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Description 

The  present  invention  relates  to  an  optical  coupler  and  a  method  of  producing  the  same,  and  more  partic- 
ularly,  it  relates  an  optical  coupler  which  comprises  a  plurality  of  all  plastic  fibers. 

5  The  Japanese  Patent  Laid-Open  Gazette  No.  62-153906  discloses  an  optical  coupler  (See  Fig.  1).  The 
optical  coupler  is  formed  by  a  plurality  of  optical  fibers  1  each  of  which  has  a  core  1a  and  a  clad  1  b  surrounding 
the  core  1a.  More  precisely,  intermediate  portions  2  of  the  optical  fibers  1  are  dipped  in  sulfuric  acid  to  remove 
the  clads  therefrom,  following  which  the  optical  fibers  1  are  bundled  up  while  the  intermediate  portions  thereof 
being  in  contact  with  each  other.  Then,  the  exposed  cores  1a  are  thermally  fused  together. 

10  The  prior  art  is  employed  with  glass  fibers  in  which  a  core  1a  is  made  of  glass  material  such  as  quartz, 
and  therefore  requires  further  improvement  when  employed  with  all  plastic  fibers  in  which  a  core  1a  is  made 
of  plastic  material.  This  is  because:  Cores  1a  are  thermally  fused  after  bundled  up  in  intermediate  portions  2. 
This  causes  the  cores  1a  in  intermediate  portions  2  to  shrink  upon.  Consequently,  optical  loss  such  as  excess 
loss  increases.  In  addition,  clads  1b  near  the  intermediate  portion  2  would  also  be  heated  during  fusing,  causing 

15  serious  problems  in  the  all  plastic  fibers  1.  The  problems  with  the  all  plastic  fibers  1  include  deformation  due 
to  the  molten  clads  1  b  and  deteriorated  characteristics  resulting  from  diffusing  the  clad  material  into  the  cores 
1a.  Diffusion  of  the  clad  material  is  particularly  problematic  because  it  largely  increases  optical  loss. 

The  present  invention  is  directed  to  a  method  of  producing  an  optical  coupler  and  networks  of  optical  cou- 
ples  as  defined  in  claims  1,  9,  10  &  11. 

20  The  present  invention  is  also  directed  to  an  optical  coupler  and  networks  of  optical  couplers  as  defined  in 
claims  12,  14  &  15. 

These  and  other  objects,  features,  aspects  and  advantages  of  the  present  invention  will  become  more  ap- 
parent  from  the  following  detailed  description  of  the  present  invention  when  taken  in  conjunction  with  the  ac- 
companying  drawings. 

25  Fig.  1  is  a  view  of  a  conventional  optical  coupler; 
Fig.  2  is  a  view  of  an  apparatus  for  manufacturing  an  optical  coupler  according  to  the  present  invention; 
Figs.  3A,  3B  and  4  are  perspective  views  explaining  the  embodiments  of  the  present  invention,  respec- 
tively; 
Fig.  5  is  a  schematic  view  of  an  optical  coupler  produced  in  accordance  with  the  embodiments  of  the  pres- 

30  ent  invention; 
Fig.  6  is  a  schematic  view  of  an  optical  coupler  according  to  a  fifth  embodiment  of  the  present  invention; 
Figs.  7A  to  7C  are  schematic  views  showing  the  manufacturing  procedure  for  the  optical  coupler  of  Fig. 
6,  respectively; 
Fig.  8  is  a  schematic  view  of  an  optical  coupler  with  the  distribution  number  N  of  "6"; 

35  Fig.  9  is  a  schematic  view  of  an  optical  coupler  with  the  distribution  number  N  of  "8"; 
Figs.  10  and  11  are  schematic  views  of  optical  couplers  according  to  a  sixth  embodiment  of  the  present 
invention,  respectively; 
Figs.  12Ato  12Care  schematic  views  showing  the  manufacturing  procedure  for  an  optical  coupler  accord- 
ing  to  a  seventh  embodiment  of  the  present  invention,  respectively; 

40  Figs.  13Ato  13Care  schematic  views  showing  the  manufacturing  procedure  for  an  optical  coupler  accord- 
ing  to  an  eighth  embodiment  of  the  present  invention,  respectively; 
Figs.  14Ato  14Care  schematic  views  showing  the  manufacturing  procedure  for  an  optical  coupler  accord- 
ing  to  a  ninth  embodiment  of  the  present  invention,  respectively; 
Figs.  15  and  16  are  views  schematically  showing  propagation  of  light  in  a  coupling  segment,  respectively; 

45  Figs.  17  and  18  are  perspective  views  of  a  hollow  cover,  respectively;  and 
Fig.  1  9  is  a  perspective  sectional  view  of  the  hollow  cover  of  Figs.  1  7  and  1  8. 

A.  Apparatus  for  Manufacturing  Optical  Coupler 

50  Fig.  2  is  a  view  of  an  apparatus  for  manufacturing  an  optical  coupler  according  to  the  present  invention. 
The  term  "the  apparatus"  refers  to  the  apparatus  for  manufacturing  an  optical  coupler.  Figs.  3A,  3B  and  4  are 
explanatory  perspective  views  of  the  apparatus,  respectively. 

The  apparatus  includes  a  jig  20  for  supporting  two  all  plastic  fibers  10  and  11,  the  all  plastic  fibers  10  and 
11  being  formed  by  cores  10a  and  11a  surrounded  by  clads  10b  and  11b,  respectively.  The  term  "fiber"  refers 

55  to  the  all  plastic  fiber.  The  jig  20  comprises  a  lower  welding  mold  21  and  an  upper  welding  mold  22,  which  are 
engageable  with  each  other  (Fig.  3A  or  3B).  The  lower  and  the  upper  mold  21  and  22  are  made  of  metal  or 
resin. 

The  lower  welding  mold  21  has  a  groove  21a  on  its  upper  surface,  and  the  upper  welding  mold  22  has  a 
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groove  22a  on  its  bottom  surface,  the  grooves  21a  and  22a  extending  in  a  direction  X.  First,  the  fibers  10  and 
11  extending  in  the  X-direction  are  placed  in  parallel  juxtaposition  to  each  other.  Then,  the  upper  welding  mold 
22  is  moved  upward  while  moving  the  welding  mold  21  downward  in  such  a  manner  that  the  fibers  10  and  11 
are  mounted  in  the  grooves  21a  and  22a,  respectively.  The  fibers  10  and  11  are  held  in  direct  contact  with 

5  each  other  in  a  predetermined  position  when  the  upper  welding  mold  22  engages  with  the  lower  welding  mold 
21. 

The  elements  identified  by  the  reference  numbers  23  and  24  are  spacers  made  of  elastic  material  such 
as  silicone  rubber.  The  spacers  23  and  24  are  inserted  between  the  lower  welding  mold  22  and  the  upper  weld- 
ing  mold  21  to  prevent  relative  inclination  of  the  lower  and  the  upper  welding  mold  21  and  22  as  well  as  dislo- 

10  cation  of  the  fibers  1  0  and  1  1  . 
In  addition,  the  apparatus  is  provided  with  an  ultrasonic  welding  device  30  (Fig.  2).  A  vibrator  31  of  the 

ultrasonic  welding  device  30  is  connected  to  a  top  surface  22b  of  the  upper  welding  mold  22.  The  vibrator  31 
vibrates  in  a  vertical  direction  during  the  ultrasonic  welding  device  30  is  operating.  The  vibration  energy  of  the 
vibrator  31  would  be  applied  to  a  contacting  segment  of  the  fibers  10  and  11  through  the  upper  welding  mold 

15  22. 
The  apparatus  further  includes  a  pressure  application  device  (not  shown)  for  applying  specified  pressure 

to  the  ultrasonic  welding  device  30  from  an  upper  direction.  When  the  pressure  application  device  is  activated, 
specified  pressure  is  applied  to  the  fiber  11  through  the  ultrasonic  welding  device  30  and  the  upper  welding 
mold  22,  whereby  the  fiber  11  is  pressed  against  the  fiber  10. 

20 
B.  2  x  2  Channeled  Optical  Coupler 

B-1.  First  Embodiment 

25  Now,  explanation  is  given  on  the  method  of  producing  an  optical  coupler  from  two  fibers  made  of  non- 
crosslinked  polymethyl  methacrylate  with  the  apparatus.  First,  an  operator  places  fibers  10  and  11  in  the  pre- 
determined  positions  (Fig.  3A)  and  gives  a  command  through  an  operating  panel  not  shown  to  start  production. 
In  response  to  this,  the  jig  20  holds  the  two  fibers  10  and  11  in  accordance  with  a  instruction  from  a  control 
part  (not  shown)  which  controls  the  whole  apparatus. 

30  Thereafter,  the  pressure  application  device  is  operated  to  apply  specified  pressure  to  the  fiber  11  through 
the  ultrasonic  welding  device  30  and  the  upper  welding  mold  22,  so  that  the  fiber  11  is  pressed  against  the 
fiber  10.  Next,  the  ultrasonic  welding  device  30  is  operated,  and  the  contacting  segment  of  the  fibers  10  and 
11  receives  vibration  energy  while  being  under  predetermined  pressure.  Then,  at  initial  stage  of  this,  the  clads 
10b  and  11b  in  the  contacting  segment  are  destroyed  and  pushed  away  in  a  direction  Y  perpendicular  to  the 

35  X-direction  (Fig.  2),  following  which  the  cores  10a  and  11a  are  partially  fused  together.  This  results  in  formation 
of  a  coupling  segment  41  and  four  fiber  branches  42  to  45  each  of  which  extends  therefrom  longitudinally  to 
the  fibers  10  and  11. 

On  completion  of  the  partial  coupling  of  the  cores  10a  and  10b,  the  control  part  gives  a  stop  command, 
to  thereby  stop  the  ultrasonic  welding  device  30  and  the  pressure  application  device  and  further  to  take  out 

40  thus  produced  optical  coupler  40A  (Fig.  5)  from  the  jig  20.  As  in  Fig.  5,  the  optical  coupler  40A  has  2x2  chan- 
nels;  that  is,  the  fiber  branches  42  and  43  each  of  which  is  to  serve  as  an  input  port  (or  an  output  port)  and 
the  fiber  branches  44  and  45  each  of  which  is  to  serve  as  an  output  port  (or  an  input  port). 

Examplary  measurement  of  an  optical  coupler  produced  in  such  manner  will  now  be  discussed.  The  optical 
coupler  was  produced  under  certain  conditions.  The  conditions  are  as  follows: 

45  Pressure  =  10  kgf; 
Vibration  Frequency  =  15  kHz; 
Vibration  Amplitude  =  40  ^m; 
Vibration  Application  Time  =  0.5  sec;  and 
Length  of  Coupling  Segment  41  (i.e.,  ()  =  20  mm. 

