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Description 

BACKGROUND  OF  THE  INVENTION 

(Field  of  the  Invention) 

The  present  invention  relates  to  a  method  of 
fabricating  an  optical  branching  and  coupling  de- 
vice  which  is  accomplished  by  bringing  the  partly 
coat-stripped  parts  of  a  plurality  of  coated  optical 
fibers  into  close  contact  with  each  other  in  a  direc- 
tion  perpendicular  to  the  optical  axis,  and  unifying 
the  coat-stripped  parts  by  melting  them  upon  heat- 
ing. 

(Prior  Art) 

Optical  branching  and  coupling  devices  may 
be  classified  by  their  components  and  functions 
into  three  groups  of  optical  component  utilization 
type,  optical  fiber  utilization  type  and  optical 
waveguide  type.  Of  these,  the  optical  fiber  utiliza- 
tion  type  has  advantages  in  that  the  number  of 
components  required  is  small  because  they  can  do 
away  with  the  optical  components  such  as  lenses, 
their  fabrication  is  easy,  and  the  like. 

The  conventional  method  of  fabricating  the  op- 
tical  fiber  branching  and  coupling  device  of  such 
an  optical  fiber  utilization  type  will  be  described. 
The  methods  of  fabricating  the  optical  branching 
and  coupling  device  using  optical  fiber  can  be 
roughly  divided  into  grinding  method,  etching 
method  and  melt-fusion  method.  The  grinding 
method  is  that  the  clad  part  of  the  optical  fiber  is 
shaved  off  and  the  core  parts  of  the  optical  fibers 
are  then  allowed  to  be  close  with  each  other,  and 
the  etching  method  is  that  the  clad  parts  of  the 
optical  fibers  are  immersed  in  a  highly  acidic  or 
alkaline  solution  so  as  to  be  etched,  and  the  clad 
parts  thus  etched  are  twisted  to  be  brought  close 
with  each  other. 

Further,  as  to  the  melt-fusion  method,  there  are 
two  methods  depending  upon  the  conditions  in 
arrangement  of  two  optical  fibers.  The  first  method 
is  one  in  which  the  coating  of  each  of  the  two 
coated  optical  fibers  is  partly  removed,  and  the  two 
fibers  thus  coating-removed  are  twisted  and  melted 
by  heating  in  such  a  manner  that  they  are  unified 
(disclosed  in  Stable  Low-Loss  Single-Mode  Cou- 
plers,  Electronic  Letters,  March  15,  1984,  Vol.  20, 
No.  6,  pp.  230-232).  The  second  method  is  a 
method  in  which  partly  removing  the  coating  of 
each  of  two  optical  fibers,  arranging  them  in  par- 
allel,  and  melting  them  by  a  heating  process  so  as 
to  unify  the  melted  portions  thereof  (disclosed  in 
Japanese  Patent  Publication  Gazette,  No.  60- 
501427). 

However,  it  is  difficult  to  finish  the  fiber  with  an 
accuracy  of  the  order  of  a  micron  by  the  grinding 
method  and  the  etching  method,  so  that  their  prac- 
ticality  does  not  amount  to  too  much  at  present. 

5  Further,  the  conventional  melt-fusion  method 
has  been  applied  to  melting  and  fusing  two  single- 
core  coated  optical  fibers,  and  it  is  not  suitable  for 
branching  and  coupling  a  large  number  of  optical 
fibers  (for  example,  multi-core  coated  optical  fibers) 

io  at  one  time;  particularly  since  a  protective  material 
for  protecting  the  optical  coupling  portion  is  re- 
quired  for  every  pair  of  optical  fibers  so  that  a  high 
density  mounting  is  difficult. 

75  SUMMARY  OF  THE  INVENTION 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  method  of  fabricating  an  optical 
branching  and  coupling  device  which  enables  the 

20  fabrication  of  a  large  number  of  optical  branching 
and  coupling  devices  at  one  time,  thereby  enhanc- 
ing  productive  efficiency  and  high-density  pack- 
aging. 

