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©  A  coherent  optical  communications  system  using 
polarisation  modulation,  wherein  the  polarisation 
modulation  of  the  optical  signals  is  obtained  by 
using  two  lasers  (1,  2)  emitting  orthogonally  polaris- 

ed  radiations  at  different  frequencies,  which  are 
combined  without  losses  prior  to  transmission  over 
the  line. 
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The  present  invention  relates  to  optical  com- 
munications  systems,  and  more  particularly  to  a 
coherent  optical  communications  system  using 
polarisation  modulation. 

Polarisation  modulation  of  an  optical  signal  is  a 
well  known  technique  of  transmitting  information  in 
optical  communications  systems,  with  either  direct 
or  coherent  detection.  Coherent  detection  systems 
are  of  particular  interest  since,  thanks  to  conversion 
of  the  optical  carrier  into  radiofrequency,  selectivity 
of  electronic  filters  can  be  used  in  optical  transmis- 
sions,  thus  permitting  a  more  complete  exploitation 
of  the  band  available  on  the  transmission  medium 
in  case  of  frequency  division  multiplex  communica- 
tions.  Moreover,  in  case  of  optical  fibre  transmis- 
sions  at  relatively  high  wavelengths,  such  as  those 
lying  in  the  second  and  third  transmission  windows 
(1  .3  -  1  .6  urn),  coherent  systems  eliminate  detector 
noise  problems.  The  use  of  polarisation  modulation 
in  such  systems  affords  the  advantage  of  a  sen- 
sitivity  comparable  with  that  of  frequency  modula- 
tion  systems  with  a  band  occupancy  equal  to  that 
of  amplitude  modulation  systems. 

Typical  examples  of  such  systems  are  de- 
scribed  in  US-A-3435229  or  in  the  article 
"Heterodyne  transmission  of  a  560  Mbit/s  optical 
signal  by  means  of  polarisation  shift  keying"  by  E. 
Dietrich  et  al.,  Electronics  Letters,  Vol.  23,  No.  8,  9 
April  1987.  In  these  known  systems,  the  signal 
emitted  by  the  source  is  supplied  to  a  modulator 
which,  depending  on  the  logic  value  of  the  informa- 
tion  signal,  modulates  the  state  of  polarisation  of 
the  radiation  emitted  by  the  source,  for  instance  by 
allotting  orthogonal  polarisation  states  to  the  two 
logic  levels  of  the  information  signal.  At  the  receiv- 
ing  side,  the  line  signal  is  combined  with  the  signal 
emitted  by  a  local  oscillator,  polarised  so  as  to 
present  components  having  the  same  polarisations 
as  the  line  signal;  the  signal  resulting  from  the 
combination  is  polarisation  analysed,  the  different 
components  are  separately  converted  into  electrical 
signals  and  the  signals  received  are  suitably  de- 
modulated. 

In  such  systems  the  polarisation  modulation  of 
the  optical  carrier  requires  the  use  of  modulators 
external  to  the  source.  At  the  transmission  rates 
typical  of  coherent  optical  communications  sys- 
tems  (from  some  hundred  Mbit/s  to  some  Gbit/s), 
the  modulators  commonly  used  are  integrated-op- 
tics  guide  elements,  which  are  generally  expensive 
and  moreover  give  rise  to  high  losses,  due  to  both 
the  attenuation  of  the  guide  itself  and  the  coupling 
between  the  guide  and  the  possible  fibre  pig-tail 
allowing  connection  to  an  optical  fibre.  In  accor- 
dance  with  the  invention,  we  provide  a  coherent 
communications  system  wherein  the  polarisation 
modulation  does  not  require  the  use  of  devices 
external  to  the  source. 

