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(57) Abrége/Abstract:
An optical demultiplexer has a coarse filter 41, 43, 45 and a plurality of arrayed waveguide gratings (AWGs) 49 connected to
respective outputs of the coarse filter 41,43,45. The AWGs are of like design with a plurality of configurations and are arranged

to have a configuration corresponding to the frequency range output on the respective output. The device can be used in WDM
systems.
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Abstract
OPTICAT. DEMTIL.TIPLLEXING SYSTEM AND METHOD
5 An optical demnultiplexer has 4 coarse filler 41,43,45 aud a pluwrality of arrayed

waveguide gratings (AWGs) 49 connccted to respective outputs of the coarse filter 41,43,45.
The AWGs arc of like design with a plurality of configurations and are artanged to have a
configuration corresponding to the frequency range output on the respective output. The
device can be used in WDM systems.
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OPTICAL DEMULTIPLEXING SYSTEM AND METHOD

This application relates 1o an optical demultiplexing systewu and mctliod such as may be
employed in the system and method described in US provisional application
relating to a high performance optical multiplexer and demultiplexer being filed on the same

day ns the present application by David Boertjes and Kim Roberts, to be assigned to Nortel
Networks, under the Norte]l Networks reference of 13587R0O.

Yield of the Invention

The invention relates to an optical demultiplexing system and method, and particularly to a

system and method for splitting an optical signal carrying a2 number of information channels

at different frequencies.

Backeround of the Invention

Optical communications systeius wcreasingly use wavelength division multiplexing (WDM)
in which a numbcr of distinct optical signals are transmitted at different wavelengths,
generally down an optical fiber., For example, optical communication in the so-called “(77
band may allow the transmission. of 4() channels, or frequencies, at regular intervals, each
carxing 10Gh/s of data. (ne optical signal can be transniitted at each frequency down a single
optical fiber. Other bands and/or other numbers of channecls way be used, for example, 56

channels in the 'L band, each carrving 10GL/s.

A key componcnt in WDM systems is a demultiplexer for splitting apart optical signals at a
plurality of wavelengths mto the individual channels at individual wavelengths. This may be
done using a splitter and a number ot ditferent filters tuned to the individual frequencies, by
components that demulitiplex the light directly, or a combination of these approaches.

One approach o fillering and demultiplexing is to use an arraycd waveguide grating (AWG),
also known as a phascd-array device. The operation and design of AWGs is described, for
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2
example, in “PHASAR Based WDM-Devices: Principles, Design and Applications”, Meint

K. Smit, IEEE Journal of Selected Topics in Quantum Electronics, Vol. 2, No. 2, June 1996.

Figures | to 3 illasrrate an AWCG device. Figure 1 shows a top view of the AWG, Figure 2 a
side section through a waveguide of the AWG and Figure 3 iy a detailed wp view of part of
the AWQ device. A plurality of optical waveguides 3 arc dcfincd on a substrate 1 in a known
way. I'or example, to dcfine the waveguides a buffer layer 5 may be deposited on the
substrate, a core 7 deposited along part of the buffer layer to define the waveguide 3 and a
cladding layer © provided to cover the core and buffer layers. The refractive indices of the
buffer 5, core 7 and cladding 9 1ayers are selected so that light is guided along the waveguide

In the ragion of the caore.

The anraycd waveguide device includes an array 11 of wavcguides 3 arranged side by side on
the substrate and extending between an input star coupler 13 and an output star coupler 15.
The input and output star couplers 13,15 are defined by a wide core region in which light can
travel freely in the two-dimensional plane of the substrate. "I'his region is known as the free
propagation region. Input 17 and output 19 optical waveguides are provided (v [eed iupul
light into the array 11 of waveguides and to output light [rom the wiay respectively. There
may be a plurality of inpul waveguides 17 or coutput wavegudes 19.

As an cxamplc Figure 3 illustrates the output star coupler of a system with a single inpnt
waveguide and a plurality of output wavegnides. ‘I'he ends 21 of the array of waveguides 11
are usually on a geametric circle 23 of radius r whose centre is at the centre 23 ol an lLnage
plane 27. The output waveguides 19 are arranged on the image plave, which also constitutes
a circle. Note that the cenwres of the circles are uot coincident, and may not have cqual radii.

The lengths of the individual waveguides 3 of the array 11 differ (see Figure 1) and the shapes
of the star couplers 13, 15 are chosen so that light input to the input optical waveguide 17
passes through the array 11 ot wavegmdes and creates a diffraction partern on the ouiput
waveguide or waveguides, snch that light of a predetermined central wavelenglh creales a

central interference peak at the cenwe 25 of the imnage plave. Light with frequencics slightly
higher or lower than the predetenuined central frequency is imaged with a central interference
peak slightly abovc or below the centre of the image plane.
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3
In order to achieve this result the optical path length difference between adjacent waveguides

of the array is chosen so that it is an integral multiple of the central wavelength. Accordingly,
light at the central wavelength which enters the array of waveguides in phase will also leave
in phase and thus will create the central diffraction spot at the centre of the image plane.
Light with a slightly different frequency will arrive at the output star coupler with slight phase
differences across the array, which will cause the light to be imaged to a spot on the umage

plane a little away from the central spot.