The  present  invention  attains  the  afore-men- 
25  tioned  object,  in  providing  a  method  of  fabricating 

an  optical  branch  and  coupling  device  comprising 
the  steps  set  out  in  claim  1 
The  method  of  fabrication  includes:  a  first  step  in 
which  the  coating-stripped  central  portions  of  a 

30  plurality  of  coated  optical  fibers  are  inserted  into  a 
pair  of  comb-shaped  grooves  under  conditions  that 
are  free  from  tension  and  torsional  stress  in  the 
direction  of  the  optical  axis,  thereby  bringing  the 
coat-stripped  parts  of  the  optical  fibers  into  close 

35  contact  with  each  other  in  the  direction  of  the 
optical  axis  between  at  least  the  pair  of  comb- 
shaped  grooves;  a  second  step  in  which  the  coat- 
ing-stripped  parts  are  unified  by  heating  and  melt- 
ing  process;  and  a  third  step  in  which  the  coating- 

40  stripped  parts  of  the  optical  fibers  are  elongated  in 
the  direction  of  the  optical  axis. 

In  this  case,  use  of  optical  fibers  having  an 
asymmetrical  coating  such  as  an  elliptic  or  rectan- 
gular  shape  is  efficacious. 

45  Moreover,  optical  fibers  may  be  made  of  those 
in  which  they  are  arranged  in  the  form  of  a  ribbon 
of  coated  optical  fibers. 

With  the  construction  above  described,  accord- 
ing  to  the  present  invention,  it  becomes  easy  to 

50  bring  a  plurality  of  bare  optical  fibers  into  close 
contact  in  the  first  step,  a  sufficient  surface  tension 
effect  being  secured  between  the  coat-stripped  op- 
tical  fibers  in  the  second  step,  and  the  core  parts 
of  the  coat-stripped  optical  fibers  can  be  made  to 

55  come  close  with  each  other  in  the  third  step.  Ac- 
cordingly,  it  becomes  easy  to  fabricate  an  optical 
branching  and  coupling  device  which  can  bring  and 
couple  a  large  number  of  bare  optical  fibers  si- 

3 
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multaneously. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(a)  through  1(e)  are  process  diagrams 
showing  an  embodiment  of  the  method  of 
fabricating  an  optical  branching  and  coupling 
device  in  accordance  with  the  present  invention; 
Figs.  2(a)  and  2(b)  are  sectional  diagrams  as 
seen  along  the  direction  of  the  optical  axis  illus- 
trating  the  change  in  the  optical  fiber  due  to 
heating  and  melting; 
Fig.  3  is  a  schematic  diagram  showing  the 
method  of  fabricating  a  ribbon-shaped  coated 
optical  fiber; 
Figs.  4(a)  and  4(b)  are  process  diagrams  show- 
ing  the  influence  of  the  torsional  stress; 
Figs.  5(a)  and  5(b)  are  process  diagrams  show- 
ing  the  influence  of  the  tension; 
Figs.  6(a)  and  6(b)  are  sectional  diagrams  illus- 
trating  the  structure  of  an  optical  fiber  seen 
along  the  direction  of  the  optical  axis; 
Fig.  7  is  a  perspective  view  of  sectional  diagram 
of  important  parts  showing  the  experimental  ap- 
paratus  for  the  optical  branching  and  coupling 
device  in  accordance  with  the  present  invention; 
and 
Fig.  8  is  a  table  showing  the  result  of  experi- 
ment  obtained  by  the  use  of  the  experimental 
apparatus  of  Fig.  7. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  to  the  accompanying  drawings,  an 
embodiment  of  the  optical  branching  and  coupling 
device  in  accordance  with  the  present  invention  will 
be  described  below.  In  the  description  that  follows, 
identical  components  are  assigned  identical  sym- 
bols,  and  a  repetitive  explanation  will  be  omitted. 

Figs.  1(a)  through  1(e)  are  process  charts 
showing  an  embodiment  of  the  method  of  fabricat- 
ing  the  optical  branching  and  coupling  device.  The 
present  invention  is  constituted  basically  of  three 
processes. 

First,  ribbon-shaped  coated  optical  fibers  1  and 
2  with  a  part  of  commonly  coating  stripped  are 
laminated  in  a  direction  perpendicular  to  the  sur- 
face  of  arrangement  of  the  fibers.  The  coating  part 
of  the  optical  fiber  of  the  ribbon-shaped  coated 
optical  fibers  1  and  2  are  constructed  in  an  asym- 
metric  form  (for  instance,  elliptic  form)  in  order  to 
avoid  the  generation  of  torsional  stresses  (to  be 
described  in  detail  later).  The  ribbon-shaped  coat- 
ed  optical  fiber  is  segmented  as  pieces  of  1  m 
length,  for  example,  and  the  coating  at  the  central 
part  of  the  segment  is  removed  for  20  mm.  The 
optical  fiber  whose  coating  is  stripped  is  cleaned 

with  alcohol  or  the  like.  Below  the  ribbon-shaped 
coated  optical  fibers  1  and  2  there  are  disposed  a 
pair  of  block  bodies  3  and  4  are  disposed  with  a 
space,  for  example,  of  15  mm.  The  block  body  3 