50  An  optical  power  measurement  system  was  used  for  evaluation  of  the  characterstics  of  the  optical  coupler 
40A.  The  optical  power  measurement  system  includes  a  light  source  foroutputting  red  light  and  a  detector  for 
measuring  energy  of  light  passing  through  an  optical  device.  In  the  optical  power  measurement  system,  red 
light  of  11.74  ^W  is  received  by  the  detector  when  one  end  of  a  clad-coated  fiber,  cut  to  the  same  length  as 
the  optical  coupler  40A,  is  connected  to  the  light  source  while  other  end  thereof  connected  to  the  detector.  More 

55  particularly,  fiber  branches  42  to  45  were  individually  connected  to  the  light  source  of  the  optical  power  meas- 
urement  system,  the  fiber  branches  42  to  45  acting  as  a  first  to  a  fourth  input  or  output  port,  respectively.  Then, 
output  values  at  fiber  branches  in  the  opposite  side  to  the  connected  fiber  branch  were  measured;  for  example, 
output  values  at  the  fiber  branches  44  and  45  (the  third  and  the  fourth  port)  are  measured  when  the  fiber  branch 

3 



EP  0  439  125  B1 

42  (the  first  port)  is  connected  to  the  light  source.  Thereafter,  excess  loss  and  divergence  ratio  were  obtained 
from  the  measured  values.  Table  1  gives  the  results. 

s  Tab le   1 

I n p u t   :  f i r s t   port  second  port  th i rd   port   fourth  p o r t  
10  Ou tpu t   : 

f i r s t   port   -  -  5 .236   uW  4 .767   uW 

second  port  -  -  4 .037   uW  5 .020   uW 
15 

th i rd   port   6 .520   uW  3.279  uW 

fourth   port  3 .048   uW  6 .446  uW 

Loss  (dB)  0 .89   0.82  1.03  0 . 7 9  
20 

D i v e r g e n c e  
R a t i o   2 . 1 : 1 . 0   1 . 0 : 2 . 0   1 . 3 : 1 . 0   1 . 0 : 1 . 1  

25  For  example,  when  red  light  is  given  from  a  LED  to  the  fourth  port  (fiber  branch  45),  the  output  values  at 
the  first  port  (fiber  branch  42)  and  the  second  port  (fiber  branches  43)  are  4.767  and  5.020  ^W,  respectively, 
and  the  divergence  ratio  of  the  optical  coupler  is  1.0:1.1.  The  excess  loss  EL  is  obtained  as: 

EL  =  -lO.log4-76^^5-020  =  0.79  (dB) 

30  Thus,  an  optical  coupler  40A  having  low  excess  loss  can  be  produced  according  to  the  production  method 
of  the  present  invention. 

As  described  above,  the  following  effects  are  obtainable  according  to  the  first  embodiment: 
(1)  So-called  ultrasonic  welding  is  adopted  in  producing  the  optical  coupler  40A  according  to  the  first  em- 
bodiment,  so  that  there  is  no  thermal  effect  on  the  fibers  10  and  11  and  hence  no  increase  of  excess  loss 

35  due  to  shrinkage  of  the  fibers  10  and  11  caused  by  heating.  In  fact,  as  in  Table  1,  an  optical  coupler  40A 
having  low  excess  loss  were  successfully  produced  according  to  the  first  embodiment. 
(2)  There  is  no  deformation  of  the  fibers  10  and  11  caused  by  heat  or  diffusing  clad  material  into  the  cores 
10a  and  11a,  for  the  reasons  being  the  same  as  above.  Hence,  the  optical  coupler  40A  can  be  produced 
without  deteriorating  characteristics  thereof. 

40  (3)  The  optical  coupler  40A  offers  simplicity  and  lower  producing  cost  since  no  attempts  are  made  to  re- 
move  any  of  the  clad  prior  to  fusing  the  fibers  10  and  11. 
(4)  Time  required  for  coupling  fibers  10  and  11  is  not  more  than  1  second  (0.5  sec.  in  the  first  embodiment). 
Thus,  the  optical  coupler  40A  can  be  produced  in  a  very  short  time. 

45  B-2.  Second  Embodiment 

The  following  description  represents  the  method  of  producing  an  optical  coupler  from  two  polycarbonate 
fibers  using  the  apparatus.  First,  clads  10b  and  11b  of  fibers  10  and  11  are  removed  over  a  predetermined 
length,  respectively.  Removal  of  the  clads  is  done  by  a  chemical  process  using  an  etchant  such  as  methyl  me- 

50  thacrylate  or  by  a  mechanical  process  such  as  grinding.  Thus,  cores  10a  and  11a  of  the  fibers  10  and  11  are 
partially  exposed,  respectively.  Such  exposed  portions  will  be  hereinafter  referred  to  as  "the  exposed  core  seg- 
ments  10a'  and  11a'"  for  the  sake  of  convenience. 

An  operator  places  the  fibers  10  and  11,  which  has  gone  through  the  clad  removal,  in  the  specified  posi- 
tions  (Fig.  3B).  Then,  the  operator  instructs  to  start  production  through  the  operating  panel  (not  illustrated), 

55  responding  to  this,  a  control  part  not  shown  for  controlling  the  whole  apparatus  starts  operating.  Thus,  a  jig 
20  holds  the  two  fibers  10  and  11  according  to  a  command  from  the  control  part. 

Subsequently,  a  pressure  application  device  is  operated  to  apply  predetermined  pressure  to  the  fiber  11 
through  an  ultrasonic  welding  device  30  and  the  upper  welding  mold  22,  to  thereby  press  the  exposed  core 
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segment  11a'  into  contact  with  the  exposed  core  segment  10a'.  Following  this,  the  ultrasonic  welding  device 
30  applies  its  vibration  energy  to  the  contacting  segment  of  the  exposed  core  segments  10a',  11b'.  During  this, 
the  pressure  application  device  keeps  applying  the  predetermined  pressure  to  the  contacting  segment.  Thus, 
the  exposed  core  segments  10a'  and  11b'  are  fused  together,  whereby  a  coupling  segment  41  and  four  fiber 

5  branches  42  to  45  are  formed. 
On  completion  of  the  coupling  of  the  exposed  core  segments  10a'  and  11b',  the  control  part  operates  the 

ultrasonic  welding  device  30  and  the  pressure  application  device  to  stop.  Finally,  an  optical  coupler  40B  pro- 
duced  as  above  is  taken  out  from  the  jig  20  (Fig.  5).  As  in  Fig.  5,  the  optical  coupler  40B  is  identical  to  the 
optical  coupler  40A  in  structure. 

10  Examplary  measurement  of  an  optical  coupler  40B  produced  in  the  above  manner  will  now  be  discussed. 
The  optical  coupler  40B  was  produced  under  specified  conditions,  the  conditions  being: 

Length  of  Exposed  Core  Segment  =  20  mm; 
Pressure  =  10  kgf; 
Vibration  Frequency  =  15  kHz; 

15  Vibration  Amplitude  =  40  ^m; 
Vibration  Application  Time  =  0.5  sec;  and 
Length  of  Coupling  Segment  41  (i.e.,  ()  =  20  mm. 

The  aforementioned  optical  power  measurement  system  was  used  for  evaluation  of  the  characteristics. 
Precisely,  a  fiber  branch  42  of  the  optical  coupler  40B  was  connected  to  the  light  source  of  the  optical  power 

20  measurement  system,  the  fiber  branch  42  serving  as  a  first  input  or  output  port.  Then,  light  of  a  wavelength 
of  660  nm  (P42  =  13  ^W)  from  a  LED  was  entered  to  the  fiber  branch  42  acting  as  the  first  input  port,  and  the 
output  values  P44  and  P45  were  measured,  the  values  P44  and  P45  being  at  the  ends  of  the  fiber  branches  44 
and  45,  which  serve  as  a  third  and  a  fourth  output  port,  in  the  opposite  side  to  the  fiber  branch  42  (the  first 
input  port),  respectively.  The  output  values  P44  and  P45  were  3.95  ^w  and  4.55  ^w,  respectively.  Hence,  the 

25  divergence  ratio  was  1  .0:1  .1  ,  and  the  excess  loss  EL  is: 

EL  =  -  10  ■  log  3,9*L+  J*-55  =  1.845  (dB) a  13.00  v  ' 
Further,  light  (P43  =  13  ^W)  from  the  LED  was  inputted  at  the  end  of  the  fiber  branch  43  (the  second  input 

port)  to  measure  output  values  P^  and  P45  at  the  ends  of  the  fiber  branches  44  and  45  (the  third  and  the  fourth 
30  output  port),  which  are  situated  in  the  opposite  side  to  the  fiber  branch  43  (the  second  input  port).  The  output 

value  P^was  3.73  nWand  the  value  P45  was  4.87  |*W.  Hence,  the  divergence  ratio  was  1.0:1.3,  and  the  excess 
loss  EL  is: 

EL  =  -  10  ■  log  3-73  +  4-87  =  1-794  (dB) a  13.00  v  ' 
35  Thus,  as  can  be  seen  from  these  results,  an  optical  coupler  40B  having  low  excess  loss  can  be  produced 

according  to  the  production  method  of  the  present  invention.  In  addition,  the  optical  coupler  40B  serves  as  an 
optical  device  having  nearly  equal  distribution. 

In  the  second  embodiment,  the  fiber  branches  42  and  43  act  as  an  input  port  while  the  fiber  branches  44 
and  45  act  as  an  output  port.  It  must  be  noted  here  that  the  respective  fiber  branches  42  to  45  are  an  input 

40  port  as  well  as  an  output  port. 
As  described  before,  in  the  second  embodiment,  the  optical  coupler  40B  is  produced  by  the  so-called  ul- 

trasonic  welding,  which  accompanies  no  heating.  Owing  to  absence  of  thermal  effect,  the  fibers  10  and  11  do 
not  shrink,  and  therefore,  excess  loss  would  not  be  deteriorated.  This  is  the  same  as  in  the  first  embodiment. 
Thus,  an  optical  coupler  40B  having  low  excess  loss  can  be  produced  according  to  the  second  embodiment. 

45  Further,  the  characteristics  of  the  optical  coupler  40B  are  not  disgraced  during  the  production.  Still  another 
advantage  in  producing  the  optical  coupler  40B  is  largely  reduced  production  time;  that  is,  the  time  required 
for  coupling  the  fibers  10  and  11  is  not  more  than  1  second,  to  be  precise,  0.5  second  in  the  second  embodi- 
ment. 

Here,  it  is  iterated  that  in  the  second  embodiment  the  optical  coupler  40B  is  formed  by  the  fibers  10  and 
50  11  made  of  polycarbonate  plastic,  which  is  generally  known  as  so-called  heat  resistant  fiber.  This  allows  the 

optical  coupler  40B  to  be  enough  use  in  rather  high  temperature,  thus  bringing  about  one  more  advantage  in 
addition  to  those  recited  above. 

B-3.  Third  Embodiment 
55 

In  the  following  part,  explanation  is  given  on  the  method  of  producing  an  optical  coupler  from  two  fibers 
of  crosslinked  polymethyl  methacrylatewith  the  apparatus.  Substantially  the  same  as  the  second  embodiment, 
the  production  method  will  not  be  explained  in  detail  here. 
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Examplary  measurements  of  three  optical  couplers  40C  produced  in  a  similar  manner  as  the  second  em- 
bodiment  will  now  be  discussed.  The  respective  optical  couplers  40C  were  produced  under  the  following  con- 
ditions: 

Length  of  Exposed  Core  Segment  =  20  mm; 
Pressure  =  10  kgf; 
Vibration  Frequency  =  15  kHz; 
Vibration  Amplitude  =  40  ^m; 
Vibration  Application  time  =  0.5  sec;  and 
Length  of  Coupling  Segment  41  (i.e.,  ()  =  20  mm. 

The  aforementioned  optical  power  measuring  system  was  used  for  evaluation  of  the  characteristics  of  the 
optical  couplers  40C.  Precisely,  a  fiber  branch  42  of  each  of  the  optical  couplers  40C  was  individually  con- 
nected  to  the  light  source  of  the  optical  power  measurement  system.  Then,  red  light  (=17  ^W)  from  a  LED  is 
injected  into  the  fiber  branch  42  in  order  to  measure  output  values  at  the  ends  of  the  fiber  branches  44  and 
45,  which  are  in  the  opposite  side  to  the  fiber  branch  42.  Further,  a  fiber  branch  43  of  each  of  the  optical  cou- 
plers  40C  was  in  turn  connected  to  the  light  source.  Then,  output  values  at  the  ends  of  the  fiber  branches  44 
and  45  were  measured,  similuarly  to  the  above.  Then,  the  excess  loss  EL  and  the  divergence  ratio  were  cal- 
culated.  Tables  2  to  4  show  the  results  with  respect  to  the  three  optical  couplers  40C. 

