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(54)  Single  sideband  modulators 

(57)  An  optical  reference  frequency  generator  com- 
prises  a  plurality  of  Single  Sideband  Optical  Frequency 
Shifters  (SSB-OFS)  wherein  the  SSB-OFSs  are  con- 
nected  in  pairs,  each  pair  having  a  common  optical  fre- 
quency  input  and  an  optical  shift  frequency  input  ar- 
ranged  so  that  the  output  from  one  SSB-OFS  of  each 
pair  has  a  positive  frequency  shift  and  the  output  from 
the  other  SSB-OFS  has  a  negative  frequency  shift. 
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Description 

The  present  invention  relates  to  the  use  of  Single- 
Sideband  (SSB)  optical  modulators,  acting  as  electrical- 
ly  tuneable  optical  frequency  shifters,  to  produce  an  op- 
tical  reference  comb  (evenly  or  unevenly  spaced)  for 
use  in  low  channel  spacing  High  Density  Wave  Division 
Multiplexer  (HDWDM)  and  coherent  based  systems. 
The  use  of  SSB  optical  modulators  is  extended  to  the 
point  where  it  is  possible  to  eliminate  (or  reduce  the 
number  of)  tuneable  lasers  required  in  such  systems. 

US  Patent  No.  5265112  uses  SSB  optical  modula- 
tors  to  generate  optical  reference  combs  but  does  not 
cover  the  issue  of  how  to  uniquely  identify  one  reference 
comb  line  from  another.  This  is  a  serious  issue  in  very 
narrow  channel  spacing  systems  with  typical  channel 
spacing  of  several  GHz  as  there  is  the  inherent  risk  of 
selecting  an  incorrect  reference  line.  The  present  inven- 
tion  covers  a  technique  which  does  allow  a  reference 
comb  to  be  generated  in  which  all  the  individual  lines 
are  uniquely  identifiable. 

Also  is  described  the  ability  of  SSB  optical  modula- 
tors  to  act  as  an  electrically  tuneable  optical  frequency 
shifter  in  firstly  generating  an  even  or  unevenly  spaced 
optical  reference  comb,  with  each  reference  line  being 
uniquely  identifiable,  which  can  be  used  to  stabilise  the 
inter-channel  separation  between  transmitters  within 
multi-channel  HDWDM  or  coherent  based  systems. 
Secondly,  to  replace  the  coherent  transmitters'  laser 
within  localised  and  distributed  multi-channel  coherent 
based  systems.  Thirdly,  to  replace  both  the  transmitter's 
and  local  oscillator's  laser  in  both  localised  and  distrib- 
uted  multi-channel  coherent  based  systems. 

GEC-Marconi  Materials  Technology  Ltd  -  Caswell 
reported  the  first  practical  realisation  of  an  integrated 
optic  Single-Sideband  (SSB)  optical  modulator  in  1993 
which  is  shown  in  Figures  1  a  and  1  b.  The  device,  fabri- 
cated  in  GaAs,  uses  the  concept  described  theoretically 
by  Desormiere  et  al  in  "An  Integrated  Optical  Frequency 
Translator  for  Microwave  Frequency  Operation"  Journal 
of  Lightwave  Technology,  No.  8  (1990)  pp506-513.  The 
key  element  within  the  design  is  a  Y-fed  electro-optic 
directional  coupler  1  ,  whose  electrode  structure  carries 
a  travelling  microwave  signal.  Since  the  coupler  is  ex- 
cited  1  symmetrically  by  the  Y-branch,  in  the  absence 
of  a  modulating  RF  wave  the  optical  distribution  at  the 
output  of  the  coupler  is  also  symmetric.  If  the  two  oppo- 
site  halves  of  this  distribution  are  sampled  in  output 
waveguides  and  then  summed  out  of  phase  in  a  Mach- 
Zehnder  interferometer  section,  the  optical  output  of  the 
device  will  accordingly  be  zero.  This  provides  the  carrier 
suppression  feature  of  this  device. 

When  a  modulating  signal  RF  is  applied  to  the  elec- 
trodes,  mode-coupling  can  take  place  between  the  sym- 
metric  and  antisymmetric  modes.  Since  an  output  inter- 
ferometer  2  is  set  to  add  opposite  sides  of  the  incoming 
light  distribution  in  anti-phase,  the  antisymmetric  com- 
ponents  add  to  form  a  signal  in  an  output  waveguide. 