Accordingly, the plurality of output waveguides arranged on the output plane receive light of

slightly ditferent fraquencies. Houally spaced output wavegiides correspond to equally

spaced frequencies, at least 1o a first order of approximation.

Figwre 3 shows the cffect of one or morc output waveguides connected to the output star
coupler 15. It is alternativcly or additionally possible to arrange a plurality of input

waveguides on the input star coupler with the same effect.

An AW(i has a number of properties. One important property is that the distance of the

image spol along the imeage plane as a function of wavelength is substantially linear in
wavelength, for wavelengths arvund the ceutal wavelength.  Accordingly, it is possible to

scparatc a number of signals with rcgular channel separations by positioning output

waveguides at substantially regular intervals along the output plane.

A second important property is that the AW(i has a repeat frequency. In other words, the
interference properties as a funcrion of frequency repeat with a period in the frequency
domain. This period is known as the [ree specudl rauge (FSR). The free spectral range is a
function of the difference in optical lcngth between adjacent wavoguides; a large optical

lcngth diffcrence rosults in a small FSR and vice versa.

Although an AWG can carry out demultiplexing, it is nor genersity practical to demultiplex a
large number of channels nsing a single AWG. For example, it can be impracticable to
demultiplex each of the 40 channels in the C-band using a single AWG, [u fuw 1easons.
Rirstly. the C-band covers some 4 000 GHi su the AWG would nced an I'SR of at least this
much. This would rcsult in small path length differences between sach waveguide of the

array of thc AWG and hence a physically large AWG device. Secondly, it would be
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necessary to provide 40 output waveguides, which would also lead to a large device. Thirdly,

the .accumulated cross-talk into one channel from the other thirty-nine channels may be
excessive. Finally, in some applications it iS desired to process a group of channels, e.g. for
dispersion compensation, so a multi-stage process might be preferred.

Howcver, an altornative systom with scparatc AWGs in cach frequency range would grcatly
increase the parts count of an optical system and would hikewise be inconvenient and difficult

to manufacture.

Accordingly, there is a need for an improved optical demultiplexer capable of accurately
dividing an optical signal having a moderawe or large number ol oplical chunnels into

mdividual channels.

Furtbermore, in some cases there is a need to apply some processing on optical signals in
broad frequency bands as well as to divide the optical signal into narrow frequency bands or

mdividhial channels.

Further, the manufacturing costs of optical commpunents can be considerable aud it would be

benceficial to reduce these costs.

Summary of Invention
In a tirst aspect of the invention there is provided an optical system, comprising: an optical

splitter for splitting an input optical signal between optical outputs; and a plurality of
demultplexers of like design, each demultiplexer haviug a plurality of wput gaides and a
plurality of output guides, each input guide having a predetermnined frequency range for which
optical signals inpurt into the input guide are divided between the plurality of output guides
according to frequency; wherein the optical outputs of the optical splitter are connected to
respective demultiplexers through input guides baving a plurality of ditterent predetermined

frequency ranges.

By providing a plurality of inputs fur the Jdewultiplexers it Is possible for cach demultiplexcer

to denaltiplex a subset of the frequency band of the signal input to the splittcr, without having
to cope with the whole band. This avoids any difficulties in providing a demultiplexer

capable of demultiplexing a whole band. For example, in a system demultiplexing 40U
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channels in the C band, it is very difficult to design a single demultiplexer capable of dividing

the 40 channels between 40 outputs evenly and with a suitably low insertion loss.

Moreaver, hy using a plurality of demultiplexers of like design, the amrangement hecomes
5 simple to manufacture. Rt is only necessary to connect a number of like components to the
outputs of the splitter; there is no need to stock a variety of different parts or to fine tune the

dcmultiplcxcrs oncc in placc. All that is required 1s to conncct the correct input.

The demultiplexers may be arrayed waveguide gratings with a pharality of input waveguides.
10 Arrayed waveguide gratings with Jarge numbers of ontputs fend to have differant losses
depending on the location of the outpnt waveguide. These differences can be minimised by

having a reduced number of outpul waveguides and using a4 nuinber of input waveguides.

The predetermined frcquency ranges of the input guides may span a predetetmincd input light

15 frequency range without overlapping, so that the input light frequency range can be split into
narrow frequency ranges, which may correspond to individual channels.

The optical splitter may include filtering functionality, for example at least one coarse filter,
for dividing light into predetermined Lroad [reyuency ranges output on respective optical
20 outputs which in turn arc conncctcd to input guides having corresponding predetermuned
frequency ranges. In this way, cross talk between channels can be reduced. Any light that is
output on the wrong output of the optical splitter, because of impertections mn the coarse hiter,

will be passed to a demonitiplexer aptical inpurt that does not correspond to its frequency. and
so the demultiplexer will not pass the light.

