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SYSTEM AND METHOD FOR DEMULTIPLEXING OPTICAL MULTI-WAVELENGTH
SIGNALS

The present invention relates to demultiplexing optical multi-wavelength signals
corresponding to any transmission format that comprises multiple wavelengths
where the wavelengths comprise constituents that can be separated into distinct

streams or detected according fo differential detection schemes.

BACKGROUND OF THE INVENTION

Optical multi-wavelength signal transmissions are widely used for communication
through optical networks. One example of such transmission is the Wavelength
Division Multiplex (WDM) transmission where signals are transported by a
plurality of optical carriers. 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.
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
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
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

generated at a filtering step before reception.

SUBSTITUTE SHEET (RULE 26)
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Also, herein, ‘any reference to a “separable stream™ is to be understood to refer to
a stream of wavelengths capable of beéing distinguished. and separated info
constituents by at least one category, for example by the type of modutation or by
the polarization state, whereas reference to “differential detection” (also known
as “balanced detection”) is o' be. understood to refer to a detection technique
based upon the concomitant detection of the. signal and its comiplementary so
that the overall detection sensitivity may be improved.

One example of such separable muiltiple wavelength streams js based upon
DQPSK modulation format, which is used for high speed transmission; for
example in optical communication networks. Another éxample of such separable’
multiple wavelength streams relies upon polarization muitiplexed 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 wavelengths comprise constituents that can be detected according to
differential detection schemes is .a WDM signal modulated with quadrature-
phase shift keying (QPSK) format. Also a gombination of the aforementioned
QPSK and pofarization multiplexed WDM signals may. be possible. Signals based
upon coherent transmission formats may also be considered to comprise
constituents that can be detected according to differential detection schemes.
The demuitiplexing of multiple: wavelengths into their constituents is in occasions
typically performed by using a plurality of discrete components; each companent
typically dedicatéd to an individual optical carrier, which has somehow to be
individually controlled in frequency, amplitude, phase, etc. for best detection
results. This. requires a plurality of separate control circuits in order io tune

thermally, opticaily, or electrically, etc., all the denmultiplexing elements.
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SUMMARY

As a consequence of requiring a plurality of discrete eléments, conventional
demultiplexers -would require a relatively large footprint and a relatively’ high
power consumption and dissipation, which is undesired. Another drawback of
using such disciete elements resides in the difficulty, or even practica
impossibility of consolidating the entire demultiplexing arrangement into a single

photenic integrated circuit.

However, the current trend in manufacturing photonic devices points towards.

oppusite requirements;, namely minimizing the footprint and the power
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 a
single optical demultiplexer, which fof example is an arfayed waveguide grating
(AWG), followed by an array of delay filters.

As shown in figure 1a, an input signal 8, such .as a WDM signal, comprising
QPSK multiple wavelengths capable of being detected by differential detection
schemes, is input into a 1XN AWG demultiplexer 10. The QPSK wavelengths are
therefore demultiplexed and output from the AWG demultiplexer 10 in a plurality
of modulated carriers Si, Sp,...,Sn. The output wavelengths 8¢,82,...,8x are then
input into respective’ delay fitters 114,112,....11n. The delay fitters 111.1100...,11n
are in charge of separating the incoming signal into main and complemeritary
constituents of the wavelength,

Each delay filter then outputs the main constituent S1a,Szs,....Sna at one autput
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complementary cohstituents- of the sighal may simply be ighered and. the main
signal be maintained for furtther processing. This s useful bécause using
differential detection aflows for a higher reception sensitivity which can reduce
the impact of noise. and other iransrnission impairments: on the reception
process.

