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Description 

The  present  invention  relates  to  a  small-size 
light-weight  light  attenuator  to  be  used  for  adjust- 
ment,  of  the  quantity  of  light  in  a  light  transmission 
line,  measurement  of  the  light  transmission  char- 
acteristics  and  other  tests,  and  to  a  process  for  the 
fabrication  of  this  light  attenuator. 

As  the  conventional  light  attenuator  arranged  in 
a  light  transmission  line  composed  of  optical  fibers, 
the  light  attenuators  shown  in  Figs.  10  through  12 
are  known.  DE-A-2  914  262  discloses  a  light  atten- 
tuator  comprising  an  attenuator  element  positioned 
between  two  graded  index  lenses.  The  attenuator 
element  is  said  to  be  formed  from  organic  or 
inorganic  medium  and  the  components  are  assem- 
bled  by  gluing.  This  type  of  device  is  illustrated  by 
the  light  attenuator  shown  in  Fig.  10,  in  which  an 
optical  fiber  91  is  arranged  on  the  central  axis  of  a 
ferrule  93  to  construct  a  light  connector  plug  and 
an  optical  fiber  92  is  arranged  on  the  central  axis  of 
a  ferrule  94  to  construct  another  light  connector 
plug,  both  ferrules  93  and  94  are  arranged  within  a 
sleeve  95  while  confronting  each  other,  and  lenses 
96  and  97  for  adjusting  the  optical  axis  and  a  light- 
attenuating  element  (such  as  a  filter)  98  are  ar- 
ranged  between  the  ferrules  93  and  94. 

In  the  light  attenuator  shown  in  Fig.  11,  an 
optical  fiber  101  is  arranged  on  the  central  axis  of  a 
ferrule  103  to  construct  a  light  connector  plug,  and 
an  optical  fiber  102  is  arranged  on  the  central  axis 
of  a  ferrule  104  to  construct  another  light  connector 
plug,  both  ferrules  103  and  104  are  arranged  within 
a  sleeve  105  while  confronting  each  other,  and  a 
cylindrical  member  108  having  an  optical  fiber  rod 
107  arranged  on  the  central  axis  thereof  is  inter- 
posed  between  the  ferrules  103  and  104.  An  in- 
clined  face  is  formed  on  one  end  face  of  the 
cylindrical  member  108,  and  a  light-attenuating  film 
106  composed  of  a  vacuum-deposited  metal  film  is 
formed  on  this  inclined  face.  The  light  attenuator  of 
this  type  is  illustrated,  for  example,  in  Japanese 
Unexamined  Patent  Publication  No.  59-79402. 

In  the  light  attenuator  shown  in  Fig.  12,  a  light- 
attenuating  film  113  composed  of  a  vacuum-depos- 
ited  metal  film  is  formed  on  the  end  face  of  one  of 
optical  fibers  111  and  112  arranged  to  confront 
each  other,  and  the  end  faces  of  the  confronting 
optical  fibers  are  fusion-bonded  to  each  other  by 
arc  discharge  generated  by  electrodes  114  and 
115.  The  light  attenuator  of  this  type  is  illustrated, 
for  example,  in  Japanese  Unexamined  Patent  Pub- 
lication  No.  55-79402. 

Nevertheless,  a  high  degree  of  skill  and  exper- 
ience  is  necessary  for  the  fabrication  of  these  con- 
ventional  light  attenuators  and  moreover  large  scale 
equipment  is  required  for  such  fabrication.  Accord- 
ingly,  these  conventional  techniques  are  disadvan- 

tageous  in  that  it  is  very  difficult  or  impossible  to 
increase  the  operation  efficiency  or  carry  out  a 
mass  production  thereof. 

The  primary  object  of  the  present  invention  is 
5  to  provide  a  cheap  and  convenient  light  attenuator 

having  an  excellent  operation  efficiency  and  ca- 
pable  of  being  mass-produced,  by  eliminating  the 
foregoing  disadvantages  of  the  conventional  tech- 
niques,  and  a  process  for  the  fabrication  of  this 

io  light  attenuator. 
In  one  aspect  of  the  present  invention,  there  is 

provided  a  light  attenuator  arranged  in  a  light  trans- 
mission  line  of  an  optical  fiber,  comprising  a  ferrule 
and  a  stick  or  rod  inserted  and  set  in  the  ferrule, 

75  the  stick  or  rod  being  composed  of  a  light-transmit- 
ting  material,  and  having  a  light-attenuating  layer 
formed  on  at  least  one  end  face  of  the  stick  or  rod, 
the  ferrule  being  adapted  to  be  arranged  between  a 
connector  plug  for  the  transmission  line  and  a 

20  receptacle  for  the  connector  plug,  characterised  in 
that  the  light-attenuating  layer  is  composed  of  a 
thermoplastic  resin  in  which  finely  divided  particles 
having  a  light-absorbing  or  light-scattering  property 
are  uniformly  incorporated,  and  in  that  the  diameter 

25  of  the  light  transmitting  stick  or  rod  is  substantially 
equal  to  the  diameter  of  the  optical  fiber. 

