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first port , to receive an optical seed signal via the first port 
and to amplify the optical seed signal . The optical seed 
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OPTICAL ACCESS NETWORK The present invention seeks to provide an alternative 
self - seeded optical access network . 

CROSS - REFERENCE TO RELATED 
APPLICATIONS SUMMARY 

5 
This application is a divisional of U . S . application Ser . An aspect of the invention provides an optical network 

No . 14 / 236 , 071 , entered Aug . 19 , 2014 , which is a National unit for an optical access network . The optical network unit 
stage of International Application No . PCT / EP2011 / 063163 , comprises a first port for connecting to a first optical link and 
filed Jul . 29 , 2011 , which are hereby incorporated by refer - a second port for connecting to a second optical link . The 
ence . 10 optical network unit comprises an optical source arranged to 

generate a first optical signal and to transmit the first optical 
TECHNICAL FIELD signal via the first port . The optical source is further arranged 

to receive an optical seed signal via the first port and to 
Communications traffic at network edges is increasing amplify the optical seed signal . The optical seed signal has 

over time due to the rising demand for a range of high - 15 a narrower bandwidth compared to the first optical signal . 
bandwidth services by business and residential customers . The optical network unit further comprises a modulator 
This rising demand places an increasing requirement on arranged to modulate the amplified optical seed signal with 
access networks to deliver those services . upstream data to form an upstream optical signal and to 

One type of access network suitable for high - bandwidth transmit the upstream optical signal via the second port . 
services is a Passive Optical Network ( PON ) . A PON 20 Apparatus according to an embodiment of the invention 
typically has a central office ( CO ) at which apparatus called has an advantage that it has improved performance due to 
an Optical Line Terminal ( OLT ) interfaces with at least one physical separation , on the first optical link and second 
metro or carrier network . An arrangement of optical fibres optical link , of signals at the same wavelength . The first 
and splitters connect the Central Office to Optical Network optical signal and the optical seed signal are continuous 
Units ( ONU ) deployed across a service area . A Wavelength 25 wave signals which travel along the first optical link . The 
Division Multiplexed Passive Optical Network ( WDM - upstream optical signal travels along the second optical link . 
PON ) supports multiple wavelength channels , called lamb - Advantageously , the optical seed signal has a different 
das . A separate wavelength channel is allocated for commu - polarisation compared to the first optical signal . 
nication between an Optical Line Terminal ( OLT ) and an Apparatus according to an embodiment of the invention 
ONU in the WDM - PON . 30 has an advantage that the transmitter of the optical network 

It is desirable that apparatus deployed at ONUs of the unit seeds itself , without the need for an external source . 
access network is " colourless " . This means that the appa - Advantageously , the modulator is capable of operating at 
ratus deployed at ONUs is not wavelength - specific but , bit rates of 10 Gb / s or more . The modulator can comprise an 
instead , is capable of operating across a range of wave - electro - absorption modulator . 
lengths . This allows an economy of scale in manufacturing 35 The optical source can be a device such as a reflective 
the ONU apparatus . The configuration of the operating semiconductor optical amplifier ( R - SOA ) or a Fabry - Perot 
wavelength of an ONU is made by other apparatus in the laser diode ( FP - LD ) . 
network , external to the ONU . Another aspect of the invention provides apparatus for an 

There are several different approaches to WDM - PONS optical access network comprising a polarisation modifier 
with colourless transceivers . One approach remotely seeds 40 and a wavelength router . The wavelength router comprises a 
the ONUs . A seeding light is transmitted downstream from first port for connecting to a first optical link to an optical 
the OLT to ONUs . Each ONU receives a particular wave - network unit . The wavelength router comprises a second 
length and a low - cost colourless source , such as a Fabry port for connecting to the polarisation modifier . The wave 
Perot laser diode , “ locks ” to the seeding light . The generated length router comprises a third port for connecting to a 
light is modulated with data to form an upstream optical 45 second optical link to an optical network unit . The wave 
signal . Another approach uses the same wavelength for length router comprises a fourth port for connecting to a 
downstream and upstream communication . An ONU third optical link to an optical line terminal of the access 
receives the downstream signal , amplifies it , and modulates network . The wavelength router can comprise an arrayed 
it with data to form an upstream optical signal . Both of these waveguide grating . The wavelength router is arranged to 
approaches require an external source at the OLT to generate 50 receive a first optical signal via the first port and forward the 
the seeding light . first optical signal via the second port to the polarisation 

