
00 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  4 9 0   4 3 9   A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  91203192.9  ©  Int.  CI.5:  H04B  10/12,  H04B  10/14,  
G02B  6/28,  H03H  2 / 0 0  

@  Date  of  filing:  06.12.91 

®  Priority:  10.12.90  NL  9002713  ©  Applicant:  Koninklijke  PTT  Nederland  N.V. 
P.O.  Box  95321 

©  Date  of  publication  of  application:  NL-2509  CH  The  Hague(NL) 
17.06.92  Bulletin  92/25 

@  Inventor:  van  Deventer,  Mattijs  Oskar 
©  Designated  Contracting  States:  Prins  Frederiklaan  478 

AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE  NL-2263  HP  Leidschendam(NL) 

©  Transmission  system  for  the  polarisation-insensitive  transmission  of  signals. 

©  The  invention  relates  to  a  transmission  system 
for  the  polarisation-insensitive  transmission  of  signals 
over  a  signal  path  between  a  transmitter  (Z)  and  a 
receiver  (O),  provided  with  high-order  retarder  (R). 
The  retarder  is  a  combination  of  a  polarisation-split- 
ting  coupling  (1)  and  a  loop-type  delaying  transmis- 
sion  route  (5).  The  retarder  (R)  may  be  sited  at  the 
receiver  end,  with  a  suitably  chosen  angle  between 
one  of  the  principle  axes  of  the  retarder  and  the 
polarisation  of  a  local  oscillator  (Lo)  incorporated  in 
the  receiver.  Advantages  are  reduction  in  size  and 
number  of  components  in  the  retarder,  reduction  in 
the  number  of  retarders  in  such  a  transmission  sys- 
tem  and  an  increase  of  the  capacity  for  integration. 
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The  invention  relates  to  a  transmission  system 
for  the  polarisation-insensitive  transmission  of  sig- 
nals  over  a  signal  path  between  a  transmitter  and  a 
receiver,  provided  with  a  high-order  retarder  which 
comprises  a  polarisation-splitting  device  having  at 
least  one  input  and  two  outputs  for  splitting  the 
transmission  between  a  first  transmission  route  and 
a  second  transmission  route  and  a  recombination 
device  connected  to  the  transmission  routes  and 
having  two  inputs  and  an  output  for  recombining 
the  transmitted  signals. 

Such  a  transmission  system  is  disclosed  by 
the  paper  entitled  "Polarization-Switching  Tech- 
niques  for  Coherent  Optical  Communications" 
which  appeared  in  Journal  of  Lightwave  Technol- 
ogy,  Vol.6,  No.  10,  October  1988,  pages  1537  to 
1548. 

It  is  generally  known  that,  at  the  end  of  an 
optical  waveguide  or  optical  fibre,  the  polarisation 
state  of  the  light  transmitted  over  the  optical 
waveguide  fluctuates.  Various  causes  for  this  phe- 
nomenon  can  be  identified,  such  as  a  mechanically 
twisted  optical  fibre,  temperature  variation,  bends  in 
the  optical  fibres  and  the  like.  The  varying  mis- 
matching  between  the  polarisation  of  the  received 
signal  and  the  polarisation  of  the  signal  from  the 
local  oscillator  adversely  affects  the  sensitivity  of 
the  receiver.  In  the  paper  mentioned  above,  a  num- 
ber  of  solutions  are  mentioned  for  obtaining  a 
transmission  over  an  optical  fibre  which  is  as  insen- 
sitive  as  possible  to  the  varying  polarisation.  One  of 
the  solutions  is  the  polarisation-switching  method, 
in  which  a  high-order  retarder  making  use  of  a 
birefringent  medium  is  used. 