According to a sccond aspect of the invention there is provided an optical aystom for optical
processing of an optical signal divided into a plurality of predetermined groups of channels,
comprising: a plurality of optical outputs, each optical output outputting signals in a
respective frequency range that cormresponds to a predetermined group of channels: a plurality
30 of demultiplexers of like design, each demultiplexer having a plurality of input guides and 2
plurality of output guides. each input guide having a predetermined [requeucy rauge [or which
optical signals input into the inpul guide arc divided between the plurality of output guides
according to frcquemey; wherein the optical outpute are connected to respective

demultiplcxers, cach optical output connected to the respective demultiplexer through an
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6
wput guide having a predetermined frequency range corresponding to the frequency of the

respective frequency range of the optical output.

The usc of demultiplexers of like design greatly simplifies the manufacture of the device.
There is no need W stock 4 nuwber of Jdifferent (ypes corresponding w different frequency
rangcs. By likc design is mcant designs that arc largcly idcntical or cquivalent. The
demultiplcxcrs may be of substantially identical design.

The demultiplexers may have cyclic properties that repeat in frequency with a period of the
tree spectral range. In particular, the demultiplexers rnay be arrayed waveguide gratings.

A coarse [requency splitler can be used for dividing aun wput optical signal into the
predoetermined groups of channels.

Separate dispersion compensation may be provided for each of the predetermined groups of

channels. In this way, the dispersion compensation can he separately optimised for each

frequency range.

It 15 alsu possible to provide scparate gain control for the different channels or groups of

channecls.

Switches may be pravided an the inputs ot the demulfiplexers for switching the outputs of the
optical procescing section into the cormresponding inputs. In this way the switches can be
configured in a separate operation 1o rmanufacture, which simplifies manufaclue.

The demultiplcxcrs may demultiplex signals in frequency bands corresponding to each input
and rcjcet signals in adjacent frequency bands. In other words, signals in a frequency band

adjacent to the frequency band corresponding to an input are not distributed inro any of the

outputs of the demultiplexers. 'I'his can reduce cross-talk.

The demultiplexers may be AWGS.

The AWGs may be arranged to demultiplex the signals of broad frequency range to which
thecy are attached by realising that the AWGs have properties that repeat in irequency with a
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7
period of the free spectral range. Thus, for each input a different group of frequencies of

predetermined width within each free spectral range is demultiplexed and at least one other
group of frequencies of predetermined width is rejected. “I'he inpnts of the AW(3S connecterd
to the outpurs of the coarse filter can‘ then be selected o be cyclic with increasing frequency
of the respeclive broad [requency range wherein thie cycle repeals with a rcpeatl [reyucucy
substantially equal to the free spectral range such that each AWG demultiplcxcs the signal
corresponding to the broad frcqucncy range of the output of the coarsc filtor to which it is
attached.

Har simplicity, the AW(; may have two configurations and the AWGs connected to the
ourpurs of the coarse filter in ascending frequency order may be configured alternalely in cach
of the two configurations. However, (his iy not cssential aud the AWGQ uay have a laiges
number of configurations. Ior example, if the AWG has thrcc configurations tbe cyclical
configurations in ascending frequency order may be first, second, third, first, second, third,

first ... etc.

I'he provision of a number of inputs giving effectively a number of configurations of the
filters of common design brings advantages over the provision of only 4 single configuration.
Consider finsl a cumapmative example of an AWG with a single configuration as the
demultiplexcr. Each broad frequency range might include 41 channels spaced 100GHz apart,
and an AWG of 100GHz free spectral range and four outputs might be provided for each
broad frequency range output to split the hroad frequency range into individual channels.

This arrangement would have the disadvantage that it would rmeun that the coase filter had to
be very precise with sharp edge cul-offs. In conunercial devices, if the first broad frecquency
range corresponded to channcls 1 to 4 it is likely that soxe signal in channel 5 would also be
transmitted into the output for channels 1 to 1 since real coarse filters will transmit sorne
signal a little outside the passband. If only a single configuration of AWG were nised, then
any signal in channel § which was transmitted into the AWG on the output of the coarse filter
cnrresponding to channels | to 4 would be output from the channel 1 optical output of the
AWG.

For examplc, in cmbodiments of the present invention there may be two. inputs on the like
AWGs, onc input for demultiplexing channels 1 to 4, channels 9 to 12 ete, and the other for
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R
channels 5 to 8, channels 13 to 16, etc. In this way, if some extraneous channel 5 signal is

transmitted by the coarse filter into the output corresponding to channels 1 to 4 the filter of

common design will not pass that exiraneous Signal inio any of the channel outputs for

chhannels 1 o 4, Siularly, auy chiennel 4 sigual that appears 1o the oulpul for the second
5 broad frequency range corresponding to chauncls 5 to 8 will likewisc be rcjected.

According to a third aspect of the invention there is provided an optical system, having an
optical processor for processing an optical signal divided into a plurality of predetermined
groups of channels output on respective optical outputs, and a plurality of demultiplexers of

10  like design connected to the optical outpurs, each demultiplexer having a plurality of input
guides and a plurality of output guides. sach input guide having a predeterniacd [reyucney
range for which optical signals input into the input guide arc divided between the plurality of
output guides according to frequency; wherein the optical outputs are connected to respective
demultiplexers, each optical output connected to the respective demultiplexer through an

1S input guide having a predetermined frequency range corresponding ta the trequency of the
respective group of channels of the optical output.