Figure 1b is an exemplary schematic representation of a conventional
arrangement for demultiplexing a2 DQPSK-type signal, using an optical
demultiplexer, which for example is an arrayed waveguide. grating (AWG),
Jollowed by an array of power spiitters, each one followed by a pair of delay
filters. By properly combining the outputs of the two delay filters the in-phase and
the quadrature-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
spatially separable DQPSK multiple wavelengths is input into a 1xN AWG
demultiplexer 10. The DQPSK wavelengths are therefoie demultiplexed and
output from the AWG dermultiplexer 10 in a plurality of modulated optical carriers
Si. Sz,...,Sn. The oulput wavelengths $4,52,...,.Sn are: then input in respective
power splitters 134, 13a,...;13n where the power of the modulated cariers
81,52,...,.5y are split into two parts, typically equat in value, which are each
-separately injected in respective. pairs of delay filters 114~ 114, 112~ T12g...., T 1w
- 11ng. Each pair of délay filters comprises two filters with a slightly different delay
response Typically +7/4 in one filter and — /4 in the other so that the in-phase
and- the quadrature-phase. constituents of the original signal are reconstructed
into" a pair of amplitude modulated signals. These reconstructed signals are

detected by respective pairs of photodiodes. 12x - 12x¢ (X=1..N} and: turned into

electrical-signals-for-further-signal-processing: - -~ — —— ——— — e o
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As it can be appreciated, both the arrangements of figures. 1a and 1b require
sufficient footprint as well as power supply commensurate with the number of
components involved where the higher the number of the componentis, the larger
footprint and power supply is required for the end product. Also.the integration of
such an arrangement into a photonic integrated circuit would bé a complicated
task.

Figure 2a is an exemplary schematic representation of another conventional
arrangement for demultiplexing 'a QPSK-type signal, using a single delay filter
and two frequency demuitiplexers, typically two AWGS,

As shown in figure 2a, an input signal 8, such as a WDM signal, comprising
QPSK multiple wavelengths capabie of being detected by differential detection, is
input i.r;to,a delay filter 21 which is in charge of separating the incoming signal S
into main S, and complementary S, constituents of the wavelength. Each of the
two constitlents S, and 8§y, are then fed into a respeciive 1xN AWG demultiplexer
203, 20y. 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 841,5:2,...,8ay are output from the first AWG demultiplexer
205, and Spq,San,.. ..Spy @re output from the second AWG demultiplexer 20y,
Assuming. that the stream S, outputs, for example, the main constituent of the
input signat 8, then the corresponding output wavelengths S,1,Ssz;...,San ‘of the
AWG. demultiplexer 20, would be the main constituents of the demultiplexed
wavelengths of the original sighal S. Likewise, assuming that the stream S,
outputs, for example, the complementary constituents of the:input signal S, then
the corresponding output wavelengths Spe,Spz,....Spn of the AWG: demultiplexer
20, would be the complementary consiituents of the demultiplexed wavelengths

of the original signal. The output wavelengths S;1,8:5...,8:n of the AWG

demultiplexer_20, . are_then fed_into respective_detectors_2245,-2205,...,- 22N,
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Likewise, the oulput wavelengths Sii, Sus, ..., Sux Of the AWG demultiptexer 20,
are fed into respective detectors 22+, 22sp,..., 22nb.

it may therefore be appreciated that the arrangement as represented in figure 2a
requires less number of components as compared to the arrangement shown in
Fig. 1a.

Figure 2b. is an exemplary schematic representation of another conventional
arrangement for demuttiplexing a DQPSK-type signal, using a splitter, a delay
fiter and two frequenicy demultiplexers, which for example are arrayed
waveguide gratings (AWGs). In this figure like elements have been given like
reference numerals as those of figure 2a.

