblonabupl er

| ncor por at | g Jagh UL C3n i IS eBhL LAKCTUA Qe 3ol IOLH00£038

PCT/ US02/ 21175 igure 3 shows a“pictorial view o? a co-directional

coupler incorporating features of the present invention; Figure 3A shows-a
pi ctorial view,of,.@ 6gup &Krsdér&éﬂ&‘l%'l §1éwa?t£'&&£neﬂ@e/%g%9@189yfl er
incorporating features of the present invention; Figure 4 shows a

pi ctori al 5 vi ewvemeardrapemsiveauldompensaeor 1nqenp@m@tngwgf¢@tamﬁeesobf t he
present 10 i n i shows a pictorial view of a dynamc
add/drop fil {%\élr% %Eggg?ﬁe%wel%ﬁééﬁporatl ng features of the present
invention; 15 Figure 4B shows a pictorial view of multiple wavegui des

coupl ed with prageammabl o, BREs Lncorparating fegjurgs of e presen!

i nventi on; gure shows a pIC Ol’la view of an alterna
compensator incorporating features of the present

10 invention;

Figure 4A shows a pictorial view of a dynamic add/drop

filter embodiment incorporating features of the present

invention;

15
Figure 4B shows a pictorial view of multiple waveguides
coupled with programmable BSGs incorporating features of
the present invention;

20 Figure 5 shows a pictorial wview of an alternate
embodiment of a dispersion compensator incorporating
features of the present invention;

Figure 6 shows a pictorial view of a wavelength monitor

25 incorporating features of the present invention;

Figure 7 shows a pictorial view of a wavelength monitor
incorporating features of the 2D embodiment of the
present invention;

30 |

Figure 8 shows a pictorial view of a wavelength monitor
incorporating features of the point scatterer array

embodiment of the present invention;

16



enbodi ment of a di spersion conpensator incorporating features of the
present invention; Figure 6 shows a pictorial view of a wavel ength nonitor
25 i ncor pypaBiony3s eat ures of the present invention; Figur@CT/(Sip2d78
pictorial view of a wavelength nmonitor incorporating features of the 2D
enbodi mrent of the present invention; 30 Figure 8 shows a pictorial view of
a wavel ength nonitor incorporating features of the point scatterer array
enbodi ment of the present invention; 16 WO 03/007038 PCT/ US02/ 21175 Figure

9 is a diagram; %fur@ lgar@gaaraqgsgahne@rgor@&m L&At es, e wst%gsent

i nvention; and ure 10 is a pictorial diagramof an |ntra wavegui d

suppr essi on cé@ﬂﬁéﬁeﬁn@6r¥hﬁEHﬁQﬁgnﬁeaﬂwﬁ@%lQﬁ,tﬂmﬁ i nventi on. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 10 Al t hough the present invention
will be described with reference to the supergrating enbodi nents as shown
in the d?aw igguret holt dabeighdeist oddaghan oiie 3 esea-vanegniden can

be enbodi ed | ROL-BLLET LALLM Aloo,LRAdLIENt S ANdALL [ nof,LNt ended

that this inven articular type o

enbodi nment . InﬂV@Mtepnate enbodlnents the present invention could be used
in any suitable optical device requiring one or nore optical gratings.
Starting with supergratings as used here, it wll be 20 appreciated that

there are three main properties that differentiate the supergrating from
other grating DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

10 Although the present invention will be described with
reference to the supergrating embodiments as shown in the
drawings, it should be understood that the present
invention can be embodied in many alternate forms of
embodiments, and it is not intended that this invention

15 is limited only to that particular type of embodiment. In
alternate embodiments the present invention could be used
in any suitable optical device requiring one or more

optical gratings.

Starting with supergratings as used here, it will be
20 appreciated that there are three main properties that
differentiate the supergrating from other grating
technologies. The first is that the supergrating relies
on a discrete number of effective refractive index
levels. This number is historically 2 and hence the
25 supergrating can take the form of a binary grating, in
which case it is known as the Binary Supergrating (BSG).
For the sake of clarity and illustration this description
will focus on the binary embodiment of the present
invention, however, it will be appreciated that in
30 alternate embodiments any suitable number of discrete

levels of effective refractive index may be used. The
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technol ogies. The first is that the supergrating relies on a discrete
nunber of effective refractive index levels. This nunber is historically 2
and hencewODhg/0@®B3supergrati ng can take the form of a bi naPgTgrsatengy in
which case it is known as the Binary Supergrating (BSG. For the sake of
clarity and illustration this description wll focus on the binary

enbodi nent of the present invention, however, it will be appreciated that
in 30 alternat¥d fdepedtmeralsiesnyoSuistfdbreinanbetfrettdivs crigidex |napel beof

ef fecti ve T ef taSLivg ! BUeY. My be. oo The 17, V0 031007038 BCTLLS02/ 21175

different values o ctiv fractive index mayebe attai ned by varying
the real refraotive ithdexdighhoyhpadt ofortlien $ueerwisgtibgr hood of the

supergrating, gn by ngaumdotéheart rr%ls]%ggh{}?et a%gf@ﬁ%%éeh% ef f.ectlye iﬁag&act ive

i ndex 5 experienced by propagating Wil | bé “appreciated that
many enbodli nerxpearienpedsi bye wirtppgatives pleskent |iavéntion. wihe sbkeond

defini ng proper ._th r i is that _10 th rating.res l es a
sanpl ed str uct?aﬁ ee% 3%8% gggge%éﬁ%yggoépeggssgﬁ%l%O%So:ﬁon S ,nggéﬁ gggoci at ed
wi th a sanpl e presginoninTheseosanpl e regi ons, which may take a variety of
shapes, are often referred to as refractive index pixels. The
supergratings effective refractive index is 15 substantially fixed within

each pixel. Thite refemns teftinengf acbpéhat of atiss t swpscdretoseen ishehgeat i ng' s
nder | SISl SO SRl R RSN | Byl el ust  occu
be described hy a sesti estf ofan0 e @ltiensbi sacy) agégit=sed Rdithata rRgmphe
refractive in%%éion. These sample regions, which may take a variety of
shapes, are often referred to as refractive index pixels.
The supergratings effective refractive index is
15 substantially fixed within each pixel. This refers to the
fact that transitions between the grating’s index levels
cannot occur at arbitrary posgitionsg, but, rather, must
occur at boundaries of regions defined by the sample
points. Thus, the BSG can be described by a series of

20 (often binary) digits, indicating the refractive index

setting at each sample point.

The third defining property of the supergrating is that
an optical wave-front incident on the grating experiences
25 multiple interactions with the grating features. That is,
the supergrating operates in the Bragg diffraction

regime.

Certain supergrating embodiments utilize a sequential
30 array of refractive index pixels, meaning that each pixel
is mneighbored by only two other pixels, leading to a
natural sense of orxdering. Such embodiments are referred

to as one-dimensional supergratings, and often utilize
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setting at each sanple point. The third defining property of the
supergrating is that an optical wave-front incident on the grating

experi encwo 038670881l ti pl e i nteractions with the grating fe&Curuss221inat is,
the supergrating operates in the Bragg diffraction reginme. Certain
supergrating enbodi nents utilize a sequential 30 array of refractive index
pi xel s, nmeaning that each pixel is neighbored by only two other pixels,

| eading to a m’aﬂlsal ilsertéie ﬂhmﬁepfngstlai@ﬂutermodicrmmé drimesef eored to

as one-di mensignal .supenrqr n utilize 8 00703
PCT/U802/2117§' XEF%I%% quiékg of s%% EH 8chﬁévegw%]ne§0no? arrays

of boxes or d@ﬂ@pagaamgedoal@nguﬁbetdﬂnghtloﬁtohﬂxpﬂ@bdgatnotedﬁthmtldent

light. It sho be not e t.he e, enb |nents i.ncl ude t.h .suita | e
variation of EJ%F ectlveg%%gractffg index a?ong %?ngengfﬁlgg 8
maveQU|de5ccnﬁaﬁﬂenglpeopagﬁramnnwﬂ on@dexe dlom@5|thb Omm@thsupergaﬂylng

enbodi nent s u%%ka% Lwo, Pghllon%, ,ar efracétve i ndex pixels
wherein the plxeF§ are i% 't tedrs ﬁ % e sa 9tﬁ8 diFWBRST of&l  surf ace.

This surface can be planar or curved. Such enbodi nents often nmake use of

square or hex naI i.xel s that are arranged a suitable periodic
lattice, althgggh BH%GI%FatlrﬁbrggFS?%QF uﬁ&ﬁ ggrl o1l %%eFSE nts,
non- unlforn115upayelsi a@fmhbeﬁv®|xﬁdesrgﬂxﬁidnnhdm%lﬁukhabbEXamd are

withint cont.e: of, the present inventio | d be_ noted that these
enbodine??s |ﬁ%1u8§ he°§U|t§5IesaW8r|§W?oﬁ FBE %ﬁqqggtlfg *F8FFact 9% i ndex
in the span ofsur@ayewassegedeploonfd ”imngyvepagatuictn «adbardgmtnwes dbaeasi ons.
make use of square or hexagonal pixels that are arranged
along a suitable periodic lattice, although it may be
appreciated that mnon-periodic arrangements, non-uniform
15 pixels, or other pixel shapes may be suitable and are
within the context of the present invention. It should be
noted that these embodiments include the suitable
variation of effective refractive index in the span of
any waveguide confining propagation along two dimensions.
20
Additional supergrating embodiments utilize three-
dimensional arrays of refractive index pixels. Here, the
sample points may be situated anywhere or confined to any
particular region of space. Such embodiments often make
25 use of box-like or diamond-like pixels that are arranged
along a suitable periodic lattice, although it may be
appreciated that non-periodic arrangements, non-uniform
pixels, or other pixel shapes may be suitable and are
within the context of the present invention.

30

Referring now to Figure 1, supergrating construction

involves several key choices. First, Step 351 Selects the

19



20 Additional supergrating enbodiments utilize three- dinensional arrays of
refractive index pixels. Here, the sanple points may be situated anywhere
or confirwooBoomsy particular region of space. Such enbodcrarsvy21afi en nake
25 use of box-like or dianond-like pixels that are arranged along a
suitable periodic lattice, although it may be appreciated that

non- periodi c arrangenents, non-uniform pixels, or other pixel shapes may
be suitabl e arg¢fzretiviet himdehe leowilext fof t hee prexamali nderifeon. 39

Referring now ' u in ti L several key
choi ces. Firsf%gggggﬂégl%ggﬁegﬁgg%ﬁé %893@5%%#%o%§§81%%#?%%%%?211 5
refractive i ndéetbévetsiporort heonptizaltsdevbtep &52 delhen nidesdrhioss

mat eri al parangter it hi phaot qj i:pt.i o on p.ots. Step
352 then detegﬁ%negkgﬁgghdeggg%ggsa%%?1ﬂPend%ﬁ#H%%%§ﬁ er?%é tﬁéggggéred 5
wavel ength rangeeflengthe mrmde ngaand thke gvatimbl eand i tthegr aphiitable

resolution. Shan.3d-sels tolalydoice dbensions,for thegraning..|im ted

by the avail abl'e I'cal space and 't he hnol ogi cal |Tmtatirons of the
i nscribing pradesssibhswi fdr behappediiated thaitddhebiO et hedsidelstei bed

herein are for .erm ning_grat.i atterns for,surface-relief_gratings;
however, in ﬁnﬁ%ﬁﬁg e "6 Sdia%éin{%glet %eectrtr%lf Saécﬁ%ay&'lﬁréu?aealcﬁrfsy %fda lfleéd to
fi ber gratingipatctébhsg Thweoqwxt. sTep BOUL carvenppreébimtatesithed gtladi ng' s

refl ectapge specifigations, Lo & he 13, Fourjer domain ysing the Fourler
appr oxi mat i on."SEHCPHEd B CHHE FoliFt 8+ aptroxitFat | ORC St i §haF Mgy
initially patterns for gurface-relief gratings; however, in
alternate embodiments the methods may be readily adapted
to fiber grating patterns. The next step 354 converts the
desired grating's reflectance specifications to the
15 Fourier domain using the Fourier approximation. Guided by
the Fourier approximation, the designer may initially
design the grating by 1ts Fourier spectrum. As will be
shown below, this step can also implement feedback to
account for wvarious inaccuracies of the approximation in

20 order to improve the final result.

Step 353, the Fcurier approximation, is a mathematical
relation that relates a grating’s reflectance spectrum to
one or more periodic reflectance spectra. In other words,
25 single-wavelength gratings have reflectance spectra
characterized precisely by their pericdic structure, and
simple superimposed gratings have reflectance spectra
characterized by their wavelength or reflectance spectra

components. Therefore, the reflectance spectrum of a

30 grating may be related to the Fourier transform of its
structure - the Fourier transform being the standard
method for evaluating the "frequency content" or

"wavelength content" of a waveform.

20



design the grating by its Fourier spectrum As will be shown below, this
step can al so inplenent feedback to account for various inaccuracies of

t he approwomad®es in 20 order to inprove the final resul PCTSSep2B3%3, the
Fourier approximation, is a mathematical relation that relates a grating's
refl ectance spectrumto one or nore periodic reflectance spectra. In other
wor ds, 25 single-wavel ength gratings have refl ectance spectra

characterized precisely by their periodic structure, and sinple

superi nposed gratings have refl ectance spectra characterized by their
wavel ength or reflectance spectra conponents. Therefore, the reflectance
spectrum of aT3@ grextt ngtemy 3bé el apeantigathenFo i eie t pPARSPDr ANGEX| t

structure - thgJroypi ebe&Egnﬁ@w@@a d.Re standar %ua?t%%%t%gg;égxg\ouaﬂ ng

the "frequency content” or wavel ength content™ of a wavefor
03/ 007038 PCT/tgSh2Aigne 75thahe maskt bst eps885 Rsdquemti Zat i gif figfciehelunal og

| ndex  Brofi! meRehias Shom.mogul At ban 45,009 81BN GUANt L73Lhal fatechni que

that may be use id can be efficiently enent
appreci at ed t labodamghter nane %uﬂﬂﬁhlwenmyaahyzsULﬁmblEeqhmampezathan

fechni que thaloo,oausesy 8o, FRUFT BLeAnLATRL LR W R c8Rest Lalabang My

be used. 10 S etermnes the supergrating' s a ect an

usi ng an exacﬁmtgﬁhdlque such as the knomm transfer nmatrix nethod. ThIS

cal cul atjgn determnes residual errors of the Fourier approxination, and

gquantifies an 15 error that can be taken back into the Fourier domain and
Step 356 determines the supergrating’s actual reflectance

using an exact technique such as the known transfer
matrix method. This calculation determines residual
errors of the Fourier approximation, and quantifies an
15 error that can be taken back into the Fourier domain and
added to the result of the step 353 if step 357
determines that the error exceeds a predetermined
threshold. This process can be repeated as necessary,
although one repetition ig often sufficient. It will be
20 appreciated that any suitable technique for determining
error between the desired reflectance characteristics and

actual reflectance characteristics may be used.

