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Description 

The  present  invention  relates  to  an  apparatus 
for  fiber  optic  coupling  according  to  the  preamble 
of  claim  1. 

In  the  art  of  optical  signal  handling,  it  is  often 
desirable  to  provide  a  coupler  which  will  connect 
a  plurality  of  input  optical  fiber  elements  to  a 
plurality  of  output  optical  fiber  elements  in  such  a 
way  that  all  of  the  output  fibers  receive  at  least  a 
portion  of  the  optical  signal  which  may  appear  on 
one  or  more  of  the  input  fibers.  In  the  prior  art, 
couplers  for  accomplishing  this  function  were 
sometimes  referred  to  as  "star  couplers"  which 
either  connected  the  input  and  output  fibers 
directly  with  a  plurality  of  smaller  cross-section 
fibers,  such  as  is  shown  in  U.S.  patent-3  883  222 
or  which  provided  a  mixing  chamber,  such  as 
found  in  U.S.  patents  4193  661,  4  245  884  and 
4  262  995. 

Star  couplers  are  a  major  economic  portion  of  a 
fiber  optic  bus  and  for  example  in  a  bus  system, 
the  star  coupler  is  multiple  of  the  costs  of  the 
electronic  components  and  of  the  fiber.  With  the 
evolution  of  fiber  optic  technology,  the  cost  of 
cables,  connectors  and  electronics  is  expected  to 
decrease  sharply  causing  considerable  concern 
with  respect  to  the  cost  of  the  star  coupler. 

IBM  "Technical  Disclosure  Bulletin",  Volume 
23,  No.  6,  November  1980,  pages  2590  and  2591 
discloses  a  variable  optical  tap/distributor,  where 
a  plurality  of  optical  fibers  may  be  coupled  with 
each  other  by  shifting  liquid  drops  in  a  spacing 
between  the  optical  fibers.  This  results  in  switch- 
ing  from  a  total  internal  refraction  mode  to  a 
coupling  mode  of  two  neighbored  optical  fibers. 
Another  kind  of  switching  by  means  of  an  electri- 
cal  field  applied  to  two  neighbored  optical  wave- 
guides  is  disclosed  in  US  —  A  —  4  142  775. 

The  optical  distributor  according  to  the  IBM 
'Technical  Disclosure  Bulletin"  requires  a  large 
number  of  coupling  junctions  and  results  in  very 
large  differences  between  the  magnitude  of  the 
output  signals. 

It  is,  therefore,  the  object  of  the  present  inven- 
tion  to  devise  a  fiber  optic  coupling  apparatus 
which  under  use  of  a  few  coupling  junctions 
results  in  equal  amounts  of  the  output  signals. 
This  object  is  achieved  according  to  the  charac- 
terizing  features  of  claim  1.  An  advantageous 
embodiment  of  such  an  apparatus  may  be  taken 
from  the  subclaim. 

With  respect  to  the  figures  of  the  attached 
drawings,  embodiments  of  the  subject  invention 
shall  be  further  described,  where  . 

Figure  1  shows  a  star  coupler  found  in  the  prior 
art; 

Figure  2  shows  the  coupling  of  two  fibers  to 
form  a  coupling  junction; 

Figure  3  is  a  schematic  representation  showing 
one  way  the  coupled  fibers  may  be  joined  to 
provide  output  signals  which  contain  at  least  a 
part  of  one  of  the  input  signals; 

Figure  4  is  a  preferred  embodiment  of  the 
present  invention  in  which  the  number  of  coup- 

lings  has  been  considerably  reduced  over  that 
shown  in  Figure  3  and  wherein  the  final  output  is 
a  more  uniform  representation  of  the  input  than 
was  the  case  in  Figure  3;  Figure  5  is  a  graph 

5  showing  a  comparison  between  the  number  of 
joints  required  with  respect  to  the  planar  coupler 
of  Figure  3  and  the  number  of  joints  required  with 
the  nonplanar  coupler  of  Figure  4  for  increasing 
numbers  of  fibers  utilized;  and 

w  Figure  6  shows  a  schematic  representation  of  a 
fiber  optic  coupler  employing  32  input  and  output 
fibers. 