T a b l e   2 

I n p u t   :  f i r s t   p o r t   s e c o n d   p o r t  
O u t p u t   : 

t h i r d   por t   3  .  06  uW  7 .29   uW 

fourth  port   7 .35   uW  3 .31   pW 

Loss   2 .13   dB  2 .05   dB 

D i v e r g e n c e  
R a t i o   1  :  2.4  1  :  2 . 2  

T a b l e   3 

I n p u t   :  f i r s t   p o r t   s e c o n d   p o r t  
O u t p u t   : 

th i rd   por t   3 .21   uW  6 .72   pW 

fourth  por t   6 .09   pW  3 .36   uW 

Loss   2 .62  dB  2 .27   dB 

D i v e r g e n c e  
R a t i o   1  :  1.9  1  :  2 . 0  
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T a b l e   4 

I n p u t   :  f i r s t   p o r t   s e c o n d   p o r t  
O u t p u t   : 

t h i rd   por t   3  .  78  uW  5 . 3 8   pW 

10  four th   por t   4 .92   uW  3 . 5 8   pW 

Loss   2 .91  dB  2 .78   dB 

D i v e r g e n c e  

1S  R a t i o   1  :  1.3  1  :  1 . 5  

Referring  to  the  tables  2  to  4,  the  first  to  the  fourth  ports  indicate  the  fiber  branches  42  to  45  acting  as  an 
input  or  an  output  port,  respectively. 

As  can  be  seen  from  the  tables,  an  optical  coupler  40C  having  low  loss  can  be  attained  according  to  the 
20  production  method  embodied  by  the  third  embodiment. 

Thus,  effects  similar  to  that  of  the  second  embodiment  are  obtainable  in  the  third  embodiment. 

B-4.  Fourth  Embodiment 

25  In  the  first  to  the  third  embodiments,  two  fibers  10  and  11,  each  of  which  comprises  a  core  and  a  clad 
surrounding  the  core,  were  fused  together  by  a  predetermined  length,  whereby  the  respective  optical  couplers 
40A,  40B  and  40C  are  produced.  However,  this  is  not  exclusive  or  limiting.  It  is  also  possible  to  produce  an 
optical  coupler  from  fibers  which  are  not  covered  with  a  clad.  Description  below  is  examplary  production  meth- 
od  using  non-clad  fibers. 

30  First,  a  mixed  monomer  is  made  by  using  benzoyl  peroxide  as  an  initiator,  methyl  methacrylate  as  a  pre- 
form,  and  ethylene  glycol  dimethacrylate  (=  concentration  of  1.0  weight  percent)  as  a  crosslinked  agent.  The 
mixed  monomer  is  then  sealed  in  a  Teflon  tube  having  an  inner  diameter  of  1  .0  mm.  Thereafter,  the  monomer 
in  the  Telfon  tube  is  polymerized  under  heat  in  a  deoxidized  atmosphere.  Thus,  a  thermosetting  resin  fiber  is 
obtained,  which  includes  nothing  but  a  core.  Remaining  steps  of  production  method  are  similar  to  the  first  em- 

35  bodiment:  First,  two  fibers  thus  produced  are  prepared;  Next,  predetermined  pressure  is  applied  to  the  fibers 
in  order  to  press  them  with  each  other  over  a  predetermined  length;  Then,  ultrasonic  vibration  is  applied  to  the 
contacting  segment  of  the  fibers;  whereby  the  cores  of  the  fibers  are  fused  together  in  the  contacting  segment. 
This  results  in  formation  of  a  coupling  segment  and  four  fiber  branches.  Consequently,  a  2  x  2  channeled  opt- 
ical  coupler  is  produced.  The  coupling  segment  and  the  outer  periphery  of  the  cores  are  coated  with  a  resin 

40  having  low  refractive  index,  e.g.,  prepolymer,  in  order  to  prevent  leakage  of  light  from  the  fibers. 
Having  examined  in  a  manner  similar  to  described  before,  an  optical  coupler  produced  as  above  exhibited 

results  of  about  3dB  excess  loss  and  about  1.0:1.5  divergence  ratio.  Hence,  a  quality  optical  coupler  having 
small  excess  loss  is  obtainable. 

45  B-5.  Other  Embodiment 

Further,  the  divergence  ratio  can  be  changed  properly  by  adjusting  the  pressure  applying  to  the  contacting 
segment  of  the  fibers.  For  example,  when  an  optical  coupler  40A  is  produced  according  to  the  production  meth- 
od  above  while  varying  pressure  within  the  range  of  5  kgf  to  10  kgf  (other  conditions  are  the  same  as  above), 

so  the  divergence  ratio  can  vary  in  the  range  of  8:1  to  1:1. 

C.  1  x  N  Channeled  Optical  Coupler 

Fig.  6  is  a  schematic  view  of  an  optical  coupler  50A  according  to  a  fifth  embodiment  of  the  present  inven- 
55  tion.  The  optical  coupler  50A  is  produced  by  ultrasonic  welding.  Production  of  the  optical  coupler  50A  is  as 

follows:  As  in  Fig.  7A,  first,  fibers  10  and  11  are  placed  in  partial  juxtaposition  to  each  other  and  in  contact  with 
each  other.  Before  proceeding  to  further  explanation,  one  thing  must  be  made  clear;  that  is,  the  fibers  10  and 
11  are  illustrated  as  being  separated  in  Fig.  7A  only  for  clarity  of  the  positional  relations  therebetween.  The 
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fibers  10and  11  are  contacting  with  each  other  in  contacting  segment  thereof  (i.e.,  portion  encircled  bydashed- 
and-dotted  line). 

Now  turning  back  to  the  explanation,  the  fibers  10  and  11  are  then  fused  together  by  ultrasonic  welding 
in  the  contacting  segment,  whereby  a  coupling  segment  51a  and  twof  iber  branches  52a  and  52b,  each  of  which 

5  extends  from  the  coupling  segment  51a,  are  formed  (Fig.  7B). 
Next,  a  fiber  12  is  placed  approximately  in  parallel  to  the  fiber  branch  52a  extending  from  the  coupling 

segment  51a.  Thereafter,  the  fiber  branch  52a  and  the  fiber  12  are  partially  fused  together  by  ultrasonic  weld- 
ing  (i.e.,  portion  encircled  by  dashed-and-dotted  line  in  Fig.  7B),  whereby  a  coupling  segment  51b  and  two 
fiber  branches  52a  and  52d  extending  from  the  coupling  segment  51b  are  formed  (Fig.  7C).  Likewise,  a  fiber 

10  1  3  is  then  placed  approximately  in  parallel  to  the  fiber  branch  52b,  followed  by  partial  fusing  together  (portion 
encircled  by  dashed-and-dotted  line  in  Fig.  7C)  by  ultrasonic  welding,  in  order  to  form  a  coupling  segment  51c 
(Fig.  6)  and  twof  iber  branches  52b  and  52e  extending  from  the  coupling  segment  51  c.  Thus,  the  optical  coupler 
50A  is  produced. 

Hence,  an  optical  signal  injected  into  the  fiber  branch  52c  serving  as  an  input  or  an  output  port  is  divided 
15  into  two  signals  at  the  coupling  segment  51a  to  be  guided  to  coupling  segments  51b  and  51  c.  The  optical  signal 

guided  to  the  coupling  segment  51b  is  then  further  divided  into  two  signals  to  be  outputted  at  the  fiber  branches 
52a  and  52d  serving  as  an  input  or  an  output  port.  Another  optical  signal  guided  to  the  coupling  segment  51c 
is  likewise  divided  into  two  signals  thereat,  to  be  outputted  at  the  fiber  branches  52b  and  52e  serving  as  an 
input  or  an  output  port.  Thus,  the  optical  coupler  50Ais  capable  of  transmitting  one  optical  signal  to  four  nodes 

20  (fiber  branches)  at  one  time.  In  other  words,  the  optical  coupler  50Aacts  as  a  1  x  4  channeled  optical  coupler. 
It  is  iterated  that  the  divergence  ratios  of  the  coupling  segments  51a  to  51c  can  be  changed  by  adjusting 

pressure  to  be  applied  onto  the  fibers  during  ultrasonic  welding.  Hence,  by  properly  setting  divergence  ratios 
of  the  coupling  segments  51a  to  51c,  a  desired  distribution  of  optical  signal  energy  is  available  at  the  ends  of 
the  fiber  branches  52a,  52b,  52d  and  52e. 

25  In  addition,  the  optical  coupler  50A  is  capable  of  coupling  optical  signals  injected  into  fiber  branches  52a, 
52b,  52d  and  52e  at  coupling  segments  51a,  51  b  and  51c.  The  optical  signals  coupled  at  the  coupling  segments 
would  be  then  divided  and  discharged  from  fiber  the  branches  52c  and  52f. 

Examplary  measurement  of  an  optical  coupler  50A  will  now  be  discussed.  Production  of  the  optical  coupler 
50Aof  Fig.  6  is  carried  out  as  follows:  First,  the  coupling  segment  51a  was  produced  by  ultrasonic  welding  as 

30  above.  The  conditions  employed  in  the  ultrasonic  welding  are 
Pressure  =  10  kgf, 
Vibration  Frequency  =  15  kHz, 
Vibration  Amplitude  =  40  ^m, 
Vibration  Application  Time  =  0.5  sec,  and 

35  Length  of  Coupling  Segment  51a  (i.e.,  fa)  =  20  mm. 
Following  the  production  of  the  coupling  segment  51a,  ultrasonic  welding  is  then  applied  to  portions  10 

mm  away  from  the  coupling  segment  51a  under  the  same  conditions,  to  thereby  form  coupling  segments  51b 
and  51c.  Consequently,  the  optical  coupler  50A  is  produced  eventually. 

Then,  the  characteristics  of  the  optical  coupler  50Aare  examined  with  an  optical  power  measurement  sys- 
40  tern  as  above.  More  particularly,  the  end  of  the  fiber  branch  52c  is  connected  to  the  light  source  of  the  optical 

power  measurement  system.  Thereafter,  light  (P52c  =  16  ^W)  from  the  light  source  is  injected  into  the  fiber 
branch  52c,  thereby  to  measure  output  values  P52a,  Ps2b.  Ps2d  and  P52e  at  the  ends  of  the  fiber  branches  52a, 
52b,  52d  and  52e.  The  output  values  Ps2ai  Ps2bi  Ps2d  and  Ps2e were  1.5  uW,  1.7  uW,  1.5  uW  and  1.3  uW,  re- 
spectively.  Thus,  it  is  observed  that  the  inputted  optical  signal  was  distributed  approximately  equally.  The  ex- 

45  cess  loss  EL  is  obtained  as: 

EL  =  -  10  ■  log  1-5  +  1-7  +  1-5  +  1.3  =  4  25  (dB) 16 
In  the  fifth  embodiment,  one  optical  signal  can  be  distributed  to  four  fiber  branches,  i.e.,  distribution  num- 

ber  N  is  "4."  The  distribution  number  N  can  be  changed  depending  on  the  number  of  coupling  segments.  For 
so  instance,  if  the  coupling  segment  51c  is  not  produced  in  the  above  embodiment,  the  distribution  number  N 

would  be  "3."  In  this  case,  an  optical  signal  entered  at  the  fiber  branch  52c  would  be  expelled  at  the  ends  of 
the  fiber  branches  52a,  52b  and  52d  with  a  proper  distribution  ratio.  If,  on  the  other  hand,  the  numberof  coupling 
segments  is  increased,  the  distribution  number  N  would  grow  by  the  increased  number  of  the  coupling  seg- 
ments.  More  particularly,  a  plurality  of  fibers  are  placed  in  branching  off  relations.  Then,  ultrasonic  welding  is 

55  applied  to  each  contacting  portion  in  which  a  downstream  portion  of  a  fiber  in  the  upstream  side  with  respect 
to  the  contacting  portion  is  placed  in  parallel  and  in  contact  with  an  upstream  portion  of  a  fiber  in  the  down- 
stream  side  with  respect  to  the  contacting  portion. 