5  (or  4)  is  equipped  with  a  comb-like  groove  part  3a 
and  a  placing  part  3b.  The  grooves  of  the  comb- 
like  groove  part  3a  are  formed  with  the  same  pitch 
as  that  of  bare  optical  fibers  1a,  1b,  ...  and  2a,  2b 
(not  shown)  ...  enclosed  in  the  ribbon-shaped  coat- 

io  ed  optical  fibers  1  and  2,  and  the  width  of  the 
grooves  is  roughly  equal  to  the  outer  diameter  of 
the  optical  fiber.  In  addition,  the  depth  of  the  comb- 
like  groove  3a  depends  upon  the  number  of  ribbon- 
shaped  coated  optical  fibers  to  be  laminated  (to  be 

is  branched  and  coupled).  To  the  comb-like  groove 
parts  3a,  there  are  inserted  parts  A  which  are  the 
parts  obtained  by  removing  the  common  coatings 
1e  and  2e  from  the  coated  fibers  (referred  to  as 
"coat-stripped  parts"  hereinafter),  and  on  the  plac- 

20  ing  part  3b  there  are  placed  the  common  coating 
2e  of  the  ribbon-shaped  coated  optical  fiber  2. 

In  the  first  step,  the  coat-stripped  parts  A  of  the 
ribbon-shaped  coated  optical  fibers  1  and  2  are 
inserted  into  the  comb-like  groove  parts  3a  and  4a 

25  of  the  block  bodies  3  and  4  under  conditions  free 
from  tensions  applied  in  the  direction  of  the  optical 
axes  of  the  respective  bare  optical  fibers  1a,  1b,  ... 
and  2a,  2b  (not  shown)  and  covers  5  and  6  are 
placed  over  the  groove  parts  (Fig.  1(a)).  The  bare 

30  optical  fibers  1a,  1b,  ...  and  2a,  2b  (not  shown),  ... 
are  fixed  with  respect  to  at  least  one  direction 
perpendicular  to  the  optical  axes  and  are  brought 
into  close  contact  with  each  other  between  the 
comb-like  groove  parts  3a  and  4a  (Fig.  1(b)). 

35  In  the  second  step,  the  coat-stripped  parts  A 
are  melted  by  the  application  of  heat  from  above 
the  coat-stripped  parts  A  of  the  ribbon-shaped 
coated  optical  fibers  1  and  2  that  are  fixed,  with  a 
mixed  burner  7  of  acetylene  and  oxygen  so  as  to 

40  be  unified  for  every  pair  of  bare  optical  fibers  (1a 
and  2a,  for  example)  (Fig.  1(d)).  In  this  case,  it  is 
possible  to  suppress  the  updraft  due  to  heating 
from  the  burner  7  which  might  cause  the  bending 
of  the  optical  fibers  to  melt  the  optical  fibers  from 

45  above.  Since  the  tip  of  the  burner  7  is  given  an 
elliptical  form,  all  (namely,  4)  of  the  optical  fibers 
receive  heat  of  the  flame  simultaneously  at  least  in 
the  direction  of  width  of  the  ribbon-shaped  coated 
optical  fibers.  When  the  bare  optical  fibers  1a,  1b, 

50  and  2a,  2b  (not  shown),  ...  are  melted  suffi- 
ciently  well,  the  cross-sectional  form  of  the  pair  of 
optical  fibers  as  seen  from  the  direction  of  the 
optical  axis  changes  under  the  action  of  surface 
tension  from  the  shape  of  letter  8  into  that  of  a 

55  circle  (see  Figs.  2(a)  and  2(b)). 
In  the  third  step,  the  unified  bare  optical  fibers 

