WD 03/ 021316 PCT/ US02/ 27473 FREE- SPACE WAVELENGTH ROUTI NG SYSTEMS W TH

| NTERLEAVED CHANNELS 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
applicati woedriss priority of U S. Provisional Patent Apptdwesizamo.

60/ 315,626, filed on 29 August 2001, and U.S. Provisional Patent
Application No. 10 60/375,961, filed on 27 April 2002, both of which are

i ncorporated herein by reference. FIELD OF THE | NVENTI ON [0002] The present
i nvention rel aiiRSpReNeAal NG THROBBNG SR EdY S AMRTAG SaviDbidkkicul ar, to
dynam ¢ wavel ength routing systens with i nproved channel filtering
characterjistics and 15 robust performance. Enbodi nents of the present
inventior® are wel |l suited for optical networking appli cati ons. BACKGROUND

ccsenti al  bui | i ng. bl REFBRENRRLO! KePREBARRLLRARFG 2P oot fons, &

mul ti -wavejoeogt h ok iap icaﬁd)lgﬁﬁimsl BHStINUFt US| @roviesial Bhteﬁ‘thﬁﬁlﬁlféhﬁon aBd route
the individual spectral channels 1nto nultiple output ports jn, a
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filtering eonersuet efilbdén EﬁA{n@l 2@02 B‘o'th?(tfwlﬁé]ﬁa?@ﬁl:oxb&a@ah&%mfﬂy%fefeﬁébs and
m ni nal channel crosstal k). i's further desired for such a device to

provide "hitl ess” reconflguratlon i.e., no |I8 is to be coupled to

i ntermedi ate 25 out put ports WEH SRABFEINVENEEN ng i s taking place), short
reconfi gur ghdAN t TiEpreRBinv&liBARALteP SURLaIIG %‘Bﬁtf&hl éi@t@ﬁi@'ah& tiX phificSlar, tJ he
optical power |evels of the spectral channels cou into the out put
ports are ésamicoviwingh priEetystens vath mprered ):harpgb&aqnng;@hgr@ﬁgmms agbnmonl y
owned U $ roBeh GRirprRRLd. C BhbBRipdis BGhO Jxde nvehtidiPtie A1 OBl BhicaS. 2001
and i ncor por at erein by reference, discloses a free-space

wavel engt hnetwekingtappligatiangt i ng (WBR) apparatus. Depicted in FIG 1A is an
exenpl ary enbodi nent 100 of this WSR apparatus, conprising nmultiple

i nput/output ports which may be an array of fiber collimtors 110,

provi ding an input port 1IBACKGROUENIOIZE INVENTION put ports 110-2
through 11Q4aN.(N I be a
35 diffrac |orl grg’ﬁoﬁgemfgrfwg%ibgg%‘?or%ﬁg%ﬁ}cgﬁ%nﬁm %?er%ﬂ%l?& %d]flgc?lq]sc?ﬁy | ens
102; and2@mndevicedlyat oin separd¥® aOBuU10 X3 eIengACIPtISOR¢AY th¥Bmultiple spectral channels

and route the individual spectral channels into multiple output ports in a dynamically

reconfigurable fashion, while exhibiting desired channel filtering characteristics (e.g., flat
channel transfer functions and minimal channel crosstalk). It is further desired for such a
device to provide “hitless” reconfiguration (i.e., no light is to be coupled to intermediate
25 output ports when channel switching is taking place), short reconfiguration time, and
channel power control capability (e.g., the optical power levels of the spectral channels

coupled into the output ports are controlled at predetermined values).

[0004] Co-pending, commonly owned U.S. Patent Application No. 09/938,426, filed
30 on August 23, 2001 and incorporated herein by reference, discloses a free-space
wavelength-separating-routing (WSR) apparatus. Depicted in FIG. 1A is an exemplary
embodiment 100 of this WSR apparatus, comprising multiple input/output ports which may
be an array of fiber collimators 110, providing an input port 110-1 and a plurality of output
ports 110-2 through 110-N (N > 3); a wavelength-separator which in one form may be a

35 diffraction grating 101; a beam-focuser in the form of a focusing lens 102; and an array of
1



channel mcromrrors 103. The WSR apparatus 100 may further conprise an
array 120 of collimator-alignment mrrors 120-1 through 120-N, e.g., in a
one-t o- onwooaredpondence with the input port 110-1 and aadmpugozporrss 110- 2
t hrough 110-N. 5 [0005] In operation, a multi-wavel ength optical signal
emerges fr PR T W’M‘u?s £ 6aHEL ARy 130t
diffracti o%mg]ﬁegﬁdﬁ(g&%i mé%g%§é el nl’lgp.%%:/agqﬁnrmtcorﬁ alatﬁg%{%ént ?ri rror
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wavel engt h N> I 3 r hannel s. (For purposes of
|IIustraif%ﬁQ%nJ%hgfﬂgﬂa]jhﬁ%ﬁ?qﬁ%rgghgzzgﬁﬁéﬂaéﬁgnnels are explicitly
shown.) The focusing lens 102 in turn 10 focuses the dispersed spectral
channel s cor ondln ocus i_ngi ng.ont e nel
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spectr al channels into the respech% tput . ports, A quarter- w?ve pl ate
104 may beMadePPloRSTIRITPTEP poEs BlPmE R Ie D BB gracf #y 101 and

t he channedpestial (el Ol Thd Ghakre] Mhictogiérs 21V 8 IRGIVIARBIE BRtARkbRadndon- 20
sensitive effect. [0006] Depicted in FIG 1B is a close-up_view of the

channel miBPEHerE8r 8IvoR lesqaa%tablﬁh spthethadniregirpisstion thetnectial shamagls grey of
exanpl e, tHRcelandflecBdGne bt ipuk Paridl B-2 AFdudR 86N Ea@h 8MBniFiofERs onal
array along the x-axis (i.e., the horizontal direction in the 25 figure),
so as t o15rfé€eéY°\/@YtW@be@ﬁ§1édeﬂPﬁéﬂdsSPWal Reans@at iThe (oytrykedlimptataligpmenty 5
channel s | firfes P06 RnORG 208 s ARTH EPSide e bohs #ARErAlald Grick onl ¥
three spectral channel s are ustra each represented by a ‘converging
beam ) Thebepwmp prsctheroly fg@ilfaéﬁztbe eFupding b thsneeledl channelﬁ@rw thegesppqtizg optpuitt he x-y
pl ane as 4 I
deflectabﬂ%#éaboa&gwi 3@3% %g hhiﬁg@¥?a bgﬁ%@%ﬁgéﬁﬁectlon IS
defl ect ed gratinghd1yangchel pha@mll ierquairIgrs, lﬂadmnmw? ame Iuadqsxrdolt polptizatipmci dent
direction . Ihe heam focuser 102 of FIG 1A in turn translates the angular
deflection 1htO a correspondi ng spatial displacenment, whereby the spectral
channel is directed into the desired output port. 2

[0006] Depicted in FIG. 1B is a close-up view of the channel micromirrors 103 shown
in the embodiment of FIG. 1A. By way of example, the channel micromirrors 103 are
arranged in a one-dimensional array along the x-axis (i.e., the horizontal direction in the
25 figure), so as to receive the focused spots of the spatially separated spectral channels in a
one-to-one correspondence. (As in the case of FIG. 1A, only three spectral channels are
illustrated, each represented by a converging beam.) The reflective surface of each channel
micromirror lies in the x-y plane as defined in the figure and is movable, e.g., pivotable (or
deflectable) about the x-axis. Each spectral channel, upon reflection, is deflected in the y-
30 direction (e.g., downward) relative to its incident direction. The beam focuser 102 of FIG.
1A in turn translates the angular deflection into a corresponding spatial displacement,

whereby the spectral channel is directed into the desired output port.



WO 03/ 021316 PCT/US02/27473 ---- - - - ----- [0007] Thus, a distinct
feature of the above WBR apparatus is that the notion of each channel

m crom rrwo 03@2i3di vi dual |y and continuously control | abl e,pcaugdnzehas its
position (e.g., pivoting angle) can be continuously adjusted. This enabl es
each channel mcromrror 5 to direct its corresponding spectral channel to
any one of nultiple output ports. [0008] As the demand for capacity grows,
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10 spaci ngelepivetng ingie) adj mcentinepdg bdjasted HEH@lables sach yhnrmellmlyrohessr t han
100 GHz in the, .wavel ength ran of 3-1.6 ordi t he channel

i cr ont r o JHFg 4§ RSP RS RS S i ATy 9B %blﬁﬁl?le ol 15 my have to
be equipped with increasingly smaller pitch (i.e., the separation between
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mul ti pl exi I [ ] wth

owi t chi ng/ Lot SPTALD £ B84 R el bebdin Il 98I 00RN £1958

cunber solvd AthBetot aleintgn eS80 Phammely fibeovingf abdhevtlienr prgloimagice t dheraeteristica need i n
the art f grat | n n eyi ces that
are parti ? ﬁ@fé}@’gg&p B% “?Bltc(ﬁﬂ}ﬁc\j%n g@a%ﬁl%gﬁgrg%%% Ogé?hcgﬁl gpgm ng opti cal
net wor ki ng- appl ications. 30 3 WO 03/021316 PCT/ US02/ 27473 SUWMMARY OF THE

AREALLES [0009] A conventional approach for dealing with spectral channels with narrow

channel spacing is to interleave the input multi-wavelength signal into two (e.g., “odd” and
20 “even”) wavelength groups, prior to de-multiplexing each group into individual
wavelengths (and performing subsequent routing). U.S. Patent No. 6,181,849, for
example, discloses an implementation of this approach that entails an optical interleaver
operating in conjunction with two sets of wavelength multiplexing/demultiplexing units
(e.g., waveguide gratings) along with switching/routing means. Ostensibly, this is an

25 expensive and cumbersome undertaking.

[0010] In view of the foregoing, there is a need in the art for a new generation of
dynamic wavelength routing devices that are particularly suitable for DWDM or other
narrow-channel-spacing optical networking applications.

30



[ 0011] The present invention provides a dynam c wavel ength routing
apparatus that is built upon the WSR apparatus descri bed above and further
enpl oys awwoonsakizakannel - interl eaving scheme, termed a PCT/US02/27473

"wavel engt h-i nterl eaving-routing” (WR) apparatus herein. 5 In the-
inventive WR apparatus, theuspaaRivahr ¢hanReengeRrar ated by the diffraction
grating are focused onto a channel -interl eaving assenbly, where they are

i nterl eavel01Ht o Hee pregest inventiogproyifgs 8 dyemeic Weivelengily rousing appatadiiy that dhannel
groups, pry I e bt eJolzTs] 0 h .
mcromrr ol?@.rt u%gn [ﬂ({)g(;lﬂ Pﬁpagﬁlésog%%%%ihrfggg‘? alz(ﬁ " aué%ﬁ%g arlféﬁvglyagsgélem may
be furt herinferledviriessheme, teimed\W Fraaplpegtiainieleafing-rantipg e E¥MR) dpparenis herpin. adapt ed
to "rel ay.'.(:QL ;. LISt r f-gm_ra

channel - iSnItnetﬁf éﬂg\% ﬁ’g)vgisﬁslgg’%}[a{/uﬁb%@ggicﬁgﬁfq} @%&&%ﬁ%@é@%ﬁ@é’ﬁ{?ﬁcgys oﬁﬁ% hannel
m cromi rr oars focuesipmmtt 2 vhdnpel-intsileavingsagsepmbly, tvdierebibeh are hatexdéraerhimbo at least

i nterl eavi S l.y, and, & channe  CroOmIror arrays.receiye used
opti cal be%gn%jﬁl%lsgg%?ﬁe(rogbgddr gﬁ e?‘l%ﬁ cilhar?pgg?[g%@i gd\(}%ﬁ)t RGeS G onoopfllrsﬁlglg(fng t he
channel t rspefderrafucfchamebmanenirmrsni m zi ng t he channel crosstal k. First and
second arrays of beamattenuating elenents mnay be additionally disposed in
close proximty to the first and second arrays of the channel mcromrror

arrays, e@peiti vial one ewbrodinmgt,tad “agumicnedd the spqdém’t alay e ieithel échidsd af t he
first and se channel . groups .on an individual and dynam ¢ basis.. The
first and tz‘%g’gﬁga%mgf’sr%fy@e 8F S%é‘?ﬁeﬁtﬁneﬁgﬂ%/‘?dntﬁ é?l%?ﬂrémﬁ@%?ﬂ gﬁ{ Bhrate to
bl ock t he spadtdhahnet gpsupelfidmt thachandéldantefle ingQisgnble 60t the Gfsdbhdsecoider eby
facilitating "hitless" reconfiguration. [0013] Accordin o_one enhodi nent
0F Ctho or G YRR RO B BT o o el Sabh Pensy .

provi ded bitedbavadg Ayerlily Re@ MedBhARTinidA@nlot iRAlsSrebdMWdcisBd bt@aBbdan{sE- J.

