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Processing Optical Signals Wth Supergrati ngs BACKGROUND OF THE | EKF@&Q
1. Field of the Invention 5 The present invention relates generally to
processing optical signals, and nore particularly to routing, filtering
and det ecwongoepss cal signals. 2. Prior Art Gatings are eptrigsadz1deyi ces
used to achi eve wavel engt h- 10 dependent characteristics by neans of
optical interference effects. These wavel engt h-dependent opti cal
characteristics can, for instance, serve to reflect light of a specific
wavel engt h whi | evibhaa sl WppRetaY fof PFdcdsshigOptidal Sidhate vt bRl H@fings

wavel engt hs. Such characteristics are 15 useful in a w de rahge of
situations, including the extraction of individual wavel ength-channels in
Wavel ength Division Miltiplexed (WDM optical comunication systens, or

provi di ng wavel engt h- speci f i gackeaedhvaak ooremt ppaixreioN nul ti - wavel ength
sem conductor 20 | asers. Gratings are usually inplenmented by nodul ati ng

(varying) the effective_index_ of refraction of a wave- guiding structure.
These changes 4'nTiid8x°bt Q?%f THESTSA™ cause incident |ight wavel engths to
be reflected or refracted: in the case of an abrupt intéerface between two
25 i ndex Yal uége | pghseninciiderhtdonectdlates tdendrlanf ace isoceetirgt ed
according to th%ﬁlwel | - known. Fresnel. refl ection_, | ajv?:% The term .,

"mul ti - wavel erfiih SGrat SHg g&ner Aty PRFer sPRHERTISF1Yr affiong TPREERFs -
capabl e of exhillideriggophiicaét dotiRg036007888s REHIS02/ 21175

2. Prior Art

Gratings are optical devices used to achieve wavelength-
10 dependent characteristics by means of cptical
interference effects. These wa\felength—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 Diviszion Multiplexed {WDM) optical

communication systems, or providing - wavelength-specific
feedback foif: tunable or multi-wavelength semicé%lductor
20 1as_e_rs. Gratings are ﬁsually implemented by modulating
(véfying) the ef.fecti{re index of refracﬁion of a wave-
guidj.ng structure. These changes in index of refractiomn
cause incideﬁt' light wav,t]elenéths 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 _ét

30 grating that is capable of exhibiting optica.l




characteristics at a nunber of wavel engths.. For exanple, a - 2006
mul ti-wavel ength grating may be a grating that reflects |ight at nlsngE%I v
sel ect wavel engths (which may correspond to specific optical communication
channels), yet is 5 transparent to |ight at other wavel engths. In sone

situati oRBe ofygueYer, there is a need to set the optical teristics
for a continuous range of wavel engths, rather than at spggfﬁﬁ%ﬁz’%@bl ength

val ues; for exanple, when using an optical grating to conpensate for the
10 unevenness of optical gain profiles in |aser cavities and optical

amplifiers. Howeygks ALk oM t_hi i nt o for.a cantinuous. range of
wavel engths is di ffi.%ul t 1o %eﬁwé%rﬁ%%rjadfﬁagﬁaeng{fgﬁ ngofeéﬁﬁ%?]o‘:g*l es. 15
Simlarly, a PaRgétéfvwaptlsnathnvavrekéngt sy noy deymadcdhovene FefYects
communi cat i onyghapngl s, sl tical cable .of Jight; this is D vision
Mul ti pl exi ng ZOBare of ?%ﬁ%ﬁ c?cg:r ga'érﬁg%ﬁ%‘éhﬁ n{ng%diWeFé’ﬁFe%%@ engt hs
more (WDM) coRRonBpekhbimn aspiinsd! erghuni estiel ogthanBenispdi cyge at i 9gs

separate or p e'. channel s. wever, periqdic grating technol ogi es
process one \%g\%gﬁé%%t "~ o7 C?Lr%gcy‘% evi® esoFﬁ?JéndWetlc? essIhul 8PPpE e

siltuations, however, there is a need to set the optical
‘characteristics for a continuous range of wavelengths,
rather than at specific wavelength values; for example,
when using an optical grating to- compensate for the
10 - unevenness of optical gain profiles in laser cavities and
optical amplifiers. However, achie;\ring this requirement
for a continuous range of wavelengths is difficult to

‘meet with traditional grating technologies.

15 Similarly, a range of optical wavelengths | ma:y' be u.;3ed
where many communication c:h‘éhnels are encoded into a
gingle optical cable by utilizing different wa’.vélengths
" of 1light; this is wmore cdmmoniy known as Wavelength
D:‘i_‘wfisidn Multiplexing (WDM) téchnology. Periodic gratings

: 20..' ‘are often used to separate or process th_és-e'channels.
'I—IbWever, periodic grating technologies process one
: wavelength, ‘foreing devices intended to process multiple
wa\irelengths to employ multiple singié-_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
wminiaturization. It is thus desired to have a single
device capable of proceséing several wavelengths in a

30 space-efficient manner.

In the field of semicondictor lasers, the output

wavelength of semiconductor lasers is largely determined

2




wavel engths to enploy nultiple single-wavel ength periodic gratlngsn TE@@ 2005
is not an attractive solution because, on 25 top of the additional gs

that each grating creates, even a single grating occupies a considerable
anount of space by today's standards of integration and m niaturization.

It is thygo@esdomd to have a single device capable of prpspssgingiseveral
wavel engths in a 30 space-efficient manner. In.the field of senlconductor

| asers, the output wavelength of sem conductor |asers is largely
determined 2 1 6 FEB 2006 WD 03/ 007038 PCTI US02/ 21175 by the presence of

"feedback el empnicge g UREARN JENIHARIHEER |ARRENDSH NaSEGHd 08 YL LH act to
reflect light at the desired wavel ength back into the laser. For nulti-

wavel engt h op&h&t LBRST ngR1R - SREKEIENng lﬂéeaﬁbcko|Eﬁﬁiaﬂ§eaé6htA@%|ﬁhe
si ngl e- mavele@gggrgaathggei££$§]Iggxkpagntgnlghgdq[ t higg, diwith a
% no

‘cascade of sinple gratings, Teading to the sane (I ot nDre nota%le) | oss
and space pro@ﬁ@ﬁ%eﬁﬁﬁhlcnﬂnﬁnﬂﬁéve; 10m¢lt1+ﬂ§walen9tbf oeadback  is

transnmi ss;(on eledhd el alﬁnomn%@aMage&gﬁ n! tups K s éﬁ&f%egaﬁ‘“h a

property known as di spersion roper i SEs engt h-
dependence ofQ@ﬂﬁecﬁddgeSﬁdewh1WWHdﬂmand twnnhpraducaﬁcaﬂe of simple

wavel engt h- deg&g@gg% grgggddelagosggctéé%g ven %a%%eF gnd l.engt h
er S

of optical an o i cal pulse almﬁgs pos s ES 8¢¥r al
wi dth, this mam@lepgtb pd@@hﬂdemeatheads dlooek f ferent retardation of
vari ous spectral conponents of the optical pulse, thereby leading to its
spread in the spatial domain. ThIS spread directly 20 inpedes the operation
of the o?6|0a| n%%ﬁgrglefg of optlcal transmission, it is well known
that optical networks must contend with a property known
as disgpersicn. Tﬁisjproperty arises from the wavelength-
aependence of effective index, which in turn produces a
wavelength-dependent group delay spéctrum for a givén
15 type and length of optical fiber. Since an optiéal puléé
| alwayé, possesses some spectral width; this wavelength-
depeﬁdence leads to different retardation of wvarious
spectral componénts 6f the opticai puise, thereby leading
to its spread in the spatiél domain. This spread directly
20 dimpedes the operation of the optical network. Some forms
of dispersion can bé corrected for with gingle-wavelength
gratings, but only on a channel by-channel bagis. More
complicated forms of dispersion such as dispersion slope

cannot be suitably corrected by single-wavelength
25 gratingé at all.

One such single—wavelength gratiﬁg device is a Bragyg
Grating. The Bragg Grating consists ‘of' a periodic
variation iﬁ refractive index and acts as a reflector for
30 a single wavelength of 1ight'related to the periodicity
‘ (known as pitch, A) of the index pattern; and is
frequently used in both gemiconductor systems and fiber-

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




of dispersion can be corrected for with single-wavel ength gratingsf PEB 20086
only on a channel by channel basis. Mire conplicated fornms of dispersion
such as dispersion slope cannot be suitably corrected by single-wavel ength
25 gratings at all. One such single-wavel ength grating device is a Bragg

G ati ng. Grating consists of a periodic variati active
WbRsRIRGS 3@@5@;@%@

i ndex and acts as a reflector for 30 a single wavel ength | at ed
to the periodicity (known as pitch, A of the index pattern; and is
frequently used in both sem conductor systens and fiber- optic systens. In

practi ce, the :Rragg: G ald ng LarMgual 3 déé@t%t%/ 007038, E&IIadRag/ 21445

refl ect at several wavel engths, correspon overt ones oOF it
" fundanent al piAVEALORBREVEF, ﬂhéseflmﬂgmt@]r depltwavel éngtelvert endhessbe at

quite differemnfignepesctsdt (8 !e?&ﬁ#ﬁ@” %Hﬁt o A the und $e|d§ﬁ§wavel engt h,

5 thus not making the Bragg atimg use as a Tuf
refl ector. MEPGFEralt hegeoms ofem dridér ofwahel éngdihmmmoftavlwehgﬂﬁd

i ndependest | y +@f,-0 n ery mul ti-wavel ength at i ng tec oI 0gi es
i ncl ude: ~ 10 anasogg%%pfe?l%?% se(?t}]l aﬁa%sG Wﬁ'eg ‘g S@)l

Super - St r uct umMavedlghghys (wa)ectﬁbn r pedoBsaggy: G athegs, ]:%‘H&nar&@t i ngs,
Arrayed Vavegyj( Ech lle. G at and Bi nary Superi nposed
Gratings (BSG). q’%%%ﬁ%og superl FrpSEJé‘a g?%‘fl‘? ﬂé%’%iyaoﬁeﬂ%‘?a?rf%ron of the
Bragg Grating and are rooted in a principle of superposition: a grating

profil e consi o] he sum t.he i ndex profiles of single-wavel ength
gratings refl e%gt sre1£g atmugl I HFV??%R%%StE?ﬁJW eV EIRO9d essy dmedugeat i ng 20

reI i es ohlan amallog i sdpErimndsdd orgratt-J’:laltgsl S, s8mpled Gratings (8@),
Super-Structure Gratings (S8G@), Chlrped Bragg CGratings,
Dammann Gratings, Arrayed Waveguide Gratlngs (AWG) ,

Echelle Gratings and Binary Superimposed Gratings (RSG) .

15 | Analog superimposed gratings are a generalization of the
'Bragg _Grating' and are rooted in a prlncz.ple of
supe@osition a grating profile COI’J.SlStlIlg of. the sum of
the :|.ndex prof:.les of s:mgle—wavelength gratings reflects
at all of its constltuent wavelengths.. Such a grating

20 | relies on an aﬁaiog index variation, that is, a
refractive index that .changés continuously along the
grating length. However, it is difficﬁlt to inscribe
sti‘ong aﬁalog gratings using the | well-known
photorefractive effect, since the change of index under

25 ~illumination varies non—linearly with strénger exposuﬁ:es_,
making the writing process difficult in semiconductors
where surface relief gratlngs are used. It is also very
dlfflcult and generally 1mprac:t:1.ca1 to reprodu01bly etch
analog features 1nto the surface of the semiconductor.

30 The latter difficulty brought about the 1ntroduct:.on of
blnary gratings, i.e. .+ gratings that rely only on two

refractive index values corresponding to ithe material




refractive index that changes continuously along the grating |engfhg FEB 2005
However, it is difficult to inscribe strong analog gratings using the
wel | -known photorefractive effect, since the change of index under 25
illumnation varies non-linearly with stronger exposures, naking the

witing pvooxasoessi fficult in sem conductors where surfacecresozefrgratings
are used. It is also very difficult and generally inpractical to

reproduci bly etch anal og features into the surface of the sem conductor.

30 The latter difficulty brought about the introduction of binary gratings,

i.e., gratingbeidmt rélchedn! yoon heo eethadfi velindéxawmsd uesrcomadspondi ng
to the materia VWO 03({ 007038 PCTI US02/ 21175 being etched or not etched,

4
i |l um nat ed O%!L:H(l) 034 9% i nat ed.  Two representations of multi-wavel ength

binary gratings are sanpled gratings (SG and superstructure gratings
(SSG . The SGis constructed with_alternating sections of gratj ng and

grating-free r&gi AE 6P FhatwWeegaf a8 Fhawayttenatdt | yradett oM<l i oduce

diffraction spest reameiesi ghhothed 1MoLy i pLA r 8fjestdAcE ReAKgr£OMNA ned

within 10 a (thi cal IH\{),_ symretric envelope, The SGis intrinsically

linited in théSPEexi ?i%% 1H e tyehetonl B P Yerantyed serehgih of

reflectance pgaksingn@ndbesauseqkthe ﬂe%&agse bracidO Ny Ll13d NOrid €
e

space, is also_spatially i1nefficient. T is therefore particularly
unsui t abl e 153%heFRaBIRHor t SHFEIMY | PHMTEr ed BELRAEELEOMAY eBRFHET2 | 0SSES

are high. WtRohBesSURE oSt HECliNIe %@&geeaﬁé:égaeagsh%o%a&h@a wPeh{pd 1S

chi r ped q¥ finely varying the grating pitch, 20 which corresponds to the

| ength of Oneatdgyﬁigpébyh symmetric envelope. The SG is intrimsically

: limited in the flexibility in the location and relative
gtrength of reflectance peaksg, and, because of the large
fraction of grating-free gpace, is also spatially
inefficient. The SG is therefore particularly unsuitable

15 - where a short grating 1s required or where waveguide

losses are high.

With the super-structure grating (Ss8G), the grating
pericd is chirped by finely varying the grating pitch,
20 which vcorresponds to the length of one tooth—groove-
~ ¢ycle. This can also be thought of as a sequence of
finely tuned phase shifts; common phase profiles include
linear and quadratié' chirp. Such an implementatioﬁ 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.

