SYSTEM AND METHOD FOR DEMULTI PLEXI NG OPTI CAL MULTI WAVELENGTH SI GNALS The
present invention relates to denultiplexing optical nulti-wavel ength

si gnal s owonespasniing to any transm ssiorl-format that ceopmrs@s/ossktiple
wavel engt hs where the wavel engt hs conprise constituents that can be
separated into distinct streans or detected according to differenti al
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signal transmni ssions are wi dely used f946NAMSTuni cati on t hrough opti cal

net wor ks. One exanpl e of such transmi ssion is the Wavel ength D vjsion
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generation Qf?gaﬁlg%rb%?éb?@d)ﬁ&cd}ﬁ Siftbrdnisl §éte r§ ct?é%ﬁeé”eam; can be

generated for exanple at e recelving side to |t fromdifferential
detection schenes. Herein, the termconstituent |s rreant to refer to a part

of i nformat garKERLIAGH I ThE MVERRRONONE optical wavel ength; a plurality
of constituents may formpart or the totality of the total anmount of

i nf or mat i onOpgical wditbyavelsngtti igtalvearsntisgibhs are widdly pbed Yavsgnemghitation
Exanpl es of such constituents are the anplitude nodul ated signal of a
denodul a0 edtigBSih sipticall netwdrks. One epbepis basycle dppsmussiomé the PWesterggid t he
quadr at ure- phase constituents of a differential quadraturephase shift

keyi ng ( DQPBIgisisnghiltipley (VWM visamsmissippnarhese| sipnalat poh teasnsportedehysaof a

pol ari zation-mul tipl exed si gnal Those skilled in the art would
plurality of optical carfiers. In certain types of such transmission, some or all of

individual optical carriers may transport signals comprising multiple streams that
can be separated into distinct multiple sub-streams, or constituents, for detection.
15 Even in the absence of sub-streams during the generation and the transport
process of the signals, sub-streams can be generated for example at the
receiving side to benefit from differential detection schemes.
Herein, the term constituent is meant to refer to a part of information transported
by at least one optical wavelength; a plurality of constituents may form part or the
20 totality of the total amount of information carried by a specific wavelength or
multiple wavelengths. Examples of such constituents are the amplitude
modulated signal of a demodulated QPSK signal and its complementary copy, or
the in-phase and the quadrature-phase constituents of a differential quadrature-
phase shift keying (DQPSK) signal, or the two orthogonal polarization
25 constituents of a polarization-multiplexed signal. Those skilled in the art would
realize that a constituent may not always be present within the original incoming
signal, but it may be generated at certain steps of the transmission process. For
example the complementary constituent of the QPSK signal is not explicitly
present in the original signal and along the transmission line but it may be

30 generated at a filtering step before reception.
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realize that a constituent nmay not always be present within the original
incomng signal, but it may be generated at certain steps of the

transnm sswonopriee®ss. For exanpl e the coppl enmentary congCirtapeni/osd721 he QPSK
signal is not explicitly present in the original signal and along the
transmssion line but it may be generated at a filtering step before
reception. Al so, herein, any reference to a "separable streanm is to be
understood to refer to a stream of wavel engt hs capabl e of being

di stingui shed and separated into constituents by at |east one category, for
exanpl e bylsherargpe avly refriahat itor ‘sepbiabitstrpaimini kabeomdsratoed nhrefeds
reference to "differential detection " (also known as "bal anced detection")
is to be @éngtEenbed wavelengihs sapabier efthaingt dehingyjoeedaznd sgreataske into
concomtant detection of the signal and its conplenentary so that the
overal | déesstiuenlsbnat taast operaieay: firowsapiedicthextyppios repdwgian or by
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may al so be considered to conprise constituents that can be detected :
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multiple wavelength streams relies upon polarization mulliplexed WDM signals. A
further example may be a combination of the aforementioned DQPSK and
polarization multiplexed WDM signals. One example of said multiple wavelengths
where the wavelengihs comprise constifuents that can be detected according to

15 differential detection schemes is 8 WDM signal modulated with gquadrature-
phase shift keying (QPSK) format. Also a combination of the aforementioned
QPSK and polarization multiplexed WDM signals may be possible. Signals based
upon coherent transmission formats may also be considered (o comprise
constituents that can be detected according to differential detection schemes.

20 The demuitiplexing of multiple wavelengths into their constituents is in occasions
typically performed by using a plurality of discrete components, each component
typically dedicated 1o an individual oplical carrier, which has somehow to be
individually controlled in frequency, amplitude, phase, stc. for best detection
results. This requires a plurality of separate control circuits in order to tune

25  thermally, optically, or electrically, etc., all the demultiplexing elements.



typically performed by using a plurality of discrete conponents, each
conponent typically dedicated to an individual optical carrier, which has
sonehow twoheiwmieisri dual 'y controlled ingfrequency, anplpctrmpegiophese, etc.
for best detection results. This requires a plurality of separate contro
circuits in order to tune thermally, optically, or electrically, etc., al
the demul ti pl exi ng el enents. SUWARY As a consequence of requiring a
plurality of discrete elenents, conventional denultiplexers would require a
relatively |large footprint and a relatively high power consunption and
di ssi pat i @MMARY i s undesired. Another drawback of using such discrete
elements resides in the difficulty, or even practicai inpossibiiity of
consol i datisng EARSREHENE QranuirbeRi pyrality angéineretei atesnentsi wgreephotani
integrated circuit. However, the current trend i.n manufacturing photonic
devi ces pélem@tiplewarsd v FenuEer aq@ &t@ﬁé&ﬁt@rgenmpgmmﬁdrrazre@twm hlgh
footprint and the omer consu tion of the averall device, , g
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shown in f , signal S, such as a WDM signal, conprising
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10 consumption of the overall device, as well as simplifying as much as possible the

integration of such components in a integrated circuit.
Figure 1a is an exemplary schematic representation of a conventional
arrangement for demultiplexing a WDM stream of QPSK-type signals, using &
single oplical demultiplexer, which for example is an arrayed waveguide grating
15 (AWG), Tollowed by an array of delay filters.
As shown in figure ta, an input signal S, such as a WDM signal, comprising
QPSK multiple wavelengths capable of being detected by differential detection
schemes, is input into a TxN AWG demultiplexer 10. The QPSK wavelengths are
therefore demultiplexed and output from the AWG demultiplexer 10 in a plurality
20  of modulated carriers S4, Ss,...,5n. The output wavelengths 84,82,....8y are then
input into respective delay filters 114,115,..., 11y The delay filters 191,190, 11n
are in charge of separating the incoming signal into main and complementary
constituents of the wavelength,
Each delay filter then outputs the main constituent S14,524,....Sn. at one output
25 port and the complementary constifuent Squ,Sa,...,Smp at another outpui port.
The main and complementary constituents are then detected by respective pair