In accordance with one aspect of the invention, deeper,
25 or more profound, supergrating surface features reduce
scattering losses due to radiative cladding modes by
occupying a greater distance in the normal direction,
which, from Huygens principle and Fourier considerations,
leads to more robust phase-matching requirement in the
30 normal dimension; thereby reducing (unwanted) scattering
efficiency. More gquantitatively, grating features are

preferably deep-toothed to a depth exceeding the material
wavelength A,y =2Ao/ngp and the decay constant of the modal
21



added to the result of the step 353 if step 357 determines that the error
exceeds a predeterm ned threshold. This process can be repeated as
necessar WO oalotesigh one repetition is often sufficient. PCTRIS02 2185 20
appreci ated that any suitable technique for determining error between the
desired reflectance characteristics and actual reflectance characteristics
may be used. |In-accordance with one aspect of the invention, deeper, 25 or
nor e prof ound,tasdupergratd fiegadlyf deesf eabur B%,.f educte spatteyi mggiosses due
to radiative addi_n des by._ . occupyi_ng.a greater distan in the norma
G recti on | kLR PBRE PR opl S0 an ot It CORerEr BeT o

| eads to nore inphestnpbasenratedi rpreeqted Nttt ntHhend@e nOr dahtdi-nensi on;
t her eby reduci

ng (unwanted) scatterin efficiency. Nore antitatively,
grating feat urTé’g‘Sar EONRF LPRT LIS, TFEBh- SOPHE‘Bafoe%tedH:ptor? g%@e@ﬁ?ﬁbn? he
mat eri al 5wavelengtdl ativeldt qui®, nefHeredpd dritendeagy canstanti®f &he nodal
21 WD 03/007038 PCT/ US02/ 21175 tail is preferably Iess than 1/X,,,at in

the grating regicoRCatFRTaf tERAEénbodi nents of the invention, the BSG can
be inplenented in the core region at the node's center. Thus,

contributions fromthe normal extent of the grating 5 are rel atively equal,
t her eby enhandi™g2€SREEFTER i OH-TF 2PAEBRREatd®SEF cBhpohht 1MVANEE8Br dance

wi th anot her agpeGhgof rbheuidyenddPn oprdkalii NgnfeattdLsand opkiCabe
characterjstics may be 10 varied one or nore tines after manufacture by

enpl oyi ng? any ViREdRS SRenul fIR%RY eSS i At ETEACTESr S SEPILP¥Ing ndex
local |y or ovenamdHrRaA. oSe)Ed By L dmteds of omdidivieng.Jrateciak or
effective refractive index include:
index locally or over an area. Several such methods of
modifying material or effective refractive index include:
affecting the temperature of any part or the neighborhood
15 of the supergrating; electro-optic, magneto-optic,
electro-strictive, or magneto-strictive tuning of any
part or the neighborhood of the supergrating; optically
illuminating, mechanically straining, or injecting
current into any part or the neighborhood of the
20 supergrating; incorporating an electrochromic material in
any part or the neighborhood of the supergrating;
incorporating a liquid crystal or optical polymer
material din any part or the neighborhood of the
supergrating; promoting chemical reaction or
25 reconfiguration in any part or the neighborhood of the
supergrating; or effecting a mechanical translation or
reconfiguration of any part or the neighborhood of the
supergrating. It will be appreciated that other methods
for modifying material or effective refractive index, any
30 one or combination of which are within the context of the

present invention.
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affecting the tenperature of any part or the nei ghborhood 15 of the
supergrating; electro-optic, magneto-optic, electro-strictive, or

magnet o- sSWoiogndWes t uni ng of any part or the nei ghborhoodPefi/ush®21175
supergrating; optically illumnating, nmechanically straining, or injecting
current into any part or the neighborhood of the 20 supergrating;

i ncorporating an electrochromic material in any part or the nei ghborhood
of the supergrifiengmbadigenper apPhy anki qui dogeygreahode ept medl fpohy ner

material in any a6t 0r.f hesrekghbor nand ok s be ;. Jner grating, o E?Pﬁt' ng -

chem cal reaction or 25 reconfiguration in any part or the nei g ood of
the supergratSUpgrIspteng e ng e ipeitiani s aps| geFcohore thereof,

reconfigurati qn,Qf,3ny sRakt ; 9@ gh H@f&f%&ﬂ%lq{ {he o e g@%@n

wi || be appreciated’that ot her ods for ylng materi-a efectlve
refractive ind®ticany J@adbnecor c%mﬁl nag¢maragf \ieglyear e incilhidle t hBecont ext

of Lhe presente i pienthony 52 wég%;é{lgl 7828 ECHLE02 Al (92 300, E1BOd! TNt S

apply one or nore terra Yz re ractive
i ndex to the ei‘itsarbéemsupepgr atlpﬁggmtmgasﬁ@xttux@ls per ttheorsupeggirensng her eof ,

thereby effecting 2 daneral hangs i the HUPGLArallngesn S gRLlcal

features. Such gener I nc t he strengt enrng o vveakenl ng of
features, the swahbesrbnhgor feditsabkenentr of thapersggratiray f edtifites of t he

suberorathng . beutiole, Hhe- il ool e onLical Pise ol spergrating
enbodi ment s adoress what Weunbblen a "stupeablet smgper gr arhageé . Tlnaseblelnabl e
supergratings may be used interchangeably with other
supergratings to provide additional dynamic functionality
in any device or embodiment where the latter are used.

15 This 1is true in particular for all other device

embodiments of the present invention.

Other embodiments apply one or more methods of modifying
material or effective refractive index to individual
20 pixels of the supergrating or groups thereof. Such
embodiments may achieve spectral changes including the
strengthenihg or weakening of features, the enablement or
disablement of supergrating features of the supergrating
as a whole, the tuning of the optical phase of the
25 supergrating features, or the spectral shift of
supergrating features, generally in greater extent than
is possible with tunable supergratings. Furthermore, such
embodiments may act to create spectral features that were
previously not exhibited by the supergrating, remove
30 spectral features that were previousgly exhibited, or even
change the optical characteristics exhibited by the
supergrating within a spectral band entirely. These

embodiments address what we term a “programmable
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supergratings may be used interchangeably with other supergratings to
provi de additional dynam c functionality, in any device or enbodi nent
wher e t hewbaBwem3are used. 15 This is true in particul ar fer/usbt2urher
device enbodi ments of the present invention. Qher enbodi nents apply one
or nore nethods of nodifying material or effective refractive index to

i ndi vidual 20 pixels of the supergrating or groups thereof. Such

enmbodi nent s mEprgEhravengbecfhgbec rrgEemabladi wparseatipgendgeenPag or

weakeni ng of fgatur %%erhhgn§8£@d§”W%Eh(%thé%f%ﬂﬂéﬁg?gk QESSEBeng@E &9

features of the supergrating as a e tunin t he optical phase
of the 25 supéﬁ@héﬁpﬁglféapamé@ Oérpﬂﬁergm@eblalfghct;omﬁllQMuygrga@Y|ng

features, gen%e%llbg 'orlL Qarn%%ﬁg&e t)_(t %ﬁ% éhéﬂe tLgtPQ?SéPé eu%(ﬁh 'E‘lli'{@blg

supergratings. Furthernore, suc odi ments nay act to create spectral
f eat ures ihatfmaweJJprE@ItREH%ﬁHuﬁO@mhlblpeuebydﬁhecgupgbgdam¢mgﬁ eEnove 30

spectral featynges ;?%% %@re @&%KE?%E'V ﬁéP%f%&f%Lgﬁln%%%%dﬁﬁgﬁﬁge Lpe

opti cal characterl cs exhibite y the "~ supergr g wthin a spectral
band entirel y.orFhesé cenbbdrwermzstm eisgpwhatiomecq;@trmldér@r,ogpambl e 23

WO 03/ 007038 P /tyggz %éé%gtoéype%%%&faﬁnflll A gn%glcg s and

super gratings rnierc ot hiér supergra ings to
provi de add|wwwnébndyhaﬁﬂcalnzqnaxwhmnaable Pungtammblid yupergmytidevi ce or

enbodi mepgy where | atter ar Th| [ particul ar for al
'i] & gﬂ%d at.r% %o%syﬁfg Pe rége %Parn{u% %P (5

ot her device e ment s of reéen i nvention. iCul arty,
enbodi nent s oﬁun@pupuaﬂltpuplers optlcal di spersion controllers, optica
spatial separators, add/drop filters, |anbda routers and

Supergrating Coupler

Features of the present invention may be used in

evanescent-wave couplers to provide wavelength dependent
15 coupling and direction as well as dispersion

compensation. For example, light may be coupled from one

waveguide to another waveguide, with a desired spectral

response: di.e., 1light at a given wavelength may be

coupled fully, fractionally, or not at all, and with a
20 desired phase.

The coupling embodiments may congist of two or more
parallel asymmetric or symmetric waveguides (described
below). The asymmetric waveguides have overlapping but
25 differing modes, with differing effective (modal)
indices (neg)1 and (neg), and different propagation vectors
ki(Ap) = 2m(nes)1/Ao0  and  ka(Ag) = 2m(nesr)/ho, where Ay is free-space
wavelength. The effective indices will in general be
dependent on wavelength Ag. It will be appreciated that the
30 amount of modal overlap and the characteristics of the
supergrating will determine the wavelength(s) coupled
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.wavel ength equalizers wherein a progranmabl e supergrating 10 is used are
possi bl e, and represent much inproved functionality. Supergrating Coupler
Feat ur es WD 0Bloe70ps esent i nvention nmay be used in evanesceatTAwayelcdbupl ers
to provi de wavel engt h dependent 15 coupling and direction as well as

di spersi on conpensation. For exanple, light may be coupl ed from one
wavegui de to anot her waveguide, with a desired spectral response: i.e.,
light at a gi @®™avet ertedmwdiebeto compitagrf uing, theac@ieertiion bkenot at

all, and mﬁthM%Veggnggﬁkgﬁdwgﬂ@%%keTgﬁcgoggﬁﬁﬂgipnbodinents may consist of
two or nore parallel asymmetric or symmetric wavegui des (described bel ow)

The asymmetric wavegui des have overl apping but 25 differing nodes, with
differing effective (nodal) indices (neff)i and (neff)2 and different

propagation vectars. k1(X0), = 27t(neff)t/Xo a 2(X0) = 27t(neff ZgXO
where a, 0 is #%%épéﬁacgéu Ve e h.L?heciéﬁﬁégaaée Fﬂé?ceEW%MlﬂenF%a ener al
be depensient witedavekengtbXardt-didtdcthenappasei abeditdaiidze . 30igapunt of

nodal overl ap .and thﬁ %haracteris ics of the sup rgrapgng Wil grnine
p a3

, det
t he wavel engt %) STEUplFed P24 WP 6 069035 5 217175 B¢ r GRBRE
wavegui de to anethiercmaneiisheidli teet sanet Benevavekergth{sy Wrkitnimakeoonce
coupled. Optical couplipg my,K be classified into tmo,general 5'
categories: ¢ @FﬁdPFchP%néTp%ﬁuﬁ¥ﬁﬁﬁiF%@PFOh%I?a{ dift P§ $¥REETT0 be

coupl ed co-di racldcenahhy1yf tbgoraupled tightcduna s 1iyHiche rsakrigeneral
dirECtiOTO(V“tégﬂérgglyd?%r%%% g&%xkﬂ%ei%ﬁg%cL&thbkaggtigzu%aaggag.be
count er -
These distinctions are most often very clear in practice
as the counter- and co-directions are well defined by the
optical waveguides. It should be noted that the same
supergrating coupler may be used to couple both co- and
15 counter—directiénally, and may do either or both for each
wavelength within one or more spectral bands. It is
appreciated that while device operation is simpler to
describe if only one mode of operation is considered, a
device incorporating features of both embodiments
20 simultaneously 1s within the present invention. It is
also appreciated that in accordance with several
embodiments of the present invention, the coupling
characteristics of supergrating couplers may be wvaried
after manufacture, most often by subjecting the
25 supergrating or supergratings responsible for coupling to
some form of optical tuning such as those mentioned
previously. Any form of supergrating, including one-
dimensional, two-dimensional or three-dimensional, and
any particular method of effecting the required effective
30 refractive index values 1s within the context of the

present invention.
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directionally coupled if the coupled Iight travels 10 generally in the
opposite direction of the input light. These distinctions are nost often
very cl eawoiog/opmasti ce as the counter- and co-directionsprarasesbiizsef i ned
by the optical waveguides. It should be noted that the sane supergrating
coupler may be used to couple both co- and 15 counter-directionally, and
may do either or both for each wavelength within one or nore spectral
bands. It is apfPesraredlidritionsill Subevyest igsecaubdari Enaodislemtst o
describe if only one node of operation is considered, a device

i ncorporating features of both enbodi nents 20 sinultaneously is wthin the

present inventj 0 preC|q%e t hat .in accordance th_several
enbodi ment s cﬁdéyérrlngseﬁ?vlﬁve%f@gne t egggﬂﬁlﬁﬁg %% aracté?C%%lcsfof

supergrating adupbematmay beof/ar ieed cammmﬂr+amr@ba¢bnab mogierofrbetndy

subjectlng t he, 25 supegg&gtln ﬁ?bo%g ge n%ﬁ ﬁg%gzpog 8F§u2%%60%ﬁ I;Q?n:o

sone form of oﬁ?@ ar tuni'ng sucC
of super grati ngywernnébudi ngFaane- tﬂimEnsmbOéimeﬂWW)dtﬁmmﬁﬁfﬂﬁﬂra@tlonal

t hree-di nensi onal, and any particular nethod of effecting the required
effective 30 FEWP&&PEV&llﬁdéWCV§I§€§|%33&Wﬁ% AYPNE SBTEeRBIBR dhEhepr esent

invention. 25 @ 03{97038-REHKSBR/ 2L4521sL9unt %a@hagctf&@aéén%psf grating

coupl er Enmbodi nents Referring now to Figure 2 there is shown a pictori al
iIlustration d¥(a) eduhierkto.echpenal supbsgrasi ngccbmpbiphat 1L54  a

incorporgblng(j%% present i.nve on, For thls %godine t,

count er - di rectfbn% ug%%u%lgﬂ u??r3§§§&P fggba %%vé%ﬁcrl & VeFength X0

when emulate the desired spectrum of Ky(ly) and situating the
supergrating 152 between the evanescent-coupled
waveguides 151,153. In this embodiment, the supergrating

152 should preferably be free of gpatial frequencies of
15 2ki(ho) and 2ky(Ao), as these will produce back-reflection

within the respective waveguides (i.e. mno coupling),
thereby decreasing coupling efficiency and vyielding
undesired back-reflection. Satisfying this condition
requires that waveguide asymmetry be sufficient to avoid
20 any overlaps between grating spatial frequencies (X,’s)
yielding inter-waveguide coupling and those vyielding
intra-waveguide coupling, over all wavelength range(s) of

interest; mathematically, this can be expressed as:

(M) +l(h) # 2k and k(A + (M) # 2k(0s)

25 where k; and k; are defined earlier with wavelength-dependent

effective indexes, and A; and A; are any combination of

wavelengths lying within the range(s) of interest.

