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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  an  optical  fiber,  more  particularly,  an  optical  fiber  coated  with  a 
conductive  metal  coating,  and  a  process  for  making  same. 

BACKGROUND  ART 

io  Optical  fiber  have  been  extensively  employed  in  a  variety  of  fields,  and  when  such  optical  fibers  are 
employed  in  nuclear  power  plants  or  chemical  plants  in  particular,  a  tolerance  to  heat  is  required,  and  thus 
optical  fibers  coated  with  layers  of  metal  are  used. 

As  one  prior  art  process  for  making  a  metal  coating  for  the  optical  fiber,  a  dipping  method  in  which  a 
threaded  optical  fiber  made  of  silica  based  glass  is  dipped  in  a  bath  containing  an  aluminium  melt,  to 

75  thereby  form  an  aluminium  coating  on  the  optical  fiber,  is  known.  This  dipping  method,  however,  suffers 
from  a  disadvantage  of  a  generation  of  a  microbent,  which  causes  an  increase  of  a  transmission  loss  in  the 
optical  fiber.  More  specifically,  a  coefficient  of  line  expansion  of  the  silica  based  glass  is  approximately  0.4 
X  10_G/°C,  but  a  coefficient  of  line  expansion  of  aluminium  is  approximately  29  X  10_G/°C,  i.e., 
approximately  70  times  that  of  the  silica  based  glass  optical  fiber.  Further,  the  melting  point  temperature  of 

20  the  aluminium  is  high,  and  accordingly,  when  aluminium  is  cooled  to  become  a  solid  and  the  aluminium 
coating  is  to  be  shrunk,  a  stress  due  to  the  aluminium  coating  causes  a  shrinkage  of  the  optical  fiber,  to 
thereby  cause  the  microbent.  This  microbent  causes  a  transmission  loss  in  the  optical  fiber.  This  problem  of 
the  dipping  method  also  arises  with  metals  other  than  aluminium. 

Tanaka,  et.  al.,  in  a  paper,  "  Reducing  Loss  of  Metal  Coated  Fiber",  National  Convention  Record,  The 
25  Institute  of  Electronics,  Information  and  Communication  Engineers,  1985,  page  4-207,  disclose  a  technology 

whereby  an  additional  stress  corresponding  to  a  stress  causing  the  microbent  during  the  cooling  of  the  dip 
material,  such  as  aluminium,  is  applied  to  an  optical  fiber  to  compensate  the  microbent.  It  is  known  through 
experiments  that,  when  the  optical  fiber  coated  with  aluminium  is  expanded  by  the  stress,  by  approximately 
0.15  %,  the  transmission  loss  is  at  a  minimum. 

30  Nevertheless,  the  compensation  method  disclosed  in  the  above  suffers  from  a  disadvantage  in  that 
adding  the  additional  stress  increases  the  processes,  and  although  the  transmission  loss  can  be  com- 
pensated  by  applying  the  additional  stress,  the  transmission  loss  can  not  be  restored  to  an  initial  value. 
Further,  the  application  of  the  additional  stress  must  be  held  within  a  suitable  range,  because  if  an  extra 
additional  stress  is  applied  thereto,  the  transmission  loss  is  increased,  and  accordingly,  the  control  of  the 

35  application  of  this  additional  stress  is  difficult. 
Further,  when  a  metal  coating  is  directly  formed  on  a  silica  based  glass  optical  fiber  by  the  dipping 

method,  the  contact  between  the  silica  based  glass  optical  fiber  and  the  metal  is  weak,  and  therefore,  when 
the  optical  fiber  coated  with  the  metal  coating  is  bent,  the  metal  coating  is  easily  peeled  from  the  optical 
fiber. 

40  As  an  alternative  to  the  above  mentioned  dipping  method,  Japanese  Unexamined  (Kokai)  Patent 
Publication  No.  51(1976)-54445  discloses  a  method  of  forming  a  metal  coating  by  applying  an  electroless 
(chemical)  plating  process  on  an  optical  fiber.  The  electroless  plating  is  carried  out  at  a  relatively  low 
temperature,  and  thus  a  microbent  will  not  be  caused.  The  forming  of  the  metal  coating  by  the  electroless 
plating  process,  however,  suffers  from  a  disadvantage  of  a  low  metal  formation  speed  when  forming  the 

45  metal  coating  to  a  predetermined  thickness  required  as  a  coating,  and  thus  the  optical  fiber  must  be  dipped 
into  an  electroless  plating  bath  for  a  long  time.  The  latter  causes  an  incursion  of  hydrogen  and/or  water  to 
the  optical  fiber,  which  causes  a  transmission  loss  of  the  optical  fiber  and/or  reduces  the  mechanical 
strength  of  the  optical  fiber. 

Further,  U.S.  Patent  No.4,1  83,621  and  EPC  Publication  No.0308143  disclose  methods  wherein  a  carbon 
50  is  coated  on  an  optical  fiber  to  increase  a  sealing  thereof  against  an  impregnation  of  hydrogen  and/or  water, 

to  thereby  prevent  an  incursion  of  hydrogen  and/or  water,  whereby  an  increase  of  the  transmission  loss  of 
the  optical  fiber  is  prevented.  Also,  a  coefficient  of  line  expansion  of  carbon  is  close  to  that  of  the  silica 
based  glass  optical  fiber,  and  thus  the  microbent  is  not  caused.  The  methods  disclosed  in  the  publications, 
however,  are  intended  only  to  prevent  the  incursion  of  hydrogen  and/or  water,  and  are  not  intended  to 

55  increase  a  tolerance  to  heat,  a  mechanical  strength,  and  to  have  an  electrical  conduction  functioning  as  the 
optical  fibers.  As  a  result,  optical  fibers  according  to  the  methods  disclosed  in  the  publications  can  not  be 
employed  in  high  temperature  conditions,  or  under  conditions  which  requires  a  mechanical  strength  and  an 
electrical  conduction. 

2 



EP  0  419  882  B1 

DISCLOSURE  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  an  improve  optical  fiber  in  which  a  sealing,  a  mechanical 
strength  and  a  heat  tolerance  are  increased,  and  which  has  an  electrical  conductive  layer,  and  a  process  for 

5  making  same. 
Another  object  of  the  present  invention  is  to  provide  a  process  for  making  the  optical  fiber,  by  which  a 

productability  thereof  is  improved. 
To  achieve  the  objects  set  forth  above,  according  to  the  present  invention,  (a)  a  base  coating,  such  as  a 

carbon  coating  which  has  a  coefficient  of  line  expansion  close  to  that  of  a  silica  based  glass  optical  fiber,  to 
io  thereby  prevent  a  generation  of  a  microbent,  has  a  good  contact  with  the  optical  fiber,  to  thereby  prevent  an 

incursion  of  hydrogen  and/or  water  to  the  optical  fiber,  and  thus  preferably  a  carbon  coating  as  the  base 
coating  is  formed  on  the  optical  fiber,  and  (b)  an  electrically  conductive  metal  coating  is  formed  on  the  base 
coating. 