of pholodiodes 12X, - 12X, {(X=1..N). It is fo be noted that in practice, the



input into respective delay filters 111,11 2 ,..., 11N The delay filters
111,11 2 ..., 11N are in charge of separating the incomng signal into
mai n and worzploelsestiary constituents of the wavel ength. Baclerdebays7hr|ter
then outputs the main constituent Sla ,S2a,...,S Na at one output port and
the conpl enentary constituent Slb ,S2b,.. ,SNb at another output port. The
mai n and conpl enentary constituents are then detected by respective pair of
phot odi odes 12X9 - 12Xb, (X=1 ..N). It is to be noted that in practice,
t heconpl enentary constituents of the signal may sinply be ignored and the
mai N si gnalonbEiemeintdgi oetstitoentEustt ther signot essi aigepiThis idroradedind tihe caaise
using differential detection allows for a higher reception sensitivity
whi ch can signhicbet haintapsed fof heihee prdessingr Thisn & sifidn begpabe neAng on
the reception process. Figure 1b is an exenplary schematic represent ation
of a convehif¢rensnl és&aﬁr@en@ﬁﬁm der aehigher peesativy aemaPak: wWeh segnegdudgsi ng
an optical denultiplexer, which for exanple is an arrayed wavegui de glr ating
(AWG, folth @wﬁ"ﬂpw &h ‘é’fﬁ'ﬁﬁyam} pYvET “?‘ﬁﬁm'ﬁ'@%‘i@% IreRRIAMBRE 1Q5) ItB%eHECEﬁP ¥Mpai r
of deiay filters. By property conbining the outputs of the two del ay
filters tH¥OF@Sphase and the quadr ature phase constituents of the DQDSK
signal s ane retr;leved In this Ifr:*yg Cg\ e el errent Have Eeen iven ﬁ
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res pectiv
10 filters. By properly combining the cutputs of the two delay filters the in-phase and

the gquadrature-phase constituents of the DQPSK signals are retrieved. In this
figure like elements have been given like reference numerals as those of figure
1a.
As shown in figure 1b, an input signat S, such as a WDM signal, comprising
15 spatially separable DQPSK multiple wavelengths is input into a 1xN AWG
demultiplexer 10. The DQPSK wavelengths are therefore demultiplexed and
output from the AWG demultiplexer 10 in a plurality of modulated optical carriers
S, Sa,...,9n The oulput wavelengths $4,5z,...,8y are then input in respective
power splitters 134, 132,...,13ny where the powser of the modulated carriers
20 54,8.,...,5y are split into two parts, typically equal in value, which are each
separately injected in respective pairs of delay filters 114~ 1144, 112 Tlog... T
- 11nq Each pair of delay filters comprises two filters with a slightly different delay
response Typically +/4 in one filter and — /4 in the other so that the in-phase
and the quadrature-phase constituents of the original signal are reconstructed
25 into a pair of amplitude modulated signals. These reconstructed signals are
detected by respective pairs of photodiodes 12y ~ 12x, (X=1..N) and turned into

electrical signals for further signal processing.



power splitters 13 1, 132 ,...,13 N where the power of the nodul ated

carriers S1, S2, . ..,S Nare split into two parts, typically equal in
val ue, whwohoswreemach separately injectead in respectiveppaippsoofssiet ay
filters Hn- 111q, 112i 112g,. ..,1 1INi - 11Ng. Each pair of delay filters

conprises two filters with a slightly different delay response Typically /4
in one filter and - p/4 in the other so that the in-phase and the
guadr at ur e- phase constituents of the original signal are reconstructed into
a pair of anplitude nodul ated signals. These reconstructed signals are

det ect ed By itespebei spppaiatsd phoffhthedirvdgerishts of iRweg (HKahd. 1N regpde
turned into electrical signals for further signal processing.Ls it can be
appr eci at edffichenthicoheriniraanvghaatpower supplyesommensdirate wihuibeenyotfer gifent
footprint as well as power supply commensurate with the nunber of

conponent $Chnviends ingedyas whera thmeighendne arpdierst the sosbmgisndnt e lerger

| arger footprint and power supply is required for the end product. Also the
i nt egr at i dPOBFINEABA PAWEL FURRYE FefROUNSHJO4 thh snE Mredsk dsaitidindegi@iion foul d
be a conplicated task. Figqure 2a is an exenplary. schematic representation
of ano® hersUEBrATe AETEGINRMELr By EnRRRIoNSr MKEGHATEd GiTBUH AEPULC SR SgDeNSr Gfial
using a single delay filter and two frequency denul tiplexers, typically two
AWGs. As §ﬁ%ﬁn in figure 2a, a n input signal S, such as a WDM si gnal
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demul Pl exeLPodM RNEGERD 2l & Mpthadibhy Of sBBRMALEWDM signal, comprising
QPSK multiple wavelengths capable of being detected by differential detection, is
input into a delay filter 21 whichi is in charge of separating the incoming signal S
into main S, and complementary S, constituants of the wavelength. Each of the
two constituents S; and 8y, are then fed into a respective 1xN AWG demultiplexer
15 20, 20, The streams S, and 8y are therefore demultiplexed and output from the
respective  AWG demultiplexers 20, and 20, in a plurality of separate
wavelengths, namely Sa1,842,...,8an are output from the first AWG demultiplexer
20, and Sy1,Sa2,...Spn are output from the second AWG demultiplexer 20,
Assuming that the stream Sa ou—tputs, for example, the main constituent of the
20 input signal 8, then the corresponding output wavelengths 8.4,S.2,....8an of the
AWG demultiplexer 20, would be the main constituents of the demultiplexed
wavelengths of the original signal S. Likewise, assuming that the stream S
outputs, for example, the complementary constituents of the input signal S, then
the corresponding output wavelengths Sp1,552,....5pn Of the AWG demultiplexer
25 20, would be the complementary constituents of the demultiplexed wavelengths
of the original signal. The output wavelengths $;4,5.;,...,9:n of the AWG

demultiplexer 20, are then fed into respective detectors 224, 222,,..., 22N,.