In  another  aspect  of  the  present  invention, 
there  is  provided  a  process  for  the  fabrication  of  a 
light  attenuator,  which  comprises  forming  a  light- 

30  attenuating  layer  composed  of  a  thermoplastic  res- 
in,  in  which  finely  divided  particles  having  a  light- 
absorbing  or  light-scattering  property  are  uniformly 
incorporated,  on  a  release  film  or  paper;  placing 
the  light-attenuating  layer  formed  on  the  release 

35  film  or  paper  on  a  heating  plate;  press-bonding  the 
end  face  of  a  rod  or  stick,  composed  of  a  light- 
transmitting  material  inserted  and  set  in  the  interior 
of  a  ferrule,  to  the  surface  of  the  release  film  or 
paper;  cooling  the  bonded  assembly;  and  then 

40  peeling  the  release  film  or  paper  to  transfer  the 
light-attenuating  layer  to  the  end  face  of  the  light- 
transmitting  rod  or  stick  and  arranging  the  ferrule 
between  a  connector  plug  of  a  light  transmission 
line  of  an  optical  fibre  and  a  receptacle  for  the 

45  connector  plug,  the  diameter  of  the  light  transmit- 
ting  stick  or  rod  being  substantially  equal  to  the 
diameter  of  the  optical  fiber.  In  this  way,  the  light 
attenuating  layer  can  be  bonded  directly  to  the  end 
face  of  the  rod  or  stick. 

50  The  present  invention  therefore  provides  light 
attenuators,  and  a  process  for  making  them,  which 
are  relatively  simple  compared  to  existing  attenua- 
tors  and  processes  and  enables  their  production 
without  the  use  of  large  scale  equipment,  cheaply 

55  and  conveniently. 
In  the  accompanying  drawings: 

Figure  1  is  a  sectional  view  showing  an  end 
portion  of  a  light-transmitting  stick  or  rod  of  the 
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light  attenuator  of  the  present  invention; 
Fig.  2A  through  Fig.  2D  are  a  diagram  illustrat- 
ing  an  embodiment  of  the  process  for  the  fab- 
rication  of  the  light  attenuator  of  the  present 
invention; 
Fig.  3  shows  the  dependency  of  the  light  attenu- 
ation  quantity  upon  the  diameters  of  a  light- 
absorbing  or  light-scattering  particles  incorpo- 
rated  in  a  light  attenuating  layer; 
Fig.  4  is  a  sectional  view  showing  the  light 
attenuator  of  the  present  invention  which  is  in- 
serted  and  set  in  a  ferrule; 
Fig.  5  is  a  sectional  view  illustrating  an  example 
of  the  application  of  the  light  attenuator  of  the 
present  invention  wherein  the  light  attenuator  is 
arranged  between  a  connector  plug  and  recepta- 
cle; 
Figs.  6  through  9  are  diagrams  illustrating  other 
examples  of  the  application  of  the  light  attenua- 
tor  of  the  present  invention;  and 
Figs.  10  through  12  are  sectional  views  illustrat- 
ing  the  conventional  light  attenuators. 

Referring  to  Fig.  1  illustrating  the  end  portion  of 
a  light-transmitting  stick  or  rod  of  the  light  at- 
tenuator  of  the  present  invention  a  light-attenuating 
layer  34c  comprising  a  thermoplastic  resin  layer  in 
which  finely  divided  particles  having  a  light-absorb- 
ing  or  light-scattering  property  and  preferably  a 
particle  diameter  of  at  least  50  nm  are  uniformly 
incorporated  is  formed  on  one  end  34a  of  a  rod  or 
stick  34  composed  of  a  light-transmitting  material. 