Referring  to  Figure  1,  a  symbolic  star  coupler  is 
shown  as  a  box  10  labelled  S.C.  Star  coupler  10  is 

15  shown  having  four  input  fiber  opjic  elements  12, 
14,  16  and  18  receiving  inputs  from  transmitters 
Ti,  T2,  T3  ...TN,  respectively.  Star  coupler  10  is 
shown  having  four  outputs  22,  24,  26  and  28, 
respectively,  from  which  four  output  signals  to 

20  receivers  R1f  R2,  R3  ...  RN  emerge.  The  purpose  of 
star  coupler  10  is  to  take  any  input  signal  such  as 
T,  and  make  sure  that  a  portion  of  that  signal 
appears  in  each  of  the  outputs  R,,  R2,  R3  ...  RN- 
Similarly,  any  signal  T2  and/or  T3  ...  and/or  TN 

25  should  be  split  by  star  coupler  10  so  that  a  portion 
of  these  outputs  also  appear  in  R1f  R2,  R3  ...  RN.  As 
mentioned  above,  the  star  coupler  10  has  hereto- 
fore  been  disproportionately  expensive  with 
respect  to  the  fiber  optics  and  other  apparatus 

30  used  in  such  optical  systems. 
Figure  2  shows  two  fiber  optic  elements  having 

input  portions  30  and  32,  a  joined  together  por- 
tion  34,  which  may  be  accomplished  by  fusing  or 
other  common  techniques,  and  two  output  por- 

35  tions  36  and  38.  An  input  signal  is  shown 
entering  input  portion  30  and  an  input  signal  P2  is 
shown  entering  input  portion  32.  The  two  signals 
P,  and  P2  are  combined  in  the  junction  section  34 
as  shown  by  arrows  40  and  42  so  as  to  produce 

40  two  output  signals.  The  output  signal  from  both 
outputs  is  shown  to  be  the  same,  i.e.,  ( P ^ P ^  
showing  that  the  input  signals  have  been  evenly 
divided  and  that  a  portion  of  both  signals  at  the 
inputs  30  and  32  now  appear  at  the  outputs  36 

45  and  38.  In  actual  practice,  it  is  not  normally 
possible  to  achieve  exactly  a  fifty-fifty  division 
effect  because  of  losses  and  coupler  construction 
tolerances.  These  imperfections  observed  in  prac- 
tice  do  not,  however,  substantially  alter  the  signi- 

50  ficant  advantage  of  this  coupler  concept. 
Utilizing  the  principles  shown  in  Figure  2,  a 

fiber  optic  coupler  may  be  fabricated  in  several 
ways. 

Figure  3  shows  schematically  a  fiber  optic 
55  coupler  having  eight  individual  optical  fiber 

elements  51  —  58.  For  convenience,  element  51  is 
shown  having  an  input  "1"  while  all  of  the  other 
inputs  are  shown  as  "0".  It  will  be  understood,  of 
course,  that  the  size  of  the  signal  may  be  of  any 

60  value  and  that  signals  may  exist  on  any  other 
input  or  on  more  than  one  of  the  inputs  at  any 
time.  L  —  

In  Figure  3,  the  fiber  optic  elements  are 
arranged  in  pairs  as,  for  example,  elements  51 

65  and  52  comprise  a  pair  that  are  joined  together  at 

2 
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a  junction  like  that  shown  in  Figure  2  at  a  position 
shown  as  60  in  Figure  3.  Similarly,  elements  53 
and  54  form  a  pair  with  a  junction  at  position  60, 
elements  55  and  56  form  a  pair  with  a  junction  at 
location  60  and  elements  57  and  58  form  a  pair 
with  a  junction  at  location  60.  Since  a  "1"  exists 
on  fiber  optic  element  51  and  "0s"  exist  on  all  of 
the  other  elements,  the  signals  on  elements  51 
and  52  after  the  junction  at  location  60  are  shown 
to  be  .5  each  while  the  signals  on  the  rest  of  the 
elements  after  the  junction  at  location  60  are 
shown  to  be  0. 