Chifped. Bragg Gratings are grating devices targeted at

30 applications such as dispersion compensation and optical
| pulse compression. Here a Bragg grating’s pitch Als
varied along its length. This produces &a wavelength-

dependent phase spectrum which can be tailored to provide
5




cycle. This can al so be thought of as a sequence of finely tuned ?E}%B 005
shifts; common phase profiles include Ilinear and quadratic chirp. az

inplenentation in principle allows arbitrary peak positions and rel ative
25 heights, but only at the expense of extrenely high resolution,
corresponwa d@ot@msa very small fraction of the size of thewgustbizngsteeth

t hensel ves. Chirped Bragg Gratings are grating. devices targeted at 30
applications such as di spersion conpensation and optical pul se conpression.
Here a Bragg grating's pitch Ais wvaried along its length. This produces a

wavel engt h- dﬂp@ruiawre;&l@&@u@pa@wyn&ﬁ@&@fma@:beugmj.lrgéedewgm&viede 51
6 FEB 2005 WO 03/007038 PCT/ US02/ 21175 the desired group del ay spectrum

Cg=- d4l du. Thegiredmayf fag-pacg wenelerstls batkemafel lengt X0 therrdwidows from
the round- trjp,distance to where |ocal pjtch has_ X. 0, as its Br
13(0?1 %§)

a

wavel ength: -t 15HPPSR) FABEF S (RO i BIEfR ?ﬁét%hFSSJEEbr%ggﬁie at
whi ch Al =X ) ! h t L opl tatl ff
Fom extens: viopeaHatil MaD- SEeChRiHibre RERS, 1Phe SRS ot el

conpensatsi on éSordidtatnplet @hidl BRyERLAGF. at LAYSprHE: illeNar Hogsadt NYS
devi ces mhereiﬂ t he %rating features_are inposed on sone surface and
wherein the FREFUentPHERRECRFINA nSEESSY hETSTr PECESELVR 0FEOHBT ARl2Y or

of f-normal angigpidhe iepttsainpavabiordnd naiggé%sm EbhSerl-AtioRd ig
experiences a one-time interaction with the 15 grating features and thereby
experi ences REABNMBRIPRSpe diffraction (as opposed to Bragg diffraction).
This device is intended fo"r free-space use and is not easily enployed in
gui ded-wave applications. Furthernore, to
10 ~ Dammann Gratings are binary gratings devices wherein the
grating features are iinpoéed ‘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 intendéd for free-space use and is not easily
employed in guided-wave applicatioms. Furthermore, to
achieve t‘hé wavelength resolution requirements imposed by

20 modern optical communication systems the incident light

must be collimated to a very high degrée, ‘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 1light
between an array of Waveguid'es, whereln each waveguide is
of a slightly different optical Ilength. The resulting
optical phase ' differences between the | wavegquides’
30 respective outputs leads to ‘a wavelength-depeandent
l interference pattern, which with proper design cai lead
6




achi eve the wavel ength resol ution requirenents inposed by 20 noder iy Bppf%gagmjﬁ.
communi cation systens the incident light nust be collimated to a very gh
degree, which can prove difficult in practice. Arrayed Wavegui de G ati ngs.
(AWG) are used primarily to 25 spatially separate optical channels in a
VWDM envi reaneng7o3sThey operated by dividing i nput multi-wapergpeiiits ght
between an array of wavegui des, wherein each waveguide is of a slightly
different optical length. The resulting optical phase differences between

t he wavegui des' 30 respective outputs | eads to a wavel engt h- dependent
interference patter BephcibnM & RLOBEENGES| 9BnEddigdd 16 plabe £EB 2006 WO
03/ 007038 PCTI U$02/21}?L75 to a separation of wavel ength conponents. 1n
practice, thit&ifediffoINegyPIreqiridsedastasdnoumeentsf eBniscongoedertor eal
estate and i S exdd : uf a ' o Lnts ratings
are al so usetrj@%f%?rrar ;%S;/C%t%% spalgﬁiaal I ;Clﬁﬁtgdg%%r at (%’I%%{e?%al‘ (T:rﬁglﬁlﬁépgﬁ%ﬁn% VDM
envi ronnment . . cH@séraintgrati ng plane i s generated by neans of defining sub-
wavel ength reflective features at various glazing angles 10 and potentially
al ong son® curved plane. The grating plane is then illumnated with

mul ti-wavel ength Iight, often at an oblique angle, and the individual
reflections audthelpet qrrsitisigentdad | yisepalaige phennavel engt Rpagogpopent s.

The device tends to be very difficult to 15 inplenent in practice;
requiring bot ¥ S®EERTENEPFIERL EPERPAYS char éc?@npli SOVEEORRRRE i nPEErented in

sem conduct or .grating plane is generated by means of defining sub-
wavelength refléctive features at wvarious glazing 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 impleme_nt' in practice, requiring both deep and flat
etching characteristics when implemented in

semiconductor.

Prior art regarding binary superimposed griating gynthesis
_20 is presented in Ivan A. . Avrutsky, Dave S. Ellis, Alex
Tager, Hanan Anis, and J. M. Xu, "Design of widely

tunable semiconductor lasers and the concept of Binary

Superimposed Gratings (BS@'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 - i.e., gratings characterized by
reflectance at several U"peaks", ~which can be controlled
in - their position and streﬁgth. In these methods, a

30 gra’t;ing engineer -begins with a set of sinusoids, each

sinusoid corresponding to a single reflectance peak and

weighted according +o that peak’s desired relative

7 .



Prior art regarding binary superinposed grating -synthesis 20 is. rﬁﬁﬁﬂ%%ﬁ -
in lvan A Avrutsky, Dave S. Ellis, Al ex Tager, Hanan Anis, and J ,Uﬁﬁ
"Design of widely tunable sem conductor |asers and the concept of Binary
Superinposed Gratings (BSGs)," IEEE J. Quantum Electron., vol. 34, pp.
729- 740, W§98e078%3 A der nmethods in the prior art address pboeusydiiesi s of
"mul ti-peak" gratings - i.e., gratings characterized by reflectance at
several "peaks", which can be controlled in their position and strength.

In these nmethods, a 30 grating engi neer begins with a set of sinusoids,

each sinusoi dteengiglspondibeget 0 peskagl edeef | actiafce epkhand (Right ed
according to that peak's desired relative,7 J 6 FEB 2000 WO 03/007Q§8

PCT/ us02/2117%‘12??@‘?{%?%“1%@%%‘3%&&% Bre d8dPTBycther EPPErimposed

- superi nposed; ghredtegt heo BStoiSedk Ny £% Jdods YReriinRosednisgpabiiy 19
produce an "anﬁlog rofil This profile 1s., then digitally quantized by

a sinpl e threSRGRd 'FG&EYSCPEWmé%EﬁpFﬁi ?f59ﬁ31%n§P6gSBPB@iW%t@%@ue i's

positive 5(abeve aepi@yIss! ectedHeLl ghenae) ph-henit heaoLr espopdingiv8SG
segnent is a high or binary 1 index value; if it is negative, the

cor respondi ng (B8&78egneriteiseleaten gefeprRasy Z8£B ithgexcaraegecndtn$Hovnever ,

this approachgics isaadeauatg in byl 83ShihWe, ar eageyf j&f%§f1é}’1if hee t hpeshol d
quantization process introduces’internodul ation, mﬁlc largely limts the
appl i cabi | i t y "6B2BSES: syfitthes¥Easpendifis REfnePeIwEs a6t i &/ e 1@ppl PEati ons

(laser feedbaglknghemenls ANdkt N81ve.

10
However, this approach is inadequate in at least two

areas;: firstly, the threshold quantization process
introduces intermodulaticn, which largely 1limite the
applicability of BSGs sfynthesizéd in this wanner to
15 active applications (laser feedback elements and the
:iike)r Secondly, this synthesis procedure is limited to
multi-peak gratings, and offers little or no control over
the individual peak shape. It is also entire"ly incapable
of generating flat-top channels, as desired by some
<20 communication applications, and of generating the near-
arbitrary reflectancer spectra demanded by some gain- and

dispersion-compensation schemes.

Other wmethods 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 is desirable to provide methods and

30 apparatuses for overcoming the disadvantages noted above.

SUMMARY




‘Iike). Secondly, this synthesis procedure is limted to multi-pe 6. 2008
gratings, and offers little or no control over the individual pea SEE%e.
It is also entirely incapable of generating flat-top channels, as desired
by sone 20 conmmunication applications, and of generating the near

ar bi tr ar Wo efdoe@s8ance spectra denmanded by sone gai n- and pCT/US02/21175

di spersi on-conpensati on schenes. O her nethods for BSG synt hesis include
trial-and-error 25 nmethods that are nost often conputationally difficult
and inefficient. Therefore, for detecting optical wavel engths in optical
devices it isluesarabtédadae pretilde omé hodsbaliched® apyfar athisespfaent
overcomng th .sadvant ages .noted above. SUMMARY 8 1 6 FEB 2006 WO

03/ 007038 P P 782 R HEECor (AR NRE U?Fg'uéiﬂﬁ’@di?fénieaﬁtt ¥%r esent

invention an opticsl cameegeatihgcl vdi NGra@tide@ast Thee aOPtied:t SURKY grati ng
is provided. The, at. | east one .optical_supergrating includes.a quantized

refractive 5 PRI Dr SFHEIEFEIPEd LBOEM DI & a FRRTEESHI uFEFTRSE ot

refractie iniexes; pubiche i adhptsadace adapbed Lo PeNAAlLLLw@ ekl egt ance
spectrumin at.|east, one spectral band, In accordance w.th anot her
enbodi nent  of “Ehe*Priedentde¥Gsi nVBAE ol - Bt K@ SCLPESRsRPt FPRRFHRS | east

one optical skopatlddmce EbestrBRAl Nt 4t0 12.8€C8AE PHGLMird1S Hakavi ded.  The
met hod i ncludes providing at |east one first optical waveguide including

‘an optical conponent. The optical conponent includes at |east one optical
super grating, 1a5 deudrmindedUpith ZedJrabractiniimadex pf ofide pdaptad to
exhi bit ﬂ)flnkggégéﬂgflét%egﬁod of transmittin t 1 t : tical
_ : g a east one optica
signal from a first poiht to a second point is provided.
The method includes providing at least one first optical
waveguide inéluding an optical component. The optical
component includes at least one optical supergrating,
15 having a gquantized refractive index profile adapted to
' exhibit a finite plurality of refractive indexes. The
finite plurality of refractive indexés are adapted to
generate a reflectance speétrum in at leaét oﬁé spectral
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 ak ieast one opticél
' supergrating is provided} wherein the at least one
optical supergrating‘ comprises a binary quantized
refractive index profile adapted to exhibit a finite
plurality of refractive'in&exes. The indexes are‘adapted

30 to geﬁerate a reflectanéé_ spectrum in iat least one

'spectrai band.




finite plurality of refractive -generate a reflectance spectrumr ?’ﬁg YRIG
I ndexes. The indexes are adapted to in at |east one spectral ba

corresponding to a Fourier transfornmed analog 20 refractive index profile.
The met hod includes transmtting the at | east one optical signal through
the at |waos/o@mss first optical wavegui de; and receiving pOBRUSER2INEASt oOne
optical signal at the second point. In accordance w th anot her enbodi nent
of the invention an 25 optical conponent including at |east one opti cal
supergrating is provided, wherein the at |east one optical supergrating
conpri ses a bilfar §cqgoadriced wikthf ramttihes | edlexdpraaft | efadddpt epredssekhi bit a
finite plurali , _ref ' I nde . Lndex ; p : to
generate a refﬁ#te‘%trlg%gfel sa[pgig%{rz%%]ii r%gaéell%gggpﬁ% e%%sgg%%tgl &g%nésgbégll 6 FEB
2006 WO 03/ 0GZ@381PCi¢ US02vAT:d5 | Thecoettadcenwltuldeanopheridmgodament of

t he present ir?a\éesri‘:tioré a ntetch d c%f races ing at _| egst _one optOi %aga si gnal
i s provided. The method ThelTaesS PrEOH 1 nzj'a 09 AL, eP3GHe OBFt PEA “&dmponent

havi ng at 3| eastupenerapthgal Bheuper griaidsty. ohbe aptlieabt anerephidal
supergrating .ncludes a quantized refractive,index prafile ad ed to
oxhibrt a £t R R Ry AEErUat RIS a0 e BO2BERR: P

optical characdaritstd es fimiadle lRaskh108¢ ospestradt bandindtheseidapdeal so

i ncl udes adapting the at 10 | east. one optical conponent to affect the at
| east one Optquﬂggﬁegﬁsp_ optical characteristics in at least one

spectral band. The method algo includes adapting the at

10 least one optical component to affect the at least one
optical sigmal. |

In accordance with another embodiment the invention is
also directed towards an optical compenent including at
least omne optical supergrating. The at least one optical
15 supergrating includes‘a binary quantiéed féfractive index
profile adapted to exhibit a finite plﬁrality of
refractive indexes adapted to generate a reflectance

spectrum in at least one speciral baﬁd.

The invention is 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'lhaving a quantizéd
refractive index profile. The quantized refractive index
profile is adapted to exhibit a finite plﬁrality of
25 refractiﬁé indexes 'adapted to generate optical
characteristics in at least one speétral band. The method
alsc includes providing é 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




In accordance w th another enbodinment the invention is also direc eﬂ -
towards an optical conponent including at |east one optical super.gr tﬁEBg.anﬁ
The at | east one optical 15 supergrating includes a binary quantized
refractive index profile adapted to exhibit a finite plurality of
refracti weéOiosrdemsss adapted to generate a reflectance speptromzniat | east
one spectral band. The invention is also directed towards a nethod of 20
nonitoring the stability of an optical system The nethod includes

provi ding at |east one optical conponent having at |east one optical
supergrating having a quantized refractive index profile. The quantized
refractive index ggrofideaces widaptedther exhbbiimend | of t ehpl ahabhtyoof 25
refractive inddexesr acap1;§g to geger e ogti cal characteri S%C:i'%? in_at |east
one spectral Band “FHE"WEPASd P55 Thel GABROMTYYi difig BEQYEASH ¢ YT
opti cal det ectpapgrampabVé didis ipwOCesshmshealtectinoni:ees and adapti ngnd he at
| east one; opti cal. cgrrponent to, affect, at | east one chosen 30 wavel ength
conponent” t o ioﬁgéfﬁ t SWPERITRE T BRI fIUatiZed redractors. 1aeeio

03/ 007038 PCT/gd5@2121188abReaccerdangaivith anotrhat cenbadiprnicof she
invention, a rogr ammabl e, opti cal caonponent is provided. The programmable
optical conpod&ftafhtliidesiaterEast aetsdopt Feal SERAREFGeat i AYSREVEhg a
quanti zed ref ragirb¥eeknEeXcs POt ecadapted doxhhbhina finite plurality
of refractive indexes adapted to generate spectral characteristics in at
| east one speciral band. I'n accordance w th _anot her_ enbodi nent of the

i nvention an a&ﬁf}ffgﬁflcﬁo%%e&m",t%? FREPAUBEAC 19 Tkt iiCWIenESAp oMt
includesiat. |gastadnecenpdiaid Ngsr egushOPt ngal optical component

includes at. least one scattering-reducing optical

_ supergrating having a quantized refractive index profile
adapted to exhibit a finite plurality of refractive
indexes adaptgd to generate spectral characteristics in

15 at.least one spectral band. The supergrating also has at

least one grating feature dimension exceeding grating
- material wavelength Agar = Ao/Ressr and a decay constant of
the modal tail less than 1/A,: in a predetermined region

of the at least 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 qpanﬁized refractive index profile.
The guantized refractive index profile is adapted to
exhibit a finite plurality of refractive indexes adapted
to generate spectral qharacteristiés 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




supergrating having a quantized refractive index profile adapted tﬁﬁxlfﬁé)ifﬂﬂﬁ
a finite plurality of refractive indexes adapted to generate spectral
characteristics in 15 at | east one spectral band.. The supergrating al so
has at |east one grating feature dinmension exceeding grating materi al
wavel engiyio d$rmtoss Xo/ neff, and a decay constant of the neUBEUS®R&ILTS | ess
than 1/.mat in a predetermined region of the at |east one scattering
reducing optical 20. supergrating. In accordance with another enbodi nent
of the invention an optical conmponent is provided. The optical conponent

i ncl udes at |=aastleme: mins - dierendi ooptiopt | csdveRBideper Grat ioFit@li ng a
quanti zed refractjve index profiJe. _Th uanti zed ragti i profile
i s adapted tocowirﬁ%i tarigofiﬁlil%leu 51%ur &Fi flyeqaos’f% rg?gac Pﬁ{/leC%'l(ind(\é((g“e% adapted to

gener at e spectpelcallar asharliisii ¢hei Night| €ash dhe aspietdstal odmnEhrB0 The
invention is alsp dj

rected tqQwards an optical coupler _ systemf.or upling
light between®Ravequi dEYSTHHES o5 call"ecﬁﬁpl g‘?a?iﬁcloﬂ‘gessea Onfdgao 1g)locn&glofi r st
optical wavegybdegande. 1ihd\RO3 QA03hPCPHISRA/ 2bkpbnant | tastudese second
optical waveguide. The optical,  coupler also includes at_ |east one c?pti cal

component  opBPRBFEYEL otipfi ot WWRe LRAGHt PFPOH € he ™R 8adt o A8 PH14T

optical wavegukdesteitbeintetepsisone secoashbopt i €l ebhibivavegiidete The at
| east one optical conponent includes a ,quantized_refractive index $rofi | e,
wherein the qRadrp2zéty refr HGPEtiNGex 1PREFET e 3E t &8 t §SBRRFBTL a

finite pluralighycelal efhacidieg-ikRdexesn adaptadd engenpeat £al speet.r al
characteristics in at | east one spectral band.