In alternate embodiments, optical BSG 152 characteristics
may be programmable and/or tuneable by controller 152A

30 and/or tuner 152B, respectively.
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the index perturbation conprises a spatial frequency of
Kg(20) =ki (1 0) +k2(Xo). Again, this is acconplished by a 10 constructing the
super gr atwo@3ae®38 as descri bed above, to enul ate the desipcedisspzars um of
Kg(Xo) and situating the supergrating 152 between the evanescent-coupl ed
wavegui des 151, 153. In this enbodi ment, the supergrating 152 should
preferably be free of spatial frequencies of 15 2k1(Xo) and 2k2(20), as
these will produce Backiredtiseelofupeiytatinch&onedpe cEnvadimerégui des (i . e.
no coupling), thereby decreasing coupling efficiency and yielding

undesi red back-reflection. Satisfying this condition requires that

wavegui de asy@g%%%¥ibe sgffig%en} tqgavq&gxgoj%pys %%5Iags b§ggg§9 %rating
spatial frequencies ?ﬁg's? yl%?d?ng iﬂier-mavegui e coupliﬁg ant those
yi el ding intrdlvaveguicde cHuplémgiireveioabl sayvetermtimgr apgplsy 064

i nt t; th tical this can be ressed as:. Kki(?2i) + k2(X1
ok (53) ma. RTEBEPOEh Fng HEeSe G5k S BB Biita® i khiEbbn, fhofHR
earlier wth wawehenghb; depengdentreef et ¥ggimdexesyiiand dlpaad 22- are any

conbi nation of  wavelengths Iying within the range(s) of interest. In
al ternate embSdiRERESNAEPY i EAPMBSES182VERREARt AP stHT stheraGtRy ptoyr ammabl e

and/ or tuneablghy wgantrolder 11828730 g/ Dhaduner o 528, - asReckivel y. 26
WO 03/ 007038 PCT/ US02/ 21175 Co-directional Supergrating Coupl er Enbodi nment

Referring to FEpguiel3frkenendy Kstoymkdlopi kil).iTlis iild wstovabil oshed lay
co-directjonal_ supergrati.n plLer 164 . .5 incaQrpaoratjng features of the
present ?er)]vental ocr??lﬁt%gfgﬁﬁggegrggdls%%ﬁra&ldlgsinlr%d \Ka/fveqees%&lﬁeﬁ/o \%ﬁwetoupl e
co- directionad \erulemeordcnaeegude sp6dt 10n tde KQUPLEnd B3 tuating the
supergrating between the evanescent-coupled waveguides

161,163.

In alternate embodiments the supergrating is part of the
15 waveguide or on one or more sides of the waveguide. In
addition, alternate embodiments optical BSG 162
characteristics may be changed by programmable controller

162A and/or tuner 162B, respectively.

20 Symmetric Supergrating Coupler Embodiment

Referring to Figure 3A, it will be appreciated that the
symmetric supergrating coupler 164A 1is a special case of
the asymmetric supergrating coupler shown in Figure 2,
and performs similar functions as the asymmetric coupler
25 154 but allows the two waveguides 161A, 163A to be weakly
asymmetric or even symmetric in their effective index.
Thus, limitations expressed previously may be exceeded,
independent of the fact that this would normally lead to

intra-waveguide reflection.

27



when the respective effective indexes are perturbed with spatial frequency
Kg(Xo) = kl(Xo) - k2(Xo). This is acconplished by 10 a constructing the
super gr atwo@3a6m38 as descri bed above, to enul ate the desiPcedisspzars um of
Kg(Xo) and situating the supergrating between the evanescent-coupl ed
wavegui des 161,163. In alternate enbodi nents the supergrating is part of
the 15 wavegui de _or on one or nore sides of the waveguide. In addition,

al ternate enbddi REfEENBpE| EBPOBIGIIS? thehamersrpsingsimpabe ehakbged by

programabl e ¢apLrQl her or162A fRA/Qr finers 1828, o f especlbyely;qL0 Symetric
Supergrating Coupler Embodinent Referring to Figure 3A, it"wll be
appreci at ed t B@EiEhen, sphirerrike sapee@ieantsy wuupheso 168aANFe arsperl al case

of the asymmhi ¢ SUPELYFALd IS 2quR! eJhx%Q?;YYg éf%g?ag.méﬁl% coﬁ@gﬁfféior s

simlar functions as the asymretric coupler ut allows the two

wavegui des 161A2A18B8A 00 BmagedklP, unsyweritiniedyor even synmetric in their
effective index. Thus, limtations expressed previously may be exceeded,
i ndependent ofRefheriagt té hBtgudts siowthledendsmahoyn | eadi dtewrieit dhagearegui de
reflection. 27 WO 0349?12038 PCT/.LASOZI 21175 .ln alternate enbodi <[ﬂggnt S the

supergrating i°s part —of "the ' SHvegui d& or “6h8ne SP LT 6 "SCdBS oF “the

wavegui de. | nfeaddrésomt alkher natvergribadi Fent sexmyp lal, soachdvgeecoptocal BSG
162 characteristics, throu rogrammabl e. controll e 5 162A and/or _tuner
ol HOTe | L0%noliy &

162B, respect i Vary-tRefer?ing o EFUTTE T t HEfe i ir&torfal
di agram 1®f amthetwasapvedihden SBPEr €3 o8l waydEer ihneertpeeat itag bHeat ures
of the inventi%n , For exagEIe, a device 106
static, tunable,”’ or programmable as necessary. Two more
BSGs, 103,105 identical to the first BSG 104, but with
opposite contrast (1's become 0's and vice-versa), are
placed on either side of the two waveguides 101,102 such
15 that they mirror the center BSG 104 about the

corresponding waveguide.

The principle of operation is as follows: let m; be the
modal profile of guide 1 and m, be the modal profile of
guide 2. The coupling coefficients relating the two
20 waveguides can be written to first order in grating

strength as:

* * *
Cy  |mymyGy + |mymy (G +Gyp) = J.mlszlz ’

where G;; 1s the center grating 104 and Gi; 103 & G,;; 105
are the gratings on the far side of waveguides 1 and 2,
25 respectively. The second term is negligible because the
two side gratings 103, 105 are very far from the
corresponding opposite waveguide (more precigely, the
opposite waveguide’s modal profile is negligible in this

region) .
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consi sting of two wavegui des 101, 102 (symretric or 10 otherwise) with a
BSG 104 situated in between may be static, tunable, or programabl e as
necessar yWomoomes e BSGs, 103,105 identical to the first PB®GSLO#17Hut wWith
opposite contrast (1's becone 0's and vice-versa), are placed on either
side of the two wavegui des 101, 102 such 15 that they mrror the center BSG
104 about the correspondi ng wavegui de. The principle of operation is as
follows: |et APWs&ethe Ghsdal cpifinte ofogiff ideeptandfymm beththe #ddar

profile of  gyjdeq2alheocoup! wgefpe(cfdxcf!e%ebﬁdﬁﬁ%a&é Ngn LN MR 204
wavegui des can be witten to first order in"grating strength as. Cl2 C
fnii mGl2 + faafleetion) +fepws= f ni nRGa where Gl2 is the center grating
104 and Gl 103 & &2 105 re the gratings on the far side of waveguides 1
and 2, 25 respectivel §u= helz@,eetﬁm Gt,erim(besaunp@yl = -gi, pinésyhmetatise t he two si de
gratings 103, 105 are very far fromthe correspondi ng opposite wavegui de

nore pregi sel ppgasi t.e wavegu de'.s nmodal _profil e . ligible in
this Tegton) 25 B 0] 087035 e s sver 8t rphetaretide 483y Phe
coefficient fraovhyt hesdunsti onwawegussdeyl (ot othé¢ sebhcéTharBapohsi ngato
I ntra-wavegui c_g% reféde iql%sogs#hg%%t%c fwa!vrglq_lug%%i ;r&}‘o}flgﬁglz Gl2= 0

tian
(because Gl1 = @ an‘—’gL sypn;)r?eﬁ ry result i’s t h8%second

wavegui de 102.syfivetrdnl y egsunpt i ohehecessaeryufds, t haocanceddeatsaetlys t hat
t he nndal prc”ﬂéé%%i%%lbp Q Y& L“ékﬁ%r 013%82 Egatsygggtréé%t'%%gUtbghelr
wavegul de, not necessari y
10 properly symmetrized about the guide. The cancellation is
independent of many material parameters such as the
waveguides' effective indices, even 1if they wvary

independently.

It will be appreciated that the invention advantageously
15 allows for efficient coupling Dbetween neighboring
symmetric waveguides, while suppressing intra-waveguide

reflection.

It will be further appreciated that the invention
advantageously allows for efficient coupling between
20 neighboring symmetric waveguides, while  suppressing
intra-waveguide reflection. It 1is appreciated that the
invention is equally applicable to asymmetric waveguides,
and 1in alternate embodiments may be the preferred
embodiment in 1light of its relaxation of the design

25 reqguirements.

Coupler Folding

In another embodiment of the present invention, one
supergrating coupler may be folded to make better use of
chip real estate. This is done by cascading supergrating

30 couplers. The exact cholce of connection order or
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identical to each other) and that the gratings be 10 properly symetrized
about the guide. The cancellation is independent of many nateri al

par anmet erw03300703% t he wavegui des' effective indices, eveaTitdsSorhays vary

i ndependently. It will be appreciated that the invention advantageously 15
allows for efficient coupling between neighboring symetric wavegui des,
whi | e suppressing intra-wavequide reflection. It will be further
appreci at ed t KHfrecRéonndsenen cadveit agesvesticnalidus dfbr cetplgienet
coupling betwegn 20,.28l.gBPALI Ngs SYMBLFd G Wavegli des, oMyihgt SHRPT 6851 ng
intra-wavegui de reflection. It is appreciated that the 1nvention is
equal | y appl i casiretisgasiaaast riey weeegiiafesat ome itiwed .t eFpat €cErbaddi nent s
may be the pr odi j i ght i j f e.design
25 requirenen%%&k%%%SFgggFg+ |ndxiﬁmghgghggggn%%%éﬁ%ﬁiq%#q?ﬁg Bégsgﬂt

i nventi on? oneworsupérgreitdchgcooppdes, may beo f ghbdedct o impké beitdhdr tse of
chip real est I Syl 0 dj ting 30 couplers. The
exact choice g%%Eg%Eegg%%%ngﬁéﬁﬁg%ﬁﬁgg %@g%%#%%%%%%'PCT/U802/21175

di rection dep%ﬂq%I%n t he géregéiqpality of c%%gﬁing oft tﬂﬁ_ma¥elen t hs of
i nterest, and a°COIbi nati on-o1-oper ati n§>Rodes may B~ tUsed "at “6Re%ti ne.
The several supeigrating cobpbemnsntray Ine used tcatpetihment o waokeleagehor 5
nore inproved caouplers, or to subject input light to several stages of
filtering of prdeesQunterFrgtipet Wnadpvesiitirded daoBadayeabife et ZHi Fect i onal

10 waveguide 173, and again counter directionally coupled
from waveguide 173 to waveguide 175. It will Dbe
appreciated that waveguide 173 may be adapted to

compensate for dispersion in waveguide 171.

In alternate embodiments optical BSG 172 characteristics

15 may be programmed and/or tuned through programmable
controller 172A and/or tuner 172B, respectively.
Likewise, optical BSG 174 characteristics may be

programmed and/or tuned through programmable controller

174A and/or tuner 174B, respectively.

20

Optical Circulator-based Couplers

Figure 5 illustrates another embodiment of the present
invention wherein a supergrating optical coupling between
two or more waveguldes 1is achieved by means of a
25 supergrating operating in a reflective mode. Light
incident through an input wavegulide enters an optical
circulator through port 1 and is transmitted through to
port to. At port 2, the 1light 1is dincident on a
supergrating and selectively reflected in amplitude and’
30 phase and as a function of wavelength back to port two.

The optical circulator acts to direct the light returning
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coupler 176 enbodinment. In this enbodi nent wavel ength k, is
counter-directionally coupled fromwaveguide 171 to 10 wavegui de 173, and
agai n couwDap/oaiosect i onal |y coupled from wavegui de 173 t @Craseyuilde 175.

It will be appreciated that wavegui de 173 nmay be adapted to conpensate
for dispersion in waveguide 171. In alternate enbodi nents optical BSG 172
characteristics 15 may be programed and/or tuned through programmabl e
controll er 172Z& asdtoR taneeri 7B whesspactitvebycolledkend $, apppitkplt BSG 174

characteristi Yii prRgr apyed, and/or Juned t Y ogy, agmap)
controller 1%%Xg§né?§f t uner 174%5 respecf}ve y?qgg %ﬁ?ﬁéal €
Ci rcul at or - baselyagbapterrdafi gir el $ veFusepataslanobher tepbodisrenhent t he

present | nventi.on Jherginea SUREr 9Latlng: optifal, coup! i Bgpbet gD gtvo or
nore wavegui des 1s achieved by means”of a 25 supergrating operating in a
reflecti ve node.rcuilghorsiames dessditlr sughlamle .nput wavegui de enters an
optical «circulator through port 1 and is transmtted through to port to.
At port 2, thedtighl BSG nekdehbraoterisiiper graat ity randiraehedt bxue) yr

reflected in | i.tude and 30 phase d as functi f el epgth back to
port two. Thgggﬁgig%Ft@ﬁgc&Fé Grag et8°8?¥% e?hgg?ggﬁﬁgz%quﬁFﬁﬁ 30 WO
03/ 007038 PCT/143B2/ 2¢&@6ctiweIpart 2 to port 3, wherein it is collected by
an out put wavegui de. The circul ator based enbodi nent has the advantage
that it is very suitable to situations where the waveguides are optica
fibers as fiber based 5 circulators are readily avail able.