Fig.  8  is  a  schematic  view  of  an  optical  coupler  50B  with  the  distribution  number  N  of  "6".  In  producing  the 
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optical  coupler  50B,  six  fibers  10  to  15  are  prepared,  and  are  then  arranged  as  in  Fig.  8  wherein  the  fibers  are 
gradually  branching  off  from  the  upstream  side  (left-hand  side  of  the  figure)  toward  the  downstream  side  (right- 
hand  side  of  the  figure).  At  the  first  contacting  segment  51a,  the  downstream  portion  11  DW  of  the  fiber  11  and 
the  upstream  portion  10UP  of  the  fiber  10  are  then  fused  together  by  ultrasonic  welding  in  a  manner  as  above. 

5  Here,  brief  explanation  is  given  on  the  terms  "upstream  side"  and  "downstream  side."  These  terms  are  used 
for  describing  the  relative  positional  relation  between  fibers  which  face  each  other.  In  Fig.  8,  according  to  this 
terminology,  the  fiber  11  is  placed  in  the  upstream  side  while  the  fiber  10  being  placed  in  the  downstream  side 
such  that  they  are  in  contact  with  each  other  over  a  predetermined  portion.  The  facing  portions  1  1  DW  and  1  0UP 
of  the  fibers  11  and  10  are  referred  to  as  "downstream  portion"  and  "upstream  portion,"  respectively,  for  the 

10  purpose  of  clear  distinction.  The  terms  will  adhere  to  the  remaining  explanations  of  the  specification. 
After  the  welding  of  the  first  contacting  segment  51a,  two  fibers  are  fused  together  by  ultrasonic  welding 

individually  at  the  second  to  the  fifth  contacting  segment  51  b  to  51e.  Therefore,  one  fiber  branch  is  formed  in 
the  upstream  side  (left-hand  side  of  the  figure)  while  six  fiber  branches  being  formed  in  the  downstream  side 
(right-hand  side  of  the  figure),  the  fiber  branches  serving  as  an  input  or  an  output  port.  Consequently,  a  1  x  6 

15  channeled  optical  coupler  50B  is  produced  and  similar  effects  to  described  before  can  be  attained. 
Fig.  9  is  a  schematic  view  of  an  optical  coupler  50C  with  the  distribution  number  N  of  "8."  In  Fig.  9,  eight 

fibers  10  to  17  are  placed  in  branching  off  relations  such  that  they  gradually  diverge  from  the  upstream  side 
(left-hand  side  of  the  figure)  toward  the  downstream  side  (right-hand  side  of  the  figure).  At  each  one  of  the 
contacting  segments  51a  to  51  e,  downstream  portion  of  the  fiber  in  the  upstream  side  and  upstream  portion 

20  of  the  fiber  in  the  downstream  side  are  fused  together  by  ultrasonic  welding  similarly  as  described  above.  In 
consequence,  an  optical  coupler  50C  in  which  the  distribution  number  N  is  8  and  similar  effects  to  described 
before  can  be  attained. 

D.  M  x  N  Channeled  Optical  Coupler 
25 

Fig.  10  is  a  schematic  view  of  an  optical  coupler  60  according  to  a  sixth  embodiment  of  the  present  inven- 
tion.  The  optical  coupler  60A  is  produced  as  follow:  First,  four  fibers  10  to  13  are  prepared,  and  are  then  dis- 
posed  as  in  Fig.  10,  similarly  to  the  fifth  embodiment.  Thereafter,  two  fibers  are  fused  together  by  ultrasonic 
welding  individually  at  a  first  to  a  third  contacting  segment  61a  to  61c.  Thus,  an  optical  coupler  having  four 

30  fiber  branches  62a  to  62d  in  the  downstream  side  is  produced,  which  is  identical  to  the  optical  coupler  50Aof 
Fig.  6.  Following  this,  three  fibers  14  to  16  are  further  prepared,  and  are  then  arranged  as  in  Fig.  10  wherein 
the  three  fibers  14  to  16  are  gradually  branching  off  from  the  upper  portion  of  the  fiber  11  toward  the  upstream 
side  (left-hand  side  of  the  figure).  Then,  at  each  of  contacting  segments  61  d  to  61f,  two  fibers  are  fused  to- 
gether  by  ultrasonic  welding,  whereby  four  fiber  branches  62e  to  62h  are  formed  in  the  upstream  side.  Con- 

35  sequently,  an  optical  coupler  60A  is  produced,  which  has  four  fiber  branches  serving  as  an  input  port  and  four 
fiber  branches  serving  as  an  output  port. 

Although  the  above  embodiment  describes  the  4  x  4  channeled  optical  coupler  60A  in  which  the  number 
M  of  input  ports  is  "4"  and  the  number  N  of  output  ports  is  "4",  the  numbers  M  and  N  can  be  changed  depending 
on  the  number  of  coupling  segments.  For  instance,  after  an  optical  coupler  having  four  fiber  branches  62a  to 

40  62d  in  the  downstream  side  is  produced,  five  fiber  14  to  18  are  arranged  as  in  Fig.  11  wherein  the  fibers  14 
to  18  are  gradually  branching  off  from  the  upper  portion  of  the  fiber  11  toward  the  upstream  side  (left-hand 
side  of  the  figure).  Then,  at  each  of  contacting  segments  61d  to  61  h,  twof  ibers  are  fused  together  by  ultrasonic 
welding,  whereby  six  fiber  branches  62e  to  62j  are  formed  in  the  upstream  side.  Consequently,  an  optical  cou- 
pler  60B  is  produced,  in  which  the  number  M  is  "6". 

45 
E.  2m  x  2m  Channeled  Optical  Coupler 

E-1.  Seventh  Embodiment 

so  Fig.  12C  is  a  schematic  view  of  an  optical  coupler  70  according  to  a  seventh  embodiment  of  the  present 
invention.  In  producing  the  optical  coupler  70,  first,  2x2  channeled  optical  couplers  40a  and  40b  produced 
as  above  are  prepared  and  placed  in  parallel  (Fig.  12A).  Then,  middle  portions  of  the  fiber  branches  44  are 
fused  together  by  ultrasonic  welding  (Fig.  12B).  This  results  in  formation  of  the  coupling  segment  71  and  the 
fiber  branches  72a,  72b  which  extend  therefrom  longitudinally  to  the  fibers,  that  is,  in  the  X-direction.  Likewise, 

55  middle  portions  of  the  fiber  branches  45  are  fused  together  (Fig.  12C),  whereby  the  coupling  segment  73  and 
the  fiber  branches  74a,  74b  are  formed.  Thus,  the  optical  coupler  70  is  produced  which  has  22  x  22  channels; 
that  is,  22  fiber  branches  42,  43,  42  and  43  which  are  to  serve  as  an  input  port  and  22  fiber  branches  72a,  72b, 
74a  and  74b  which  are  to  serve  as  an  output  port.  It  is  needless  to  say  that  the  fiber  branches  42,  43,  42  and 
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43  can  be  used  as  an  output  port  while  using  the  fiber  branches  72a,  72b,  74a  and  74b  as  an  input  port. 

E-2.  Eighth  Embodiment 

5  Fig.  13C  is  a  schematic  view  of  an  optical  coupler  80  according  to  an  eighth  embodiment  of  the  present 
invention.  In  producing  the  optical  coupler  70,  first,  22  x  22  channel  optical  couplers  70a  and  70b  produced  as 
above  are  prepared.  The  optical  couplers  70a  and  70b  are  then  placed  in  parallel  (Fig.  13A).  Thereafter,  middle 
portions  of  the  fiber  branches  73a  are  fused  together  by  ultrasonic  welding  (Fig.  1  3B).  This  results  in  formation 
of  coupling  segment  81  and  fiber  branches  82a,  82b  each  of  which  extends  therefrom  in  the  X-direction.  Like- 

10  wise,  middle  portions  of  the  fiber  branches  74a,  the  fiber  branches  74b-and  the  fiber  branches  72b  are  indi- 
vidually  fused  together  (Fig.  13C),  whereby  coupling  segments  83,  85,  87  of  Fig.  13C  are  formed,  respectively. 
Thus,  the  optical  coupler  80  is  produced  which  has  23  x  23  channels;  that  is,  23  fiber  branches  42,  43,  ...  which 
are  to  be  either  an  input  or  an  output  port  and  23  fiber  branches  82a,  82b,  ...  which  are  to  be  either  an  output 
or  an  input  port. 

15 
E-3.  Ninth  Embodiment 

Fig.  14C  is  a  schematic  view  of  an  optical  coupler  90  according  to  a  ninth  embodiment  of  the  present  in- 
vention.  In  producing  the  optical  coupler  90,  first,  23  x  23  channeled  optical  couplers  80a,  80b  produced  as 

20  above  are  prepared.  The  optical  couplers  80a,  80b  are  then  placed  in  parallel  (Fig.  14A).  Thereafter,  middle 
portions  of  the  fiber  branches  83a  are  fused  together  by  ultrasonic  welding  (Fig.  14B).  This  results  in  formation 
of  coupling  segment  91a  and  fiber  branches  92a,  92b  each  of  which  extends  therefrom  longitudinally  to  the 
fibers,  that  is,  in  the  X-direction.  Likewise,  fiber  branches  corresponding  to  each  other  are  fused  together  at 
middle  portions  thereof,  whereby  coupling  segments  91b  to  91  h  of  Fig.  14C  are  formed,  respectively.  Thus, 

25  the  optical  coupler  90  is  produced  which  has  24  x  24  channels;  that  is,  24  fiber  branches  42,  43,  ...  which  are 
to  be  either  an  input  or  an  output  port  and  24  fiber  branches  92a,  92b,  ...  which  are  to  be  either  an  output  or 
an  input  port. 

E-4.  Other  Embodiment 
30 

The  seventh  to  the  ninth  embodiments  are  focused  on  22  x  22,  23  x  23,  24  x  24  channeled  optical  couplers. 
However,  application  of  the  present  invention  is  not  limited  to  this,  but  rather  other  applications  are  also  avail- 
able:  For  example,  two  optical  couplers  each  having  2n  x  2n  channels  are  prepared,  similarly  to  the  seventh 
to  the  ninth  embodiments.  Each  optical  coupler  has  2n  (n  s  4)  input  fiber  branches  to  be  an  input  port  and  2n 

35  output  fiber  branches  to  be  an  output  port.  Then,  welding  is  conducted  to  couple  middle  portions  of  the  output 
fiber  branches  of  one  optical  coupler  and  the  middle  portions  corresponding  thereto  of  the  other  optical  coupler. 
Thus,  a  optical  coupler  which  has  2n+1  x  2n+1  channels  is  produced. 