25 prisml | ke el eHent s. arranged in an_alternati n‘%@confi guration or a

di f f r act PoHeTgPatsRAgne EwRTey fdwmtage ohertinpang the shanas) dapsten fupgiions, an

accor di ng hRidizB@Shé e8hnsEINeERtalk] Nars RANRRbnd Arddy8 of ®8ith AderRd SR MePY al SO
conprise an array _of alternating transm ssive and reflective elenents,

wher e t he TPaRe RALEPRALY aHeposesk moglpseviroumibretat the dissty and pispendyirtaps hdhe j r st

and  seconghafRaRRGbmAFR URSys( Ripetiitely, Y& B )o C(Srﬁﬁ)ﬂ)ﬁﬁtoilpﬁgl %sowéa@@m&ﬁéoed
above, the_augnmented 30 relay systemoperates to relay the first and second
channel grigsiradispeond ghannplgravnsoaag dndividyal gnd dynag¥c basisa|The fissh andspcend he

cor r espongdings 6P 8RR XL AR s My AYS otk B Bidcl hel shoctALARNELLs {hﬁf:al
pl ane, in a manner that maintains the spatial separation between the two

channel frymdmogrreaeiipaFiicystrychy fpditating “hitless” reconfiguration.

[0013] According to one embodiment of the present invention, the channel-interleaving
assembly may be provided by an array of beam-deflecting elements known in the art (e.g.,
25 prism-like elements arranged in an alternating configuration or a diffraction grating),
configured to interleave the spectral channels according to a desired scheme. The channel-
interleaving assembly may also comprise an array of alternating transmissive and reflective
elements, where the transmissive and reflective elements correspond with the first and
second channel groups (or vice versa), respectively. As described above, the augmented
30 relay system operates to relay the first and second channel groups that are interleaved in its
first focal plane onto the corresponding channel micromirror arrays situated in its second

focal plane, in a manner that maintains the spatial separation between the two channel
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groups. In this regard, an augnented relay system may be constructed by
"augnenting" a conventional relay systemsuch as an assenbly of two rel ay
| enses knewgnosimidihe art, e.g., by way of interposing two HEawsodefd7ect i ng
el ements (e.g., prisns) between the two relay |enses, or by segnmenting one

(or each) gl L, 6] @ hensEamenll ROA % ARG AL B S Ghe e

descri bed the cHhanne romr ors Int second
array to b@nmmlienaimﬁsy mwabdwhlaaagessemwamfmrdi}alnnﬁw knovcindhe prtors, i n a

non-inter| e?\f fé%{—pg)fsl ﬁbb NG8RdY %‘feﬁ&t?%é%&%&s etbv@e&ﬁl;g tfoRagd) ment

of FIGS. enlarge chann cro rrors brings "about
di stinct ]Jenmi\oahy&gmnmﬁg mab&tmcﬁ)loﬁtﬂeyelaylanseeni ng the channel transfer
functions_and mnimzing the channel crosstal k. Furthernore, the |arger
(effecti vse) channel spacing thus resulting allows the constituent channel
m crom rr oj0s14]0 bEheC Ghbinm@iHnedleaving) sbeme déscrilsddl ebetearAlotver it]@t ichanel

including (but .not .limted to i gher resonance. fr enci es voting
about bot HHFreRigors jn g%?e}%mt %{rﬁﬁ?’?‘ﬁr ¥ t‘bF’?/B’tafl%ﬁonﬁquﬁlia@g. argpr-that, fhe Cf%%F es woul d
be desi r edmichoniiBo) iR ppbh-tdérieansl sydtemfelg] hdadip a\lvicy as lage Bfin irregdiodiateannel

m cromrror ffectjvely rende s sI| ht ms nment s bet he spectral
channel s & dFI?}ﬁe lgairl?'es%%n‘g{] Wgﬁi ﬁl?a(’??‘grﬁl FgRIEOLS b Ines P‘fty‘s‘Stht

I nconsequeddvhmhges toh @ﬁlﬁ&)ﬁuﬁl@l ﬁa‘ti:eﬁﬁlgttﬁé ChaRREl Qranet! FunSHBHIL hd afiddivhibiing Higy
rendering the system |ess suscepiible to environnental effects (such as

t her mal an@aﬁ@éﬁa?ﬁw@a Figthermpre dhclatger (efigctiverphamef ppacing s reuiing pldVor this

i nvent i on, thagoBlubntdhatidEmidiBRHorOR HelcdRfiduredMith MR RBFAble bdgRLkRed from
the foll owi ng _drawi ngs, and detail ed description. BRI EF DESCRI PTI ON CF THE

FI GURES [ oreileqhnw@snotllmieé tQHgRer AFfoRARET P HECiSnBBLRINERE 2hpuigoth x and

wavel engt hy sepamatd-ng pn%@iné Qﬁglésn%u(:ly\@@bu@e@%ﬁiﬁ@desﬁ%%ﬂan?laﬁallcgﬁrﬁep' cts
an exenpl aré4 enbodi nrent a wavel ength routing apparatus g}g oying a
1

channel - tienally.rige o€ H’é%?é chammelmipremiriges eifeetinghhrondare shghd wisdenpeg i ng"
(WR) appagalss M€ spldRnl BnALILIAG tﬁ& csﬁ%p&{dﬁ%eahnha%ﬁ%{dnﬂﬂors[199&1%111 0' bG 2B

shows a first enbodi nent of how the WR apparatus of
i mpl ement elgconsequentid], Weprely relasingrtelsrange tegriements and fythenienfyrmg th@}@mws a

second e ”bﬁgl E:'}'B‘ﬂb‘?éc to QﬁWr&ng‘fénw &f&&&?fcﬁtayﬁleﬁﬁal Eﬁ@ne%lcwsuﬂﬁadcéml enment ed,

according to he present 1 nvent

20 [0015] The novel features of this invention, as well as the invention itself, will be best

understood from the following drawings and detailed description.

BRIEF DESCRIPTION OF THE FIGURES
[0016] FIGS. 1A-1B shows an exemplary embodiment of a wavelength-separating-
25 routing (WSR) apparatus;

[0017] FIG. 2A depicts an exemplary embodiment of a wavelength routing apparatus
employing a channel-interleaving scheme, termed a “wavelength-interleaving-
routing” (WIR) apparatus herein, according to the present invention;

[0018] FIG. 2B shows a first embodiment of how the WIR apparatus of FIG. 2A may

30 be implemented, according to the present invention;
[0019] FIG. 2C shows a second embodiment of how the WIR apparatus of FIG. 2A

may be implemented, according to the present invention;



WO 03/021316 PCT/ US02/ 27473 [0020] FIG 2D depicts a third enbodi nent of
how the WR apparatus of FIG 2A nmay be inplenented, according to the
present iwoeosiizarg [ 0021] FIGS. 3A-3B depict two exenpl ar yycamisadicmest s of a
channel -interl eaving schene, according to the present invention; 5 [0022]

FI GS. 3C- 3Doztjow kI 2DXxepiptks fitirehtsudinidhd bBhdW the WiRappShtuk bf BIG. 2A\hd}d
assenbly, according to the present invention; [0023] FIG 4 displays two

exenpl ary pl ots ofc Epkmsatedaeegidingfo the pressnbHYentioRar act eri stic . of the WSR
appar at us [9b21f! G ritRk. 3andsB h@piw %@Qgﬁ{ﬁééy Snf¥odfilefts A% _cLQBglélﬂlteﬁEagings

depicts an exenplary enbodi nent of V R appar at us havi ng channel 10 power
control capabil i tSFheme aesoriingfotthe rrpsenigpessiig®; i nventi on; and [0025] FI GS.

6A- 6B shawogsmt herrcRmedinanty %o%%la?%%gq_) itérl?:g?fofti"ghﬁﬁglgiﬁﬁheavih{%

venti on.
DETAI LED DESCRI PTI ON' OF EMBODI MENTS [002 A depi cts an exenpl ary
enbodi ment of a visvantdn gederdieg oithgpregspbineantien; enpl oyi ng a novel
channel - i Np§s3)eavied 4 IGPEIEwolR ?’7'33 " -k .eaving- . rauting"
(WR) appgr at l]Js her ei n, Blgs a0v<\3/a§/‘{:[§1 )%%X‘ng#’%m?{%gl{rﬁsgeg rgtlglgt%g&fjtgﬁgeﬁéal
principles of thefthy WSRapparatveeiHIonl A widhe FPRrapparstu@OUFIOE 241 G 2A nay make

use of th er reh t fhe ! of. Fl l.A, and
is illust ﬁg'%@ i ?}‘I*ng. gc(%glﬁ{g?:ﬁg%lg%ﬁ%o Vi g#% t%ﬁgr esp%%f‘ragjg hfaY'uuég 5§arn§1%1ecti ve
view of BI G |A mBywenegntof capxality] acortling tWhR preagp arvedtion; 200 nmay conprise an

i nput - out sOr ol whi ch nmay .be. an afr f fiher ol li mators
provi di ngqgélz‘di?npuliﬁgbr%('(’é%%og Bl b;‘?g entoﬁf ﬁﬂ%’“ﬁ&?ﬁaﬁ S rpéiﬁfglgtf
col | i mat or- al i gnimeantiomi rrors 220 which may be in a one-to-one
correspondence with the input-output- port array 210; a

wavel engt h- separat or 201 which may be a diffraction grating; a beam 25

focuser 202 whi ch nmay DREFAMEDDESCRIFTIONQF E8M@BIMENTY one lens is
explicit wn ro.clarity); a channel:intefleaving assenbly 230; an

" aggment Jéﬁ“@ﬁ)ay é@sgérdemﬁ{g@%)eéﬁaplary ‘?‘Hﬁ’ﬂﬁ’éﬁm ﬁf & PaHIIe roéig%?ﬂyﬂagf‘t‘?% whi ch
may i ncl udenpldyigf aaneves ebonel-Ataiiayang Q3 me2 Ahed0f GAREIBRI - Te@Thg-r O S.
Dashed box 203! t her rgvi,des a schematic front view of the first and
second chafv&ie AP YS hefpingdse wiysgl exampig to Hlgstragrtbe penerpl piigiplesof ¢ he

i nput - out Pk pRAEHt iAVehAYn. 2 VDR Adpanghsvadonot IR, O nlafBh&e- use of the general

architecture of the WSR apparatus 100 of FIG. 1A, and is illustrated in a schematic top

20 view with respect to the perspective view of FIG. 1A. By way of example, the WIR
apparatus 200 may comprise an input-output-port array 210 which niay be an array of fiber
collimators providing an input port and a plurality of output ports; an array of collimator-
alignment mirrors 220 which may be in a one-to-one correspondence with the input-output-
port array 210; a wavelength-separator 201 which may be a diffraction grating; a beam-

25 focuser 202 which may one or more focusing lenses (only one lens is explicitly shown for
clarity); a channel-interleaving assembly 230; an “augmented relay system” 240; and a
channel micromirror assembly 203 which may include first and second arrays 203A, 203B
of channel micromirrors. Dashed box 203’ further provides a schematic front view of the
first and second channel micromirror arrays 203A, 203B.

30
[0022] In FIG. 2A, the input-output-port array 210, along with the collimator-

alignment mirror array 220, may be configured in a manner substantially similar to that



alignment mrror array 220, may be configured in a manner substantially
simlar to that 6 WD 03/021316 PCT/ US02/27473 described in FIG 1A wth
respect twadsmz2iitber collimtors 110 and the col | i mat or - alR@mus»RLR74781 1 1 Or
array 120. Each of the channel micromirror arrays 203A, 203B may al so be
substantially simlar to the channel mcromrror array 103 of FIGS. 1A-1B
in operation and overall configuration. Hence, the enbodi nent of FIGS.
1A-1B mayy beﬁ k] e, lfR tH s te%}qo ﬁle%%o'ﬂgmg@rg 6 Bid @0 cdifidhtor- ﬁ{g%fn%ntt o these
el enent s. it s 'd be appreci at that various lines drawn in
FIG 2A annirot hlaaf dIZDOV\E%WQ ¢f e channgl midrerisiod aarayo 208%.c203B) mpyigspdice  t he
propagat ' stgrftlaﬁ}p %1hqugl‘stot%ﬁeia(§fl§11ﬂe?mgc?§m%§ 10\5 ff %Y@é q[&slﬁiﬂxq) Eﬁﬁ&%rﬁr e are
not drawn Sca various optica ements i B these fi gur es
are showmvfemitl dohfigisitioat iHeace, piqunﬁ&émleamf EGS. hatlBdnaybe tebedserpingn the0 [ 0023]
The pri tiop of .th at 0] as

fol | ows. QW t(algs_c%v% {eﬁﬁt Eeﬁers & tYn\!ase ezil«%?en";s F'l?rthep 1t ghofuﬁ % ;ﬁ)e C?;?]égut? bort of
t he inputwummﬁmmmdmnﬁtmaﬁﬁayABmﬂmeWMRmhmgﬁ@nhemdmﬁeubédamﬂmbwﬂmmﬂm