Therefore,  according  to  the  present  invention,  there  is  provided  an  optical  fiber  including,  an  optical 
is  fiber  made  of  silica  based  glass  and  containing  a  core  and  a  cladding,  preferably,  further  containing  a  silica 

based  glass  jacket  formed  on  the  cladding,  a  carbon  coating  formed,  as  the  base  coating,  on  an  outer 
surface  of  the  cladding,  and  an  electrically  conductive  metal  coating  formed  on  an  outer  surface  of  the 
carbon  coating. 

In  the  context  of  this  specification,  an  optical  fiber  means  a  cable  comprised  of  a  core  and  a  cladding, 
20  and  preferably,  further  comprised  of  a  jacket  formed  on  the  cladding  and  made  of  silica  based  glass,  and 

an  optical  fiber  means  comprising  the  carbon  coating  and  the  electrical  conductive  coating,  in  addition  to 
the  optical  fiber. 

Also,  according  to  the  present  invention,  there  is  also  provide  a  process  for  making  the  optical  fiber, 
including  the  step  of  forming  the  carbon  coating  and  the  step  of  forming  the  electrically  conductive  metal 

25  coating. 
The  electrically  conductive  coating  can  be  formed  by  an  electroless  plating  process,  a  sputtering  or  a 

metal  evaporation  process,  or  a  combination  of  an  electroless  plating  and  an  electroplating  process,  two 
electroless  plating  processes  and  one  electroplating  process,  an  electroless  plating  and  a  sputtering 
process,  or  an  electroless  plating  and  a  metal  evaporation  process. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other  objects  and  features  of  the  present  invention  will  be  described  in  more  detail  with  reference  to  the 
accompanying  drawings,  in  which 

35  Fig.  1  is  a  schematic  view  of  an  apparatus  for  forming  a  coating  on  an  optical  fiber,  as  a  first 
embodiment  of  an  optical  fiber  making  process  according  to  the  present  invention; 
Figs.  2  to  6  are  sectional  views  of  optical  fiber  formed  by  the  first  embodiment  of  the  present  invention; 
Fig.  7  is  a  schematic  view  of  an  apparatus  for  forming  a  coating  on  an  optical  fiber,  as  a  second 
embodiment  of  an  optical  fiber  cable  making  process  according  to  the  present  invention; 

40  Figs.  8  and  9  are  sectional  views  of  optical  fibers  formed  by  the  second  embodiment  of  the  present 
invention;  and 
Fig.  10  is  a  schematic  view  of  an  apparatus  for  forming  a  coating  on  an  optical  fiber,  as  a  third 
embodiment  of  an  optical  fiber  making  process  according  to  the  present  invention. 

45  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  processes  for  making  an  optical  fiber  according  to  the  present  invention  can  be  applied  to  a  variety 
of  optical  fibers,  such  as  a  single-mode  optical  fiber  or  a  multi-mode  optical  fiber,  but  in  the  following 
description,  a  single-mode  optical  fiber  made  of  silica  based  glass  will  be  described  as  an  example. 

50  Figure  1  is  a  schematic  view  of  an  apparatus  for  forming  a  coating  on  an  optical  fiber,  as  a  first 
embodiment  of  an  optical  fiber  making  process  according  to  the  present  invention. 

In  Fig.1,  a  silica  based  glass  preform  1  formed  by  a  known  method  is  introduced  into  a  threading 
furnace  2  to  be  threaded  at  a  line  tension  force  of  20  g  and  a  line  speed  of  300  m/min,  to  thereby  produce 
an  optical  fiber  3  including  a  core  and  a  cladding  surrounding  the  core.  Preferably,  a  jacket  of  a  silica  based 

55  glass  can  be  formed  on  an  outer  surface  of  the  cladding,  but  in  the  specification  the  description  thereof  is 
omitted.  A  diameter  of  the  core  is,  for  example,  10  n  m,  and  an  outer  diameter  of  the  cladding  is,  for 
example,  125  n  m.  After  the  threading  process,  the  threaded  optical  fiber  3  having  a  diameter  of  125  n  m  is 
introduced  into  a  reaction  furnace  4,  and  a  carbon  coating  is  then  formed  on  an  outer  surface  of  the 

3 
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cladding. 
This  carbon  coating  formation  will  be  described  in  more  detail.  Inert  gases,  such  as  helium  (He)  and 

hydrocarbon  gas,  for  example,  C2H2,  flow  through  the  reaction  furnace  4,  and  the  reaction  furnace  4  is 
heated  to  several  hundreds  degree  centigrade  (°C),  if  required.  Under  these  conditions,  an  amorphous 

5  carbon  coating  having  a  thickness  of  approximately  50  nm  (500  A)  is  formed  on  an  outer  surface  of  the 
cladding  of  the  optical  fiber.  The  amorphous  carbon  has  a  compact  structure,  and  thus  prevents  an 
incursion  of  hydrogen  and/or  water  to  the  optical  fiber  during  later  described  processes. 

A  coefficient  of  line  expansion  of  the  carbon  is  5  X  10_G/°C,  and  is  close  to  that  of  the  silica  based 
glass  optical  fiber,  i.e.,  0.4  X  10_G/°C,  and  therefore,  a  microbent  due  to  the  difference  therebetween  during 

10  a  cooling  thereof  is  not  caused.  The  amorphous  carbon  has  a  good  contact  with  the  silica  based  glass 
cladding,  and  accordingly,  the  amorphous  carbon  coating  is  free  from  rubbing  or  bending,  i.e.,  the 
amorphous  carbon  coating  is  not  peeled  from  the  cladding  even  if  the  optical  fiber  is  rubbed  and/or  bent. 
Furthermore,  the  amorphous  carbon  coating  functions  to  protect  the  cladding  from  damage  during  the 
subsequent  processes.  Therefore,  the  optical  fiber  5  coated  with  the  amorphous  carbon  coating  can  be 

15  easily  handled:  can  be  wound  up  on  a  bobbin. 
A  metal  coating  is  formed  on  the  optical  fiber  coated  with  the  amorphous  carbon  coating,  by  an 

electroless  plating  process.  Metals  able  to  be  easily  electroless  plated,  having  a  good  contact  with  the 
carbon  coating,  and  further,  having  a  large  electric  conductivity,  i.e.,  a  small  electric  resistance,  are  most 
preferably  using  as  the  coating  material. 