Subsequent  to  location  60,  the  elements  are 
again  arranged  in  pairs  but  this  time  element  52  is 
joined  with  element  53  at  a  junction  shown  at 
location  62  in  Figure  3.  Similarly,  elements  54  and 
55  have  a  junction  at  position  62  and  elements  56 
and  57  have  a  junction  at  position  62.  Fiber  optic 
elements  51  and  58  continue  past  position  62  with 
no  junction. 

It  is  seen  in  Figure  3  that  after  the  junction  at 
position  62,  element  51  will  continue  to  have  .5  as 
its  signal  and  since  .5  existed  on  element  52  prior 
to  the  junction  at  62,  both  elements  52  and  53  will 
have  a  signal  of  value  .25.  The  remaining 
elements  will  continue  to  have  a  0  signal  thereon. 

Still  further  down  from  position  62,  elements  51 
and  52  are  again  joined  at  a  postion  64  and 
similarly  elements  53  and  54,  elements  55  and  56, 
and  elements  57  and  58  have  junctions  at  position 
64.  It  is  seen  that  after  position  64,  the  signal  on 
element  1  has  a  value  of  .37  as  does  the  signal  on 
element  52  while  the  signal  on  elements  53  and 
54  have  a  value  of  .1  2  and  the  remaining  elements 
still  have  a  signal  of  value  0. 

Still  further  down,  elements  52  and  53  are  again 
joined  together  at  a  position  66  as  are  elements  54 
and  55  and  elements  56  and  57  with  elements  51 
and  58  continuing  past  position  66.  Again,  by 
virtue  of  the  dividing  of  signals,  the  signal  on 
element  51  will  continue  to  be  .37  but  the  signals 
on  elements  52  and  53  will  now  be  .25  and  the 
signals  on  elements  54  and  55  will  now  be  .06 
while  elements  56,  57  and  58  continue  to  have  a  0. 

This  continues  in  a  similar  fashion  to  position 
68  where  elements  51  and  52,  elements  53  and  54, 
elements  55  and  56  and  elements  57  and  58  are 
again  joined  after  which  it  is  noted  that  the  value 
of  the  signal  on  elements  51  and  52  is  now  .31,  the 
value  on  elements  53  and  54  is  now  .16,  the  value 
of  the  signal  on  elements  55  and  56  is  now  .03  and 
elements  57  and  58  are  still  0. 

At  the  next  position  70  in  Figure  3,  elements  52 
and  53,  elements  54  and  55,  and  elements  56  and 
57  are  again  joined  with  elements  51  and  58 
passing  by  position  70  without  a  junction.  It  will 
be  noted  that  after  position  70,  element  51  has  a 
signal  of  value  .31,  elements  52  and  53  have  a 
signal  of  value  .24,  elements  54  and  55  have  a 
signal  of  value  .1,  elements  56  and  57  have  a 
signal  of  value  .015  and  element  58  continues  to 
have  a  0  signal. 

The  final  junction  is  shown  at  a  position  72 
where  elements  51  and  52,  elements  53  and  54, 
elements  55  and  56,  and  elements  57  and  58  are 

again  joined  and  it  is  now  seen  that  the  original  1 
appearing  on  element  51  has  been  spread 
throughout  the  entire  structure  so  that  at  least  a 
portion  of  that  signal  appears  on  all  of  the  output 

5  ends  81  —  88  of  the  fiber  optic  elements  51  —  58 
respectively.  Elements  51  and  52  now  have  a 
signal  of  value  .28,  elements  53  and  54  now  have 
a  signal  of  value  .17,  elements  55  and  56  now 
have  a  signal  of  value  .06  and  elements  57  and  58 

10  now  have  a  value  of  .007.  Thus,  the  input  signal 
has  been  spread  throughout  all  of  the  fibers  by 
use  of  the  repeated  junctions  between  pairs  of 
fiber  optic  elements. 