‘10 In accordance with another embodiment of the invention an

- optical device is provided. The optical device includes

at least one optical waveguide having an optical

component for reflecting light within the at least one

optical waveguide. The optical component includes a

15 °  quahtized refractive index profile adapted to exhibit a

finite plurality of  refractive indexes adapted to.

generate- spectral characteristics in at least one

spectral band. In addition, the optical couwponent

includes an optical clirculator having at least  one

20 optical port, and optically coupled to the at least omne

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
opticéi diépeisidn control system is provided. The system

25 includes at leaét'oﬁe first optical waveguide adapted to
exhibit wavelength-dependent dptiéal - phase
characteristics. The at least one optical waveguide
includes at least one optical Vcomponent having a
quantized refractive index profile adapted to exhibit a

30 finite plurality of refractive indexes adapted to
generate specﬁral characteristiecs 1In at least one

gpectral band.
12




101 n accordance w th another enbodi mrent of the invention an optical __
device is provided. The optical device includes at |east one opti 3:% FEB 2006
wavegui de having an optical conponent for reflecting light within the at

| east one optical wavegui de. The optical conponent includes a 15 quantized
refracti weoozeheassprof il e adapted to exhibit a finite pl urcssozreiss
refractive i ndexes adapted to generate spectral characteristics in at

| east one spectral band. In addition, the optical conponent includes an
optical circulator having at |east one 20 optical port, and optically

coupl ed to thenatctenddinonerithptineahenassigididemdndiadapt edvén: i eat t he
reflected light.to té‘le at. .| east ﬁrje optical ,port. I.E gcc,?rdanc%w'th o
anot her enbodPRERT>of HFRETHENEPBRTGh SHPiTtals B SFersfont Lo Bic8yst emn
- is provided. Thelsgss emn?2Scptiddldesombldeasic0of ffokStcopliitgl Mayegui de
adapted to e)éh'tbit wavel engt.h- dependent optical phase characteristics.
The at |east Gf&"opti 8‘51"%3&6& dj AdfRird &C | bifhe YBPEH I Fonponent

havi ng a 5 quaakpetdenief rgsiio | pURxepr ehhl-g-Bdapitadst. 0 exhi bhprc30 finite
plurality of refractive indexes adapted to- generate spectral )
characteristi CSUPASht PYIEM 0@ cl¥F8E raF bEFREL 120 6 IREBL200BE AL

031007038 PCThkSREH2dd 7and NaBCTOLSANGE: V&éébxﬁ'%ﬂ%%ﬁ:a@”%g& e Ofrdre

invention an optical dispersion control system’is provided. The system

includes an of¥FEST cdtFR erliny¥fiem ok JAAFE ngupi PRtidsdt weerPRS Ui des
and adapt ed teopexbhbi{ Meyel sRgtiho dependent, eBE g2l 1Rhaseone Eirst.
characteristics. The optical coupler 'systemincludes at |[east one first
optical _ 0 c?ptlcal waveguide to the at least one second optical ‘
' ~waveguide. The at least one optical component includes a
quantized refractive index profile adapted to exhibit a
finite plurality of xefractive imndexes adapted to
generate spectral characteristics in at least one

15 spaectral bhand.

In accordance with one embodiment of the invention an
optical device for geparating -Wavelen'gth components of an
opt:':i.cal signal is provided. The optical device includes
at least one optical wavélength separation sYstem having
20 at least one first optical waveguide and at least one
second 'optical wavegulde. The optical device also
includes at least one optical component optically
fcoupling the at least one optical ‘wavelength from the at
least one first optical waveguide to the at least one
.25 second optical waveguide. Ther at least one optical
component includes a quanﬁizéd refractive index profile
'a_d‘apted to exhibit a finite pluraiity of refractive
indexes adapted to generate spectral characteristics in

at least one spectral band.

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

13




wavegui de and at |east one second optical waveguide. The system TlicFEfB 2006
i ncludes at | east one optical conponent optically coupling the |i'ght Trom
the at |least one first 10 optical waveguide to the at | east one second
optical waveguide. The at |east one optical conponent includes a quantized
refracti w ésndeasgprofil e adapted to exhibit a finite plur@usop20175
refractive i ndexes adapted to generate spectral characteristics in at

| east one 15 spectral band. In accordance with one enbodi nent of the
invention an optical device for separating wavel ength conponents of an
optical signatohigorpdravi dethe Thecaptogal adew celdditldedes at Geastione

optical wavel ength separation system havin 0 at |east,.one first. optical
wavegui de andr%grﬁ“'é%t’s‘fe oﬁé‘%%c%@%ﬁﬁ cﬁﬁa&}é%‘ig&ode?x%fﬁltopﬁ At e ce
al so includegiatal B3st One QHraeREvE0NPRASKEs ORidgalddy teougbhagatde at

| east one optical wavel ength fromthe at [|east one first optjcal vegui de
to the at | eaSPeBHERbECRRERARHRGICH IWavdguiaret THRS afPPEREH! oRR™ pt i cal

conponents i ncirydes @nquapt i 3edor efinaghing i pdexipiaiite adapbgdi&grexhibit
a finite plurality of refractive indexes adapted to generate spectral
characteristi 8stpaitors |coaplegndspeher AlavedsiItl0 vrRe tRAy eftith #5%al so

di rect ed tovandsyouayel Sgkhacs! abiddi¥riBal LaknaThenvRVE! GRaLbostabl Ity

nmonitor includes a wavelength nmonitor having al |east one optical 13 1 6

FEB 2006 WO 09A96¥688tPCHA1BS0H 2 107 saddifomerht . coRfeoldRrict 6°1al8d FAcl udes
a quantized ﬁ;ﬁy gihké{fitgdéﬁ @515%{#416 d%@%%%@st 95 eXDidy & d iRhkeate
f ractive Ihdexes a t

plurality of re apted to generate
10 an electrical signal corresponding to wavelength

deviation.

The invention is also directed towards an optical
wavelenéth equalizer inclﬁding at least one optical
15 component. 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
spéctral band. The thical 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 . includés 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 sPectfal band. The at least one optical

component is adapted to measure power per wavelength in

30 an optical signal.

14




spectral characteristics in at |east one spectral band. 5 The nDnitE@ g&Ego2006
includes a plurality of optical detectors coupled to the wavel engt

nonitor which are adapted to generate a deviation signal when a nonitored
wavel ength deviates. In addition a controller coupled to the plurality of-

optical qQeheshPhs i s adapted to generate 10 an el ectrical ps{RR§ 21175
corresponding to wavel ength deviation. The invention is also directed

towards an optical wavel ength equalizer including at |east one optical 15
conponent. The at | east one optical conponent includes a quantized

refractive i ngexapeetilec@dRRie Gt ithichbbafnedt b &Y UrabhtYoRfan
refractive i ndexes adapted to generate sgectral characteristics in at

| east one spéPLAERLbarRIPORRRtopEECaPT e nffhies apP&iraldaseEacrento
adj ust “ave|eﬂﬁbﬁaﬁggeétpﬁém%%%ﬁkﬁ@9%5r£ﬂhéﬂhé”ﬁﬁﬁ%%%l St rathifigdccor dance

wi th anot her enbodi nent of t invéntion an optlcal wavel ength monitor is
provi ded. The optical wavel ength nonitor includes at |east one optical 25

components haviig 3. qUapihged el Laghi va; F0dex Profidaadapt edopogxhi bit a
finite plurality of réefractive indexes adaptéd to génerate spgc ra
characteri sti cempeneat | easpromingpestr aledsand. ofthe faindaddst opeiopli cal

conponent is apted _to_neasyure. power - per velenath in. .30 an optical

o onal . 12 PENEEbTnd Narna 007098 pen) Dby ST1TE M o aRaauEE i ¢ h

anot her enbodiaremandfi zERerefivactivn amexopiiofal.ecadppnahttd expibitdaed. The

optical compongny;. J ngliydes ;3 | east QN8RPNqLAMRALE Pt Ga) syPeLgrating.
=10 generate spectral characteristics in at least one

gpectral 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 in connection with the accompanying drawings,

wherein:

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

invention embodiments presented herein;

Figure 2 shows a pictorial view of a counter directional

coupler incorporating features of the present invention;
30 .
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5 The invention is also directed towards an optical - conponent conpfifsiFiB 2006
at | east one tuneable optical supergrating. The tuneable optical
supergrating includes a quantized refractive index profile adapted to
exhibit a finite plurality of refractive indexes adapted to 10 generate

spect r alywghahaesgeri stics in at |east one spectral band. pCiraisomysnsion is
al so directed towards an optical . conponent having at | east one optical

supergrating 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 aiiR@frel €at usieSedf at hpi rRsent vieverdf on are-dysickiinedlin the
foll ow ng description, taken jn connection_with the a COH@&E%%% dr awi ngs,

wherei n: Fi gulf®PLers IRCPFBRAF_FHRY TERGWFRG Tet HYd %':teéiﬁggo% one met hod
for synthesizing a BSG incorporated by the invention enbodi ments presented

herein; Figure 2 shows a pictorial view of a counter directional oupl er
i ncor por at i nF¥aBtaurds FvEné presertat nvétt i9dn2 ﬁ%geﬁ\ﬁgﬁﬂﬁ%ﬁfﬁﬁg

PCT/ US025211785 5 Qurie.-3 Shovena sl Gdifjialr Vit fordtengdifeactienalot coupl er
i ncorporating Teatures of the present ‘i nvention; Figure 3A shows -a

pictorial vieWofpreaspintiaveatieeti onal 5 symetrical wavegui de coupl er
i ncorporating features of the present invention; Figure 4 shows a .

pictorial view of a dispersion conpensator incorporating features of the
present 10 iRiyemme ons shows a pictorial wview of a  dispersion

compensator incoxporating features of the present

10 invention;

Figure 42 shows a pictorial view of a dymnamic add/drop

filter embodiment incorporating features of the present

invention;

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

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

Figure 6 shows a pictorial wview of a wavelength monitox

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
pregent invent_ion;

30 '

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

embodiment of the present invention;

16




Figure 4A shows a pictorial view of a dynamc add/drop filter enbo 'E”T-'EB 2005
i ncorporating features of the present invention; 15 Figure 4B sho

pictorial view of nultiple wavegui des coupled wi th programrabl e BSGs
incorporating features of the present invention; 20 Figure 5 shows a

pi ct ori alwe@b®we70fs an alternate enbodi nent of a di spersi opCT/URRENSHL Or

i ncorporating - features of the present invention; Figure 6 shows a

pictorial view of a wavelength nonitor 25 incorporating features of the
present invention; Figure 7 shows a pictorial view of a wavel ength nonitor

i ncorporating features of the 2D enmbodi ment of the present invention; 30

Figure 8 sho a pictori al V|ewof a velen moni t or .incorporating
features of ;A%‘e %l nig scat?eréﬁgﬁ??a H%I%gnt HFetrhe pré‘ﬂg’8 ?gmrﬁ/entl on;

16 1 6 FEB 20&@a%@r@3/6ﬂ7tﬂ8e8 ﬁ@'E/eHSO?hQéﬁt?ﬁorﬁl gude 9 is a diagramof a
Lanbda router incorporating features of the present invention; and 5
Figure 10 is a pictorial diagramof an iintra-wavegui de suppression

coupl er i ficor pakatreng o ea UBeH iRk olrhel AYEAL 0B laElTAirLﬁlaJaE%BbEE{éO\l OF
THE PREFERRED EMBODI MENT 10 Al t hough, the present invention wl|

descri bed wi t IFYPPEFEFLARe tPWHETSU TRG1BAboFSRENES S as %owﬁh‘?n t he

drawi ngs, it shewnh@dibg_ understood' that the present invention can be
enbodied in nmany alternate forns of S

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

10 Although the piesent invention will be described with
reference to the siupergrating ewbodiments as shown in the
drawings, it should be understcod'® that the present
invention can be embodied in many alternate forms of
enbodiments, and it is not intended that this invention

15 ig 1imited‘only-to that particular type of embodiment. In
alternate embodiments the present invention could be used
in ‘any sguitable optical device regquiring 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 superdrating from other grating
technologies. The first ie that the supergrating relies
on a discrete number of effegtive 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 Dbinary embodiment of the present
invention, however, it will be appreciated that in
20 alterﬁéte embodiments any suitable number of discrete

levels of effective refractive index may be used, The

17




enbodi ments, and it is' not intended that this invention 15 is |im¢@dFER! ¥06
to that particular type of enbodinent. In alternate enbodi nents the

present invention could be used in any suitable optical device requiring

one or nore optical gratings. Starting with supergratings as used here, it
will be walosappiseci ated that there are three nmain proper tHGZUIRAILTS
differentiate the supergrating fromother grating technologies. The first

is that the supergrating relies on a discrete nunber of effective

refractive index |l|evels. This nunber is historically 2 and hence the 25
super gr ati ng ¢abfdmke t elfies mod effaidve grefiawgivien. inddw chagad® it is

known as the Bjnar ergrat.in BSG .. For the sake .of |

illustration ¢ ilz%l%?ed?ci% pt e f 'tﬁ"fa F%%hsl fnratche‘“’rt% ﬁ%ﬁ?xe%%%n%pof t he
present inveatidn, tiweueighbdérivddd b ahpr evpatrgdatiag, | nx3®yaldrey nat e
enbodi nents any. suitapl e.n er of .discrete__levels of .effective refractive
Chidox. oy be GLBRt RBhSs " FRRE B 3000 b GFB0TOEE PETFLLEDID A

di fferents val ugpepicdd®ctibye pebpacddMey | Ndesoryay Hel  atd aiwEd bybararyi ng
the real refractive,index in any part _or in the nei ghbqgrhood of the

super gr at i ng, 2BPTET- A %}%ﬁﬂ%fﬁ&&%lwa%n%ﬁ%% H%% et I YT act i ve

i ndex 5 exper pepgest bynwagating light, and it will be appreciated that
many enbodi nents are possible within the present invention. The second

defining property of the supergrating is that 10 the grating resenbles a
sanpl ed structgee sﬁb@ﬁacﬁéfhﬁfﬂgb%fr@pé%y fr sl 8RYILEingach erseci ated
with a sanple region. These sanple regions, which nay take a variety of
10 the grating resembles a sampled structure characterized
by a set of sample points, each assocliated with a sample
region. These sample regions, which may take a variety of
shapes, are’often referred to as refractive index pixels.
The supergratings effective refractive index ig
15 substantially fixed within each pixel. This refers to the
fact that transitions between the grating’s index levels
canriot occur at arbitrary positions, but,; rather, must
occur at boundaries of regions defined Dby the sample
pointg. Thus, the BSE can be described by a series of
20 {ofteri binary} digits, indicating the refractive index

setting at each sample point.