Another approach is called " self - seeding " . This approach modifier . The wavelength router is further arranged to 
is described in the paper “ Directly Modulated Self - Seeding receive a polarisation modified optical signal from the 
Reflective Semiconductor Optical Amplifiers as Colourless polarisation modifier via the second port , to filter the polari 
Transmitters in Wavelength Division Multiplexed Passive 55 sation modified optical signal to form an optical seed signal , 
Optical Networks ” , Wong et al , Journal of Lightwave Tech and to output the optical seed signal via the first port . 
nology , Vol . 25 , No . 1 , January 2007 . A Reflective Semi - Advantageously , the polarisation modifier is arranged to 
conductor Optical Amplifier ( R - SOA ) at an ONU generates rotate the polarisation of the first optical signal by a value of 
broadband amplified spontaneous emission ( ASE ) light . The substantially 90° to form the optical seed signal . 
light is transmitted upstream . An Arrayed Waveguide Grat - 60 Advantageously , the wavelength router is further arranged 
ing ( AWG ) at a remote node reflects a spectral slice of the to receive an upstream optical signal via the third port and 
broadband light back to the ONU for use as a seeding light to forward the upstream optical signal via the fourth port . 
This locks the transmitted wavelength of the R - SOA . The Advantageously , the wavelength router is arranged to 
R - SOA is directly modulated with upstream data . The receive a downstream optical signal via the fourth port and 
approach described in the above paper has a tight power 65 to one of : forward the downstream optical signal via the first 
budget and only operates with a bit rate of 1 . 25 Gb / s , which port ; and forward the downstream optical signal via the third 
is too low for some applications such as wireless backhaul . port . 
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Advantageously , the polarisation modifier comprises a FIG . 7 shows a method of processing an optical signal at 
Faraday rotator mirror . a remote node of the network . 

Another aspect of the invention comprises an optical 
access network comprising an optical network unit , or a DETAILED DESCRIPTION 
plurality of optical network units , and the above apparatus . 5 

Another aspect of the invention comprises a method of FIG . 1 shows an optical access network 5 according to an 
forming an optical signal at an optical network unit . The embodiment of the invention . An Optical Line Terminal 
method comprises generating a first optical signal . The ( OLT ) 10 connects to an Optical Network Unit ( ONU ) 20 
method further comprises transmitting the first optical signal via an optical path . The optical path between the OLT 10 and 
via a first port of the optical network unit connected to a first + 10 ONU 20 can comprise a remote node 14 ( also called a 

distribution node ) which connects to a plurality of ONUS 20 . optical link . The method further comprises receiving an A trunk fibre 12 connects the OLT 10 to the remote node 14 . optical seed signal via a second port of the optical network The ONU 20 terminates the optical path of the access unit connected to a second optical link . The method further network . The ONU 20 can be installed at a subscriber comprises amplifying the optical seed signal , wherein the 15 premises , such as a home or business premises . This sce 
optical seed signal has a narrower bandwidth compared to nario is typically called Fibre To The Home ( FTTH ) or Fibre 
the first optical signal . The method further comprises modu - To The Premises ( FTTP ) . Alternatively , an ONU can be 
lating the amplified optical seed signal with upstream data to installed at a unit which serves a plurality of premises . A unit 
form an upstream optical signal . The method further com can be positioned at a streetside cabinet or can serve an 
prises transmitting the upstream optical signal via the second 20 apartment building . This scenario is typically called Fibre To 
port . The Node ( FTTN ) , Fibre To The Curb ( FTTC ) , Fibre To The 

Advantageously , the optical seed signal has a different Cabinet ( FTTCab ) or Fibre To The Building ( FTTB ) . Alter 
polarisation compared to the first optical signal . natively , the ONU 20 can provide backhaul from a wireless 

Advantageously , the first optical signal has a spectrum base station or access point . 
comprising a plurality of different wavelengths and the 25 Each ONU 20 is connected to the remote node 14 by a 
optical seed signal has a spectrum centred on one of the dedicated optical path 31 , 32 . The optical path comprises a 
wavelengths . pair of optical links 31 , 32 . 