wavel engths, namely Sal ,Sa2,...,S aN are output fromthe first AWG

denul ti pl exer 20a, and Sbl , Saz, ..., S bN are output fromthe second AWG
demul ti plw®an102G91Assum ng that the st [?ﬂam Sa out put s, pCoEPe@NP3727 t he
mai n constituent of the input signal S, then the correspondi ng out put
wavel engths Sal ,Sa2,...,S aN of the AWG denul ti pl exer 20a woul d be the
mai n constituents of the denultiplexed wavel engths of the original signal
S. Likew se, assuming that the stream Sb outputs, for exanple, the

conpl enmentary constituents of the input signal S, then the corresponding
out put wavgterigt hthcShdtpuShyvelenddhbdiS.of Sthe.. ABG; dethd AVpGedanulRPlexes By be
the conpl enentary constituents of the denmultipl exed wavel engths of the
ori gi nal sirgfhed intThespettpetdetaveiredgihs?2sal ., 542, ..., S aN of the AWG
denul tipl exer 20a are then fed into respective detectors 22la , 222a, .
22Na. Li kewi 8@y thaeefoir paappaveptasyihes tisp prreggement as sRresentad inWigure 2a
denul ti pl exer, 2O, are fed into respective detectors 221b , 222b, . .,.
22Nb. it FEQUESERSSOREMBE! & FEENAUESES @ﬁa@ﬂ‘mﬁ@r@ﬁ’r%%@e%ﬁfﬂg%eﬂéﬁr‘@@@n@ed
in figure 2a requires |ess nunber of conponents as conpared to the
arrangeénmentdshdwn in Fig. la. Figure 2fo is an exenplary schematic
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As shown in figure 2b, an inpuf signal 8, comprising spatially separable DQPSK

wavelengths is input into a power splitter 23 where the power of the incoming
signal S is split info two parts, typically equal in value, which are each separately
injected in a respective delay filter 21;, 21, The delay filters 21;, 214 have a
15 slightly different delay response so that the in-phase and the quadrature-phase
constituents of the original signal are reconstructed into a pair of amplitude
modutated signals S, 84. These reconstructed signals are input into respective
XN AWG demultiplexers 20, and 204 where the signals 5; and Sy are
demultiplexed and output from the respective AWG demultiplexers 20;and 204 in
20 a plurality of separate wavelengths, namely S1,8¢....,Sin are output from the first
AWG demultiplexer 20, and Sq1.Sq2.....San are autput from the second AWG
demuiltiplexer 204,
Assuming that the stream S; outputs, for example, the in-phase constituent of the
input signal S, then the corresponding output wavelengths Sy,5p,...,Sp of the
25  AWG demuitiplexer 20; would be the in-phase constituents of the demuitiplexed
wavelengihs of the original signal 8. Likewise, assuming that the stream Sy

outputs, for example, the quadrature-phase constituents of the input signal 8,



slightly different delay response so that the in~phase and the
quadr at ur e- phase constituents of the original signal are reconstructed into
a pair ofwenploutssmde nodul ated signals Siz S . These receosiEPoeess727 gnal s
are input into respective 1xN AWG denul ti pl exers 20 and 20q where the
signals Si and Sb are denultiplexed and output fromthe respective AWG
denul tiplexers 20 and 20q in a plurality of separate wavel engths, nanely
Sil,Si2 ...,SiNare output fromthe first AWG denul tipl exer 20i, and Sq
1,S92,...,S g are output fromthe second AWG denul ti pl exer 20q. Assuni ng
that the sherammd coubpposdinfjorowdmainpiveycichgthan- PhaSe. coBgi i bletite oAV Ge

i nput signal S, then the correspondi ng output wavelengths Sil ,Si2, ...,S

i N of t he dewd:telexkt i Plexevoddi bwultibe bejurdeatursphase comstifuardat ofofthehe
denmul ti pl exed wavel engths of the original signal S. _Likew se, assum ng that
t he streadesglbplepat s wavelerngkbapok, theheriginglr sicmes- Jgies e udpmis twaiaegthe
the i nput si gnal S,then the correspondi ng out put wavel engths Sq 1, Sg2
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commensurate with the number of components involved. Also the integration of
such arrangement into a photonic integrated circuit would aiso be a complicated
task.
According 1o one embodiment of the invention there is provided a demultiplexer

15 for demulliplexing muitiple wavelength streams comprising & separator for
separating the multiple wavelength streams into a first stream of wavelengths
output from a first output of the separator and a second stream of wavelengths
output from a second oulput of the separator wherein the first output of the
separator is coupled to a first input of a multi-input port, multicoutput port

20 frequency demultiplexer and the second output of the separator is coupled to a
second input of the multi-input port, multi-output port frequency demultiplexer.
According to some specific embodiments the separator comprises a delay filter
and the multiple wavelength streams are QPSK-type stream.
According to some specific embodiments the separalor comprises a power

25  splitter and a delay filter and the multiple wavelength streams are DQPSK-ype

stream..



task. According to one enbodi nent of the invention there is provided a
denul ti pl exer for denultiplexing nmultiple wavel ength streans conprising a
separ at orwbanisepatati ng the nultiple mg¥elength st r eanpCir/mpe018/053725 t
stream of wavel engths output froma first output of the separator and a
second stream of wavel engths output froma second output of the separator
wherein the first output of the separator is coupled to a first input of a
mul ti-input port, nmulti-output port frequency denultiplexer and the second
out put of the separator is coupled to a second input of the multi-input
port, nul ticcoutipgtiopmme Bpegifienopbddimerits ghe separdioc eodimigeton polmizspieni fi c
enbodi nents the separator conprises a delay filter and the multiple

wavel engt ispiteeanid athe QR8Kiply peaseicagh gteamsi mget pokuinatispeandltiplexed
enbodi ments the separator conprises a power splitter and a delay filter and
the mul ti gl@avResel ength streans are DQPSK4ype stream According to sone
speci fic enbodinments the separator conprises a polarization sputter and the