E-5.  Operations  of  Seventh  Embodiment 
40 

Fig.  12C  also  shows  the  operation  of  the  optical  coupler  70  according  to  the  seventh  embodiment.  The 
optical  coupler  70,  a  22  x  22  channeled  type  coupler,  has  four  fiber  branches  42,  43,  42  and  43  to  serve  as  an 
input  port  (or  output  port)  and  another  four  fiber  branches  72a,  72b,  74a,  74b  to  serve  as  an  output  port  (or 
input  port).  In  the  following  description,  the  fiber  branches  will  be  termed  as  follows  for  clarity  of  explanation: 

45  The  fiber  branches  42,  43,  42  and  43  will  be  referred  to,  from  the  top  in  the  figure,  as  the  first  port  CH  ̂ the 
second  port  CH2,  the  third  port  CH3  and  the  fourth  port  CH4,  while  the  fiber  branches  72a,  72b,  74a,  74b  will 
be  referred  to,  from  the  top  in  the  figure,  as  the  fifth  port  CH5,  the  sixth  port  CH6,  the  seventh  port  CH7  and 
the  eighth  port  CH8. 

In  Fig.  12C,  an  optical  signal  Si  inputted  at  the  first  port  CĤ   is  guided  to  the  coupling  segment  41a  where 
so  it  would  be  divided  into  optical  signals  S2  and  S3. 

The  optical  signal  S2  is  then  guided  to  the  coupling  segment  71  where  it  would  be  divided  into  optical  signals 
S4  and  S5  to  be  eventually  outputted  at  the  fifth  and  the  sixth  ports  CH5  and  CH6.  The  optical  signal  S3,  on 
the  other  hand,  is  guided  to  the  coupling  segment  73  where  it  would  be  divided  into  optical  signals  S6  and  S7 
to  be  similarly  outputted  at  the  seventh  and  the  eighth  ports  CH7  and  CH8. 

55  The  energies  of  the  optical  signals  S2  to  S7  vary  depending  on  the  divergence  characteristics  of  the  cou- 
pling  segments,  however,  information  contained  therein  are  exactly  the  same  with  that  of  the  optical  signal  S^ 
Hence,  in  the  optical  coupler  70,  energies  of  optical  signals  outputted  at  the  ports  CH5  to  CH8  can  be  distributed 
as  desired  as  a  matter  of  course,  but  also  can  be  approximately  equaled  to  each  other,  by  properly  setting  the 
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10 

55 

divergence  characteristics  of  the  coupling  segments  41a,  41b,  71  and  73.  The  divergence  characteristics  of 
the  coupling  segments  can  be  changed  by  adjusting  lengths  of  the  coupling  segments  or  pressure  applied  dur- 
ing  welding. 

The  optical  coupler  70  performs  similar  operations  to  above  even  when  an  optical  signal  is  inputted  to  any 
port  other  than  the  first  port  CH  ̂ The  input  optical  signal  is  divided  and  outputted,  at  four  ports  in  the  opposite 
side  to  the  port  which  received  the  input  signal,  in  the  form  of  four  optical  signals  each  containing  the  information 
of  the  input  optical  signal. 

Being  easy  to  be  assumed  from  the  operations  of  the  optical  coupler  70,  the  operations  of  the  optical  cou- 
plers  80  and  90  are  not  particularly  explained  here. 

E-6.  Examples  of  Seventh  to  Ninth  Embodiments 

Examplary  measurements  of  optical  couplers  70,  80  and  90,  each  of  which  comprises  a  plurality  of  fibers 
of  non-crosslinked  polymethyl  methacrylate,  will  now  be  discussed. 

15  An  optical  coupler  70  was  produced  by  forming  coupling  segments  41  a,  41b,  71  and  73  by  ultrasonic  weld- 
ing  under  the  following  conditions: 

Pressure  =  10  kgf; 
Vibration  Frequency  =  15  kHz; 
Vibration  Amplitude  =  40  ^m; 

20  Vibration  Application  Time  =  0.5  sec;  and 
Length  of  Welding  Mold  =20  mm. 

The  aforementioned  optical  power  measurement  system  was  used  for  evaluation  of  the  characteristics  of 
the  optical  coupler  70.  In  detail,  a  first  port  CĤ   was  provided  with  light  of  a  wavelength  of  660  nm  (P̂   =  15.4 
uW)  from  the  light  source  of  the  optical  power  system.  The  optical  power  system  then  received  light  emerged 

25  from  a  fifth  to  an  eighth  ports  CH5  to  CH8  situated  in  the  opposite  side  to  the  first  port  CH  ̂ Thus,  output  values 
P5  to  P8  at  the  ports  CH5  to  CH8  were  measured.  The  results  are  the  output  values  P5  of  2.8  ^W,  P6  of  2.5  ^W, 
P7  of  4.1  uW  and  P8  of  2.7  ^W.  The  divergence  ratio  is: 

1.1  :  1.0  :  1.6  :  1  .1. 
The  excess  loss  EL  is: 

EL  =  -  10  ■  log  28  +  2'5  +  4'1  +  21  =  1.0  (dB) 15.4 
Next,  description  is  given  on  characteristics  of  a  optical  coupler  80  with  23  x  23  channels. 
Coupling  segments  were  formed  by  ultrasonic  welding  under  the  same  conditions  as  above  for  the  sake 

of  examination  of  the  characteristics. 
35  In  this  examination,  the  same  optical  power  measurement  system  as  above  was  similarly  employed.  In 

more  detail,  a  first  port  CĤ   was  provided  with  light  of  a  wavelength  of  660  nm  (optical  power  P̂   =  15.5  ^W) 
from  the  light  source  (Fig.  13C).  Output  values  P9  to  P16  were  then  measured  which  emerged  from  the  fiber 
branches  82a,  84a,  86a,  88a,  82b,  84b,  86b,  88b  situated  in  the  opposite  side  to  the  first  port  CH  ̂ The  results 
are  P9  of  1  .32  uW,  P10  of  1  .33  uW,  P„  of  1  .28  uW,  P12  of  1  .30  uW,  P13  of  1  .20  uW,  P14  of  1  .35  uW,  P15  of  1  .30 

40  uW  and  P16  of  1  .50  ^W.  The  excess  loss  EL  is: 

EL  =  -  10  ■  log  132  +  +  1-50  =  1.65  (dB) 15.5 
Next,  description  is  given  on  characteristics  of  a  optical  coupler  90  with  24  x  24  channels. 
Coupling  segments  were  formed  by  ultrasonic  welding  under  the  same  conditions  as  above  for  the  sake 

45  of  examination  of  the  characteristics. 
In  this  examination,  the  same  optical  power  measurement  system  as  above  was  similarly  employed.  In 

more  detail,  a  first  port  CĤ   was  provided  with  light  of  a  wavelength  of  660  nm  (optical  power  P̂   =  15.5  ^W) 
from  the  light  source  (Fig.  14C).  Output  values  P17  to  P32  were  then  measured  which  emerged  from  the  fiber 
branches  92a  to  99a,  92b  to  99b  situated  in  the  opposite  side  to  the  first  port  CH  ̂ The  results  are  P17  of  0.68 

50  uW,  P18  of  0.55  uW,  P19  of  0.52  uW,  P20  of  0.61  uW,  P21,  of  0.60  uW,  P22  of  0.56  uW,  P23  of  0.49  nw,  P24  of  0.55 
UW,  P25  of  0.48  uW,  P26  of  0.61  uW,  P27  of  0.59  uW,  P28  of  0.58  uW,  P29  of  0.55  uW,  P30  of  0.60  uW,  P31  of  0.60 
uW  and  P32  of  0.52  |*W.  The  excess  loss  EL  is: 

EL  =  -  10  ■  log  0-68  +  ...  +  0-52  =  2  ^  m  15.5 

E-7.  Effect  of  Seventh  to  Ninth  Embodiments 

The  optical  couplers  according  to  the  seventh  to  the  ninth  embodiments  are  made  only  of  fiber  in  the  em- 
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bodiments,  which  enables  equal  coefficients  of  thermal  expansion  at  any  portion  of  the  optical  couplers.  This 
permits  the  respective  portions  to  expand  (or  shrink)  at  the  same  rate  even  with  changes  in  temperature  of 
environment.  Thus,  the  optical  couplers  are  free  from  severe  changes  in  characteristics  thereof  caused  by 
changes  in  room  temperature.  In  addition,  coupling  segments  with  enough  strength  can  be  attained  since  the 

5  coupling  segments  are  formed  either  by  ultrasonic  welding  or  thermal  welding. 

F.  Hollow  Cover  for  Optical  Coupler 

It  is  a  common  practice  to  employ  resin  molding  to  form  a  coupling  segment  of  an  optical  coupler  for  rein- 
10  forcing  the  strength  of  the  coupling  segment.  Resin  molding  is  necessary  not  only  for  this  purpose,  but  also 

for  fixing  angles  between  the  fiber  branches  and  the  coupling  segment.  In  the  optical  coupler  40A  according 
to  the  first  embodiment,  for  example,  resin  molding  fixes  angles  between  the  coupling  segment  41  and  the 
respective  fiber  branches  42  and  43  which  are  to  form  the  first  and  the  second  port  thereof,  as  well  as  angles 
between  the  coupling  segment  41  and  the  respective  fiber  branches  44  and  45  which  are  to  serve  as  the  third 

15  and  the  fourth  port.  Hence,  resin  molding  of  a  coupling  segment  41  has  grave  significance. 
However,  there  remains  a  problem  when  resin  molding  is  applied  to  coupling  segment  of  an  optical  coupler 

produced  in  the  above  manner;  namely,  excess  loss  increase. 
Examplary  measurement  of  an  optical  coupler  40A  which  has  a  coupling  segment  41  molded  with  epoxy 

resin  will  now  be  discussed.  Table  5  shows  excess  losses.  Measurements  of  the  excess  losses  are  as  the  same 
20  as  described  before. 

Tab le   5 

25 

30 

35 

I n p u t   :  f i r s t   port   second  port  th i rd   port  fourth  p e r t  
O u t p u t   : 

f i r s t   port   -  -  4 .597   uW  4 .194   uW 

second  port  -  -  3 .208   uW  4 .522   uW 

third  port   6 .029   uW  2 .771  uW 

fourth  port  2 .535   uW  5 .996   uW 

Loss  (dB)  1.37  1.27  1.77  1 . 2 4  

40  Mean  values  of  the  excess  losses  of  Table  1  and  Table  5  are  calculated,  respectively.  The  mean  value  of 
when  not  employing  resin  molding  is  0.88  dB,  whereas  that  of  when  employing  resin  molding  is  1.41  dB.  In 
this  case,  resin  molding  has  increased  excess  loss  by  0.53  dB.  This  is  because  input  light,  which  is  in  propa- 
gation  mode  (i.e.,  transmissible)  when  resin  molding  is  not  conducted,  would  be  converted  into  radiation  mode 
due  to  resin  molding. 

45  If  resin  molding  is  not  conducted,  incident  light  proceeds  within  a  coupling  segment  41  as  shown  in  Fig. 
15.  In  Fig.  15,  light  l̂   entering  at  a  certain  angle  of  incidence  proceeds  while  successively  totally  reflected  at 
the  interface  between  an  air  layer  (refractive  index  n0  =  1)  and  a  clad  41b  (refractive  index  ^  >  n0).  In  contrast, 
when  resin  molding  is  employed,  as  shown  in  Fig.  16,  the  light  l̂   enters  an  epoxy  resin  5  across  the  interface 
between  a  clad  41b  and  the  epoxy  resin  5.  This  is  because  the  refractive  index  n2  of  the  epoxy  resin  5  is  gen- 

50  erally  larger  than  the  refractive  index  n0of  the  air  layer.  Hence,  the  proportion  of  light  converted  from  the  prop- 
agation  mode  into  the  radiation  mode  increases  as  the  refractive  index  n2  increases.  Accordingly,  the  excess 
loss  stemming  from  resin  molding  increases. 