As shown in figure 2b, an input signal 8, comprising spatially-separable DQPSK
wavelengths is input into a power splitter 23 where the power of the incoming
signal $ is split info two parts, typically equal in value, which are each separately
injected in a respective delay filter 21;, 214 The delay filters 21;, 21, have a
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
modulated signals §;, 8. These reconstructed signals are iriput into respective
XN AWG demultipiexers. .20; and 20, where the signals S; and S, are
demultiplexed and output from the respective AWG demultiplexers 20;and 20, in
a plurality of separate wavelengths, namely $;1,S:,....Siv are output from the first
AWG demultiplexer 20;, and Sg1.Sg2...-,9qn are output from the second AWG
demuitiplexer ZOq,

Assuming that the stream S; outputs, for-example, the in-phase constituent of the
input signal S, then the ‘corresponding output wavelengths Siy;Si...,Sn 0f the
AWG demuttiplexer 20; would be the in-phase constituents of the demuitiplexed

wavelengths of the original signal S. Likewise, assuming that the stream S,

- outputs,-for example,-the quadrature-phase-constituents-of-the-input signal ;- — - -
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then the corrésponding outpul wavelengths Sg4,84....8gw of the AWG
demuliplexer 20, would be the quadrature-phase constituents of the
demultiplexed ‘wavelengths of the -original signal. The output wavelengths
Si1,Si2.-..,3im Of the AWG demuiltiplexer 20; are then fed into respective detectors
224;, 223,..., 22y Likewise, the output wavelengths Sy, Sgp, ..., Sgy of the AWG
demultiplexer 20y are fed info respective detectors 224, 224y,..., 22nq. Here also
it may be appreciated that the-arrangement as. represented in figure 2b requires
less number of components as compared to the arrangement shown in Fig. 1a.
Similar to the arrangement discussed in relation to figures 1a and 1b, this
arrangement ajso requires sufficient ’foot_prin‘t as well as power supply
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
for demultiplexing muitiple -‘wavelength streams -comprising a separator for
separating the multiple wavelength streams into a first stream of wavelengths
output from a first oulput of the separator and a second stream of wavelengths
autput from- a second output of the separator wherein the first output of the
separator is coupled to a first input of a multi-input port, muti-output port
frequency. demiiltiplexer 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 separ'ator comprises a delay filter
and the multiple wavelength streams are QPSK-type stream.

According to some specific embodiments the separator comprises a power
splitter and. a delay fitet and the multiple wavelength: strearms are DQPSK-type

stream..




10

15

20

25

WO 2010/136291 8- PCT/EP2010/055727

According to some specific embodiments the separator comprises. a pelarization
épiit"ter and the multiple wavelength streams are polarization multiplexed
streams.

According to some specific embodimenis the separator is @ combination of at
least ohe power splitter, at Jeast one delay filter' and at least one polarization
splitter-and the multiple wavelength streams arg polarization muitiplexed DPQSK
sireams.

According to some' specific embodiments the frequency demultiplexer comprises
at least a first output port located at an opposite. side of the. frequency
demultiplexer with respect to the side where the first group of single wavelengths
is input in the frequency demultiplexer, and at least-a second autput port located
at an opposite side of the frequency demultiplexer with respect to the side where
the second group of single wavelengths is irput in the frequericy demultiplexer.
Embadiment of the invention also relate to a receiver for receiving WDM sighals
comprising a demultiplexer-according to the above embodiments.

According to yet another embodiment of the invention there is provided a method

of demuitipiexing multiple wavelength streams, the method comprising:

*

inputting muttipte wavelength streams Into a separatar;

» separating, according to at least one predetermined separation
criterion, the multiple wavelength streams into a first stream of
-wavelengths_land a second stream of wavelengths;

» inptiting the first stream of wavelengths into a first input posrt of a
multi-input port, multi-output port frequency demultiplexer;

« inputting the second stream of wavelengths. into a second input of
the multi-input port, multi-output port frequéncy demultipléxer;

+ separating thefirst stream into:a first group of single wavelengths;
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« separating the second stream into a second group of single
wavelengths;
= coupling the first .group of single wavelengths to respective first
output ports of the frequency demultiplexer;
« caupling the second group of single wavelengths to respective
second cutput poris.of the frequency demultiplexer.
According to some specific embodiments the. first group of single wavelengths
are coupled fo. respective output ports located at an opposite side of the
frequency demultiplexer with respect fo the side:where the first group of single
wavelengths is input in the frequengy demultiplexer, and the second group of
single wavelengths are coupled to respective 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 demultiplexer.
These and further features and advantages of the embodiments of the present
invention are described in more detail in the following description as well as in

the claims with the aid of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a, already discussed, is an exemplary schematic representation of a
conventional arrangement for demultiplexing a QPSK signal using a -single
frequency demultiplexer, foflowed by an arrav of delay filters.