dlffractl ratln col l.i.mat.or-align mrror in
the col | | %UP ﬂﬁ%ﬁlc%eﬁ?%f'n &? Fegglecﬂﬁ?)gys%ﬁlg apd HEree a2t | %n&gvg}ah ng 201
angul ar | yscSIepasmhlaﬂy harionns | dpticahaleplentsginhtheget figlks ategstmiwnbfpr ileswetivengt h i nt o
mul tiple ectral chan el s ﬁgvvh re the "wavel engt h-separation direction”
lies subsﬁ“gl?f’?f’saﬁnfiﬁrqrf? RYOIP $AE- of illustration). The beam focuser 202 in
turn foguses the dispersed spectral channels into corresponding f ocused

spots, i n ontqQ the channel - | eavin 3
channel - Fﬁ %ﬁl ea ean r?BFrﬁtl%ﬁf H’ﬁy APRTY mgc}%éd’?ﬁf}ylzﬁeﬁ’\% h®
i Mpi Ngi NGEEEET MamuGRaBNEngtH 63tRall digl eMBles GG theGRRR TRt @mapﬁput-e g ,

containing the "odd"_ and "even" spectral channels, respectively. a way
of exanpl VtrutRert aay 240, whishmey by Aisrsird ealp thedidissqtion grfing 2 byrvayind ﬂteh e second

channel ghomPcdlighdteciiRdment Aiddan tHé 36BinRlorlalibMdt ahineh arrdn@26.1 r'ee and
second channel groups may be subsequently "relayed" (or |naged£ onto the

first aRdlifwetond samanddl fngtlyhi sersrates %@WAVGIWB opfjcal hderph Byugnent ed

relay sysy8ied mt%%ﬁ!ﬁﬁl@%ﬁ&%lal Eﬂa&{e@swﬁe%r the o‘waea%a% Whatidh &rdéhbfrue one of
the spectral channels. nbodi ment of R t he channel

m cr om r rliss subsignéaliy i ﬁth’lPé}P I0§' ﬂblé‘iﬁﬁtﬁloé) | b beasnépcnisy 3Bt & ‘(u@ fpeusepithgot abl e) ,
such thatg; L]Jéggﬁl sﬁe@&&lec(ﬁgﬁﬂ%ﬁ’mﬁ) R6rres ?&ﬁffﬁ o Bbused ?I%Uﬂ@ |11§p1ﬁ§1‘ﬁ%—ght5% &dndet O

sel ected output ports in the input-output-port array
interleaving assembly 230. The channel-interleaving assembly 230 may operate to

20 interleave the impinging spectral channels into first and second channel groups, e.g.,
containing the “odd” and “even” spectral channels, respectively. As a way of example, the
first channel group may be deflected out of and the second channel group deflected into the
plane of illustration. The first and second channel groups may be subsequently “relayed”
(or imaged) onto the first and second channel micromirror arrays 203A, 203B by the

25 augmented relay system 240. Each channel micromirror corresponds with a unique one of
the spectral channels. As in the embodiment of FIGS. 1A-1B, the channel micromirrors
are individually controllable and movable (e.g., pivotable), such that, upon reflection, the
spectral channels are directed into selected output ports in the input-output-port array 210
(where the “port-separation direction” is substantially perpendicular to the plane of

30 illustration). The output collimator-alignment mirrors in the collimator-alignment mirror
array 220 may further provide angular control of the reflected optical beams and thereby

facilitate the coupling of the spectral channels into the respective output ports.



(where the "port-separation direction"” is substantially perpendicular to
the plane of 30 illustration). The output collinmator-alignnment mrrors in
the col | i wat@rozedisgnment mirror array 220 may further preadmesoanguasar
control of the reflected optical beans and thereby facilitate the coupling
of the spectral channels into the respective output ports. 7 WO 03/021316
PCT/ US02/ 27473 [0024] In the WR apparatus 200 of FIG 2A the

channel - i i002d] eavi thy W3R anirirgtup 300 ofBls. B4, giet channettinterlepriag atspably 230 ane of

t he augnent ed, r el SyS , i I i NGl i tHlag t f ocal
pl ane of t"%ﬂa %e;glh}ﬁ%/egc%s{élrgrgf%%? pzaffﬁeO%rd]?l ?fa ?gg?rﬁ%n;%%ﬁﬁe? 22?)01’ ‘gﬁifrlgefsge pl aced
in the freoincilecwith fiedack baltiame vé dneandewser202. Thprdifhdementingi 2@l om rror
assenbly 203 .may. be. sit i n i R relay

yat om 220 EaenEiine 88t BeblG dEPSn-RLAREARY) hE AURTRALERULE TY
the first assthbse203nohay barsitedted gr diepimagnplend heile sugspeiedirvley systanna40.

mcromrr rrays, in nner, t .maj nt ai.ns.their. .spatijal ation
bet ween tﬂ;rémﬁ'rr@% agﬂaerggdc%ﬁaa SP’%EIEI%‘ Il%ﬁ‘%gfeg,&%reéayrteglﬁr t,aggg?cﬁn% %12 e annel 1o
i nt er | eavigi@pa satethdiy re2@dtied chanhst ntib@niredr affagy, Gavh mrannerabstandihtyin® 08irr ecei ve

focused optical beans. Thi rovi des inportant gdvant S, of tim zing

t he channé atfaf%ﬁ?%‘iag nngeftﬁ’?f:@ttﬁ%ﬁ?? e?ﬁnrqiqﬁ‘iah’lﬁ 5t %@ acrﬁ%llﬁﬁg?th??eo%g?nae k. The
fﬁl I ovv: ng iﬂteﬁfarvin@tdssbmmﬁaso fa@d tthe ahdnasy mRx@MiRbAabyemblgozi3nEdice Gfcutede
channel -interl eaving_assenbly 230 and fhe au nt.ed.relay. s em.240. 15
[0025] FI @Ptoak bepping TRISt PfP%lﬁgSeWa‘PWeﬁva%i\%gf%PHW“ﬁwBlevﬁhﬁ“?‘/ii%‘3’?35%5 200
of FIG  ZfndtBs £8 nhiffithiSHE e @8annielcrasstld) €MmB tb o vahgl@eswiigibn skt Forthaspect t o
the top view of FIG 2A. Like_ elenents are | ahel ed by l%ldentica({ uneral s
in FI GS. ZAcEpayzmbogigientsof figshanngkinterlevingassembbn 30 thegugingnied yqy

i nput - out pYti=RKG. array 210 along with the collimtor-alignment 20 mrror
array 220 of FIG 2A are not explicitly shown in FIG 2B (such is also the
case in BFIGS. 2C 2D below). The wavel engt h-separation direction is

subst ant i ghhs) PErRGNES ChivATa firkiQnitdGinRhPI AT hbh thS TR lah Rt 200!EF1EB.
[0026] In the enbodi nent of FIG 2B, the channel-interleavi n[% assenbly 230A
may be 23Apmay bajwldsened; ra sshymais ieide wiemowitiaegpesbiths e vig drildy24f
prismlike gl ﬁl@i‘ﬁ@&t? areAbbAROH ideh@ca@ﬂuﬁé&ﬁfiﬂ@ﬁ@@.%i %13% h@N. rdPamiRdeshax 231

provides a schematic front view of the prism mask 230A, as a way of
exanpl e. THestptitnsand etesity, HBOAP U iDyEP@barfaygdP elpng vithidhg edlimgtpisalignment

20 mirror array 220 of FIG. 2A are not explicitly shown in FIG. 2B (such is also the case in

FIGS. 2C-2D below). The wavelength-separation direction is substantially perpendicular
to the plane of illustration of FIG. 2B.

[0026] In the embodiment of FIG. 2B, the channel-interleaving assembly 230A may be
25 iarovided by a “prism mask” which may comprise an array of prism-like elements, arranged
in an alternating fashion. Dashed box 231 provides a schematic front view of the prism
mask 230A, as a way of example. The prism mask 230A may be configured to deflect the
“o0dd” spectral channels upward and to deflect the “even” spectral channels downward (or
vice versa) in the plane of illustration of FIG. 2B. This results in a channel-interleaving
30 direction that is substantially perpendicular to the wavelength-separation direction. The
augmented relay system 240A may be in the form of a first relay lens 241 in conjunction

with second (or “top”) and third (or “bottom™) relay lenses 242, 243, where the top and



"odd" spectral channels upward and to deflect the "even" spectral channels
downward (or vice versa) in the plane of illustration of FIG 2B. This
resul ts i woensphanoel -i nterleaving 30 direction that is sulkiramsoeat47y

per pendi cul ar to the wavel engt h-separation direction. The augnented relay

syst em 2404 {1BYeR€ 1dnksh I LSt hEk 41 ] Lion

w th second (ore"?op" ) gﬁg@?@g&@sﬂpg@pﬁ@;@r g?gl)?/ll ﬁ%# %&lag%gh£%3 wher e
the top anidp asd WopBehR 1856 FAZT243502Y ZIM?a‘Bivelbd)e povided by segmedsl 2a) 243
may be subst Yl I . recq at t op and
bott om relb{lztiyt tellhagéésr’ %ﬁ%ﬁﬂ%ﬁ@@éﬁ%&c{ glltlat u?’\ge focu v’pl %‘82 y a stte)%lrrent ed

| ens.) | rrelahilensem Pdde 243 tahepa‘tiaﬂsstsemmlb kzeetmmsl, e:glamqahg@g opiqas ther frst and
re-focus?c Vi nd bot t | ens 8s 242, 243 at spatially
separat e I%‘(’: |c%%@%h%.%%ma}mram ?dr?é? zgio‘ﬂ%?ﬁ%“‘fv F¥st and 5 second channel
mcromrror arrays 203A 2038 respectl vely. [0027] The first and second

channel rr.or rays 203A 20 erate l ect th irst and
second ch nnie)7IIiﬂ gr@lupérs%aé‘élfe%% PR frﬁﬁoéﬂypﬁgﬁs %ﬂ%%elzégé [P ST 4%’ 243,
respect i vekflect ﬂﬁadirawgmt)ﬂd:ichmha)grcﬁjps baok o2¥dtht ffopt dhdrbottbrh @61k 1enkes 24ef | ect ed

spectr al chann o o their rrespondi rismel as on the

f or war d péto“ﬁ) reisl?'f’cg?ﬁe ehﬂ@imenfeﬂtr 2 é%\ﬁnhg‘“gg’s‘g ‘I?IEFCES Weqteﬁte% §PSTAanner

t he chanmeihamn’etsefnltmzﬁr B@w@ﬁﬁﬁﬂ@;ﬂwﬁﬁ@e‘hdﬁy@s 6 fheGbriwaed Yath)UAd chaal- i t
upon

inparted t.o the. spect nel.s on the forward ath wher eb

ener gi ng fP’iﬁft]r‘?atVH’@ aﬁ%ﬁ'&?&‘@@ EP thigypangep,dhe @FP’?&”E‘@E %f‘?sﬁqnb]é’fé%é?@ return
to the didifesid@ly ‘Q@Rd@T Wlidt ROmPed 8 tﬁ@@e&twﬂbh@h&woﬁ t}e SATERd PAY, Whetetyne
wavel engt h-separation 15 djrection) as they were diffracted fromthe

grating 20'POBFIEHRE GomdpOFsar-tooussr Bl the ffﬁ@cte% psetrplaghapnednresirs tfhet he

return patdiff@é@ndiceph@Qefl ih NsubBEntRAYt thS CRAE AP @ndfhEe&He F{hrheﬁe[r%n to be
coupled into different output ports, as descri’bed above w respect to

FI GS. 1ASHaectqn) apihey weygod Cteétfrrerl thengratinge} M prgthe foraeetipathy lesit, the
port-separs du@fb}ﬁhﬁe%n't%tlﬁﬁﬁatﬁ RRGidpBed 19@%?['8% é?gh(;nhﬁre%tﬁ;ng% Brd@Afh rmy

substantially "re-trace" their respective paths between annel
ni croni r r &€ casdedigtodiffeent sHiput prstsgasfdesaaibed MngﬁblrmeQmFIGéhééﬂaﬂ Ias t he

wavel engt Ruse Radkad | Clhf{neﬁéh NidpfacE - ! t fdgaction
grating 201 to reffectrl vel ) %aﬁéﬁc (Prhﬁ @Bg}g%agﬂﬁldt&?i’fﬁnr Plget g‘%fc%‘rhlto t he
spectral chamgls|og thpretuprepdt nm:s@bstqeaelw “amﬂam’j |theiinyespectiteepathydetweah thehannel s
in accorﬂQﬁ&ﬁeWrﬁlaoﬁlll}rdr asgéﬁﬂ;l# n?)tS R)Elt atm%%ie%/so%rrlsur{hng an
opti mal coupling of the spect ann s |n ective out put 25
ports and WﬁVﬁlpnﬁﬂﬂwgratlbiedirmgn ti§ omceroed Ghis taﬂewsghstdeﬁfnacuon grating 201 to

effectively “cancel” the dispersion it inflicted onto the spectral channels on the forward

path and multiplex the spectral channels in accordance with their destination output ports,
thereby ensuring an optimal coupling of the spectral channels into the respective output

25 ports and minimizing the insertion loss of the system.