The  apparatus  of  Figure  3  has  several  undesir- 
15  able  features:  first,  a  fairly  large  number  of 

junctions  are  required  (25)  when  eight  fibers  are 
used  and  second,  the  outputs  81  —  88  differ  in 
magnitude  from  a  value  of  .28  to  a  value  of  .007. 
When  larger  number  of  fibers  are  used,  the 

20  number  of  junctions  increases  considerably  and 
the  size  of  the  smaller  signals  becomes  very 
small.  The  actual  number  of  junctions  is  given  by 
the  formula  JP=N2/2-N  +  1  where  JP  is  the 
number  of  junctions  and  N  is  the  number  of  fibers 

25  used  in  the  system.  The  structure  of  Figure  3  may 
be  referred  to  as  a  planar  coupler  and,  referring  to 
Figure  5  which  shows  the  number  of  junctions 
compared  with  the  number  of  fibers,  it  is  seen 
that  the  curve  identified  by  reference  numeral  90 

30  compares  the  number  of  fibers  and  the  number  of 
joints  for  a  planar  coupler. 

To  overcome  the  deficiencies  of  Figure  3,  a 
preferred  embodiment  of  the  present  invention 
proposes  a  coupling  arrangement  such  as  is 

35  shown  schematically  in  Figure  4. 
Figure  4  again  shows  eight  fiber  optic  elements, 

101  —  108,  respectively  and,  like  in  Figure  3,  an 
input  signal  of  value  1  is  shown  at  the  input  of 
element  101  while  the  remaining  elements  have 

40  an  input  signal  of  value  0.  Again  in  Figure  4,  the 
elements  are  gathered  together  in  pairs  with  101 
being  paired  with  102,  103  being  paired  with  104, 
105  being  paired  with  106,  and  107  paired  with 
108  and  then  the  pairs  are  joined  at  a  first  location 

45  110  in  a  manner  similar  to  that  shown  in  Figure  3. 
As  was  the  case  in  Figure  3,  the  magnitude  of  the 
signals  existing  after  the  junctions  at  position  110 
is  again..5  for  elements  101  and  102  and  0  for  the 
remaining  elements. 

so  After  the  junctions  at  position  110,  the  elements 
are  again  paired  but  in  a  manner  substantially 
different  from  that  shown  in  Figure  3.  As  shown  in 
Figure  4,  element  101  is  paired  with  element  106, 
element  103  is  paired  with  element  108,  element 

55  105  is  paired  with  element  102  and  element  107  is 
paired  with  element  104.  After  this  pairing 
arrangement,  the  pairs  are  again  joined  at  a 
position  1  12.  By  this  arrangement,  four  elements, 
105,  102,  101  and  106  have  a  signal  of  value  .25 

60  after  the  junction  at  position  112  while  elements 
107,  104,  103  and  108  continue  to  have  a  0  signal. 

After  the  junction  at  position  112,  the  elements 
are  again  paired  and  the  pairs  are  joined  together 
at  a  position  114.  It  is  seen  in  Figure  4  that 

65  element  107  is  now  joined  with  element  102, 

3 
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slement  101  is  now  joined  with  element  104, 
slement  103  is  now  joined  with  element  106  and 
jlement  105  ia  now  joined  with  element  108.  After 
he  junctions  at  position  114,  there  exists  output 
jortions  121—128  and  all  of  the  outputs  have  a 
signal  of  value  equal  to  .12.  It  is  also  noted  that  a 
number  of  junctions  used  in  Figure  4  is  12  which 
s  less  than  half  the  number  used  in  Figure  3.  The 
actual  number  of  junctions  used  with  any  number 
jf  fibers  is  given  by  the  expression  JN=N/2  log2N. 
rhus,  by  arranging  the  junctions  as  shown  in 
:igure  4,  a  uniform  output  is  obtained  and  a  far 
smaller  number  of  junctions  is  required. 