20  A  metal  coating  formation  of  a  first  embodiment  according  to  the  present  invention  will  be  described 
with  reference  to  the  following  Examples  1  to  5. 

Example  1 

25  This  example  shows  that  a  nickel  (Ni)  coating  is  formed  on  the  carbon  coating  by  the  electroless  plating 
process.  The  manufacturing  processes  is  now  described. 

Step  1  :  Cleaning 
The  optical  fiber  coated  with  the  carbon  coating,  specifically  the  amorphous  carbon  coating,  is 

dipped  into  a  container  filled  with  an  aqueous  solution  containing  200  ml/l  of  a  cleaning  solution  (Z-200 
30  made  by  World  Metal  Corporation)  for  two  minutes  at  approximately  50  °C,  to  eliminate  impurities  or 

contamination  deposited  on  the  carbon  coating.  This  dipping  is  carried  out  by  rewinding  the  optical  fiber 
from  a  supply  reel  (not  shown),  dipping  the  optical  fiber  into  a  container  (not  shown)  filled  with  the 
aqueous  solution,  and  winding  the  optical  fiber  onto  a  take-up  reel  (not  shown). 
Step  2:  Washing  away  the  cleaning  solution  Z-200  deposited  on  the  optical  fiber  with  water 

35  Step  3:  Etching 
The  optical  fiber  coated  with  the  carbon  coating  is  dipped  into  a  container  filled  with  200  ml/l  of  an 

aqueous  etching  solution  to  which  is  added  an  agent  (MC-E  made  by  World  Metal  Corporation)  to  200 
ml/l  of  a  36%  HCL  solution  for  30  seconds  at  a  room  temperature. 
Step  4:  Washing  away  the  etching  solution  with  water 

40  Step  5:  Activation  (Phase  1) 
The  optical  fiber  coated  with  the  carbon  coating  is  dipped  into  a  container  filled  with  an  aqueous 

solution  containing  200  ml/l  of  an  activating  reagent  (MC-C  made  by  World  Metal  Corporation)  for  two 
minutes  at  approximately  50  0  C. 
Step  6:  Washing  away  the  activating  reagent  with  water 

45  Step  7:  Activation  (Phase  2) 
The  optical  fiber  coated  with  the  carbon  coating  is  dipped  into  a  container  filled  with  200  ml/l  of  an 

aqueous  solution  containing  an  activating  reagent  (MC-A  made  by  World  Metal  Corporation)  for  two 
minutes  at  approximately  50  0  C. 
Step  8:  Washing  away  the  activating  reagent  used  in  step  7,  with  water 

50  Step  9:  Ni  coating  formation  (electroless  plating  process) 
The  optical  fiber  coated  with  the  carbon  coating  is  dipped  into  a  container  filled  with  200  ml/l  of  an 

electroless  plating  solution  of  nickel  and  phosphorus  (Ni-P),  diluted  from  a  thick  Ni-P  plating  solution 
(MN-B  made  by  World  Metal  Corporation)  for  five  hours  at  approximately  90  °C.  As  a  result,  a  Ni  coating 
having  a  thickness  of  approximately  100  n  m  is  formed  on  the  carbon  coating. 

55  Step  10:  Washing  away  the  electroless  plating  solution  deposited  on  the  Ni  coating,  with  water 
Step  11:  Washing  the  optical  fiber  having  the  Ni  coating,  with  hot  water 
Step  12:  Drying  the  optical  fiber 
As  a  result,  as  shown  in  Fig.2,  the  optical  fiber  is  composed  of  the  silica  based  glass  optical  fiber 

4 



EP  0  419  882  B1 

comprised  of  the  core  11  having  a  diameter  of  10  n  m  and  the  cladding  12  having  an  outer  diameter  of  125 
M,  m,  the  amorphous  carbon  coating  14  coated  on  the  cladding  to  a  thickness  of  50  nm  (500  A)  and  the  Ni 
coating  15  having  a  thickness  of  100  n  m.  Namely,  an  optical  fiber  coated  by  the  electrically  conductive 
metal,  i.e.,  the  Ni  layer  15  having  a  diameter  of  approximately  325  n  m,  is  formed.  The  carbon  coating  14 

5  and  the  Ni  coating  15  are  in  good  contact  with  each  other,  and  thus  the  Ni  coating  15  is  not  peeled  from  the 
carbon  coating  14  when  the  optical  fiber  is  bent.  As  described  above,  the  Ni  coating  15  functions  as  an 
electrical  conduction  member,  and  thus  the  Ni  coating  15  can  be  used  for  an  electrical  connection  to  optical 
parts  requiring  a  supply  of  power,  as  an  electrically  conductive  member.  Also,  the  optical  fiber  can  be 
soldered  to  the  optical  parts.  Further,  the  optical  fiber  is  coated  with  the  Ni  coating  15  to  a  sufficient 

io  thickness,  and  accordingly,  the  optical  fiber  has  a  sufficient  tolerance  to  heat  and  a  sufficient  mechanical 
strength.  Note  that  the  optical  fiber  is  covered  by  the  carbon  coating,  and  thus  hydrogen  and/or  water  can 
not  impregnate  the  optical  fiber,  i.e.,  the  cladding  and  the  core  during  the  above  mentioned  each  process 
for  forming  the  Ni  coating,  to  thereby  prevent  an  increase  of  the  transmission  loss. 

is  Example  2 

This  example  shows  that  a  Ni  coating  is  formed  on  the  carbon  coating  by  the  electroless  plating 
process,  and  a  copper  (Cu)  coating  is  formed  on  the  Ni  coating  also  by  the  electroless  plating  process. 

Accordingly,  the  following  steps  are  carried  out  after  steps  1  through  8  of  Example  1  . 
20  Step  9a:  Ni  coating  formation  (electroless  plating  process) 

The  optical  fiber  coated  with  the  carbon  coating  is  dipped  into  a  container  filled  with  200  ml/l  of  a  Ni- 
P  electroless  plating  solution,  diluted  from  a  high  density  Ni-P  plating  solution  (MN-B  made  by  World 
Metal  Corporation)  for  30  minutes  at  approximately  90  °C,  and  as  a  result,  a  Ni  coating  having  a 
thickness  of  10  n  m  is  formed  on  the  carbon  coating. 