The opticul processor may be 4 coarse [ilier. Thus, te invention pruvides, s auvther aspect,
an optical systcm comprising: a coarsc optical filtcr for dividing an optical signal iato a
20 plurality of predetermined groups of channels and outputting the groups of channels on
respective optical outputs; a pluarality of demultiplexers of like design, each demultiplexer
having a plurality of input guides and a plurality of output guides, each input guide having a
predetermined frequency range for which optical signals input into the input guide are divided
between the plurality of vutput guides accurdiug to fiequency, wheein the optical
25 outputs are commected to respective demultiplexcrs, cach optical output connccted to the
respective demultiplexer through an input guide having a predetermined frequency range
corresponding to the frequency of the respective group of channels of the optical output.

In another aspect there is provided an optical demultiplexer comprising: a coarse filicr having
30 a plurality of ourputs for dividing an input optical sigpal into a pluralily of predeicrnined
Livad freyuency ranges of predetermined width and outputting each predctcrminced broad
frequency range on a respective output; a plurality of arrayed waveguide gratings connected
to respective outputs of the coarse filter for demultiplexing optical signals in the respective
broad frequency ranges into a plurality of narrow frequency ranges; wherrin fhe arrayed
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O
waveguide gratings have properties that repeat in frequency with a period of the free spectral

range; the arrayed waveguide gratings have tirst and second mput waveguides, signals input
into the different input waveguides rejecting and demaultiplexing altermating frequency ranges
of the said predelermined width, the first input waveguide rejecting the frequency ranges
demultiplexed Ly the secuud inpul waveguide and the second input waveguide rejecting the
frequency ranges demultiplexcd by the first input waveguide; and the igput waveguides of the
amrayed waveguide gratings connecicd to the outputs of the coarsc filter altcrnate with
increasing frequency of the respective broad frequency range so that each arrayed waveguide
grating demultiplexes the signal corresponding to the broad frequency range of the output of
the coarse filter to which it 1s attached.

The vairow fieguency 1auges way Le cqual i sice and the broad {feyuency ranges may cach
be the same intogral multiple of the narrow frequency range. The narrow froquency range
may corregpond to a cingle channel. In this way, the demultiplexer according to the invention
may divide an input optical signal including 2 number of channels into the individual

channels.

By using (wo-input mulliple oulput AWGS, a greatly reduced nuinber of switches can be
provided comparcd to an arrangement in which switchcs arc providced on the outputs of the
AWG. Furthermore, by providing twa inputs it is only necessary that the outputs cover a

range of half of the FSR. This greatly reduces unevenness in power transmission through the
AWI(1, since near ro the edges of the band an AW exhihits significantly increased loss.

Further, this arrangement is colourless, i.c. cach AWQG can in fact be identical and cope with
the whole of the FSR, Ly cornrectly adjusting the swilch.

As an altcrmative way of implementing this approach cach AWG can be configured by
connecting only the desired input of the AWG to the corresponding output. Thie eliminates

any ingertion loss caused by the switch, by making the selection of frequency range at the
time of manufacuure.

The coarse [ilter may be implemenied using a splitter aud a pair of filters, for example

diclectoie [ilters.
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Any filter may be used as the coarse demultiplexer. For example, a polarising filter may be

employed.

By providing a two stage delnultipleacr oplical prucessing can be carried out on the group of

channcls output by the coarse filters. The uptical processing uay be dispersion cornpensation.

The invention also relates 10 a node for an optical telecommunications system including a

demultiplexer as set output above.

The invention also relates to an optical telecommunications system including: a transmission
uode providing ¢« WDM optical signal: @ receiving node for receiving the WDM optical
signal; and an optical fiber connccting the transmission and receiving nodes; wherein the

receiving node includes an optical demultiplexer as set out above.

In another aspect, the invention relates to a method of demulriplexing an optical signal,
includmg: dividing the optical signal mmto a numher af hroad frequency hands; supplying each

of the broad frequency bands 10 an AWG to split each of the broad frequency bands into a
viwality of wanow fegueucy bauds; wheisin e AWGSs ae ol conunou desigu ad hiave vue
of at lcast two configurations, and the configuration of the AWG connceted to cach of the
plurality of outputs of the coarse filter in ascending frequency order is cyclical.

In a vet further aspect, the invention relates to a method of manufacturing an optical
demuluplexer. including: connecting an AWG 1o each output of a coarse filter for dividing an
optical signal into a number of broad frequency bands, wherein the AWGs have a number of
different configurations; and configuring the AWG such that the configuration of the AWG
connected to each of the plurality of outputs of the coarse filter in ascending frequency order

18 cyclical.

211€l VescriDtion 01 the grawinges

For a better understanding of the invention specific embodiments will now be described,

purcly by way ol cxawple, with reference to the accompanying drawings in which:

Figwe 1 shows a known AWG device;
Figure 2 illustrates the cross section throngh a waveguide used in the AWG device of Figure

1;
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Figure 3 is a schematic drawing of the output star coupler of the AWG of Figure 1;

Figure 4 1s a schematic drawing of a first embodiment of the invention;
Figure 5 is a schematic of an AWG used in the emhadiment of Figure 4;
Figure 6 1s 4 schematic drawing of a first comparative example.