Another aspect of the invention comprises a method of A plurality of OLIS 10 are provided at a node 6 for 
processing an optical signal . The method comprises receiv communicating with ONUS 20 deployed in the access net 
ing a first optical signal via a first port of a wavelength 30 noth 30 work . A multiplexer / demultiplexer 11 is provided . In the 

downstream direction towards ONUS 20 ) , multiplexer / de router . The method further comprises forwarding the first multiplexer 11 combines signals output by OLTS 10 for optical signal via a second port of the wavelength router to forwarding along trunk fibre 12 to the remote node 14 . In the a polarisation modifier . The method further comprises upstream direction , ( towards OLTs 10 ) multiplexer / demul receiving a polarisation modified optical signal from the rom me 35 tiplexer 11 demultiplexes signals received from the remote polarisation modifier via the second port . The method fur node 14 and forwards them to OLTS 10 . OLTs 10 connect to ther comprises filtering the polarisation modified optical one or more operator networks ( not shown ) . 
signal to form an optical seed signal . The method further The overall network 5 is typically called a Passive Optical 
comprises outputting the optical seed signal via the first port . Network ( PON ) because the optical transmission has no 
The method further comprises receiving an upstream optical 40 power requirements , or limited power requirements , once an 
signal via a third port of the wavelength router and forward optical signal is travelling through the network section 
ing the upstream optical signal via a fourth port of the connecting the ONU to the OLT . The access network 5 can 
wavelength router . The method can be performed at a remote be a Wavelength Division Multiplexed Passive Optical Net 
node of the optical access network . work ( WDM - PON ) . A set of optical wavelength carriers are 

45 used to serve ONUs . Each ONU 20 is served by a different 
BRIEF DESCRIPTION OF THE DRAWINGS wavelength carrier . The wavelength carriers are also called 

wavelength channels , or lambdas ( a ) . In the downstream 
Embodiments of the invention will be described , by way direction , a wavelength router at the remote node 14 demul 

of example only , with reference to the accompanying draw tiplexes lambdas received on trunk fibre 12 and outputs 
ings in which : 50 lambdas on different ones of the fibres 15 , such that a single 

FIG . 1 shows an optical access network ; lambda is forwarded from RN 14 to an ONU 20 which uses 
FIG . 2 shows a polarisation modifier for use in the that lambda . In the upstream direction , the wavelength 

network of FIG . 1 ; router at remote node 14 receives lambdas on the plurality 
FIG . 3 shows an embodiment of apparatus at an Optical of fibres 15 , multiplexes them , and outputs the multiplexed 

Network Unit ( ONU ) and a remote node ( RN ) of the 55 combination of lambdas on trunk fibre 12 . 
network of FIG . 1 ; In the network of FIG . 1 , each ONU 20 is “ self - seeding ” . 

FIG . 3A shows an example of a filter response of an This means that an ONU 20 does not require a seed signal 
Arrayed Waveguide Grating ( AWG ) at the remote node of from an external source such as an OLT 10 . Instead , an ONU 
FIG . 3 ; 20 generates a signal which is used to seed itself . 

FIG . 4 shows another embodiment of apparatus at an 60 The wavelength router 40 at remote node 14 is connected 
Optical Network Unit and a remote node of the network of to a device 50 . Device 50 can be arranged to return an optical 
FIG . 1 ; signal back to the remote node , either directly or after some 

FIG . 5 shows another embodiment of apparatus at an filtering or amplification . In a simplest form , device 50 can 
Optical Network Unit and a remote node of the network of comprise a mirror . Advantageously , device 50 is a device 
FIG . 1 ; 65 which is also arranged to modify , or compensate or stabilise , 