[0028] FIG 2C shows a second embodiment 200B of how the WIR 200 of FIG. 2A
may be implemented, in a perspective top view with respect to FIG. 2A. Like elements are
labeled by identical numerals in FIGS. 2A and 2C. As in the case of FIG. 2A, the
30 wavelength-separation direction lies substantially in the plane of illustration of FIG. 2C. In
this embodiment, the channel-interleaving assembly 230B may also be provided by a prism

mask comprising an array of prisms. As a way of example, the prism mask 230B may be

9



[ 0028] FI G 2C shows a second enbodi nent 200B of how the WR 200 of FIG 2A
may be inplenented, in a perspective top viewwith respect to FIG 2A Like
el ement s woeos/kehel ed by identical nunmerals in FIGS, 2A amt1202A%78n t he

case of FIG 2A, the 30 wavel engt h-separation direction |ies substantially

in the pl anﬁﬁgtired kd osise alidt ARe fddFlafal “2\@{1” lsPecttaNEandIP @A b Bikdricatddein a
channel -i nt. Leaw n 230B may al so be provided by a prism mask

conpri si ng S Gt ?“ﬁgﬁtfﬁlﬁ qg‘?gsthe Réav‘ﬁe%?s@?ra@?%ﬁﬁ?‘é‘ont helepupaentah 22308 may
be 9 WO Q@ét@ﬁlﬁﬂlﬁ BT eMSPRe 227 4 BrisE0 R i Utoge &%&%ﬁ%ﬁb%ak@&n qgd” and

"even" spegtral, channels to be interleaved in a direction substantially

al ong t he RQUSPAmGEMS 24h 28 intgmoser beepn first skseenng relay lsdses é451946 skt em 240B

MRY CONPIsi GRnAmisRI23DB S diledt the st BHTQhd bt ; (or
"bottom) I?ﬁl srr?s 247, 2 81 i nt erSosed bet vveer%&lfgl(nrgfé)tsrésﬁ%u)s’eelgon relay |enses

245, 246. “PAsceond prighs A4S IR4830BINTEYced | Fusthermdre the first amhetcamquischs BHAnnel
groups r esp8Gh bypinttMVah 3

i nst ance. FurthdeéﬁdnoPe th %%Flﬁﬁeé%lmf@fsagé%%%g%% ﬁ%%ﬂz%%%é%au%%j unction
with firstirgnandssecond qhém@y grovps de be48uthon @isplayedbin addiprich substatially t he
first and I f r dis ae in.a diirection
subst ant i apl% ﬁgﬁm%ﬂ&gggﬁ?cu gfrgH ¥ p%]éal?\%%vdgrée%%t % e&ahra :j%rﬁt AP ok, e.g.
witht helofqll‘legﬂed gt arrbihe geaongd Ch@ndlgr@mtcam of titeqnlemacbf tilhstra®agodvichansagl gr oup

out of th i n vi.ce ver.s ner the
first andqggié%%nﬂaéﬁ#e grg%%)ego?é 9]lgarlllmél L) lﬂ%ngfeioflg’[ ﬁjﬁrifss ot hannel
m crom rr@halmehawsorm@@ﬂarr@@3BA ﬂ@SlpeespeMezby [0029] In the enbodi nent of
FIG 2C, it is desirable for the first and second channel 15 micromrror
arrays 203A, 203B to be configured such that upon reflection, the first and
second chd®@29l ngnulptserab@irdént oL FEEl 263 dkis @bsitablehfor therfEét aad decdRE GRENEr | SIS
247, 248 ectlvel nabl es.the, re cted s ectral channels to
subst ant rar Fl%%ﬁmr THEes 031% hel Pet ?b SRfigyres gtt uaﬂ‘?jr% nd
diffracti (sepogdaﬂmamgl 205iph rures dhastieinback! drifo tie fisdraRd V¥RYon( dphsm’é 7, 248,

o SERRE, i FbRS UeReE PhRESed By se bt | o
such, the respanive bathmm acpmcraeloms dﬁﬁyctmcgrhuhg zupmb@a&iaﬂ%me%hﬁly w/af G- -
pi vot abl e about ort ho (g Al ternpatiyvel e channe

mcromrrd chPgsat éS Ehﬁy ks diffrgeted ﬁﬂﬂl ‘theygyaiing HHao thet i | t ed

at a pr ad@mmam lpetﬂ Gudd as'id BOGhR, o FIGCEBY € ThOadeoupBint ARLS 6! BGhEd
spectral channels to sybstantially re-trace their respective paths on the
return p afffjcromurors may each be movable bi-axially (e.g., pivotable about two orthogonal axes).

Alternatively, the channel micromirrors may each be pivotable uni-axially - but
additionally tilted at a predetermined (“bias™) angle, effective to force the reflected spectral
channels to substantially re-trace their respective paths on the return path.
25
[0030] It will be appreciated that by interleaving the spectral channels along the
wavelength-separation direction (such as in the embodiment of FIG. 2C), the relay lenses
(e.g., the first and second relay lenses 245, 246) in the corresponding augmented relay
system need not be as large (e.g., as the first relay lens 241 in the embodiment of FIG. 2B).
30 Further, because the first and second channel micromirror arrays each contain multiple
channel micromirrors (corresponding with multiple spectral channels in each channel

group), it would be advantageous to displace the channel micromirror arrays in a direction

10



25 [0030] It will be appreciated that by interleaving the spectral channels
al ong the wavel ength-separation direction (such as in the enbodi nent of
FIG 20 ,wadhs/meliay | enses (e.g., the first and second rea@yudoenses 245,
246) in the correspondi ng augnented relay system need not be as |arge

(e.g., as sIulBﬁatftialljB berpelddsnldr @6 the 2l clefbth-BpaRitibR dirdBBih. Qhe Flish md& 23080
Furt her, Mrﬁa%se the first and second channel mcromrror arrays_ each

cont ai n wemeRigh ey HisterbuiiOB oG (26 predsgyisad ineshigve Huql?mbieicfﬁ)‘feé

spectral clhanmes Surthier @gfetifbBMaCthe Bt AHP Yocohd pHaM shDoag el ARt,
di spl ace thﬁychannel mcromrror arrays in a direction 10 WO 03/ 021316

PCT/ US02/ X4y Fystemkd0Bnef BIG- yz%é?ﬁyebﬁdﬁl@amaﬁedthy other mgsep%hwhd@fbgmgau on

di rect i o eldh@itsDbo Wi BRK2 &Bng Ale LikEnANE er%ﬂl%f%tg eedoﬁﬁ ﬁ?@f&ﬂpﬁ of FIG
2C are devised to _achi eve such objectives. appreci at ed
that the fafbttaniighy s@ewemt peY-sns 247, 248 in the augrrent ed relay system
240B of FIG 2C nmay be substituted by ot her types of beamdeflecting 5

el enments known in the art, so.lotr;g as the alternative elenents are
conf i gur ed00Y] perkler Aishowssa Bird smbadimant 2006 i how e WIRE)0 of PGB 2A nRyG. 2D

5 hows a t hier 191 RHRACE niﬁrét scﬁgga%cﬁede\r}}?ég' mﬁ %ﬁ%at %(9 %qul% ae@ of%%ngx LH{%

i npl enment ed, maschematlc SI o the top viewof FIG
2A. Likelo ei@werserﬁalﬁb@echbseldmben reumeta}s mdFé@S |2ea¢ndmnmmnshe afas«F«bKBG 2B\ and 2D.

As int he | e arati r gc

subst ant i a per p%hge ?ﬁ% gect I%%Eetalg?ﬁ i PTE 103 the p{aﬂ?

enbodi ne ntlllustrh@onc Ha ﬁneemquumcﬂtshwcmgne&mﬁamaﬁyg aﬁeﬁbwoc‘mmyrcbﬁlpn@mn array
Of al ter naatﬂl g%ftaft&ﬁgﬁ% t%ein\é %‘1@9 a{lgf %tti Ieve F{Bel} geepé,fsflcggfeg tﬂégt..tg Leg.to | et

odd" ectra annel o pass tH spectral
channel S. spéntraCéimnmdsd pdsS tlnomglerah@m/retﬁlgctahes Eavieh’y spe304T diennefsu rTH&&JhamﬁI:l ude a

beam r ef r. 231 e-directi he "eve spect ral
channel s1 sotta? s aﬁs(emfb 23%0 a'ﬁlay i‘g &%%@CIBﬂeaﬁh‘é"’lm' E%s{?tﬁs’é’qta’é’f?ﬂ

pr opagat e redirgainglthel“evehh spéntﬁl ARMAEIS so tthe ﬂhe%&tt aﬂagse@b[w Bl&&nnélrﬁr@lﬂseaw ng

direction |§S s%bﬁtantl ally aﬁ_eled& %1 ar to tgf wavel en t h-separati on

di recti on, > BENHRY tli)é()pa%aé%én Fla. b BUS 3EnRgso &) epyiting an?@‘mtt?‘ll@v@&gnent ed
rel ay SyStMﬁbﬂﬁﬁsﬁHﬂy&nﬁﬂl}l PerpdidichE 10 @ WdveRhgth-ssReHdE, difeblidnd as aNghef OUrth

relay |enses 0%%1% %50 251, 252. (It will be appreciated that the

case

20
[0032] In FIG. 2D, the augmented relay system 240C may be in the form of first,
second, third, and fourth relay lenses 249, 250, 251, 252. (It will be appreciated that the
first and third 249, 251, or the second and fourth relay lenses 250, 252, may alternatively
be provided by a segmented lens.) The first and second relay lenses 249, 250 effectively

25 constitute a “conventional” relay system (e.g., an assembly of two relay lenses as known in
the art), serving to relay the first channel group onto the first channel micromirror array
203A. Likewise, the third and fourth relay lenses 251, 252 effectively constitute another
“conventional” relay system, operating to relay the second channel group onto the second
channel micromirror array 203B. On the return path, the reflected spectral chamnels

30 substantially “re-trace” their respective optical paths through the intervening optics, and
return to the diffraction grating 201 in substantially the same way (in the wavelength-
separating direction) as they were diffracted from the grating 201 on the forward path,

11



first and third 249, 251, or the second and fourth relay |enses 250, 252,
may alternatively be provided by a segnented lens.) The first and second
rel ay | ene@so3dd8B16250 ef fectively 25 constitute a "conventraamedo?/2r4B ay
system (e.g., an assenbly of two relay |lenses as known in the art),

serving t ghéebpemidifiidg théinseHanes. df QUPbORYpReclaR thitlthd bé&RaRMBLoM2Ir OM 1 Or
array 203A.  Likew se, i and fourth rel aé_l enses 251, 252
t

the third
ef f ect i velped Bordeiip thegmbadimeat of FlG ofRre Hispelhisdesited iy slven erplicatipnethatei ng to
relay the sxarand el sty @%ﬁn%me%eg@aﬁhd £RFRPEEm BUEE Ak ath array
203B. On the return path, the reflected spectral channels 30 substantially
" e- t r ace"the Hist andrseeond chanpel rpigrominger %Y%@%ﬁhg‘@@ghwpmnglm erveni ng optics,
and return to the diffraction grating 201 in substantially the sanme way
(in the wavel ength- separating direction) as they were diffracted fromthe
grating 209033 t has fleseniled rbpes lan “augmepdoslep 31sters’ BGHE PBBEYtATERton isher eby

m nim zin ' j j ' .

beam T of | ariart 53 (bardi T indhcbnd aRRFERBHEIALIR RGIROR n s 1, |
desi red i rebiecyplormonipptd sspariieshannblogisronikdt dreags pituatedgn &s imagelplankiow how t o
arrange t =] i first econd
channel mqgﬁ'@%p?irgg%ngglﬁﬁlgsy@gfg%%i %‘%@%@ g&’%{g%?'giﬂ)r{]gg@ fﬁagﬁ‘flo%%"\%s' @ dtggs'scri bed
above, alf regagraertugniented mjeyssystemmhay he corstpeted by f‘auigmeetitg”oncansentmdapt ed t o
relay (or j first n hannel grouyps that.are interleaved
inits obrjglggtg 98)6?{5%%0}10%% %S\%oggglg o ergl% e g‘ﬁi’ t:é E/) YR ?o?l?eél?orsgl%mé’ i tuat ed

e

para annet om-r

in its i nmdgenspliwive, and/nr @fleqtipnenmtdedivctingicihant detvleen dpatvoatlay psesadri on
bet ween the two channel groups. .ln.this 1o regar an .au nt.e el ay
system rra?’ yb%ayc%fﬁsg%r?’ %J%P %gn“by"g%"&é% eir?s%ﬁy' %Sseégﬁeg‘éﬁ?’i SB%?Sggﬁg‘érfbga 2PSt em such
as an assewith igspett tb KiG.28, 2@, dreibs dswilEbeipprebiitedehit e atgrhetddasiai gystens