10 Dispersion Compensator Embodiment

In the field of optical transmission, it is well known
that optical networks must contend with a property known
as dispersion. This property arises from the wavelength-
dependence of effective index, which in turn produces a
15 wavelength-dependent group delay spectrum for a given
type and length of optical fiber. Since an optical pulse
always possesses some spectral width, this wavelength-
dependence leads to different retardation of wvarious
spectral components of the optical pulse, thereby leading
20 to its spread in the spatial domain. This spread directly

impedes the operation of the optical network.

Chirped Bragg Gratings are grating devices targeted at
dispersion compensation. Here a Bragg grating’s pitch Ais

25 varied along its length. This produces a wavelength-

dependent phase spectrum which can be tailored to provide

the desired group delay spectrum: 1,=-dd/do. The delay for a

given free-sgpace wavelength A then follows from the round-

trip distance to where local pitch has Ay as its Bragg

30 wavelength: ty(ho) =2ne(ho), where z(Ag) 1s the spatial
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optical BSG 184 characteristics may be progranmmed and/or tuned through
programmabl e control |l er 184A and/or tuner 184B, respectively. 10

Di sper si omoGanpmwasat or Enbodi nent In the field of optical pCrarsen2Ess on, it
is well known that optical networks must contend with a property known as
di spersion. This property arises fromthe wavel engt h- dependence of
effective index, which in turn produces a 15 wavel engt h-dependent group

del ay spectrumdogdiaagevest twhaehandz)=ehdgy.of Iopt bradtfdder hoBemer, an

opti cal pulset %Ima¥§ o%%%%sg§osgneufgggt%al mﬁd%%,sghis @%%thn th-
dependence | edads “to ditterent retardarion of VarFsis® <pectral Eonponent s
of the opticalrippilee, iddErebynbeadiang 2 t dispsrsisreadompehdne: ispat i al
dormain. This spread directly inpedes the operation of the optical network.
Chi rped Bragg aFPWB;eE?e grating devices targeted at dispersion
conpensatjon. Here a Bragg grating's pitch Ais 25 varied along its

| engt h. Thi s produces a wavel engt h dependent phase spectrum whi ch can be

tailored to previgge thesdgsi rief-aroup del aMpSPREidHY cM@Taidcone The
delay for a given free-space wavel ength Xothen follows fromthe_round-

trip distance ¥¢efherrd PocHi Betc RIS MFa54 Pt BB 8G9 190 LRAGRF Mg

-Cg(X0) = 2ft fdrafhOhinyhene z26Xe) i@nhhegppahbat BLrMOrQ3LP0IW38as
PCT/ US02/ 21175 coordinate at which A(z) _ Xol2raff. In practice, however,

t hese i npl enemesativeds Subh ertlia omrexpesdeiay grangetduhay.(M)i pigiretihadi cati ng

that the19'5p%ﬁ§b@%d¢%@9§gs§%'%Eekéfﬁ99§ CROPLELS: 10 | D t PR P §5€Phe
invention a supérgrating enulating the
input). The ideal analog profile is then fed into the
previously described supergrating quantization filter,
producing a quantized profile that emulates the desired
phase characteristics. The guantization filter may be

15 further optimized as described above to minimize phase

noise.

In other embodiments of the present invention the
supergrating may be synthesized directly from the
20 required phase-delay characteristics, for instance by

Fourier-based synthesis of the specifications.

Different embodiments of the present invention may
comprise supergrating couplers, as described above. These
25 couplers may include co-directional and counter-
directional couplers, optical circulator based couplers,
folded couplers, or any combination of these, but not
limited to these. It i1s appreciated that any optical
transmission or direction method wherein a one or more
30 supergratings affect the transmitted or directed light
may support the desired optical phase characteristics and

is hence within the context of the present invention.
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effect of a chirped Bragg grating nmay be inplenented by determning the
i deal (analog) input chirp function, as derived fromthe group del ay
spect rumwg@(Oxo)706gyr ati ng 10 i nposed delay is preferably tireTamspositve of
that at the input). The ideal analog profile is then fed into the

previ ously described supergrating quantization filter, producing a
quanti zed profile that enul ates the desired phase characteristics. The
gquanti zation filter may be 15 further optim zed as descri bed above to

m ni m ze phase;:00hs€e | BnRbiGfe BP0 TN Of tNR R eSeRknt DYENt QR the
supergrating may be synthesized directly fromthe 20 required phase-del ay

charact eri sti GaVolue (omst aficempye Fobererabras] agaptrd| soofinfhuence

speci fi cationg. ghifferent. eqRodi pBALS (@ qt NERPEEFENEHENVEALAGD BRY o
conprise supergrating couplers, as described above. These 725 couplers may
i ncl ude cb- di meyepohde - andbesant erradisragsiionabagelipl embodoptiteal efecul at or

based coupl er g, alderh ¢ Ul @RS £o0r oBBYCLOMBINAL QM Ofhbgsenbut not

limted to these. I's appreciated that any optical transm ssion or
direction nethod wherein a one or nore 30 supergratings affect the
transmtted or directed light nmay support the desired optical phase
characteristics and is hence within the context of the present invention.
32 WD 03/ 007038 PCT/ USey<krzsh Acebibhate MaiddimEnbsdofient®e present
invention may involve one or nore supergratings adapted to influence
light as it iddrdnspttioed phopugly .t hepténglh oétwoBScanaveguiide. These
transnis?%on-Q§§ed Enbodi nts.are articul.arly useful for 8Pt£%g£rfiber

i npl enen ti oaennel waveleng hg Tremaln within ’some range
nominal value. Drifting can be caused by a number of
factors, including variations in environmental
conditionsg, device aging, and mechanical disruptions. In
certain situations, the incident wavelength channel may

15 remain within the range of nominal wvalues but the
characteristics of a device processing this wavelength
channel may shift relative to it. A supergrating device
may be used to track such deviations and provide feedback
to this device, or to a subsequent device attempting to

20 correct the problem.

Wavelength drift can be monitored using a 1D supergrating
192 as shown in Figure 6. While light incident at a given
input angle on tilted 1D grating 192 will nominally
25 diffract at only a particular output angle, detuning from
a central peak-reflectance wavelength will in fact yield
a detuning in angle, along with a decrease in diffraction

efficiency.

This behavior can be used to detect shifts in wavelength,

30 or, assuming the wavelength to be true, shifts in device
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Wavel ength Stability Monitor Enbodi nents To function properly, optical
networks require that 10 channel wavel engths remain within sone range of
t heir nowbDrsaloowas ue. Drifting can be caused by a nunber eCT/USazeuars,
including variations in environnental conditions, device aging, and
nmechani cal disruptions. In certain situations, the incident wavel ength
channel may 15 remain within the range of nonlnal val ues but the

charact eri sti ciheghciegésttes prbtessiay thes hﬁvét%@gnﬁat%ﬁahhé¢ummyashlft

relative 10 | la d 3ynBEOnaELAg dfy! GF o MEnBE-USEM LOIERNK SHED fleyi atlons

and provi de feedbac to this or to a subsequent “device attenpting
to 20 correcﬂmthécppmbleﬁ@@ﬂhdédenéahlmmlthQEdeDQCthwtcﬁ%&ﬁ,usiﬂ@ba 1D

ot Sangl 6 o TEEE{RAR, B EhO 5 oy b At BPLCL DS ot B SRLTED
particul ab ouﬂbﬁﬁradglQﬁnﬁm%hwwaxpﬁanﬂmm,a bentha$ peakigeraEQMancehe

I h I f i
i 1 ract o 5 arenl Fh, Bl Y o ARtk Be SRR o7

in diffraction i ciency ehaV|or can ts in
wavel engt h, 30m0@esa$§dnwﬁgueheimavehéwgtHiﬁﬁrbeti¢muﬁfﬁmuﬂ@mSyiwiﬂbvice

33 V0 03/ 007038 RCTAVSQZ) 410« char AELELL SULS ] Ghsan, dhen Do
conpensat ed throu s (e. g tenpeghture ?unlng)
This may be aﬁnnmqmm $Medebyapéac)ngexﬂunummstemicﬁcya19&@yeleﬁbth are

synnetrlgﬁll HﬁF%gQ%gu%I%@g the dlffractlthpath of .the. 5 deS|r entral

n lat 1
wavel eng | s contiguration, tHe Signal 1T G &S CH oW TT E

| ocal wavel engitiotimgieckesors he 1d8si r ed o9&l ue . whiiNdt e tdat mdnittdsmil ohy
ef ficiency VViIc!omparator 194. Comparator 194 may determine a difference
between the input signals on paths 196, 197, or any

suitable sensitivity function may be used, such as a

15 logarithmic subtraction. These deviations can then be
corrected for using temperature or any other influencing

parameter (not shown).

In alternate embodiments optical BSG 192 characteristics
may be programmed and/or tuned through programmable

20 controller 192c and/or tuner 192d, respectively.

Another embodiment of the present invention uses a 2D BSG
201 as shown in Figure 7, which may be used to diffract
light to the detectors and/or detect drifts in wavelength
on several channels simultaneocusly; or in another
25 embodiment, with a sequence of quasi-1D (i.e. point-
source) features 201 etched along a waveguide as shown in
Figure 8, which will lead to symmetric diffraction in
both lateral directions. A mirror 202 can optionally be
etched at one side, for optimal collection of scattered

30 light.
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normal ly be intentionally Iow, so that nost power passes through
un-deviated.) Deviations in |ocal wavelength are 10 then manifest by a
change i nwDlg/0omB&at i ve val ues of the photodetectors 193apcI8®o2mm ch is
nonitored by conparator 194. Conparator 194 nmay determ ne a difference
bet ween the input signals on paths 196, 197, or any suitable sensitivity
function may be used, such as a 15 Iogarlthnlc subtraction. These

devi ations can then be ddmeagcedulbt -wETEncEipedueytecedr any ot her

i nfluencing parameter (not shown). In alternate enbodi nents optical BSG
192 char act er izgtdocdingayobeeypegr samped iandt or of unieel pfﬁsmn}hipwegtaamable

20 controller 19 nd/ or_-t.u 92d res ectlv Ano h enbodlnent of
t he present |ﬁil %ﬁugn % %%}%g%%bo Séﬂ§23f as ¢ oﬁ%¥ﬁ & 7nm%h|c% may be

used to diffradifecteght theske dﬁﬂﬂthﬂkstandkmmmdesect<mMaft@r|nmmaaelength

on several channel s mul t aneou in ther 25 enbo wth a
sequence %f qquer?ﬁgkln S 90|n?%g%%uW%g?l?nqi ciéic E%eﬁa I%ﬁbn

wavegui de as &honssnchErgutemfstiMﬂ C lanvi khekehﬁ éfﬁegﬂnﬁﬁyaldzdtibmactlon
in both Iater_@1a rec E A mrror 202 gan o |onaII .be__etched at one
side, for optiTal 339Pé8t SR8t % Y eP et 3015 Iﬂy ut4 &E%B%/Bﬁ%o%ﬁ

PCT/ US02/ 2117morey papyeandlhie waveuengls eguatdrzerindecordi ng to severa
enbodi ments of the present invention dynam c equalization of

mul ti-wavel ength Iight may be effected. These ' enbodi nents conprise one
or nore 5 supergratings to attain wavel ength-specific optical gain or |oss

charactenpstiGs, ggRdmibenghy iefbocicfual L4851 PPer according to the
present invention may be preceded by first routing input

wavelengths through a tap-off network monitor that

separates channels and monitors their power (see Figures

6 and 7). These signals are sent through processing

15 electronics 194, whose output tunes (or programs) the one

or more supergratings of the multi-wavelength equalizer

192B, which equalize the power across channels 191,191A.

Such a configuration may be used as part of a feedback

configuration to balance wavelength power.

20 According to some embodiments of the present invention
one or more supergratings are used to couple input
channels to an output waveguide with lower efficiency for
wavelengthsg whose power must be trimmed. These
embodiments may comprise one or more supergrating

25 couplers. Other embodiments of the present invention
include using supergrating to impose higher scattering

losses for wavelengths whose power must be trimmed.

In alternate embodiments a cascade of BSGs that include
“basis functions” can be independently tuned to effect

30 the loss spectrum required for equalization; possible
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The dynam ¢ behavior nmay be attained by utilizing one or nore programuable
or tunabl e supergratings. 10 A dynami c nulti-wavel ength equalizer according
to the pwegafno7ossiventi on may be preceded by first routi n@Crnso2/21175

wavel engt hs through a tap-off network nonitor that separates channels and
nonitors their power (see Figures 6 and 7). These signals are sent through
processing 15 el ectronics 194, whose output tunes (or prograns) the one or
nmor e super gr atiaggs ofundicomsl t inalaids enbth- bdiml Preetra 9ZBatwhilagh egual i ze

the power acr %fEQé”PS#étﬂ@eLtjo%dﬁe aEHfllﬂeﬁ configuration may be used as
ck [ a

part of a feedba configuration to ance wavel ength power. 20 According

to sone enbodiFrlrE,@hg of tal1 Rresent ie%g Elinorl 5 one or, mpre sy %{?rati ngs are
used to coupl e inpu channel’'s To an ou pu? Wavegui de W th 1o ef fi ci ency
for wavel engtthreonhosebpeowenprugtatiyod r davece WThese reffibedihent snday

compri se one qr IRLe sUpergrating 25 couplers. dhet snbodimenls of the
present ihvention "I Rcfude usi Ng supergrating 10 i npose” A gher sCattering
| osses for wavel engt hs whose power nust be trinmed. In alternate

enbodi nents a cascade of BSGs that include "basis functions"” can be

i ndependently tuned to effect. 30 the | oss spectrumrequired for

equal i zati on; FFgS4rBLRY FAAS1GSRE67098 IPET: USH2/ PECASS basi SFundBfons

i ncl ude step-ldds@rspectyidethabnganskes shidd eeh figlaat i ¥6s 4, 0ngn@ngs her.
Further alternate_ enbodi nents_include using a programuable supergrating
devi ce whose MBEFECISUNFESSRAERLY 5t8adtr 882ar8aRBEifi é8 tycefbcbaifie

desired egual igatihonnRantiheul dhaaAbPdi BBat Sxipebde; angascadguehcgo- and
of tilted single-channel gratings which direct individual
channels to their respective output waveguide or detector

device (Figure 6, item 193).