The third defining pfoperty of the supergrating is that
an optiCa1 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'pixéls, meaning‘that each pixel
is neighbored by only two other pixels, leading to a
natural sense of ordering. Such ewbodiments are referred

to as one-dimensional supergratings, and often utilize

18-




shapes; are often referred to as refractive index pixels.  The 1 6 FEB 7006
supergratings effective refractive index is 15 substantially fixed'wthin
each pixel. This refers to the fact that transitions between the grating's
i ndex |l evels cannot occur at arbitrary positions, but, rather, nust occur

at boundafp 8$o@bss €0i ons defined by the sanple points. ThgsusidgiBSG can
be described by a series of 20 (often binary) digits, indicating the

refractive index setting at each sanple point. The third defining property
of the supergrating is that an optical wave-front incident on the grating

experiences 25;muhEi Pie EREErAGEHeONSE WidihatREc 0Tt | BArhedt urass, Thit s,
the supergrating operates in the Bragg diffraction regine. Certain
super grati ng E¥bBUEeAt POHLE| P¥e datsequenrgad a23onarkay Sireeitaktife i ndex

pi xel's, “meani pgobhahy€8ENoR! X1 h8nfihgBRE! €dDYIRRY 0 Qhdied phae! s,
leading to a "natural sense of ordering. Such enbodiments are referred to
as one-di nensitdgse sepbediwaritys ingdudef t heut $1itableg WOrdsrHOF03SE :

PCT/ US021211 7% diexeligol NeLAGhigRe GhaSk! 8l gl Oreifh vielhdbhNese Oknyarrays
of boxes or dots arranged along the direction ot pr opagati on of TG dent-
light. It shoutadebmidet echfimiing plrepeganbodiatemgs chacfiidenstire sui t abl e
variation of 5 effective refractive index along the I ength of any

wavegui de confining propagation al ong one di nension. Oher supergrating
enbodi nent s utGtheze bupediTanisipnahbodimeanytss ofutidfizact iwe-dincdme ipnakl s

wherei n the pixelg Arg 1031148t s 0P ShERATRLNRI AR08, suLf ace.
2107 situated on the same two-dimensional surface. This

surface can be planar or curved. Such embodiments often
make use of sguare or hexagonal pixels that are arranged
along a suitable pericdic lattice, although it may be
appreciated that non-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 pixeis. Here, the |
gsample 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
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surface can be planar or curved. Such enbodi nents often nmake use aiI SPER T 06
or hexagonal pixels that are arranged along a suitable periodic |attice,

al though it nay be appreciated that non-periodic arrangenents, non-uniform
pi xel s, or other pixel shapes may be suitable and are wthin the context

of the pgxes8Rhkgvention. It should be noted that these pevoseorns s
include the suitable variation of effective refractive index in the span

of any wavegui de confini ng propagation along two di nmensions. Additional
supergrating enbodi nents utilize three- dinmensional arrays of refractive

i ndex pixel s.-~ddar@cibre i688R| e1PEiTH S fMmy beesi bpei el anyawhiere oasconfi ned

to any particular region of space. Such enbodi nents aoften maJEle 25 _use of
box-1ike or clehfsmdmere Hiofke| BAGEE larRALAMEEAGEd 2 orig e GPEABI 8 peri odi ¢

lattice, althouahiidsdiB%ehen aRR8ekahed. t halepnonsperhedi caataraiigesent s,
non-uni form "pi xel's, or other pixel shages may be suitable and gre within
the context ofbe helppineht $aweist i GrPDIsB, ReFERFLIMRE WY 0 Fi giised ed

supergrating & tLUGH oo avokyes sgveral ey, chailcesne Fi&8diladliep 351
Sol acts tho. TRV R Ranetlorss) 007038@50T/%é302/_21175 refractive index

level s for thkigmgwathideyiresclusionet efhfithedSPr orriat eFPRRL pttditd®ers and
| it hographic 8£m?:9$‘1‘[)c§r95 FRseriphd o%rggg]ﬁ rall(r}tﬁtegt elgy3Q%et hg@agﬁﬂ@n nes
e d d wayv el

the desired sanp engt i, consi déering the desire ) | ength range for
the grating apbythealvephedl end| thhogeaphbtogiesd] tiwiratdas %3 5w s t ot al

device di meng}00s, 0L, t e AL N0y [IyHihedely e auaiab! enaphsigal
space and the becﬁnojro%l ~al g:I imtatrons of P e
10 methods described herein are for determining grating
patterns for  surface-velief gratings;  however, in
alternate embodiments the methods may be readily adapted
to fiber grating patterns. The next step‘354 ceonverts 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 its Fourier spectrum. As will be
shown below; this step can also impiement feedback to
account for various inaccuracies of the approximation in

20 order to improve the final result.

Step 353, the Fourier approximation, is a mathematical
relation that relates a grating’'s reflectance spectrum to
one or more periodic reflectance spectra. In other words,
25 gingle-wavelength gratings Thave zreflectance spectra
characterized precisely by théir periodic structure, and
gimple 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 FPourier transform being the standard
‘method for evaluating the '"frequency cqntent“ or

"wavelength content" of a waveform.

20




inscribing process. It will be appreciated that the 10 nethods describgpdEB 2008
herein are for determning grating patterns for surface-relief gratings;
however, in alternate enbodi nents the nethods may be readily adapted to
fiber grating patterns. The next step 354 converts the desired grating's
refl ect ang@ospeigi i cations to the 15 Fourier domain usi ngp¢tesd@diiser
approxi mati on. Guided by the Fourier approximtion, the designer may
initially design the grating by its Fourier spectrum As will be shown
bel ow, this step can also inplenent feedback to account for various

i naccuracies of the approximation in 20 order to inprove the final result.
.Step 353, the Fourier approximation, is a mathematical relation that
relates a grating' s reflectance spectrumto one or nore periodic

refl ectance sm@et rmsxt NsOddhersRORES, qudhtSizAgE 6nWare! @t ngraf | Nesehave
refl ectance spectr characteri zed precisely by their periodic¢c structure,
and sinple s%ﬁ@FF os LR 2t 1S MRAE AT rPedfastE enEhZREEPRr i zed

by their savelerghiqae rehdect@ice psebecikea SRAPONSN e ThereboLgr1{he
refl ectance- spectrumof a 30 grating may be related to the Fourier
transform of i¥®lewephedur &t Yhe FBEr iaPnacdasedr il ngtt RéCstRAREY d

met hod for evalmwatiipantle aﬁ%e%rt%l%on Aht 10kt jo@vel ehghllecophept ™ of a
waveform 20 6 FEB 2000 WO 03/ 007038 PCTI'US02/ 21175 The next step 355 is

quant i zati on SPREREVERaFEYTiAB e nigrEiice wélda S Gpecksall BeRdnmp¥ one
such quanti zatdppgagt.echni que that may be used and can be efficiently

i npl emented. It will be appreciated that in alternate enbodi nents -any
suitablelﬁuantization t echni que that

Step 356 determines the supergrating’s actual reflectance
usging an exact technique such as the known transfer

. matriz 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 wresult of the step 353 4iFf step 357
determi‘ric—;_-s that the érror exceeds a predetermined
threshold. This process can be repeated as necessary,
although one repetition is often sufficient. It will be

20 appreciated that any suitable technigue for determining
erroxr between the desired refleétanceA_characteristics and

actual reflectance characteristics may be used.

In accordance wit__h one aspect of the invention, deeper,
25 or more profound, supergrating surface £features reduce
‘-scai;ter:_‘mg losses due to radiative cladding modes by
occﬁpying a greater distance in the normal direction,
which, from Huygens principle and Fourier considerations,
leads to more robust phage-matching requ,i-rement' in the
30 normal dimension; thereby reducing (unwanted) scattering
efficiency. More 'quantitativ.ely, grating features are
preferably deep-toothed to a depth exceeding the material
wavelength Ponat = Mol and  the -decay constant . of the wmodal
21




conserves Fourier information within a spectral band may - be used. 10 step:

356 determines the supergrating' s actual reflectance using an exddi FEB 2006
techni que such as the known transfer matrix nethod. This cal cul ation
determ nes residual errors of the Fourier approximtion, and quantifies an
15 error widhadooea be taken back into the Fourier domai n apdr/vseidad/st o t he
result of the step 353 if step 357 determnes that the error exceeds a
predeterm ned threshold. This process can be repeated as necessary,

al t hough one repetition is often sufficient. It will be 20 appreciated that

any suitable {gehnigue Lot deier Mok NGnaRIVRY,, PEt vReNgkheifestégton .

refl ectance. characteristics and  actual reflect ance characteristics may be
used. |1 n accofdanteewhate G akipentsoptt beei hvantiion, §B8epBFE 35 R nore
prof ound, supgg‘?i%ég%éurﬁac&g E%BEEE%ng_%lﬁCEaE sGatt erddion d ossgs=Hue to
radi ative cla ng nodes by occupying agreater distance in the normnal
direction, wfhoh, EoomrHuwgenss groncitpkenantaeForiayt cdnsihdetadt bnsg,

leads to re_robus hase- mat ching .require b th dj,gensi on;
Lhor eby rhducPrg (ONENCES] Seitter ToreerT ehentint rltateh e, bEeTY!
grating featuteés acattered ercaaionetie¢ep-toothed to a depth exceeding the
material wavel ength and the decay constant of the nodal 21 1 6 FEB 2006
WO 03/ 007038 PCT/ US02/ 21175 tail is preferably less than 1/ X "at in the

grating regiomn hocaktiensat evienbodhoehes ofsgeve | pEenthon,invieatB8G, can be
Pl ement ed 1 0 L0 c0r Snegkon alad N, mdehs GRNLele o TR, QL Ut OnS
10 varied one or more times after manufacture by employing
any means of modifying material or effective refractive
index localiy or over an area. Sevéral such méthods 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—étrictivé, or magneto4strictive tuning of any
part or the neighborhood of the supergrating; optically
illuminating, mechanically straiﬁing, 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 in any part oxr the neighborhood of the
supergrating; promqﬁing chemical reaction or
25 reconfiguration in any part or the neighborhood of the
supergratiniyg; tm: 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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5 are relatively equal, thereby enhancing cancellation of the scatt r
conponent. In accordance with another aspect of the invention, grzit &B 2006
features and optical characteristics may be 10 varied one or nore tines

after manufacture by enploying any neans of nodifying material or

effecti veypesi@oig ve 1index locally or over an area. Sevep@tysagfiifget hods

of nodifying material or effective refractive index include: affecting

the tenperature of any part or the nei ghborhood 15 of the supergrating;

el ectro-optic, magneto-optic, electro-strictive, or magneto-strictive

tuni ng of any sopar teniodiifientei ghpoy hond 6f mbeesSwperedat bAgno@ptyuag |y

i1l um nating, chanical ly straiping, I njectin current into any part

or the nei ghb&%ﬁ&&&aﬁ)f Phe 26°EtpEe grré“FFﬁﬁth?lch%@P‘atWigti‘ﬁ ePREY T Ochr oni ¢
material in mybeﬁgf:ﬁtﬂlﬁgt ke neighherhgod ;fafrttsheolsuae&giéﬁé Nghereof,

I ncor porating é%w d crystal or optical polynmer material in any part or
the nei ghborh Yt fETESHPRT gF a8y 2 br ST g e el csé’rpelrgﬁéﬂ%@l Br 25

reconfi gusati eiptiiadny sRathres . t heudiel ghbahood ofde  sUReREE ating: or
effecting a nechanical translation or Teconfiguration of any part or the

nei ghbor hood STFRETRERHRE gt Ferenilndnor| fhatapp? ecihe anabhanent hey
nethods for f&%'afbika&gn{?%%r 5@ e?ﬁrﬁfrfgctfé/aﬁ:ﬂx%fr%%] o | %%‘: r3P¥n30 one

or conbi nation of which are w e cont ext of e pres S hAventi on. 22
1 6 FEB 2006 \88 03 007838 PCT/HSO L EEs Séne Wdwbodiprdaed apbaﬁeon@for mor e

met hods of nodifu. g ciRber i@l Q.68 feclive gefr éc\é?‘ah.nd%ltfc& thgeentire.
supergrating or substant fal parts of sections there
4 10 supergrating features. These embodlments address what we
term a “tunable - supergrating”. These = tunable
supergratings may be used interchangesbly - with other
supergratings to provide additional dynamic functionality -
in any device or embodiment where the latter are used.
15 This is true in particular for all other device

' embodiments of the present invention.

.Other embodiments apply one or more methods of wmodifying
material - oxr effective refractive index to individual
20 pixels of the supergrating or grdups theréof. Such
embodiments may' achieve sgpectral changes including the
strengtheniﬁg 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
-i8 possible with tunable supergratings. Furthermore, such
embodiments may act to create spectral features that were
previously mnot exhibited by the su?ergrating, remove
30 spectral features that were previously 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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thereby effecting a general change in the supergrating' s 5 opti cal FER 2006
features. Such general changes include the strengthening or weaker*i% oa
features, the enabl enent or disablement of supergrating features of the
supergrating as a whole, the tuning of the optical phase of supergrating

f eat ur esWI3/0HE8 spectral shift of 10 supergrating feat urRs/UREEES

enbodi nents address what we terma "tunabl e supergrating”. These tunable
supergratings nay be used interchangeably with other supergratings to

provi de additional dynam c functionality. in any device or enbodi ment

where the | at®@erngratdsel . 1Bhaff sPregrameel e paHPeEararinasr BRY &cher

devi ce  embody SRt g, Ol i BEESE R thNKEALLOBupe et 1,20l TERLA APP! Y one
or nore nethods of m)dﬁfyl g terial or effettive refractive index to

i ndi vi dual 20=@dielanadf diTenEuperyr BrPeRprorAlg o Upationed ity Sash any

embodi ment s may, aehi sve.aseldal: chandesaldicluding Lhe waig enghhening or
weakeni ng of Gat Ur es. the enablement or  disabl emsnt ot supergrating

f eat ur es Sof theusuper greattiieglaas farwwdlle, otheer t devime oftmpddingmtiscadf phase

of the 25 sup rating features, or the spectral -shift . grating
features, geng}agl I?/r?%e%? eat &Y 5 Bht t a&%lﬁu%aﬁ%&i bfelggé)\ndrﬁ ?nab e

super gr at i ngsopflrdhersnplsrssuchtieabodi apatsiomyecadirdldecseabpt Sqpelt r al
features that _were . previously not hi bi ted, by the_supergrating,_renove 30
Spoctral foat BPEETharSRreaR Ay Aot ELs: o HoEn SR
- optical charasbeslaidgids exbilbideed bjietbfn &upesgtainllensudengaasiegt r al
band ent%el y. These . enbodi nent ddressdvxlnat we terma f'pro%r amabl e 23
W0 03/ 00tb3s’ BET/ ERBY/ 271795 BUBEIGISM | gt THEEESGgr SFHDI & BABETDr at | ngs

may be functionality.