(transm ssj flective) be defl ecting.el ements between the two
relay | e%?éég %{b%/’ g{p(gf\gﬂ?v‘?ﬁrc’é’@@ ﬁ’élg'tal?fg%’ Og ey SIPQQ%HE?WS ?Jf?a“tallf@niﬂgf"gﬂ‘?lap’enses
into two, sgstah aasordiag ¢d ihegilesattomeentivh.t 1Y @S4le &lont Be FiddchindBof &€, pré&ént2D. |t

wi |l be appreciated that .thﬁ au%nig%ed rel ay s%/stems 15 240A, 240B, 240C
above pr oviiFEUYhRese skilcd igrthe arh Wik knoyy hak e Snplpmep 28 gpreRtaie 2remeaizd syst em
accor di ng rélay bReenpiERenhitapveAbpiatid. | in all, fromthe teachings of the
present invention, those skilled in the art will know how to inplenent an
appropriate augnented relay system to best suit a given application. 20
[0034] Eb@034BA- IBGEIEPA-BB deplRt BNLERIPlaYy SRABQEMERNMBstdting Sbvahé BnhQW t he

channel

interleaving may take place at a channel-separation assembly, according to the present
invention. In FIG. 3A, the wavelength separation may take place substantially along the x-
axis. The channel interleaving may be such that the chief ray deflection is substantially
perpendicular to the x-axis and thereby resides in planes parallel to the y-z plane. As a way
25 of example, arrowed line 301 may represent a chief ray associated with a spectral channel
Ai, where angle 0y, indicates the angular deflection of the chief ray 301 with respect to the
x-z plane. The embodiments of FIGS. 2B and 2D pertain to this configuration. In FIG. 3B,
the wavelength separation likewise takes place substantially along the x-axis, whereas the
channel interleaving may be such that the chief ray deflection is substantially parallel to the
30 x-axis and therefore resides in the x-z plane. By way of example, arrowed line 303 may

represent a chief ray associated with a spectral channels A;, where angle 0y, indicates the
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interleaving may take place at a channel -separation assenbly, according to
the present invention. In FIG 3A the wavel ength separation nay take

pl ace subwwarsio2ediby al ong the x- axis. The channel inter| eavivg2ney3be such
that the chief ray deflection is substantially perpendicular to the x-axis

and t her elygiilesdefiestidnvf HeRRS raf) B0 kit lresbévt tch@e zrpldala f1@ny plancpat@il S of
exanpl e, éﬁrowe I|n 301 may re]?resent a chier ray associated with a

spectral dhahRelne)x | e%ﬁ%qﬂé‘elgﬁé 16- 3G nsgrantodhis et iyrgOr-ar defl ection of
the chief ray 301 vvlth respect to the x-z plane. The enbodi nents of FIGS.

2B and 2D Bertal nto this configuration. In FIG 3B, the wavel ength
separ at i orf0933kewi HE. BEkdpich sdewatis sidnvicw ofya ariemgaskd30A foumsd bytfar eas t he

channel Israhaplo%wsﬂgew@mmmﬁama& hataah i mﬁéct Y cidfdel GGt cfle%@mg Sn a

substantially parallel 30 X-axis and therefore resides 1A the x-z

pl ane. By T\E{eAs dereippd ébovarvrltbvcewe% tp FIG . rriﬁbe prisspmeske}R0Aais @hmfgquday

associ ate C
10 051 021518 B PERD S o SR, TR e SR APRRERE 063 1

respect tdmpHging. SPeqjtabnb;an(lds, sardy tp Iuamxt paredelenhined deﬂeh@owtoze]aplh apﬁel)ral The
embodi nment, I

depicts a s%&leir:agls cz‘g?yg(zf Vi eg\}% #119 cmgrn?use% %@%@gﬂggg#{ﬁ@%@% mas ar ray of
pri sm el ©meat be awdriged imay aﬂiernam@pfaddon,@seshb‘entlnﬁlli@ aﬁamhlthatnher‘bckﬁw ng in
a rmanner r ¢t to Fl sk 330A
is confi gu?géme(ést%[éﬁg%e%a?g?ﬁ?d\é%u&sfglﬁdz&t%oe‘éer?e RSt ?le%ﬁg‘h% %eélg tﬁfif%ng‘r? t he
const i t uemplang|od nﬂimtrstlcmr(dr vie versa)pl"ﬂhg;l magdesypibe chainekin@resing, dikoti@s(efgq | nmpart
The. const ITIBIE Birs ALl 2EPe SERL ARETEk L e RR Sl el anged | n
an al t er nae itingwhweddrighrsepastichdiveation (g, Glo@Cthestiadis)l bath dshRscrived abovepect r al
“nto the'> ARt 0 [IChet ad oA ook ARUAGrayahe Serfie cPbRoRe el
channel -i ﬁﬁteﬂéaem\glaﬁgnﬂlyr E30AI a’frFI(Gezlg for ingth1@8 IE Wil BE-apYiesiatel @at the pAGNt i NY

out of the i ustration). stantially perpendlcular to the
wavel engt W%ﬁ%g‘ﬁﬂam%ﬁ TeFnpiel; oRPL ée ger BPES 10G PIpTRS QL bepedeflecting plegentgescr i bed

above 15 \khb\hn ﬁﬁfsmeeﬁt is0lokg @s tﬁa%on-ghﬁerﬁrdléiﬁ@nl?ﬁi&lé o%ﬁﬁéréﬂiib BferiéaRdmb0 enbody
t he channel - c§1 aV| ngqsasserrbl 230A of FIG 2B instance. It wll

be appr emsﬁ?céra Stlﬂés fatiRlly pglivalsianpely al t er nativel y conprise ot her
types ofxprisns or beamdeflecting elenents known in the art, as |long as

the constituent el enents are configured to interleave the spect ral
channel s 0381 suBdParPidepicl esfhrwaticeside Hawrrira prism mask 330B formed by an

array of prism-like elements, which may be adapted to effect the channel interleaving in a
manner as described above with respect to FIG. 3B. The constituent elements of the prism
mask 330B may likewise be in a one-to-one correspondence with the impinging spectral

25 channels, as shown in the figure. In this embodiment, the prism mask 330B may be
configured to cause the “odd” spectral channels to be deflected in the positive x direction,
while the “even” spectral channels deflected in the negative x direction (or vice versa) in
the plane of illustration. This renders the channel-interleaving direction substantially along
the wavelength-separation direction (e.g., along the x-axis), e.g., in a manner as described

30 above with respect to FIG. 3B. As such, the prism mask 330B may be used to embody the
channel-interleaving assembly 230B of FIG. 2C, for example.
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20 [0036] FIG 3D depicts a schematic side view of a prismmask 330B forned
by an array of prismlike elenents, which nay be adapted to effect the
channel iwoemsleemisng in a nmanner as descri bed above w t h reasysset7478 Fl G
3B. The constituent elements of the prism mask 330B nay |ikewi se be in a
one- t 0- ONejofPr| I ESPRNIRACH W 3308 RSy bé‘Pangdﬂﬁlysﬂ?@ﬁHé Py #%a £ Pafr Q%@H@gram s shown

inthe figure. In this enbodi nent, prism mask confi gured

to cause t{§&mendd of ghst oy alllw@‘aémwnsn ﬁ@ #le vihod ‘éﬁ?@‘@ lpetﬁlod?;d ipdwice thee x

di rection, Q&F@ ative Xx
direction S(e r ﬁngoghg%? stgly%:ajnacm%gé&@ane ﬁjI tI%u§t§ éﬂaﬁ%%]ﬁﬁ ﬂfh?fgtn?gg ers the
channel - i nfceyspre2f? Myt gkplsilyi dhowaubItIgn8DAl IIS/may odtgmatitedy comprise arrayed

wavel engt ) ) L& nmanner
e descri hengk Bl ndbERAL B oo HaP Bl S pB B e Brdiral il 5508
may be uselie tad, emilodyat e cmmauumtl el¢mdngsr hreaconfigurad Ser’ihtiegleaza()ﬁa ofiecElG.  2C,

for exanplg, ?rfer%,M‘%&%@Q@ﬁ@;ﬁmﬁ?%{n‘ﬁﬁ%‘é@7473 [ 0037] - The prism mask 330B nmay

be conveniently provi ransparent grating (e.g., nade of glass or
silicon) known in the art, whose "groove period" d is twice the separation

bet t t t I ba | f.the b
ocuser 200 %ot BRsra  FponCunre efonly sctPfdine 8 oy "o

conpr i selanayaye thanyafigaac thatig cppabkrd sepaniting b phidlty pf stp&d&tﬁal chdnnélk hﬁ att ypes of
beam def | ect | | enent s wn in. e art solon as.th onsti t uent

el ement s ?a& @%ﬁﬁ?‘ﬁﬁnfgauqsgﬂ%ﬁfeesp?t@g&glsi’lﬁ%edsﬁﬁcir‘raalf‘ ?‘Fg% ga'i"?’(e &’Ilﬂ

subst ant i akdpgcteq)the\eaiboditneABe G, 34 0O8S) Altl%t@ﬂﬁll&fﬁ{gmr@ catbaimehtsirgbeol eavi ng
assenbly according to the present mvegtl 10 may refer to any neans that
i s capabl B0 BAPS PGPl BEGrRL (9T YavE n%tﬁé&#%?ls efeafshapedipfp Jugftand| east
two channelecqyd GetrSdihaid ‘@ven”s RRdnnall dryupd] thedeakBrd 1€ (1@- art Will SpPBRARKat

descri bed above.with respect to the enbodi nent of FIG, 3A or 3B. Although
the for gbitAYPErRieH Hetie Srosentdpvention gpy alseibsixiopfet o smplieatiopewhgredt isal (or

Wave| engt hi)@sﬁa'ﬂﬁ"tﬂ@é}ﬁlra% fie SERARPERANI TR thére $handd chgrePRGuiOHhicRdRy and
“even") channel roup those skilled in the art will appreciate that 15

the pri nmpﬁ?‘%‘? “E?F@éérli‘?m}eh%ﬁ*?g #heash ghamelgrony, dxtinsiensel This may
applicati %%cm%lfs‘hédt by ﬁnplgﬁeﬁitl\%\l%tah%pﬁ@péﬁ@a&ﬁﬁ&l Tsé}ﬁrﬁlﬂgcﬁgs@l{ablﬁ I's into
nore than two channel "groups rovid her en channel

spaci ng i rPrigg@sk Wﬁﬁhéﬁ Cag?ﬂﬂ@l Bf capigipg F\ﬁ’@t < N)ispestighghanteds tabe dmiedhed by
I pl eme ol if O AHFARRRREHRL)E in' EHHBIT VAR AT @lefIndids SEFRLfed R1a$ systé
(e.g., a large relay lens followed by M separate relay lenses configured in a manner similar
to the augmented relay system 240 FIG. 2B) in the embodiment of FIG. 2A. Alternatively,
a plurality of channel-interleaving assemblies (along with corresponding augmented relay
systems) as described above may be cascaded in FIG. 2A, thereby resulting in multiple
25 channel groups each equipped with a larger channel spacing. From the teachings of the
present invention, those skilled in the art will also know how to devise an appropriate
channel separating scheme in a wavelength routing apparatus of the present invention, to

best suit a given application.

30 [0039] Those skilled in the art will appreciate that the channel-interleaving scheme
described above allows the channel micromirrors in either of the first and second arrays

203A, 203B to be made considerably larger (e.g., nearly twice as large as in the
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pri sm mask which is capable of causing every M(M < N) spectral channels to
be deflected 20 in Mdifferent directions), in conjunction with a

cor r espondiong/awgeent ed rel ay system (e.g., a |large rel aydreuvshoi7Bowed by
M separate relay |l enses configured in a manner simlar to the augnented
relay system 240 FIG 2B) in the enbodinent of FIG 2A. Alternatively, a
plurality of channel -interleaving assenblies (along with correspondi ng

augnent edmb8higknt THIGEE-18F WRSHLOELnRRRAYEHIRYe] %c@ﬁmgsﬁndgs%&dte 2A,
thereby resulting in nmultiple 25 channel rougs each equi with a | arger

channel $HEftngdvaptagsn ohesubgartiailsgfatgmingh agghttransfe mswns t#dse
skilled 'nﬁnﬁ‘rﬁﬁn@ﬁfe Mhrnb1 @bSAIK NV, RAYWF Qxa%‘llé FiG. Qf‘lllﬂﬁﬁ'ﬁé@%b 3kém 1&?3nne|

separating schere in a wavel ength routing apparatus of rese

i nvent i ofloty ¢f chaene} trangfer funchonse Firgpplpt 44t shovis the e[XgmBlgl]y Chﬂm@étrsn@ifqu ed in
the art S%Achoﬁsocméﬁet’eﬁ}e@ btyrb%ablte I]ﬁ"tef: %ﬂﬁ@l“n&%e J livﬁl%}{ rﬁ‘% b%c&gg@tea%%s& ri bed

above allows the channel "'mcromrrors in either o e first second
arrays 2o3WSRoapBatup obElGale bongitdsly thglchatngl gansfet éurgtlpnsn@mlayydﬂaw ce as

| arge as ¢l nk helos 20 f%?! Qééﬁ} hgﬁu*s%r-%ﬁﬁé “ﬁémﬁe” bk abo

1A-1B). Use of" suc arge Hannet mcromrror di stinct
advant agebaredtersstib of alm WdR| appéitats taf niilag 2Ah e(Ndwamaelthex slaﬂeWentef-dmnndlons and