Figure 7 is a schenatic dtawiny ol a secund cumparative example:
Figurc 8 illustratcs the inscrtion losses of the devices of Figure 4 to 7;
Figure 9 illustratcs an optical nctwork according to the invention; and

Figure 10 is a schematic drawing of a second embodiment of the invention.

Detailed D Dt
Figure 4 is a schematic drawing of a first embodiment of the invention. A 40-channel C-hand
isput sigual is provided, in which adjacent chunnels are separated by 100GHz.

The input signal is split by a 3dB splitter 41 into two, and passed to first and sccond coarsc
filters 43, 45. In this embodiment, the coarse filters are dielectric filters. The first coarse filter
474 has five outputs 42, with passbands of channels 1 1o 4, channels O to 12, chaunels 17 to 20,
channels 25 to 28 and channels 33 to 36 respectively. The second coarse filter 45 hikewise
hus five ourputs 42, this time with passbands of channels 5 1o 8. channels 13 to 16. channels
21 to 24, channels 29 to 32 and channels 37 to 40.

Each of the ten outputs 42 is conmected to a like amrayed waveguide grating (AWG) 19
throngh an amplitier 44, a dispersion compensator 46 and a two-position optical switch 47.
For clarity, only two of the AWGs are shown. The dispersion compensator 46 and/or the
anplifier 44 can be omilted il nol reguired.

The AWG is shown schcmatically in Figure 5. It is a 2:4 AWG, i.c. with two input
waveguides 51, 53 forming inputs 48 and 4 output waveguides 55, §7, 59, 61 forming outputs
50. The input 63 and output 65 star couplers connect the input and output waveguides to an
array 67 of waveguides 69 arranged therebetween.

lu the cxawple, e spacing Letween the inpul waveguides 51,53 al the input star coupler 63 is
fow thnes that of tie vutput waveguides 55, 57, 59, 61 at the vutput star coupler 65 Thus 1s
shown schematically by the dotted lines 52 in Figure 5 which cormrespond to the omitted

waveguides, not physically present waveguides. Since the spacing of the waveguides
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corresponds (to » first order of approximation) to the frequency spacing, the frequency

spacing of the input waveguides is also four rimes that of the outputs.

In the cxample, the spaciug of e input waveguides 51, 33 at the input star coupler 63
cotrcsponds to a 400GI1z separation and the spacing of the vutput waveguides 35, 57, 59, 61
at the output star coupler 65 to a 100GHz separation between waveguides. The AWG has an
800GHz FSR. In this way, two input waveguides 18 at 100GH2 spacing cover the FSR, and
one of the input waveguides 51 can be used for chanpels 1 to 4, 9 to 12, 17 to 20, 25 to 28 and
33 to 36, and one tor channels S to &, 13 ta 16, 21 to 24, 29 to 32 and 37 to 40. It will be

appreciated that a larger number of input waveguides may be used, if required.

Although only 4 wavcguidcs 69 in thc array are shown in Iligure 5 the skilled person will
appreciate that there will in practice normally be more, for example 25 waveguides. Further,
the frequency separation of the output waveguides can be varied depending on the channel

spacing required.

The design aud wanulacture of AWGSs is known und will not be described further. The lateral
spacing between the waveguides at the acray may be selected for the dosired resulls. Good
results have been calculated for devices with a small scparation between adjacent waveguides
in the array, of order 6um at the star couplers.

Referring hack to Figure 4, atter manutachire each of the switches 47 connected to the first
oarse filter 43 are switched to 2 first position and each of the switches 47 connected to the
second coarse filter 45 are switched to a second position.

Each of the AWGs is idcntical as manufacturcd. In other words, the AWGs arc of common
design. The AWGs are configured by means of the switches 47 connected to the AWGs.

With the swilch in the first position the AWK demnitiplex apriral gignals of freqency

corresponding to channels | to 4 and transmit the light into the four output waveguides 55, 57,
%9, 61 respectively. Since the FSR is 800GHz, corresponding to 8 channels, the effect of the
AWG repeats every 8 channels. Optical signals in channels 9-12 are likewise divided between
the four outputs to separate the channels. Accordingly, the light in channels corresponding to
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the first coarse filter 43 is separated into the corresponding 20 outputs of the 5 AWGs
connected to the first coarse fNirer.

If any light in au iucurrect channel (e.g. channel 5) should pass through the first coarse filter
43 it will be rejocted by the AWG since uv vutput vuirespunds (o dat channel with the switch

in the first position. Thus the arrangemeont of thoe prosent invention reduces cross-talk.

l.ikewise, with the switch in the second position the AWGs demultiplex light of frequency
corresponding fa channels § to 8 and transmit the light into four output waveguides §5, 57, 59
§31 respectively. Since the FSR is 800GH2z, corresponding to 8 channels, the eftect of the
AWG repeats every 8 chaunels aud light [rom the secomd outpul of the second coarse filter 45
in channcls 13 to 16 is likewise split into four. Accordingly, the light iu chauaels
corresponding to the second coarse filter 45 is scparated into the corrcsponding 20 outputs of
the 5 AWGs connected to the second coarse filter 15.

In this way input light is split into 40} separate channels tor further processing.