The  signal  frequency  will  be  equal  to  that  of  the  RF  sig- 
nal  applied.  Because  of  the  carrier  suppression  feature 
the  resulting  output  is  a  single  frequency  output  equal 
in  frequency  to  the  carrier  frequency  shifted  by  a  fre- 

5  quency  equal  to  the  RF  modulation  signal.  Selecting 
whether  the  SSB  modulator  selects  the  Real  or  Image 
signal  side  allows  positive  or  negative  optical  frequency 
shifters  to  be  constructed. 

The  present  invention  relates  to  the  uses  of  these 
10  SSB  based  optical  frequency  shifters  within  multi-chan- 

nel  optical  systems  highlighting  their  use  in  reducing, 
significantly,  the  number  of  lasers  required.  This  method 
in  eliminating  the  optical  frequency  control  problems  as- 
sociated  with  all  multi-channel  coherent  systems. 

is  In  multi-channel  HDWDM  or  coherent  based  OFDM 
(Optical  Frequency  Division  Multiplexed)  systems  there 
is  the  requirement  to  stabilise  the  inter-channel  spacing 
between  transmitters,  avoiding  cross-channel  interfer- 
ence.  Traditionally,  Wavelength  Management  Units 

20  (WMU),  consisting  of  an  optical  frequency  scanning  sys- 
tem,  are  used  to  scan  the  comb  of  wavelengths  formed 
by  combining  the  transmitters,  measuring  and  hence 
controlling  their  inter-channel  separation.  Although  eve- 
ry  effort  has  been  made  to  reduce  the  scan  times,  a  com- 

25  promise  has  to  be  made  in  the  level  of  wavelength  sta- 
bility  achievable,  as  the  stability  achievable  is  inversed 
proportional  to  the  time  interval  between  corrections. 
That  is,  shorter  the  interval  is  between  scans,  and  hence 
correction,  higherthe  repetition  of  frequency  corrections 

30  and  hence  higher  the  optical  frequency  stability 
achieved. 

Also,  in  multi-channel  systems,  consisting  of  sever- 
al  10's  or  100's  of  channels,  there  is  the  practical  prob- 
lem  of  bringing  into  service  these  number  of  channels 

35  simultaneously,  being  able  to  identify  each  channel 
uniquely,  and  hence,  the  ability  to  determine  the  unique 
frequency  correction  for  each  channel.  Usually,  this 
leaves  the  system  designer  to  either  start  one  or  two 
channels  up  at  a  time  (spaced  sufficiently  in  optical  fre- 

40  quency  to  allow  unique  identification)  or  to  use  multiple 
WMUs,  each  controlling  a  fraction  of  the  total  system. 
Even  with  multiple  WMU  systems  start-up  times  could 
vary  from  several  10's  of  minutes  to  several  hours. 

Eliminating  the  WMU  and  placing  the  optical  fre- 
45  quency  control  problem  with  the  coherent  transmitters 

themselves  would  seem  to  be  an  ideal  solution  as  they 
would  act  independently  and  in  parallel.  Because  each 
transmitter  would  be  self  controlling,  the  requirement  to 
wait  for  'your  turn'  to  be  brought  into  service  is  eliminated 

so  resulting  in  system  start-up  times  being  limited  only  by 
the  'slowest'  transmitter  (the  transmitter  having  the  larg- 
est  optical  frequency  correction,  i.e.  the  correction  of 
start-up  frequency  to  its  allocated  channel  frequency). 
This  would  reduce  system  start-up  times  to  several  sec- 

55  onds  not  minutes  or  hours. 
The  practical  way  of  implementing  transmitter  self 

frequency  control  is  to  tune  the  transmitter's  laser  to  an 
optical  wavelength  reference,  positioned  in  wavelength 
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for  the  required  channel  using  the  same  Automatic  Fre- 
quency  Control  (AFC)  approach  as  is  used  to  lock  the 
LO  laser  to  one  of  transmitter's  within  the  coherent  re- 
ceiver  as  described  in  US  Patent  No.  5,461  ,504.  These 
optical  wavelength  references  have  been  of  interest  for 
several  years.  Current  techniques  for  generating  suita- 
ble  useable  references  include  locking  to  a  molecular 
absorption  line  of  a  gas,  such  as  Acetylene,  or  the  emis- 
sion  line  of  an  ionised  gas.  Although,  these  techniques 
have  been  used  to  generate  several  10's  of  useable  ref- 
erence  wavelengths  the  large  separation  between  fea- 
tures,  usually  30-80  GHz,  make  their  use  restricted.  Oth- 
er  techniques  include  modulating  an  FP  laser  or  use  of 
an  SSB  modulator  in  a  circulating  loop  configuration  as 
described  in  US  Patent  No.  5,265,112. 