mul tipl e EEFSFERELIR SPMEapRCEe GOPeRiMests dhe manarplasxe @ serdinationd oildi ng
to sone ecific enbodinents th eparator is _a conbination of at |east one
bover Spt 1§48 O DUNETSTIgNE: dbiagat e Gielan e Adaat IS QIR RPlarA on
splitter and, the nultiple wavel ength streans are . pol arization mul td ed
oPosk ot r el fpddbaiy Colt e Eraeahlh AT st rotBi Sl BUl Rl e, DA SK
derul ti pl %z'%’hni nprises at |least a first output port |ocated at an opposite
side of t ' uency denultiplexer with respect to the side where the
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at ieast a first output port located at an opposite side of the frequency
16 demultiplexer with respect to the side where the first group of single wavelengths
is input in the frequency demultiplexer, and at least a second output port located
at an opposite side of the frequency demultiplexer with respect to the side where
the second group of single wavelengths is input in the freguency demultiplexer.
Embodiment of the invention aiso relate to a receiver for receiving WDM signals
15  comprising a demultiplexer-according to the above embodiments.
According to yet ancther embodiment of the invention there is provided a method
of demultiptexing multiple wavelength streams, the method comprising:
« irputting multiple wavelength streams into a separator;
= sgparating, according o al least one predetermined separation
20 criterion, the multiple wavelength streams into a first stream of
wavelengths and a second stream of wavelengths;
« inputting the first stream of wavelengths into a first input port of a
multi-input port, multi~output port frequency demuttiplexer,
« inputting the second stream of wavelengths into a second input of
25 the multi-input port, multi-output port frequency demultiplexer;

s separating the first stream into a first group of single wavelengths;



at an opposite side of the frequency demultiplexer with respect to the side
where the second group of single wavelengths is input in the frequency
denul ti plweeniv/Betedi ment of the inventign also rel ate PoTaEPR@O®EIRT foOr
recei ving WDM signal s conprising a denultiplexer according to the above
enbodi nents. According to yet another enbodi ment of the invention there is
provi ded a nethod of derultiplexing multiple wavel ength streans, the nethod
conprising: inputting nultiple wavel ength streanms into a separator;
separating, according to at |east one predeterm ned separation criterion,
the multipl e wavekengtparstingate isscond Biresin sbiveam sfcondv giremyt b sindlea
second stream of wavel engths; inputting the first stream of wavel engt hs
into a first input psavelshgisiul ti-input port, nulti-output port frequency
denul ti pl exer; inputting the second stream of wavel engths into a second

i nput of the nultr-ispwlingothe firll gicusuehEinger warelegaeric Jo derpeetiv dksl ;
separating the first streamintg a first group of single wavel engths;
separating the secorfHBHi BAR$ Ohi: HESRBHRACHRGHPI®FEsI ngl e wavel engt hs;

coupling the first group of .single vel engt.hs to respective first output
Sorts BY the freqfer iRl HcRBR. O SgSEn MBS Bu SRy o
wavel engths to respective, s 00ﬂ§ @ut Eﬁ_’; orts of .the t_'f rgeqeuency
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derul ti pl exer, "anhd t he second group of
frequency demuttiplexer with respect to the side where the first group of single
10 wavelengths is input in the frequency demulliplexer, and the second group of
single wavelengths are coupled to respactive output ports located at an opposite
side of the frequency demultiplexer with respect to the side where the second
group of single wavelengths is input in the frequency demuitiplexer.
These and further features and advantages of the embodiments of the present
15  invention are deseribed in more detall in the following description as well as in

the claims with the aid of the accompanying drawings.

BRIEF DESCRIFTION OF THE DRAWINGS

Figure ta, already discussed, is an exemplary schematic representation of a
200  conventional arrangement for demultiplexing a QPSK signal using a single

frequency demutltiplexer, followed by an array of delay fillers.

Figure 1b, already discussed, is an exemplary schematic representation of a

conventional arrangement for demultiplexing a DQPSK signal using a single

frequency, demultiplexer followed by an array of power splitter and delay filters.
25 Figure 2a, already discussed, is an exemplary schematic representation of

another conventional arrangement for demultiplexing a QPSK. signal using a

single delay filter and two frequency demuitiplexers.



si ngl e wavel engths are coupled to respective output ports |ocated at an
opposite side of the frequency denultiplexer with respect to the side where
t he secomognoupendi si ngl e wavel engt hs j@ﬁi nput in the PCcegprenopss727

derul ti pl exer. These and further features and advantages of the enbodi nents
of the present invention are described in nore detail in the follow ng
description as well as in the clains with the aid of the acconpanying

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1la, already di scussed,
is an exenplary schematic representation of a conventional arrangenment for
denul ti pl é%gng: 2QPSkesd\griibowsiang ia aihngkemptaqustaymdimukpirgdantetion of
foll owed by an array of delay filters. Figure 1b, already discussed, is an
exenpl ary sclteemtbovedpred entatgeoneof fa denvliplédnala AKRER emgnal fusing a
denul ti pl exi ng a DQPSK signal using a single frequency, denultiplexer

fol | oned hyovesr splitiey, obinstavdelaypiliarved tardreglency demeltipleX@irgur e 2a,

al ready discussed, is an exenplary schematic representation of another
convent i orfdBuEr gnderghtexXesnplasmsichppiadici reprasersiosi ghan @rangeansnhdde
delay filter and two freguency denul tipl exers. Figure 2b, already discussed,
i s an éxerffradyipiedhatRi SKepgealexicariiog igrerabedimants hiraninveREpn-
arrangement, for denul tipl exi a SK signal usjng a power splitter, .a

o hl o deltgura (dhers e XRNR GG e e s P RleRs oF Rt BeraSah 1o

exenplary schepatic re iation of an arrangenment for denultiplexing a
P 5| ghle BRGSO B o SURBhESCSRNGTE SRUGHETGHS JetayeniBns. an
exenpl ary schematic representation of an arrangenent for denultiplexing a
DQPSK si gnal according to enbodi nents of the invention. DESCRI PTI ON OF

EVBODI WW@EQ@Q%@& e @thﬁﬁ@f\ﬁ&o‘c the invention, a nulti-input port

and mul ti -ottput
10 According to embodiments of the invention, a multi-input port and multi~output

frequency demultiplexer is used in a bi-directional scheme so as o provide a
demuitiplexing functionality of two streams of multiple wavelengths.
By way of non-limiting examples a frequency demultiplexer to be used in the
sofution provided herein may be array waveguide gratings (AWG) and echelie
15  gratings which are known and available in the market. In the following
description, array waveguide grating in discussed in the description of
embodiments. However other frequency demultiplexers may also be used within
the scope of the embodiments,
One exemplary embodiment is shown in figure 3a which is provided in relation to
20 QPSK WDM wavelengths. As shown in the figure, an input signal S, comprising
optical wavelengths modulated with QPSK farmat, is input into a delay filter 31
which separates the received signals into two streams 85 and Sy corresponding
to the main constitient and the complementary constituent of the signal, the two
streams S, and Sy carrying muifiplexed signals. The streams 8, and Sy are then
25 input into respective input ports P, and Py located on the sides of a (N+1)x(N+1)