The switches may be automarically couligued aflor inauulacture of the cumnpleied device, by
software used to configurce thc domultiplexcr. In this way, the system can roadily be
rnanufactured by unskilled personnel - it is simply necessary to connect one like AWG to each
output of a coarse filter. Thus, errors are avoided which might result from bad component

selecrion for arrangements where unskilled manufacturing personnel have to select hetween
very similar components.

A comparativec cxample is illustrated in Tigure 6. In this approach, 1:8 AWGs are used
instead of the 2:4 AWGs of the first ernbodiment. Instead of a single switch provided on the
inputs 4 separate switches 63 are provided on the outputs of each AWG to connect the outputs
corresponding to channels 1 to 4 of AWI(is connected to the tirst coarse filter 43 and the

outputs corresponding to channels 5 to 8 of AWGs connected to the second coarse filter 45.

A further comparative cxample is illustrated in Figure 7. In this approach, the switches ac
climinatcd and two scparate versions of AWG are used. A first version 71 is used for AWGs
connected to the first coarse filter 43 and a second version 73 is used for AWGs connected to

the second coarse filter 45.
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In this arrangement, the different versions ot the AWGs are manufactured to substantially the
sarne design. with minor varlaton to provide the two separate configurations, ona which
demultiplexes chaunels 1 (04, 9 w 12, 17 10 20, 25 w0 28 and 33 10 36 and rejects channels 3
to 8, 13 to 16, 21 to 24, 29 to 32 aud 37 w 40, and one the other way around. This
axrangement removes the necd to configurc thc AWGs, at the cost of one extra componeat for
the parts bin.

A comparison of these approaches is shown in Figure 8, which shows the insertion loss for
three embodirents. Figure 8a shows the results for the embadiment, Kignre 8h for the first
compaative exawple of Fiyure 6 and Figure &c for the second comparative example of Figure
7. The second comparative example (Figure Bc) shows a low aud relatively unifurm insertion
logs of only 2 dB. However, this embodiment uscs two diffcrent AWGs. The first
comparative example provides a less uniform insertion loss (Figure 8b). The larger number of
ontput guides substantially fills the FSR and results in a less uniform distribution of light
across the output waveguides. 'I'nis results in lawer intensitias of light being received at the

outermost waveguides of the elght, leading to increased inserron losses for these outer guides.

The systom of the first cmbodiment (Figurc 8a) gives a good rcsult, in combination with the
use of only a single type of AWG for manufacturing convenience. A uniform insertion loss is
seen, although the loss is about 0.25dB higher than in the second comparative example. This
increased insertion loss is due to the off-centre input waveguides into the input star coupler, a
less efficient position than the central inpur wavegnide used in the comparative examplies.

Thus, by providing a plurality of input guides the AWG only has to demultiplex signals from
a part of the FSR with each input guide. This increases the uniformity of the output to a lovel
comparable to that of the arrangement of Figure 7 without the corresponding disadvantage of

needing to stack mnitiple parts.

Referring w Figure 9. an optical demuldplexer according to the invention may Dbe

incorporated into a node of an optical network 91.

The optical network includes a transmission node 93 providing 2 WDM optical sigual, and a
receiving node Y3 tor receiving the WIDM optical signal. Figure 9 illustrates two transmission

- D [ - " ey ' . 8
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nodes Y3 and rwa recaiving nodes 95, though it is of course possible to have many more. An

optical fiber link 97 connects the transmission and receiving nodes. Switches Y9 connect
lransunssion nodes 93 1o receiving nodes 93.

The rocciving nodec 95 includes an optical demultiplexer 96 for demnultplexing the WDM
signal as descnibed above.

Although the nodes are lahelled iransmission nodes 93 and receiving nodes 95, the skilled
person will appreciate that nodes may he ahle tn finction as both transmission 93 and

recelving 95 nodes.

A further cmbodiment of an optical systcm according to the invention is illustrated in Figure
10. A sgplitter 101 splits n channels between a plurality of outputs 42. The splitter may

also incorporate some filtering so that each output carries 2 corresponding group of channels

Each group of channels then passes through a respective optical processar 46. ‘I'he optical
processurs Ay catly vut auy requited {unciivn, for example dispersion compensation and/or

gain control.

The outputs of the optical processors 46 are then fed through switches 47 to respective
demultiplexers or tina filters 49. Hach of these demultiplexers 49 has a plurality of inputs 48,
and the switches select the inputs 48. Depending on which input 48 of the demultplexer is
sclected by e switchh 47, a different [reguency band is demultiplexed and split between the
outputs 50. The switches are controlled so that the demultiplexers demultiplex the frequency
of the corresponding group of channcls passcd through the optical proccssor.

In this example, the demultiplexers are not necessarily cyclic and do not necessarily repeat 1n
frequency. Accordingly, they may be implemented in a wider variety of technologies,
including arrayed waveguide gratings. dielectric filters, Fabry-Perot filiers and free space
diffraclion prating devices, [or cxample.

By not requiring the finc filters 49 to operate over the whole frequency range of operation for
each input the transmission loss and other properties can be made more uniform.
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'I'ne provision of switches 47 eases manufacture of the device since each of the fine filters 19

can simply be artached to corresponding switches without having to specity or accurately
delerinine the required frequency range at the time of manufacture.