A  medium  having  a  large  birefringence  effect 
can  be  simulated  in  a  laboratory  by  means  of 
optical  devices.  In  these,  light  is  applied  to  a 
polarisation-splitting  device,  as  a  result  of  which  the 
light  is  split  into  components  having  horizontal  and 
vertical  polarisation,  respectively.  Said  components 
traverse  different  distances  and  are  then  combined 
in  a  coupling  device.  One  problem  in  this  connec- 
tion  is  that  two  polarisation-splitting  devices  are 
necessary  which,  in  a  bulk  or  optical  fibre  construc- 
tion  lead  to  a  high  price,  while,  in  an  integrated 
optical  construction,  the  total  length  of  the  high- 
order  retarder  can  be  a  problem.  An  alternative 
method  of  construction  is  to  use  a  birefringent 
fibre,  as  described  in  the  abovementioned  article. 
Such  a  fibre  having  birefringence  has,  however,  the 
disadvantage  that  it  is  expensive  while,  in  addition, 
a  large  length  is  necessary. 

The  object  of  the  invention  is  to  provide  a 
transmission  system  of  the  type  mentioned  at  the 
outset  in  which  the  abovementioned  problems  are 
dealt  with. 

This  object  is  achieved,  according  to  the  inven- 
tion,  in  that  the  polarisation-splitting  device,  the  first 

transmission  route  and  the  recombination  device 
are  formed  by  one  polarisation-splitting  coupling 
device  having  a  second  input,  of  which  the  first 
input  and  the  first  output  are  the  input  and  the 

5  output,  respectively,  of  the  high-order  retarder,  the 
delaying  transmission  route  being  incorporated  be- 
tween  the  second  input  and  the  second  output  of 
the  polarisation-splitting  coupling  device. 

The  advantage  of  this  construction  in  bulk  or 
io  optical  fibre  is  the  saving  of  a  polarisation-splitting 

device.  In  this  construction,  only  one  polarisation- 
splitting  device  is  necessary,  compared  with  two 
devices  in  a  conventional  construction.  This  em- 
bodiment  is,  in  addition,  excellently  capable  of  in- 

75  tegration  because  only  one  polarisation-splitting 
coupling  device  is  necessary  and  the  length  of  the 
high-order  retarder  is  short  as  a  result  of  routing 
back  the  delaying  transmission  route.  In  addition, 
this  transmission  route  or  line  can  be  very  short  if 

20  integrated  optically. 
The  paper  by  M.V.  Andres  et  al.  entitled 

"Optical-fiber  resonant  rings  based  on  polarization- 
dependant  couplers",  published  in  Journal  of  Ligh- 
twave  Technology,  Vol.  8,  No.  8,  Aug.  1990,  pages 

25  1212-1220  discloses  sensor  configurations  based 
on  an  optical  fibre  resonant  circuit  in  which,  in  a 
particular  case,  a  polarisation-splitting  coupling  is 
used  in  combination  with  a  loop  of  polarisation- 
maintaining  fibre. 

30  The  invention  also  relates  to  a  transmission 
system  for  the  polarisation-insensitive  transmission 
of  signals  over  a  signal  path  between  a  transmitter 
and  a  receiver,  provided  with  a  high-order  retarder, 
in  which  the  receiver  comprises  a  local  oscillator 

35  and  a  coupling  device  for  coupling  it  to  the  signal 
path. 

From  the  abovementioned  paper  it  is  known  to 
provide  a  high-order  retarder  (preferably  a  birefrin- 
gent  optical  fibre)  at  the  transmission  end  of  a 

40  coherent  communication  system  in  order  to  render 
the  latter  insensitive  to  polarisation  by  means  of  the 
principle  of  "data-induced  polarisation  switching".  If 
a  receiver  is  shared  by  a  number  of  transmitters,  it 
will  be  advantageous  to  use  the  method  mentioned 

45  at  the  receiving  end.  This  method  only  works  if  the 
polarisation  of  the  signal  applied  to  the  high-order 
retarder  is  at  a  fixed  angle  of  virtually  45°  with 
respect  to  the  principle  axis  of  the  high-order  re- 
tarder. 

50  In  practice,  however,  the  signal  presented  to 
the  receiver  has,  in  particular,  a  strongly  fluctuating 
polarisation,  and  this  will  present  problems  in  using 
the  high-order  retarder  at  the  receiving  end. 