Static and Dynamic Add/Drop Filter Embodiment

15 According to several embodiments of the present invention
individual or multiple wavelength channels may be fully
or partially spatially separated from an “in” channel and
directed to a “drop” channel. Other wavelength channels
may be directed from the “in” channel to an “out”

20 channel. Optionally, an “add” channel may be provided,
wherein light from the “add” channel may be sgelectively
directed to the “through” channel. Other embodiments may
comprise several “drop”, “add” or “through” channels. The
device functionality in both types of embodiments may be

25 fixed or programmable.

Referring to Figure 4A, there is shown a device 4Al
consisting of a set of waveguides 4A3, 4A4 coupled using
tunable and/or programmable or fixed counter- and/or co-

directional supergrating couplers.
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counter- directional BSGs (see Figures 2,3,3A and 4), which successively
di vide the channels in two sub-bands 10 until individual channels are

ext ract edwOangom3sequence of tilted single-channel grati mgs/ushz/zhi7dlirect

i ndi vidual channels to their respective output wavegui de or detector
device (Figure 6, item193). Static and Dynam c Add/ Drop Filter Enbodi nent
15 According to several enbodinents of the present invention individual or
mul ti pl e wavelP@r§hRrcrransigerhy Bavrgl 4B Brkpar sal ISF shaei drFyisepar at ed

froman "in" channgl %Han@bEQCtteEH ag" drseR’ ﬁhaﬁgggvag;@erbyavghgngth
channels nmy be directed ffromthe "in" channe? to an "out" 20 channel.

Qptional |y, ariagdrlenamndl khy bpesiaeldedhiftisheperassigin fthoarghe "add"

channel may be gelectivghy 5. di ro%%teﬁdmhght et t,%gﬂg,fg" Ch}%rea@' degipgfl
enbodi ments nay conprisé several "drop", "a or "through™ channels. The

devi ce fuhcti dGiaiingy ianbet h Mypes- @ialmﬂiodmmwts eFebe  25ohy xedner
progranmabl e. ﬁ%g,h&agg L3k g 1%h4A’11E;H€rec'o§B?Q§Wnt8 deyi cg 4 géeent

consi sting of waveqgui 4A3, “4A4 cou using tuna and/ or
progrannable clavegredecbuneermulandperk counabhectummrarasaper gBat i(mgth

coupl ers. t’gg QV/QI%) 3}{39 P Aé@lzfyzlﬂé %hegheen‘gggkggﬁ% F'tQ# ggby t he

makes use of I er NI Ng princrp wWth desi iva
principl e thatrange) spécﬁn@ﬁeghehtstancbbglEmmﬁignanMMQ &BﬁddEeMﬂmahgyare

of ten nuF@ | ess1tha egﬁevéghal Q%%{é?%ﬁét cou g@%fm_wgtl chaggel i nput

enters along one ve ui 0 an adj acen
wavegui de by &hmmlthepeahllQMHbHsnsugem@maebngodﬁmb4vatdubset of this

first set of channels to a third waveguide 4B7. This
decimation process can continue as desired, with the
supergratings independently tuned relative to one another
15 to drop desired channel(s). The channel selection range
can thus greatly exceed the available index-tuned

spectral shift.

Other embodiments of the present invention include using
a two-dimensional or three-dimensional supergrating to

20 direct light into the appropriate channel.

A particular embodiment of the invention can be used to
spatially separate all of the wavelength components of an

input optical signal.

Lambda Router Embodiment

25 A Lambda router incorporating features of the present
invention is shown in Figure 9. Lambda routers are also
known as called wavelength zrouters, or optical cross-
connects (0xCs) - and are devices positioned at network
junction points which route wavelength(s) from a specific

30 fiber optic input to another specific fiber optic output.

Lambda routers are generally NxN devices (i.e. with N
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peak spacing generally less than the available tuning range). A subsequent
tunabl e supergrating 4B6 (generally 10 nmulti-peak with a different spacing
whi ch i s wb3g/0h@ss than the avail able tuning range) couplPe3/moyutizet of
this first set of channels to a third wavegui de 4B7. This decimation
process can continue as desired, with the supergratings independently
tuned relative to one another 15 to drop desired channel (s). The channel
sel ection rangeputarfidars dgr eznd yNegebrdt t Rébewsi Phabl withhdesch uheput

spectral shif te; Quherenborl nents, aho! he BLesenlyYeaLh ot dglude using a

t wo- di nensi onal or three-dinensio supergrating to rect light into

the appropriate channel . A particul ar embadi t. of the inventiaon.can be

Used 10 Spat ATy SepaPRPE AT of * the WENGIAngr EoRPorat ¢ SEIRR ST nput

optical signalwillantui@lRottbetthEnbodenendn@5viked ardadke ;1 out eriliineempbnat i ng

features §)f the present._invention i\s shown.i.n Fi.gyre 9. Lﬂmdg routers are
on d oca KB

€ | same  waveguide 1g achiey ni
al so known as callTed wavel eng?-qh roﬁters, or —op Fcal? crdss--onnect< (OXCs)

- and are deviaeyopogirbgeaadiay ted wstiergunaidhigen 2paRAk81Mhithor odtie

wavel engt h(s) from.,a _specifi fiber optic input.to another specific

' ber opti ¢ bUpaL P T BRE A T it SPaPRopeNErHA TP RN devi ces (1 e with N
37 WO 03/007038 PCT/US02/ 21175 input fibers | and N output fibers O, wth
each input fiBEREFpERAPEYEEh Y T £1SSRGEe TSR EitIP P ARREI one

Cross/bar opercti edrel . Sup&haiging | gbtipderOnavavegaide i | lgegouphe to
the other, and vice versa; or will remain 5 on the sane wave%w de) is
achievedl%y IdE&FPﬁgfuﬁtﬁﬁr embodiments comprise one or more add/drop

filters.

Wavelength Monitor

According to another embodiment of the present invention,
a supergrating device may measure the power in one or
15 more optical wavelength channels. Several embodiments of
this device comprise one or more supergratings and one or
more optical detectors. Alternative embodiments include
one or more supergrating couplers or one or more two- or

three-dimensional supergratings.

20
It should be understood that the forego;ng description is
only illustrative of the invention. Various alternatives
and modifications can be devised by those skilled in the
art without departing from the invention. Accordingly,
25 the present invention is intended to embrace all such
alternatives, modifications and variances that fall

within the scope of the appended claims.
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and/ or progranmm ng the supergratings 221A-221F in or out of alignment with
t he channel wavel ength. Another enbodi nent of the present invention

conpri sesword/00mB8 nor e supergrating couplers to effect thecdasoredrs 10
routing. Other enbodinments conprise one or nore add/drop filters.

Wavel engt h Monitor According to another enbodi nent of the present

i nvention, a supergrating device nay neasure the power in one or 15 nore
optical wavel ength channels. Several efsvdiSrents of this device conprise
one or nore supergratings and one or nore optical detectors. Alternative
enbodi nent s i Rglades @Ngi MLy Ny.e supergrating couplers or one or nore two-
or three-dinensional supergratings. 20 It should be understood that the

foregoing descriptionis only illustrative of the invention. Various
al'ternat ves  land k¥ | SRSt DS HRYT S0t by*t HE8ECsRPFI B RPthe art

wi t hout departduperbi-anihdie | Reertkian. Aesor dithgl Yeadd t hendresgatchnvention
is intended to enbrace all such  alternatives, nodifications and variances
that fall wi tHPFTERBEERDpeBfPE S pfenddP el dets. 258 "Aeto8R 00 7Da8x

PCT/ US02/ 2117%rc€hAEVS wndhatini shel ajuRe iz8a kerfcoPlid CahaeRmpeBenic
conprising at | east one optical super%r ating, wherein the at |east one
t

optical superdr 93RFContt | S8-I R quantiRéBer BlPERLLVE PRISELTBEBEV e,

wherein the quanikieadanghbtagtiyagdmidexepoptibel bsaadantaditiosexhibit a
finite plurality of refractive
least one spectral band.

2. An optical coupler comprising:
the optical component as in claim 1, wherein the
optical component is adapted to affect at least one
chosen optical wavelength;
a first optical waveguide; and
a second optical waveguide, wherein the second
optical waveguide is optically coupled to the first
optical waveguide via the optical component.

3. A co-directional optical coupler comprising:
the optical coupler as in claim 2, wherein the
optical component is adapted to co-directionally

couple at least one chosen wavelength.

4. A counter-directional optical coupler comprising:
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i ndexes adapted to generate optical characteristics in at |east one
spectral band. 2. An optical coupler conprising: the optical conponent as
in clai maposernas n the optical conmponent is adapted to &Cframsn2/at173 east
one chosen optical wavelength; a first optical wavegui de; and a second
optical wavegui de, wherein the second optical waveguide is optically
coupled to the first optical waveguide via the optical conponent. 3. A
co-directional éb@i@ati@@hpF@WPkﬁﬁmﬁﬁsiHuF1QﬂmaZunWhﬁﬂei@oﬁﬁﬁeppéécﬁh claim

2, wherein thegg Bh%ﬁ?en %‘%@d S aQ&H{%q:r td‘lr%QE&’ hEFty opgl pupl e at

| east one chosen viave A counter ectlona optl ca oup%
conprising: 3%3%0 98&09@0381P@ﬂ%ﬂ899F21175 the optical coupler as in
claim2, wherein the optical conmponent is adapted to counter-directionally

couple at |east pangpehesen Mael-204t RonBro ALORIERk sdhgper sion control | er
conprising: a first optlcal conponent, wherein the first optical conponent

conprises the optical conponent as in claiml1, wherein the first optical
conponent is adapPedit8taPPettrla FPSRSBRosEReTRIRI EHytTHrSE PPEdEabpt i cal

wavegui de; and a seeRpénépt i clmprakegui dies WRIiRiaN t Bems&sand @pt igal
wavegui de is asymmetric with the first optical waveguide, wherein the

first optical wavégaitie is E@FFééFIyﬂﬁbuﬁFéﬁttdﬁﬁﬁéaéec%@mPQRﬁ¢baﬁs
wavegui de via the Highpte@Ptd G rLR@MBOREREE chosen wavelength;

a first optical waveguide; and

a second optical waveguide, wherein the second
optical waveguide is asymmetric with the first
optical waveguide, wherein the first optical
waveguide is optically coupled to the second optical

waveguide via the first optical component.
6. An optical dispersion controller comprising:
a first optical waveguide;

a second optical waveguide, the second optical

waveguide comprising:

an optical component as in claim 1, wherein the
optical component i1is adapted to reflect at

least one chosen optical wavelength;
a third optical waveguide; and

an optical circulator, wherein the optical
circulator optically couples the first, second, and

third optical waveguides.
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6. An optical dispersion controller conprising: a first optical wavegui de;
a second optical wavegui de, the second optical waveguide conprising: an
optical cwopenenss as in claiml, wherein the optical conmpomarsp2/ze7adapt ed
to reflect at |east one chosen optical wavelength; a third optical
wavegui de; and an optical circulator, wherein the optical «circulator
optically couples the first, second, and third optical waveguides. 40 WO
03/ 007038 PCT/ U832/ A2175PtFCakn ‘@Yq](%!gt\]i%avéFéhgl C5t itay nsEEEeR system
conpri si ng: ackhﬁégsqgglcal wavegui de conprising: an optical conponent as
inclaiml, wheréin thé optical conmponent is adapted to affect at | east
one chosen optical wavelength; a plurality_ of optical detectors, the
plurality of opticaP 8%%%%t%ﬂ§%Q%&aH9§I9¥%ﬂ?eﬁﬁﬂpﬁésﬂﬁé affected chosen
optical wavel ength and generate a plurality of electric signals; and an

el ectronic processor el estepeaddy emipdhedtt st e cphin al i thheakiapthea
detectors, wherein the e|ectronic processor .is adapted to produce an

el ectric S|gnal fron1th8pb}%?%J??WPQ9FnEIéétﬁﬁﬁpt%@gﬂ%J%Ff%§t Ak opeFEal

wavel ength nonitor systefeashddertlpiticdl Fawd haigtegnpri sing an opti cal
reflector. 9. A symmetric optical coupler conprising:

a plurality of optical detectors, the plurality of
optical detectors adapted to receive the affected
chosen optical wavelength and generate a plurality

of electric signals; and

an electronic processor electrically coupled to the
plurality of optical detectors, wherein the
electronic processor 1s adapted to produce an
electric signal from the plurality of electric

signals.

8. An optical wavelength monitor system as in claim 7

further comprising an optical reflector.

9. A symmetric optical coupler comprising:
the optical component asg in c¢laim 1, wherein the
optical component ig adapted to affect at least one
chosen optical wavelength;
a first optical waveguide; and
a second optical waveguide, wherein the second

optical waveguide is symmetric with the Ffirst

optical waveguide, wherein the second optical
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t he optical conponent as in claim1, wherein the optical conmponent is
adapted to affect at | east one chosen optical wavel ength; a first optical
wavegui dewoandom3isecond optical wavegui de, wherein the seecmdSopptiral
wavegui de is symetric with the first optical wavegui de, wherein the
second optical 41 WO 03/007038 PCT/US02/21175 waveguide is optically
coupled to the first optical waveguide via the optical conponent. 10. An
optical coupl er cofpVEIHaEE &S pPRERFILY ofoupdedcdlo ddepdrientsorsiealcl ai m

1, wherein the plycaliblysofvoptdical, e0mpPnefidsic adapted to affect at
| east one chosen optical wavelength; a first "optical wavegui de; and a

second optical wavegui de, wherein the second optical waveguide is

optically couplged,to {r i vegui de via the plurality of
e Ah o&E@cgi é%&Pfgyzcg YV,

optical conponents, ereln the pluralfity of optical conponents are
adapted to effect a desired inter- wavegui de and intra-wavegui de coupli ng.

L1 A method of dicectingat egst ogpecopt Loaboslanal asf rom & Ji st poi nt
to a second point, the negho conprising providing an” optical ‘conponent,
wherein the opticahereomponeme cohprilsdey abfl easticme opinpcalknts is

supergrating, wherei | e ne _opt i super gr.ating rises a
quanti zed refractigggpﬁggxé£%rd$¢%%% wﬁgrepgg%ﬁe %%%n%#¥§§nre%§g§f?§e i ndex
profile is adaptedavelerdpilit a finite plurality of refractive

a first optical waveguide; and

a second optical waveguide, wherein the second
optical waveguide 1is optically coupled to the first
optical waveguide via the plurality of optical
components, wherein the ©plurality of optical
components are adapted to effect a desired inter-

waveguide and intra-waveguide coupling.