AWG 30, ie. an AWG with N+1 input ports and N+1 output ports. Once input into



frequency denultiplexer is used in a bi-directional schenme so as to provide
a demultiplexing functionality of two streans of multiple wavel engths. By
way of nowelmiissy exanpl es a frequenaé demul ti pl exer tProThHEP2908572T t he
sol ution provided herein nay be array w Jéguide gratings (AW5 and echelie
gratings which are known and available in the market. In the foll ow ng
description, array waveguide grating in discussed in the description of
enbodi ments. However other frequency denultiplexers may al so be used within
t he scope of the enbodi nents, One exenplary enbodi nent is shown in figure

3a which iise grevipeges1iynanet 80, ahet ste QRSKSYRMaBY edrengd isratols crimautipigxetine
figure, an input signal S, conprising optical wavel engths nodul ated with
QPSK f or madithin $hé ppute wategsddelraynd.i | ter 3 1 which separates the received
signals into two streans Sa and Sb corresponding to the main constituent
and t he cdigieieathe yiseafst muimpudfparhensitignabut pbd AWNG svheampeBateand S
carrying nultiplexed signals. The streans Sa and Sb are then input into
respect i veé biniaectisoal sndrie anevicss toe possibdily Oh eesmdbgleningathENWo Jnaaxritn AWG
30, i.e. an AWG w th N+1 input ports and N+1 output ports. Once input
i ntot he (NiRayg NSing)a Anglisaratinge Tdieimpossibledhsanks & degp spcipeojty between
demul ti pl exed within the sane waveguide ?nating.,Therefore the use of a
mul ti -i npde Fepdt PorhrPE-tBatgs PR CART rTbrEaEkowRuE PRILAYGctlt Bnal
mode provides th ssibility of | tiplexing the two jncom ng streans
o ng’ . sithgieenged i, nmiineloie. ASEERMR gLt HEORLIEY: 5 5 bSeRben
t he i nput rt and.the tput poprt of muiti-inpyt. port, multi-output port
e 1t AP6UeR s Biu BB e Bopi GLREURAR 41 iR o AR ey
al so be u h@t ld._j f ri evi, in
case such Piptizs BPorighIpdRite o FasaE o sy B irkle dig B A e
Furt h?bmrs‘?nélg%w isoéd\péH%gQQ&s as it would only involve the footprint and the control

power of a single device.

Referring back to figure 3a, the QPSK sfream 3, is input in the AWG 30 at input

port P, and the QPSK stream 5y s input in the AWG 30 at input port Py, The

stream S, is then demultiplexed in the AWG 30 into a plurality of single

15 wavelengths that are directed towards output ports 1,,2,,...,Na.  Similarly, the

siream 8, is demultiplexed in the AWG 30 into a plurality of single wavelengths

that are directed towards output ports 15 24,....Np.

Assuming that the stream S, is, for example, the main constituent of the input

sighal S, then the corresponding demultiplexed wavelengths travelling from the

20 input port P4 to the output ports 14,24,.. Ny of the AWG demuitiplexer 30 would

be the main constituents. of the demultiplexed wavelengths of the original signal

S. Likewise, assuming that the stream S, is, for example, the complementary

constituents of the input signal 8, then the corresponding demultiplexed

wavelengths fravelling from the input port Py to the oulput ports 1,,2,...,Ny of the

e
Ln

AWG demultiplexer 30 would be the complementary constituents of the
demultiplexed wavelengths of the original signal. The wavelengths output from

the output ports 14,2,,...,Na of the AWG demultiplexer 30 are preferably fed into



single AWG i s advantageous as it would only involve the footprint and the
control power of a single device. Referring back to figure 3a, the QPSK
stream Sawo=0iom@Bedo1i n the AWG 30 at i np_ﬁ _port Pa and treT@P3K0os537@AM Sh iS
input in the AWG 30 at input port Pb. Th& stream Sa is then denultipl exed
in the AWG 30 into a plurality of single wavel engths that are directed

t owar ds out put ports 1a,2a,..., Na Simlarly, the streamSb is
dermul tiplexed in the AWG 30 into a plurality of single wavel engths that are
directed towards output ports 1b,2b,...,N b. Assum ng that the stream Sa

is, for exesmaivet hdetegionrsc@ist Beuent 3of, toheh npst HHogoddteSorshenikishdse,
correspondi ng denul ti pl exed wavel engths travelling fromthe input port Pa
to the outputelpurths diap@afrom i autgfuitjretsAlG2demiyt dpthex AV SOdevoultghldestt he
mai n constituents of the demultipl exed wavel engths of the original signal
S. Likew $6& amspaferaply fed intherespeetin ShtackyrsfBt:e S2anpl.82ns. He rrenidatbet ary
constituents of the input signal S, then the correspondi ng denultipl exed
wavel engt Womplarentaygcansitianie ofnihet sigoat MRy simple uignaredornd the main
1b,2b, ..., N b of the AWG denultiplexer 30 would be the conpl enentary

const i Puetgnale meirdaimgrt ippfiathay Aacesdngt hs of the original signal The
wavel engt hs output fromthe output ports la,la,...,N.a of the AWG, ,
denul ti pl vt SXPEIRR STAMPYMER BnblPWE pECHIBYES ot ik sisspravded sip,

R T TR Ay KT R
eopect VeGSRl BBt n R B WAL 851 g L0 comPLerentay
T s S S SR T  erB SE E hel
this fhoung ;b kgl GBS RBNRePES Where the power of the incoming signal is split
into two parts, typically equal in value and then the split parts are input into
respective delay filters 31 314. The delay filters 31;, 314 have a slightly different
delay response so that the in-phase and the guadrature-phase constituents of
the original signal are reconstructed inlo a pair of amplitude modulated signals §;
15  and S5q carrying multiplexed signals. These reconstructed signals are input into
respective input ports of a (N+1)x(N+1) AWG 30. As shown in figure 3b, the
DQPSK stream S is input in the AWG 30 at input port P, and the DQPSK stream
Sy is input in the AWG 30 at input port Py
The streamn S is then demultiplexed in the AWG 30 into a plurality of single
20  wavelengths that are directed towards output ports 1,2,....Ni. Similarly, the
stream 8, is demuitiplexad in the AWG 30 into a plurality of single wavelengths
that are directed towards output ports 15,2q,....Nq.
Assuming thatl the stream §; is, for example, the in-phase constituent of the input
signal S, then the corresponding demultiplexed wavetengths travelling from the
25 input port P to the oulput ports 1,,2;,...,N; of the AWG demultiplexer 30 would be
the in-phase constituents of the demultiplexed wavelengths of the original signal