Supergrating Coupler

Features of the present invention wmay 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 ahother waveguide, with a desired spectral

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

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

The coupling embodiment® may consist of two or more
parallel asymmetric or symmetric waveguides (described
below) . The asymmetric waveguides have overlapping but
25 -differing modés, with differing effective (modal}
indices (Deggh and (D), and different propagation vectors
ki(Ag) = 2n(nem) /Ao and kz(Ao)=27c(neff)2/?Lg, where Xy is free-space
wavelength. The effective indices will in general be
dependent on Wavelengi:h Ap. IE will be appreciated that the
30" amount of modal overlap and the characteristics of the
supergrating will determine the . wa{relexigth(s) 'coupled
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used i nterchangeably with other supergratings to provide additional
dynam ¢ or programmabl e functionality in any device or enmbodi rtebit i ei086
the latter are used. This is 5 true in particular for all other device
enbodi nents of the present invention. Particularly, enbodi nents of
optical opgRkGIAmzs optical dispersion controllers, optical peppabdahrs
separators, add/drop filters, lanbda routers and .wavel ength equali zers
wherein a programmabl e supergrating 10 is used are possible, and represent
much inproved functionality. Supergrating Coupler Features of the present

i nvention may fhenUsefle i ravR@AGSCENS - WaWeheQURIRL S the piDMddaowavehengt h
dependent 15. coupling and direction as well as dispersion conpensation.
For exanpl e, MRyRteRayhe®) cbibl d@5er BAFBNEPRESFegui de t o anot her wavegui de,
with a desired spectral response: i.e., light at a- given wavel ength may
be coupled fully, fractionally, or not at all, and with a 20 desired
phase. The coupling enbodi nents may consist of two or nore parallel
asymetric or Qpprweflr i complVeyyi dey (desceldmedi fikel onhto The agpmeetli c
wavegui des- have . overl.appi ng but 25 differing des, .with .diffterin
effective§(nné%ﬁngFﬁggceggFﬂg?fTégﬁﬁft6ﬁgﬁi)ﬁggnaoa?*¥%§E§ﬂF ro%&éﬁ?ion
vectors kc(Xds =s2¥é( nef fd / Xouphed k26X8) rect2ita{x1akf )iaf Xohe Waenel1280 is
free-space velength. The effective indices wll], in _general be pendent
o v gt b g R B L ERL KR NGB Re ] i raBe SRRt R o dd)
overlap and thizgphasacter kdki ¢8pat 1iwht Ssupener aki Bgiav td wetenmicae -t he

vevel engtn(s) Goupl & 2413 0 5EE 2905, O 03007038 FOT 02/ 24175

10 gener’ally‘. in the opposite direction of the input light.
Theze distinctions are most often very clear in practice
as the counter- and co-directions are well defined by the
optical wavegui.des. It should be noted that the same
supergrating cot}pler may be used to couple both co- and

15 counter-directionally, and may do either or both for each
wavelength within one or wore spectral bands.. it is
appreciated that while device operation is simpler to
describe if only one mode of operation is c,ons'idered, a
dev_ice incorporating features of both enbodiments

20 simultaneously is within the present invention. It is
also appreciated l;.hat in accordance with several
embodiments of the present invention, the coupling
characteristics of supergrating couplers may be wvaried:
aftei' manufacture, most often by subjecting the

25 supergrating or su}_jergratings responsible for coupling to
some form of optical tuning such as those mentionéd
previously. 2Any £form of supergrating, including one- |
dimensional, two-dimensional or three-dimensional, and
any particular method of effecting the required effective

30 refractive index wvalues is within the context of the

present invention.
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from one wavegui de to another and the direction the wavel ength(s) bl
t ake once coupled. Optical coupling my be classified into two g ﬁ%ﬁk ng
categories: counter-directional and co-directional. Light is said to be
coupled co-directionally if the coupled Ilight travels in the sanme general
di recti onv( vd/doloas 90 degrees of) the input [ight. Light RGI/8821176 be
counter- directionally coupled if the coupled light travels 10 generally in
the opposite direction of the input light. These distinctions are npst
often very clear in practice as the counter- and co-directions are well
defined by the Optitzai-diaesgiiodad.Sugershvesidgbecuptasd Brvadingptsane
supergrating coupler may be used to couple both co- and 15
counter-directionally, and may do either or both for each wavel engt h

Wi thin one or e spectral bands. It is reciat d t hat Mhl%e devi ce
operation is §g%ﬁFEFn$ox“%k§E?l5%9P¥eoﬁlyt nbde & WHpé?aPFS RES

consi dered, ajidedtegcidieor p@rat kng &cﬁgiwlem@&c@%ﬁhpnb@@megmtﬂg
S|nultaneously is.within the present invention. is also aggre0|ated
that in atcor FRHEASHI t H5§evéP§PrP8ﬁ%’6Hﬁlﬁfren{f§aU+r§%e oF eskht &fftton, the

coupling charnagkaEishi cS o SURSILT abhBEAGRIHY er Scomit e aiaebedonat t er
manuf acture, nost often by subjecting the 25 supergrating or supergratings

responsi bl e f @owddphi wgllooccsone thor m afivept ilophtt wavaenath hewitse

renti oned  previouslit. AL 9RO, SUBREAEALL NG, et ush Bg.gnes

 of
di nensi onal , tWo- diBnsi RFee-af nensT onal any“pariicul ar

nmet hod of effeggmmgkﬂnQ4n§gH)reﬂggﬁﬁgcttugs3olgef@@@bmyglgmafx mal ugs is
wi thin the context of present invention. 25 1 6 FEB 2006
| 10 constructlng the supergrating 152, as described above, to

emulate the desired spectrum of Ky (A¢) 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(Ao) - and 21{2(5\.0), ag these will produce back-reflection
" within the respective waveguides (i.e. no coupling),
lther‘eby decreasing coupling efficiency and yielding
undesired back-reflection. Satisfying this condition
r_eqliir-es that waveguide asymmetxry be sufficient to aveid

20 - any overlaps between grating spatial £frequencies &'9)
vielding inter-waveguide coupling and those yielding
 intra-waveguide coupling, over all wavelength range(s) of

interest; mathematically, this can be expressed as:

0w+ () % 2600) and  he) + ha(h) # 2(h)

25 where rfcl and & are defined earlier with wavelength-dependent
effective indexes, and A; and A; are any combination of

wavelengths 1lying within the range(s) of interest.

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

1

30 and/or tuner 1528, respectively.
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WO 03/ 007038 PCT/ US02/ 21175 Counter-directional Supergrating couql-ngEB 2006
Enbodi nents Referring nowto Figure 2 there is shown a pictori al
illustration of a counter-directional supergrating 5 coupler 154
incorporating features of the present invention. For this enbodi nent,
count er -digr@mbiegal coupling will occur for a given inpwcvessebangt h

a, owhen the index perturbation conprises a spatial frequency of

Kg( 7w) =k1( Xo) +k2( Xo). Again, this is acconplished by a 10 constructing the
supergrating 152, as described above, to enulate the desired spectrum of
Kg(Xo) and situati ng-tiheecsiperlgrcapergribhdatomwpdrrt ARbedamescent - coupl ed
wavegui des 151,153. In this enbodi nent, the supergrating 152 should
preferably be free of spatial frequencies of 15 2k1(Xo) and 2k2(Xo), as
these will produce back-reflection wthin the respective vva,vegui,dis (i.e.
no coupling),RetHer APy F&&r FASIRE coupFPEke ef $F ci BMEF arl VEITEFAG '

undesi red back:nafd@atiiRn orSal ief ¥i At irs1CQREEEHPA: 1 @ Gt A%t hak _
wavegui de asymmetry be sufficient to avoid 20 any overlaps between grating
spatial PrequéReeEe agny) Topturasngti fher Pravetui Beverdupii-ndrak@ifhose
yielding intga: i de _coupl i, over--all vel en ?r gggés) f .
interest; nat %ﬁ%@lﬁ%ﬂ'_y, % h:égséggdbeweﬂeplreéa é—“gg g’s: W%i . i§l+ .,tc)%#2k1(a. ,)
and k1(Ilil +kz@Xtgedi2iq=l.1y) 2mhete wadeqndisk2ialr etdettihredtdanr! 163 ,W t h
wavel engt h- depgnde effective indexes,. and 94 and_X2 are canbi nati on
of  Cwaval ongtREoFy FhG GFERFREITR Paraiie Ondtkelr 6F soroarbes itk
enbodi ment s, - gpbt L&l B&g}g 158 eighhp14,095). THRY bs REeghsivmkle d/ or
t uneabl e by coﬁtro_l_ l er 152A }giggg%dllﬁgﬂﬁﬁg? 152B, respectively. 26 WO
03/ 00703¥ ~ ¢ a constructing the supergrating 162, as described above,

£o emulate the desired spectrum of Ki{i¢) and situating the

supergrating between the evaneécent—coupled waveguldes
161,163,

In alternate embodiments the supergrating is part of the
15 waveguide or on one or more sldes of the waveguide. In
additicn, alternate embodiments optical BSG 162
characteristics méy be chénged by programmable cdntroller

1622 and/or tumer 162B, respectively.

20 Symmetric Supergrating Coupler Embodiment

Referring to Figure 34, it will be appreciated-that the
symmetric supergrating coupler 164A is a special case of
the asymmet;ic sﬁpergratihg 'coupler shdwn. in Figure 2,
and performs siﬁilar funétions asg the asymmetric couplerx
25 154 but allows thg twogwaveguidés 1612, 163A to be weakly
aéymﬁetric or even symmetric in their effective index.
‘Thus, limitations expresgsed previously may-bé exceeded,
independent of the fact that this would normally lead to

intra-wavequide reflection.
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1 6 FEB 2006 PCT/US02/21175 Co-directional Supergrating Coupler m il
Referring to Figure 3 there is shown a pictorial illustration 011
co-directional supergrating coupler 164 incorporating features of the
present invention. In this enbodinment, a desired wavelength I wll couple
co di rectw@okbd793sf r om one wavegui de 161 to the other 163, PCRAUSH/2INES
respective effective indexes are perturbed with spatial frequency

Kg( Xo) =ki (7b) -k2(Xo). This is acconplished by 10 a constructing the
supergrating 162, as descri bed above, to enul ate the desired spectrum of
Kg(Xo) and si Euataﬂhgrnme %miy@ilgv%th%gh@etﬂmﬁgrhélw'ah%sﬁém ebuphed

navegui des  1pdedSialnod! Lar nake SMdloents.d o: super grobiend s part of

the 15 maveQU|de of on one.or nore sides 0O e wavegui addi tion,
al t ernat e enbedénehts, opliemhaBSGatbedimdrersachay i slms chaygbeophangkd by

programabl e %gat rlcgzl eré%a:bacch an /]?:(rarﬁt%nr%r }‘6p‘%’f° rr%%%%%EI }[/ecjvayﬁthglg%rrrret ric

Super gr ati ng Coupler i men ing

appreci at®ed t hatat oed/ sy nmetad as&apergepemmgfﬂqupl er 164A is a special case
of the asymetric supergrating coupler shown in Figure 2, and perforns

simlar functgefisrasnihec agyguel ric el ek 3hokdda bplictﬂiﬂlcams dibgrhwmo
wavegui des 161A, 163A to be weak]| asymetric or even symetric _in their

effective i nd&F. SThdECTRTHRYSAY %&Rﬁlees%sédmpr%ﬂ}@éﬂ y“?‘fﬁ%?‘pﬁ’gaéﬂfgeded
i ndependent ofrebi@rbactof hahet M Svapuldgh NForal byadend tg a&ia: wayegui de

reflection. 27 1 6 FEB 2006 WO 03/007038_PCT/ US02/21175
con51st;ng of two waveguides 101, 102 (symmetric or
10 otherwise) with a BSG 104 situated in between may be
statice, tunable, or programméble as necessary. Two wmore
BS@s, 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‘profiie 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:

* & *
Cig & |mymaGry + |myms(Gyy +Gp) = _[mlszlz r

where Giz 18 the center grating 104 and Gy 103 & Gy 105

are the gratings on the far side of waveguides 1 and 2,

25 respectively. The second term is negligible because the
| two eilde gratings 103, -105 are very far from the
corresponding opposite wavequide (more precisely, the
 opposite wﬁveguide's modal préfile is negligible in this

reglon) .
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In alternate enbodi nents the supergrating is part of the wavegui Fﬁeﬁg o]
one or nore sides of the waveguide. In addition, alternate enbod g ?ﬂa@
al so change optical BSG 162 characteristics through programrabl e
controller 5 162A and/or tuner 162B, respectively. Referring to Figure 10
there iswhowwm@sgpi ctorial diagram of an intra-wavegui depgpppsxasison
coupl er incorporating features of the invention. For exanple, a device 106
consi sting of two wavegui des 101, 102 (symretric or 10 otherwise) with a
BSG 104 situated in between may be static, tunable, or programrabl e as
necessary. Twiowetrer, BS&e 108niliEndentdeddidienthe Fdorst BHEGC 10#rstbut with

opposite contrast (I'.s o] as d vice-versa), ,are, placed on, either
e of “the t MBUREUAEE: 00D TO1 MR e AP FE PRER LA osP it G TN e BSG
104 about the refaerespandisyovegui de. The principle of operation is as
follows: let mM pe the nodal profile of guide 1 and n2 be the nodal

profile of guide 2. Th Bd: i .0 ffd GleBhleS, elathigmnihg) t wo 20
wavegui des can be wri ttlgcr’lC m i rg?ﬂ?gfzderq?en grating strengﬁk as; Cl2 x

Intlm2Gl2_+ Jmm (Gl1l +&2)=f in, mGl2, where Gl2 is the center grating
104 and @1 10hegrepplioss afentiealyriny s orcohd Yayewlide a02wa¥Bgui des 1

and 2, 25 respgfit) VEkHumpkheys doitm i NGl gLRLe) becalipe; dhepatvo side
gratings 103, 105 are very far fromthe corresponding opposite wavegui de
(nmor e preci selpe t Heedagppasiafd ssgvefi dédaEhnodavagudfiebe 191ndgRi gbble in

this region) -sﬁﬁn&r@cFEB{M W)tﬂéﬂ)o7%@eggéé{so2/11%4:17%ecessarily
| didentical to each other) and that the gratingé be

10 l?roperly symnetrized about the guide. The cancellation is
independent of many material parameters such as the

wavequides! effective indices, even 1f they vary

independently.

It will be appreciated that the invention advantageously
15 " allows  for efficient coupling between neighboring
symmetric Waveguides, while suppressing intra—waveguidé

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 is appreciated that the
invention is equally applicable to asymmetric waﬁeguides,
‘and  in alternate embodiments may be the preferred

embodiment in light of its relaxation of the design

25 . regquirements.

Couplér 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 caécading supergrating

30 couplers. The exact choice of comnection order or

29




However, the coupling coefficient fromthe first waveguide 101 to1ﬁtEEBfmmﬁ
(corresponding to intra-waveguide reflection) follows: Cl1 x f |1nll2Gli +
f Iml2Gl2 =0 (becauseGll =-&2 and symmetry) 5 The result is identical for
t he second wavegui de 102. The only assunption necessary for the
cancel | awicoos/dgozosghat  the nodal profiles of both wavegui ;50922102 be
symmetric (about their wavegui de, not necessarily identical to each other)
and that the gratings be 10 properly symretrized about the guide. The
cancel lation is independent of many material paranmeters such as the
wavegui des' efiretiimen | depowls everbef diveptiapglitndepeseeRiiyd PE will be
appreci ated tpal { fig, L fuenhion 4dvankageous! VandS &l | ednfdic el | Gieent
coupl i ng bet weén nei ghboring symetric MBVGQUI%eS, whi e suppressing

i ntra-wavegui deeraziefdectbdas hmaywild beedumrtthernappiuei atlbg tdriMensHe
invention advantageously allows for efficient coupling. b

nei ghbori ng s?ﬁ%%’f%%t ecgf;:J L 385,5 Wﬁ%e s%spepiletsoﬁe#gl elri g?rgtg%[/\}g\%}bezu?) e
reflectiagn. |torse appresiedt ecbidlatrst heor | hvensilojedts éoueat | Yighpl ittable to
asymmetric wavegui des,, and i gLiernate odi nents may be the preferred
enbodi ment i n®FVGht" of “34 Pl dxatFoFhot RECEESFYRT- 25 . requirenents.

Coupl er Fol ding In another enbodi nent of the present invention,,k one
supergrating Eegprer day FRIFEIEE ( & nefRPHITer TRESEE KRR est at e.