The  features  of  the  invention  are  disclosed  in 
the  appended  claims.  The  invention  eliminates  the 
need  for  external  modulators  thanks  to  the  use  of 
two  sources  emitting  orthogonally-polarized  radi- 

5  ations  at  different  frequencies.  The  absence  of  an 
external  modulator  obviates  to  the  attenuation  prob- 
lems;  besides,  a  semiconductor  laser  is  a  device 
much  cheaper  than  an  integrated-optics  modulator, 
so  that  cost  problems  are  eliminated  or  at  least 

io  reduced. 
It  is  known  to  use  two  radiations  with  the  above 

characteristics  in  order  to  obtain  insensitivity  to 
polarisation  fluctuations  in  detection  systems  or  in 
optical  fibre  communications  systems.  The  paper 

75  "Depolarised  source  for  fiber-optic  applications" 
presented  by  W.K.  Burns  et  al.  at  the  OFC'91 
Conference  (San  Diego,  California,  18-22  February 
1991)  and  published  at  page  205  of  the  conference 
proceedings,  describes  a  system  in  which  the  two 

20  radiations,  generated  by  respective  lasers,  are 
combined  to  obtain  in  the  line  a  depolarised  radi- 
ation.  The  system  described  in  that  paper  does  not 
use  polarisation  for  information  purposes,  as  the 
present  invention;  besides  each  source  emits  al- 

25  ways  at  a  single  frequency,  whereas  one  of  the 
essential  features  of  the  invention  is  the  frequency 
modulation  of  both  lasers.  In  the  absence  of  such  a 
frequency  modulation,  implementation  of  a 
polarisation  modulation  without  external  modulators 

30  is  impossible,  since  this  would  require  an  on-off 
amplitude  modulation  of  the  lasers,  which  cannot 
be  effected  without  rendering  unsteady  or  damag- 
ing  the  lasers. 

The  article  "New  polarisation-insensitive  detec- 
35  tion  technique  for  coherent  optical  fibre  heterodyne 

communications"  by  A.D.  Kersey  et  al.,  Electronics 
Letters,  Vol.  23,  No.  18,  27  August  1987,  discloses 
the  use  of  two  orthogonally-polarised  radiations  at 
different  frequencies  to  obtain  the  output  signal  of 

40  the  local  oscillator  in  a  polarisation  diversity  hetero- 
dyne  receiver  for  a  coherent  communications  sys- 
tem.  The  two  radiations  are  obtained  from  a  single 
source,  by  means  of  a  polarising  beam  splitter 
generating  the  two  orthogonal  polarisations  and  of 

45  an  acousto-optic  modulator  placed  downstream  the 
beam  splitter,  on  the  path  of  only  one  of  the  two 
orthogonally-polarised  radiations.  Also  in  this  case, 
the  two  radiations  always  have  a  constant  fre- 
quency  and  hence  the  considerations  already 

50  made  for  the  paper  presented  at  OFC'91  still  hold. 
Besides,  even  assuming  that  both  signals  outgoing 
from  the  acousto-optic  modulator  are  used,  and  not 
only  the  frequency  shifted  signal,  the  invention 
cannot  be  obtained,  since  only  one  of  the  two 

55  radiations  would  be  frequency-modulated. 
We  will  now  describe  the  invention  with  refer- 

ence  to  the  annexed  drawing,  in  which: 
-  Fig.  1  is  a  schematic  representation  of  the 
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coherent  communications  system,  and 
-  Fig.  2  is  a  schematic  representation  of  the 

states  of  polarisation. 
In  the  drawing,  thin  lines  represent  the  optical 

signal  paths  and  thick  lines  the  electrical  signal 
paths. 

In  Fig  1,  two  semiconductor  lasers  1,  2,  which 
are  as  far  as  possible  similar  to  each  other,  are 
connected  to  a  source  3  of  the  binary  data  flow  so 
as  to  be  frequency-modulated  by  said  flow  with 
complementary  sequences  of  information  bits.  E.g., 
the  information  signal  is  supplied  as  it  is  emitted  to 
control  devices  4  of  laser  1,  where  it  is  superim- 
posed  to  the  d.c.  bias  voltage  VB1  and  causes  the 
laser  to  oscillate  at  a  frequency  fo  in  correspon- 
dence  with  logic  value  0  of  the  binary  signal  and  at 
a  frequency  fi  in  correspondence  with  logic  value 
1.  The  information  signal  is  on  the  contrary  sup- 
plied  to  control  devices  5  of  laser  2  through  an 
inverter  6  and  is  superimposed  to  d.c.  voltage  VB2 
so  as  to  cause  laser  2  to  oscillate  at  frequencies  f'o 
and  f'i  ,  close  or  nominally  equal  to  frequencies  fo, 
fi  ,  in  correspondence  with  logic  values  1  and  0, 
respectively.  It  is  worth  noting  that  two  individual 
sources,  even  though  nominally  equal,  always 
present  a  certain  frequency  difference  (e.g.  due  to 
the  random  fluctuations  which  are  always  present), 
which  is  practically  impossible  to  compensate;  yet 
that  difference  does  not  affect  the  invention,  which 
exploits  the  presence  of  two  different  frequency 
values  for  each  laser,  and  hence  hereinafter  both 
lasers  will  be  assumed  to  operate  at  frequencies  fo 
and  fi  . 