Surprisingly,  it  has  been  found  that  the  prob- 
55  lems  are  avoided  in  that  the  high-order  retarder  is 

connected  between  the  signal  path  and  the  cou- 
pling  device  and  the  angle  between  one  of  the 
principle  axes  of  the  retarder  and  the  polarisation  of 
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the  local  oscillator  is  greater  than  0°  and  less  than, 
or  equal  to,  180°  according  to  Poincare's  repre- 
sentation.  Preferably,  said  angle  is  90°  according 
to  Poincare's  representation. 

To  summarise,  application  of  the  invention  of- 
fers  the  advantage  of  a  reduction  in  the  size  and 
number  of  components  in  a  high-order  retarder,  of 
a  reduction  in  the  number  of  such  retarders  in  a 
transmission  system  for  the  polarisation-insensitive 
transmission  of  signals,  and  an  increase  in  the 
capacity  for  integration. 

The  invention  will  be  explained  in  greater  detail 
below  with  reference  to  the  drawings.  In  the  draw- 
ings: 

Figure  1  shows  an  embodiment  of  the  high- 
order  retarder  according  to  the  invention; 
Figure  2  shows  a  diagram  of  the  polarisation  at 
the  output  of  a  retarder  as  a  function  of  the 
frequency  of  the  input  signal;  and 
Figure  3  shows  another  embodiment  according 
to  the  invention. 

Polarised  light  can  always  be  broken  down 
into,  or  built  up  from,  two  orthogonally  polarised 
components,  with  or  without  a  phase  difference. 
Light  linearly  polarised  at  45°  can,  for  example,  be 
formed  from  a  component  having  horizontal 
polarisation  and  a  component  having  vertical 
polarisation,  which  components  are  precisely  in 
phase.  In  the  case  of  circularly  polarised  light,  the 
components  having  horizontal  and  vertical  polarisa- 
tion,  respectively,  of  the  electric  field  are  90°  out 
of  phase. 

The  high-order  retarder  according  to  the  inven- 
tion  is  based  on  the  concept  of  retardation.  This 
concept  implies  that  one  component  is  delayed 
with  respect  to  the  other.  The  retardation  can  be 
expressed  in  degrees.  A  retardation  of  90°  con- 
verts  light  linearly  polarised  at  45°  into  circularly 
polarised  light.  Retardation  can  also  be  expressed 
as  a  fraction  of  the  wavelength.  A  retardation  of 
90°  is  equivalent  to  a  quarter  wavelength.  A  90° 
retarder  is  therefore  also  referred  to  as  a  X/4  re- 
tarder.  As  a  third  possibility,  the  retardation  can 
also  be  defined  as  delay  time.  1500  nm  light  has  a 
cycle  time  of  5  fs  (5.1  0-15  sec).  A  retardation  of 
90°  is  then  equivalent  to  1/4.5  fs  =  1.25  fs. 

The  high-order  retarder  is  to  be  regarded  as  a 
retarder  having  a  very  large  retardation.  For  exam- 
ple,  a  retardation  of  15  cm  (500  ps,  100.000X, 
36,000,000°).  The  order  of  a  retarder  is  the  num- 
ber  of  times  that  360°  has  to  be  subtracted  from 
the  retardation  to  arrive  at  an  amount  between 
-180°  and  +180°.  A  retarder  with  a  retardation  of 
15  cm  therefore  has  an  order  of  100,000.  It  is 
known  to  use  a  birefringent  fibre  of  great  length  as 
a  retarder.  A  typical  value  of  the  birefringence 
power  of  this  fibre  is  5.1  0_+,  i.e.  0.5  mm  retardation 
for  1  m  of  fibre.  A  retardation  of  15  cm  therefore 

requires  a  birefringent  fibre  300  m  long,  as  a  result 
of  which  the  size  of  the  high-order  retarder  is  large. 
In  addition,  birefringent  fibres  are  expensive. 