The splitter 101 need not have a filtering function, ic. it can bc a simple spliter.
Nevertheless, the splitter may include some coarsc filtering. Prcferably, the fine filters roject
adjacent frequencies to those demuitiplexed. In combination with the selection on the inputs

to the fine filters, crnss talk can be reduced since any stray signal from adjacent channels is

rejected. The rejection need not he total; any rednction in the transmission of adjacent falters

:an reduce cross-talk.

The cmbodiments described above are purely exemplary and the skilled person will be able (o
arrive at many modifications to the embodiments without departing from the scope of the

claims.

It will be apparent to the skilled person that although the description reters to frequency hands
the Lands need not be cxpressed in terms of frequency, but may alsoc be expressed in terms of

wavelength, channel or any other label to distinguish ficquency bands.

Furthermore, although the invention has been described with refereuce to 2 system having 410
channels in the C-band the skilled person will readily realise that a similar system could also

be used to demultiplex a different number of channels, or a different frequency band.

In a modification of the invention, one or more of the filters are replaced by an altcrnative
filter typo. For cxamplc, an intcrlcaving or polarisation filtcr may be uscd as the coarse filter.
These use polarisation manipulation techniques to produce an interleaving filter thar
effectively separates groups of channels at the output into two orthogonal polarisations. In
other words a wavelength division multiplexed (WIJM) signal 1s separated 1 the filter info

two optical signals at its output, that are polarised at right angles to each other. A polarising
beam splitter may then be used to separate the two orthogonal polarised signals.

Such a filter itself consists of a stack of bircfringent wavcplates that are carcfully set at the
appropriate angle to each other. The input optical signal passes through each waveplate in
turn, and the components of the signal mesolved along the principal axes of each waveplate

At A g e T 5 W b N bt e Bk - MR Rl AT e '
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axperience differing delays. In this way the temporal pulse response and the frequency

response of the filter can he hnilt up. The filter response repeats at a frequency interval that
Jepends on the oprical thickness of the waveplates.

Thc coarsc filter is not absolutely required and may be simply replaced Ly a splitter, leaving
the filtering to be carmied out by the demultiplexers.

In the described emhadiments, the demultiplexers of like design are configured using switches

or during manufacture. In modification of the nvention, other approaches may be used, for
example by connecting optical fibers 10 alternative inputs or outpuis. depending on the
configuration required.
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We Claim:

1. An optical system, comprising:

an optical splitter for splitting an input vpltical signal belween uptical outpurs; and

a plurality of demultiplexers of like design, each demultipleaer having a plurality of
mput guides and a plurality of output guidcs, cach input guide having a predetermined
frequency range for which optical signals input into the input guide arc divided betwecen the

plurality of output guides according to frequency;

wherein the aptical outputs of the optical splitter are connected to respective

demultiplexers through input guides having a plurality of different predetermined frequency

ranges.

d. An optical system according to claim 1 whercin the predetecrmined froquency ranges
of the input guides span a predetermined input light frequency range without overlapping.

3. An optical sysiem according to claim | wherein the optical sphiter divides light into

predelermined broad frequency ranges output on respective optical outpurs which in wum are

connected to input guides having courespondiog predetermined [regquency ranges.

4. An optical system according to claim 1, wherein:

the optical splitter includes at least one coarse optical filtexr to filter input light into a

plurality of predetermined groups of channels and to output the groups of channels on
respective optical outputs; and

the optical outputs arc connected to respective demultiplexers, cach optical output

connccted to the togpective deroultiplexer through an input guidc having a prodotermincd
frequency range corresponding to the frequency of the respective group of channels of the
optical output.

S. An opdcal system according to claim 1 wherein the demuldplexers are arrayed

waveguide pratings.

6. An optical system according to claim 5, wherein:

wherein the optical splitter includes at least one coarse filter having a plurality of

outputs tor dividing an input optical signal into a plurality of predetermined broad frequency
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ranges of predetermined width and outputting each predstermined broad frequency range on a

respeclve oulpul;

the arrayed waveguide gralings have properties that repeat in frequency wirh a period
of the free spectral rangc;

the arrayed waveguide gratings have first and sccond input waveguides, signals input
into the different input waveguides rejecting and demultiplexing alternating frequency ranges
ot the said predetermined width, the first input waveguide rejecting the frequency ranges
demultiplexed by the second input waveguide and the second inpit waveguide rejecting the
frequency ranges demultiplexed by the first input waveguide; and

the luput waveguides of the arayed waveguide graungs are connected 1o the outputs
of the coarsc filter alterate with incrcasing frcquency of the respective broad frequency range
so that each arrayed waveguide grating demultiplexes the signal comresponding to the broad
frequency range of the output of the coarse {filter to which it ig attached.