FIG . 6 shows a method of forming an optical signal at an the polarisation of an incident optical signal . This device 
Optical Network Unit ( ONU ) of the network ; will be called a polarisation modifier 50 . The effect of the 
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polarisation modifier 50 is that an optical signal leaving the wavelength allocated to the particular ONU . The filtered and 
device 50 has a different polarisation compared to the polarisation modified optical signal forms the optical seed 
polarisation of the signal entering the device . The polarisa - signal for the ONU 20 . This seed signal is returned to the 
tion modifier 50 can be a Faraday Rotator Mirror ( FRM ) , ONU along link 31 . The source 23 is arranged to operate in 
which is also known as a Faraday mirror . As shown in FIG . 5 an injection locked manner . The seed signal causes the 
2 , a Faraday Rotator Mirror is a combination of a Faraday source 23 to lock to the wavelength of the seed signal and 
Rotator 51 and a mirror 52 . A Faraday rotator has an effect lase at that wavelength . Thus , optical source 23 can be 
of rotating the polarisation of an optical signal passing considered to amplify the seed signal . 
through the device by a fixed angle , independently of the A splitter 24 at the ONU 20 is arranged to split a portion 
propagation direction ( left to right or right to left in FIG . 2 ) . 10 of the signal and forward it to a modulator 25 . The modu 
Typically , the Faraday rotator is arranged to rotate the lator 25 can be a device such as an Electro - Absorption 
polarisation of a signal by a total of 90° , comprising a Modulator ( EAM ) . The modulator 25 is arranged to modu 
polarisation rotation of 45° during the forward passage late the signal received from splitter 24 with upstream data , 
through the device 51 and a polarisation rotation of a further thereby forming an upstream signal àq . A circulator 29 
45° during the return passage through the device 51 , after 15 forwards the upstream signal ay to port 22 and optical link 
reflection by the mirror 52 . The wavelength router at remote 32 . Modulator 25 can use an amplitude / intensity modulation 
node 14 is arranged to forward signals to and from the format such as Non Return to Zero ( NRZ ) or Return to Zero 
polarisation modifier 50 via port 42 . An advantage of the ( RZ ) . Wavelength router 40 is arranged to forward the 
polarisation modifier 50 is that it can stabilise the polarisa - upstream signal ay , via port 44 to link 12 which connects to 
tion of the optical signals used to seed the ONU 20 and 20 the OLT 10 . Circulator 29 is also connected to a receiver and 
therefore reduce intensity noise due to polarisation insta - is arranged to forward a downstream signal received via 
bilities . port 22 to receiver 26 . 

Optionally , the remote node 14 can also include additional The polarisation modifier 50 is shared by a plurality of 
filtering ( i . e . in addition to the filtering effect of the AWG ) ONUS 20 in the network . For each ONU 20 , a first optical 
and / or an optical amplifier , as described in the Wong refer - 25 signal and a modified / compensated optical seed signal are 
ence . generated in the same way as described above . 
FIGS . 3 to 5 show embodiments of apparatus provided at Optical links between the wavelength router 40 and one 

an ONU 10 and a remote node 14 . ONU 20 are shown in FIG . 3 . Wavelength router 40 connects 
FIG . 3 shows a first embodiment of apparatus provided at to a plurality of different ONUS in the same manner as 

an ONU 10 and a remote node 14 . An ONU 20 is connected 30 shown for ONU 20 . Therefore , there is a set of ports 41 
to a remote node 14 by two optical links 31 , 32 . A first port connecting to respective first optical links 31 and a set of 
21 of ONU 20 connects to the first optical link 31 . A second ports 43 connecting to respective second optical links 32 . 
port 22 of ONU 20 connects to the second optical link 32 . In the downstream direction , wavelength router 40 demul 
The downstream optical signal is D . The upstream optical tiplexes lambdas received at port 44 via trunk fibre 12 and 
signal is hyr . The optical signals used to seed the ONU are 35 outputs different lambdas on different ports 43 . In the 
NyCW . The downstream signal ap and the upstream signal upstream direction , the wavelength router 40 receives 
ày , are at different wavelengths . The downstream signal în upstream signals at different lambdas on a set of ports 43 , 
and the upstream signal y can be in different wavelength multiplexes them , and outputs the multiplexed combination 
bands ( e . g . the C band and L band ) , or they can be in the of lambdas on trunk fibre 12 . 
same wavelength band . The upstream signal Ny and the 40 In FIG . 3 the wavelength router 40 comprises two sepa 
signals ay CW used to seed the ONU are at the same rate wavelength routing devices 45 , 46 , such as AWGs . 
wavelength . Other ONUs in the network use different values AWG 45 connects to a plurality of optical links 31 ( con 
of Nu , CW and ap from those allocated to the ONU nected to different ONUS ) and to the FRM 50 . Each port of 
shown in FIG . 2 . AWG 45 has a narrowband filter centred on a different 