Figure  1  shows  an  embodiment  of  the  high- 
5  order  retarder  according  to  the  invention  in  which  a 

large  retardation  is  achieved. 
In  this  high-order  retarder,  only  one 

polarisation-splitting  coupling  device  1  having  two 
inputs  6  and  7  and  two  outputs  8  and  9  is  used. 

io  The  input  light  signal  applied  to  the  input  of  the 
high-order  retarder  is  applied  to  the  input  6  of  the 
polarisation-splitting  coupling  device  1  ,  which  splits 
the  input  light  signal  into  a  component  having  a 
first  polarisation  and  a  second  component  having  a 

is  second  polarisation,  which  components  are  pre- 
sented  to  the  respective  outputs  8  and  9  of  the 
polarisation-splitting  coupling  device  1.  For  exam- 
ple,  the  component  having  horizontal  polarisation 
direction  appears  at  the  output  8  of  the 

20  polarisation-splitting  coupling  device  1  and  there- 
fore  also  at  the  output  of  the  high-order  retarder.  A 
first  transmission  route  therefore  runs  from  "in",  via 
6,  1  and  8  to  "out".  The  component  having  vertical 
polarisation  appears,  however,  at  the  output  9  of 

25  the  polarisation-splitting  coupling  device  1  and  is 
applied,  via  a  second  transmission  route,  in  this 
case  formed  by  the  delaying  optical  waveguide  5, 
to  the  second  input  7  of  the  polarisation-splitting 
coupling  device  1.  The  recombination  of  the  two 

30  transmission  routes  takes  place  in  the  coupling 
device  1  itself,  because  the  delayed  component 
also  appears  at  the  output  8  of  the  polarisation- 
splitting  coupling  device  1  and  is  therefore  com- 
bined  with  the  component  having  horizontal 

35  polarisation  direction,  which  combination  is  pre- 
sented  to  the  output  of  the  high-order  retarder.  The 
component  having  horizontal  polarisation  direction 
therefore  travels,  as  it  were,  straight  through  and 
the  component  having  vertical  polarisation  always 

40  crisscrosses  in  the  polarisation-splitting  coupling 
device  1  .  As  a  result  of  using  this  property  of  the 
polarisation-splitting  coupling  device  1,  one  cou- 
pling  device  is  therefore  sufficient. 

Said  high-order  retarder  has  the  property  that 
45  the  application  thereto  of  an  input  signal  having  a 

predetermined  frequency  produces  an  output  sig- 
nal  having  a  particular  polarisation  direction.  If  the 
frequency  of  the  input  signal  is,  for  example,  1  GHz 
higher,  a  signal  is  produced  at  the  output  of  the 

50  retarder  with  a  polarisation  whose  direction  is  per- 
pendicular  to  that  of  the  first-mentioned  output  sig- 
nal.  Switching  between  the  input  frequencies  there- 
fore  produces  a  switching  between  the  two 
polarisation  directions  mentioned.  The  retarder  then 

55  acts  as  a  polarisation  switch. 
The  advantage  of  the  abovedescribed  embodi- 

ments  of  the  invention  is  that  they  can  easily  be 
implemented  in  a  compact  and  optically  integrated 
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form.  In  optically  integrated  form,  in  particular,  the 
length  of  the  component  (retarder)  is  of  importance. 
This  embodiment,  in  particular,  is  therefore  very 
attractive.  In  this  embodiment,  only  one 
polarisation-splitting  coupling  device  is  used,  the 
routing-back  of  the  delaying  optical  waveguide  con- 
tributing  to  a  shorter  length  of  the  polarisation 
switch. 

It  is  pointed  out  that,  in  optically  integrated 
form,  the  delaying  waveguide  is  shorter  because  a 
very  high  refractive  index  can  be  used  and,  with  a 
refractive  index  of,  for  example,  3,  the  delaying 
waveguide  or  line  has  a  length  of  only  5  cm.  In 
addition,  a  rolled-up  delaying  line  can  be  used. 

The  advantage  of  this  construction  in  bulk  or 
optical  fibre  is  the  saving  of  a  polarisation-splitting 
device.  In  this  construction,  only  one  polarisation- 
splitting  device  is  necessary,  compared  with  two 
devices,  i.e.  a  splitter  and  recombination  device  in 
a  conventional  construction. 