An  example  of  the  process  for  the  fabrication 
of  the  light  attenuator  of  the  present  invention  is 
diagrammatically  illustrated  in  Fig.  2A  through  Fig. 
2D.  In  Fig.  2A,  reference  numeral  34  represents  a 
stick  or  rod  composed  of  a  light-transmitting  ma- 
terial,  on  one  end  face  34a  of  which  a  light-attenu- 
ating  layer  34c  is  formed.  As  the  light-transmitting 
material,  there  can  be  mentioned,  for  example, 
polymethyl  methacrylate,  polystyrene  and  polycar- 
bonate.  Note,  an  optical  fiber  also  can  be  used  as 
the  light-transmitting  material.  Preferably,  the  end 
face  34a  of  the  stick  or  rod  34  composed  of  the 
light-transmitting  material  is  mirror-polished,  be- 
cause  this  enables  a  light-attenuating  layer  having 
a  uniform  thickness  to  be  formed  on  the  mirror- 
polished  end  face  34  by  the  fabrication  process 
described  below.  In  Fig.  2A,  reference  numeral  13 
represents  a  light-attenuating  layer-forming  layer, 
which  consists  of  a  thermoplastic  resin  film  in 
which  finely  divided  particles  having  a  particle  di- 
ameter  of  50  nm  to  1  urn  are  uniformly  incor- 
porated.  This  light-attenuating  layer-forming  film  13 
is  temporarily  bonded  to  a  transfer  release  film  14 
composed,  for  example,  of  a  polyester  film  or  a 
release  agent-coated  release  paper.  Reference  nu- 
meral  12  represents  a  heating  plate,  which  is  heat- 
ed  at  a  certain  temperature  by  a  heater  11  or  in 

which  heating  and  cooling  are  repeated  according 
to  a  predetermined  temperature  cycle.  As  shown  in 
Fig.  2B,  the  end  face  34a  of  the  rod  or  stick  34 
composed  of  the  light-transmitting  material,  the 

5  transfer  release  film  14  and  the  heating  plate  12 
are  kept  in  contact  for  several  seconds,  and  the 
thermally  plasticized  light-attenuating  larger-for- 
ming  film  13  is  heat-transferred  and  fusion-bonded 
to  the  end  face  34a  of  the  stick  or  rod  34  com- 

io  posed  of  the  light-transmitting  material.  Then,  as 
shown  in  Fig.  2C,  the  heating  plate  12  and  heater 
11  are  separated  from  the  transfer  film  14,  and  the 
rod  or  stick  34  and  the  light-attenuating  layer- 
forming  film  13  are  cooled,  whereby  the  light- 

15  attenuating  layer-forming  film  is  bonded  to  the  end 
face  34a  of  the  rod  or  stick  34  composed  of  the 
light-transmitting  material.  Thereafter,  the  transfer 
film  14  is  peeled  from  the  rod  or  stick  34  and  the 
superfluous  portion  of  the  light  attenuating  layer- 

20  forming  film  13  is  removed  whereby  the  light- 
attenuating  layer  34c  is  formed  on  the  end  face  of 
the  rod  or  stick.  Thus,  the  light-transmitting  stick  or 
rod  having  the  light  attenuating  layer  on  one  end 
face  thereof  as  shown  in  Fig.  1  is  obtained. 

25  Preferably,  the  thickness  of  the  light-attenuat- 
ing  layer  is  several  to  about  200  urn.  If  the  thick- 
ness  of  the  light  attenuating  layer  is  smaller  than  1 
urn,  the  uniformity  of  the  light-attenuating  layer 
formed  on  the  end  face  of  the  rod  or  stick  is 

30  unsatisfactory,  regardless  of  the  content  of  the  fine- 
ly  divided  particles  having  a  light-absorbing  or 
light-scattering  property,  and  it  is  difficult  to  obtain 
a  light  attenuator  having  the  desired  characteristics. 
If  the  thickness  of  the  light-attenuating  layer  ex- 

35  ceeds  200  urn,  formation  of  the  light-attenuating 
layer  on  the  end  face  of  the  stick  or  rod  by  the 
transfer  method  becomes  difficult. 

A  thermoplastic  resin  in  which  little  thermal 
deformation  occurs  at  a  temperature  where  the 

40  optical  fiber  is  used  and  the  light-attenuating  layer- 
forming  film  can  be  transferred  to  the  end  face  of 
the  stick  or  rod  composed  of  the  light-transmitting 
material  by  the  heat  transfer  method  at  a  transfer 
temperature  not  higher  than  250  °  C,  especially  at  a 

45  temperature  of  150  to  200  °C,  is  used  as  the  ther- 
moplastic  resin  for  the  formation  of  the  light-attenu- 
ating  layer.  Preferably,  an  acrylic  resin  and  a  poly- 
ester  resin  are  used,  and  a  thermoplastic  resin 
layer  having  a  high  transparency  is  especially  pre- 

50  f  erred. 
Finely  divided  particles  having  a  light-absorb- 

ing  property  in  a  region  of  a  wavelength  smaller 
than  1,000  nm  can  be  used  as  the  particle  uni- 
formly  incorporated  in  the  thermoplastic  resin  layer, 

55  unless  the  heat  resistance  is  much  too  low.  For 
example,  cationic  dyes  such  as  blue,  red  and  black 
dyes  and  carbon  black  can  be  used. 