1a,  1b  and  2a,  2b  (not  shown),  ...  are  extended 
in  the  direction  of  the  optical  axis  (Fig.  1(e)).  By 
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extending  the  optical  fibers  in  the  direction  of  the 
optical  axis,  the  outer  form  of  the  unified  (changed 
into  a  circular  form)  two  optical  fibers  (see  Fig.  2- 
(b))  becomes  smaller  and  the  respective  core  parts 
a  and  b  come  close  with  each  other.  As  a  result,  an 
optical  signal,  which  is  propagated  in  one  a  of  the 
core  parts,  can  be  branched  and/or  coupled  to  the 
other  core  part  b  that  is  adjacently  located.  In  this 
case,  an  optical  signal  is  made  incident  on  an 
optical  fiber  on  the  left-hand  side  (optical  fiber  1a, 
for  example)  from  an  LED  light  source  (with 
wavelength  of  1.3  urn)  connected  thereto,  and  the 
optical  output  power  of  exit  light  from  the  optical 
fibers  on  the  right-hand  side  (optical  fibers  1a  and 
2a,  for  example)  are  monitored  with  power  meters 
or  the  like  (not  shown)  to  adjust  the  amount  of 
extension  of  the  optical  fibers  so  as  to  obtain  a 
prescribed  branching  ratio  (50%,  for  example)  (see 
Fig.  1(e)). 

An  optical  branching  and  coupling  device  fab- 
ricated  in  accordance  with  the  above-mentioned 
steps  may  be  reinforced  by  molding,  for  example, 
the  ribbon-shaped  coated  optical  fibers  themselves. 

Further,  for  the  optical  fibers  in  the  present 
embodiment  that  are  brought  into  close  contact  by 
being  inserted  and  fixed  to  the  comblike  groove 
parts  3a  and  4b  (first  step)  and  are  unified  by  being 
heated  and  melted  (second  step)  it  is  important 
that  they  are  free  from  torsional  stress  and  tension. 
The  influence  of  torsional  stress  and  tension  will  be 
described  referring  to  Figs.  3  through  5. 

Fig.  3  shows  a  summary  of  the  method  of 
fabricating  the  ribbon-shaped  coated  optical  fibers. 
Bare  optical  fibers  12,  13,  14  and  15  are  supplied 
from  a  plurality  of  optical  fiber  bobbins  8,  9,  10  and 
11,  and  they  are  passed  through  a  die  16  after 
gathered,  and  a  ribbon-shaped  coated  optical  fiber 
17  is  fabricated  by  unifying  them  with  an  ultra- 
violet-curing  resin.  The  ribbon-shaped  coated  op- 
tical  fiber  17  thus  fabricated  is  wound  around  a 
winding  bobbin  18.  The  ribbon-shaped  coated  op- 
tical  fibers  are  then  laminated  in  two  layers,  a  pair 
of  optical  fibers  are  inserted  into  the  comb-like 
groove,  coat-stripped  parts  A  are  brought  to  close 
contact,  and  they  are  heated  to  be  melted. 

Figs.  4(a)  and  4(b)  show  the  influence  of  tor- 
sional  stress  which  illustrate  the  step  diagrams  in 
which  the  laminated  ribbon-shaped  coated  optical 
fibers  1  and  2  are  given  torsional  stress  and  are 
melted  by  heating.  In  this  case,  there  is  generated 
a  sudden  bend  in  the  optical  fibers  1  and  2  at  the 
time  of  heating  and  melting  (Fig.  4(b)),  and  the 
transmission  loss  increased  suddenly.  According  to 
an  experimental  result  on  individual  bare  optical 
fiber,  the  transmission  loss  was  0.3-0.8  dB  when 
there  was  applied  no  torsional  stress,  but  it  was 
increased  to  3-4  dB  when  the  fiber  is  heated  and 
melted  under  the  condition  of  applying  a  torsional 

stress.  In  this  experiment  use  were  made  of  an 
optical  fiber  with  a  difference  of  specific  index  of 
refraction  of  0.3  %,  mode  field  diameter  of  10  urn, 
cutoff  wavelength  of  1.2  urn  and  wavelength  band 

5  of  1  .3  urn,  and  an  LED  light  source  of  3  urn. 
Figs.  5(a)  and  5(b)  illustrate  the  influence  of  a 

tension,  which  show  a  process  diagram  when  lami- 
nated  ribbon-shaped  coated  optical  fibers  1  and  2 
are  heated  and  melted  with  the  application  of  a 

io  tension  in  the  direction  of  the  optical  axis.  In  this 
case,  the  bare  optical  fibers  1  and  2  were  respec- 
tively  extended  but  were  not  unified  (Fig.  5(b)). 