Two  applications  of  the  polarisation  switch  or 
retarder  according  to  the  invention  are  described 
below. 

The  most  important  application  of  a  retarder 
having  high  retardation  is  the  conversion  of  optical 
frequency  modulation  into  polarisation  modulation, 
also  referred  to  as  "data-induced  polarisation 
switching".  For  an  optical  frequency  of  200,000 
GHz  (X  =  1500  nm),  the  15  cm  retarder  according 
to  the  invention  behaves  as  a  36,000,000  °  retarder. 
Modulo  360  °  ,  that  is  a  0  °  retarder.  For  a  some- 
what  higher  frequency,  the  wavelength  is  somewhat 
smaller  and  somewhat  more  wavelengths  therefore 
fit  into  the  15  cm,  with  the  result  that  the  retarda- 
tion  is  rather  greater.  For  an  optical  frequency  of 
200,000.5  GHz,  the  retardation  becomes 
36000090°  (in  this  case,  then  it  is  a  retardation  of 
90°  modulo  360°).  For  200,001  GHz,  the  retarda- 
tion  becomes  36000180°,  etc.  This  behaviour  is 
shown  in  Figure  2  for  a  number  of  frequencies. 
Because  the  frequency  is  swept  over  the  correct 
interval,  in  this  example  over  1  GHz,  the  polarisa- 
tion  will  be  switched  between  two  orthogonal  posi- 
tions.  This  is  attractive  for  communication  systems 
which  are  sensitive  to  polarisation  fluctuations 
(coherent  systems).  If  all  the  "zeros"  are  lost  as  a 
result  of  an  accidental  polarisation  adjustment,  all 
the  "ones"  can  still  be  received  and  vice  versa. 
The  signal  can  never  be  completely  lost. 

A  second  application  of  retarders  having  high 
retardation  is  "polarisation  scrambl- 
ing  "/depolarisation  of  light.  For  this  purpose,  a  light 
source  is  taken  which  has  a  coherence  length 
which  is  much  shorter  than  the  retardation.  In  this 
example,  a  light  source  having  a  spectral  width  of 
many  GHz  is  used.  The  effect  of  this  is  that  all  the 
polarisations  occur  simultaneously  at  the  output  of 
the  high-order  retarder  during  1  bit  and  that  the 

light  is  therefore  in  fact  emitted  in  unpolarised 
form. 

According  to  the  abovedescribed  principle  of 
"data-induced  polarisation  switching",  the  signal 

5  from  the  transmitter  is  coupled  in  a  high-order 
retarder  in  such  a  way  that  the  polarisation  of  the 
coupled-in  signal  is  at  45°  to  the  principle  axis  of 
the  high-order  retarder.  The  transmitter  is  FSK- 
modulated  between  two  optical  frequencies.  The 

io  high-order  retarder  has  the  property  that  the  output 
polarisation  is  a  function  of  the  optical  frequency  of 
the  signal  applied  thereto,  with  the  result  that  the 
polarisation  is  modulated  with  the  optical  frequen- 
cies  as  a  result  of  using  the  FSK  modulation. 

is  For  the  correct  operation  of  the  principle  of 
"data-induced  polarisation  switching",  the  output 
polarisations  for  a  "zero"  state  should  the  ortho- 
gonal  with  respect  to  a  "one"  state.  For  this  pur- 
pose,  inter  alia,  the  polarisation  of  the  signal  from 

20  the  transmitter  should  be  polarised  at  45°  with 
respect  to  the  principle  axis  of  the  high-order  re- 
tarder.  It  is  only  in  that  case  that  the  output 
polarisations  associated  with  the  "zero"  and  "one" 
states  can  be  orthogonal,  which  is,  after  all,  re- 

25  quired. 
During  the  transmission  of  a  light  signal 

through  an  optical  fibre,  the  polarisation  changes 
randomly,  but  the  orthogonality  between  the  "zero" 
and  "one"  states  is  maintained. 