The  radiation  emitted  by  laser  1,  which  is  a 
linearly  polarised  radiation,  is  sent  to  a  polarising 
beam  splitter  7  and  is  received  e.  g.  on  the  trans- 
mitting  face;  splitter  7  receives  also,  on  the  reflect- 
ing  face,  the  radiation  emitted  by  laser  2,  which 
has  passed  through  a  half-wave  plate  8  and  hence 
is  polarised  in  an  orthogonal  plane  to  that  of  the 
radiation  emitted  by  laser  1.  Isolators  9,  10  on  the 
paths  of  the  radiations  emitted  by  the  lasers  pre- 
vent  the  reflected  rays  from  re-entering  lasers  1  ,  2. 
Splitter  7  combines  the  two  beams  and  sends  the 
resulting  radiation,  through  a  suitable  optical  sys- 
tem  schematised  by  lens  11,  into  a  conventional 
monomode  fibre  12,  forming  the  system  transmis- 
sion  line.  The  beam  outgoing  from  the  fibre  is 
collimated  by  an  optical  system  schematised  by 
lens  13,  and  is  sent  to  a  compensator  14,  e.  g.  a 
Soleil-Babinet  compensator,  which  recovers  the  lin- 
ear  polarisation  states  of  the  beam  outgoing  from 
the  fibre,  generally  rendered  elliptical  by  the  travel 
along  the  fibre. 

The  compensated  beam  is  combined,  in  a  cou- 
pler  15,  with  the  beam  emitted  by  a  local  oscillator, 
consisting  of  a  semiconductor  laser  having  a  line 
width  as  far  as  possible  equal  to  that  of  lasers  1  ,  2, 

and  operating  at  frequency  fL  different  from  fo,  fi  . 
The  beam  emitted  by  laser  16  is  sent  to  the 
coupler  through  a  compensator  17,  by  which  the 
beam  is  polarised  e.  g.  at  45°  with  respect  to  the 

5  reference  axes,  so  that  it  presents  a  component 
polarised  in  the  plane  of  each  of  the  components  of 
the  beam  arriving  from  the  fibre.  Isolator  18,  having 
the  same  functions  as  isolators  9,  10,  is  placed 
between  oscillator  16  and  compensator  17.  The 

io  beam  resulting  from  the  combination  is  analysed  in 
polarisation  by  a  polarisation  separator  19,  e.g.  a 
Glan-Taylor  prism,  which  for  instance  transmits  the 
horizontally  polarised  component  to  a  first 
photodetector  20  and  reflects  the  vertically  polaris- 

15  ed  component  towards  a  second  photodetector  21  . 
The  orientations  of  the  polarisations  of  the  local 
oscillator  and  of  the  information  bits  are  schemati- 
cally  represented  in  Fig.  2. 

The  electrical  signals  outgoing  from 
20  photodetectors  20,  21,  which  comprise  beats  at 

frequencies  F0  =  fL  -  fo  and  Fi  =  fL  -  fi  ,  are 
amplified  in  respective  amplifiers  22,  23,  filtered  in 
passband  filters  24,  25  having  the  same  passband, 
e.g.  tuned  on  frequency  F0,  and  demodulated  in 

25  square  law  demodulators  26,  27.  The  signal  out- 
going  from  demodulator  27  is  subtracted  in  a  sub- 
tractor  28  from  the  signal  outgoing  from  demodula- 
tor  26,  so  as  to  double  the  dynamics,  and  the 
signal  resulting  from  the  subtraction  is  supplied  to 

30  a  low  pass  filter  29  delimiting  the  signal  base  band. 
A  threshold  circuit  30,  e.  g.  a  zero  crossing  detec- 
tor,  supplies  the  recovered  data  signal. 