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.
Figure 2a, already discussed, is an exemplary schematic: representation of

another .conventional arrangement for demuttiplexing a QPSK. signal using a

—single delay-filter-and-two frequency demulfiplexers.- — - ——— - o o — e -
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Figure 2b, already discussed, is ah exemplary schematic representation of
another conventional arrangement for demultiplexing a DQPSK signal using a
power splitter; a single delay filterand two frequency demultiplexers.

Figure 3a is an exemplary schematic representation of an arfangement for
demultipiexing a QP SK signal according to embodiments of the invention.

Figure 3b. is an exemplary schematic represeniation of an arrangement for

demultiplexing a DQPSK signal according to embediments of the invention,

DESCRIPTION OF EMBODIMENTS

According to embodiments of the invention, a multi-input port and mutti-output
frequency demuitiplexer is used in a bi-directional scheme so as to provide a
demuitiplexing functionality of two streams of mulliple wavelengths.

By way of non-limiting examples a frequency demultiplexer to be used in the
solution provided herein may be array waveguide gratings (AWG) and echelte
gratings which are known and available in the market. In the following
déécﬁpﬁon, array waveguide grating in discussed in the description of
embodiments. However other frequéncy demuitiplexers may also be used within
the scope-of the embodiments,

One exemplary embodiment is shown in figure 3a which is provided in relation to
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 8, and Sy corresponding
to the main constituent and the complementary constituent of the signal, the two
streams 'Sy and Sy, carrying multiplexed signals. The streams 8, and Sy -are then
input into réspective. input ports P, and P, located on the sides of a (N+1)x{N+1)
AWG 30, i.e. an AWG with N+1 input ports and N+1 output perts. Once input into
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the (N+1)x(N+1) AWG 30, the steams S, and S, are separately demultiplexed
within the same waveguide grating.

Therefore the use of & muli-input port, multi-output port AWG, when operated in
a bi-directional mode provides the possibility of demultiplexing the two incoming
streams.using a single grating. This is possible thanks to the reciprocity between
the input port and the output port of multi-input port; multi-output port AWG. itis
to be noted that in principle, AWGs with a higher port count may also be used
although this would increase the foofprint of the device, in case such increase is
tolerable, this option may be envisaged as well. Furthermore the use of only one
single AW is advantageous as it would oniy involve the footprint and the control
power of a single device.

Referring back to figure 3a, the QPSK sifream S, is input in the AWG. 30 at input
port P, and the QPSK stream Sy is input in the AWG 30 at input port Py. The
stream S, is' then demultipiexed in the AWG 30 into a plurality of single
wavelengths that are directed towards output ports 1,,25,....Na.  Similarly, the
stream Sy Is demuitiplexed in the AWG 30 info a plurality of single wavelengths
that are directed towards output porls 14 2y,....Ns.

Assuming that the stream S, is, for example, the main constituent of the. input
signal S, then the corresponding demuitiplexed wavelengths travelling from the
input port Pj to the output poris 14,2,,.. N, of the AWG demultiplexer 30 would
berthe main constiftients. of the demultiplexed wavelengths of the originat signal
S. Likewise, assuming that the stream Sy is, for example, the complementary
constituents of the input signal S, then the corresponding demultiplexed
wavelengths: travelling from the input port Py, {o the output ports 1y,2p,...,Ny, of the
AWG demultiplexer 30 would be the. complementary constituents of the

demuitiplexed wavelengths of the original signal. The wavelengths -output from

the-Output-ports-1a:2a5-5Na- o the-AWG-demultiplexer-30 “are preferably fed into
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respective detectors 3245,32z,....,32n such as photodetectors. Likewise,
wavelengths output from the output ports 15,2p.....N, of the AWG demuitiplexer
30 are preferably fed into respective detectors 3216,320,....,.32wp, 10 practice, the
complementary constituents of the signal may simply be ignored and the main
signal be maintained for filrther processing.