11. A method of directing at least one optical signal
from a first point to a second point, the method
comprising providing an optical component, wherein the
optical component comprises at least one optical
supergrating, wherein the at least one optical
supergrating comprises a quantized refractive index
profile, wherein the quantized refractive index profile
is adapted to exhibit a finite plurality of refractive
indexes adapted to generate optical characteristics in at
least one spectral band, and wherein the at least one
optical supergrating is adapted to influence the at least

one optical signal.
12. A method as in claim 11 further comprising:
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i ndexes adapted to generate optical characteristics in at |east one
spectral band, and wherein the at | east one optical supergrating is

adapt ed twoinfdwesice the at | east one optical signal. 12pcAvuseviads as in
claim 11l further conprising: 42 WO 03/007038 PCT/US02/21175 providing at

| east one first optical waveguide; providing at |east one second optical
wavegui de; adapting the optical conponent to affect at | east one chosen
wavel engt h; and opPirealijngafpllieagtt Aee afireaswtdnelchosesiidgvel ength from
the at least first optical waveguide to the at |east one second optical

wavegui de via the o@plig&dhg CONMPRRGR! ond 3sedo®lRRdcas avEy@idn;12 wherein
provi di ng the at Feast one first optical waveguide and the at |east one

second optical wavequi des qu_lth comp ri ses gr oviding mnutually

asymmetrical waveg@fgB5I"94 "R r?@ttﬁﬁa aS TR mtP1 ﬂifref%ra"coﬂrﬁ?ﬁgl ng:

provi ding at |east cagechpéécalawavaguhdesnd provi ding at | east one second
opti cal wavegui de; adapti ng the opti cal corrponent to transmt at |east one

chosen wavel engt h; g%%cal I i n the at asi;C one ch osen
wavel engt h fromth8 E’CI" t fcl % ti & vva%‘égw to YHe af"PE&8t one
second optical waveguelenytla iﬂ‘t&n txm:t lacalleastiponest . odtiicaA retvegdias in

I 14 wh t t f t t I d d
The at least one ' SBcbHA Ght§Ea" VENFoguTaBe PRFLRE! EOHFBHTGEs ot ai ng

optical component.

13. A method as in claim 12 wherein providing the at
least one first optical waveguide and the at least one
second optical waveguides further comprises providing

mutually asymmetrical waveguides.

14. A method as in claim 11 further comprising:
providing at least one optical waveguide;
providing at least one second optical waveguide;

adapting the optical component to transmit at least

one chosen wavelength; and

optically coupling the at least one chosen
wavelength from the at least first optical waveguide
to the at least one second optical waveguide via the

optical component.

15. A method as in claim 14 wherein providing the at
least one first optical waveguide and the at least one
second optical waveguides further comprises providing

mutually asymmetrical waveguides.

16. A method as in claim 11 further comprising:
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mutual Iy asymetrical waveguides. 16. A nethod as in claim 11 further
conprising: 43 WD 03/007038 PCT/ US02/ 21175 providing at |east one first
opti cal vwoegd®es providing at | east one second optical warapod/adys

provi ding at | east one second optical conponent, wherein the at |east one
second optical conponent conprises: at |east one second optical
supergrating, wherein the at |east one second optical supergrating
conprises at |east PeRE1ISERDRE lfasnt Predf i edt ambiveli WaekIpidd il e, wherein
the at |east one second quantized refractive index profile is adapted to

exhibit an at |easbr@9§di§$%@efais'ﬂi beepPbeddid topralcanelbasdih g | ndexes
adapted to generate an at |east one second set of optical characteristics

in at | east one s ectrgl band; adapting the at | east one optical conponent
to affect at |easPTBHE“tHHsEN mi%% %né%ﬁ; AT ngPFRE2 At I¥RSPeBhe second

optical conponent wheraifieghet hg aled£asbnenecebagempravah engmponant
optically coupling the at | east one second optical waveguide to the at
| east one first opfPEEF'®Wavegui de via the at |east one optical conponent
and the at |east one second optical conponent, wherein the optical
coupling controls intraavavegaste onefl estowd. dgtidsInetdaskr@sakAngl ai m 11
i sing: i di | east one first optical vequi, de;
further conprising pr%ﬁégéﬂ? a'tt_he at eas% onep secon optical
supergrating comprises at least one second
quantized refractive index profile, wherein the
at least one second guantized refractive index
profile is adapted to exhibit an at least one
second finite plurality of refractive indexes
adapted to generate an at least one second set
of optical characteristics 1in at least one

spectral band;

adapting the at least one optical component to

affect at least one chosen wavelength;

adapting the at least one second optical component

to affect the at least one chosen wavelength; and

optically coupling the at least one second optical
waveguide to the at least one first optical
waveguide via the at least one optical component and
the at least one second optical component, wherein
the optical coupling controls intra-waveguide

reflection.
17. A method as in claim 11 further comprising:
providing at least one first optical waveguide;

providing at least one second optical waveguide;
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providing at | east one second optical waveguide; 44 WO 03/007038

PCT/ US02/ 21175 providing at | east one third optical wavegui de; providing
at | east woasmewsnd opti cal conponent, wherein the at |e&st/usny282t0nd
optical conponent conprises: at |east one second optical supergrating,
wherein the at | east one second optical supergrating conprises at |east
one second quantized rgf,ractive i ndex profile, wherein the, at |east one

second quantized r &FPEEETNE Fhde5eSHPERI FRITY RiasPdd "egeaRhihi t an at

| east one second finite plurality of refractive indexes adapted to
generate an at | eagtroondisgcartd 3ebst oforept beabn@hapadteal i sidmp®nentat | east
one spectral band; hada[éJtiq: theta |eéiSt one opti.cal t(:orrRonent to _affect
at |east one chosef\wavaferrdth: *adapet hg Fhe S5 FEastP oreLs sC8RI GBI cal
conmponent to affeciorplrésas:| east one chosen wavel ength; optically
coupling the at | east one second optical waveguide to the at |east one

first optical waveguide, yi aleta?g agn{eeagécg&g o] t{{:galll cosrgpponrer%%;t.an(,:l
optically coupling the at | east one third optical ~ wavegui e %6 thé’ at
| east one second opticaWheawbgui ke vid theaat | east crecadti oplticalponent.

15, o monod 2 ol el RSN  SORBSLAT. . Bl ng.e0, SRS
quantized refractive index profile, wherein the
at least one second guantized refractive index
profile is adapted to exhibit an at least one
second finite plurality of refractive indexes
adapted to generate an at least one second set

of optical characteristics in at least one

spectral band;

adapting the at least one optical component to

affect at least one chosen wavelength;

adapting the at least one second optical component

to affect the at least one chosen wavelength;

optically coupling the at least one second optical
waveguide to the at least one first optical waveguide via

the at least one optical component; and

optically coupling the at least one third optical
waveguide to the at least one second optical waveguide

via the at least one optical component.
18. A method as in claim 11 further comprising:
providing an optical circulator;

providing at least one first optical waveguide;
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WO 03/ 007038 PCT/ US02/ 21175 providing a second optical wavegui de;
providing a third optical wavegui de; adapting the optical conponent to
refl ect awolog@etsvne chosen wavel ength; and arrangi ng thecopsSorall7s
circulator to couple the chosen wavelength fromthe second optical
wavegui de to the at |east one first optical waveguide and fromthe | east
one first optical waveguide to the third optical waveguide. 19. A nethod
as in claimill PEPYheint GRECONAgOPhEORS didtgIaiglural ity of optical
detectors for detecting at |east one chosen wavel ength affected by the

optical conponegtovyReieid @3k ebribgl phdlrafuile; of optical detector
outputs an electrical signal corresponding to t he chosen wavel engt h

detected by the optical detector; and coupling each electrical signal to
processing el eBffBhiLS. T30, °9$%ﬁﬁ%uﬁPWﬂon€gﬁthlFﬁﬁétheaBp%?%%ﬁ %ﬁ%se
characteristicscabséh bRasterRn®;0phécal signal, the nethod conprising:
provi ding an optical conponent, wherein the optical conponent conpri ses:

at | east one optical supergrati erei the at |eas e optical
Supergrating coreerett st b Sl B At rieRS Bt e BHRESR n t he
quanti zed refr awaweengtrtdeﬂrcm ofnd esedaraﬁ&@itadatmwaxbgbme ato 46ndMNxt
03/ 007038 PCT/ U 02/21175

east one first optical waveguide and from the least

one first optical waveguide ¢to the third optical

waveguide.
19. A method as in claim 11 further comprising:

providing a plurality of optical detectors for
detecting at least one chosen wavelength affected by
the optical component, wherein each of the plurality
of optical detector outputs an electrical signal
corresponding to the chosen wavelength detected by

the optical detector; and

coupling each electrical signal to processing

electronics.

20. A  methed of controlling the optical phase
characteristics of at least one optical signal, the

method comprising:

providing an optical component, wherein the

optical component comprises:

at least one optical supergrating, wherein
the at least one optical supergrating
comprises a quantized refractive index
profile,'wherein the quantized refractive

index profile 1s adapted to exhibit a
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finite plurality of refractive indexes adapted to generate optical
characteristics in at | east one spectral band; and adapting the at |east
one opti cab osoapanent to control the optical phase of thecatusipagrs one
optical signal. 21. A nmethod of processing at |east one optical signal
conprising: providing at |east one optical conponent, wherein providing
the at | east one optical conponent conprises: providing at |east one
optical supergrating, whereiimigeovicdiumglihe aef | eeltadmeeoptingdakes
supergrating conprises provig4l guant.j.zed re% j,ve inde ile,
wherein the quanti zed refraé%#%g%d?ndex EFofile '%ﬁ%ﬁé&ﬁed to%£§EF%§t a
finite plurality of refractictedardexestiagapnedtt olegesier ahe opeictabl
characteristics in at |east égg%_sgﬁgtral band; and adapting the at |east
one optical conponent to affect’ the at |east one optical signal. 22. A
method as in 21 wherein processing the at | east one optical signal further
conpri ses adj usting optfePtimweihe gt aleddasneometiiaedl evgrhnedhpbAent of

the at |east one opticalysignalne 44, W L3/ N0/O38, PCTILSO2/ 21145 48 A
met hod as in claim 21 wherelin processing the at
optical signal.

21. A method of processing at least one optical signal

comprising:

providing at least one optical component,
wherein providing the at least one optical

component compriges:

providing at least one optical
supergrating, wherein providing the at
least one optical supergrating comprises
providing a quantized refractive index
profile, wherein the quantized refractive
index profile is adapted to exhibit a
finite plurality of refractive indexes
adapted to generate optical
characteristics in at least one spectral

band; and

adapting the at least one optical component to

affect the at least one optical signal.

22. A method as in 21 wherein processing the at least one
optical signal further comprises adjusting optical power
of at least one wavelength component of the at least one

optical signal.
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| east one optical signal further conprises spatially separating at |east
one wavel ength conponent. 24. An optical conponent conprising at |east one
optical wopangati ng, wherein the at | east one optical ®oparsgratiirhg
conprises a binary quantized refractive index profile, wherein the binary
gquanti zed refractive index profile is adapted to exhibit a finite
plurality of refractive indexes adapted to generate a reflectance
spectrumin at23.eask BABhGYedEran isapdm 28 wRersthodroterdhnd ofingathe

stability of an.gpticAl SySiem cQupRhei ngingHavi dbig, Aled eashcaneignti cal

conponent, wherein the at |east oné optical conponent conprises: at |east
one optical swWsPegrRathagat wrasdi rpnet Wavat eheldstcaomwenepti cal supergrati ng
conprises a quantized refractive index profile, wherein the quantized

refractive index mr Qjgdiealls aABBhEA: o Plidy &t fiddshe Pluiakh by of
‘refractive indexes adapted to generate optical characteristics in at

| east one spedUPEFITBRABY: pr oHFiHG a Pheraldtty éFaspti cte deCRELERS;

provi di ng prog@;@%&ggaehﬁgtrg&ﬁﬁs@d a@d%HHaQ? ta@aﬁéléé‘@str&%ce@%cal
conponent to fect at east one chosen wave eng th conp onent 48

03/ 007038 PCT/ABSEX HuT5 a0 Vhtksket thet wltnﬁé:zfp|Wt|lﬁydofra§m0éave
detectors. index profile is adapted to exhibit a finite plurality of

refractive indexes adapted to generate a reflectance

spectrum in at least one spectral band.

25. A method of monitoring the stability of an optical

system comprising:

providing at 1least one optical component,
wherein the at 1least one optical component

comprises:

at least one optical supergrating, wherein
the at 1least one optical supergrating
comprises a quantized refractive index
profile, wherein the quantized refractive
index profile is adapted to exhibit a
finite plurality of ‘refractive indexes
adapted to generate optical
characteristics in at least one spectral

band;
providing a plurality of optical detectors;
providing processing electronics; and

adapting the at least one optical component to

affect at least one chosen wavelength component
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26. A programrabl e optical conponent conprising at |east one optical
supergrating, wherein the at | east one optical supergrating conprises a
guant i zedwpeBewss ve i ndex profile, wherein the quantizeacrafSoaztirve i ndex
profile is adapted to exhibit a finite plurality of refractive indexes
adapted to generate spectral characteristics in at |east one spectral
band. 27. A programmabl e optical conponent as in claim?26 further
conprising the at |eastteneinptias supdrgthei ngluralbidted afo obahgelt he
spectral characteristicg.id.thg at |east one spectral band. 28. A
programmabl e optical conponent as in claim?26 further conprising the at

| east one optical supergratin adapted to change the quantized refractive
i ndex profile.26-28 PFGFraRraRbretspet c@@m@m%né?ﬁmpéésilﬁgcﬁéi A2t

further conprisdng Rk ikbgast sQﬁ@réMﬂ@I,' ywheseensiMe qati cal,gsupghgrating
adapted to change spectral characteristics in response to thermal energy.
30. A programfablieadpt FerfreoHpaitentoBBTigeT| & nagent ket eiveirhetapei cal
supergrating ishdadapheged fo o GRELGsn ORMIC LbliGedmaoReE:0R] C1hHOkNO.

el ectro-strictive tuning, and/or nmagneto-strictive tuning. 31. A
programmuabl e aptafddle céapotiamteds o Exkilpiee a widmdice theuoptityal of

supergrating i.s@adapted to;gptical Jdtuagnatign tupn chani
straining tuning, an(%?or .(l:urren§ i néj ect i@gn t uni ngg%%&vgg?)/@%%%%l
PCT/ US02/ 2117%hagactArppbyeanimisite lepsi cahe cewgytirardt basdin cl ai m 26
wherein the optical supergrating is adapted to el ectro- chrom c tuning.