The  following  method  is  proposed  in  order  to  enhance  the  strength  of  a  coupling  segment  while  simulta- 
neously  fixing  angles  of  fiber  branches  without  increasing  excess  loss. 

55  Figs.  17  and  18  are  perspective  views  of  a  hollow  cover  according  to  the  present  invention.  As  in  Fig.  17, 
a  hollow  cover  60  comprises  a  pair  of  cover  members  161  and  162  made  of  epoxy  resin.  When  engaged  with 
each  other,  the  cover  members  161  and  162  would  serve  as  one  completed  member.  The  upper  face  of  the 
cover  member  161  and  the  lower  face  of  the  cover  member  162  are  formed  so  as  to  conform  to  the  configuration 
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of  an  optical  coupler  40A.  The  cover  members  161  and  162  are  moved  upward  and  downward,  respectively, 
into  engagement  after  an  optical  coupler  40A  is  placed  in  a  predetermined  position  (Fig.  18).  In  consequence, 
the  optical  coupler  40A  is  enclosed  by  the  cover  members  161  and  162,  and  therefore,  is  protected.  Hence, 
even  if  external  pressure  is  exerted  to  the  optical  coupler  40A,  this  hollow  cover  160  prevents  the  pressure 
from  acting  further  on  the  coupling  segment  41.  In  addition,  fiber  branches  covered  with  a  holding  sheath  163 
would  be  firmly  held  between  the  cover  members  161  and  162.  This  allows  the  branch  angles  of  the  fiber 
branches  to  be  fixed. 

On  the  other  hand,  the  coupling  segment  41  would  be  kept  wrapped  up  in  an  air  layer  (Fig.  19).  Hence,  in 
theory,  variation  of  excess  losses  does  not  occur.  In  order  to  verify  this,  excess  losses  were  measured  in  the 
same  manner  as  above  after  protecting  the  optical  coupler  40A  by  the  hollow  cover  160.  Table  6  shows  the 
results. 

Table   6 

I n p u t   =  f i r s t   port  second  port  th i rd   port  fourth  p o r t  
O u t p u t   : 

f i r s t   port  -  -  5 .222  uW  4 .736   uW 

second  port  -  -  4 .040   uW  5 .025   uW 

th i rd   port   6 .525   uW  3.263  uW 

fourth  port  3 .040   uW  6.435  uW 

Loss  (dB)  0 .89  0.82  1.03  0 . 8 0  

Calculating  from  Table  6,  the  mean  value  of  the  losses  is  0.88  dB.  Thus,  even  if  the  coupling  segment  41 
is  covered  with  the  hollow  cover  160,  the  characteristics  of  the  optical  coupler  40A  are  not  changed. 

In  the  embodiment  above,  cover  members  161  and  162  are  made  of  epoxy  resin.  However,  it  is  appreciated 
that  this  is  not  limiting. 

Further,  the  hollow  caver  160  can  be  applied  to  all  of  coupling  segments  of  the  above  optical  coupler. 
Although  the  present  invention  has  been  described  and  illustrated  in  detail,  it  is  clearly  understood  that 

the  same  is  by  way  of  illustration  and  example  only  and  is  not  to  be  taken  by  way  of  limitation.  The  scope  of 
the  present  invention  should  be  limited  only  by  the  terms  of  the  appended  claims. 

Claims 

1.  A  method  of  producing  an  optical  coupler,  comprising  the  steps  of: 
preparing  two  all  plastic  optical  fibers  (10,  11)  each  of  which  has  a  core  (10a,  11a)  extending  along  the 
fiber, 
placing  said  all  plastic  fibers  in  lateral  contact  with  each  other  over  a  predetermined  length  (I), 
characterized  by 
applying  ultrasonic  vibration  to  said  contacting  portions  (41)  of  said  all  plastic  fibers  (10,  11)  so  as  to  bond 
said  cores  (10a,  11a)  with  each  other  at  said  contacting  portions  (41). 

2.  Amethod  of  claim  1,  wherein  said  core  is  surrounded  by  a  cladding  (10b,  11b). 

3.  Amethod  of  claim  2,  further  comprising  the  step  of  initially  removing  said  cladding  along  an  intermediate 
length  of  each  fiber  so  as  to  expose  said  core  at  what  will  be  the  contacting  portion  (41)  of  each  fiber. 

4.  A  method  of  claim  3,  wherein  said  cladding  (1  0b,  11  b)  is  removed  from  said  core  by  etching. 

5.  Amethod  of  claim  3,  wherein  said  cladding  (10b,  11b)  is  removed  from  said  core  by  polishing. 
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A  method  of  claim  1,  wherein  said  placing  step  includes  the  step  of  disposing  said  all  plastic  fibers  (10, 
11)  in  parallel  juxtaposition  with  each  other. 

A  method  of  claim  1  ,  wherein  said  step  of  applying  ultrasonic  vibration  includes  the  step  of  pressing  said 
all  plastic  fibers  (10,  11)  against  each  other. 

Amethod  of  claim  1  ,  further  comprising  the  step  of  enclosing  the  coupler  in  a  hollow  container  (161)  where- 
by  the  angular  relationship  between  the  four  fibers  (163)  extending  from  the  bond  is  maintained  by  said 
hollow  container  (161),  two  of  said  fibers  extending  from  one  end  of  said  bond,  the  remaining  two  extend- 
ing  from  the  opposite  end  of  said  bond  (41). 

A  method  of  producing  an  optical  coupler,  comprising  steps  of: 
preparing  a  plurality  of  all  plastic  fibers  (10,  11,  12,  13)  each  of  which  has  a  core; 
placing  said  all  plastic  fibers  to  form  an  array  of  branches,  each  branch  being  formed  from  a  pair  of  laterally 
contacting  fibers,  said  array  having  an  upstream  end  and  a  downstream  end  whereby  each  branch  con- 
nects  a  downstream  portion  of  one  fiber,  located  relatively  upstream  in  the  array  with  an  upstream  portion 
of  the  other  fiber,  located  further  downstream  in  the  array;  and 
applying  ultrasonic  vibration  to  said  contacting  portions  of  said  all  plastic  fibers  so  as  to  bond  said  cores 
with  each  other  at  every  contacting  portion. 

A  method  of  producing  an  optical  coupler,  comprising  the  steps  of: 
preparing  a  first  all  plastic  fiber; 
placing  a  plurality  of  second  all  plastic  fibers  to  form  a  first  array  of  interconnected  branches,  said  first 
array  having  an  upstream  end  and  a  downstream  end,  each  branch  being  formed  from  a  different  up- 
stream  portion  of  said  first  fiber,  which  is  located  relatively  upstream  of  the  first  array,  being  in  contact 
with  an  upstream  portion  of  a  different  one  of  said  plurality  of  second  fibers  which  are  located  further 
downstream; 
placing  a  plurality  of  third  all  plastic  fibers  to  form  a  second  array  of  interconnected  branches,  said  second 
array  having  an  upstream  end  and  a  downstream  end,  each  branch  being  formed  from  a  different  up- 
stream  portion  of  said  first  fiber,  which  is  located  relatively  downstream  of  said  second  array,  being  in 
contact  with  a  downstream  portion  of  a  different  one  of  said  plurality  of  third  fibers  which  are  located  fur- 
ther  upstream  each  of  said  first  to  third  all  plastic  fibers  having  a  core;  and 
applying  ultrasonic  vibration  to  said  contacting  portions  of  said  all  plastic  fibers  so  as  to  bond  said  cores 
with  each  other  at  every  contacting  portion. 

A  method  of  producing  an  optical  coupler,  comprising  the  steps: 
preparing  a  first  and  a  second  optical  coupler  each  of  which  has  2n  (n  >  1)  input  fiber  branches  and  2n 
output  fiber  branches,  said  input  fiber  branches  serving  as  input  ports,  said  output  fiber  branches  serving 
as  output  ports; 
placing  each  said  output  fiber  branch  of  said  first  optical  coupler  in  contact  with  a  different  output  fiber 
branch  of  said  second  optical  coupler  with  a  one-to-one  correspondence;  and 
applying  ultrasonic  vibration  to  said  contacting  portions  of  said  all  plastic  fibers  so  as  to  bond  said  cores 
with  each  other  at  every  contacting  portion. 

An  optical  coupler  comprising  at  least  two  optical  fibers  (10,  11)  each  having  a  core  (10a,  11a)  extending 
along  the  fiber,  portions  of  the  fibers  being  fusion  bonded  to  one  another  pairwise  in  lateral  direction, 
characterized  in  that,  the  fibers  have  been  laterally  bonded  together  by  means  of  ultrasonic  vibration  fu- 
sion. 

An  optical  coupler  of  claim  12  comprising: 
a  plurality  of  all  plastic  optical  fibers  (10,  11,  12,  13)  each  having  a  core; 
wherein  the  all  plastic  fibers  are  ranged  to  form  an  array  of  branches  (52e  -  d),  each  branch  being  formed 
from  a  pair  of  laterally  bonded  fibers,  the  array  having  an  upstream  end  and  a  downstream  end;  and 
wherein  each  branch  (52e  -  d)  connects  a  downstream  portion  of  one  fiber,  located  relatively  upstream 
in  their  array,  with  an  upstream  portion  of  another  fiber  located  downstream  in  the  array. 

An  optical  coupler  comprising  all  plastic  optical  fibers  bonded  together  pairwise  at  bonding  portions  by 
means  of  ultrasonic  vibration  fusion,  said  optical  coupler  comprising: 
a  first  all  plastic  optical  fiber  (11); 
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a  plurality  of  second  all  plastic  optical  fibers  (10,  11,  12,  13)  forming  a  first  array  of  interconnected  branch- 
es,  each  branch  being  formed  from  a  different  downstream  portion  of  said  first  fiber  (11),  which  is  located 
relatively  upstream  of  the  first  array,  where  the  first  fiber  (11)  is  connected  to  an  upstream  portion  of  a 
different  one  of  said  plurality  of  second  fibers  located  downstream  of  said  first  fiber  (11); 
a  plurality  of  third  all  plastic  fibers  (14,  15,  16)  forming  a  second  array  of  interconnected  branches,  each 
branch  being  formed  from  a  different  upstream  portion  of  said  first  fiber  (11),  which  is  located  relatively 
downstream  of  said  second  array,  and  the  first  fiber  (11)  being  in  contact  with  a  downstream  portion  of 
a  different  one  of  said  plurality  of  third  fibers,  which  are  located  further  upstream,  each  of  said  first  and 
third  fibers  having  a  core. 