All  of  these  types  of  comb  generators  suffer  from 
the  same  problem  -  the  inability  to  uniquely  identify  one 
reference  line  from  another.  This  increases  the  risk  of  a 
transmitter  locking  to  the  wrong  reference  and  hence  sit- 
ting  at  the  wrong  channel.  To  avoid  this  situation  super- 
visory  system  (possible  based  on  a  WMU)  would  be  re- 
quired  to  monitor  and  supervise  the  transmitters,  check- 
ing  for  correct  locking.  The  draw  back  is  this  would  in- 
crease  the  start-up  time  again. 

According  to  the  present  invention  there  is  provided 
an  optical  reference  frequency  generator  comprising  a 
plurality  of  Single  Sideband  Optical  Frequency  Shifters 
(SSB-OFS)  wherein  the  SSB-OFSs  are  connected  in 
pairs,  each  pair  having  a  common  optical  frequency  in- 
put  and  an  optical  shift  frequency  input  arranged  so  that 
the  output  from  one  SSB-OFS  of  each  pair  has  a  positive 
frequency  shift  and  the  output  from  the  other  SSB-OFS 
has  a  negative  frequency  shift. 

There  is  further  provided  an  optical  reference  comb 
generator  comprising  an  optical  reference  frequency 
generator  as  above,  wherein  each  SSB-OFS  output  is 
connected  to  the  inputs  of  a  further  pair  of  the  plurality, 
each  further  pair  having  respective  optical  shift  frequen- 
cy  inputs. 

There  is  also  provided  a  coherent  receiver  having 
Homodyne  or  Heterodyne  detection  where  the  local  os- 
cillator  is  an  optical  reference  frequency  generator  as 
above. 

The  present  invention  will  now  be  described  with 
reference  to  the  accompanying  drawings,  in  which: 

Figure  1a  shows  a  practical  example  of  a  Single 
Sideband  (SSB)  Modulator  Device; 

Figure  1  b  shows  a  schematic  diagram  of  the  device 
of  Figure  1a; 

Figure  2  shows  a  schematic  representative  of  a  32 
Reference  Line  Comb  Generator  with  a  channel 
spacing  of  10GHz; 

Figure  3a  shows  a  SSB  Optical  Frequency  Shifter 
(SSB-OFS)  building  block  with  4  outputs  using  6 

SSB-OFSs  and  two  Semiconductor  Optical  Ampli- 
fiers  (SOAs); 

Figure  3b  shows  a  schematic  of  the  SSB-OFS  build- 
5  ing  block  of  Figure  3a; 

Figure  4  illustrates  the  use  of  the  SSB  building  block 
of  Figures  3a  and  3b  to  form  an  8  line  reference 
comb; 

10 
Figure  5  illustrates  a  Standard  Coherent  Receiver: 

Figure  6a  shows  a  schematic  of  a  coherent  receiver 
using  SSB-OFSs  and  two  IF  stages  plus  an  electri- 

15  cal  multiplexer  to  select  positive  or  negative  fre- 
quency  shifted  LO  signal; 

Figure  6b  shows  a  schematic  of  a  coherent  receiver 
using  SSB-OFSs  and  a  single  IF  stage  plus  an  op- 

20  tical  switch  to  select  a  positive  or  negative  frequen- 
cy  shifted  LO  signal; 

Figure  7a  shows  an  extended  SSB-OFS  block  dia- 
gram  including  an  optical  switch  function  to  allow 

25  selection  of  either  the  positive  or  negative  frequen- 
cy  shifted  output; 

Figure  7b  shows  a  schematic  of  a  selectable  SSB- 
OFS; 

30 
Figure  8  shows  a  Coherent  Receiver  using  the  se- 
lectable  SSB-OFS  of  Figures  7a  and  7b; 

Figure  9  shows  a  schematic  of  a  simplified  Coher- 
es  ent  Transceiver  using  SSB-OFS; 