This is done Byupaagadifg sHBEALHAH NJ130 @OUP| ehBoaThenteXatletander Of
connection order or 29 1 6 FEB 2006

A is counter-directiocnally coupled from waveguide 171 to
10 waveguide 173, and again ‘éounter directionally coupled
from waveguide 173 to waveguide 175. It will bg
‘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 1728, respectively.
Likewise, optical BSG 174 characteristics mway = 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 waveguides is achieved by means of a
25 supergrating operating in a reflective mode. TIight
incident through an input waveguide enters an optical
circulator through port '1 and is transmitted through to
port. to. At port 2, the light is incident 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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WO 03/ 007038 PCT/ US02/ 21175 direction depends on the directionality of
coupling of the wavel engths of interest, and a conbination of dhef&li d40b
nodes may be used at one tinme. The several supergrating couplers may be
used together to formone or 5 nore inproved couplers, or to subject input
light toweeygres stages of filtering of processing. FigupErdsymeniasents a
cascaded counter-directional coupler 176 enbodinent. In this enbodi nent
wavel engths 2,1 is counter-directionally coupled fromwaveguide 171 to 10
wavegui de 173, and again counter directionally coupled from waveguide 173
to wavegui de £85pott Witd gt appreekaiedithnd ymveguiedebd7an rmycha adapt ed
to conpensate for dispersion in waveguide_ 171. In alternate enbodinents
optical BSG 173VeFAtdRt erf% i cELrAG Y b&2§RBgr SHRRHHRY o' uned™® hr ough
programmabl e gapifebder ch{2Aiand/Orvdpes;ddB e respastiyeions dhd@w se,
optical BSG 174 characteristics may be, programed and/or tuned through
progr ammabl e E8ft r HRVEFULIFAA aRBF or CPhReR! 178Bbeyesprtt | FErSE 2oreydi cal

G rcul at of - baged COHPLEE S QWi %y hlustdates another enbodi ment of the
present invention wherein a supergrating optical coupling between two or

nore wavegui d ! chigv b Of .- r I e L in a
reflective no ét &é?ght bteJi %gﬁdélﬁ%?ﬁ?%lﬁlgﬁﬁt%nsz ?nr?ﬁﬁb %&%&E?@rg@@%@é}é@%n
optical circtiuasdr thnosghh mooratmabte i sontaebhdt t 2844 haodir t bungort - to.
At port 2, thed,Lhght _LS.LOGI t on a supergrating and sel ectively ‘
reflected in gr?é?i’t%ﬁéag‘%\%’% ‘phase and as a function of wavel ength back
to port two. The optical circulator acts to direct the light returning

10 Dispersion Couwpensator 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. .Sincé an optical pulse
always possesses some spectral width, this wavelength-
dependence leads to differént retardation of wvarious
spectral components of the optical pulse, thereby leading
20 to its spread in the spatial domain. This spread directly

impedes the cperation of the optical network.

Chirped Bragg Gratings are grating de{rices targeted at
dispersion compensation. Here a Bragg grating’s pitchAis
23 varied along its length. This produces a wavelength-
dependent phase spectrum which can be tailored to provide
the desired group delay spectrum: t;=-d{/do. The delay for a
given free-space wavelength Agthen follows from the zound-
trip distance to where local pitch has A as its. Bragg
30 wavelengt-h: 'cg(h,o)=2rze_gd?ug), where z(A)) is the spatial
| 31




30 1 6 FEB 2006 WO 03/007038 PCTI US02121175 to-port 2 to port 3, er{%nz[]ﬂﬁ
is collected by an output waveguide. The circul ator based enbodi ment has
the advantage that it is very suitable to situations where the wavegui des
are optical fibers as fiber based 5 circulators are readily avail abl e.

opti cal a;%&:;;logﬁ)ﬁhar acteristics may be progranmmed and/ or pgmvsadizitrsough
programmabl e control |l er 184A and/or tuner 184B, respectively. 10

Di spersi on Conpensat or Enbodinent In the field of optical transm ssion, it
is well known that optical networks must contend with a property known as

di spersion. Thi g tyearisesnf i By We vehengii cdependanseair,
effective i nd%’(?r%hl cﬁ inturn prod%ﬁgtstya%?S Wavg)lt engt h-dependent group
del ay spectrunhéms anglewenitapionsndsuidegt hEotn opEFBPLYS hEFOUS e Yan

optical pul se_al S S S tral Ay this-nawekeAgtis
dependence | e8P 10’ d?gﬁgtr?%?\ﬁqrgg%dgﬁgon&o varli gus rEgppectral conponent s
of the opticahoputsepldtdrereby | eading 20 to its spread in the spati al

dormain. This spread directly inpedes the operation of the optical network.
Chirped Bragg Gratings are grating devices targeted at dispersion

conpensation. Here a Bra rating's pitch A is 25 .varied al i | engt h.
Thi s. produces I& vidifel Bﬁﬁg%lgdéﬁgﬁgﬁﬁ?gpﬁas%u%ﬁﬁidﬂ%?%lhﬂctgﬁgbe&?%i | or ed
to provide therdesi bgda0rQuppdal @raggegratihgt gaydbeddoplheeatatdybyor a

gi ven free-space wavel ength 2,0 then follows.,fromthe round-. trip distance
to where | ocalssermAnhag dhe d€epis (BPajP30THAVEI EHQFH: LEIPP‘@%}Z?B’:Z Tez(20),

where z(2, 0) idserEQ%dSpﬂ‘&rﬂl e group delay spectrum Ttg{hg) (grating-
10 imposed delay is preferably the oppogsite of that at the
input) . The idéal analbg pfofile is then fed into the

previously described supergrating quantization £ilter,

producing a quantized profile that emulates the desired

phase characteristics. The guantization filter may be

15  further optimized as described above to minimize rhase

noise.

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

Fourier-based synthesis of the specifications.

Different embodiments of the present invention may
.comprise super'g:i:ating couplers, as described above. These
25 couplers way include co-directional and counter-
directional couplers, optical circulator baséd couplers,
folded coﬁplers—, 6r any combination of these, but not
limited ©to these. It is appreciated that any optical
transmission or direction method wherein a one oOr wmore
30 su];;ergratings affecﬁ the transmitted or dJdirected light
may support the desired optical phase characteristics and

ig hence within the context of the present inventiom.
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1 6 FEB 2006 WO 03/007038 PCT/ US02121175 coordi nate -at which A(z)zéo&%gziﬁﬁ
In practice, however, these inplenentations suffer from excessi vk 0
group-delay ripple, indicating that the dispersion conpensation is not
conplete. 5 In the present invention a supergrating emulating the effect

of a chi npedsBsaego grating may be inplenented by determ pefgshherygeal
(anal og) input chirp function, as derived fromthe group del ay spectrum
cg(, %) (grating 10 inposed delay is preferably the opposite of that at the
input). The ideal analog profile is then fed into the previously described
supergrating quantization filter, producing a quantized profile that

enmul ates the ired hase characteristigs. The quanti.zation filter may be
15 further opgﬁﬁ?fﬁat%g 8@28&%‘ Abo téﬁ?ﬁrﬁ?ﬁ%%§%ph&§genﬁb?%e.m?¥ ot%er
-gnbodiren;s oﬁﬂﬁbeggreﬁﬁmtofgweﬁéiQﬂg@?@raﬁﬂ@@égéaéﬁﬂginaw ?@f&y@hﬁesizeg
i rect rom.t, require ase-del ay characteristics, faor instance

Fourierybased1§9ﬁFhe§?sqﬁ¥ PﬁprB%%?Wvgﬁ%%oﬁg?oﬁﬁﬁfé?ﬁhtl%ﬁﬁﬂﬂiﬁ@nt@ of t%e
present ifventiARgiAde.COMHds3e SHPSEOIiAdie-Baypher smbadideses | badeabove.
These 25 couplers may include co-directional and counter directional

coupl ers, opt iRALICHLRGL St oFebik Pc GBPLERS, T1Rey dawp EHERFRFSODr any

conbi nation of these, but not I|imted to these. It is appreciated that any

optical transm ssion or direction nmethod:wherein a one or nore 30
supergratings affect the transmtted or directed |ight may support the

desired optical phase ghaspsifi Hi03120¢ mbsiheNGRVMaiRLA:Lhe context of
t he present invention. _ '

To function properly, optical - networks xequire that
i0 qhannel wavelengths remain within some ranée of their
rieminal wvalue. Drifting' can be rcaused. by' a number of
factors, including variations in environmental
conditions, device agiﬁg,,and mechanical disfuptions. In
certain situations, the incident wavelength channel wmay
15 remain within the range of nominal values but the
characteristids of a device processing this waﬁelength
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 wmonitored 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‘pértiéular 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, sghifts in device
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32 1 6 FEB 2006 WO 03/007038 PCT/ US02/ 21175 Alternate enbodi rrents‘tngE@ezggﬁ
present invention may involve one or nore supergratings adapted

influence Ilight as it is transmtted through the length of a 5 wavegui de.
These transm ssi on-based enbodi nents are particularly useful for optical

fiber i nMpjoegsptadti ons. Wavel ength Stability Mnitor Enbodigrengos2fiosfunction
properly, optical networks require that 10 channel wavel engths remain

wi t-hin sone range of their nom nal value. Drifting can be caused by a
nunber of factors, including variations in environnmental conditions,

devi ce agi ng, ceafhdmehanieal wliishupianongen rve cafdpinsasieiuatirongh &he

i nci dent wavel engt h. channel may 15 remain within th% ran%]e q%icon‘i nal
5

y_15 .
val ues but thB3THHEF £F ASLEPLSS1 (G- eI TRPREEESsIFHE 7el"&xgt h

channel may sBiftad@b@fliiv®etio bl P AURG JpRbisEetiMGe ORYape 1msed to
track such deviations and provide feedback to this device, or tq.a -
subsequent deSYEBLEEIEIY ML igeD RIS ddte 1M FrGHRem P\?&%}e%n&bﬁ drift

can be mofi t opgd; HSk NGeRr 1R SURSALALERY 1192 1A% SBeMF durdtigu) e the Wil e
light incident at a given input angle on tilted 1D grating 192 wil|
nominal |y 25 @ithehcEran 6aFy wipar resghaifodepal smyrecndel Ui 9% om a

central peak-tefl golance yenel engih whbel BifaRcolcl descdehupi pain

angle, along with a decrease in diffraction efficiency. This behavior can
be used to demesmaihyfbe intemivEtnaidin,1ow30 sgr thass gwskg POHE: WBF@F®hgth to
be true, Sh'fEﬁrbﬂgﬂeﬁhg8e§§a&a§JFE§n%%Q§ons in local wavelength are

10 then manifest by a change in the relative values of the
photodeteétors_' 193a, 193b, thch is wmwonitored Dby
comparator 194. Comparator 194 may-determine a difference
between the input signals on paths 196, 197, or any
suitable sensitivitya function. may be used, such as a

15 logarithmic sﬁbtraction, 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 192¢ 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_détectors and/or detect drifts in wavelength

on Several channels simﬁltaneouSly; or in ancther

25 embodiment, with a sequence of quasi-1D (i.e. point-
| source) features 201 etched along a waveguidé 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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WO 03/ 007038 PCTI US02/ 21175 characteristics which can then be conﬁg ?EEdeB
through a variety of nmechanisns (e.g. tenperature tuning). This &
acconpl i shed by placi ng phot odetectors 193a, 193b symmetrically aligned
along the diffraction path of the 5 desired central wavelength; in this
confi gur a0 0310070332  signal fromeach will match if | ocal wevekerngtts mat ches
the desired value. (Note that diffraction efficiency will nornmally be
intentionally low, so that nobst power passes through un=devi ated.)
Deviations in tocal wavelength are 10 then manifest by a change in the

relative val ues of the phobodetselnr-sal@Sangtl3bgualizdr i s nonitored by
conparator 194. Conparator 194 may determne a difference between the

i nput si gnal saercpaihs A96seddA] anbaﬂymeﬁtlét@;bhﬁlé@fﬁdsfeinvi E.yivexitbttmii on may
be used, such as a,15 logarithm c subtraction. These_devjations can then be

corrected for STRARYC ¢ &Fﬁ?éoﬁr‘ﬁ%ymﬁ?ﬁérW?Yﬁ4%%¥%%nblg r A8t e? (not

shown). In al erreatedenbatiegant %Mﬁ&éﬁthGc%& ré¢bar acher i sdd csmor@y be
progranne and/ or tuned through Erogranna 20 control ler 192c and/ or

t uner | r S3BECEYIElygs ARt REF 2 5h b BHT AEFRS - sRe1fies REITAY eBEIBN uses

a 2D BSG 201c&5I%QQWthEaEié&Hétﬂ@s\M&mahtﬁé¥eﬁﬁ Q@f@hﬁ‘%dﬁaﬁﬁ&ﬁﬁionl'ght to
the detectors and/or detect drifts in wavel engt on several channels

S|nultaneouslﬁ7eoﬂypﬁm&ﬁoPHE?VQ%réﬁﬁbdﬁﬁe@ﬁta%MQﬁ1h&'§€qééﬁéégoﬁnﬁu9§l-ID

(i.e. point- wecgko{fa&m 21 ehohed alang.,aMayegqui de as shown in
Figure 8, which w ead to symmetric diffraction irn both |ateral

‘directions. A mrror 202 can optionally be etched at one side, for optinal
collection of scattered 30 light. 34

10 A dynamic multi-wavelength equalizer according to the
present invention may be precéded 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 prdgrams) the bne
or more -supergratings of the multi-wavelength egqualizer

| 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
chanmnels to an'outpﬁt waveguide with lower efficiéncy for
waveléngths whogse power must DBe trimmed. These
embodiments may comprise one or more supergratlng

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

losses for wavelengths whose power wust be trimmed.

Tn 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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1 6 FEB 2006. WO 031007038 PCT/ US02/ 21175 Dynami c: mul ti -wavel engt h,
equal i zer According to several enbodi nents of the present inventi01h5 FEB 2006
dynam ¢ equalization of nmulti-wavel ength |ight nay be effected. These

enbodi ments conprise one or nore 5 supergratings to attain

wavel engW &9WEI3BI ¢ optical gain or |oss characteristics,P@rtseirerisby

ef fect equalization. The dynam c behavior nay be attained by utilizing one
or nore programmabl e or tunable supergratings. 10 A dynamc

mul ti-wavel ength equal i zer according to the present invention may be
preceded by fPasis rsunrhopapincludee|simp-Rdkehramegivra. tla- obenndtenor k

noni tor that sepal tfgidig@gnggs?ﬁgug iLors their power (see Figures 6

and 7). These signals are sent through processing 15 el ectroni cs 194, whose
out put tunes [..progra t he one r _nore supergratings of .the
nulti-maveleng@ﬁﬂ%agali%g%er %%ﬁB, Wﬁﬁ%ﬁﬂgﬁﬁﬁﬁize 3“88Mer‘ﬁ%¥%%s ¢hannel s
191, 191A.  Supho@raonfblgur sipearyrmy nhe dsedcasvinsdd Béfaadterabatkiex

configuration_to bal ance wavel ength power. 20 According to sone_enbodihents
of the present FHVert i Eﬁgl§%egrt?nﬁ%¥%ﬁﬁaﬁﬁélge?brﬂQV%?¥%kh?ﬁ§lon'

enbodi ments couplers. an supergratings are used to couple input output
wavegui de with | ower efficiency for whose power nust be trimed. These

Particular embodiments include: a cascade of co- and

dounter- directional.BSGs (see Figures 2,3,3A, and 4},

which succeésively divide the channels in two sub-bandé

16, until individual chanuels are extracted; and a sequence

of tilted single-channel gratings which direct individual

' channels to their respective ouktput waveguideror detector
device (Figqure 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, Othexr wavelength‘éhannels

‘may be directed from the ™“in” channel to an ‘“out”

20 channel. Optionallyy an “add" channei may berjprovided,
wherein light from the “add” éhannel may be selectivély
directed to the “throughk channel. Other embodimeants may
comprise several “drop”, “add” or “throuéh”'chénnels. The
deviqe_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 uéing
tunable and/oxr programmable or fixed counter- and/or co-

directional supergrating couplers.
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may O her include using conprise one or nore supergrating enbodi nents of
the present invention supergrating to inpose higher scattering | ogsgsFERr2ii6
wavel engt hs whose power nust be trinmmed. In alternate enbodi nents a cascade
of BSGs that include "basis functions” can be independently tuned to

ef fect 30VOR¥0Q7838%s spectrumrequired for equalization; possi/bser23sl 6 FEB
2006 WO 03/007038 PCT/ US02/ 21175 basis functions include step-like spectra
that can be shifted relative to one another. Further alternate enbodi ments
i ncl ude using rogrammabl e supergrating device whose refractive index 5
features are ﬁﬁﬁf—g?éd eppodipert E’h@uéesﬁﬁedn@@pfal et pén.thearfemuilear.

enbodi ments i pghugd ﬁ?ﬁ% of i 0 (see
Figures 2,3,3A, an g ?rﬁﬁ suc%%ém vel y d |dem?1ﬁie‘;a§hannelﬁ?; I%%
sub- bands 10, PuARFiriaditheguathe hapretsadr elofttsaciecks=imiea Qaqugﬁne of

bspeat Tvadioifaanneladhg’ LGS oRLE NnllLh OGlet TEhY WAL cEIAN TGSy el

respective oufpuf wavegurde or tector
Static and DyhanisgAddaDpep Fiklet- CEmbml(éier'eﬂhpﬂLS Asfibe ks ngaldizgﬁe\tﬁiéall

enbodi nents o se i nven d|V|du nultl el ength
channel s may fga’iy?&;?&@ O?E%artl Hiy %b% Fal F?uajle%ir dtd ? %%C"‘?II'F
channel and @harreguedetbyaa" aubpi - pémnﬁinam@up\é@geheﬂ@ mmamﬁlfs may

P o erred B e d e CRAINEL 1V Bla Othan i NSl R T 20N 27

range) . A subsequent tunable supergrating 4B6 (generally
10 multi-peak with a different spacing which is also less
than the available tuning range) couples a subset of this
first set of channels to a third waveguide 4B87. This
decimation process can continue as degired, 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-dimensiocnal supergrating to

20 direct light into the apper'riaté channel .