3 
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Preferably,  the  particle  diameter  of  the  particles 
having  a  light-absorbing  or  light-scattering  property 
is  larger  than  50  nm.  In  the  light  attenuator  of  the 
present  invention  comprising  a  light-attenuating  lay- 
er  containing  finely  divided  particles  having  such  a 
particle  diameter,  the  wavelength  dependency  is 
reduced  and  the  light  attenuation  characteristics 
are  improved.  In  Fig.  3,  characteristic  curves  A,  B 
and  C  show  the  results  obtained  when  the  light 
attenuation  quantities  are  measured  at  wave- 
lengths  of  400  to  900  nm  in  light  attenuators  pro- 
vided  with  light-attenuating  layers  of  polymethyl 
methacrylate  having  a  thickness  of  12  urn,  in  which 
carbon  black  having  particle  diameters  of  95,  50 
and  25  nm  is  incorporated  in  amounts  of  3%  by 
weight,  respectively. 

From  the  results  shown  in  Fig.  3  it  is  seen  that, 
in  the  light  attenuator  provided  with  a  light-attenuat- 
ing  layer  containing  carbon  black  having  a  particle 
diameter  smaller  than  50  nm,  Rayleigh  scattering 
occurs  and  the  light  attenuation  quantity  is  lowered 
as  the  used  wavelength  is  increased,  that  is,  a 
wavelength  dependency  appears.  In  contrast,  the 
attenuation  characteristics  of  the  light  attenuator 
provided  with  a  light-attenuating  layer  containing 
carbon  black  having  a  particle  diameter  of  larger 
than  50  nm  shift  from  the  Mie-scattering  region  to 
the  geometrical-optical  scattering  region,  and  there- 
fore,  satisfactory  light  attenuation  characteristics 
having  no  wavelength  dependency  can  be  ob- 
tained. 

The  light  attenuator  of  the  present  invention 
can  be  coupled  with  a  receptacle  through  a  con- 
nector  plug  attached  to  the  top  end  of  the  rod  or 
stick  of  the  light-transmitting  material  having  the 
light-attenuating  layer. 

Figure  4  is  a  sectional  view  showing  the  light 
attenuator  of  the  present  invention  when  inserted 
and  set  in  a  ferrule  24.  Chamfer  portions  24a  are 
formed  on  both  ends  of  the  ferrule  24.  When  the 
light-attenuating  layer  34c  is  formed  on  the  end 
face  34a  of  the  rod  34  composed  of  the  light- 
transmitting  material  by  the  above-mentioned 
method,  when  the  rod  34  is  inserted  in  the  ferrule 
24,  the  rod  34  is  thermally  expanded.  The  above- 
mentioned  chamferred  portions  24a  are  provided  to 
absorb  this  thermal  expansion  of  the  rod  34.  The 
light  attenuator  inserted  and  set  in  the  ferrule  24  is 
inserted  between  a  connector  of  an  optical  fiber 
cable  and  a  receptacle  provided  with  a  light-projec- 
ting  element  and  is  used  in  the  manner  shown  in 
any  of  Figs.  5  through  9. 

Figure  5  is  a  sectional  view  showing  a  first 
example  of  the  application  of  the  light  attenuator 
inserted  and  set  in  the  ferrule  (referred  to  as  "light 
attenuator"  hereinafter).  Referring  to  Fig.  5,  a  con- 
nector  plug  connecting  member  (holder)  22  and  a 
receptacle  connecting  member  27  are  connected 

to  the  ferrule  24.  The  connector  plug  connecting 
member  22  is  a  cylinder  having  a  certain  length  in 
the  light-transmitting  direction.  A  projection  25  for 
engagement  with  a  bayonet  type  connector  plug 

5  (not  shown)  is  formed  on  the  surface  of  the  cylin- 
drical  connecting  member  22  in  the  right  half  por- 
tion  thereof,  and  a  through  hole  28  is  formed  in  the 
interior  of  the  cylindrical  connecting  member  22  to 
receive  the  optical  fiber.  The  above-mentioned  fer- 

io  rule  24  is  coupled  and  secured  to  the  inner  side  of 
the  connecting  member  22  in  the  left  half  portion 
thereof  through  a  pin  23.  Namely,  the  connecting 
member  22  has  a  construction  such  that  the  optical 
axis  of  the  light  attenuator  34  is  easily  aligned  with 

is  the  optical  axis  of  the  optical  fiber  within  the  con- 
nector  plug. 