1  5.  An  optical  coupler  comprising  all  plastic  optical  fibers  bonded  with  each  other  pairwise  at  bonding  portions 
by  means  of  ultrasonic  vibration  fusion,  said  optical  coupler  comprising: 
a  first  and  a  second  optical  coupler  (70a,  70b)  each  of  which  has  2n  (n  >  1)  input  fiber  branches  and  2n 
output  fiber  branches,  said  input  fiber  branches  (42,  43)  serving  as  input  ports,  said  output  fiber  branches 
(74a,  74b)  serving  as  output  ports; 
wherein  each  output  fiber  branch  (72a,  72b)  of  said  first  optical  coupler  is  bonded  together  with  a  different 
output  fiber  branch  of  said  second  optical  coupler  (70a)  with  a  one-to-one  correspondence. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  eines  Optokopplers,  das  folgende  Schritte  aufweist: 
Vorbereiten  von  zwei  Vollkunststoff-Lichtleitfasern  (10,  11),  die  jeweils  einen  Kern  (10a,  11a)  haben,  der 
sich  langs  der  Faser  erstreckt, 
Plazieren  der  Vollkunststoff-Lichtleitfasern  in  Seitenkontakt  miteinander  uber  eine  vorbestimmte  Lange 
(I). 
gekennzeichnet  durch 
Aufbringen  von  Ultraschallschwingungen  auf  die  in  Kontakt  befindlichen  Bereiche  (41)  der  Vollkunststoff- 
Lichtleitfasern  (10,  11),  urn  die  Kerne  (10a,  11a)  an  den  in  Kontakt  befindlichen  Bereichen  (41)  miteinan- 
der  zu  verbinden. 

2.  Verfahren  nach  Anspruch  1,  wobei  der  Kern  von  einem  Mantel  (10b,  11b)  umgeben  ist. 

3.  Verfahren  nach  Anspruch  2,  das  den  folgenden  weiteren  Schritt  aufweist:  anfangliches  Entfernen  des 
Mantels  entlang  einem  Zwischenabschnitt  jeder  Lichtleitfaser,  urn  den  Kern  an  dem  zukunftigen  Kontakt- 
bereich  (41)  jeder  Lichtleitfaser  freizulegen. 

4.  Verfahren  nach  Anspruch  3,  wobei  der  Mantel  (10b,  11b)  von  dem  Kern  durch  Abatzen  entfernt  wird. 

5.  Verfahren  nach  Anspruch  3,  wobei  der  Mantel  (10b,  11b)  von  dem  Kern  durch  Polieren  entfernt  wird. 

6.  Verfahren  nach  Anspruch  1,  wobei  der  Plazierungsschritt  den  Schritt  aufweist:  Anordnen  der  Vollkunst- 
stoff-Lichtleitfasern  (10,  11)  in  paralleler  Beruhrung  miteinander. 

7.  Verfahren  nach  Anspruch  1  ,  wobei  der  Schritt  des  Aufbringens  von  Ultraschallschwingungen  den  Schritt 
aufweist:  Pressen  der  Vollkunststoff-Lichtleitfasern  (10,  11)  aneinander. 

8.  Verfahren  nach  Anspruch  1  ,  das  den  weiteren  Schritt  aufweist:  Umschlielien  des  Kopplers  in  einem  hoh- 
len  Behalter  (161),  wobei  die  Winkelbeziehung  zwischen  den  vier  Lichtleitfasern  (163),  die  von  der  Ver- 
bindung  ausgehen,  von  dem  hohlen  Behalter  auf  rechterhalten  wird  und  zwei  der  Lichtleitfasern  von  dem 
einen  Ende  der  Verbindung  ausgehen  und  die  ubrigen  zwei  von  dem  entgegengesetzten  Ende  der  Ver- 
bindung  (41)  ausgehen. 

9.  Verfahren  zum  Herstellen  eines  Optokopplers,  das  folgende  Schritte  aufweist: 
Vorbereiten  einerVielzahl  von  Vollkunststoff-Lichtleitfasern  (10,  11,  12,  13),  die  jeweils  einen  Kern  haben; 
Plazieren  der  Vollkunststoff-Lichtleitfasern,  urn  eine  Anordnung  von  Abzweigungen  zu  bilden,  wobei  jede 
Abzweigung  aus  einem  Paar  von  in  Seitenkontakt  befindlichen  Lichtleitfasern  gebildet  ist  und  die  Anord- 
nung  ein  aufstromseitiges  und  ein  abstromseitiges  Ende  hat,  so  dali  jede  Abzweigung  einen  abstromsei- 
tigen  Bereich  einer  Lichtleitfaser,  die  in  der  Anordnung  relativ  aufstromseitig  positioniert  ist,  mit  einem 
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aufstromseitigen  Bereich  deranderen  Lichtleitfaser,  die  in  der  Anordnung  weiterin  Abstromrichtung  liegt, 
verbindet;  und 
Aufbringen  von  Ultraschallschwingungen  auf  die  in  Kontakt  befindlichen  Bereiche  der  Vollkunststoff- 
Lichtleitfasern,  um  die  Kerne  an  jedem  Kontaktbereich  miteinander  zu  verbinden. 

10.  Verfahren  zum  Herstellen  eines  Optokopplers,  das  folgende  Schritte  aufweist: 
Vorbereiten  einer  ersten  Vollkunststoff-Lichtleitfaser; 
Plazieren  einer  Vielzahl  von  zweiten  Vollkunststoff-Lichtleitfasern,  um  eine  erste  Anordnung  von  mitein- 
ander  verbundenen  Abzweigungen  zu  bilden,  wobei  die  erste  Anordnung  ein  aufstromseitiges  und  ein  ab- 
stromseitiges  Ende  hat  und  wobei  jede  Abzweigung,  die  aus  einem  jeweils  verschiedenen  aufstromsei- 
tigen  Bereich  der  ersten  Lichtleitfaser,  der  relativ  aufstromseitig  von  der  ersten  Anordnung  positioniert 
ist,  gebildet  ist,  in  Kontakt  mit  einem  aufstromseitigen  Bereich  einer  anderen  der  Vielzahl  von  zweiten 
Lichtleitfasern  ist,  die  weiter  abstromseitig  positioniert  sind; 
Plazieren  einer  Vielzahl  von  dritten  Vollkunststoff-Lichtleitfasern,  um  eine  zweite  Anordnung  von  mitein- 
ander  verbundenen  Abzweigungen  zu  bilden,  wobei  die  zweite  Anordnung  ein  aufstromseitiges  und  ein 
abstromseitiges  Ende  hat  und  wobei  jede  Abzweigung,  die  aus  einem  jeweils  verschiedenen  aufstrom- 
seitigen  Bereich  der  ersten  Lichtleitfaser,  der  relativ  abstromseitig  von  der  zweiten  Anordnung  positioniert 
ist,  gebildet  ist,  in  Kontakt  mit  einem  abstromseitigen  Bereich  einer  anderen  der  Vielzahl  von  dritten  Licht- 
leitfasern  ist,  die  weiter  aufstromseitig  positioniert  sind,  wobei  jede  der  ersten  bis  dritten  Vollkunststoff- 
Lichtleitfasern  einen  Kern  hat;  und 
Aufbringen  von  Ultraschallschwingungen  auf  die  in  Kontakt  befindlichen  Bereiche  der  Vollkunststoff- 
Lichtleitfasern,  um  die  Kerne  an  jedem  Kontaktbereich  miteinander  zu  verbinden. 

11.  Verfahren  zum  Herstellen  eines  Optokopplers,  das  folgende  Schritte  aufweist: 
Vorbereiten  eines  ersten  und  eines  zweiten  Optokopplers,  von  denen  jeder  2n  (n  >  1)  Eingangslichtleit- 
faser-Abzweigungen  und  2n  Ausgangslichtleitfaser-Abzweigungen  hat,  wobei  die  Eingangslichtleitfaser- 
Abzweigungen  als  Eingangsports  und  die  Ausgangslichtleitfaser-Abzweigungen  als  Ausgangsports  die- 
nen; 
Plazieren  jeder  Ausgangslichtleitfaser-Abzweigung  des  ersten  Optokopplers  in  Kontakt  mit  einer  anderen 
Ausgangslichtleitfaser-Abzweigung  des  zweiten  Optokopplers  mit  einer  eindeutigen  Zuordnung;  und 
Aufbringen  von  Ultraschallschwingungen  auf  die  Kontaktbereiche  der  Vollkunststoff-Lichtleitfasern,  um 
die  Kerne  an  jedem  Kontaktbereich  miteinander  zu  verbinden. 

12.  Optokoppler,  der  wenigstens  zwei  Lichtleitfasern  (10,  11)  aufweist,  die  jeweils  einen  langs  der  Lichtleit- 
faser  verlaufenden  Kern  (10a,  11a)  haben,  wobei  Bereiche  der  Lichtleitfasern  paarweise  in  seitlicher 
Richtung  miteinander  schmelzverbunden  sind, 
dadurch  gekennzeichnet,  dali  die  Lichtleitfasern  durch  Ultraschallschwingungs-Schweilien  seitlich  mit- 
einander  verbunden  worden  sind. 

13.  Optokoppler  nach  Anspruch  12,  derfolgendes  aufweist: 
eine  Vielzahl  von  Vollkunststoff-Lichtleitfasern  (10,  11,  12,  13),  die  jeweils  einen  Kern  haben; 
wobei  die  Vollkunststoff-Lichtleitfasern  angeordnet  sind,  um  eine  Anordnung  von  Abzweigungen  (52e-d) 
zu  bilden,  jede  Abzweigung  aus  einem  Paar  von  seitlich  miteinander  verbundenen  Lichtleitfasern  gebildet 
ist  und  die  Anordnung  ein  aufstromseitiges  und  ein  abstromseitiges  Ende  hat;  und 
wobei  jede  Abzweigung  (52e-d)  einen  abstromseitigen  Bereich  einer  Lichtleitfaser,  der  in  ihrer  Anordnung 
relativ  aufstromseitig  positioniert  ist,  mit  einem  aufstromseitigen  Bereich  einer  anderen  Lichtleitfaser,  der 
in  der  Anordnung  abstromseitig  positioniert  ist,  verbindet. 

14.  Optokoppler,  der  Vollkunststoff-Lichtleitfasern  aufweist,  die  paarweise  an  Verbindungsbereichen  durch 
Ultraschallschwingungs-Schweilien  miteinander  verbunden  sind,  wobei  der  Optokoppler  folgendes  auf- 
weist: 
eine  erste  Vollkunststoff-Lichtleitfaser  (11); 
eine  Vielzahl  von  zweiten  Vollkunststoff-Lichtleitfasern  (10,  11,  12,  13),  die  eine  erste  Anordnung  von  mit- 
einander  verbundenen  Abzweigungen  bilden,  wobei  jede  Abzweigung  aus  einem  anderen  abstromseiti- 
gen  Bereich  der  ersten  Lichtleitfaser  (11),  der  relativ  aufstromseitig  von  der  ersten  Anordnung  positioniert 
ist,  gebildet  ist,  wobei  die  erste  Lichtleitfaser  (11)  mit  einem  aufstromseitigen  Bereich  einer  anderen  der 
Vielzahl  von  zweiten  Lichtleitfasern,  die  in  Abstromrichtung  von  der  ersten  Lichtleitfaser  (11)  positioniert 
sind,  verbunden  ist; 
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eine  Vielzahl  von  dritten  Vollkunststoff-Lichtleitfasern  (14,  15,  16),  die  eine  zweite  Anordnung  von  mit- 
einander  verbundenen  Abzweigungen  bilden,  wobei  jede  Abzweigung  aus  einem  anderen  aufstromseiti- 
gen  Bereich  der  ersten  Lichtleitfaser  (11),  der  relativ  abstromseitig  von  der  zweiten  Anordnung  liegt,  ge- 
bildet  ist  und  die  erste  Lichtleitfaser  (11)  in  Kontakt  mit  einem  abstromseitigen  Bereich  einer  anderen  der 

5  Vielzahl  von  dritten  Lichtleitfasern  ist,  die  weiter  aufstromseitig  positioniert  sind,  wobei  jede  der  ersten 
und  dritten  Lichtleitfasern  einen  Kern  hat. 