25  Step  10a:  The  optical  fiber  is  washed  with  water 
Step  11a:  Cu  coating  formation  (electroless  plating  process) 

The  optical  fiber  coated  with  the  Ni  coating  is  dipped  into  a  container  filled  with  a  copper  electroless 
plating  solution  (MCU-H  made  by  World  Metal  Corporation)  containing  125  ml/l  of  a  copper  ion  supply 
solution  (MCU-AH  made  by  World  Metal  Corporation)  and  125  ml/l  of  a  redundant  and  complexing  agent 

30  (MCU-BH  made  by  World  Metal  Corporation)  for  two  hours  at  approximately  70  °C,  whereby  a  Cu 
coating  having  a  thickness  of  10  n  m  is  formed  on  the  Ni  coating. 
Step  12a:  The  optical  fiber  is  washed  with  water 
Step  13a:  The  optical  fiber  is  washed  with  hot  water 
Step  14a:  The  optical  fiber  is  dried 

35  Figure  3  shows  the  optical  fiber  according  to  the  above  processes.  The  optical  fiber  comprises  the  Ni 
coating  15  having  a  thickness  of  10  n  m,  and  the  Cu  coating  16  having  a  thickness  of  10  n  m.  The  core  11, 
the  cladding  12  and  the  carbon  coating  14  are  identical  to  those  in  Fig.2.  Namely,  an  optical  fiber  coated  by 
the  electrically  conductive  metal  of  Cu  and  having  a  diameter  of  approximately  165  n  m,  is  formed. 

Compared  with  Example  1,  the  process  time  in  steps  9a  and  11a  is  shorter  than  the  process  time  in 
40  step  9  of  Example  1,  and  accordingly  the  total  process  time  is  shortened.  Also,  the  Cu  coating  16  has  a 

larger  electrical  conductivity  than  that  of  the  Ni  coating  15  in  Fig.2,  and  thus  this  Cu  coating  16  is  preferable 
as  a  metal  conductive  member  such  as  a  electric  feeding  layer  or  a  connecting  member  for  optical  devices. 
Furthermore,  the  diameter  of  this  optical  fiber  is  small,  and  thus  many  such  optical  fibers  can  be 
accommodated  in  a  limited  sheath,  and  further  this  optical  fiber  has  a  good  flexibility  and  can  be  easily  bent 

45  without  a  peeling  of  the  coating. 

Example  3 

This  example  shows  that  a  Cu  coating  is  formed  on  the  carbon  coating  by  the  electroless  plating 
50  process,  and  another  Cu  coating  is  formed  on  the  first  Cu  coating  also  by  the  electroplating  process. 

Accordingly,  the  following  steps  are  carried  out,  after  steps  1  through  8  of  Example  1  . 
Step  9b:  Cu  coating  formation  (same  as  in  step  11a  of  Example  2) 

A  Cu  coating  having  a  thickness  of  10  n  m  is  formed  on  the  carbon  coating. 
Step  10b:  The  optical  fiber  is  washed  with  water 

55  Step  11b:  Cu  coating  formation  (electroplating  process) 
A  Cu  coating  having  a  thickness  of  100  n  m  is  formed  by  a  bright  copper  sulfate  electroplating 

process. 
Step  12b:  The  optical  fiber  is  washed  with  water 
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Step  13b:  The  optical  fiber  is  washed  with  hot  water 
Step  14b:  The  optical  fiber  is  dried 

Figure  4  shows  the  optical  fiber  according  to  the  above  processes.  The  optical  fiber  comprises  the  Cu 
coating  16a  having  a  thickness  of  10  n  m,  and  the  Cu  coating  16b  having  a  thickness  of  100  n  m.  The  core 

5  11,  the  cladding  12,  and  the  carbon  coating  14  are  identical  to  those  in  Fig.2.  Namely,  an  optical  fiber 
coated  by  the  electrically  conductive  metal  of  Cu  and  having  a  diameter  of  approximately  345  n  m,  is 
formed.  The  Cu  electroless  plating  process  at  step  9b  enables  the  Cu  electroplating  process  at  step  11b. 

Example  4 
10 

This  example  shows  that  a  Ni  coating  is  formed  on  the  carbon  coating  by  the  electroless  plating 
process,  a  Cu  coating  is  formed  by  the  electroless  plating  process,  and  a  silver  (Ag)  coating  is  formed  on 
the  Cu  coating  also  by  the  electroplating  process. 

Accordingly,  the  following  steps  are  carried  out,  after  step  12a  of  Example  2. 
is  Step  13c:  Ag  coating  formation  (electroplating  process) 

An  Ag  coating  having  a  thickness  of  50  n  m  is  formed  on  the  Cu  coating  by  a  cyanide  solution 
electroplating  process. 
Step  14c:  The  optical  fiber  is  washed  with  water 
Step  15c:  The  optical  fiber  is  washed  with  hot  water 

20  Step  16c:  The  optical  fiber  is  dried 
Figure  5  shows  the  optical  fiber  according  to  the  above  processes.  The  optical  fiber  comprises  the  Ni 

coating  15  having  a  thickness  of  10  n  m  and  coated  on  the  carbon  coating  14,  the  Cu  coating  16  having  a 
thickness  of  10  n  m,  and  the  Ag  coating  17  having  a  thickness  of  50  n  m.  The  core  11,  the  cladding  12, 
and  the  carbon  coating  14  are  identical  to  those  in  Fig.2.  Namely,  an  optical  fiber  coated  by  the  electrically 

25  conductive  metals  of  Cu  and  Ag  and  having  a  diameter  of  approximately  265  n  m,  is  formed. 

Example  5 

This  example  shows  that  a  Cu  coating  is  formed  on  the  carbon  coating  by  the  electroless  plating 
30  process,  and  Cu  and  gold  (Au)  coatings  are  consecutively  also  formed  by  the  electroplating  process. 

Accordingly,  the  following  steps  are  carried  out,  after  step  10b  of  Example  3. 
Step  1  1  d:  Cu  coating  formation  (same  as  in  step  11b  of  Example  3) 

A  Cu  coating  having  a  thickness  of  10  n  m  is  formed  on  the  Cu  coating. 
Step  12d:  The  optical  fiber  is  washed  with  water 

35  Step  13d:  Au  coating  formation  (electroplating  process) 
An  Au  coating  having  a  thickness  of  2  n  m  is  formed  on  the  Cu  coating  by  a  cyanide  silver  sulfide 

electroplating  process. 
Step  14d:  The  optical  fiber  is  washed  with  water 
Step  15d:  The  optical  fiber  is  washed  with  hot  water 

40  Step  16d:  The  optical  fiber  is  dried 
Figure  6  shows  the  optical  fiber  according  to  the  above  processes.  The  optical  fiber  comprises  a  double 

Cu  coating  16c  having  a  total  thickness  of  20  n  m,  and  the  Au  coating  18  having  a  thickness  of  2  n  m.  The 
core  11,  the  cladding  12,  and  the  carbon  coating  14  are  identical  to  those  in  Fig.2.  Namely,  an  optical  fiber 
coated  by  the  electrically  conductive  metals  of  Cu  and  Au  and  having  a  diameter  of  approximately  169  n  m, 

45  is  formed. 
The  initial  transmission  losses  of  the  optical  fibers  in  Examples  1  to  5  and  the  Comparative  Example 

shown  below,  as  measured  by  a  cut  back  method,  are  shown  in  Table  1. 