As  is  apparent  from  the  above  result,  when  a 
torsional  stress  is  applied  to  the  optical  fibers  in  the 

is  stage  of  hating  and  melting,  the  transmission  loss 
is  increased,  and  when  a  tension  is  applied  it  is  not 
possible  to  unify  them.  For  these  reasons,  care  is 
exercised  in  the  present  invention  so  as  not  to 
apply  a  torsional  stress  and  a  tension  at  the  time  of 

20  heating  and  melting. 
First,  in  order  to  preclude  the  generation  of  a 

torsional  stress  in  the  optical  fiber,  use  is  made  of 
an  optical  fiber  in  which  the  thickness  of  the  coat- 
ing  in  a  first  direction  perpendicular  to  the  direction 

25  of  the  optical  axis  and  the  thickness  of  the  coating 
in  a  second  direction  which  is  perpendicular  to  the 
direction  of  the  optical  axis  and  is  perpendicular  to 
the  first  direction  are  different  from  each  other 
(namely,  the  cross-sectional  structure  of  the  coat- 

30  ing  of  the  optical  fiber  is  asymmetric). 
Figs.  6(a)  and  6(b)  show  structures  of  such  a 

kind  of  optical  fiber  which  are  a  sectional  view  as 
seen  from  the  direction  of  the  optical  axis  of  an 
optical  fiber  whose  cross  section  of  coating  is 

35  formed  elliptically.  Fig.  6(a)  shows  a  single  coated 
optical  fiber,  and  Fig.  6(b)  shows  a  ribbon-shaped 
coated  optical  fiber.  An  optical  fiber  19  shown  in 
Fig.  6(a)  consists  of  a  core  part  19a,  a  clad  part 
19b  and  an  elliptic  coating  part  19c,  with  the  ratio 

40  mil  of  the  major  axis  (m)  to  the  minor  axis  (I) 
being  3/2  (for  instance,  m  =  0.3  mm  and  I  =  0.2 
mm).  By  forming  the  coating  in  an  elliptic  form  it 
becomes  easy  to  see  the  presence  of  a  torsional 
condition  in  the  core  of  the  optical  fiber  and  to 

45  prevent  the  arrangement  of  the  optical  fibers  in  a 
condition  they  are  twisted.  Further,  the  form  and 
the  ratio  of  the  axes  need  not  be  limited  to  those  in 
the  present  embodiment,  and  may  be  chosen  ap- 
propriately  as  long  as  it  enables  to  grasp  the  pres- 

50  ence  of  a  torsional  condition  in  the  core.  Accord- 
ingly,  the  ratio  llm  needs  only  be  in  the  range  of 
40  -  90  %.  If  the  ratio  llm  is  not  greater  than  40 
%,  the  fiber  is  retaken  into  its  original  shape  due  to 
surface  tension  even  when  it  is  squeezed  into  a 

55  predetermined  shape  using  a  die,  while  if  it  ex- 
ceeds  90  %,  it  becomes  difficult  to  grasp  the 
presence  of  a  torsional  condition  in  the  core.  In 
addition,  a  rectangular  form  may  be  adopted  as  the 

5 
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asymmetric  form  required.  The  optical  fiber  (Fig.  6- 
(a))  can  be  manufactured  by  the  use  of  an  ordinary 
single-mode  optical  fiber  with  the  difference  of  spe- 
cific  refractive  indices  of  0.3  %,  mode  field  diam- 
eter  10  urn,  cutoff  wavelength  1.2  urn  and 
wavelength  band  1.3  urn,  along  with  an  elliptic  die 
in  order  to  form  an  elliptic  cross-section  of  the 
coating. 

Fig.  6(b)  shows  a  ribbon-shaped  coated  optical 
fiber  in  which  there  are  enclosed  four  bare  optical 
fibers  19  arranged  so  as  to  have  the  direction  of 
their  major  axes  coincide  with  the  arraying  direc- 
tion.  Such  a  ribbon-shaped  coated  optical  fiber  can 
be  used  in  the  present  embodiment  shown  in  Fig. 
1.  This  ribbon-shaped  coated  optical  fiber  is  ob- 
tained  by  arranging  four  bare  optical  fibers  shown 
in  Fig.  6(a)  in  a  row  and  fixing  them  with  a  common 
coating  20.  A  ribbon-shaped  coated  optical  fiber 
can  be  produced  by  providing  a  plurality  of 
stepped  rollers  in  the  stage  of  ribbon-formation 
process  (see  Fig.  3)  so  as  to  have  the  cross- 
sectional  direction  of  the  respective  bare  optical 
fibers  19,  19,  ...  aligned,  and  by  the  use  of  a  line- 
gathering  jig  adapted  to  apply  a  constant  tension  to 
the  optical  fibers.  By  employing  a  ribbon-shaped 
coated  optical  fiber  thus  formed,  it  is  possible  to 
prevent  the  application  of  a  torsional  stress  to  the 
optical  fibers  at  the  time  of  heating  and  melting 
them. 