The  device  operation  is  apparent  from  the 
above  description.  Owing  to  way  in  which  lasers  1, 

35  2  are  biased,  in  correspondence  with  each  bit  of 
the  data  signal  generated  by  source  3  two 
orthogonally-polarised  radiations  at  different  fre- 
quencies  are  simultaneously  transmitted  over  the 
line:  more  particularly,  for  bits  0,  the  line  signal 

40  comprises  a  horizontally  polarised  component  at 
frequency  fo  and  a  vertically  polarised  component 
at  frequency  fi  ,  while  for  bits  1  it  comprises  a 
horizontally  polarised  component  at  frequency  fi 
and  a  vertically  polarised  one  at  frequency  fo. 

45  Hence  the  line  signal  is  simultaneously  modulated 
in  polarisation  and  frequency.  At  the  receiving  side, 
as  in  conventional  coherent  systems  with  polarisa- 
tion  modulation,  the  line  signal  is  combined  with 
the  signal  emitted  by  local  oscillator  16  and  the  two 

50  orthogonal  polarisations  are  sent  to  detectors  20, 
21.  Each  one  of  the  two  states  of  polarisations  is 
still  associated  with  the  frequency  modulation,  so 
that  both  detectors  20,  21  generate  the  beats  at 
frequencies  F0  =  fL  -  fo  and  F1  =  fL  -  fi  .  The  beat 

55  at  frequency  Fi  is  eliminated  in  bandpass  filters  24, 
25,  so  that  the  subsequent  circuits  in  the  receiver 
process  signals  containing  only  the  information  rel- 
evant  to  the  state  of  polarisation.  More  particularly, 
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demodulators  26,  27  will  supply  respective  de- 
modulated  signals  at  frequency  F0  indicating  the 
presence  of  bit  0  and  bit  1  ,  respectively.  Subtracter 
28  receives  the  demodulated  signals  at  the  positive 
or  negative  input,  respectively,  and  therefore  sup- 
plies  signals  with  different  values  depending  on  the 
branch  which  has  conveyed  the  signals  at  fre- 
quency  F0,  and  hence  on  the  logic  value  of  the 
transmitted  bit.  Filter  29  and  threshold  circuit  30 
allow  then  recovery  of  the  digital  sequence. 

Claims 

1.  A  method  of  transmitting  optical  signals 
polarisation  modulated  by  a  binary  digital  in- 
formation  signal,  characterised  in  that:  two 
sources  (1  ,  2)  of  linearly  polarised  radiation  are 
frequency  modulated  in  a  complementary  way, 
by  the  information  signal,  so  that  the  first 
source  (1)  emits  radiations  at  a  first  and  a 
second  frequency  in  correspondence  with  the 
first  and  the  second  logic  level  of  the  informa- 
tion  signal  and  the  second  source  (2)  emits 
signals  at  a  third  and  a  fourth  frequency,  sub- 
stantially  equal  to  the  first  and  the  second 
frequencies,  in  correspondence  with  the  sec- 
ond  and  first  logic  level  of  the  information 
signal;  the  states  of  polarisation  of  the  radi- 
ations  emitted  by  the  two  sources  are  ren- 
dered  orthogonal  in  correspondence  with  each 
bit  of  the  information  signal;  the  two  ortho- 
gonally  polarised  radiations  are  combined  in 
order  to  send  on  a  transmission  line,  for  each 
bit,  a  signal  comprising  two  orthogonally- 
polarised  components  at  different  frequencies. 