In FIG . 3 , signals hy and Ny CW are carried by different 45 wavelength , e . g . port 1 filters about à 1 , port 2 filters about 
ones of the optical links 31 , 32 . Signals Ny CW are carried 22 , and so on . Therefore , each ONU will receive a seed 
by link 31 and signal ay is carried by link 32 . This physical signal having a wavelength dedicated to that ONU . AWG 46 
separation of the paths travelled by signals at the same connects to a plurality of optical links 32 ( connected to 
wavelength can improve performance of the network . different ONUS ) and to link 12 which connects to the OLTS 
Downstream signal ay is carried by link 32 . 50 10 . FIG . 3A shows a filter response of the AWG 46 for the 

A self - tunable laser source is achieved by a combination port connecting to the ONU 20 shown in FIG . 3 . The AWG 
of an optical device 23 , such as a Fabry - Perot laser diode 46 has a response which forwards a spectral slice of the 
( FP - LD ) or Reflective - Semiconductor Optical Amplifier overall ASE , centred on the wavelength àq . 
( R - SOA ) at the ONU 20 , link 31 , a filtering effect provided FIG . 4 shows another embodiment of apparatus provided 
by AWG 45 and a mirror provided by device 50 . The source 55 at an ONU 10 and a remote node 14 . As in FIG . 3 , an ONU 
23 is arranged to generate a first optical signal in the form 20 is connected to a remote node 14 by two optical links 31 , 
of broadband Amplified Spontaneous Emission ( ASE ) light 32 . A first port 21 of ONU 20 connects to the first optical link 
and transmit this upstream via port 21 and link 31 to a 31 . A second port 22 of ONU 20 connects to the second 
wavelength router 40 . The wavelength router 40 is arranged optical link 32 . 
to receive the ASE signal via port 41 and forward the signal 60 The signals ày and yCW are carried by different ones of 
via port 42 to the polarisation modifier 50 . The polarisation the optical links 31 , 32 . Signals ày CW are carried by link 
modifier 50 is arranged to rotate the polarisation of the 31 and signal ay is carried by link 32 . This physical 
received signal by a predetermined amount and then , after separation of the paths travelled by signals at the same 
reflection , return the polarisation modified signal to the wavelength can improve performance of the network . 
wavelength router 40 via port 42 . The wavelength router 40 65 Downstream signal ap is carried by link 31 . 
has a narrowband filtering effect on the polarisation modi - An optical device 23 such as a Fabry - Perot laser diode 
fied signal . The narrowband filtering is centred on the ( FP - LD ) or Reflective - Semiconductor Optical Amplifier 
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( R - SOA ) operates as a self - tunable laser source . The source wavelength router is a single cyclic AWG . Light at du 
23 is arranged to generate a first optical signal in the form arriving at port 41 is routed to port 42 . Light at the same 
of broadband Amplified Spontaneous Emission ( ASE ) light wavelength arriving at port 43 is routed to port 44 . 
and transmit this upstream via port 21 and link 31 to a port F IG . 6 shows a method of forming an optical signal at an 
41 of the wavelength router 40 . The wavelength router 40 is 5 optical network unit 20 . The method comprises generating 
arranged to forward the signal via port 42 to the polarisation 101 a first optical signal and transmitting 102 the first optical 
modifier 50 . The polarisation modifier 50 is arranged to signal via a first port 21 of the optical network unit 20 
rotate the polarisation of the received signal by a predeter - connected to a first optical link 31 . The method further 
mined amount and then return the polarisation modified comprises receiving 103 an optical seed signal via a second 
signal to the wavelength router 40 via port 42 . The wave - 10 port 22 of the optical network unit 20 connected to a second 
length router 40 has a narrowband filtering effect on the optical link 32 . The optical seed signal is a modified form of 
polarisation modified signal , with the filtering centred on the the first optical signal , which has a narrower bandwidth and 
wavelength allocated to the particular ONU . The filtered and has modified polarisation compared to the first optical 
polarisation modified optical signal forms the optical seed signal . The method further comprises amplifying 104 the 
signal for the ONU 20 . This seed signal is returned to the 15 optical seed signal . The method further comprises modulat 
ONU along link 31 . The source 23 is arranged to operate in ing 105 the amplified optical seed signal with upstream data 
an injection locked manner . The seed signal causes the to form an upstream optical signal and transmitting 106 the 
source 23 to lock to the wavelength of the seed signal and upstream optical signal via the second port 22 . 
lase at that wavelength . Thus , optical source 23 can be FIG . 7 shows a method of processing an optical signal 
considered to amplify the seed signal . A splitter 24 at the 20 comprising receiving 111 a first optical signal via a first port 
ONU 20 is arranged to split a portion of the signal and 41 of a wavelength router 40 and forwarding 112 the first 
forward it to a modulator 25 . The modulator 25 can be a optical signal via a second port 42 of the wavelength router 
device such as an Electro - Absorption Modulator ( EAM ) . 40 to a polarisation modifier 50 . The method further com 
The modulator 25 is arranged to modulate the signal with prises receiving 113 a polarisation modified optical signal 
upstream data , thereby forming an upstream signal aur . As 25 from the polarisation modifier 50 via the second port 42 . The 
link 32 only carries the upstream signal , modulator 25 method further comprises filtering 114 the polarisation 
connects to port 22 . Wavelength router 40 is arranged to modified optical signal to form an optical seed signal and 
forward the upstream signal ay to link 12 which connects to outputting 115 the optical seed signal via the first port 41 . 
the OLT 10 . The method further comprises receiving 116 an upstream 