Comparative  Example 
50 

An  optical  fiber  is  composed  of  a  core,  a  cladding,  and  a  carbon  coating  having  a  thickness  of  50  nm 
(500  A). 

55 
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Table  1 

Samples  of  optical  fibers  Initial  Transmission  Loss  dB/Km 

At  1  .3  u  m  At  1  .55  u  m 

Examples  1  to  5  0.36  -  0.38  0.22  -  0.24 
Comparative  Example  0.37  0.22 

io  Note  that  the  initial  transmission  loss  of  the  optical  fiber  in  the  Comparative  Example  was  equal  to  that 
of  a  standard  optical  fiber  coated  with  a  plastic  layer. 

Nevertheless  the  optical  fiber  of  Examples  1  to  5  were  subjected  to  the  electroless  plating  process  in 
which  hydrogen  and/or  water  could  impregnate  the  cladding,  but  as  seen  from  the  results  shown  in  Table  1, 
the  carbon  coating  prevented  the  impregnation  of  hydrogen  and/or  water,  and  thus  maintained  the  initial 

is  value  of  the  transmission  loss. 
Table  2  shows  the  results  measurements  of  the  optical  fibers  under  a  bending  test  at  7  mm  radius  bend 

and  a  heat  tolerance  test  for  24  hours  at  approximately  700  °  C  in  air. 

Table  2 
20 

Samples  optical  fibers  Bending  Test  Heat  tolerance  Test 

External  appearance  Transmission  loss 

Ex.1  Passed  Surface  oxide  No  change 
Ex.2  Passed  Surface  oxide  No  change 
Ex.2  Passed  Surface  oxide  No  change 
Ex.4  Passed  Good  No  change 
Ex.5  Passed  Good  No  change 

Comp.  Ex.  Broken  carbon  vaporized  No  change 

Table  2  shows  that  the  optical  fiber  having  the  conductive  metal  coating  of  Examples  1  to  5,  according 
to  the  embodiment  of  the  present  invention,  have  a  strong  bending  tolerance  and  a  high  heat  tolerance. 

The  formation  of  such  conductive  metal  coating  can  be  also  carried  out  by  a  sputtering  method  and  an 
35  evaporation  method. 

A  second  embodiment  of  the  present  invention  in  which  the  sputtering  method  is  used,  will  be 
described  with  reference  to  Fig.7.  Figure  7  is  a  schematic  view  of  a  sputtering  apparatus. 

In  Fig.7,  the  optical  fiber  coated  with  the  carbon  coating  or  the  optical  fiber  coated  with  the  metal 
coating  in  accordance  with  the  above  embodiment  (hereinafter,  the  optical  fiber  coated  with  the  carbon 

40  coating  will  be  described  as  an  example)  is  supplied  from  a  supply  reel  31,  introduced  into  a  vacuum 
apparatus  32  and  wound  onto  a  take-up  reel  33.  The  vacuum  apparatus  32  is  provided  with  a  vacuum 
chamber  38,  and  first  to  fourth  sealing  rooms  34  to  37  provided  at  both  sides  of  the  vacuum  chamber  38.  A 
vacuum  pump  39  extracts  air  in  the  vacuum  chamber  38  to  bring  same  to  a  vacuum  condition.  The  sealing 
rooms  34  to  37  seal  the  vacuum  chamber  38,  to  thereby  maintain  same  at  a  high  vacuum  condition.  A  ring 

45  metal  plate  40  functioning  as  an  opposite  electrode,  and  a  ring  ion  gun  41  emitting  ions  onto  the  metal  plate 
40  are  provided  in  the  vacuum  chamber  38,  and  a  DC  power  source  42  is  connected  to  the  metal  plate  40 
and  the  ion  gun  41  . 

During  the  passage  of  the  optical  fiber  5  coated  with  the  carbon  coating  through  the  ring  metal  plate  40, 
metal  particles  sputtered  from  the  ring  metal  plate  40,  by  ions  emitted  from  the  ion  gun  41  ,  are  deposited 

50  on  an  outer  surface  of  the  carbon  coating  of  the  optical  fiber  5. 
More  specifically,  in  this  example,  the  ion  gun  41  emits  argon  ion:  Ar+,  the  ring  metal  plate  40  is  made 

of  aluminium  (Al),  and  the  DC  power  source  42  supplies  a  voltage  of  5  KV  therebetween.  As  a  result,  an  Al 
coating  of  an  electrical  conductive  layer  is  formed  on  an  outer  surface  of  the  carbon  coating.  The  winding 
speed  of  the  take-up  reel  33  is  determined  in  accordance  with  a  thickness  of  the  Al  coating  to  be  deposited 

55  by  the  sputtering  method.  In  this  example,  the  thickness  of  the  Al  coating  is  500  nm  (5000  A). 
The  kinetic  energy  of  the  Al  particles  sputtered  from  the  Al  plate  40  is  high,  and  thus  the  Al  particles 

are  well  deposited  on  the  carbon  coating.  As  is  well  known,  Al  is  light,  has  a  good  bending  characteristic 
and  a  high  electrical  conductivity,  and  accordingly,  the  Al  coating  is  preferable  as  a  metal  coating. 
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The  resultant  properties  and  measured  data  obtained  by  the  tests  as  set  forth  above  are  similar  to  those 
shown  in  Tables  1  and  2. 

Instead  of  Al,  other  conductive  materials  can  be  formed  on  the  carbon  coating  by  suitably  selecting  the 
substance  of  the  ion  gun  41  and  the  metal  plate  40,  for  example,  conductive  materials  such  as  Au,  Ag,  or 

5  the  like  can  be  used. 
If  the  sputtering  was  applied  to  an  optical  fiber  not  yet  coated  with  the  carbon  coating,  due  to  a  high 

energy  of  Ar+,  an  outer  surface  of  the  cladding  could  be  damaged  and  a  change  of  the  properties  of  the 
optical  fiber  occur,  for  example,  a  degradation  of  the  strength.  In  this  embodiment,  however,  the  outer 
surface  is  protected  by  at  least  the  carbon  coating,  or  preferably,  further  by  the  metal  coating  by  the 

io  electroless  plating  process  and/or  the  electroplating  process,  and  since  the  sputtering  is  applied  to  such  a 
coating,  the  cladding  is  not  damaged  by  the  high  energy  particles. 