3. Likewise, assuming that the stream S is, for example, the quadrature-phase



given |like reference nunerals as those of figure 3a. As shown in the
figure, an input signa! S, conprising DQPSK WDM wavel engths, is input into
a power spwbi2oiere®3 where the power of tj?)e i ncom ng si gmelr/mpsompssﬂzm nt o
two parts, typically equal in value and then the split parts are input into
respective deiay filters 31i 3 1q. The delay filters 3 1i , 3 1gq have a
slightly different delay response so that the in-phase and the
guadr at ur e- phase constituents of the original signal are reconstructed into
a pair of anplitude nodul ated signals Si and Sq carrying nultipl exed

signal s. Tthesttucetonsit rhet @bl giales 8 ethempubei Bboespspeicti dermnifipiexpar t s
of a (N+1 )x(N+1 ) AWG 30. As shown in figure 3b, the DQPSK stream Si is

i nput i n teelNEBE tatvellimgufromohe Eﬁpt.ilamrm’tni’@écam@@mt;smtrwam 8¢2§,s. . iNypuit thien
the AWG 30 at input port P<,. The stream Si is then denultiplexed in the
AWG 30 i ntAdV& pﬂamalltibthe@f 38i mghild Wy éhenguadrathe-phase dioratiteentsonarithe

out put ports 1i ,2i ,..., . Simlarly, the stream Sqg is denultiplexed in
the AWG 3@amulap@xgﬂuwavalapgﬁfs of Higt erignadIsigitd hd hehwevaleagths edtsd t@War ds

out put _ports 1(% um ng that the stream Slis, faor exarrpl e, the
i n-pha8e dbady @'ﬂﬁeﬁ@ﬁ%f?uﬁhe Mﬁﬁtth%lﬂg\ﬂéi dgml{"f*@ﬁx%@@o%fﬁr@@&%w@l’mée into

Dorts 1 %ggegt%e:\ﬁﬁ#g&?%étk R A T T L
P kevi so. eltnabS AEPH h@ﬁgfw%gm%lvt.eéor?ﬁgéi?ﬁeié M 3{'%’95' aEhiiPlexer
ggﬁﬂ{?itﬁ{g??o%fa%é%?%h&%?wo %ﬁﬂﬁ@ﬁﬁé@%ﬁ@ﬁg@ﬁ%' KRR Lreeiﬁf’ ot
Ponsti tueinetineiBbalnfe s Srdoginldriic; fe e ¢ %"’“é‘nﬁ‘r P R ol 2oC
wavel gpgt @::erg'%\lg@ \Lﬁ@ﬁn(ﬁ era%& m‘fr'ta B?BFrécﬂdsna%l mode Movitied ﬂ?e'?}\g@&blhw of

derul t 1 pl are pre ed 1 nt
demultiplexing the two incoming streams while only one single AWG is used

which is advantageous as it would only involve the footprint and the power
consumption of a single device. The fact that the multi-input port, multi-output
port AWG 30 operates in bi-directional mode allows for the possibility of having

15 signals travelling in different directions from one side to the other within the AWG
30 such that the wavelengths input from a first input port (e.g. P, or Py) travel in a
first direction, whereas the wavelengths input from a second input port (e.g. Ppor
FPq) travel in a second direction which is different from the first direction.
Preferably the inpul ports in an embodiment are localed on opposile sides and

20 symmetrical with respect to a longitudinal axis of the frequency demultiplaxer, in
this case AWG 30, however this is not mandatory. The input ports in an
embodiment may also be located at positions which are not symmetrical with
respect to the longitudinal axis of the frequency demuitiplexer as long as a
bidiractional operation of the AWG is employed. “

25  Furthermore, given the wavelengths of the oplical carrier of the WDM signal, the

AWG can be engineered to avoid any possible conflict in the port assignment.



respective detectors 321i ,322i ,...,32 NI such as photodetectors.

Li kewi se, wavel engths out put fromthe output ports 1q,2q,. ..,Ng of the AWG
demul ti plwean1idBemne preferably fed i nt @4r espect i ve det eCr@p3010/055727
321q,322q,...,32 Ng In all the enbodi nents of the invention, the use of a

mul ti-input port, nmulti-output port AWG when operated in a bi-directional
node provides the possibility of denmultiplexing the two i ncom ng streans
while only one single AWG i s used which is advantageous as it would only

i nvol ve the footprint and the power consunption of a single device. The
fact that i kedeuld deimftilepdy bptioall wavaonptits, ploe tAVRAGTRY, bper att dsasinN-+1

bi -directional node allows for the possibility of having signals travelling
in di ffer@ottsdbm egthizossied nhwromeies pdg is ontemdedt foeruss ehian et ANE 30dshich
that the wavel engths input froma first input port (e.g. P3 or P travel in
a first diboestasnintgnéeeder tife wavellienyrhsls apuas fip oipcaiveeohavavahengiper t
(e.g. Pbor Pg) travei in a second direction which is different fromthe
first diré4idied Ppat shamojraspentdipuinmpldet mrgndermsoiieesd by B9 gEalie® on
opposite sides and symmetrical with res t to a.longitudinal axis aof the
freque%cysfd‘@nﬁpftf%ﬁi g NRYE Rod @a@@fﬁ%?%é?ﬁz%we 9 RPROFIE ﬁ’dﬁke of the
mandatory. The input ports. in an embodinment may al.so be |ocated at :
bos: t1 ons GRMTEHAREeABRCL e e e the Fapad 80 Ry GHals ais hspteski s
of the freguen demu] i pl.exer .as | o ; L di r.ectional. obe ion of the
A 1 et Bvdde BRth ks PFeis TR MO U RS e Bp b o Sl or
ofthe\/\Dl\l/!_' et Ben AW . L.peer vQi W .0 i sconflict
in the port]gg%gl‘?léﬁir?eﬂggl n oéf g:[eérrg 85%%%3&%;9%%812@Hﬂ%&ﬂﬂg@%@ggﬁeﬁgﬁﬁg,t%tshe
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for use as an 1np orts are iInten r us ut put ports
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integration of the entire arrangemeant into a single chip is greatly improved. in
addition, due to the fact that the two streams (S, & S or §; & Sg) use the same:
grating structure, there would be the need for only one confroller to adjust the
grating onto the desired frequency grid. Thus, when the grating is aligned for one