7. An optical system for optical processing of an optical signal divided into a plarality of
predetermined groups of channels, comprising:

a plurality of optical outputs, each optical cutput outputting signals in a respective
frequency range that corrcsponds to a predetermined group of channcls;

a plurality of demultiplexers of like design, each demultiplexer having a plurality of
inpit gnides and a plarality of ontput guides, each input guide having a predetermined
frequency range for which optical signals input into the input guide are divided hetween the
plurality of outpul guides according (o freyuency;

whercin the optical outputs are connected to respective denuultiplexess, sacl oplical
output connccted to the rospective demultiplexcr through an input guide having a
predetermined frequency range corresponding to the frequency of the respective frequency

ange of the optical output.

8. An optical sysiem according to claim 7 wherein the demuluplexers have properties
that tepeat iu frequency with @ period of tie e spectral ruuge, and the demulliplexcr input
guides correspond to different parts of the free spectral range.

0. An optical system sccording to claim 8 wherein the demultiplexers are arrayed
wavegnide grarings having a pharality of imnpur wavegnides having a frequency spacing anrl a
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plurality of output waveguides, the frequency spacing of the input waveguides corresponding

to the frequency spacing of the gromps of channels.

10.  An optical demultiplexer according to claim 9 whercin (e anrayed waveguide devices
5 bavc propcrtics that repeat in frequency with a peniod of the free spectial rauge and hic

configurations of the arrayed waveguide gratings connccted to the optical outputs are cyclic

with increasing frequency of the respective broad frequency range wherein the cycle repeats

with a repesat frequency substantially equal to the free spectral range such that each arrayed

waveguide grating demultiplexes the signal corresponding 1o the broad frequency range of the
10  output of the coarse filter to which it is attached.

11. An optical system according to claim 9 wherein the output waveguides have a

frequency spacing corresponding to single channels.

15 |2 An optical system according tn claim '/ Mrther compriting switches between the
optical outputs and the respective inputs of the demultiplexers to switch optical signals mto
the corresponding input of the demultiplexer.

13. An optical system according to claim 7 further comprising dispersion compensators
20 connected to the optical outputs for correcting the dispersion of the respective frequency

ranges.

14. An optical system according to claim 7 wherein the demultiplexers demultiplex
signals in the predetermined frequency range applied to the comesponding mnput and reject
25 adjacent frequencios.

15.  An optical system according to claim 7 further comprising dispersion compensators
connected bhetween the oprical ontpnts and the demnitiplexers for compensaring opfical
dispersion in the respective predetermined frequency ranges.

30
16.  An optical demultiplexer according to claim 7 wherein the optical outputs are on 2
coarsc filter including a splitter and a plurality of diclcctric filtcrs for splitting an input optical
signal between the optical outputs according to frequency.
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17. A node for an optical telecommunications system including an optical demultiplexer

comprising:

a coarse filter having a plurality of optical outputs, each optical output outputting
signals in a respective frequency range;

u plurality of demultiplexers of like design, each demuldplexer baving a plurality of
input guidcs and a plurality of output guides, cach input guidc having a prcdetcrmincd
frequency range for which optical signals input into the input guide are divided between the
plurality of output guides according to frequency;

wherein the optical outputs are connected to respective demultiplexers, each optical
output connected to the rvespective demultiplexer through an input guide having a
predetermined frequency range corresponding to the frequency of the respecuve frequency
rauge Of the optical output.

18.  An optical telecommunications system comprising:
a transmission node providing a WDM optical signal;
a receiving node for receiving the WM optical signal; ana
an optical fiber connecting the transmission and receiving nodes:
wherein the receiving node includes:
an optical demultiplexer for demultiplexing the WDM signal including a

coarse filter having a plurality of optical outputs, each optical output outputting signals
in a respective frequency range, and

a plurality ot demultiplexers of like design, each demultiplexer having a
plurality of input guides and a plurality of output guides, each input guide having a
predetermined frequency ranye for which optical signals input wto the input guides ale
divided Letweeu the plurality of cutput guides according to frequency,

whercin the optical outputs arc conmected to respective demultiplexers, each
optical cutput connected to the respective demultiplexer through an input guide having

a predetermined frequency range corresponding to the freqnency of the respecfive

frequency range of the optical output.

19. A method of processing an oplical signal, includiug.

puocessiug the optical signal in a number of broad frequency bands;

supplying sach of the broad frequency bands to an input guide of one of & plurality of
like arrayed waveguide gratings having a plurality of input guides and a plurality of output
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guides, each input guide having a predetermined frequency range for which optical signals

immput into the input guide are divided hetween the plurality of output guides according to
frcquency,

whercin cach broad frcquency band is input into an input puide corresponding to the
broad frequency band so that thc broad frequency bands are split into a plurality of uaitow

frequency bands and output on respective output guides.

20, A method of manufacturing an oprical demultiplexer, including:

connectng 10 each output of a coarse filter for dividing an aptical signal into a number
of broad frequency bauds au optical switch for switching the optical signal berween one of a
input guidcs of an arrayed waveguide grating having a pluiality of vutput guides, sach input
guide having a predetermincd frequency range for which optical signals input into the input
guide are divided between the plurality of output guides according to frequency; and

contignring the switches such that the counfiguration of the arrayed waveguide grating
connected 1o each of the plurality of outputs of the coarse filter in ascending trequency order

18 cycelicadl,

Smart & Biggar
Ottawa, Canada
Patent Agents
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Influence of position of output guide un insertion loss for 1
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