A particular ewmbodiment 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 wavelengt:-h routers, .Qr 6ptica1 cross -
connects (Ox(Cs) - and are devices poéitioned at network
_juﬁction points which route wavelength(s) from a specific

30 fiber optic input to another specific fiber opt'ic output .

Lambda routers are generally NxN devices (i.e. with N
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wherein light fromthe "add" channel may be selectively directed to the _
"t hrough" channel . Cther enbodi nents may conprise several "drop",} 6aBBR 400
"t hrough" channels. The device functionality in both types of enbodi nents
may be 25 fixed or programmable. Ref erring to Figure 4A there is shown a
devi ce 4o oxmmsissti ng of a set of wavegui des 4A3, 4A4 corgi/eshzrsizsg
tunabl e and/ or programmabl e or fixed counter- and/or co- directional
supergrating couplers. 36 1 6 FEB 2006 WD 031007035 PCTI US02/ 21175 Anot her
enbodi nent Figure 413 makes use of the Vernier, tuning principle, with a
desi gn noti vaiegutby fibers pri maidple dhigtutt hellspecta)agl wihilf tencdc cegsithl e
through index.tuning are.often nuch |ess than the total desired 5 tuning
range. Ml ti -%ﬁ%ﬁﬁetr&i’ YefPBYEY ATy % qem/a’%%h?%ahéa%ﬁ?h i ght
coupled to an_adjacent wavegui de by a nulti-peak tunable suger rating 4132
(with peak sSEEFﬁgb%}’én‘éP%aTartﬁqnesgl EharfPRecdy 4itPabl 87t BRfnY V‘F%Hg‘%e‘?. A
subsequent tupabhe-s4pes JEQtERY JB0A ganey atilde IRraHlt br PREK)L. Weéte 20
di fferent_spacing which is also |l ess than the avail able tuning range)
coupl es & subSBt ©iet BREe figEgudée) of ixharhérsed oy t Hread Wavegl e 4137. .
This deci mat LR /BLOLLS & P MHNUSAS-H881hed, 294 Ahzoidein sypesgE ati ngs
i ndependently tuned relative to one another 157 to drop desired channel (s)

The channel oSepétgnpent afigd tdenchhbgelreaidlpngikbBeed the avail abl e
i ndex-tuned spectral shift. Oher enbodiments of the present invention
i ncl ude usi ngAngtheo- dnhedsnoral ofortichpeesdnbe hsveraiors ywepgraes ngneo 20
direct Iight itothe apRIORIALeCNaBASlers to effect the desired

10 routing. Other embodiments comprise one or more add/drop

filters.

Wavelength Monitor h

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 détecfbfs. Alternative embodiments include

‘one or more éupergrating couplers or one or more two- or

three-dimensional supergratings.

20
It should be understood that the forégo;ng description is
only illustrative of the invention.. Variocus altermatives
and modifications can be devised by those skilled in the
art without departing from the invention. Accoxrdingly,
25 the_present invention is inﬁended to embréce all such

alternatives, modifications and variances that fall

within the scope of the appended claims.
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A particul ar enbodi nent of the invention can be used to spatially separag&
all of the wavel ength conponents of an input optical signal. Lanbdid Rt i
Enbodi nent 25 A Lanbda router incorporating features of the present
invention is shown in Figure 9. Lanbda routers are also known as called
wavel ength routers, or optical cross- connects (OxCs) - and are devices
positioned at network junction points which route wavel ength(s) froma
specific 30 fiber optic input to another specific fiber optic output.

Lanbda routers are generally NxN devices (i.e. with N 37 1 6 FEB 2006 WD
031007038 PCT/ US02/ 21175 input fibers | and N output fibers 0) , with each
input fiber typically conveyingzaéigﬁbi wavel engt h channel. Cross/bar
operation (i.e. channel light on o guide wll couple to the other,

and vice versa; or will remain on the sane wavegui de) is achi eved by

| ocal iyhdtibBEnedzd/ or programm ng the supergratings 221A-221F in or out

of alignnent with the channel wavel ength. Another enbodi nent of the present
invention conprises one or nore supergrating couplers to effect the

desi r dd AT0oRtsE FegPotRHaoNUisig aldrast anenerticabswmsa@tingpwhergiiihgrajjeast
filteoae oftical sugblyriing tcomphisesr di quaritieed nefraetivee ek pesfile, ovheredn ghesent

| nveny | gftizedefdPRIIhALL BRI SfapfBY IdBRTMH & AlE pRAURY df RePRtivE indexelD! €
sl o e st e R

enbodi ments include one or nore supergrating couplers or one or nore two-
or 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:

the optical coupler as in claim 2, wherein the optical component is adapted to
counter-directionally couple at least one chosen wavelength.

5. An optical dispersion controller comprising:
a first optical component, wherein the first optical component comprises the optical
component as in claim 1, wherein the first optical component is adapted to affect a

first chosen wavelength;

a first optical waveguide; and
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t hr ee- di nensi onal supergratings. - 20 It should be understood that the
foregoing description is only illustrative of the invention. Varli 6uBER 2006
alternatives and nodifications can be devised by those skilled in the art
wi t hout departing fromthe invention. Accordingly, 25 the present invention
is intended to enbrace all such alternatives, nodifications and vari ances
that fall wthin the scope of the appended clains. 38 1 6 FEB 2006 CLAI M5
What is clainmed is: 1. An optical conmponent conprising at |east one opti cal
supergrating, wherein the at |east one optical supergrating conprises a
guanti zed refractive index profile, wherein the quantized refractive index
profile is ada tgd ho exhibit a finite plurality of refractive indexes
pdigal

t hat di spl ayschm PHBYGAd. MBRIEE! hE Seeead plifdl WREqUIRS, S fyRUPelice
spectral b the. firsh cppicalcwhveguige.ewhemiprihgifitgt optieal opevagaddec isnpptieally as
in claimIlcouhied e the fioRBidptishl WAERRRNia itife ARABpEEh tBmpahésct at | east

one chosen optical wavelength; a first optical wavegui de; and a second
optical wavegui de, wherein the second optical waveguide is optically

coupl &l Aoptiral fispstsigpeortelienaomglising: vi a t he optical conponent. 3. A
co-directional optical coupler conprising: the optical coupler as in claim

2, whereingthg {chF\ﬁ% monent i s adapted to co- directionally couple at
a cﬁﬂl vé%;%@é’, . . .
| east one chosen wavel erigth.” 4. A counter-directional optical coupler

conprising: the optical coupler as in claim?2, wherein the optical
conponent asesdapoptical svaveguidiee thedseueod iaptiahll wavegujsieecampriséagt one chosen
wavel ength. 5. An optical dispersion controller conprising: a first optical

conponent, wheregjin fir ical one i 1 he i :
combonent as 1 el apEl ‘SciionBh in ERTRCTC Yl e SRkl oBBbYER &, 1
affect a 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.

7. An optical wavelength stability monitor system comprising:
a first optical waveguide comprising:

an optical component as in claim 1, 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.

8. An optical wavelength monitor system as in claim 7 further comprising an optical
reflector.

9. A symmetric optical coupler comprising:
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first chosen wavel ength; a first optical waveguide; and 39 1 6 FEB 2006 a
second optical wavegui de, wherein the second optical waveguide is] § FEB 700§
asynmmetric wth the first optical wavegui de, wherein the first optica
waveguide is optically coupled to the second optical waveguide via the
first optical component. 6. An optical dispersion controller conprising: a
first optical wavegui de; a second optical wavegui de, the second opti cal
wavegui de conprising: an optical conponent as in claiml, wherein the
optical conponent is adapted to reflect at |east one chosen opti cal

wavel ength; a third optical wavegui de; and an optical circulator, wherein
the optical circulator optically couples the first, second, and third

opti cal waveguides. 7. An optical wavelength stability nonitor system
conpri si ngthe aptidal somponeotias wnelagui Yevioerepr ihei opficabhnomponent! is coaptadetat  as

i n clai m 1agmabiestedsstiohe &ggéﬁ@bt,@@m@@ﬂgms adapted to affect at |east
one chosen optical wavelength; a plurality of optical detectors, the

plurality of optical detectors adapted to receive the affected chosen
opti cal waddireirptisabwavemids:and a plurality of electric signals; and an
el ectroni c processor electrically coupled to the plurality of optical

det ector s, SNLAHLINE ReEhIR0! GnBFaN e Yook YRR Haldly eo%%fmﬁ%trl

el ectric s ectric

wavel engt hw@%{ea{fﬂs {ahvBUSDde| Hhaieh o SR B STeNGOUNB S OPLER
reflector. cgupladéqmﬁnst opligal wWasegdide pisethecaptisal simpenesd 1 6 FEB 2006 t he
optical conponent as in claim1, wherein the optical conponent is adapted

to  afiiech, ghidafAShoIBPSoiBRSIRG: OPti cal vavel engt h;

a plurality of optical components as in claim 1, 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 is 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-wavegulde coupling.

11. A method 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 ai 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 that display intended Fourier transform characteristics in
at least one spectral band; and

adapting the at least one optical component to control the optical phase of the at
least one optical signal.
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a first optical wavegui de; and a second optical wavegui de, mhemg Eg TEE
second optical waveguide is symmetric wth the first optical @eg
wherein the second optical waveguide is optically coupled to the flrst
optical wavegui de via the optical conponent. 10. An optical coupler
conprising: a plurality of optical conponents as in claiml, wherein the
plurality of optical conponents is adapted to affect at | east one chosen
optical wavel ength; a first optical wavegui de; and a second optical
wavegui de, wherein the second optical waveguide is optically coupled to
the first optical maveguide via the plurality of optical conponents,

wher ei e pluralit tlcal C onents,. are, adapte ffect a.desired
"t er 12 s o SR 0B SRRt COT I S St BoSRONS CRBE G-PEEAISE | ng
t he opthesein mﬁaefelaasarcmt ept@hwemraang|mmnaaseaoqmarttlaed gefjaslive index
net ho @r&EpihérieMOtheruyitided GeffabtioBlihda! p@BERNRipted LSt bhﬁut@nﬂur@nﬂy

corpous B ises i 45AaY II0RALE bR BT g‘iéeﬁgl}e R B sB

prof i ISEGCWN@&Q@ n the quantized refractive index profile is adapted to
exhibit a finite plurality of refractive indexes that display intended

Fouri t tinl "
ndapt | %% A%@ réﬁrﬁhﬁﬁ'é’d[ lé%%aﬁ&élséd del?at ag n ncfélﬁhéﬁ’ﬁ‘?ﬂh%? isw%a{h@ ?ﬁaﬁ%‘tse of
he. aEPeiaRlCer S Reralgling 2By changs Tiesspeata shamcitstics [ B2t

opt i capectahhanent conprising at |east one optical supergrating, V\,herel n
the at | east one optical supergrating conprises a quantized refract i ve

d I d
B LA e A AR T sk T o
Fouri @Petqpélﬁ%kﬁﬂpﬁ’f Qfﬁg'ﬂ%té‘g%?tﬁg {p eBange ﬁ'le quaidized FRIracdive idex| PredlRd. 13, A

re- progranmabl e optical conmponent as in claim12 further conprising the at

| ﬁaSt 150N& r@-@?é@rﬁhnﬁﬂ?@bﬁ{lé‘él'd&]ﬂﬂ%ﬂi ad it ‘éla‘?rlﬂa’fmﬁjr@h'é? cORPALMG at least one
char a%eerHa?Ey résponsive opfjl cal supergraP ing ad%pgecf ?o cRange spectral characteristics in

response to thermal energy.

16. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to electro-optic tuning, magneto-optic tuning, electro-strictive tuning, and/or
magneto-strictive tuning.

17. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to optical illumination tuning, mechanical straining tuning, and/or current

injection tuning.

18. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to electro-chromic tuning.

19. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to optical polymer funing.

20. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to molecular reconfiguration tuning.

21. A re-programmable optical component as in claim 12 wherein the optical supergrating
is adapted to mechanical reconfiguration tuning.
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14. A re-progranmmbl e optical conponent as in claim 12 further con&iggfn%ﬁr
the at | east one optical supergrating adapted to change the quanﬂi B Zilo
refractive index profile. 15. A re-programuabl e optical conponent as in
claim12 further conprising at | east one thermally responsive optical
supergrating adapted to change spectral characteristics in response to
thermal energy. 16. A re-programmabl e optical conponent as in claim12
wherein the optical supergrating is adapted to electro-optic tuning,

magnet o-optic tuning, electro-strictive tuning, and/or magneto-strictive
tuning. 17. A re-programmmabl e optical conponent as in claim 12 wherein the

optic supergratin is adapted tqQ optjcal illumnation tunin mechani cal
oFr i 8ng. Ranegcandemabrat renpeisng et {1gast A Goatsit EEURRG,PRifAD! o
opt i calpergnaimge mhetsin ithe al laash AR sdatiedng reducingoptical sepgrgragingtdomprisies:
adapted to el ectro-chromc tuning. 19. A re-programrabl e optical conponent

as in clai i -he. ical s r i i . i

ol yer t Ul REntE! RARCIE icHichie, %é%é%ﬁ?@% OfanrBaaerauER hoPBlards

wher ei n t hadapiefcta exhipér gr Balfen glurplily aefapefeartive ingpresasiaptast & fI9\@ralei on

tuni ng. 21lspéctrat chaegtaistiiedireatdpdstone spepraneatd; andi n cl ai m 12 wherein the

optical supergrating 1is adapted to nechanical reconfiguration tuning. 42 1

6 FEB 2006 22. An optical conmponent conprising at |east one scattering

reduci ng oft fer?éi ong gisaling fﬁﬁt'ﬂ%, é}m@?@ﬁ W@d@g gratieg "ﬁ%r'é]d%%‘{ei‘?ﬁﬁé Amat

reduci ng optiofrak, supadecay cogstanngfrths @sodad tajliess ithad1gtiaat predefendamed

profile, ¥y q‘%@s@ | : 1 i i IS adapted to

exhi bi t aV\?%l&k gf%ﬁ‘}ta |tt>9ln§1%% ?féﬁrﬁﬁd\y\éﬁ}gnﬁgi&égﬂfﬁ%ﬂﬁg@tO generate

spectral characteristics in at |east one spectral band;, and at |east one

gr at i 2g. fAmontical gompoeseohcenpsiog g lepshohe gnutiidémensional apticalgaupergrating =

), - o/ Ricreinatag & KRASAYNE ARERiaNneAtiohBE opBsidl supaidraliff TompriBed /2XgBhntizeda

pr edet gf 18 Ghg LeRIeAR Unerdifi A duBRRecAraRAL Il fiofiBL ShiBkeARb!&ilbi

supergrating. 23." An optical conmponent” co |S|rr1,_g 1 | €ast one o

mul t i Mlm@r:ngw ofgisfrastiye dpxes that idiplay Hﬁdgd quiier Franfarasghagaeteristics

mul t i imdaheast ameasperiial bahd.super grati ng conprises a quantized refractive

index profile, wherein the quantized refractive index profile is adapted to

exhi b'2t4. A optical component as in claim 23 wherein the at least one multi-dimensional optical
supergrating further comprises a two-dimensional distribution of a plurality of optical

diffraction pixels.
25. An optical component as in claim 23 wherein the at least one multi-dimensional
optical supergra_ting further comprises a three-dimensional distribution of a plurality of

optical diffraction pixels.