The  apparatus  of  Figure  4  may  be  referred  to  as 
a  nonplanar  coupler  since  it  requires  a  cross  over 
Df  fiber  optic  elements  in  various  locations 
throughout  the  system.  Figure  5  shows  the  com- 
aarison  of  the  number  of  joints  required  versus 
the  number  of  fibers  used  for  the  nonplanar 
:oupler  along  a  curve  identified  by  reference 
numeral  130.  It  is  seen  that  as  the  number  of 
Fibers  increases,  the  difference  between  the 
number  of  joints  used  for  the  nonplanar  coupler 
becomes  more  and  more  significant  with  respect 
to  the  number  of  joints  used  with  respect  to  the 
planar  coupler. 

While  Figure  4  is  shown  to  have  eight  fiber  optic 
elements,  the  principles  in  the  connections  of 
joints  with  respect  to  various  pairs  can  be  applied 
to  any  number  of  elements.  Figure  6  shows  a  32 
element  system  and  the  procedure  by  which  they 
are  joined  in  pairs  and  coupled.  In  Figure  6,  the  32 
fiber  optic  elements  are  identified  by  lines 
201  —  232.  For  simplicity  in  Figure  6,  an  X  has  been 
placed  between  any  two  fiber  optic  elements  that 
are  coupled  together  and  it  is  therefore  seen  that 
elements  201  and  202  as  well  as  elements  203  and 
204,  elements  205  and  206  ...  elements  231  and 
232  are  coupled  at  a  first  position  240.  Element 
201  then  is  shown  leading  upwards  and  hooking 
downwardly  to  indicate  that  it  traverses  all  of  the 
other  fiber  optic  elements  and  appears  again  at 
the  bottom  as  element  201  and  from  thence 
upwardly  at  an  angle  where  it  is  shown  being 
paired  with  element  218.  Element  203  in  similar 
fashion  is  shown  leading  up  to  the  right  where  it 
hooks  downwardly  and  appears  again  at  the 
bottom  and  then  leads  upward  to  the  right  where 
it  is  paired  with  element  220.  Likewise,  elements 
205,  207,  209,  211,  213  and  215  are  shown  moving 
up  to  the  right  hooking  down,  appearing  at  the 
bottom  and  moving  up  to  the  right  to  be  paired 
with  elements  222,  224,  226,  228,  230  and  232 
respectively.  Elements  217,  219,  221,  223,  225, 
227,  229  and  231  are  shown  moving  up  to  the 
right  to  be  paired  with  elements  202,  204,  206, 
208,  210,  212,  214  and  216  respectively.  As  can  be 
seen,  each  of  the  elements  in  effect  moves  up  16 
positions  after  the  junctures  at  position  240  to  be 
paired  with  a  new  element.  After  being  so  paired, 
the  elements  are  again  joined  at  a  position  shown 
as  242.  After  the  signals  are  combined  at  position 
242,  all  of  the  elements  now  move  up  eight 
positions  in  Figure  6  where  they  are  again  paired 
with  a  new  element  and  then  coupled  at  a  posi- 

tion  shown  as  244.  After  the  signals  are  comDinea 
at  position  244,  the  elements  again  move  up  but 
this  time  four  positions  to  form  new  pairings  and 
junctures  at  position  246  after  which  time  the 

5  elements  move  up  two  positions  to  form  a  final 
pairing  and  juncture  at  position  248.  The  right- 
hand  end  of  Figure  6  shows  the  arrangement  of 
the  various  elements  201  —  232  after  the  pairings 
and  junctures.  In  general,  one  convenient  way  of 

ro  establishing  which  elements  should  be  paired 
with  which  elements,  it  is  seen  that  by  taking  the 
number  of  elements  and  dividing  by  two  and  then 
moving  each  odd  numbered  element  up  by  that 
number  to  form  the  new  pairing  and  then  after  the 

is  new  pairing  taking  the  number  of  elements  divid- 
ing  by  four  and  moving  each  odd  numbered 
element  up  by  that  amount  and  after  the  second 
pairing  moving  each  odd  numbered  element  up 
by  the  number  of  elements  divided  by  eight,  etc., 

zo  until  a  position  is  reached  where  each  odd  num- 
bered  element  only  moves  upward  two  at  which 
time  there  will  be  a  coupling  of  the  signals  which 
may  exist  on  anyone  of  the  input  elements  to  all 
of  the  output  elements. 