The  formation  of  the  metal  coating  by  the  sputtering  method  can  be  applied  in  a  variety  of  modes.  For 
example,  as  shown  in  Fig.8,  an  Al  coating  19  having  a  thickness  of  500  nm  (5000  A)  is  directly  formed  on 
the  carbon  coating  14  by  the  sputtering  method,  instead  of  the  Ni  coating  15  formed  by  the  electroless 

is  plating  process  as  shown  in  Fig.2,  or  as  shown  in  Fig.9,  an  Al  coating  19  having  a  thickness  of  500  nm 
(5000  A)  can  be  formed  by  the  sputtering  method  on  the  Ni  coating  15  formed  by  the  electroless  plating 
process  and  having  a  thickness  of  10  n  m,  instead  of  the  Cu  coating  16  formed  by  the  electroless  plating 
process. 

The  DC  sputtering  has  been  described  above,  however,  a  radio  frequency  sputtering  also  can  be 
20  applied  in  the  same  way. 

A  third  embodiment  of  the  present  invention  in  which  an  evaporation  method  is  applied  will  be 
described  with  reference  to  Fig.  10.  Figure  10  is  a  schematic  view  of  a  metal  evaporation  apparatus. 

In  Fig.  10,  the  supply  reel  31,  the  vacuum  apparatus  32,  the  take-up  reel  33,  the  vacuum  chamber  38, 
the  first  to  fourth  sealing  rooms  34  to  37,  and  the  vacuum  pump  39  are  similar  to  those  of  the  sputtering 

25  apparatus  in  Fig.7.  The  vacuum  chamber  38  is  provided  with  a  ring  metal  plate  50  and  a  ring  heater  51,  and 
an  AC  power  source  52  supplies  an  AC  voltage  to  the  ring  heater  51  to  heat  same.  During  the  passage  of 
the  optical  fiber  5  coated  with  the  carbon  coating  through  the  ring  metal  plate  50,  metal  particles  evaporated 
from  the  metal  plate  50  strongly  heated  by  the  heater  51  are  deposited  on  an  outer  surface  of  the  carbon 
coating. 

30  The  resultant  properties  and  measured  data  obtained  by  the  tests  as  set  forth  above  are  similar  to  those 
shown  in  Tables  1  and  2,  except  that  the  contact  between  the  carbon  coating  and  the  metal  coating  is 
weaker. 

The  ring  metal  plate  50  can  be  made  of  Al,  Ag,  Au,  Cu,  Ni,  or  the  like,  and  a  thickness  of  the  metal 
coating  formed  by  the  evaporation  method  is  500  nm  (5000  A)  in  this  example.  Note,  the  evaporation 

35  method  can  be  applied  to  the  optical  fiber  further  coated  with  the  metal  layer  by  the  electroless  plating 
and/or  the  electroplating  processes  in  the  same  way  as  described  above. 

The  above  description  is  devoted  to  the  single-mode  optical  fiber  of  a  silica  based  glass  as  an  example, 
but  the  present  invention  is  not  limited  to  such  optical  fiber,  and  can  be  applied  to  other  optical  fibers  such 
as  a  multi-mode  optical  fiber. 

40 
Claims 

1.  An  optical  fiber  comprising  an  optical  fiber  made  of  silica  based  glass  and  including  a  core  (11)  and  a 
cladding  (12),  and  a  carbon  coating  (14)  formed  on  an  outer  surface  of  said  optical  fiber, 

45  characterized  in  that  it  comprises  an  electrical  conductive  metal  coating 
(15;15,16;16a,16b;15,16,17;16c,18;19;15,19)  formed  on  an  outer  surface  of  said  carbon  coating. 

2.  An  optical  fiber  according  to  claim  1,  wherein  said  conductive  coating  comprises  a  conductive  metal 
(15,16a,16c,19)  having  a  good  contact  with  said  carbon  coating. 

50 
3.  An  optical  fiber  according  to  claim  2,  wherein  said  conductive  coating  (15)  comprises  nickel. 

4.  An  optical  fiber  according  to  claim  3,  wherein  an  additional  conductive  coating  (16,19)  having  a  small 
electric  resistance  is  formed  on  said  nickel  conductive  coating. 

55 
5.  An  optical  fiber  according  to  claim  2,  wherein  said  conductive  coating  (16a,16c)  comprises  copper. 

6.  An  optical  fiber  according  to  claim  1,  wherein  said  conductive  coating  (19)  comprises  aluminium. 
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7.  A  process  for  malting  an  optical  fiber  comprising  an  optical  fiber  made  of  silica  based  glass  and 
including  a  core  and  a  cladding,  and  a  carbon  coating  on  an  outer  surface  of  said  optical  fiber, 

characterized  in  that  it  comprises  the  step  of  forming  an  electrical  conductive  metal  coating 
(15;15,16;16a,16b;15,16,17;16c,18;19;15,19)  on  said  carbon  coating. 

5 
8.  A  process  for  making  an  optical  fiber  according  to  claim  7,  wherein  said  forming  of  said  conductive 

metal  coating  (15,16a,16c)  is  carried  out  by  an  electroless  plating  process. 

9.  A  process  for  making  an  optical  fiber  according  to  claim  8,  wherein  said  forming  of  said  conductive 
io  metal  coating  comprises  the  steps  of 

forming  a  metal  coating  (15,16a)  on  said  carbon  coating  by  an  electroless  plating  process,  and 
forming  a  conductive  metal  coating  (16,16b,17,18)  having  a  small  electric  resistance  on  said  metal 

coating  by  an  electroplating  process. 

is  10.  A  process  for  making  an  optical  fiber  according  to  claim  9,  wherein  said  forming  of  said  metal  coating 
by  said  electroless  plating  process  comprises  the  steps  of 

forming  a  first  metal  layer  (15)  having  a  good  contact  with  said  carbon  coating,  and 
forming  a  second  metal  layer  (16)  having  a  good  contact  with  said  first  metal  coating,  on  said  first 

metal  layer. 
20 

11.  A  process  for  making  an  optical  fiber  according  to  claim  9,  wherein  said  forming  of  said  conductive 
metal  coating  comprises  the  steps  of 

forming  a  first  metal  layer  having  a  good  contact  with  said  carbon  coating  on  said  carbon  coating 
by  the  electroless  plating  process, 

25  forming  a  second  metal  layer  having  a  good  contact  with  said  first  metal  layer  formed  on  said  first 
metal  layer  by  the  electroplating  process  and 

forming  a  conductive  metal  coating  having  (18)  a  small  electric  resistance  on  said  second  metal 
layer  by  the  electroplating  process. 