Figures  9a  -  9d  show  the  optical  signals  present  and 
their  respective  frequency  positions  as  identified  by 
references  [A]  -  [D]  in  Figure  9; 

40 
Figure  10a  illustrates  the  use  of  an  SSB-OFS  gen- 
erated  transmitter  comb  where  there  is  selection  of 
the  transmitter  signal  at  the  customer  terminal; 

45  Figure  10b  illustrates  the  use  of  an  SSB-OFS  gen- 
erated  reference  comb  where  selection  of  one  of  the 
reference  lines  provides  the  customers  transmitted 
signal. 

so  What  is  required  is  a  very  stable,  evenly  spaced  op- 
tical  reference  comb  in  which  each  reference  line  is 
uniquely  identifiable.  It  is  with  the  advent  of  SSB  Optical 
Modulator  based  Optical  Frequency  Shifters  (SSB-OF- 
Ss)  that  practical  optical  frequency  combs  can  be  gen- 

55  erated.  Figure  2  highlights  the  use  of  multiple  SSB-OF- 
Ss  to  produce  a  32  channel  'binary  division  tree'  based 
reference  comb  with  an  inter-channel  separation  of 
10GHz.  As  shown,  the  optical  signal  is  derived  from  a 
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single  maser  laser  3  which  is  either  stabilised  using  mo- 
lecular  line  locking  or  left  to  free  run.  The  absence  of 
frequency  control  of  the  master  laser  3  does  not  degrade 
the  system's  performance.  As  the  master  laser  3  drifts 
the  optical  frequency  comb  would  follow,  and  hence,  the 
transmitters,  and  in  turn  the  receivers,  all  tracking  the 
master  laser's  drifting.  To  allow  unique  identification  of 
each  reference  line  the  end  set  of  SSB-OFS  have  a  bi- 
nary  ID  code  mixed  with  the  RF  modulation  signal.  This 
signal  is  detected  by  the  coherent  transmitter,  which 
consists  of  a  reduced  functionality  coherent  receiver 
where  the  coherent  transmitter's's  laser  acts  as  a  local 
LO  laser. 

The  number  of  SSB-OFS  required  in  a  given  system 
is  equal  to  2N+1-2;  where  N  is  the  number  of  stages  re- 
quired  and  is  equal  to  log2  (No  of  channels).  For  a  sys- 
tem  with  32  channels  and  10GHz  channel  separation 
the  number  of  stages  required  would  be  5  and  the 
number  of  modulators  is  62.  Due  to  the  inherent  losses 
of  the  SSB-OFS  and  the  large  optical  split  required,  due 
to  taking  the  signal  from  the  one  master  laser,  the  use 
of  inter-stage  optical  amplification  is  required.  Figures 
3a  and  3b  show  a  basic  building  block  that  can  be  used 
to  form  a  complete  frequency  comb  system  with  OdB 
loss  between  the  master  laser  and  each  reference  out- 
put.  The  basic  building  block  consists  of  6  SSB-OFSs 
implemented  with  an  equal  number  of  positive  and  neg- 
ative  frequency  shifters.  The  inclusion  of  a  pair  of  sem- 
iconductor  optical  amplifiers  (SOAs)  4  between  the  first 
and  second  stages  allow  the  losses  of  the  complete  Op- 
to-Electronic  Integrated  Circuit  (OEIC)  to  be  reduced  to 
zero,  that  is  the  optical  gain  of  the  amplifiers  is  set  to 
equal  the  total  optical  loss  of  the  OEIC. 

In  Figures  3a  and  3b  the  two  RF  frequencies  (/1 
and  /2)  determine  the  spacing  of  the  Four  (4)  reference 
lines  generated.  Due  to  the  combinations  of  addition  and 
substraction  of  the  two  RF  frequencies  (/1  and  /2)  with 
the  carrier  frequency  (/c),  sourced  from  the  master  or 
seed  laser,  the  four  reference  lines  generated  are:  fc- 
/1-/2,/c-/1+/2,/c+/1-/2  and/c+/1+/2.  Therefore,  if 
j\  =  100GHz  and  /2  =  20GHz  the  reference  lies  pro- 
duced  will  be:  fc  +  1  0GHz,  fc  -  10GHz  and  fc  +  30GHz 
-  which  results  in  a  4  line  reference  comb  with  20GHz 
channel  spacing. 