2.  A  method  according  to  claim  1,  wherein  a 
coherent  heterodyne  detection  of  the  modu- 
lated  signals  is  carried  out  at  the  receiving 
side,  by  combining  such  signals  with  the  signal 
emitted  by  a  local  oscillator  (16)  and  having 
such  a  polarisation  as  to  present  two  compo- 
nents  with  the  same  polarisation  as  the  signals 
emitted  by  the  sources  (1,  2),  and  the  two 
orthogonal  polarisation  components  in  the  sig- 
nal  resulting  from  the  combination  between  the 
line  signal  and  the  local  signal  are  separated, 
converted  into  electrical  signals  and  separately 
demodulated,  characterised  in  that  prior  to  de- 
modulation  the  electrical  signals  resulting  from 
the  conversion  of  the  two  components,  which 
signals  are  frequency  modulated  in  a  manner 
corresponding  to  the  signals  emitted  by  a  re- 
spective  source  (1,2),  are  filtered  to  eliminate 
one  of  the  two  frequencies,  and  the  demodula- 
tion  is  carried  out,  for  each  bit  of  the  informa- 
tion  signal,  on  signals  deriving  from  the  con- 
version  of  either  polarisation  component. 

3.  A  coherent  optical  fibre  heterodyne  transmis- 
sion  system  using  polarisation  modulation, 
comprising  a  transmitter  with  means  (1  ,  2,  8,  7) 
for  sending  on  a  line  optical  signals  which  can 

5  present  two  orthogonal  states  of  polarisation  in 
correspondence  with  the  two  logic  levels  of  a 
binary  digital  information  signal,  characterised 
in  that  the  means  for  sending  the  signal  on  the 
line  comprise: 

io  -  a  first  source  (1)  of  light  radiations,  which 
emits  radiations  linearly  polarised  in  a 
first  plane  and  is  driven  by  the  informa- 
tion  signal  so  as  to  emit  radiations  at  a 
first  or  a  second  frequency  according  to 

is  whether  said  signal  presents  the  first  or 
the  second  of  the  two  logic  levels; 

-  a  second  source  (2,  8)  of  light  radiations, 
which  emits  radiations  linearly  polarised 
in  a  second  plane  orthogonal  to  the  first 

20  plane  and  is  biased  by  the  information 
signal  in  complementary  manner  to  the 
first  source,  so  as  to  emit  radiations  at  a 
third  or  a  fourth  frequency,  substantially 
equal  to  the  first  and  second  frequencies, 

25  respectively,  according  to  whether  said 
signal  presents  the  second  or  the  first  of 
the  two  logic  levels; 

-  means  (7)  for  combining  the  radiations 
emitted  by  the  two  sources  into  a  single 

30  radiation  which  is  sent  onto  an  optical 
fibre  transmission  line  and  comprises,  for 
each  of  the  two  logic  levels  of  the  in- 
formation  signal,  two  orthogonally- 
polarised  components  at  different  fre- 

35  quencies. 

4.  A  system  as  claimed  in  claim  3,  comprising  a 
heterodyne  receiver  wherein  a  local  oscillator 
(16)  generates  a  signal  which  is  combined  with 

40  the  line  signal  and  presents  a  polarisation  state 
such  as  to  give  origin  to  two  components  or- 
thogonally  polarised  in  a  way  corresponding  to 
the  two  states  of  polarisation  of  the  line  signal, 
and  a  polarisation  separating  device  (19)  di- 

45  vides  the  signal  resulting  from  the  combination 
into  the  two  orthogonally-polarised  components 
which  are  separately  converted  into  electrical 
signals  in  respective  conversion  devices  (21, 
22),  which  are  followed  by  respective  circuits 

50  (26,  27)  demodulating  the  electrical  signal, 
characterised  in  that  the  polarisation  separating 
device  (19)  sends  towards  the  two  conversion 
devices  signals  frequency  modulated  in  a  com- 
plementary  way,  which  reproduce  the  frequen- 

55  cy  modulation  of  the  signals  emitted  by  the 
respective  sources  (1,  2),  and  the  conversion 
devices  (21,22)  are  followed  by  respective  fil- 
ters  (24,  25)  which  let  through  towards  the 

4 
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demodulation  circuits  (26,27)  signals  having 
only  one  of  the  two  frequencies  present  in  the 
electrical  signal. 
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