15 stream it will be automatically so aligned for the other stream and no relative drift
between the two streams is possible.
The proposed solution provides the possibility of reducing the number of
electrical and/or thermal controliers needed to keep all the parts adjusted within
the frequency ranges as required by a particular application, such as for example

20 the ITU frequency grid as defined in the ITWU standard for WDM systems, and
contributes to a substantial reduction in the footprint of the entire arrangament.
The arrangements obtained according to the proposed solution may also be
easily implemented in a fully integrated form, ie in one photonic integrated circuit,
Although the embodimenis described above were provided in an exemplary

25  manner in refation QPSK and DQPSK signals, it is fo be noted that as already
mentioned above, the present solution also applicable to any transmission format

that comprises multiple wavelengths where the wavelengths comprise



The corresponding i nput port is preferably |ocated at the opposite side of
the grating with respect to the side where the correspondi ng output ports
are | ocatwo.20i0i136®1t 0 be noted that in ﬁgyfgcti ce, a (N+1pKrhPri)1085827 S
marginally larger in size than a single IXN AWG demul ti pl exer, therefore
this solution clearly contributes to reducing the size of the overall

devi ce because one (N+1 )X(N+1) AWG occupies a snaller space as conpared to
two 1XxN AWGs. Furthernore, the integration of the entire arrangenent into a
single chip is greatly inproved. In addition, due to the fact that the two
streans ( SanétiGenty thEit oBnSeY supardtbe isanmisiinat dtngarss budatisdedtdmmoed nguld be
the need for only one controller to adjust the grating onto the desired

f r equency differéntidhdefectiven sthemgsathorgeksmale gnedadenrpabdmezadtome anuliiplamed be
automatically so aligned for the other streamand no relative drift between
the two stigrmis dre pesdi Bice polies pridisosedetn) dteomapr oseddertdmmpdekitipgl ity
of reducing the nunber of electrical and/or thermal controllers needed to
keep ai | (LHAPBY; Bignals meyele wRDIRAd (NeATPEaTAEY PRfISARE theqaianee mynta
particul ar application, such as for exanple the I TU frequency grid as

defi ned i mandhemiog dwdatdor ar VAR s36aidRg  davee donthqlatzation snyltiplexed
substantial reduction in the footprint of the entire arrangenment. The

arr angeme#@®%t ai ned according to the proposed solution may al so be easily
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corresponding to one polarization, for example horizontal, from the constituents
of the signal corresponding to another polarization, for example vertical.
Furthermore, it is possible to implement a polarization-muitiplexed DQPSK
receiver using a single delay filter, two polarization spiitters and a single bi-

15 directional AWG with 2{N+1) poris or by combining one polarization splitter, two
delay filters and one 2(N+1)-ports AWG. In this case, the criterion for separating
the signals may be a combination of criteria for separating streams according to
the in-phase constituents from the guadrature-phase conslituents, and
separaling according o the different polarization constituents or vice versa.

20 In various embodiments, the pair of delay filter and the power gplitter may be
consolidated into a single delay filter merged into a star coupler which is in
charge of receiving the filtered constituents and route them towards the desired
alements in the circuit.

The prasent solution therefore provides a possibility to consolidate multipie

Tt
w1

elements needed for wavelength demultiplexing of complex signal formats such
as for example QPSK, DQPSK or polarization multiplexed signals into fewer

elements. Having two or even one single element o manage simplifies the



signals are used, the power splitter - delay filter pair used for

denodul ati ng DQPSK signals may be replaced by a polarization splitter and
the arrangemenvissmy therefore turn_into,a WM recei Vi ng PdeiiPe@ofiss727

pol ari zation multiplexed signals. Therefdre, where in the case of DQPSK,
the criterion for separation of the streans is separating the in-phase
constituents fromthe quadrature-phase constituents, ~mthe case of

pol ari zation multi pl exed signals, the criterion for separation of streans
may be separating the constituents of the signal corresponding to one

pol ar i zat iconirof ofiedrangrhe rbdntaothalfooforion tdiicesntie poast scoofsutristici geal
correspondi ng to anot her polarization, for exanple vertical. Furthernore,
it i s possinbl ereo thaphembmttria pollar iveaild ohe nudédqpl, exed OPPSKe rreced versilysi ng
a single delay filter, two polarization splitters and a single

bi di rect i domgpraAwG wia e 20eaniy iptecrstast ciguitohbimbeliseonit ipolrddrsttcicotat
splitter, two delay filters and one 2(N+1 )-ports AWG In this case, the
criterionfewer sepagasiusgalinscsegrand tednohss raliatoiyi nati on of criteria for
separating streans according to the in-phase constituents fromthe

quadr abur dlsheiioEoABIIABARPE ohile BESAPAIMMESTREIBRYIRCRBLINGS ab Py &t
pol ari zation constituyents or vice ver, I n.various enbodi nents, the pair

: sa. ,
of delay fSUCh&OTRNGaHPR 1HEWRPaLBIE f1UPT REYPPEEEY Yol i dated into a single
delay filter, nmerged into star.coupler which js in charge of regeiving the
i1 tered ot uinis Deetilual the Fot Shaitichas baidlioRud et Halfere
circuit. Th ese S i t. ef.qre OoM: ; ossibility. i
consol i daprgg%ﬁ t*?pﬂét e%ﬁﬁge n%@%et@%% o?rﬁ)%va%ﬁegcﬁdﬁ hﬁbeeréf?tt#ﬁ%ifaﬁ’éj%fthat
conpl ex S'egﬂ@slaaér‘?r{ @F&t&u‘é&h A% T GHAMRLEA R th PR Y RRAIALIE ARGt
mul tipl exed 'signal s 1 nto Tewer
16 departing from the scope of the invention.
it is also to be noted that the order of the steps of the method of the invention as
described and recited in the corresponding claims is not limited to the order as
presented and described and may vary without departing from the scope of the
invention.
15 It should be appreciated by those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry embodying the principles of the

invention.