30  12.  A  process  for  making  an  optical  fiber  according  to  claim  8,  wherein  said  forming  of  said  conductive 
metal  coating  comprises  the  steps  of 

forming  a  metal  layer  (15)  having  a  good  contact  with  said  carbon  coating  on  said  carbon  coating 
by  the  electroless  plating  process,  and 

forming  a  conductive  metal  coating  (19)  on  said  metal  layer  by  a  sputtering  method. 
35 

13.  A  process  for  making  an  optical  fiber  according  to  claim  8,  wherein  said  forming  of  said  conductive 
metal  coating  comprises  the  steps  of 

forming  a  metal  layer  (15)  having  a  good  contact  with  said  carbon  coating  on  said  carbon  coating 
by  the  electroless  plating  process,  and 

40  forming  a  conductive  metal  (19)  coating  on  said  metal  layer  by  a  metal  evaporation  method. 

14.  A  process  for  making  an  optical  fiber  according  to  claim  7,  wherein  said  forming  of  said  conductive 
metal  coating  (19)  is  carried  out  by  a  sputtering  method,  to  form  the  conductive  metal  coating  on  said 
carbon  coating. 

45 
15.  A  process  for  making  an  optical  fiber  according  to  claim  7,  wherein  said  forming  of  said  conductive 

metal  coating  (19)  is  carried  out  by  a  metal  evaporation  method,  to  form  the  conductive  metal  coating 
on  said  carbon  coating. 

50  Patentanspruche 

1.  Optische  Faser,  bestehend  aus  einer  aus  Quarzglas  hergestellten  optischen  Faser,  enthaltend  eine 
Seele  (11)  und  einen  Mantel  (12)  und  eine  Kohlenstoffschicht  (14),  welche  auf  einer  auBeren  Oberflache 
der  optischen  Faser  ausgebildet  ist, 

55  dadurch  gekennzeichnet,  dal3  sei  eine  elektrisch  leitende  Metallschicht  (15;  15,  16;  16a,  16b;  15,  16,  17; 
16c,  18;  19;  15,  19),  welche  auf  der  auBeren  Oberflache  der  Kohlenstoffschicht  ausgebildet  ist,  umfaBt: 

9 
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2.  Optische  Faser  nach  Anspruch  1,  bei  der  die  leitende  Schicht  ein  leitendes  Metall  (15,  16a,  16c,  19)  mit 
einem  guten  Kontakt  mit  der  Kohlenstoffschicht  umfaBt. 

3.  Optische  Faser  nach  Anspruch  2,  bei  der  die  leitende  Schicht  (15)  aus  Nickel  besteht. 
5 

4.  Optische  Faser  nach  Anspruch  3,  bei  der  eine  zusatzliche  leitende  Schicht  (16,  19)  mit  einem  geringen 
elektrischen  Widerstand  auf  der  leitenden  Nickel-Schicht  ausgebildet  ist. 

5.  Optische  Faser  nach  Anspruch  2,  bei  der  die  leitende  Schicht  (16a,  16c)  aus  Kupfer  besteht. 
10 

6.  Optische  Faser  nach  Anspruch  1,  bei  der  die  leitende  Schicht  (19)  aus  Aluminium  besteht. 

7.  Verfahren  zur  Herstellung  einer  optischen  Faser,  welche  aus  Quarzglas  hergestellt  ist,  und  eine  Seele 
und  einen  Mantel  und  eine  Kohlenstoffschicht  auf  einer  auBeren  Oberflache  der  optischen  Faser 

15  enthalt, 
dadurch  gekennzeichnet,  dal3  es  den  Schritt  der  Ausbildung  einer  elektrisch  leitenden  Metallschicht  (15; 
15,  16;  16a,  16b;  15,  16,  17;  16c,  18;  19;  15,  19)  auf  der  Kohlenstoffschicht  umfaBt. 

8.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  7,  bei  dem  das  Ausbilden  der  leitenden 
20  Metallschicht  (15,  16a,  16c)  mittels  eines  chemischen  Metallabscheidungsverfahren  durchgefuhrt  wird. 

9.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  8,  bei  dem  das  Ausbilden  der  leitenden 
Metallschicht  folgende  Schritte  umfaBt: 
Ausbilden  einer  Metallschicht  (15,  16a)  auf  der  Kohlenstoffschicht  mittels  eines  chemischen  Metallab- 

25  scheidungsverfahrens,  und 
Ausbilden  einer  leitenden  Metallschicht  (16,  16b,  17,  18)  mit  einem  geringen  elektrischen  Widerstand 
auf  die  Metallschicht  mittels  eines  elektrochemischen  Beschichtungsverfahrens  (Galvanisieren). 

10.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  9,  bei  dem  das  Ausbilden  der 
30  Metallschicht  mittels  eines  chemischen  Metallabscheidungsverfahrens  folgende  Schritte  umfaBt: 

Ausbilden  einer  ersten  Metall-Lage  (15)  mit  einem  guten  Kontakt  mit  der  Kohlenstoffschicht.und 
Ausbilden  einer  zweiten  Metall-Lage  (16)  mit  einem  guten  Kontakt  mit  der  ersten  Metallschicht  auf  der 
ersten  Metall-Lage. 

35  11.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  9,  bei  dem  das  Ausbilden  der  leitenden 
Metallschicht  folgende  Schritte  umfaBt: 
Ausbilden  einer  ersten  Metall-Lage  mit  einem  guten  Kontakt  mit  der  Kohlenstoffschicht  auf  der 
Kohlenstoffschicht  mittels  eines  chemischen  Metallabscheidungsverfahrens, 
Ausbilden  einer  zweiten  Metall-Lage  mit  einem  guten  Kontakt  mit  der  ersten  Metall-Lage,  welche  auf 

40  der  ersten  Metall-Lage  mittels  eines  elektrochemischen  Beschichtungsverfahrens  ausgebildet  ist,  und 
Ausbilden  einer  leitenden  Metallschicht  (18)  mit  einem  geringen  elektrischen  Widerstand  auf  der 
zweiten  Metall-Lage  mittels  des  elektrochemischen  Beschichtungsverfahrens. 

12.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  8,  bei  dem  das  Ausbilden  der  leitenden 
45  Metallschicht  folgende  Schritte  umfaBt: 

Ausbilden  einer  Metall-Lage  (15)  mit  einem  guten  Kontakt  mit  der  Kohlenstoffschicht  auf  der  Kohlen- 
stoffschicht  mittels  eines  chemischen  Metallabscheidungsverfahrens,  und 
Ausbilden  einer  leitenden  Metallschicht  (19)  auf  der  Metall-Lage  mittels  Sputtern. 

50  13.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  8,  bei  dem  das  Ausbilden  der  leitenden 
Metallschicht  folgende  Schritte  umfaBt: 
Ausbilden  einer  Metall-Lage  (15)  mit  einem  guten  Kontakt  mit  der  Kohlenstoffschicht  auf  der  Kohlen- 
stoffschicht  mittels  eines  chemischen  Metallabscheidungsverfahrens,  und 
Ausbilden  einer  leitenden  Metallschicht  (19)  auf  der  Metall-Lage  mittels  eines  Metallaufdampfungsver- 

55  fahrens. 