Secondly,  bare  optical  fibers  of  the  ribbon- 
shaped  coated  optical  fibers  are  fixedly  inserted 
into  a  pair  of  comblike  grooves  in  such  a  way  as  to 
prevent  the  generation  of  a  tension  in  the  bare 
optical  fibers.  Since  the  ribbon-shaped  coated  op- 
tical  fibers  are  free  to  move  in  this  case  at  least  in 
the  direction  of  the  optical  axis,  it  is  possible  to 
bring  the  optical  fibers  into  close  contact  between 
the  comb-like  grooves  in  a  condition  free  from  a 
tension  in  the  direction  of  the  optical  axis,  by 
inserting  the  optical  fibers  into  a  pair  of  comb-like 
grooves. 

Fig.  7  shows  an  experimental  apparatus  for  the 
optical  branching  and  coupling  device  fabricated  in 
accordance  with  the  present  embodiment.  This  ap- 
paratus  makes  use  of  a  single-mode  optical  fiber 
with  the  difference  of  specific  refractive  indices  of 
0.3  %,  mode  field  diameter  of  10  urn,  cutoff 
wavelength  of  1.2  urn  and  wavelength  band  of  1.3 
linn,  and  it  is  molded  with  a  quartz  glass  case  21 
after  the  optical  fibers  are  unified  by  heating  and 
melting.  Further,  the  light  branching  ratio  of  the 
apparatus  is  set  to  be  50  %.  An  LED  light  source 
not  shown)  with  wavelength  1  .3  urn  is  connected  to 
the  ribbon-shaped  coated  optical  fiber  1  on  the  left- 
hand  side,  and  power  meters  (not  shown)  are  con- 
nected  to  the  ribbon-shaped  coated  optical  fibers  1 
and  2  on  the  right-hand  side,  respectively. 

Fig.  8  shows  the  experimental  result  obtained 
by  the  use  of  the  experimental  apparatus  of  Fig.  7. 
In  the  experiment,  the  power  of  the  incident  light 
on  the  ribbon-shaped  coated  optical  fiber  1  is  re- 

5  presented  by  Po,  the  powers  of  exit  radiations  from 
the  ribbon-shaped  coated  optical  fibers  1  and  2  are 
represented  by  Pi  and  P2,  respectively,  the 
branching  ratios  are  represented  by  100xPi/Po  (%) 
and  IOOXP2/P0  (%),  and  the  excess  loss  is  repre- 

70  sented  by  100x(P0-Pi  -P2)/Po.  It  should  be  noted 
that  the  branching  ratio  is  computed  based  on  the 
measurement  values  at  the  incidence  position  (re- 
ferred  to  as  "port  0"  hereinafter)  of  radiation  in  the 
ribbon-shaped  coated  optical  fiber  1  and  at  the  exit 

75  positions  (referred  to  as  "port  1  "  and  "port  2" 
hereinafter)  of  radiation  in  the  ribbon-shaped  coat- 
ed  optical  fibers  1  and  2. 

According  to  the  experimental  result  obtained 
by  the  use  of  the  experimental  apparatus,  it  was 

20  found  that  the  dispersion  in  the  branching  ratio  in 
the  individual  bare  optical  fibers  was  within  only  10 
%  and  the  excess  loss  thereof  was  within  5  %. 

The  present  invention  is  constituted  as  ex- 
plained  in  the  foregoing  so  that  it  is  possible  to 

25  fabricate  a  plurality  of  branching  and  coupling  de- 
vices  in  a  single  operation  with  satisfactorily  high 
accuracy.  In  addition,  the  method  can  also  be 
applied  to  the  ribbon-shaped  coated  optical  fibers, 
enabling  the  fabrication  of  a  high  density  branching 

30  and  coupling  device.  In  particular,  the  method  will 
be  effective  when  mounting  a  large  number  of 
branching  and  coupling  devices  in  a  single  opera- 
tion. 