A filter 27 separates the downstream signal ay and the 30 optical signal via a third port 43 of the wavelength router 40 
upstream signals ay CW . In an advantageous embodiment and forwarding 117 the upstream optical signal via a fourth 
the downstream and upstream signals are in different bands p ort 44 of the wavelength router 40 . 
and the filter 27 can comprise a C - band / L - band filter . Filter I n any of the embodiments , the remote node may stabilise 
27 is connected to a receiver 26 . the polarisation of the seed signal . This reduce the polari 
As before , each port 41 of AWG 45 has a narrowband 35 sation fluctuations , hence the intensity fluctuations of the 

filter centred on a different wavelength , e . g . port 1 filters CW lightwaves , which is externally modulated . Controlling 
about 21 , port 2 filters about 12 , and so on . Therefore , each the polarisation of the seed signal may improve operation of 
ONU will receive a seed signal having a wavelength dedi - a reflective optical amplifier arranged to receive the seed 
cated to that ONU . AWG 46 connects to a plurality of optical signal . 
links 32 ( each connected to respective ONUS ) and to link 12 40 Modifications and other embodiments of the disclosed 
which connects to the OLTS 10 . invention will come to mind to one skilled in the art having 
As before , wavelength router 40 connects to a plurality of the benefit of the teachings presented in the foregoing 

different ONUs in the same manner as shown for ONU 20 . descriptions and the associated drawings . Therefore , it is to 
Therefore , there is a set of ports 41 connecting to respective be understood that the invention is not to be limited to the 
first optical links 31 and a set of ports 43 connecting to 45 specific embodiments disclosed and that modifications and 
respective second optical links 32 . other embodiments are intended to be included within the 