25  The  described  coupling  arrangement  is  com- 
pletely  satisfactory  if  the  number  of  fiber  optic 
elements  is  equal  to  a  power  of  2.  If  the  number  of 
elements  is  other  than  a  power  of  2,  then  at  some 
locations  certain  fibers  will  not  be  paired  and  the 

30  final  output  signal  on  all  of  the  fibers  will  not  be 
exactly  equal.  At  worst,  the  ratio  between  the 
brightest  output  and  the  dimmest  will  be  a  factor 
of  two.  This  is  considerably  better  than  the  factor 
of  .28/.007=40  achieved  by  the  planar  coupler  of 

35  Figure  3.  This  is  satisfactory  for  most  require- 
ments  but  if  not,  extra  fibers  may  be  added  to  the 
coupler  to  make  a  power  of  2  and  then  the  extras 
will  not  be  used  or  can  act  as  spares  if  other  fibers 
fail. 

40  The  procedure  for  coupling  described  above  is 
not  critical.  After  each  junction,  the  next  pairing 
should  be  to  combine  a  fiber  which  has  a  signal 
with  one  which  does  not  so  as  to  maximize  the 
sharing  and  minimize  the  joints. 

45 
Claims 

1  .  Apparatus  for  fiber  optic  coupling  comprising 
a  plurality  of  N=2n  (n=2,  3,  ...  )  optical  fibers 

so  having  adjacent  input  portions  (101  —  108; 
201—232)  and  adjacent  output  portions 
(121—128)  and  a  plurality  of  coupling  junctions 
(110  —  114;  240  —  248)  each  junction  being  such 
that  an  input  optical  signal  appearing  on  the  input 

55  side  of  either  optical  fiber  of  a  pair  of  coupled 
fibers  is  divided  by  the  coupler  resulting  in  a 
portion  of  said  optical  signal  appearing  on  the 
output  side  of  each  optical  fiber  of  said  pair,  the 
couplers  being  disposed  between  the  input  and 

60  output  portions  and  arranged  in  n  sets  at  a 
sequential  series  of  n  different  locations  respec- 
tively,  adjacent  pairs  of  optical  fibers  being 
coupled  together  at  the  first  location  (110;  240), 
characterized  in  that  each  optical  fiber  (101,  103, 

65  105,  107;  201,  203,  ...  )  disposed  on  the  output 

4 
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side  of  each  said  adjacent  pair  is  coupled  at  n-1 
further  locations  (1  12,  1  14;  242,  244,  246,  248)  to  a 
different  optic  fiber  (106,  104;  108,  106;  102,  108, 
104,  102;  218,  210,  206,  204;  220,  212,  208, 
206;  ...  )  of  the  N/2—  1  other  pairs  with  no  two 
fibers  of  any  pair  being  coupled  together  twice  so 
that  any  input  optical  signal  at  an  input  portion  is 
divided  into  equal  amounts  at  the  output  portions 
of  said  optical  fibers. 