Accordingly,  it  is  possible  to  realize  an  en- 
35  hancement  of  the  production  efficiency  and  high 

density  packaging. 

Claims 

40  1.  A  method  of  fabricating  an  optical  branching 
and  coupling  device,  comprising  the  steps  of: 
forming  at  least  two  lengths  of  cable  (1,2) 
containing  a  plurality  of  coated  optical  fibres 
(1a-d;  2a-d); 

45  stripping  the  coating  along  a  central  portion  (A) 
of  each  optical  fibre; 
inserting  the  central  portions  of  the  fibres  from 
each  cable  into  a  corresponding  plurality  of 
grooves  in  each  of  a  pair  of  spaced  apart 

50  comb-shaped  grooved  members  (3,4),  where- 
by  each  groove  receives  a  fibre  from  each 
cable,  the  fibres  being  maintained  in  the 
grooves  under  a  condition  which  does  not  sub- 
ject  the  fibres  to  tension  and  torsional  stress  in 

55  an  optical  axis  direction  and  which  brings  said 
central  portions  into  mutual  contact  with  each 
other  in  the  space  between  said  comb-shaped 
grooves; 

6 
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melting  said  contacting  central  portions  by 
heating  them  to  unify  said  coat-stripped  parts; 
and 
elongating  said  coat-stripped  parts  (1e,  2e)  in 
said  optical  axis  direction. 

2.  The  method  as  claimed  in  claim  1,  wherein 
said  coated  optical  fibres  include  an  asymmet- 
ric  coating,  the  thickness  of  which  in  a  first 
direction  perpendicular  to  the  optical  axial  di- 
rection  is  different  from  that  in  a  second  direc- 
tion  perpendicular  to  both  of  said  optical  axial 
direction  and  said  first  direction. 

3.  The  method  as  claimed  in  claim  2,  wherein 
said  asymmetric  coating  has  an  elliptic  cross- 
section. 

4.  The  method  as  claimed  in  claim  2,  wherein 
said  asymmetric  coating  has  a  rectangular 
cross-section. 

5.  The  method  as  claimed  in  claim  1,  wherein 
said  cables  have  a  ribbon  shape. 

6.  The  method  as  claimed  in  claim  1,  further 
comprising  the  step  of  adjusing  the  extent  of 
elongation  of  said  optical  fibres  to  obtain  a 
predetermined  branching  ratio. 

7.  The  method  as  claimed  in  claim  1,  further 
comprising  the  step  of  reinforcing  the  coat- 
stripped  portions  by  moulding. 

Patentanspruche 

1.  Ein  Verfahren  zum  Herstellen  einer  optischen 
Verzweigungs-  und  Kopplungsvorrichtung  mit 
den  Schritten: 
Bilden  von  wenigstens  zwei  Kabellangen  (1  ,  2), 
die  eine  Vielzahl  von  beschichteten  optischen 
Fasern  (1a-d;  2a-d)  enthalten; 
Entfernen  der  Beschichtung  entlang  eines  zen- 
tralen  Bereichs  (A)  einer  jeden  optischen  Fa- 
ser; 
Einfugen  der  zentralen  Bereiche  der  Fasern 
eines  jeden  Kabels  in  eine  entsprechende  An- 
zahl  von  Rillen,  die  jeweils  in  einem  Paar  von 
beabstandeten,  kammformigen,  gerillten  Teilen 
(3,  4)  vorgesehen  sind,  wobei  jede  Rille  eine 
Faser  aus  jedem  Kabel  aufnimmt,  und  die  Fa- 
sern  in  den  Rillen  unter  einem  Zustand  gehal- 
ten  werden,  der  die  Fasern  nicht  einer  Zugs- 
pannung  oder  einem  TorsionsstreB  in  einer  op- 
tischen  axialen  Richtung  unterwirft,  und  der  die 
zentralen  Bereiche  in  gegenseitigen  Kontakt  in 
dem  Abstand  zwischen  den  kammformigen 
Rillen  bringt; 

Anschmelzen  der  in  Kontakt  stehenden  zentra- 
len  Bereiche  durch  Erwarmen,  urn  die  von  der 
Umhullung  befreiten  Teile  zu  vereinigen;  und 
Verlangern  der  von  der  Umhullung  befreiten 

5  Teile  (1e,  2e)  in  der  optischen  axialen  Rich- 
tung. 

2.  Das  Verfahren  nach  Anspruch  1,  wobei  die 
beschichteten  optischen  Fasern  eine  asymme- 

io  trische  Beschichtung  umfassen,  deren  Dicke  in 
einer  ersten  Richtung  senkrecht  zu  der  opti- 
schen  Achse  unterschiedlich  ist  zu  der  Dicke 
in  einer  zweiten  Richtung,  die  sowohl  zu  der 
optischen  Achse  als  auch  zu  der  ersten  Rich- 

15  tung  senkrecht  ist. 