In the downstream direction , wavelength router 40 demul scope of this disclosure . Although specific terms may be 
tiplexes lambdas received at port 44 via trunk fibre 12 and employed herein , they are used in a generic and descriptive 
outputs different lambdas on different ports 43 . In the sense only and not for purposes of limitation . 
upstream direction , the wavelength router 40 receives 50 
upstream signals at different lambdas on a set of ports 43 , What is claimed is : 
multiplexes them , and outputs the multiplexed combination 1 . A wavelength router apparatus for an optical access 
of lambdas on trunk fibre 12 . network comprising : 

In FIG . 4 the wavelength router 40 comprises a single a first port for connecting to a first optical link to an 
AWG , which is an Nx2 AWG device with frequency - 55 optical network unit ( ONU ) ; and 
periodic properties . A wavelength , arriving at a first port a second port for connecting to a polarisation modifier , 
42 of the AWG is routed to port 41 . The same wavelength wherein the wavelength router apparatus is arranged to : 
ày arriving at a second port of the AWG is routed to port 43 . receive a first optical signal via the first port , 
The routing of a particular wavelength , applied to port 44 , is forward the first optical signal via the second port to the 
shifted by a fixed integer number M of ports ( in this case 60 polarisation modifier , 
M = 1 ) compared to the routing for the same wavelength receive a polarisation modified optical signal from the 
applied to port 42 . The same properties apply to a set of polarisation modifier via the second port , wherein 
wavelengths à 1 , 2 , . . . dy applied to any of the ports . The the polarisation modified optical signal has a differ 
routing properties of the AWG are cyclic . ent polarization compared to the first optical signal , 

FIG . 5 shows another embodiment of apparatus provided 65 filter the polarisation modified optical signal to form an 
at an ONU 10 and a remote node 14 . The apparatus shown optical seed signal , and 
in FIG . 4 is similar to that of FIG . 3 , except that the output the optical seed signal via the first port . 
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2 . The wavelength router apparatus of claim 1 , further 8 . A method in a wavelength router in an optical access 
comprising : network comprising : 

a third port for connecting to a second optical link to the receiving a first optical signal via a first port of the 
ONU ; and wavelength router ; 

a fourth port for connecting to a third optical link to an 5 nk to an 5 forwarding the first optical signal via a second port of the 
wavelength router to a polarisation modifier ; optical line terminal ( OLT ) of the optical access net receiving a polarisation modified optical signal from the 

work . polarisation modifier via the second port , wherein the 3 . The wavelength router apparatus of claim 2 , wherein polarisation modified optical signal has a different 
the wavelength router apparatus is further arranged to polarization compared to the first optical signal ; 
receive an upstream optical signal via the third port and to filtering the polarisation modified optical signal to form 
forward the upstream optical signal via the fourth port . an optical seed signal ; and 

4 . The wavelength router apparatus of claim 2 , wherein outputting the optical seed signal via the first port . 
the wavelength router apparatus is further arranged to : 9 . The method of claim 8 , further comprising : 

receive a downstream optical signal via the fourth port ; 15 . receiving an upstream optical signal via a third port of the 
and wavelength router ; and 

forward the downstream optical signal via the first port or forwarding the upstream optical signal via a fourth port of 
the third port . the wavelength router to an optical line terminal ( OLT ) 

5 . The wavelength router apparatus of claim 1 , wherein of the optical access network . 
the wavelength router apparatus comprises an arrayed wave - 20 10 . The method of claim 8 , wherein the wavelength router 

comprises an arrayed waveguide grating . guide grating . 
6 . The wavelength router apparatus of claim 1 , wherein 11 . The method of claim 8 , wherein the optical seed signal 

the optical seed signal has a narrower bandwidth compared has a narrower bandwidth compared to the first optical 
to the first optical signal . signal . 

7 . The wavelength router apparatus of claim 6 , wherein 25 12 . The method of claim 11 , wherein the first optical 
the first optical signal has a spectrum comprising a plurality signal has a spectrum comprising a plurality of different 

wavelengths and the optical seed signal has a spectrum of different wavelengths and the optical seed signal has a 
spectrum centred on one of the plurality of different wave centred on one of the plurality of different wavelengths . 
lengths * * * * * 