2.  Apparatus  according  to  claim  1,  wherein  the 
N  input  portions  are  arranged  in  a  column  and 
wherein  each  odd  numbered  optical  fiber  is 
coupled  to  the  even  numbered  optical  fiber  below 
it  at  said  first  location,  charcterized  in  that  each 
odd  numbered  optical  fiber  (101,  103,  105,  107; 
201,  203,  ...  )  is  moved  up  by  a  number  N/2  to 
form  a  new  pairing  coupling  at  a  second  location 
(112,  242),  then  is  moved  up  by  a  number  N/4  to 
form  a  new  pairing  coupling  at  a  third  location 
(114,  244),  then  is  moved  up  by  a  number  N/8  to 
form  a  new  pairing  coupling  at  a  fourth  location 
(246)  etc,  until  position  is  reached  where  each 
odd  numbered  optical  fiber  is  moved  up  by  a 
number  two  at  which  time  there  will  be  an  equal 
coupling  of  an  signal  which  exist  on  anyone 
of  the  input  portions  to  all  of  the  output 
portions. 

Patentanspriiche 

1.  Faseroptische  Kopplungsvorrichtung  mit 
einer  Mehrzahl  von  N=2"(n=2,  3  ...  )  optischen 
Fasern  mit  benachbarten  Eingangsteilen 
(101  —  108;  201  —  232)  und  benachbarten  Aus- 
gangsteilen  (121—128)  und  mehreren  Koppelver- 
bindungen  (110—1  14;  240—248),  wobei  jede  Ver- 
bindung  dergestalt  ist,  daB  ein  optisches  Ein- 
gangssignal  auf  der  Eingangsseite  irgendeiner 
optischen  Faser  eines  Paares  von  gekoppelten 
Fasern  durch  den  Koppler  geteilt  wird,  so  daB  ein 
Teil  des  optischen  Signales  auf  der  Ausgangs- 
seite  einer  jeden  optischen  Faser  des  Paares 
erscheint,  wobei  die  Koppler  zwischen  den  Ein- 
und  Ausgangsteilen  in  n  Gruppen  in  einer  aufein- 
anderfolgenden  Reihe  von  n  unterschiedlichen 
Orten  jeweils  angeordnet  sind  und  wobei  benach- 
barte  Paare  von  optischen  Fasern  an  einem  ersten 
Ort  (110;  240)  zusammengekoppelt  sind,  dadurch 
gekennzeichent,  daB  jede  optische  Faser  (101, 
103,  105,  107;  201,  203  ...  )  auf  der  Ausgangsseite 
eines  jeden  benachbarten  Paares  an  n-1  weiteren 
Orten  (112,  114;  242,  244,  246,  248)  mit  einer 
anderen  optischen  Faser  (106,  104;  108,  106;  102, 
108,  104,  102;  218,  210,  206,  204;  220,  212,  208, 
206;  ...  )  der  N/2  —  1  anderen  Paare  gekoppelt  ist, 
wobei  keine  zwei  Fasern  irgendeines  Paares  zwei- 
mal  miteinander  gekoppelt  sind,  so  daB  irgendein 
optisches  Eingangssignal  an  einem  Eingangsteil 
in  gleiche  Betrage  an  den  Ausgangsteilen  der 
optischen  Fasern  unterteilt  wird. 

2.  Vorrichtung  nach  Anspruch  1,  wobei  N  ein- 
gangsteile  in  eine  Spalte  angeordnet  sind  und 
wobei  jede  ungeradzahlige  optische  Faser  mit  der 
geradzahligen  optischen  Faser  darunter  an  dem 
ersten  Ort  gekoppelt  ist,  dadurch  gekennzeichnet, 

daB  jede  ungeradzahlige  optische  Faser  (101,  103, 
105,  107;  201,  203,  ...  )  urn  ein  Zahl  N/2  nach  oben 
bewegt  wird,  um  ein  neues  Koppelpaar  an  einem 
zweiten  Ort  (112,  242)  zu  bilden,  um  eine  Zahl  N/4 

5  nach  oben  bewegt  wird,  un  ein  neues  Koppelpaar 
an  einem  dritten  Ort  (114,  244)  zu  bilden,  um  eine 
Zahl  N/8  nach  oben  betwegt  wird,  um  ein  neues 
Koppelpaar  an  einem  vierten  Ort  (246)  zu  bilden 
usw.  bis  eine  Position  erreicht  ist,  wo  jede  unge- 

io  radzahlige  optische  Faser  um  eine  Zahl  2  nach 
oben  bewegt  worden  ist,  zu  welchem  Zeitpunkt 
eine  gleiche  Kopplung  eines  Signales  an  irgendei- 
nem  der  Eingangsteile  zu  alien  Ausgangsteilen 
vorliegt. 