Another exemplary embodiment is shown in figure 3b which is provided in
relation to DQPSK WDM wavelengths. In this figure like elements have been
given like reference numerals as those of figure 3a.

As shown in the-figure, an input signal S, comprising DQPSK WDM wavelengths,
is input into a power splitter 33 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 quadrature-phase constituents of
the original signal are reconstructed into a pair of-amplitude modulated signals S
and 8, 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 ih the AWG 30 at input port P; and the DQPSK stream
8y is-input in the AWG 30 at input port Py,

The stream S is then demultiplexed in the AWG. 30 into a plurality of single
wavelengths that are directed towards output ports 1,2,...Ni.  Similarly, the
stream 8, is demuifiplexed in the AWG 30 into a plurality of single wavelengths
that are directed towards output posts 14,2q,...,N.

Assummisig that the stream S; is, for example, the in-phase constiftient of the input
signal S, then the carresponding demultiplexed wavelengths travelling from the
input port P; to the output ports 1;,2,,...,N; of the AWG demultiplexer 30 would be

the in-phase cohstituents of the demultiplexed wavelengths of the original signal

S, Likewise, assuming that the stream-S;-is;-for-example; thequadrature-phagse ™~
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constituents of the input signal S, then the corresponding demultiplexed

wavelengths travelling from the input port Py to the output ports 14,2,,....Ng of the

AWG demultiplexer 30 would be the quadrature-phase constituents of the

demultiplexed ‘wavelengths of the original signal. The wavelengths output from

the output ports 1;,2;,....Ni of the AWG demultiplexer 30 are preferably fed into.

respective  detectors 324,32y,...,32 such as photodetectors. Likewise,
wavelengths output from the output.ports 14,2,,...,.Ng of the AWG demultiplexer

30 are preferably fed into respective detectors 3214,322q,. ... 32,

in all the embodiments of the invention, the use of a multi-input poit, rulti-output

port AWG, when operated in- a bi-directional mode provides the possibility of
demultiplexing the two incoming strearns while only one si"ngle AWG is used
which is advantageous as it weuld only invalve the footprint and the power
consumption of a single device. The fact that the multi<input port, muilti-output
port AWG 30 operates in bi-directional mode allows for the passibility of having
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 (6.g. P, or Py) travel in a
first direction, whereas the waveléngths input from a second input port (e.g. Py of
Pq) travel in a second direction which is different from the first direction,
Preferably the inpul porls in an embodiment are localed on opposile sides and
symimettical with respect to a longitudinal axis of thé frequency demultipiexer, 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 longitudina! axis of the frequenicy demuitiplexer as fong as a
hidiractional operation of the AWG is employed. )

Furthermore, given the wavelengths of the optical carier of the WDM signal, the

AWG can be enginesred {o avoid any possible conflictin the port assignmeant.
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In order to demutdtiplex N optical wavelengths, the AWG may have at least N+1
ports on. either side where one port is intended for use as ah input port and N
poris are intended for use as output ports. 56 as. o receive the wavelengths
launched from the corresponding input port and demultiplexed by the grating.
The corresponding input port is preferably located at the opposite sidé of the
grating with respect to the side where the corresponding output ports are located.
It is to be noted that in practice; a (N+1)X(N+1) AWG is marginafly larger in size
than a single 1xN AWG demuttipiexer, therefore this solution clearly contributes
to reducing the size of the overall device because one (N+1)X{N+1) AWG
occupies a smaller space as compared to two 1xN AWGs. Furthermore, the
integration of the entire arrangemant into a single chip is greatly improved. in
addition, due to the fact that the two streams (8, & Sy or §; & S,) use the same:
grating $tructure, 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
stream it will be automatically so.aligned for the other stream and no refative drift
between the two streams is possible.