27. A programmable optical component as in claim 26
further comprising the at least one optical supergrating
adapted to change the spectral characteristics in the at

least one spectral band.

28. A programmable optical component as in claim 26
further comprising the at least one optical supergrating

adapted to change the gquantized refractive index profile.

29. A programmable optical component as 1in claim 26
further comprising at least one thermally responsive
optical supergrating adapted to change spectral

characteristics in response to thermal energy.

30. A programmable optical component as in claim 26
wherein the optical supergrating is adapted to electro-
optic tuning, magneto-optic tuning, electro-strictive

tuning, and/or magneto-strictive tuning.

31. A programmable optical component as in claim 26
wherein the optical supergrating is adapted to optical
illumination tuning, mechanical straining tuning, and/or

current injection tuning.
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33. A programmabl e optical conponent as in claim26 wherein the optical
supergrating is adapted to optical polyner tuning. 34. A progranmable
optical cwoponenss as in claim?26 wherein the optical sup@cyrsvr/ng7is
adapted to nol ecul ar reconfiguration tuning. 35. A progranmabl e opti cal
conponent as in claim26 wherein the optical supergrating is adapted to

mechani cal reconfiguration tuning. 36. An optical

conponent conprising at

| east one scat-er PngPreaadimeglept trEicadupepgpardy, ashetei IFlpha ak6 | east
one scatteringyedugi ngORiiGak 1SURLLIEaLE DY ¢OMRELEESs Rod43RLEZEd

refractive index profile, wherein the
i s adapted to cheehibi tuaifdnite plurality of refractive indexes

gener ate spectral

characteristics in at |east one spectral band; and at

quantized refractive index profile

adapted to

| east one gratisng healbp-AnRASI ofpexGaediBapot:t | RG MRt erdialiwayel engt h
Xmat = 20/ neff, and a decay constant of the nodal tail |ess than 1/ Xmat
a predetern M@§rEaG diiof PRl FERRIIIGTE NSt erdaREeS eliRciPREiEORt i cal
supergrati ng. ool mAR pRhiggl conponent conprising at |east one multi-

di mensi onal opti cal supergrating, wherein the at | east one

mul ti -di nensi onal

PCT/ US02/ 211754 -quantPRIFFTTERPAEL | R 1G7dex CRFBPRERE  Wier &f n FfdMquadit i zed

optical supergrating conprises a 50 WO 03/.007038

refractive indgxreraf ithe ichradapt edptagexdidy ti A ddaptea Rl Woakibhyaof
refractive indexes adapted to generate
reconfiguration tuning.

35.

A programmable optical component as in claim 26

wherein the optical supergrating is adapted to mechanical

reconfiguration tuning.

36.

An optical component comprising at least one

scattering reducing optical supergrating, wherein the at

least one scattering reducing optical supergrating

comprilses:

37.

a quantized refractive index profile, wherein the
quantized refractive index profile is adapted to
exhibit a finite plurality of refractive indexes
adapted to generate spectral characteristics in at

least one spectral band; and

at least one grating feature dimension exceeding
grating material wavelength Ama: = Ao/IHerr, and a decay
congtant of the modal tail less than 1/Ag.: 1in a

predetermined region of the at least one scattering

reducing optical supergrating.

An optical component comprising at least one multi-

dimensional optical supergrating, wherein the at least

one

multi-dimensional optical supergrating comprises a
50
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spectral characteristics in at |east one spectral band. 38. A optical
conponent as in claim37 wherein the at |east one nulti-dinensional

optical swpesgomss ng further conprises a two-di nmensional Pdiraiso/purs on of a
plurality of optical diffraction pixels. 39. An optical conmponent as in
claim 37 wherein the at |east one multi-dinensional optical supergrating
further conprises a three-dinensional distribution of a plurality of
optical diffraseinshzpixeesradoiveAnngeki pabfébapl erewyist dief auasblpeding

L1 ght betueen , aguegul des pabhepaptl eal ; COURLEL ODRT bahigical Leasteone
first optical wavegui de; elst one secon opti cal wavegui de; an

| east one opt miallraé@nponeﬁt optradlive conpekeagy a@@ﬁédghttorr@ﬁmehetat | east
one first Op“% trg’i‘vé%féj&éﬁsttﬁ%sa&n'a?@sfea%eo%%%ﬁgc@?é g wavegui de,
the at | east orie opti conponent ~ conpri sing qua |ze ract| ve

i ndex profile, wherein the quantized refractive index prof| I e i s adapted
to exhibit a fitnitk oprufal | E9mpPnef ragt ive dladexes’ adepraid: tdhe geher at e
spectral char i ne, r ]lerég_ 7038
PCT/ US02/ 2117%%%%% %t,&!n gﬂbdt]irtcahlg%ﬁ%?%rrl&s stem alsa% C a‘—:lr‘rﬁti%f1 V\%lgrgfel?% t he

at | east one fdamprigpei @altwm\ﬁég@mdeonglo teeaibytiasyafretr ipdumeihtyhe at

| east one secqpd, ?Etﬂ:ggl diWMo%epi§glsAn optical coupler systemas in
cl ai m 40 wherei'n the ’

39. An optical component as in claim 37 wherein the at
least one multi-dimensional optical supergrating further
comprises a three-dimensional distribution of a plurality

of optical diffraction pixels.

40. An optical coupler system for coupling light between

waveguides, the optical coupler comprising:
at least one first optical waveguide;
at least one second optical waveguide; and

at least one optical component optically coupling
the 1light from the at least one first optical
waveguide to the at 1least one second optical
waveguilde, the at least one optical component

comprising:

a quantized refractive index profile,
wherein the quantized refractive index
profile is adapted to exhibit a finite
plurality of refractive indexes adapted to
generate spectral characteristics i1in at

least one spectral band.

51



optical coupler systemfurther conprises at | east one second optical
coupler, wherein the at |east one optical coupler and the at |east one
second opwD®alowesipl er are adapted to control intra-wave@uirdsorafirecti on.
43. An optical coupler systemas in claim40 wherein the optical coupler
systemis adapted to couple light counter-directionally to the uncoupled
light. 44. An optical coupler systemas in claim40 wherein the optical
coupl er systerfli-s fadamtddalo covhpee $YYRM B i reldtimordl [Wpeggiphghe

uncoupl ed i ghfy. ﬁ%as*%” Pl C%':LrQ%V' egLcogPri v?é uidfe | €8St d ?ch.m.gcal

wavegui de, the at | east one optical wavegui de conpri sing: a optic
conponent foraﬁymmééﬁﬂﬁg maym thrnﬁtthéeaﬁtleasﬁ orsecoptli cabtwagégui de,
the optical gg conprising: a quantized refractive index profile,
wherein the quantlze refractive index profile is adapted to exhibit a
finite plurality of refractive indexes adapted to generate spectral
characteri sti ¢ i RmtoPYicadt conplepeey? ™ bhdin aplh 152 AROWIBLedZOBRe

PCT/ US02/ 21175, t%aqpta&@gléa_i reybador fh@%@g %Iombm&soraet Opéa&a' onBOr't,
wherein the optlcal circulator 1s optically coupled to the at |east one

optical waveguisfend WiredeRh CREPOPYI cellels e uilm ot i eamdamned opG idhiect
the refleCtedédd@h%II%mhh%h%takegégsgngngpéégéﬂd éﬁ%ﬁcal4%oué@e9pt59§

di spersion control system conprising:
adapted to control intra-waveguide reflection.

43. An optical coupler system as in claim 40 wherein the
optical coupler system 1s adapted to couple 1light

counter-directionally to the uncoupled light.

44. An optical coupler gystem as in claim 40 wherein the
optical coupler system is adapted to couple light co-

directionally to the uncoupled light.
45. An optical device comprising:

at least one optical waveguide, the at least one

optical waveguide comprising:

an optical component for reflecting 1light
within the at least one optical waveguide, the

optical component comprising:

a quantized refractive index profile,
wherein the quantized refractive index
profile is adapted to exhibit a finite
plurality of refractive indexes adapted to
generate spectral characteristics in at

least one spectral band; and
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at | east one optical conponent adapted to generate optical phase
characteristics in at |east one spectral band, wherein the at |east one
opti cal cwoponenss conpri ses: a quanti zed refractive i ndexPprafSod/z1175 wher ei n
the quantized refractive index profile is adapted to exhibit a finite
plurality of refractive indexes adapted to generate spectral
characteristics in at |east one spectral band. 47. An optical dispersion
control system conpri siig:cadn Gipdudalcosodipivdngs st ehedelr  epaploPRgceRi ght

bet ween wavegui deg r\é’”er e'}eflﬂetq{ét's &&Up%ﬂcéﬁécﬁm 58 o%?'%‘%? to

exhi bit wavel ength epen ent optical ‘phase characteristics, e opti cal
coupl er system comprbseag:tat Uheasttonkedsdt stonept Pphicalaveguiedeidat | east

one second optical yavegui dec apdialy | east, 01800 Gal-taEPoRent opt i cal ly

coupling the light fromthe at east one first optical wavegui o0 the at
| east one second 536%@@@%@3@@&’ US02/12E1 76t oOptastal owemveguide]l the at
| east one optical _gcogponent conprising: a quantized refractive index
profile, wherein Fhe quanti zed refractive index profile is adapted to
exhibit a finite pluralit refractive i ndexes adapted to generate
spectr al charaﬂcetelAF‘-sPPEéC@ﬁ Gksperedon enptspecivderbgadprising:

at least one optical component adapted to
generate optical phase characteristics in at
least one spectral band, wherein the at least

one optical component comprises:

a quantized refractive index profile,
wherein the quantized refractive index
profile is adapted to exhibit a finite
plurality of refractive indexes adapted to
generate spectral characteristics in at

least one spectral band.
47. An optical dispersion control system comprising:

an optical coupler system for coupling light between
waveguides, wherein the optical coupler system is
adapted to exhibit wavelength-dependent optical
phase characteristics, the optical coupler system

comprising:
at least one first optical waveguide;
at least one second optical waveguide; and

at least one optical component optically
coupling the light from the at least one first

optical waveguide to the at least one second
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48. An optical device for separating wavel ength conponents of an opti cal
signal, the optical device conprising: at |east one optical wavel ength
separati owoIy®0®B8 the at | east one optical wavel ength separEsn/anrs system
conprising: at least one first optical waveguide; at |east one second
optical wavegui de; and at |east one optical conponent optically coupling
the at | east one optical wavelength fromthe at | east one first optical
wavegui de to the at |eeBti®He wvaveadidpti the welvederde, onheortifedst one

optical conponent conprisifishe e QUaRLized refractive index profile,
wherein the quanti zed rerégﬁ%ve ingex E%?ofile is adapted to exhibit a

finite plurality of refractive indexes adapted to generate spectral
characteristics in at |east® on@&¥pe@scal Hhidctszewoindepo7038file,

PCT/ US02/ 21175 49. An opti GaledeW Cenads hlakt 8bdy 48 MelRiifet henaly | east
one optical component further conprises atwo-di nensional supergrating.

50. An optical device as in Rifiidesgiahedepiefhetat ekbabit onefdpiteal
conponent further conprlsesigiﬁgﬁq@y gE”?Q?kQE@Em?%HﬁE&%%t%ﬁggtéé-tén

optical device as in claim further conprising a Vernier separator. 52.
A wavel ength stability noni tganegeigr i shegtrala wavskehgristrord ton at

conpri si ng: least one spectral band.

48, An optical device for separating wavelength
components of an optical signal, the optical device

comprising:

at least one optical wavelength separation system,
the at least one optical wavelength separation

system comprising:
at least one first optical waveguide;
at least one second optical waveguide; and

at least one optical component optically
coupling the at least one optical wavelength
from the at least one first optical waveguide
to the at least one second optical waveguide,

the at least one optical component comprising:

a quantized refractive index profile,
wherein the quantized refractive index
profile 1is adapted to exhibit a finite
plurality of refractive indexes adapted to
generate spectral characteristics in at

least one spectral band.
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at | east one optical conponent conprising: a quantized refractive index
profile, wherein the quantized refractive index profile is adapted to
exhi bit awbDionioom3s plurality of refractive indexes adapt edPCao/uSgyearat e
spectral characteristics in at |east one spectral band; a plurality of
optical detectors coupled to the wavelength nonitor, wherein the plurality
of optical detectors are adapted to generate a deV|at|on signal when a
moni t or ed wavel%engihopévral edevinrl a8 donchelnets cobpteh tida v praral ity of

optical detegr %pt‘ﬁ’@ﬁﬁewmﬁ&?ex?@@dﬁ'ﬂe@ cb ﬁégé@é ed {&- &%% LG, aN

el ectrical signal Corresponding to wavelength deviation. . A wavel ength
stability nonisumeragsaFhngl ai m 52 wherein the at |east one optlca
conponent conprises a two- dinmensional supergrating. 55 WO 03/007038

PCT/ US02/ 21175 54n Apvavsl eagittstabiilh tc)iama”hé%h@ﬁeirﬂ Al §%a%er ein
the at least one optical conponent conprises a three- dinensional

supergrating. B% ARavElengEPRIHBIY i t LRI or CABPTHERA ai tn 5ZhNRErei n

the at |east qngeeRtLAgH g@ggggygg gonprises an array of point scatters.
56. An optical wavel ength equalizer conprising at |east one optical

conponent, the at |east one optjcal conponent conprising a quantized
refractive i ndex PFroPPFéCahnerEtFf athdtqrartinzed FerFrhRy i SREMAgaRIprofil e

is adapted to verhicki tepatitdte plurality of refractive indexes adapted

52. A wavelength stability monitor comprising:
a wavelength monitor comprising:
at least one optical component comprising:

a quantized vrefractive index profile,
wherein the quantized refractive index
profile is adapted to exhibit a finite
plurality of refractive indexes adapted to
generate spectral characteristics in at

least one spectral band;

a plurality of optical detectors coupled to the
wavelength monitor, wherein the plurality of optical
detectors are adapted to generate a deviation signal

when a monitored wavelength deviates; and

a controller coupled to the plurality of optical
detectors, wherein the controller is adapted to
generate an electrical signal corresponding to

wavelength deviation.