mnimzin b I exanp I ustrates
two exenp e{%ﬁ}g %Fo{s? fhe ezcﬁlal(gph’trans uncffl ons” Fderlm?a%ﬁPAh A0 shows
three er @djpdmt ylemhamim]he cthnamm#ﬁqxaraﬁoﬁ alsrserhblga eeipbipat)aStuer neadd “byfctsiessdbl e

i nt er - chapnel characteri.stic appar at us

0
of FIG [ a}nnFlntr%l(Sj it E‘£§ onstrﬂaé’ e@%ﬁ%‘?“‘t §ogﬁ5@8 af‘ﬂ??ctf'gﬁ@m&‘?rg p'¥\8 by
second pl(effecth() chadnélbspiicing Mk tegulsing hlagwisw ittt @ihstitiikan BiRinnéINBlcBiRGE6rs Whi ch may
char erl |c of. . the ratus of F 2A. fe the shal | ow
| nt er- chgchh%Fo nfighisd djtgmorg ?‘%ﬁ)\ﬁgﬁﬁ Rgfedsicy ﬁ’&d‘%l‘&ﬁ (bEEgONﬁﬁVtetdé ighefr om shar p
del i neat iresondnes \BequendiSs, & @btatieh @BRN S0l dithbEhal BRRNehd SRR AR assenbly
enpl oyed) trapsfer functions may be

uc ar not ¢ channel "
desi red® Fﬁglgson‘gucg;?ﬂi“}%tﬁﬁ 8P|]§,1q3 F‘?ﬁs’t“i’*@er HoPany gpplicatignge For F’é*fnﬂ?%‘bthlﬁi‘é")l channel
spaci ng tdibtgon RpaHility BFedble Fsbibitity BEinfMSdntihs SillessNAROE gullitieh 8ifkfOrs to
be configured wth nore desirable characteristics, including (but not

limted S6§g ghupvelepghomune dopy dhpudneiEsoumit sellipatprse Semoticamsutie t wo

or t hogon&laval¥@sh upetdiokarif & ik tioatgaR el t&%llﬁ%tor%% 14 poditiatpcpul d be
desirable in many applications. For exanple, biaxia rotation capablllty

of fers t K throdesird IO}“PEIt Pt ilopatieiend lagly sipatingsthe wavelerath darlaonionthpy f i r st

20 collimator array so as to couple the wavelength channel light into the appropriate output
fiber.

[0040] In applications where it is desired to dynamically manage the optical power
levels of the spectral channels coupled into the output ports, a beam-attenuating assembly
25 may be further implemented in a WIR apparatus of the present invention, as shown in FIG.
5. By way of example, WIR apparatus 500 of FIG. 5 may make use of the general
architecture of and a number of elements used in the embodiment of FIG. 2A, as indicated
by those elements labeled by identical numerals. In addition, a beam-attenuating assembly
550 may be disposed between the augmented relay system 240 and the channel
30 micromirror assembly 203, e.g., in close proximity to the channel micromirror assembly
203. The beam-attenuating assembly 550 may comprise first and second arrays 550A,
550B of beam-attenuating elements which may be liquid-crystal based variable optical
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steering a wavel ength away fromthe |ine of output collimtors, then
steering the wavelength up or down in a direction parallel to the

col i mat owoansroay3ito a position adjacent to the desired owquSopar473

| ocation, and lastly steering the wavel ength back onto the 20 col li mator
array so as to couple the wavel ength channel light into the appropriate
output fiber. [0040] In applications where it is desired to dynamcally
manage t hettepatoss|(te FLCpepls? diersin)t knewspiac the adrt. ¢ R2asked] soxc 3P| wetheémt o t he
out put port.s,; : ] ) i nted in
2 WR appdr 2l DRSS BONTHP B FRE BRE A nd Mok Bl Sl RS LN
exanpl e, \ASEBapsrecttelys 150Iis ofanter,Ghe Grshand seadkd chamebferavpe aigdmeadeat upon
architect . n in. the enbodi t FIG 2A
as i ndi cag1 Eelg tﬁefﬁ%/ﬁ{%glg%lelﬂg e‘fré%;a{s? ﬁgﬁ%ﬁe%z?%ﬁ)?s?e renﬁ%eg%ﬁ TR e Sagfg?g’ Fﬁa%ddi tion,
a beam atstpeioutt inmgngiss emtb the firsthdrsayondeheirep os@ombet wees 2084, 203@ent ed

rel ay systtﬁen}02429 agtg trer]qe C%annel 30 mcromrror assenbly 203, e.g., in

cl ose proxi mfvil/ 98 }1e BHANAEl nicromirror assenbl y 203. The

beam att enuati ng assenbly 550 may conprise first and second arrays 550A,
550B of b ttenuatin | eme j be 1iquid-crystal. based
varianl e dOPtEa ThEE RReSmERTH R itslBY 299 #seol] e iRty fetited

" LG pi xel $508e358Bhakoy@ydie fornttthiRteathé corfdssdidihgldpectabéhandely ddwrindipidami des a
schematic front view of the first_ and second beamat{enuatin rrays 550A,
5508, 1 BRIV DA, 50 rEpial 1 PRICH] PRYTRERLS GE SO FEMElr oups
are inci desipléetpio thandipubpsrefBidesika Rt @i tkqamideder 4 predétemiabdswarnd

beam atteg[:fagtéj ngp@rrgﬁ 550A, 550B, 5 prégr to inpinging onto the first and
second chaMRdrst AR FSART pem-affenugiiae arays SSOAaB0BIRRY fupBer serv e ' Plqsk the,
respect i vepaeiral @B4nkkls! that hee amB@EbiAR NVectightalion, SthefehP hiilitingnditeeeond
beam attenuating arrays 550A, 550B may operate toQ attenuate the

cor r espondFegtiapRiqn, Cl%:ﬂ'ﬁﬁ‘?‘?él’%w‘?fr?"%‘wlPﬂ@ﬁ%ﬁﬁ%mﬁg}ﬁﬂ%&ambﬂw ¥oBldsi s, so

as to coptelightyngesmié ﬁ@&pﬁea%ﬁvdrﬁﬂg bSp1RhtidnS e MRERES, BhoaRANDEIRihOMP! ed
into the oqutput ports_ at desired values s.e.g., ecg{J)aI ized at a predeterm ned
BE aHgysad

val ue). TFiePirsls dn thenfirssadorseondheamantie dy §5Gbomy 18508e hay
further segaig cbidedv@Fiarget, N8 2 SRACI AL aﬁ%%ﬁ&&dtch%e@i?%ﬂym&r S0
reconfiguration, thereby facilitating "hitless” Treconfiguration. Such
channel pdiearaasement betiien the chasgel mistoriroiassantilo A0t endahe béani-atenvasimed 15 be
hi ghly desidealblyssotin PRY. 55l 1k WG4 BARKd Rk BReridfRAUBsicecause the

constituen
20

[0042] Those skilled in the art will appreciate that the beam-attenuating assembly 550
may alternatively comprise MEMS based shuttering/attenuation elements, or other types of
electro-optic shuttering/attenuation elements known in the art, in lieu of the LC-pixels.
Moreover, the functionalities of the channel-interleaving assembly 230 and the beam-
25 attenuating assembly may also be combined by depositing liquid crystal material (along
with associated control circuitry) onto the channel-interleaving assembly 230 (e.g., the
prism mask of FIG. 3C or 3D). From the teachings of the present invention, one skilled in
the art will know how to devise a suitable beam attenuating/shuttering means in a WIR
apparatus of the present invention, for a given application.
30
[0043] It will be further appreciated that the use of larger channel micromirrors (along

with larger LC-pixels) as described above effectively renders any slight misalignment
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LC-pixels in the first and second beam attenuating arrays 550A, 550B may
| i kewi se be made considerably larger, as a result of the aforenentioned
channel - i wioessleemas ng schene, the arrangenent between the rdTawrsvehl7473

m cromrror assenbly 203 and the beam attenuating assenbly 550 in FIG 5

woul d not wavenstat ¥patdeehanhdle asd @R ®lredpohdifs chgmehalcdsthigotsSot @&- LEO [ 0042]
Those skilled.in the art wll appreciate that the beantattenuating assenbly

550 may aPEEPnRIpstrally, inconssapentah Moty Jelaying Holerasrs myruehentuard B8N enent s,

or other txp@singfihe @6k RsOBiseéptiblRUiot &iviroamaitilceriats QUcIEl8 MRSl kipwn i n
the art, inlieu of the LC pixels. Mreover, the functionalities of the
channel - i nPeeRisalidisrbansesinl y 230 and the beam 25 attenuating assenbly may
al so be cpnbined by depositing liquid crystal material (along wth
associated control circuitry) onto the channel-interleaving assenbly 230
(e.g., thel00#i sndleae rays be-prplicaiong whemp) the Hirgingndhgecerds elnpg)smisfomifer pr esent

i nvention, 5 0R€ a3klesir&Oio! Bt infdiGe %‘E&xiﬁ“ﬁi fo 68 QHQIBQIWn{e?eaS)%g S8erfbly Wiltdll © beam

attenuating/Shuttering nmeans in‘a W apparatus o € present 1nvention,
for a giveRvelpps aearementeElqyouaey. |(Puchia ¢onfigumiien mey yielhs soilier deviechat t he

use of lar : : 1 1dAN QF i I = Di .

doscri bed Sopua” RFAElmlX, FRT A Gofis bl o it B4 AP cobe il bl

03/ 02131 6& tPdTs s82LR. 747F dingdo \Heeepresehiainwqpéion.r Bl vadyarfreshisplanWIR lpparatus
correspondy 1 1.Ll.0 - Di xel racti I

i nconsequ g%dta?%qm%l g{r %%ﬁg Fﬂé'il);(eir anlélﬁjfb%?éfregg]nngeél %ﬁgacgllnﬁgerreser)rl\lfogl%er? tél Oﬁﬁltﬁt %lc)a’r

render i ng dshedigysittorthdse sensusddeptifids by thosaarviumsrate Msih tlef (o dSFIGSBO as

t hermal angd hani cal _di st ur bances).. 00441 There gy b i cations
where the zI‘fhragi'{:eﬁ élﬁ%lle(séglg %35% g’ﬁé’nﬁj@l iy G r%a t?‘?g’r Jno&'r t?’%y%é@rs e%gg‘?‘%&??ﬁ o be in
cl ose pr oxtoratsythbuoglt el thheafte| impiige bheay Titsg aass 608N vi chinhélatdcroniifio®) vi ng an

augnented. rel a stem (Such a nf.i guration na ield | er device

f oot pri n?s, Wﬁ)er Yﬁf[%és(tf%nggg. ) VE GSpegﬁas%g%e S8Phe rse‘\e/ﬂ%oﬂ“f%ﬁ?ﬂ:% ﬁﬁ%n%

appar at us perdndiroisnDdkBed boxek 685,606 Warticd Proviiie Gohdhatg ftoat Wlaes Pf @seivkt

invention. By way of e I R ratus . 600 maybe built upon. and share

a number oﬂ‘n%eﬁe(é(ﬁén?r?yﬁ)s%@gki ﬁo%%f éﬁ%gai Wgﬁqmlgprs,:mgpgwly. as KEREiRgd by

t hose el enapetafion d€ tHel WITe dppdyatiid€00SiaaELStbEhRIaHy sidilar o tHAt SesEre@ aBbve-l G 2D,
with respect to the embodiment of FIG. 2D.