el ements. Having two or even one single elenent to manage sinplifies

t hecontrol nechanism reduces the footprint, reduces the power consunption
as only owme 20tensmiel ectric cool er vvoul_cil?_be needed, andpca/Epb@onss7e7 easily
integrated into a photonic integrated circuit. In practice, it is
understood that fewer elenents usually correspond to higher reliability.
The various enbodi nents of the present invention may be conbined as | ong as
such conbi nation is conpati ble and/or conplinmentary. Further it is to be
noted that the list of structures corresponding to the clainmed nmeans is not
exhausti v€La#IZ hat one skilled in the art understands that equival ent
structures can be substituted for the recited structure w thout departing
fromthe scope of the invention. It is also to be noted that the order of
the steps of the nethod of the invention as described and recited in the
cor r espondi ngActiamaiipiexardor idamutolextna meltirdevavedepgibssirtains amumpdsiog bed
and may vary w thout departing fromthe scope of the inventign. It should
be appr eciPateitriBiprtfabseparatingedne muitipde syavelength fipams oo deptateeanardi n

r epr esent confept ual views of illustrative circuitry enbodying the
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10 2- The demutltiplexer of claim 1 wherein the multi-input port, multi-ouiput port
frequency demultiplexer is an array waveguide grating or an echelle grating.
3~ The demultiplexer of claim 1 or 2 wherein the separafor comgprises a delay
filter and the multiple wavelength streams modulated with QPSK format..

4-  The demultiplexer of claim 1 or 2 wherein the separator comprises a power

15 splitter and a delay filter and the multiple wavelength streams are DQPSK-type
stream.

5- The demultiplexer of claim 1 or 2 wherein the separator comprises a
polarization splitter and the multiple wavelength streams are polarization
multiplexed streams.

20  6- The demultiplexer of claim 1 or 2 wherein the separator is a combination of
at least one power splitter, at least one delay filter and at least one polarization
splitter and the multiple wavelength streams are polarization multiplexed DPQSK
streams.

7-  The demuttiplexer of any one of the preceding claims wherein the input

25  pors are located on opposite sides and symmetrical with respect to a longitudinal

axis of the frequency demuttiplexer.



2 The denultiplexer of claiml wherein the nmulti-input port, multi-output
port frequency denultiplexer is an array wavegui de grating or an echelie
grating. 8o 2itvesammul ti pl exer of clai m“Jr or 2 wherein tpreTEPpanALIIR7
conprises a delay filter and the rrultipl% wavel ength streans nodul ated with
QPSK format. 4- The demultiplexer of claim1 or 2 wherein the separator
conprises a power splitter and a delay filter and the nmultiple wavel ength
streans are DQPSK-type stream 5- The denultiplexer of claim1 or 2 wherein
the separator conprises a polarization splitter and the nultiple wavel ength
streans age pOhardaatitiplexarldfi phexed st iheapsca@ingl bsithenwhérghakergmtingl ai m
1 or 2 wherein the separator is a conbination of at |east one power
splitter, camdreastaideastel fgt foultpdr pamdecatet edtsan opgopidt aide atfitba gplingt er
and the nultiple wavel ength streans are polarization nultiplexed DPQSK
streans. withTiespaehisl tisptidgevhare thayirehgroop afrengeerediagoitisai nsowhisriben
the input ports are |ocated on opposite sides and symetrical with respect
to a | ongidfaitiithadnd atslegst ﬂhéecﬁ@'ttg@elw @@Wﬂﬂ@@@ﬂeﬁ%ﬁ%ﬂpﬂ%t&j@#ﬁﬂ @f ghexer
of any one of the preceding clains wherein the gratin qor}pri_ses at |l east a
first dut giRtHbWI TseREEIOaNFHAE PP RLIBe SIegeNEFITPHE ér%@sa RgMAreIRNERSpiECt

to the side where the first group of single wavelengths is input in the
grating, MR D248 second output port located at an opposite side of

wevel engt G 1 & (RSO T EHEP A I OIS GOBRIB g0 BULRITITS AN EPGnal s
conpri si n%%ngi/ec%l 6?85%%‘39‘1 tg%cordi ng to any one of clainms 1 to 6
10- A method of demultiplexing multiple wavelength streams, the method
160 comprising:

» inputting multiple wavelength streams into a separator;

» separating, according fo at least one predetermined separation
criterions, the multiple wavelength streams into a first stream of
wavelengths and a second stream of wavelengths;

15 = inputting the first stream of wavelengths into a first input port of a
multi-input port, multi-output pert frequency demuttiplexer;

» inputting the second stream of wavelengths: into a second input of
the muiti-input port, multi-output port frequency demultiplexer;

= separating the first stream inlo a first group of single wavelengths;

20 « geparating the second stream inte a second group of single
wavelengths;

« coupling the first group of single wavelengths to respective first
output ports of the grating;

e coupling the second group of single wavelengths to respective

25 second output ports of the grating.
11- The method of claim 10 wherein the first group of single wavelengths are

coupled to respective output ports located at an opposite side of the grating with



10- A nmethod of derultiplexing nultiple wavel ength streans, the nethod
conprising: inputting nultiple wavelength streans into a separator;
separ ati ngp 2anc36Wiing to at | east one pgggeternined SepRCAEPROLOOFITRES | ON
the multiple wavel ength streans into a first stream of wavel engths and a

second stream of wavel engths; inputting the first stream of wavel engths
into a first input port of a multi-input port, nulti-output port frequency
derul tiplexer; inputting the second stream of wavel engths into a second

i nput of the mufti-input port, nmulti-output port frequency denultipl exer;
separ at i ngegpleest ftorist siticeahviontio diréti gstupgndehadd veanddegivaviel iepgt tis the
separating the second streaminto a second group of single wavel engt hs;
coupl i ng ghirtd. restd threospcofd girngh exfyiangiEengydlengthsr agpeotpled fo retpastiveut
ports of the grating; coupling the second group of single wavelengths to
respecti v@uﬁwcgtonmtsa Qeded Forars opposite sireaof %ge gratingreéthneasiset ae beasie10
wherein the first group of single wavel engths are coupled to respective
out put polMEere Yeaseacad JERLEPESDIwaYalengths isdnpriinithg dikit@.cspoct to the
sido where the first group of single wavelengths is input in the grating,
and thé second group of single wavel engths are coupled to respective out put
ports | ocated at an opposite side of the grating with respect to the side
where the second group of single wavelengths is input in the grating.