3.  Das  Verfahren  nach  Anspruch  2,  wobei  die 
asymmetrische  Beschichtung  einen  ellipti- 
schen  Querschnitt  hat. 

20 
4.  Das  Verfahren  nach  Anspruch  2,  wobei  die 

asymmetrische  Beschichtung  einen  rechtecki- 
gen  Querschnitt  hat. 

25  5.  Das  Verfahren  nach  Anspruch  1,  wobei  die 
Kabel  eine  Bandform  haben. 

6.  Das  Verfahren  nach  Anspruch  1,  das  weiter 
den  Schritt  des  Anpassens  des  AusmaBes  der 

30  Verlangerung  der  optischen  Fasern  umfaBt,  urn 
ein  vorbestimmtes  Verzweigungverhaltnis  zu 
erhalten. 

7.  Das  Verfahren  nach  Anspruch  1,  das  weiter 
35  den  Schritt  des  Verstarkens  der  von  der  Be- 

schichtung  befreiten  Bereiche  durch  GieBfor- 
mung  umfaBt. 

Revendicatlons 
40 

1.  Procede  de  fabrication  d'un  dispositif  de  bran- 
chement  et  couplage  optique  comprenant  les 
phases  consistant  a  : 
former  au  moins  deux  longueurs  de  cable  (1, 

45  2)  contenant  une  pluralite  de  fibres  optiques 
gainees  (1a-d  ;  2a-d)  ; 
enlever  la  gaine  le  long  de  la  partie  centrale 
(A)  de  chaque  fibre  optique  ; 
inserer  les  parties  centrales  des  fibres  de  cha- 

50  que  cable  dans  une  pluralite  correspondante 
de  cannelures  dans  chacun  de  deux  elements 
canneles  espaces  (3,  4)  en  forme  de  peigne, 
dans  lequel  chaque  cannelure  regoit  une  fibre 
de  chaque  cable,  les  fibres  etant  maintenues 

55  dans  les  cannelures  dans  un  etat  qui  ne  sou- 
met  pas  les  fibres  a  une  tension  ni  a  une 
contrainte  de  torsion  dans  la  direction  de  I'axe 
optique  et  qui  place  lesdites  parties  centrales 

7 
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en  contact  mutuel  entre  elles  dans  I'espace 
compris  entre  lesdites  cannelures  en  forme  de 
peigne  ; 
fondre  lesdites  parties  centrales  en  contact  en 
les  chauffant  pour  reunir  lesdites  parties  denu-  5 
dees  ;  et 
allonger  lesdites  parties  denudees  (1e,  2e) 
dans  ladite  direction  de  I'axe  optique. 

2.  Procede  selon  la  revendication  1,  dans  lequel  10 
lesdites  fibres  optiques  gainees  comprennent 
une  gaine  asymetrique  dont  I'epaisseur  dans 
une  premiere  direction  perpendiculaire  a  la 
direction  de  I'axe  optique  est  differente  de 
celle  dans  une  deuxieme  direction  perpendi-  is 
culaire  a  la  fois  a  la  direction  de  I'axe  optique 
et  a  ladite  premiere  direction. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
ladite  gaine  asymetrique  a  une  section  ellipti-  20 
que. 

4.  Procede  selon  la  revendication  1,  dans  lequel 
ladite  gaine  asymetrique  a  une  section  rectan- 
gulaire.  25 

5.  Procede  selon  la  revendication  1,  dans  lequel 
lesdits  cables  ont  une  forme  de  ruban. 

6.  Procede  selon  la  revendication  1,  comprenant  30 
en  outre  la  phase  consistant  a  ajuster  le  taux 
d'allongement  des  fibres  optiques  de  maniere 
a  obtenir  un  rapport  de  division  predetermine. 

7.  Procede  selon  la  revendication  1,  comprenant  35 
en  outre  la  phase  consistant  a  renforcer  les 
parties  denudees  en  les  moulant. 

40 
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