20
[0045] In FIG. 6A, the channel-interleaving assembly 630 may comprise an array of
alternating transmissive and reflective elements, where the transmissive and reflective
elements may correspond respectively with the “odd” and “even” spectral channels, for
instance. As a way of example, FIG. 6B shows an exemplary embodiment of how the

25 channel-interleaving assembly 630 along with the channel micromirror arrays 603A, 603B
may be arranged. The channel-interleaving assembly 630 may comprise a “channel mask”
631 having alternating “holes” (for transmission) and reflective surfaces (as marked by
hatched areas). The channel mask 631 may be positioned at 45-degrees with respect to the
first or second channel micrmirror arrays 603A, 603B. For ease of alignment, the channel

30 mask 631 along with the first or second channel micrmirror arrays 603A, 603B may be

mounted on a fixture 632.
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a channel -interl eaving assenbly 630 nmay be adapted to allow the "odd"
spectral channels to pass though and thereafter inpinge onto a first array
603A of cWwanmsekiatscromirrors, 15 while reflecting the "evedT/epect47al
channel s onto a second array 603B of channel mcromrrors. Dashed boxes
605, 606 foo4dler Ar@witivelys cﬂtee Bidnh6] MaNE3V in@¥Sbe fintéheselli Betkeenadilgongicond

arrays 603 of hann mcromyrrors, re pectj vely. The renaini ng
oper ati on of°%f hﬁﬁtﬁngﬁ‘fﬁp figt-256ls DRYs (es-smyslerod stican pielasshknogm ip dhe; hat

descri bed @aboVEhe Wikst for I REGRAC than@elt ﬂ%&ﬁh@%ﬁg@%o@i BbsB BE beOmb@fad4d] In

FIG 6A, the channel -inter] eay] tgfassenbl nprise an array of
al t er nat i ni§SREPLNS n‘?“s‘é"o dleq fapey o] E?ftafl@éecé?‘%?@m%hatﬁf‘e‘?r@nfeﬁ@t PO-demsrSssi ve

and refl ecd i Vi a BARBEABuskBYd SOFICE SRORICH ﬁﬁzﬂﬁtﬁéérﬂé%lt Melié\é, ﬁéﬂnﬁlbﬂh eﬂﬁl" and
"even" spectral channels, for instance. As way of exanple, FI'G 6B shows
an exenpl R4 dvasdi baiweenofh ehe}wnflﬁéntzéeaman@ﬁéfrmblﬁt@d| thev fespectivs ehasmgl 630

al ong W t hp{chsnigbamels ghcrom rror arrays 603A, 603B may be arranged. The
channel -interl eaving assenbly 630 nay conprise a "channel nask"™ 631 having
alternating "holes"” (for transm ssion) and reflective surfaces (as marked
by hatch jeas T i 4 gr ees
wth res p:[g?@{ 0] tﬁléhe &?Sreg{&ﬂgg}ﬁls)%%ﬁacﬁe%ﬁﬁgs}{pag‘lﬁ%%rr%%oééggﬁ %be %8%% 603B.
For ease!loofiffegctiopn geating, ehbolegraphie| diff@ctings ikragag, @Jilcmgelw ehatingeaf ¢urgad or

032, 17 v Bay 5 Sl bR 2 e, B et Pl DL PUEF Bl P

631 may beecpamtmgposad kevnee ihaiatgohis beatf ﬁ;cmf 202 n‘talyrlsft aamglesmmrml

ri ght - angl e i.li.con or ass wn in th rt. The
first or sagsée(%{rll)lclif c é%lnﬁee P %fﬁ% ]?e(r%lr %g?srl%me%r& éjBk}f’?aﬁrt be li‘?oﬁﬁatn@

respect i vehigrognrrowo263 deay figc ediconf midrersdchined! m&mdrqﬂ‘ecﬁﬁ% ribbats &re
oriented ree e.d., illustrated,in Fl 6B. Such
an arr anggﬁnen%% ’% 58 oﬁfeﬁ?’fpﬁf(%f tdﬁnan%}‘ﬁlgaaraaﬂ {aBStIﬂmioé% K B‘E?’ﬁéiétn ?‘H’@

channel -i rvﬂmemiebmwrasrglrms sapibe piaiabld fiwut esp@civb \akes halmailhmzﬁfbﬁﬂigﬂinéﬁtor s in
FIG 6A. [004 ent i.nventi.on, .the wavel e epar tor 201 may
general |y l%goéslzlzulnéaéf a?sfgjecﬁ PP QE?IPlgﬁLkb‘fE {FIFES: f W&@’%ﬁﬁf] @ ?tﬁ’@tl on
grating, ancatckeiwntn Greair, Bgh bamglp[w)&dle a@bﬁtfohasﬂﬂwfbrhxw at wilgbe @ptdcARAM SSi on

ratin i rsi ri her vel t h-
grating, e%hzg the>6 a1s1nel %ngrom?rgc])rs escr1 edeabo\ygm%y e replaced by other types of beam-

20 steering (e.g., electro-optic based beam-steering) elements known in the art, that are

capable of dynamically steering the spectral channels in a substantially equivalent manner.

[0048] Those skilled in the art will recognize that the exemplary embodiments
described above are provided by way of example to illustrate the general principles of the
25 present invention. Various means and methods can be devised herein to perform the
designated functions in an equivalent manner. Moreover, various changes, substitutions,
and alternations can be made herein without departing from the principles and the scope of
the invention. Accordingly, the scope of the present invention should be determined by the

following claims and their legal equivalents.
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separating neans known in the art. The beam focuser 202 nmay be a single

| ens, an assenbly of |enses, or other beam focusing neans known in the
art. The woasneisienm cromrrors 203 may be silicon m cr onaddmesd2ni478or s,
reflective ribbons (or 15 menbranes), or other types of dynam cally
adjustable mrrors known in the art crlgsfy channel mcromrror may be

pi vot abl e about one or two axes. The collimator-alignment mrrors 220 may
al so be silicon mcromachined mrrors, or other types of beamdeflecting
means Knowgnhaihs dibgedtid . each being pivotable about one or two axes. It wll
be appreciated that the channel mcromrrors described above nmay be

repl aced by other types of beam 20 steering (e.g., electro-optic based
beam st eefi ng) A5 £ S &ﬁg}}g@l inthe art, that are capable of dynamically
steering the spectral charnel § in a substanti al ly equival ent manner.

[ 0048] Those sRi | | eeh inpuitped feira mujti-wvavelsogth wptica! sigedl, ande pdwditp bfioytput

enbodi nent s descrip&g. above are provided by way of exanple to illustrate
the general principlies’ of the 25 present invention. Various neans and

met hods can bebllevi s edvélergti-separatop dhraf separatdsesaiddmsliigreatiedgth wpiidal sigsali n an
equi val ent manner. var | chan ubstitutions, and

al ternations can bewn‘é’%‘ééyﬁ?‘étpé?tﬁmw%@%?F&rfgggwaﬁg fromthe principles and
the scop® of the i abant-foomer Batforwdesgldyspedthbclmampe of the present

i nvention should be ter.m.ned by the. foll.ow.ng clajns d. thejr. | egal
equi val ent s. 18 wo ?)gl?a@ﬁ?ﬂ"o"f%r?%ﬁﬁl%ﬁ%b%%? n&\%ﬁ%ﬁv@l& Wﬁ?ﬁicga”dlleiﬁilwgd i s:
51. An apparatus coapeasisfinigind sgcoadichiamal eropps; tand or a nul ti - wavel engt h
optical signal, , and I ity of putput orts; b) a wavel engt h- separ at or
that separ at es®saj dat%?s[t iLﬁr%aV’éil gt g‘fsi B%Fh@flénﬁ}czm%yoﬁ\?%ﬁ“é‘?ﬂjgﬁoi nt o

nul tiple spectral chanrg®hs respébtiogly avithear itaedss bfst hibdechRCisR%R] SRufls, Spect r al
channel s; d) a channe] -interl eavi pg%%ssenbl that interl eaves said _spectral

channel s®into at I%‘ﬁé haf ieaclchanng ORETOL KEERES 2 grigEHERe ghipidypesital| east

first and second ard¢hayslykaidanig miFbaIesF bdis Hdiviasiyt darsthbledo daedtr espond

respectively with said at | east first. and second channel groups,
P y sal1dd spectra% channels 1Jnto selected ones of said output ports. g P

2. The apparatus of claim 1 wherein said beam-focuser focuses said spectral channels
into corresponding spectral spots on said channel-interleaving assembly, and

20 wherein said apparatus further comprises an augmented relay system, adapted to
relay said at least first and second channel groups from said channel-interleaving

assembly onto said at least first and second arrays of channel micromirrors,

respectively.

3. The apparatus of claim 2 wherein said augmented relay system comprises first,
25 second and third relay lenses, configured such that said second and third relay

lenses correspond with said first and second channel groups, respectively.

4. The apparatus of claim 2 wherein said augmented relay system comprises first and
second relay lenses, and first and second beam-deflecting elements optically

interposed between said first and second relay lenses, configured such that said first
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15 such that each channel mcromrror receives a uni que one of said
spectral channels, said channel mcromrrors being individually

control | aboeostoe1dsr ect said spectral channels into sel ectred/usvwe’748 said
out put ports. 2. The apparatus of claim 1l wherein said beam focuser focuses
sai d spectral GR@RRIBhSbeat N6ty RIRARELAGPSREFI &lid BROLSI L&nd dhdhnel

channel -interl eaving assenbly, and 20 wherein said apparatus further
conpri ses an a@iBhIeweiBrly system adapted to relay said at |east first
and second channel groups from said channel-interleaving assenbly onto
said at |least first and second arrays of channel mcromrrors, _
respectively. JFheppearatssaf elpigs4 gthereinagither ofppéd Ersh anh pegord berprdeadigetingl ay
system conpri s i . nd and third relay | enses, configured such
that said seco%%dghg%%ﬁp?%%gﬁg@ | enses correspond with said first and
second channel groups, respectively. 4. The apparatus of claim2 wherein

sai d augngnt ed I i j 1 . s, and
first angg 'secor'l[(r]‘jlgtg1 aﬁ‘?‘ﬁi%??&?? %&gﬁgﬁeﬁ%%ds&?g??@%lr?l?gﬁgetn{e(rag%nesag%gst?’meen
said first andsewodridirdeindyfohdinsday, lensesfdogligweld suchithathsaid Srafi hdfsepetd 19 WO
03/ 021316 PCT/ C flecting.elemen orrespond
wth said fi rst&J é%%gsgegg%eésgﬁﬁﬁeﬁﬂ%éggg%gpg 8@%3%41%\1/@:[15&;@% e 8] par at us
of clai m4 wheleises coittépond with sad sbchnd dinmhgrosecond beam def | ecti ng

el enents conprises a prism 56. The apparatus of claim2 wherein said
augnented rel ay systemconprises first, second, third, and fourth rel ay

| enses, confi gUhedpsuatis dfivdtimSlawltbrdin sdd chundelspedeingragiemplyl @ageisescar r espond

with said first _channel gr .and said third and fourth rela | enses
corres po&d wi t R&5i ?ipgbee@%h(%%gﬁ’éfﬁngllemﬁ?t&u girapgedriplterngicly, dp 2 8%6'9"§16m 1
wherei n sai d chaimespbndendeaikieaid spectabdanidly conpri ses an 10 array of
beam defl ecting el enents, arranged alternately in a one-to-one
correspondence with -said spectral channels. 8. The apparatus of claim?7

wher ei n s@i d amhayappiratae ot €lgifl @ Clhoddn BaRITERAS of DeaRldONEMHAE M¥neadts is

diffraction grating. . 9. T%e apparatus of claim7 wherein said array of
beam def | ect i n@roéﬂ‘gfjn?ﬁlaéh BrHopigeabae.
0. The apparatus of claim 7 wherein said array of beam-deflecting elements comprises
15 an array of prisms.
10. The apparatus of claim 7 wherein said array of beam-deflecting elements is

deposited with liquid crystal material and associated control circuitry to

dynamically control optical power levels of said spectral channels.

11. The apparatus of claim 1 wherein said channel-interleaving assembly comprises an
20 array of alternating transmissive and reflective elements, configured to allow said

first channel group to pass through and to reflect said second channel group.

12. The apparatus of claim 11 wherein said channel-interleaving assembly further
comprises a beam-reflector, for re-directing said second channel group so that said

first and second channel groups propagate in parallel.
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15 an array of prisnms. 10. The apparatus of claim7 wherein said array of
beam defl ecting elenents is deposited with liquid crystal material and
associ at ewoowwerzab circuitry to dynamcally control opti cadr/ypsseer47Bevel s
of said spectral channels. 11. The apparatus of claim1l wherein said
channel -interl eaving assenbly conprises an 20 array of alternating
transm ssive and reflective elenents, configured to allqQw said__first

channel gtdup tT@erﬁ‘aB@a‘PﬁPS&b‘Fimahé“fflﬁr P%‘PP%%‘%g bt gnd seomd EREHAEP M oup. 12.
The apparat us q&eﬁh@dggaéiﬁen\e@%{ 8bR praiihits RApRalell i fid BAYVidiGednd AFRYsy
further conprises a beamreflector, for re-directing said second, channel
group so that ®acksnnelimisromirersswheeil seif Ahsiend H‘béﬂw&éé’eﬁﬁéﬁ?lﬁa‘&ﬁr all el .
20 VO 03/ 02131G G URDZALAI F dylidmicklic HRBRSHMS,Hor ekl BE did Hft by
conprising first angl second arrdys of beam attenuating el enents, in close
proxi mty respé@qorld'eha’ym‘tl(gr@aﬁGG$P¢‘E§’F1Yand second arrays of channel
mcromrrors, wherein said first and second arrays of beamattenuating

el ements are operative to dynanmically control optical power |evels of said
first andl4.5 sdbenppacdteneledlaigr Gupbsreineghreof sudifiyst a0d secphé arawaxfé@m- of

cl ai m 13 wher ei Lt he r fy

attenuating el gﬁ%n%flé&cege&%rﬁti%g% és lﬁgldaﬁgsa?g%sg@aseg{e ?llcegb Si cal
attenuators. 15. The apparat us of cI aim1 wherein each channel m'crom' rror

|'s continygus| yrhelo' YOLAD! & about gt Leasky ong, & mlcro]ﬁarlrg is conh%g&l%fyat us of
claim 1 wherein Sard Beam fotlser "conpr iSes’ One of rore | enses

appar at us of clpaiotublk abbaraelenstoa¢ gkisvavel engt h- separ at or conpri ses an el errent
selected fromthe group consisting of ruled diffraction gratings,

hol ographic diffraction gratings, echelle gratings, curved diffraction
grati ngsii@nd dihs pgagituxdf clair $ Mherelibshil bedtdoapaatoaiptises@he of morldnsesher ei n
said input port and said plurality of output ports conprise an array of
fiber collimtors. 19. The apparatus of claim1 further conprising an array
of col | i may.or - dhe gp;mmhs oﬂﬁlaﬁllholr Wherantshlaastalvyleﬁgﬁnm-eerppfaaﬁdoﬁ@hmaﬁl elediefit i nput

port along with sal out and s d]ﬁ (el engt h- separ.a for
adj usting al i gﬁﬁléﬁ?dd t?m\ﬁﬁw Qﬁd‘g Xva cﬁ&racuc% gratings, hotlographlc
diffraction gratmgs, echelle gratings, curved diffraction gratings, and dispersing

prisms.