15 
Revendications 

1.  Appareil  pour  le  couplage  de  fibres  optiques 
comprenant  plusieurs  fibres  optiques  N=2n(n=2, 

20  3  ...  )  ayant  des  regions  d'entree  adjacentes 
(101—108;  201—232)  et  des  regions  de  sortie 
adjacentes  (121  —  128)  et  plusieurs  jonctions  de 
couplage  (110  —  114;  240  —  248),  chaque  couplage 
etant  tel  qu'un  signal  optique  d'entree  apparaTs- 

25  sant  sur  le  cote  entree  de  I'une  quelconque  des 
fibres  optiques  d'une  paire  de  fibres  couplees  soit 
divise  par  le  coupleur,  resultant  en  une  partie 
dudit  signal  optique  apparaTssant  sur  le  cote  de 
sortie  de  chaque  fibre  optique  de  ladite  paire,  les 

30  "coupleurs  etant  disposes  entre  les  regions  d'en- 
tree  et  de  sortie  et  disposes  selon  n  ensembles  et 
une  serie  sequencielle  de  n  positionnements  dif- 
ferents  respectivement,  des  paires  adjacentes  de 
fibres  optiques  etant  couplees  ensemble  au  pre- 

35  mier  positionnement  (110,  240),  caracterise  en  ce 
que  chaque  fibre  optique  (101,  103,  105,  107;  201, 
203  ...  )  disposee  sur  le  cote  sortie  de  chaque 
paire  adjacente  est  couplee  en  (n-1)  positionne- 
ments  (112,  114;  242,  244,  246,  248)  a  une  fibre 

40  optique  differente  (106—104);  108—106;  102,  108, 
104,  102;  218;  210,  206,  204;  220,  212,  208, 
206;  ...  )  des  N/2  —  1  autres  paires,  aucune  des 
deux  fibres  de  chaque  paire  n'etant  couplees 
ensemble  deux  fois  de  maniere  que  n'importe 

45  quel  signal  optique  d'entree  sur  une  region  d'en- 
tree  soit  divise  en  d'egales  quantites  aux  regions 
de  sortie  desdites  fibres  optiques. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
les  N  regions  d'entree  sont  disposees  selon  une 

so  colonne  et  dans  laquelle  chaque  fibre  optique  de 
numero  impair  est  couplee  a  la  fibre  optique  de 
meme  reference  en  aval  de  celle-ci  audit  premier 
positionnement,  caracterise  en  ce  que  chaque 
fibre  optique  de  reference  impaire  (101,  103,  105, 

55  107;  201,  203)  est  deplacee  vers  le  haut  par  un 
nombre  N/2  pour  former  un  nouveau  couplage  de 
paires  a  un  second  positionnement  (112,  242), 
puis  est  deplacee  vers  le  haut  d'un  nombre  N/4 
pour  former  un  nouveau  couplage  de  paires  a  un 

60  troisieme  positionnement  (114,  244),  puis  est 
deplacee  vers  le  haut  par  un  nombre  N/8  pour 
former  un  nouveau  couplage  de  paires  a  un 
quatrieme  positionnement  (246)  etc,  jusqu'a  ce 
qu'une  position  soit  atteinte  dans  laquelle  chaque 

65  fibre  optique  de  reference  impaire  est  deplacee 

5 
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vers  le  haut  par  un  nombre  2,  de  sorte  qu'a  cet  present  sur  n'importe  quelle  region  d'entree  vers 
instant,  ii  y  a  un  couplage  egal  d'un  signal  qui  est  toutes  les  regions  de  sortie. 
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