The proposed solution provides the possibility of reducing the number of
elecirical 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
the ITU frequency grid as defined in the ITU standard for WDM systems, and
contributes 1o a substantial reduction in the footprint of the entire arrangement.
The arrangements obtained according to the proposed solution may also be
easily implemented in a fully integrated form, e in-one photonic integrated circuit.

Although the embodiments described above were provided in an exemplary
manner in refation QPSK and DQPSK signals, it is to be noted that as already

mentioned above, the present solution also applicable to any transmission format

that __comprises —multiple—wavelengths —where— the ~wavelengths  comprise

-
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constituents that can be separated into distinct streams or detected according to
differential detection schemes. For example in case polarization multiplexed
signals ‘are used, the power splitter - delay filter pair used for demodulating
DQPSK signals may be replaced by a polarization splitter and the atrangement
may therefore turn into a- WDM recsiving device for polarization rnultiplexed
signals.

Therefare, where in the case of DOPSK, the criterion for separation of the
strearus. is separating the in-phase constituents from the quadrature-phase
constituents, in the case of polarization multiplexed signals, the criterion for
separation of streams may be separating the constituents of the signal
corresponding to one polarization, for example hofizontal, 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-
directional AWG with 2{N+1) ports or by combining onie 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 quadrature-phase. constituents, and.
separaling according lo the differen! polarization constituents or vice versa.

In varous embadimients, the pair of delay filter and the powet splitter may be
consalidated 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
elements in the circuit.

The present solution therefore provides -a possibility to consolidate mltipie
elements needed for wavelength demultipexing of complex signal formats such

as for example QPSK, DQPSK or polarization multiplexed signals into. fewer

elements—Having-two-or even oné single element o mané_ée simplifies the:
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control mechanism,. reduces the foolprint, reduces the power consumption as
only one thermo-electric cooler wauld be needed, and can be more easily
integrated into- & photonic integrated circuit. In practice, it is understood that
fewer elements usually correspond 1o higher reliability;

The various embodiments of the present invention may be combined as long as
such combination is compatible and/or complimentary.

Further it is to be noted that the list of structures corresponding to the claimed
means s not exhaustive and that one skilled in the art understands that
equivalent structures can be substituted for the recited structure without

departing from the scope of the invention.

i is also to be noted that the order of the steps of the method of the invention as.

described and recited in the corresponding ¢elaims is not limited to the order as
presented and described .and may vary without departing from the scope of the
invention.

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.
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The invention claimed is:
1. A demultiplexer for demultiplexing multiple wavelength
streams, comprising:

a separator configured to separate 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 output of the separa-
tor, wherein

the first output of the separator is coupled to a first input

of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
scparator is coupled to a second input of the bi~direc-

tional mwulti-input port, multi-output port frequency -

demultiplexer,

the demultiplexer is in a photonic integrated circuit (1C),
and

a grating includes at least a tirst output port located at an

opposite side of a grating with respect o the side .

where the first gronp of single wavelengths is input in
the grating, and at least a second output port located at
an opposite side of the grating with respect to the side
where the second group of single wavelengths is input
in the grating.

2. A receiver for receiving WDM signals comprising a
demultiplexer according to claim 1.

3. The denmultiplexer of claim 1, wherein the bi-directional
multi-input port, multi-output port frequency demultiplexer
is configured to separately demultiplex the first and second
streams of wavelengths in a same grating.