By  suitable  choice  of  RF  frequencies  an  even  or  un- 
even  spacing  can  be  achieved. 

Using  this  building  block  the  optical  reference  comb 
generator  for  a  32  channel  system  with  a  10GHz  sepa- 
ration  can  be  reduced  to  11  separate  blocks  configured 
in  3  stages  (Figure  4).  It  should  be  noted  that  if  the  two 
modulation  frequencies  /1  and  /2  frequency  shifts  can 
be  accomplished  or  for  larger  shifts  several  SSB-OFS 
can  be  concatenated  -  allowing  several  THZ  to  be  cov- 
ered  with  the  use  of  several  10's  of  SSB-OFS  based 
building  blocks. 

The  use  of  SSB  optical  modulators  in  forming  opti- 
cal  frequency  shifters,  combined  with  inter-stage  optical 
amplification,  makes  it  possible  to  produce  large  optical 

reference  combs  covering  several  THZ  with  very  low  op- 
tical  losses.  In  multi-channel  coherent  based  distribution 
systems  the  coherent  transmitters  are  co-located  at  a 
centralised  head-end.  In  effect  they  form  a  well  stabi- 

5  lised  (by  locking  to  reference  comb),  uniquely  identifia- 
ble  reference  comb  in  which  each  'reference  line'  in- 
stead  of  carrying  an  ID  binary  code  transmits  the  data 
(or  video  encoded  data)  to  be  distributed.  It  can,  there- 
fore,  be  deduced  that  the  need  to  supply  both  the  optical 

10  reference  comb  and  the  coherent  transmitters  is  unnec- 
essary  as  the  SSB-OFS  based  reference  comb  gener- 
ator  can  be  used  as  the  coherent  transmitters  comb. 
Thus,  both  the  system  complexity  and  the  system  costs 
can  be  reduced  significantly,  as  most  of  the  cost  of  such 

is  systems  is  normally  dominated  by  the  cost  of  the  WMU 
and  the  associated  control  interfaces. 

As  seen  the  SSB-OFS  have  been  used  to  replace 
the  coherent  transmitters  in  localised  coherent  based 
distribution  systems.  The  SSB-OFS  can  also  be  used  to 

20  produce  a  tuneable  local  Oscillator  (LO)  for  use  in  co- 
herent  based  receivers. 

As  each  coherent  receiver  in  Figure  5  contains  a 
Local  Oscillator  (LO)  lasertuneable  overthe  wavelength 
band  of  all  the  channels,  it  is  in  effect  a  tuneable  optical 

25  reference.  In  Figures  6a  and  6b  the  LO  is  replaced  by  a 
pair  of  SSB-OFSs.  Tuning  of  the  now  'Electro-Frequen- 
cy-Tuneable'  (EFT)  LO  is  accomplished  by  sweeping 
the  two  RF  signals  feeding  the  SSB  modulators.  A  mas- 
ter  LO  laser  now  acts  as  the  common  LO  laser  supplying 

30  the  optical  power  and  defining  the  central  optical  fre- 
quency.  The  LO  laser  is  stabilised  in  the  same  way  as 
the  master  transmit  laser  located  at  the  head-end.  In- 
deed,  there  is  no  reason  why  the  same  laser  could  not 
be  used  for  both  the  transmitter  and  receiver  section's 

35  master  laser.  This  could  mean  that  a  1000  channel  co- 
herent  based  switch  could,  theoretically,  be  generated 
from  a  single  laser  eliminating  the  cost  of  selecting 
2000+  (close  performance)  matched  lasers. 

Due  to  the  SSB-OFS  being  able  to  be  configured  to 
40  produce  either  positive  or  negative  frequency  shifts  the 

use  of  a  dual  SSB-OFS  configuration  is  required  to  fully 
implement  a  coherent  receiver  or  Electro-Frequency- 
Tuneable  Coherent  Optical  Receiver  (EFTCO-Rx).  The 
EFTCO-Rx  would  be  a  very  much  simplified  version  of 

45  a  standard  coherent  receiver.  The  need  to  implement 
Automatic  Frequency  Control  (AFC),  used  to  maintain 
the  LO  in  lock  with  the  desired  channel  is  eliminated 
(due  to  the  regular  spacing  of  the  coherent  transmitters). 
Also,  the  tuning  characteristics  of  the  tuneable  RF 

so  sources  (VCO  -  Voltage  Controlled  Oscillators)  are  well 
defined,  no  mode  jumps,  no  uneven  frequency  steps/ 
jumps  (due  to  thermal  over-shoot  or  under-shoot),  so 
the  EFT-LO  tuning  algorithm  is  reduced  to  a  very  simple 
look-up  table.  The  key  to  the  look-up  table  would  be  a 