30  A  coherent  receiver  is  only  sensitive  to  one 
component  of  the  polarisation,  with  the  result  that 
the  signal  may  be  lost  as  a  result  of  the  change  in 
the  polarisation  in  the  fibre.  Because  of  the  or- 
thogonality  mentioned  between  the  polarisations  of 

35  the  "zero"  and  "one"  states,  for  example,  all  the 
"zeros"  may  be  lost,  but,  on  the  contrary,  all  the 
"ones"  will  be  optimally  detected.  The  converse 
and  all  the  intermediate  forms  are  also  possible.  In 
no  case  will  the  entire  signal  be  lost. 

40  The  principle  of  "data-induced  polarisation 
switching"  at  the  transmitting  end  is  possible  be- 
cause  the  transmitter  has  a  known  fixed  polarisa- 
tion  which  can  be  coupled  into  the  high-order  re- 
tarder  at  the  correct  angle. 

45  The  costs  of  the  principle  mentioned  consist,  in 
particular,  of  the  price  of  the  high-order  retarder 
and  the  installation  thereof.  In  addition,  the  space 
said  retarder  occupies  is  of  great  importance.  If  a 
receiver  has  to  be  shared  by  many  transmitters,  for 

50  example  for  the  data  traffic  from  the  subscribers  to 
a  final  exchange,  it  will  be  advantageous  to  apply 
the  principle  of  "data-induced  polarisation  switch- 
ing"  to  the  receiver  because  the  cost  associated 
with  the  high-order  retarder  have  to  be  incurred 

55  only  once. 
The  desired  application  appears,  however,  im- 

possible.  For  the  principle  mentioned  of  "data- 
induced  polarisation  switching"  it  is,  after  all,  re- 

4 
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quired  that  the  polarisation  of  the  signal  applied  to 
the  high-order  retarder  is  precisely  at  45°  to  the 
principle  axis  of  the  high-order  retarder.  It  is  only 
then  that  the  output  polarisations  associated  with 
the  "zero"  and  "one"  states  can  be  orthogonal. 

As  has  been  mentioned  above,  the  polarisation 
of  a  light  signal  varies  randomly  during  its  transport 
through  an  optical  fibre.  At  the  receiving  end,  it  is 
not  possible  therefore  to  satisfy  the  requirement 
that  the  polarisation  is  always  at  45°  with  respect 
to  the  principle  axes  of  the  high-order  retarder.  It 
may  even  occur  that  the  polarisation  becomes  pre- 
cisely  parallel  to  the  principle  axis  of  the  retarder, 
as  a  result  of  which  the  polarisation  is  simply 
maintained  in  the  high-order  retarder  and  the 
"zero"  and  "one"  states  emerge  from  the  high- 
order  retarder  with  the  same  polarisation.  There  is 
then  no  longer  any  question  of  "data-induced 
polarisation  switching". 

It  therefore  appears  that  the  application  of  the 
"data-induced  polarisation  switching"  principle  at 
the  receiver  is  not  possible  because  after  the  signal 
has  been  transported  through  the  optical  fibre,  the 
polarisation  has  been  randomly  altered  and,  in  ad- 
dition,  varies  with  time,  as  a  result  of  which  it  is 
impossible  to  couple  the  light  into  the  high-order 
retarder  at  the  correct  angle. 

In  spite  of  this,  the  solution  according  to  the 
invention  shown  in  Figure  3  has  been  found. 

The  light  signal  originating  from  the  transmitter 
Z  is  applied  via  a  transmission  path  T  and  a  high- 
order  retarder  R  to  one  input  of  a  coupling  device 
K.  Coupled  to  the  output  of  said  coupling  device  K 
is  the  receiver  0.  The  signal  from  the  local  oscilla- 
tor  LO  is  applied  to  the  other  input  of  the  coupling 
device  K. 

The  arrangement  shown  in  Figure  3  is  possible 
because  a  particular  requirement  is  met.  This  re- 
quirement  is  that  the  polarisation  of  the  light  from 
the  local  oscillator  LO  is  at  45  °  with  respect  to  the 
principle  axis  of  the  high-order  retarder  R. 