53. A wavelength stability monitor as in c¢laim 52 wherein
the at least one optical component comprises a two-

dimensional supergrating.
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to generate spectral characteristics in at |east one spectral band, and
wherein the at | east one optical conponent is adapted to adjust wavel ength
power perwowameloasmigth in an optical signal. 57. An opti calPCrasse/zngs h
equalizer as in claim56 further conprising an optical coupler system the
optical coupler conprising: at |east one first optical waveguide; at |east
one second optical waveguide; and the at |east one optical conponent
optically coupbP#nghttwevebeijdidt edakavetenyedlfaroms He aflaiwaS? dperdin st
optical  wavegupde 4o {hgal oheast, ane: Seeandnant! Galyayeguide , &8, An
optical wavel ength equalizer as in claim erein the at |east one

opti cal conponéhtensiaurptagergradifidract chosen wavel engths. 59. An
optical wavel ength nonitor conprising: 56 WO 03/007038 PCT/ US02/21175 at

| east one optigal g%@@@f@ﬁdgtxﬁ @%agalhgﬁ%o%r%%tiiaa'claeﬁpeﬁl%efé&rfpri sing

a quantized refractive index profile,” wherein the quantized refractive

i ndex profile theadhpiedstocexshebiical fdavivcaeng| geubrigesfan edreast iofe

i ndexes adapte glqtgg%g_r £ spectral characteristics in at |east one
spectr al band,goand ertgéln ‘the at |east one optical conponent is adapted
to measure power per wavelength in an optical signal. 60. An optical

wavel engt h nonPfor A8s 9Bt iCRaI ieSgleRekei ATUehbZell FRBERTLIGAE Gt | kedst

conponent furtBge 599D S ESororkinRar ¥ngUREr Al Nthe ©bt1AA10RLMEMent
conponent conprising at |east one
comprising a quantized refractive index profile, wherein
the quantized refractive index profile 1s adapted to
exhibit a finite plurality of refractive indexes adapted
to generate spectral characteristics in at 1least one
spectral band, and wherein the at least one optical

component 1is adapted to adjust wavelength power per

wavelength in an optical signal.

57. An optical wavelength equalizer as in c¢laim 56
further comprising an optical coupler system, the optical

coupler comprising:
at least one first optical waveguide;
at least one second optical waveguide; and

the at least one optical component optically coupling the
adjusted wavelength from the at least one first optical

waveguide to the at least one second optical waveguide.

58. An optical wavelength equalizer as in claim 56
wherein the at least one optical component is adapted to

diffract chosen wavelengths.

59. An optical wavelength monitor comprising:
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progranmmabl e optical supergrating. 62. An optical conponent as in claim6l
wherein the at |east one programmabl e optical supergrating further

conpr i seswODlg/oeto3s east one optical supergrating adapted PoTASaNYA7R
quantized refractive index profile. 63. An optical conponent as in claim6l
wherein the at |east one programuabl e optical supergrating further
conprises at |least one thermally refgﬁpsive optical _supergrating adapted

to change spectral 2Eharctiter 7% i €8 r ESPBARE o FRBr Al i gy©Re4. An
optical conponent agtipatl abmpéderthesigriidiagata deastizene Rregramm@bl e
optical supergrating further_ _ conprises the at |east one programmbl e
optical supergrat tR§eRdaPtRH 1D e"EEFFIRoptie pPePERfAicg Tt RaGheTD- opti ¢

programm ng, el ectraqgskri gtb¥e1Pr O ardldibed and/ OlexAGAEt OaSt Ei gt tye _
progranmm ng. 57 WO 03/ 007038 PCT/ US02/ 21175 = 65. An optical conponent as in
clai m 61 wherein tRéUBR11FRact BREFHIOGCandseSoCrRards ipe ARt Y

further conprisesgpherahi! eastaeperNodaMAble optdfnal onsupgegrati ng
adapted to optical illum nation progranmn mechani cal reconfiguration

nmechani cal strai ni R§Rdpr BRF aWReFRED aRE GF g’aaﬁ*én@mr rpRicideen corBgRaRt ng.

66. An optical conp@nenizsd n&l ALMGle WaBLELN Jhe Alvell8@sh ORE an
programmabl e optical supergrating further  conprises the af | east one

progr ammabl e optic&Ptisape? i -ng adapted to el ectrochromnic programi ng.
67. An optical component as in claim®6l wherein the at |east one

progranmabl e et eal cpHRREJr akiBUchdtl NRdni teRMRIY Ses dikenatbol easteone
programmabl e opti cal , ,
the at least one optical component further comprises a

binary supergrating.

61. An optical component comprising at least one

programmable optical supergrating.

62. An optical component as in claim 61 wherein the at
least one programmable optical supergrating further
comprises the at least one optical supergrating adapted

to change a quantized refractive index profile.

63. An optical component as in claim 61 wherein the at
least one programmable optical supergrating further
comprises at least one thermally responsive optical
supergrating adapted to change spectral characteristics

in response to thermal energy.

64. An optical component as in claim 61 wherein the at
least one programmable optical supergrating further
comprises the at least one programmable optical
gsupergrating adapted to electro-optic programming,
magneto-optic programming, electro-strictive programming,

and/or magneto-strictive programming.
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supergrating adapted to optical polyner progranmm ng. 68. An optical
conponent as in claim®6l wherein the at |east one programuabl e opti cal
super gr atwog3foursher conprises the at | east one programebirasoptilcal
supergrating adapted to nol ecul ar reconfiguration programm ng. 69. An
optical conponent conprising at |east one tuneable optical supergrating,
wherein the at | east one tuneable optical supergrating conprises a
quant i zed ref ridot iAe ophided prafddnentwiser eim ¢heimuaht weedeyef tlaet £be | ndex

profile is ad%&%%q tQHE%th%Brg &gﬂiée B%H{égiFyéége éfﬁ%ﬁ%%ti%ﬁrkﬂggxes
adapted to generate spectral character i 8t1¢s in (€4St “ane spectr al
band. 70. An opmibgdakegonpdreent aks ileasitai npB9 wreogiramndlelat opsasélone

t uneabl e opti ti i . . Qu i refractive
ndox prof | ¢ ARcEararand' hfhidy MPRRI JTaRet B MR Al
supergrating. B8HADiIE8L007088cRETYIISBRAR0175 Méchdmi oyt i calsteeripdngnt as

in claim 69at e{g?x%mﬁltﬂggatanc!riéci%lstcu(?fggnEupﬁﬁgcl:teiogpgé_’%%lrar%ﬁgg grating further

conpri ses St one”f hér y responsive optl supergrati ng adapted
to change spectral characteristics in response to thernmal energy. 72. An
opti cal conporfént At ¢Ptidadi s ameateias the atain e@bt whaeeimnelhdl etoptica

SRer9TALN9, CReaapicRL | Qe Bl ARhEOLOP! bEe LU NOeu IRANELA50P! bt HOL N,

el ectro- strictive tuning, a magneto-strictl n optical
conponent as iIPNPIrASAEG9 Wifer ekh t heeaatt | east eregremsable oppitdabl

super grating |5, adaptedst 0aaides d LALULOALIAN & YlLOGaniRRyaN ol

straining tunin

67. An optical component as in claim 61 wherein the at
least one programmable optical supergrating further
comprises the at least one programmable optical

supergrating adapted to optical polymer programming.

68. An optical component as in claim 61 wherein the at
least one programmable optical supergrating further
comprises the at least one programmable optical
supergrating adapted to molecular reconfiguration

programming.

69. An optical component comprising at least one tuneable
optical supergrating, wherein the at least one tuneable
optical supergrating comprises a quantized refractive
index profile, wherein the quantized refractive index
profile is adapted to exhibit a finite plurality of
refractive indexes adapted to generate spectral

characteristics in at least one spectral band.

70. An optical component as in claim 69 wherein the at
least one tuneable optical supergrating is adapted to
change a quantized refractive index profile associated

with the at least one tuneable optical supergrating.
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and/ or current injection tuning. 74. An optical conponent as in claim®69
wherein the at |east one tuneable optical supergrating is adapted to

el ect r o- cWpa@aie7088ini ng. 75. A progranmmabl e optical conponect/use2en7El ai m 69
further conprising at |east one liquid crystal material and/or at |east
one optical polymer material. 76. An optical conponent as in claim69
wherein the at |east one tuneable optical supergrating is adapted to
mechani cal reconf ifjureptbrpl ugpdRPNETE, 9% bpt ¢talm coPpohentirobhei 8Eng at

| east one optigals. SWReLGLALLNY WDELE %@%ﬁgg&E%ﬁsfu%}?exo%ém%?ises

supergrating is adapted to arfect optic e aracteristi I'n at
| east one spectt aledsind ong9 WRMR/LOP7 03B PREFAVUE0ZLLRES F&eyrasphgcal

conmponent as i | ai 7 i t .l optical_ s rgrating is
adapted to con ol r%%tdgltgatcwgggt%%@fﬁﬁ%ﬁ%ﬁ?e%g.&%ﬁé o%fircea%%g’%pggﬁent as
in claim78 whdreimalt heeagy. | east one optical supergrating further

conprises an optical supergrating adaptable to programm ng and/ or tuning.

80. An opti caly £LOURL ebp COMDN | Shiifhnddie LPULEaL1 LOMPEYCHLCAS A Nefibalm 79,

wherein the optical conponent I's adapted to affect at Teast one chosen

opti cal wavel evRjtsiy; an¢i temnegpl ¢ calpbvasdguiwberggad ingsdconddaptetako

wavegui de, whergif theg.second, . 9ptica ' S pcally ed to

the first optical vvavle)gwgde \lﬁla %he %%%iﬁéétg(?—%c%r%}one%m% 162480
strictive tuning, and/or magneto-strictive tuning.

73. An optical component as in claim 69 wherein the at
least one tuneable optical supergrating is adapted to
optical illumination tuning, mechanical straining tuning,

and/or current injection tuning.

74. An optical component as in claim 69 wherein the at
least one tuneable optical supergrating is adapted to

electro-chromic tuning.

75. A programmable optical component as in claim 69
further comprising at least one liguid crystal material

and/or at least one optical polymer material.

76. An optical component as in claim 69 wherein the at
least one tuneable optical supergrating is adapted to

mechanical reconfiguration tuning.

77. An optical component comprising at least one optical
supergrating, wherein the at least one optical
supergrating is adapted to affect optical phase

characteristics in at least one spectral band.
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81. An optical dispersion controller conprising: a first optical conponent,
wherein the first optical conponent conprises the optical conponent as in
cl aim 79, watwaeioss t he first optical conmponent is adaptedPco/uwbi/zarsa first
chosen wavel ength; a first optical waveguide; and a second opti cal
wavegui de, wherein the first optical waveguide is optically coupled to the
second optical waveguide via the first optical conponent. 60 WO 03/007038
PCT/ US02/ 2117578 .822n Anpoptacatobepertsiaon Tontlaolth e¥7 cehpresi nghe aatir st

optical wavegu de; econd optical i d opd optical
wavegui de coné%%%%tn3¥%3n opcggaﬁﬁgﬁﬁﬁgégggéagsi%g§P§?§198,C&ﬁggﬁTnFothe
optical conporentleastadapt étnemeiraef.l ect at | east one chosen optical

wavel ength; a third optical wavegui de; and an optical circulator, wherein
the optical circulator optically couples the first, second, and third
opti cal waveguiesin 838pt Areloptomgainandy elsengt hcd4 abi V8t yhapald othsystem
conprising: a first optical, L wavequide conprising:_an optical .conponent as
in claim79, %ﬁé% nO%FheOBB F%gl %&ﬁﬁfhxgﬁﬁn?s aaﬁg?%ﬁ t T RFEET af™ | east
one chosen optomalcaviavelergthat gl wddptibplef opt i padbgcheinreicicor sndy be

plurality of optical detectors adapted to receive the affected chosen

opti cal mavelend?ﬁgénd generate a plurality

80. An optical coupler comprising:

the optical component as in claim 79, wherein the
optical component is adapted to affect at least one

chosen optical wavelength;
a first optical waveguide; and

a second optical wavegulde, wherein the second
optical waveguide is optically coupled to the first

optical waveguide via the optical component.

81. An optical dispersion controller comprising:

a first optical component, wherein the first optical
component comprises the optical component as in
claim 79, wherein the first optical component is

adapted to atffect a first chosen wavelength;

a first optical waveguide; and
a second optical waveguide, wherein the first
optical waveguide is optically coupled to the second

optical waveguide via the first optical component.
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of electric signals; and an el ectronic processor electrically coupled to
the plurality of optical detectors, wherein the electronic processor is
adapt ed twopsoawse an electric signal fromthe pluralityPeofi/ushretiri c
signals. 61 WO 03/007038 PCT/ US02/ 21175 84. An optical wavel ength nonitor
systemas in claim83 further conprising an optical reflector. 85. An
optical coupler conprising: a plurality of optical conponents as in claim
79, wherein t8% phuprFieyl clismsriséan conponeifts dospradapsed to affect at
| east one chosen optical wavelength; a first optical wavegui de; and a

second optical waveguider dher&iinwheqgsegond optical waveguide is
optically coupled to the first optica? wavegui de via the plurality of

optical conponents, wherein the plurality of optical conponents are
adapted to effect ®a GESPPed PRIt WaVdyGPladand i r £888PEguraEICRbupl i ng.

62 waveguide comprising:

an optical component as in claim 79, wherein
the optical component‘is adapted to reflect at

least one chosen optical wavelength;
a third optical waveguide; and

an optical circulator, wherein the optical
circulator optically couples the first, second, and

third optical waveguides.

83. An optical wavelength stability monitor system

comprising:
a first optical waveguide comprising:

an optical component as in claim 79, wherein
the optical component is adapted to affect at

least one chosen optical wavelength;

a plurality of optical detectors, the plurality of
optical detectors adapted to receive the affected
chosen optical wavelength and generate a plurality

of electric signals; and

an electronic processor electrically coupled to the
plurality of optical detectors, wherein the
electronic processor is adapted to produce an
electric signal from the plurality of electric

signals.
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84. An optical wavelength monitor system as in claim 83

further comprising an optical reflector.
85. An optical coupler comprising:

a plurality of optical components as in claim 79,
wherein the plurality of optical components is
adapted to affect at least one chosen optical

wavelength;
a first optical waveguide; and

a second optical waveguide, wherein the second optical
waveguide 1s optically coupled to the first optical
wavegulde wvia the plurality of optical components,
wherein the plurality of optical components are adapted
to effect a desired inter-waveguide and intra-waveguide

coupling.
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