1518. The apparatus of claim 1 wherein said input port and said plurality of output ports

comprise an array of fiber collimators.

19. The apparatus of claim 1 further comprising an array of collimator-alignment
mirrors, optically interposed between said input port along with said output ports
and said wavelength-separator, for adjusting alignment of said multi-wavelength

20 optical signal from said input port and for directing said reflected spectral channels

into said output ports.

20. The apparatus of claim 19 wherein each collimator-alignment mirror is rotatable

about at least one axis.
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20 optical signal fromsaid input port and for directing said reflected

spectral channels into said output ports. 20. The apparatus of claim 19
wher ei n eawho3maidismat or-al i gnment mrror is rotatable abadr/esdozkeast one
axis. 21 WD 03/021316 PCT/ US02/ 27473 21. The apparatus conprising: a) an

array of i ber Tﬁ@%}lph%tsg&ﬁ nd@ﬁgov' ding an i nput port for a multi-wavel ength
optical signal pl ura]i’ of output ports; a wavel engt h- Fs\agar at or

t hat separ at es@sai chnrﬁljllall Pfﬁbﬁféplélﬁ@iqiis PP anslPE}HQP“ @W“%WF h into
mul tiple spectral %@ﬁ%@d afi a@lu?ﬁﬁfbfdﬁ%g&ts d) a channel -interl eaving

assenbly; e) an augnent relay system an first and second arrays of
channel mi cronb) r ora waveengthesepirptos Hiatl s¢peratns fsyéug@ﬁ-wa@@e@% ogtigalisighdct r al

channel S into correbip‘%ngiﬁ{;% Qﬁﬁﬁtp ig&&t‘ Shadikisai d channel -interl eavi ng
er

assenbly, wherein s eaV|ng assenbly interl eaves said
spectral channel s mbaamffbmer and second channel groups, wherein said
augnented rel a Sysf € 3 ]ay said first and second channel
groups from sa?id chann e m rerflggia/slts%a{) ssenbly respectively 15 onto said
first and secon)d aramgmaﬁe&hhrym@temandom rrors, whereby each channel

m cromrror eives a g K $ one ?chasraféld iSRS, &r@l channel s, and wherein
sai d channel cr o Y8 PEORE BIPR G Vi aln?y Control lable to direct said
spect r alinchannehsreini sdid teahdotre fuves:sofaids apadtraiucmnelponmscorﬂsgponﬁmg

apparatus of claim21l wherein, s el.-inter aV| .asse npri ses
20 an array of SH5&%th 3R9fy 8Bt 1A § gf“@’ﬁ‘g]’??e%a‘ﬁ?g Ejis] yal‘fv er%’\t eall({TbcLXnn%P
one-to-one CoOii@RpANE QBRMLIY tiflerfoaidh weapdsoa’al chan¢lelisto A3t aﬁdhe;ea}mrlar at us
of claim 22 vvherel said arra

beam ecting. ele i ded by

a diffraction ghasp r%oup%d"’ *H Sadiiﬁ r8 yéYséqnﬁ} a%cgioeﬁehy%‘ﬁ&{) %rray of
beam def | ect i ngn® kRNt pr&E@PTHFFonS @ﬁd @Rardekidierledviddl AsS¢Bbly respectively
15 onto said first and second arrays of channel micromirrors, whereby each channel
micromirror receives a unique one of said spectral channels, and wherein said

channel micromirrors are individually controllable to direct said spectral channels

into selected ones of said output ports.

22. The apparatus of claim 21 wherein said channel-interleaving assembly comprises
20 an array of beam-deflecting elements, arranged alternately in a one-to-one

correspondence with said spectral channels.

23. The apparatus of claim 22 wherein said array of beam-deflecting elements is

provided by a diffraction grating.

24. The apparatus of claim 22 wherein said array of beam-deflecting elements
25 comprises an array of prisms.
25. The apparatus of claim 22 wherein said array of beam-deflecting elements is

deposited with liquid crystal material and associated control circuitry to

dynamically control optical power levels of said spectral channels.
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25. The apparatus of claim 22 wherein said array of beamdefl ecting
elenments is deposited with [iquid crystal nmaterial and associ ated control
ci rcui t rywwoos/dynen cal ly control optical power |evels of ma/asopecsr al
channel s. 22 WD 03/021316 PCT/ US02/ 27473 26. The apparatus of claim 22
wherein said augnented relay systemconprises first, second and third rel ay
| enses, configured such said second and third relay | enses corrgspond with
sai d fir26 andThecenpartusipiehen 23, Boesin spidyeRenteb ey S‘Z?t?mﬂ?g‘pgﬁ‘??a& us of
clai m 22 wher eée@cgﬁia‘érﬁil BHY MBI Bksel SlodM ¥ LRM GRNREAGS fthiidel3Enseb second
relay lenses, and first and second beam deflecting el enments optically

i nt er posed bet swsrssposd wdthfspid Sirst andisesendahannebgrayps, waReeEvelitonf i gur ed such t hat
said first and second beam defl ecting el enments correspond with said first
and second channel groups, respectively. 28. The apparatus of_ claim 27
wher ei n @7t her Tief appatiatiis bf ¢lgim 22 uheseie srid atgseanteda¢lpeysiempompoises| fEpeRe s

conpri ses a Prizilg 2lay [0Se2RRET ML Snd fsec%h@'ﬂéh@deﬂ@:?ﬁ%'éi‘elﬁéﬂsd optically

channel -interleaving assenbly conprises an array o Iternatlng

transm ssive aimbrpestd batwéansaidlfestend sscomxbretay densesd canfigered eueh thadsaid first st
channel group t ass .t hraugh..an 30. The
appar at us of c?é%%%Qﬁéhﬁ%@%&@%“@%%g&§ﬂ%§%%§é%ﬂﬁgﬁgﬁﬁgggﬁgﬁg%gﬁ%gﬁggg first,
15 second, thig@dupsaredpdctuwly.h rel ay | enses, configured such that said first
and second relay |enses correspond with said first channel group, and said
third and fourth relay |enses correspond with said second channel group.
31. The apgpar aThsamhratlsaif gl 2Whékesimeiter df cithfineind se¢ad| teamidafectivgenbl y
further conprises a beamreflector, for re-directing said second channel
group sd°t hat SEMPES SPRIFKIPERY second channel groups propagate in
parallel. 32. The apparatus of claim21 further conprises first and second

arrays of beam_attenuating.elenments, in close. proxi.mty respectively to
said firs® andTgf’eéQﬂ?EPt%?r?fé??ém ?gfw ?ﬁ%lﬂﬁ%‘a %ﬁ%}eﬁ'}??"rﬂf’%vr‘%g, a%ﬁ&‘?‘ iRRYTE first
and second arr gysm®f obedihatiht RbkhikaG arkl RITENtvE eRhRnpeoNdlzinee t6 allow
dynam cally control optical power |eve]s of sf?i d fi rsElaan 25 second

channel group gsaid ggsb%l‘@mlq} &royp toypgss through and to reflect second channel group.
30. The apparatus of claim 29 wherein said augmented relay system comprises first,
15 second, third, and fourth relay lenses, configured such that said first and second

relay lenses correspond with said first channel group, and said third and fourth relay

lenses correspond with said second channel group.

31. The apparatus of claim 29 wherein said channel-interleaving assembly further
comprises a beam-reflector, for re-directing said second channel group so that said

20 first and second channel groups propagate in parallel.

32. The apparatus of claim 21 further comprises first and second arrays of beam-
attenuating elements, in close proximity respectively to said first and second arrays
of channel micromirrors, wherein said first and second arrays of beam-attenuating
elements are operative to dynamically control optical power levels of said first and

25 second channel groups, respectively.
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WO 03/021316 PCT/ US02/ 27473 33. The apparatus of claim 32 wherein either
of said first and second arrays of beam attenuating el enents conprises

| i qui d- crwst@loziased vari abl e optical attenuators. 34. The@ppaeat4as of
claim 21 wherein each channel mcromrror is continuously pivotable about
at | east one axis. 535. The apparatus of claim?21 wherein said

wavel engt h- di sperser conprises an elenment selected fromthe group

consi sti 3§. of Fld angpardiuifof aletn dh whersin aigjer ofrwidoGstagaidi secondafrrysytthegin-
gratings, eche | illid £ a6t ia0M rah BiRal ABshatlsper Si ng
prismnms. 36. Thie&eg%ag%gtgleﬁ%&g r}éslggri%lcg}ij {;[E'rt]hgr corrpr%gligng an grrray of
collimator-alignnment 10 mrrors, optically interposed between said array
of fiber gollimators and sai ' 2dhMshib

al i gnmsntﬁlbf sglged a%afa?'%- ﬁ?&ﬁ%ﬂ%ﬁﬁ%ﬁ? %éﬁlgfngﬁ&??%%&slai d i npﬁ?y port and
for directing piaotable ebdueaitledt gpesgisr al channels into said output ports. 37.
The apparatus of claim 36 wherein each collimator-alignment mrror is
rotatable 15 about at |east one axis. 38. A nethod of perform ng dynam c
wavel engtds. r ouThaapparatuepf ¢lsinn2): whereia edid wagelengthudlisperssasahmaisen 4n edguednt al

signal froman input_porf; separating sai d l.t4 - wavel engt h | si gnal
by wavel engt h ?ehetcge'dnffg?ii %Jpegrov.gngglgsrlsggg c%aﬁ“%irlgl;fh%o}l %t%r%t(sa’a\l}@ﬁ%r a@g{: d
spectral channgiffsactioh @ragihgd, @elslle fardthigs, atneved adiffradtiah gmtieds, gnddisgersingli r ect i ng
said at least first and second channel groups onto at |east first and
second arraysP6f™beam steering el enents, whereby each beam steering

el ement receives a unique one of said spectral channels; and controlling
sai d beam steering el ements su to direct, .said spectral. chanpels into a
35 ol ur altory  oFhO ARG S 54 N ST SPERROSH 5P ARG Algtent

nmet hod qf cl ai Aldsts,f eptichIBr iE@paREd Yetveben I'@ldairsyg of @bk adllimeRdst arfd sdd and

second channel groups gnto sald at |east first_ and second arrays.o
beam st eeri ng g{p@l@ﬁ‘ghsé,hspeys% Ff@rcgquyg;}ng_ alignment of said multi-wavelength “optica

signal from said input port and for directing said reflected spectral channels into

said output ports.
37. The apparatus of claim 36 wherein each collimator-alignment mirror is rotatable
15 about at least one axis.
38. A method of performing dynamic wavelength routing, comprising:

receiving a multi-wavelength optical signal from an input port;
separating said multi-wavelength optical signal by wavelength into multiple
spectral channels;

20 interleaving said spectral channels into at least first and second channel groups;
directing said at least first and second channel groups onto at least first and second
arrays of beam-steering elements, whereby each beam-steering element receives a
unique one of said spectral channels; and
controlling said beam-steering elements such to direct said spectral channels into a

25 plurality of output ports.
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40. The nethod of claim 38 furthering conprising: 5 dynamcally controlling
optical power |evels of said spectral channels coupled into said output
ports. 41lwolis@2mas hod of claim 38 further conprising: focuwimgsozards
spectral channels into corresponding focused spots prior to said

interl eaviag stigR.metifiof clh@ ﬂ%ﬂl‘i&i’ <Bihp i) MISAn A 81 18ash st alkPRBdEt eeri ng

el enents conprise mcromrrors, erein said controlling step
conprises i ndi Fharpsl rpups apt saitpt le§§ﬁ fastpnd sesAnd peays of Beam-stesing kMg Spect r al
channel s into saldipbyrality of output ports. 43. The nethod of claim 42
wherein said mcromrrors are controlled dynamcally. 25

40. The method of claim 38 furthering comprising:
5 dynamically controlling optical power levels of said spectral channels coupled into

said output ports.
41. The method of claim 38 further comprising:
focusing said spectral channels into corresponding focused spots prior to said
interleaving step.
1042. The method of claim 38 wherein said beam-steering elements comprise
micromirrors, and wherein said controlling step comprises individually pivoting

said micromirrors to direct said spectral channels into said plurality of output ports.

43, The method of claim 42 wherein said micromirrors are controlled dynamically.
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