If  it  is  assumed  that  the  polarisation  of  the 
received  signal  is  accidentally  at  45°  with  respect 
to  the  principle  axis  of  the  retarder  R,  the  method 
of  "data-induced  polarisation  switching"  operates  in 
the  same  way  as  if  the  retarder  is  provided  at  the 
transmitting  end.  The  polarisations  of  the  zeros  and 
ones  at  the  output  of  the  retarder  are  in  this  case 
mutually  orthogonal  and  if  the  "zeros"  are  lost,  the 
"ones"  will  always  be  left  over  and  vice  versa, 
while  all  the  possible  intermediate  forms  do  not 
present  problems  either. 

If  the  other  extreme  case  occurs,  in  which  the 
received  polarisation  runs  precisely  parallel  to  the 
principle  axis  of  the  high-order  retarder,  the 
polarisations  of  "zeros"  and  "ones"  at  the  output  of 
the  high-order  retarder  have  remained  the  same 
and  they  are  still  parallel  to  the  principle  axis. 

Because,  however,  the  polarisation  of  the  output 
signal  of  the  local  oscillator  forms  an  angle  of  45° 
with  the  principle  axis  of  the  high-order  retarder, 
the  coherent  receiver  will  nevertheless  receive  all 

5  the  "zeros"  and  "ones",  albeit  at  half  power.  In 
terms  of  sensitivity,  this  is  equivalent  to  losing  all 
the  "zeros"  and  completely  receiving  all  the 
"ones",  with  the  result  that  the  sensitivity  is  in  this 
case  equal  to  the  case  where  the  high-order  re- 

io  tarder  is  sited  at  the  transmitter  and  the  method  of 
"data-induced  polarisation  switching"  is  used. 

In  a  corresponding  manner,  for  polarisations  at 
the  input  of  the  high-order  retarder  which  are  be- 
tween  the  abovementioned  extremes,  that  is  to  say 

is  45°  with  respect  to  or  parallel  to  the  principle  axis, 
the  signal  will  never  be  lost. 

To  summarise  briefly,  the  "data-induced 
polarisation  switching"  principle  is  possible  at  the 
receiving  end,  provided  the  polarisation  of  the  local 

20  oscillator  is  at  45  °  with  respect  to  the  principle  axis 
of  the  high-order  retarder. 

For  the  sake  of  the  clarity  of  the  explanation,  it 
has  been  assumed  above  that  the  polarisation  of 
the  local  oscillator  or  of  the  transmitter,  respec- 

25  tively,  is  at  an  angle  of  45°  with  respect  to  the 
principle  axis  of  the  high-order  retarder.  It  is  clear 
that  the  invention  can  be  described  much  more 
generally  by  making  use  of  Poincare's  representa- 
tion  or  Poincare's  sphere.  According  to  said  repre- 

30  sentation,  the  polarisation  of  the  signal  from  the 
local  oscillator  does  not  have  to  coincide  with  the 
principle  axis  of  the  high-order  retarder,  it  being 
preferable  that  the  principle  axis  of  said  retarder 
forms  an  angle  of  90°  with  the  polarisation  of  the 

35  output  signal  of  the  local  oscillator  according  to 
Poincare's  representation.  A  special  case  of  this  is 
a  local  oscillator  having  a  linearly  polarised  output 
signal  which  is  at  45°  to  the  principle  axis  of  the 
high-order  retarder. 

40  Moreover,  mention  has  always  been  made  of 
the  principle  axis  of  a  high-order  retarder.  In  fact,  a 
high-order  retarder  has,  however,  two  principle 
axes,  namely  the  fast  and  the  slow  principle  axis 
which  are  mutually  perpendicular.  It  is  therefore 

45  preferable  to  speak  of  one  of  the  principle  axes. 