4. The demultiplexer of claim 1 wherein the bi-directional
multi-input port, multi-output port {requency demultiplexer
is an array waveguide grating or an echelle grating,

5. A demultiplexer for demultiplexing multiple wavelength
streams, comprising:

a scparator configured to separate the multiple wavelength
streams info a first stream of wavelengths output from a
first output of the separator and a second stream of
wavelengths ouiput from a second output of the separa-
tor, wherein
the first output of the separator is coupled to a first input

of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
separator is coupled to a second input of the bi-direc-
tional multi-input port, multi-output port frequency
demultiplexer,
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the demultiplexer is in a photonic integrated circuit (IC),
and

the separator includes a delay filter and the multiple
wavelength streams modulated with QPSK format.

6. A demultiplexer for demultiplexing multiple wavelength

streans, comprising:
a separator configured to separate the multiple wavelength

streams info a first stream of wavelengths output from a

- first output of the separator and a second stream of

wavelengths output from a second output of the separa-

tor, wherein ' :

the first output of the separator is coupled to a first input
of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
separator is coupled 1o a second input of the bi-direc-
tional multi-input port, multi-output post frequency
demultiplexer,

the demultiplexer is in a photonic integrated circuit (IC),
and

the separator includes a power splitter and a delay [ilter
and the multiple wavelength streams are DQPSK-
type strean.

7. A demultiplexer for demultiplexing multiple wavelength

streams, comprising:
a separator configured to separate 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 output of the separa-

tor, wherein

the first output of the separator is coupled to a first input
of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
separator 1s coupled to a second input of the bi-direc-
tional muiti-input port, multi-output port frequency
demuitiplexer,

the demultiplexer is in a photonic integrated cireuit (1C),
and

the separator includes a polarization splitter and the
multiple wavelength streams are polarization multi-
plexed streams.
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8. A demultiplexer for demultiplexing multiple wavelength

streams, comprising:
a separator configured to separate the multiple wavelength
streams into a first stream of wavelengths output from a
first output of the separator and a sccond stream of
wavelengths output from a second output of the separa-
tor, wherein
the first output of the scparator is coupled to a first input
of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
separator is coupled 1o a second input of the bi-direc-
tional multi-input port, multi-output port frequency
demultiplexer,

the demultiplexer is in a photonic integrated circuit (IC),
and

the separator is a combination of at lcast one power
splitter, at least one delay filter and at least one polar-
ization splitter and the multiple wavelength streams
are polarization multiplexed DPQSK streams.

9. A demultiplexer [or demultiplexing multiple wavelengih

streams, comprising;

a separator configured to separate 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 output of the separa-
tor, wherein

the first output of the separator is coupled to a first input
of a bi-directional multi-input port, multi-output port
frequency demultiplexer and the second output of the
separator is coupled to a second input of the bi-direc-
tional multi-input port, multi-output port frequency
demultiplexer,

the demultiplexer is in a photonic integrated circuit (IC),
and

the input ports are located on opposite sides and sym-
metrical with respect to a longitudinal axis of the
frequency demultiplexer.
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10. A method of demmultiplexing multiple wavelengih
streams, the method comprising:

inputting multiple wavelength streams into a separator;

separating, according to at least one predetermined sepa-
ration critedon, the multiple wavelength streams into a
first stream of wavelengths and a second stream of wave-
lengths;

nputting the first stream of wavelengths into a first input
port of a multi-input port, multi-output port frequency
demultiplexer;

inputting the second stream of wavelengths into a second
input of the multi-input port, multi-output port fre-
quency demultiplexer;

separating the first stream into a first group of single wave-
lengths;

separating the second stream into a second group of single
wavelengths;

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

coupling the second group of single wavelengths to respec-
tive second output ports of the grating, wherein the first
group of single wavelengths are coupled to respective
output ports located at an opposiie side of the grating
with respect (o the side where the first group of single
wavelengths is input in the grating, and the second group
of single wavelengths are coupled to respective output
ports located at an opposite side of the grating with
respect to the side where the second group of single
wavelengths is input in the grating.