55  channel  request,  which  would  point  to  the  voltage  to  be 
applied  to  the  VCOs  to  produce  the  required  RF  modu- 
lation,  signal  fed  to  the  SSB  modulators.  A  digital  signal 
would  also  indicate  whether  to  use  the  recovered  signal 

4 
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from  the  positive  or  negative  side  of  EFTCO  Rx. 
The  use  of  coherent  techniques  to  form  very  large 

optical  switch  matrixes  has  been  of  interest  especially 
in  producing  an  easily  re-configurable  Main  Distribution 
Frame,  normally  located  in  the  basement  of  most  ex- 
changes  as  referred  to  in  US  Patent  No.  5,461,504.  If 
the  technique  described  above  is  used  to  eliminate  the 
coherent  transmitters  within  such  coherent  based 
switch  matrixes  the  same  set  of  advantages  are  ob- 
tained. 

Therefore,  the  benefits  of  using  the  SSB-OFS  as 
the  coherent  transmitters  are  as  follows: 

i)  The  complexity  of  stabilising  the  coherent  trans- 
mitters  at  their  allocated  frequencies  and  the  re- 
quirement  to  have  a  WMU  with  its  electrical  and/or 
optical  control  interfaces  is  eliminated. 

ii)  As  each  Optical  Frequency  Shifted  'Coherent' 
transmitter  (OFSCTx)  is  not  separately  controlled, 
systems  can  be  designed  to  operate  at  the  theoret- 
ical  channel  spacing  limit,  thus  allowing  maximum 
channel  packing.  This  is  because  as  each  OFSCTx 
is  derived  from  a  single  master  laser  there  is  now 
no  need  to  allow  for  guard  bands,  usually  required 
to  allow  for  frequency  stabilisation  inaccuracies. 

iii)  Start-up  times  would  also  be  dramatically  re- 
duced  to  several  milliseconds  -  the  time  required  for 
the  electrical  RF  sources  to  stabilise. 

If  the  simplification  is  applied  to  the  coherent  receiv- 
er  of  such  coherent  based  optical  switch  systems  they 
would  have  significant  advantages  over  traditionally  co- 
herent  based  switches.  The  complexity  of  maintaining 
the  inter-channel  separation  between  channels  is  elim- 
inated.  Channel  switching  speeds  and  hence  switch 
reconfiguration  speeds  could  be  in  the  order  of  nano- 
seconds.  (Coherent  systems  will  be  limited  to  millisec- 
onds  due  to  the  thermal  under/over  shoot  problems  en- 
countered  as  the  bias  current/s  are  changed  in  single 
and  multi-second  lasers  -  thermal  correction  required 
when  the  laser's  bias  current/s  are  changed  takes  sev- 
eral  milliseconds  causing  an  increase  in  channel  lock 
times).  The  simple  control  algorithm  in  the  receiver 
makes  the  channel  selection  procedure  very  fast  and 
precise,  as  there  is  no  need  to  do  any  lengthy  computer 
based  calculations  to  determine  the  new  laser  operating 
conditions. 

Even  for  very  large  systems  the  use  of  concatenat- 
ed  SSB-OFSs  to  extended  the  tuning  range  of  the  EFT 
LO  could  be  used,  eliminating  the  need  for  multi-section 
lasers. 

Distributed  Coherent  Switches,  where  the  coherent 
transistor  and  receiver  are  co-located,  is  one  case 
where  SSB  modulators  can  not  impact  fully.  They  could, 
though,  be  used  to  generate  the  optical  reference  comb 
required  by  the  coherent  transmitters.  This  is  because 

in  this  type  of  coherent  switch  each  coherent  transceiver 
is  connected  to  a  PON  in  the  form  of  a  star.  Although, 
inserting  the  master  laser  to  supply  an  optical  signal  to 
each  transceiver  is  straightforward  the  use  of  it  by  the 

5  transmitter  portion  of  the  coherent  transceiver  is  imprac- 
tical.  The  transmitter  would  be  created  by  frequency 
shifting  the  master  laser,  but  because  of  the  cycling  ef- 
fect  of  the  optical  signal,  i.e.  the  coherent  receiver  can 
detect  its  own  transmitter,  and  more  importantly  the 