Claims 

1.  Transmission  system  for  the  polarisation-insen- 
50  sitive  transmission  of  signals  over  a  signal  path 

between  a  transmitter  and  a  receiver,  provided 
with  a  high-order  retarder  which  comprises  a 
polarisation-  splitting  device  having  at  least 
one  input  and  two  outputs  for  splitting  the 

55  transmission  between  a  first  transmission  route 
and  a  second  delaying  transmission  route  and 
a  recombination  device  connected  to  the  trans- 
mission  routes  and  having  two  inputs  and  one 

5 
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output  for  recombining  the  transmitted  signals, 
characterised  in  that  the  polarisation-splitting 
device,  the  first  transmission  route  and  the 
recombination  device  are  formed  by  one 
polarisation-splitting  coupling  device  having  a  5 
second  input,  of  which  the  first  input  and  the 
first  output  are  the  input  and  the  output,  re- 
spectively,  of  the  high-order  retarder,  the  de- 
laying  transmission  route  being  incorporated 
between  the  second  input  and  the  second  out-  10 
put  of  the  polarisation-splitting  coupling  device. 

2.  High-order  retarder  in  a  transmission  system 
for  polarisation-insensitive  transmission  of  sig- 
nals  over  a  signal  path  between  a  transmitter  is 
and  a  receiver,  which  retarder  comprises  a 
polarisation-splitting  device  having  at  least  one 
input  and  two  outputs  for  splitting  the  transmis- 
sion  between  a  first  transmission  route  and  a 
second  delaying  transmission  route  and  a  re-  20 
combination  device  connected  to  the  transmis- 
sion  routes  and  having  two  inputs  and  one 
output  for  recombining  the  transmitted  signals, 
characterised  in  that  the  polarisation-splitting 
device,  the  first  transmission  route  and  the  25 
recombination  device  are  formed  by  one 
polarisation-splitting  coupling  device  having  a 
second  input,  of  which  the  first  input  and  the 
first  output  are  the  input  and  the  output,  re- 
spectively,  of  the  high-order  retarder,  the  de-  30 
laying  transmission  route  being  incorporated 
between  the  second  input  and  the  second  out- 
put  of  the  polarisation-splitting  coupling  device. 

3.  Transmission  system  for  the  polarisation-insen-  35 
sitive  transmission  of  signals  over  a  signal  path 
between  a  transmitter  and  a  receiver,  provided 
with  a  high-order  retarder,  in  which  the  re- 
ceiver  comprises  a  local  oscillator  and  a  cou- 
pling  device  for  coupling  it  to  the  signal  path,  40 
characterised  in  that  the  high-order  retarder  is 
connected  between  the  signal  path  and  the 
coupling  device,  and  in  that  the  angle  between 
one  of  the  principle  axes  of  the  retarder  and 
the  polarisation  of  the  local  oscillator  is  greater  45 
than  0°  and  less  than,  or  equal  to,  180° 
according  to  Poincare's  representation. 

4.  Transmission  system  according  to  Claim  3, 
characterised  in  that  the  angle  between  one  of  so 
the  principle  axes  of  the  retarder  and  the 
polarisation  of  the  local  oscillator  is  equal  to 
90°  according  to  Poincare's  representation. 

5.  Transmission  system  according  to  Claim  3  or  55 
4,  characterised  in  that  the  receiver  is  shared 
by  at  least  two  transmitters  in  a  passive  optical 
network. 

6.  Transmission  system  according  to  Claim  3,  in 
which  the  high-order  retarder  comprises  a 
polarisation-splitting  device  having  at  least  one 
input  and  two  outputs  for  splitting  the  transmis- 
sion  between  a  first  transmission  route  and  a 
second  delaying  transmission  route  and  a  re- 
combination  device  connected  to  the  transmis- 
sion  routes  having  two  inputs  and  one  output 
for  recombining  the  transmitted  signals,  the 
signal  path  being  connected  to  the  input  of  the 
polarisation-splitting  device  and  the  output  of 
the  recombination  device  being  connected  to 
the  coupling  device,  characterised  in  that  the 
polarisation-splitting  device,  the  first  transmis- 
sion  route  and  the  recombination  device  are 
formed  by  one  polarisation-splitting  coupling 
device  having  a  second  input,  of  which  the  first 
input  and  first  output  are  the  input  and  the 
output,  respectively,  of  the  high-order  retarder, 
the  delaying  transmission  route  being  incor- 
porated  between  the  second  input  and  the 
second  output  of  the  polarisation-splitting  cou- 
pling  device. 
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