14.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  7,  bei  dem  das  Ausbilden  der  leitenden 
Metallschicht  (19)  mittels  Sputtern  durchgefuhrt  wird,  urn  die  leitende  Metallschicht  auf  der  Kohlenstoff- 

10 
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schicht  auszubilden. 

15.  Verfahren  zur  Herstellung  einer  optischen  Faser  nach  Anspruch  7,  bei  dem  das  Ausbilden  der  leitenden 
Metallschicht  (19)  mittels  eines  Metallaufdampfungsverfahrens  durchgefuhrt  wird,  urn  die  leitende 

5  Metallschicht  auf  der  Kohlenstoffschicht  auszubilden. 

Revendicatlons 

I.  Fibre  optique  comprenant  une  fibre  optique  constitute  par  un  verte  a  base  de  silice  et  comprenant  un 
io  coeur  (11)  et  une  gaine  (12),  et  un  revetement  de  carbone  (14)  forme  sur  une  surface  externe  de  ladite 

fibre  optique,  caracterisee  en  ce  qu'elle  comprend  un  revetement  metallique  electriquement  conducteur 
(15;  15,  16  ;  16a,  16b  ;  15,  16,  17  ;  16c,  18  ;  19  ;  15,  19)  forme  sur  une  surface  externe  dudit 
revetement  de  carbone. 

is  2.  Fibre  optique  selon  la  revendication  1,  dans  laquelle  ledit  revetement  conducteur  comprend  un  metal 
conducteur  (15,  16a,  16c,  19)  ayant  un  bon  contact  avec  ledit  revetement  de  carbone. 

3.  Fibre  optique  selon  la  revendication  2,  dans  laquelle  ledit  revetement  conducteur  (15)  comprend  du 
nickel. 

20 
4.  Fibre  optique  selon  la  revendication  3,  dans  laquelle  un  revetement  conducteur  supplemental  (16,  19) 

ayant  une  faible  resistance  electrique  est  forme  sur  ledit  revetement  conducteur  de  nickel. 

5.  Fibre  optique  selon  la  revendication  2,  dans  laquelle  ledit  revetement  conducteur  (16a,  16c)  comprend 
25  du  cuivre. 

6.  Fibre  optique  selon  la  revendication  1,  dans  laquelle  ledit  revetement  conducteur  (19)  comprend  de 
I'aluminium. 

30  7.  Procede  de  fabrication  d'une  fibre  optique  comprenant  une  fibre  optique  constitute  par  un  verre  a  base 
de  silice  et  comprenant  un  coeur  et  une  gaine,  et  un  revetement  de  carbone  sur  une  surface  externe 
de  ladite  fibre  optique,  caracterise  en  ce  qu'il  comprend  I'etape  de  formation  d'un  revetement 
metallique  electriquement  conducteur  (15  ;  15,  16  ;  16a,  16b  ;  15,  16,  17  ;  16c,  18  ;  19  ;  15,  19)  sur 
ledit  revetement  de  carbone. 

35 
8.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  7,  dans  lequel  ladite  formation  dudit 

revetement  metallique  conducteur  (15,  16a,  16c)  est  accomplie  par  un  procede  de  placage  chimique. 

9.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  8,  dans  lequel  ladite  formation  dudit 
40  revetement  metallique  conducteur  comprend  les  etapes  de 

formation  d'un  revetement  metallique  (15,  16a)  sur  ledit  revetement  de  carbone  par  un  procede  de 
placage  chimique,  et  de 

formation  d'un  revetement  metallique  conducteur  (16,  16b,  17,  18)  ayant  une  faible  resistance 
electrique  sur  ledit  revetement  metallique  par  un  procede  de  galvanoplastie. 

45 
10.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  9,  dans  lequel  ladite  formation  dudit 

revetement  metallique  par  ledit  procede  de  placage  chimique  comprend  les  etapes  de 
formation  d'une  premiere  couche  metallique  (15)  ayant  un  bon  contact  avec  ledit  revetement  de 

carbone,  et  de 
50  formation  d'une  seconde  couche  metallique  (16)  ayant  un  bon  contact  avec  ledit  premier  revete- 

ment  metallique,  sur  ladite  premiere  couche  metallique. 

II.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  9,  dans  lequel  ladite  formation  dudit 
revetement  metallique  conducteur  comprend  les  etapes  de 

55  formation  d'une  premiere  couche  metallique  ayant  un  bon  contact  avec  ledit  revetement  de 
carbone  sur  ledit  revetement  de  carbone  par  le  procede  de  placage  chimique,  de 

formation  d'une  seconde  couche  metallique  ayant  un  bon  contact  avec  ladite  premiere  couche 
metallique  sur  ladite  premiere  couche  metallique  par  le  procede  de  galvanoplastie,  et  de 

11 
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formation  d'un  revetement  metallique  conducteur  (18)  ayant  une  faible  resistance  electrique  sur 
ladite  seconde  couche  metallique  par  le  procede  de  galvanoplastie. 

2.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  8,  dans  lequel  ladite  formation  dudit 
revetement  metallique  conducteur  comprend  les  etapes  de 

formation  d'une  couche  metallique  (15)  ayant  un  bon  contact  avec  ledit  revetement  de  carbone  sur 
ledit  revetement  de  carbone  par  le  procede  de  placage  chimique,  et  de 

formation  d'un  revetement  metallique  conducteur  (19)  sur  ladite  couche  metallique  par  un  procede 
de  pulverisation  cathodique. 

3.  Procede  pour  fabriquer  une  libre  optique  selon  la  revendication  8,  dans  lequel  ladite  formation  dudit 
revetement  metallique  conducteur  comprend  les  etapes  de 

formation  d'une  couche  metallique  (15)  ayant  un  bon  contact  avec  ledit  revetement  de  carbone  sur 
ledit  revetement  de  carbone  par  le  procede  de  placage  chimique,  et  de 

formation  d'un  revetement  metallique  conducteur  (19)  sur  ladite  couche  metallique  par  un  procede 
d'evaporation  de  metal. 

4.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  7,  dans  lequel  ladite  formation  dudit 
revetement  metallique  conducteur  (19)  est  accomplie  par  un  procede  de  pulverisation  cathodique  pour 
former  le  revetement  metallique  conducteur  sur  ledit  revetement  de  carbone. 

5.  Procede  pour  fabriquer  une  fibre  optique  selon  la  revendication  7,  dans  lequel  ladite  formation  dudit 
revetement  metallique  conducteur  (19)  est  accomplie  par  un  procede  d'evaporation  de  metal  pour 
former  le  revetement  metallique  conducteur  sur  ledit  revetement  de  carbone. 
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