10  transmitter  would  also  see  the  rest  of  the  transmitter 
comb,  it  would  frequency  shift  the  master  laser  and  the 
comb  indefinitely,  although  the  cycling  transmitter  comb 
would  be  at  a  reduced  amplitude  due  to  the  PON  losses. 
It  is  therefore  impractical  to  use  the  laser  elimination 

is  techniques  described  within  Fully-distributed  coherent 
switch  systems  unless  a  separate  fibre  is  used  to  trans- 
port  the  master  laser  signal  to  each  transmitter.  In  this 
case  the  same  techniques,  and  hence  savings,  as  in  lo- 
calised  coherent  based  switches  can  be  used. 

20  Figures  10a  and  Figure  10b  show  two  different  uses 
of  the  SSB-OFSs.  In  Figure  10a  a  set  of  SSB-OFSs  are 
used  to  generate  the  comb  of  transmitted  signals  for  a 
direct  detection  based  distribution  system,  i.e.  Video  on 
Demand  (VoD).  At  the  customers  premises  a  tuneable 

25  filter  followed  by  an  optical  amplifier  is  used  to  select  the 
required  transmitted  signal,  allowing  customer  channel 
selection. 

In  Figure  10b,  again,  a  comb  is  generated  using  a 
set  of  SSB-OFSs.  This  time,  though,  the  comb  is  just  a 

30  'reference  comb'.  At  the  customers  terminal  a  tuneable 
filter  followed  by  an  optical  amplifier  selects  one  of  the 
reference  lines  and  passes  this  signal  through  an  optical 
modulator.  This  produces  the  customer  to  Head-end  da- 
ta  signal.  This  removes  the  requirement  for  an  optical 

35  source  to  be  present  at  the  customers  terminal. 

Claims 

40  1.  An  optical  reference  frequency  generator  compris- 
ing  a  plurality  of  Single  Sideband  Optical  Frequency 
Shifters  (SSB-OFS)  wherein  the  SSB-OFSs  are 
connected  in  pairs,  each  pair  having  a  common  op- 
tical  frequency  input  and  an  optical  shift  frequency 

45  input  arranged  so  that  the  output  from  one  SSB- 
OFS  of  each  pair  has  a  positive  frequency  shift  and 
the  output  from  the  other  SSB-OFS  has  a  negative 
frequency  shift. 

so  2.  An  optical  reference  comb  generator  comprising  an 
optical  reference  frequency  generator  as  claimed  in 
Claim  1  ,  wherein  each  SSB-OFS  output  is  connect- 
ed  to  the  inputs  of  a  further  pair  of  the  plurality,  each 
further  pair  having  respective  optical  shift  frequency 

55  inputs. 

3.  An  optical  reference  comb  generator  as  claimed  in 
Claim  2,  wherein  each  pair  of  SSB-OFSs  has  a 

so 

55 

5 
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common  optical  shift  frequency  input. 

4.  An  optical  reference  comb  generator  as  claimed  in 
Claim  2  or  3,  further  comprising  identification  gen- 
erating  means  whereby  a  reference  identity  is  add-  s 
ed  to  each  optical  shift  frequency  input  for  the  final 
pairs  of  SSB-OFSs. 

5.  A  coherent  receiver  having  Homodyne  or  Hetero- 
dyne  detection  where  the  local  oscillator  is  an  opti-  10 
cal  reference  frequency  generator  as  claimed  in 
Claim  1. 

6.  An  optical  reference  frequency  generator  substan- 
tially  as  hereinbefore  described,  with  reference  to  15 
and  as  the  accompanying  drawings  with  the  excep- 
tion  of  Figures  5,  6a,  6b,  8,  9  and  9a-9b. 

7.  An  optical  reference  comb  generator  substantially 
as  hereinbefore  described,  with  reference  to  and  as  20 
illustrated  in  Figures  1a,  1b,  2,  3a,  3b,  4,  7,  7b,  10a 
and  10b  of  the  accompanying  drawings. 

8.  A  coherent  receiver  substantially  as  hereinbefore 
described,  with  reference  to  and  as  illustrated  in  25 
Figures  6a,  6b,  8,  9  and  9a-9d  of  the  accompanying 
drawings. 
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