26. An optical coup'ler 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 light from the at least one first

optical waveguide to the at least one second optical waveguide, the at least one
optical component comprising an optical supergrating that comprises:
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afinite plurality of refractive indexes that display intended Fourier
tranform characteristics in at |east one spectral band. 24. A opth 5B 2006
conponent as in claim23 wherein the at | east one mnulti-di nensional optical
supergrating further conprises a two-dinensional distribution of a
plurality of optical diffraction pixels. 25. An optical conponent as in
claim 23 wherein the at |east one nmulti-dinensional optical supergrating
further conprises a three-dinensional distribution of a plurality of
optical diffraction pixels. 26. An optical coupler systemfor coupling

| i ght between wavegui des, the optical coupler conprising: at |east one
first opticgal vegui.de:. at | east.one_second opti.cal vequi de: and at

| east one BpUPEIe B T hBURIE i AYieSs Lﬁ?ﬁ‘;ﬁ?‘? B REOe Feast
one first adartpdio exbivdguinile nlwalityeofaefradvetindgresdbabdisplapinterdediadeing de,

the at | eaghnsffn chpfdctaistied Paresst cregdckanBa optical supergrating that
conprises: 43 1 6 FEB 2006 a quantized refractive index profile, wherein

the quantized refractive index profile is adapted to exhibit a finite

P
pl ur alfft y A% OPFA LQUPlRE $YideReas tinatlaim 2§ wherair dhacdt tegst ioBe first &RYERr m
char astaregsite¢s optivadly dsgarsteton withiee bt Basbamslsedbhd diticapivaesguidmupl er
systemas in claim?26 wherein the at |east one first optical waveguide is
optically,as tric, wth the at | east.one secpond tical ,wavegui de., 28. An
ot i c2p AR S ITE bl syBeh B dBece SRR R or e SRS Yandts,
f ur t héPMpeisap et deast fnel sepandopriicak covRlesprhierain teupl least ane raptinalt ¢rupler
| east apdethepht st coneplsetondinsptiche caliplerase Sdupts®aoncorii) i inh-wavepligle are
adapt eghd@ofontrol intra-waveguide reflection. 29. An optical coupler
systemas I'n claim26 wherein the optical coupler systemis adapted to

couple light counter-directionally to the uncoupled light. 30. An optical
coupl @8. syt epticad doupldradysiclt ashér elaimt B8 whreonthe opfitar caupdereaystem is

adapt edaprdasBliglel lighbtoGedbr&sionamatd ﬂﬁettﬂlcbhﬁleﬁﬂ@ﬁﬂp! ed light. 31. An
optical device conprising: at |east one optical wavegui de conpri si ng:

30. An optical coupler system as in claim 26 wherein the optical coupler system is
adapted to couple light co-directionally to the uncoupled light.

31. An optical device comprising:
at least one optical waveguide comprising:

a supergrating for reflecting light within the at least one optical waveguide,
the supergrating comprising:

a quantized refractive index profile adapted to exhibit a finite plurality of
refractive indexes that display intended Fourier transform characteristics in
at least one spectral band; and

an optical circulator having at least one optical port, wherein the optical
circulator is optically coupled to the at least one optical waveguide, wherein
the optical circulator is adapted to direct the reflected light to the at least one

optical port.

-32. An optical dispersion control system comprising:
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a supergrating for reflecting light within the at | east one opti ag EB 2008
wavegui de, the supergrating conprising: a quantized refractive in eﬁ“J
profile adapted to exhibit a finite plurality of refractive indexes that

di splay intended Fourier transformcharacteristics in at |east one
spectral band; and an optical circulator having at | east one optical port,
wherein the optical «circulator is optically coupled to the at |east one
optical wavegui de, wherein the optical circulator is adapted to direct the
reflected light to the at | east one optical port. 32. An opti cal

di spersion control systemconprising: 44 1 6 FEB 2066 at | east one optical
conponent adapted to generate optica hase characteristics in, at. |east
one’ spect r 8t Baiane GNP RRSH A dRRled e rbetE Bl R oAt RYeT dBs. an
optical suptlegstionegpetinal kamdp whessin the abideast oae omicahcompengntcpisesi | e,

wher ei n t hgn @pacdlistpdrgrafingiat ¥6mphse¢ profile is adapted to exhibit a
finite plurality of refractive indexes that display intended Fourier

transformcharacteristics in at |east one spectral band, 33. An optical
di spersi on cont ?sluagiized fefraniiyeiindex prefie.opbereln theoapartizegyrsitagiiveindex
coupling |ight pefiscieradspieapto ebdabit etfimiteipturbliy ofopfractde indenBsethabgisplam i s
adapted to exhi Rkénd@@vﬁd&@irﬁh%ﬁﬁnglfé}ﬁct‘éﬁkfiéﬁh af‘?*@a%?oné*%ﬁégfél%faha.“ cs, the

opti cal coupl er system conprising: east one first opt wavegui de; at
| east one second optical wavegui de; and at |east one optical conponent
opt i c&3Bl yirceptisal digpetsion ¢qgiitol systemnt ¢aenprisingsast  one first optical wavegui de
to the at | east one second optical waveguide, the at |east one optical

conmponent | S j.cal J i : i.zed
ot ract 1 veofinghlcS) KyBEe Wl tof WRERBAE AP pEliten SHBOLEES, heldif Wt Fe
i s adapt edoPirabopupler systeriig adapiedalo; exhilyt wavelength-deprenissk opticalftase

di spl ay i nthardetbristics, itiee opticai sbopler sysiemciomnpriging:s i n at | east one
spectral band.

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 optical waveguide, the
at least one optical component comprising an optical supergrating that
comprises:
a quantized refractive index profile, wherein the quantized refractive
index profile is adapted to exhibit a finite plurality of refractive indexes
that display intended Fourier transform characteristics in at least one

spectral band.

34. 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
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34. An optical device for separating wavel ength conponents of an Qﬁhiﬁﬁé 7006
signal, the optical device conprising; at |east one optical wavelkrg
separation system the at |east one optical wavel ength separation system
conprising: at least one first optical waveguide; at |east one second
optical waveguide; and 45 .1 6 FEB 2006 at | east one optical conponent
optically coupling the at | east one optical wavelength fromthe at |east
one first optical waveguide to the at | east one second optical waveguide,
the at | east one optical conmponent conprising an optical supergrating that
conprises: a quantized refractive index profile, wherein the quantized
refractive index profile is adapted to exhibit a finite plurality of
refractive indexes that display intended Fourier transform characteristics
in at | easat deastspaet oaticddandmpddentAmpiipallyc adouphing cbeast i lrastl ainm 3ptiodier ei n

the at | te?ﬁfbv@@ggfhpﬁrérﬁathe%@:@&@%ﬁé firstT dgHRAl \f\lﬁ%ﬂi@%@ﬁﬁﬂ‘@ é;t"l@ae@lidﬁ%tr\é?‘eid’é:ﬂa|t
supergrati [ Lce as in.claim ereln. one
opti cal coﬁ%%??in‘%’?%@%ér&%g@gg¥?§tegn3 ?ﬁr‘%&-?ﬂnﬁ%%seyr\{gnc n%@lfilgfga?'atobﬁgaﬁ 37.
An opti cal seRs/prdingdhat CAMRIS@S34 further conprising a Vernier separator.

38. A wavelength stability nonitor conprising: a wavel ength nonitor

conpri sing: at é"cﬁ:%ht'?&f &Pédt&é'in&&'@%ﬁé‘,t f bl BanfrelUREGENIAE iRyt hat
TR et e e e Ce il
char act eri st i csintended Fauisr transfogpecharatteribbesdin ai lggstioas ispgctodl bapti cal
detectors, coupled to the wavel ength nonitor, and adapted to generate a

coupt 83 AT oRIG VAR & E?'aifﬁ{fﬁgh‘g%ﬁ o 8 BRE RS BB R S

el ect CPEWrises ghwp-dipepsiepaiirepratingayvel engt h

36. An optical device as in claim 34 wherein the at least one optical component further
comprises a three-dimensional supergrating.

37. An optical device as in claim 34 further comprising a Vernier separator.
38. A wavelength stability monitor comprising:
a wavelength monitor comprising:
at least one optical component comprising:

a supergrating that comprises a quantized refractive index profile
adapted to exhibit a finite plurality of refractive indexes that display
intended Fourier transform characteristics in at least one spectral
band,;
a plurality of optical detectors, coupled to the wavelength monitor,
and adapted to generate a deviation signal when a monitored
wavelength deviates; and
a controller, coupled to the plurality of optical detectors, and adapted

to generate an electrical signal corresponding to wavelength
deviation.
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deviation. 46 1 6 FEB 2006 39. A wavelength stability nonitor as i'irﬁ]gil?g gm]&
38 wherein the supergrating conprises a two-dinensional supergrat'ing. 40.

A wavel ength stability nonitor as in claim38 wherein the supergrating
conprises a three-dinensional supergrating. 41. A wavelength stability
nonitor as in claim38 wherein the supergrating conprises an array of

point scatters. 42. An optical wavel ength equalizer conprising at |east one
optical conponent, the at |east one optical conponent conprising an

optical supergrating that conprises a quantized refractive index profile,
wherein the quantized refractive index profile is adapted to exhibit a

finite plurali of refractive indexes that displ I nt ended Fouri.er

tr ans%gr rﬁ%‘J VY& 'éﬁTBZ’ﬂil%énqr}ﬂtoétaSI'B&iﬁ'”bgg V‘é]@é%‘ﬁ ﬂﬁé SHRREArAUR CORBIETSHAt he

at | ebso-domensignal sapergeatingonent i s adapted to adjust wavel ength power per

wavel ength in an optical signal. 43. An optical wavel ength equalizer as in

claim42 further conpri.sin n_opt.ical. coupler . t -t he ' upl er

compr 01 iy Wy Rng gy AtrBr 38, h i,k By el 8 o Pl Bbirp e

opt i cireqliagosigeal sapgrdraingit | east one optical conponent optically

coupling the adjusted wavel ength from the at |east one first optical

waveguide, ; td ' L cal

vavel o t%‘“%g%%%ﬁﬁ* S{aBAY nRfior e ) C e RhorlP RO Tgralifly cORpfSE) &R

conpoRERY o POUYSERUEISt 0 diffract chosen wavel engths. 45. An opti cal

wavel ength noni tor conprising: a supergrating conprising a quantized

re$ raqt!zg Vﬁn!dﬁé@él %?élbhgthaé”'@\{ali@ér thrr@giBi'n@'ét lBastl b optigdlarhpdnentf the at y

refractiye | 0t rie r C ri,stics

in at ?%aeslsfﬁ%niﬁiﬁcgga{b?ﬁﬁo%iﬁﬁ@hﬂsﬁ#ﬁ& PR bl oy AR o

i s adapesiredreiagive wdgsneelilpevheminineryantized smiragive dagexsprgis s adapieds FEB

26916 tel@xhibit afiniteaplursitye be negfractive nintlexesa that rdisplay nmtéhded diceirier tfaesform

super ghatdcitistiesPh! 8€%e4st one spectral band, and wherein the at least one optical
component is adapted to adjust wavelength power per wavelength in an optical signal.

43. An optical wavelength equalizer as in claim 42 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.

44. An optical wavelength equalizer as in claim 42 wherein the at least one optical
component is adapted to diffract chosen wavelengths.

45, An optical wavelength monitor comprising:
a supergrating comprising a quantized refractive index profile adapted to exhibit a
finite plurality of refractive indexes that display intended Fourier transform

characteristics in at least one spectral band, and wherein the optical wavelength
monitor is adapted to measure power per wavelength in an optical signal.

47




bi nary supergrating. 47. An optical conponent conprising at |east P@EFEB yii
re- progranmabl e optical supergrating. 48. An optical conponent as In claim
47 wherein the at |east one re-programmabl e optical supergrating further
conprises the at |east one optical supergrating adapted to change a
quantized refractive index profile. 49. An optical conponent as in claim47
wherein the at | east one re-programmabl e optical supergrating further
conprises at |least one thernally responsive optical supergrating adapted

to change spectral characteristics in response to thermal energy. 50. An
optical conponent as in claim47 wherein the at | east one re-progranmabl e

opt'i cé uper.grating is adapted t.o electpo-optic,re-programmng, .
ot ot Catca e i MRl Gedl e s isTo the SyPetate RYTPHRED 8
magnebinagy pupergtadinge- progr anmi ng. 51. An optical conponent as in claim 47
wherein the at | east one re-programuabl e optical supergrating is adapted

e

progranm ng. 52. An optical conponent as in claim47 wherein the at | east
one r d8priogopticahbbaponéntcsl in claipetOwhéichgtHesatddagitone regregeatimalsib rophicat

re-pr %Qegfgféét_ - further COmPREES He gﬂ@ﬁ@ﬂ”&% o?ﬁcél %uﬁ*e?rgﬁdg ??é‘%ﬁéﬁita chQﬁgc?Ta

| east 0O oqgr.a bl e tic supergrating to optica

pol ym@Haptizes, S’E{F‘g{‘kfﬁ"ﬁg?xﬁﬂ’?ﬁ)% optical conponent as in claim47 wherein the
at | east one re-programabl e optical supergrating is adapted to nol ecul ar

r econfagg raspial EEmMPEAGHTAETh REAMMY wherein the at least one re-programmable optical

supergrating further comprises at least one thermally responsive optical supergrating
adapted to change spectral characteristics in response to thermal energy.

50. An optical component as in claim 47 wherein the at least one re-programmable optical
supergrating is adapted to electro-optic re-programming, magneto-optic re-programming,
electro-strictive re-programming, and/or magneto-strictive re-programming.

51. An optical component as in claim 47 wherein the at least one re-programmable optical
supergrating is adapted to optical illumination re-programming, mechanical
reconfiguration, mechanical straining re-programming, and/or current injection re-
programming.

52. An optical component as in claim 47 wherein the at least one re-programmable optical
supergrating is adapted to electrochromic re-programming.

53. An optical component as in claim 47 wherein the at least one re-programmable optical
supergrating is adapted to optical polymer re-programming.

54. An optical component as in claim 47 wherein the at least one re-programmable optical
supergrating is adapted to molecular reconfiguration re-programming.
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