15.  Optokoppler,  der  Vollkunststoff-Lichtleitfasern  aufweist,  die  an  Verbindungsbereichen  durch 
Ultraschallschwingungs-Schweilien  paarweise  miteinander  verbunden  sind,  wobei  der  Optokoppler  auf- 

10  weist: 
einen  ersten  und  einen  zweiten  Optokoppler  (70a,  70b),  von  denen  jeder  2n  (n  >  1)  Eingangslichtleitfaser- 
Abzweigungen  und  2n  Ausgangslichtleitfaser-Abzweigungen  hat,  wobei  die  Eingangslichtleitfaser-Ab- 
zweigungen  (42,  43)  als  Eingangsports  und  die  Ausgangslichtleitfaser-Abzweigungen  (74a,  74b)  als 
Ausgangsports  dienen; 

15  wobei  jede  Ausgangslichtleitfaser-Abzweigung  (72a,  72b)  des  ersten  Optokopplers  mit  einer  anderen 
Ausgangslichtleitfaser-Abzweigung  des  zweiten  Optokopplers  (70a)  mit  einereindeutigen  Zuordnung  ver- 
bunden  ist. 

20  Revendications 

1.  Precede  pour  fabriquer  un  coupleur  optique,  comprenant  les  etapes  suivantes  : 
-  preparer  deux  fibres  optiques  tout  plastique  (10,11)  dont  chacune  a  une  ame  (10a,11a)  s'etendant 

le  long  de  la  fibre, 
25  -  placer  ces  fibres  tout  plastique  en  contact  lateral  I'une  avec  I'autre  sur  une  longueur  predeterminee 

(£),  caracterise  en  ce  qu'on  applique  une  vibration  ultrasonique  aux  portions  en  contact  (41)  de  ces 
fibres  tout  plastique  (10,11)  de  facon  a  lierces  ames  (10a,11a)  I'une  avec  I'autre  au  niveau  des  por- 
tions  en  contact  (41). 

30  2.  Precede  selon  la  revendication  1,  dans  lequel  Tame  est  entouree  par  une  gaine  (10b,11b). 

3.  Precede  selon  la  revendication  2,  comprenant  en  outre  I'etape  dans  laquelle  on  enleve  initialement  la  gai- 
ne  sur  une  longueur  intermediate  de  chaque  fibre  de  facon  a  exposer  Tame  au  niveau  de  ce  qui  doit  etre 
la  portion  en  contact  (41)  de  chaque  fibre. 

35 4.  Precede  selon  la  revendication  3,  dans  lequel  la  gaine  (10b,11b)  estenlevee  de  Tame  parattaque  chimi- 
que. 

5.  Precede  selon  la  revendication  3,  dans  lequel  la  gaine  (10b,11b)  est  enlevee  de  Tame  par  polissage. 

40  6.  Precede  selon  la  revendication  1,  dans  lequel  I'etape  de  placement  comprend  I'etape  dans  laquelle  on 
dispose  ces  fibres  tout  plastique  (10,11)  en  les  juxtaposant  parallelement  I'une  a  I'autre. 

7.  Precede  selon  la  revendication  1  ,  dans  lequel  I'etape  d'application  de  la  vibration  ultrasonique  comprend 
I'etape  dans  laquelle  on  presse  ces  fibres  tout  plastique  (10,11)  I'une  contre  I'autre. 

45 
8.  Precede  selon  la  revendication  1,  comprenant  en  outre  I'etape  dans  laquelle  on  enferme  le  coupleur  dans 

un  boitier  creux  (160),  d'ou  il  resulte  que  la  relation  angulaire  entre  les  quatre  fibres  (163)  s'etendant  de 
la  liaison  est  maintenue  par  le  boitier  creux  (160),  deux  de  ces  fibres  s'etendant  d'une  extremite  de  la 
liaison  et  les  deux  autres  s'etendant  de  I'extremite  opposee  de  la  liaison  (41). 

50 9.  Precede  pour  fabriquer  un  coupleur  optique,  comprenant  les  etapes  suivantes  : 
-  preparer  une  multiplicity  de  fibres  tout  plastique  (10,11,12,13),  dont  chacune  a  une  ame; 
-  placer  ces  fibres  tout  plastique  pour  former  un  reseau  de  branches,  chaque  branche  etant  formee  a 

partir  d'une  paire  de  fibres  en  contact  lateral,  ce  reseau  ayant  une  extremite  amont  et  une  extremite 
aval,  d'ou  il  resulte  que  chaque  branche  raccorde  une  portion  aval  d'une  fibre,  situee  relativement 
en  amont  dans  le  reseau,  avec  une  portion  amont  de  I'autre  fibre,  situee  plus  loin  en  aval  dans  le 
reseau;  et 

-  appliquer  une  vibration  ultrasonique  aux  portions  en  contact  de  ces  fibres  tout  plastique  de  facon  a 
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lier  les  ames  I'une  avec  I'autre  au  niveau  de  chaque  portion  en  contact. 

Precede  pour  fabriquer  un  coupleur  optique,  comprenant  les  etapes  suivantes  : 
-  preparer  une  premiere  fibre  tout  plastique; 
-  placer  une  multiplicity  de  deuxiemes  fibres  tout  plastique  pourformerun  premier  reseau  de  branches 

reliees  entreelles,  ce  premier  reseau  ayant  une  extremite  amont  et  une  extremite  aval,  chaque  bran- 
che  etant  formee  d'une  portion  amont  differente  de  la  premiere  fibre,  qui  est  situee  relativement  en 
amont  du  premier  reseau,  en  contact  avec  une  portion  amont  d'une  fibre  differente  de  cette  multi- 
plicity  de  deuxiemes  fibres  qui  sont  situees  plus  loin  en  aval; 

-  placer  une  multiplicity  de  troisiemes  fibres  tout  plastique  pour  former  un  deuxieme  reseau  de  bran- 
ches  reliees  entre  elles,  ce  deuxieme  reseau  ayant  une  extremity  amont  et  une  extremity  aval,  cha- 
que  branche  etant  formee  d'une  portion  amont  differente  de  la  premiere  fibre,  qui  est  situee  relati- 
vement  en  aval  du  deuxieme  reseau,  en  contact  avec  une  portion  aval  d'une  fibre  differente  de  cette 
multiplicity  de  troisiemes  fibres  qui  sont  situees  plus  loin  en  amont,  chacune  des  premieres,  deuxie- 
mes  et  troisiemes  fibres  tout  plastique  ayant  une  ame;  et 

-  appliquer  une  vibration  ultrasonique  aux  portions  en  contact  des  fibres  tout  plastique  pour  lier  les 
ames  les  unes  avec  les  autres  au  niveau  de  chaque  portion  de  contact. 

Precede  pour  fabriquer  un  coupleur  optique,  comprenant  les  etapes  suivantes  : 
-  preparer  un  premier  etun  deuxieme  coupleur  optique,  dontchacun  a2n  (n>1)  branches  de  fibre  d'en- 

tree  et  2n  branches  de  fibre  de  sortie,  les  branches  de  fibre  d'entree  servant  de  ports  d'entree,  ser- 
vant  de  ports  d'entree,  les  branches  de  fibre  de  sortie  servant  de  ports  de  sortie, 

-  placer  chaque  branche  de  fibre  de  sortie  du  premier  coupleur  optique  en  contact  avec  une  branche 
de  fibre  de  sortie  differente  du  deuxieme  coupleur  optique  avec  une  correspondance  de  1  a  1;  et 

-  appliquer  une  vibration  ultrasonique  aux  portions  en  contact  de  ces  fibres  tout  plastique  de  facon  a 
lier  les  ames  les  unes  avec  les  autres  au  niveau  de  chaque  portion  de  contact. 

Coupleur  optique  comprenant  au  moins  deux  fibres  optiques  (10,11)  ayant  chacune  une  ame  (10a,  11  a) 
s'etendant  le  long  de  la  fibre,  des  portions  de  ces  fibres  etant  liees  par  fusion  I'une  a  I'autre  par  paires 
dans  la  direction  laterale,  caracterise  en  ce  que  les  fibres  ont  ete  lateralement  liees  ensemble  au  moyen 
d'une  fusion  par  vibration  ultrasonique. 

Coupleur  optique  selon  la  revendication  12,  comprenant  : 
une  multiplicity  de  fibres  optiques  tout  plastique  (10,11,12,13),  ayant  chacune  une  ame; 
dans  lequel  les  fibres  tout  plastique  sont  rangees  pour  former  un  reseau  de  branches  (52e-d),  chaque 
branche  etant  formee  a  partir  d'une  paire  de  fibres  lateralement  liees,  le  reseau  ayant  une  extremity  amont 
et  une  extremity  aval,  et 
dans  lequel  chaque  branche  (52e-d)  raccorde  une  portion  aval  d'une  fibre,  situee  relativement  en  amont 
dans  leur  reseau,  avec  une  portion  amont  d'une  autre  fibre  situee  en  aval  dans  le  reseau. 

Coupleur  optique  comprenant  des  fibres  optiques  tout  plastique  liees  ensemble  par  paires  au  niveau  de 
portions  de  liaison  au  moyen  d'une  fusion  par  vibration  ultrasonique,  ce  coupleur  optique  comprenant  : 
une  premiere  fibre  optique  tout  plastique  (11); 
une  multiplicity  de  deuxiemes  fibres  optiques  tout  plastique  (10,11,12,13)  formant  un  premier  reseau  de 
branches  reliees  entre  elles,  chaque  branche  etant  formee  d'une  portion  aval  differente  de  la  premiere 
fibre  (11),  qui  est  situee  relativement  en  amont  du  premier  reseau,  ou  la  premiere  fibre  (11)  est  reliee  a 
une  portion  amont  d'une  fibre  differente  de  la  multiplicity  de  deuxiemes  fibres  situees  en  aval  de  la  pre- 
miere  fibre  (11); 
une  multiplicity  de  troisiemes  fibres  tout  plastique  (14,15,16)  formant  un  deuxieme  reseau  de  branches 
reliees  entre  elles,  chaque  branche  etant  formee  d'une  portion  amont  differente  de  la  premiere  fibre  (11) 
qui  est  situee  relativement  en  aval  du  deuxieme  reseau,  et  la  premiere  fibre  (11)  etant  en  contact  avec 
une  portion  aval  d'une  fibre  differente  de  la  multiplicity  de  troisiemes  fibres,  qui  sont  situees  plus  loin  en 
amont,  chacune  des  premieres  et  troisiemes  fibres  ayant  une  ame. 

Coupleur  optique  comprenant  des  fibres  optiques  tout  plastique  liees  les  unes  aux  autres  par  paires  au 
niveau  de  portions  de  liaison  au  moyen  d'une  fusion  par  vibration  ultrasonique,  ce  coupleur  optique 
comprenant  : 
un  premier  et  un  deuxieme  coupleurs  optiques  (70a,70b),  dont  chacun  a  2n(n>1)  branches  de  fibre  d'en- 
tree  et  2n  branches  de  fibre  de  sortie,  les  branches  de  fibre  d'entree  (42,43)  servant  de  ports  d'entree, 
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les  branches  de  fibre  de  sortie  (74a,74b)  servant  de  ports  de  sortie; 
dans  lequel  chaque  branche  de  fibre  de  sortie  (72a,72b)  du  premier  coupleur  optique  est  liee  avec  une 
branche  de  fibre  de  sortie  differente  du  deuxieme  coupleur  optique  (70a)  avec  une  correspondance  de 
1  a  1. 
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