The  receptacle  connecting  member  27  is  a 
cylinder  having  a  certain  length  in  the  light-trans- 
mitting  direction,  which  is  attached  to  the  ferrule  24 

20  so  that  the  connecting  member  27  can  move  in  the 
light-transmitting  direction.  A  slot  31  for  the  en- 
gagement  with  the  projection  of  the  receptacle  is 
formed  on  the  peripheral  surface  of  the  cylindrical 
connecting  member  27.  A  compression  coil  spring 

25  29  is  arranged  on  the  inner  side  of  the  connecting 
member  27  and  on  the  outer  surface  of  the  ferrule 
24,  and  the  connecting  member  27  is  always  urged 
to  the  right  with  respect  to  the  receptacle  by  the 
coil  spring  29,  whereby  the  optical  axis  of  the  light- 

30  projecting  element  within  the  receptacle  is  pre- 
cisely  aligned  with  the  optical  axis  of  the  light 
attenuator  34  and  the  optical  axis  of  the  optical 
fiber  within  the  connector. 

Figure  6  is  a  sectional  view  showing  the  light 
35  attenuator  to  which  the  connecting  members  shown 

in  Fig.  5  are  attached  is  arranged  between  a  bayo- 
net  type  connector  plug  4  and  a  receptacle  6. 

As  shown  in  Fig.  6,  the  projection  25  of  the 
connector  plug  connecting  member  22  is  engaged 

40  with  a  slot  4a  of  the  connector  plug  4,  and  the 
ferrule  3  of  the  optical  fiber  2  is  urged  to  the  left  by 
a  coil  spring  4b  within  the  connector  plug  to  im- 
pinge  against  the  connecting  member  22,  whereby 
the  positioning  is  effected.  Preferably,  the  outer 

45  diameter  and  refractive  index  distribution  of  the 
optical  fiber  2  are  substantially  equal  to  those  of 
the  light-transmitting  stick  or  rod  34  of  the  light 
attenuator. 

The  light  attenuator  34  is  coupled  with  the 
50  receptacle  6  through  the  engagement  between  the 

slot  31  of  the  receptacle  connecting  member  27 
and  the  projection  6a  of  the  receptacle  6,  and  the 
ferrule  24  is  urged  to  the  left  by  the  coil  spring  29 
within  the  connecting  member  29  to  impinge 

55  against  the  receptacle  6,  whereby  the  positioning  is 
effected. 

As  apparent  from  the  foregoing  illustration,  the 
optical  fiber  2  is  received  in  the  through  hole  28  of 

4 
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the  connecting  member  22,  and  the  optical  fiber  2 
is  fixed  so  that  the  end  face  2a  of  the  optical  fiber 
2  is  separated  from  one  end  face  34a  of  the  rod  or 
stick  34  in  the  ferrule  24  by  a  predetermined  short 
distance,  for  example,  0.05  mm. 

In  the  present  embodiment  having  the  above- 
mentioned  structure,  the  light  emitted  from  a  light- 
projecting  element  8  is  incident  on  the  light  at- 
tenuator  34  from  the  end  face  34b  thereof  and  is 
transmitted  through  the  interior  of  the  rod  or  stick 
of  the  light-transmitting  material,  which  constitutes 
the  light  attenuator.  When  the  light  which  has  been 
transmitted  through  the  light  attenuator  34  is  emit- 
ted  from  the  other  end  face  34a  of  the  light  at- 
tenuator  34,  the  light  is  attenuated  by  a  predeter- 
mined  quantity  at  the  light-attenuating  layer  34c. 
Then  the  light  is  incident  on  the  optical  fiber  2  from 
the  end  face  2a  of  the  optical  fiber  2  within  the 
connector  4.  Since  the  end  face  34a  of  the  light 
attenuator  34  is  very  close  to  the  end  face  2a  of 
the  optical  fiber,  the  distribution  pattern  of  the  light 
incident  in  the  optical  fiber  2  is  substantially  equal 
to  the  light  distribution  pattern  in  the  rod  34,  and  a 
constant  light  attenuation  ratio  can  always  be  ob- 
tained.  The  end  face  34a  of  the  light  attenuator  34 
may  be  placed  in  contact  with  the  end  face  2a  of 
the  optical  fiber  2. 

In  the  present  embodiment,  the  ferrule  24  is 
always  urged  toward  the  receptacle  6  by  the  coil 
spring  29  and  the  optical  fiber  2  is  always  urged 
toward  the  connecting  member  22  by  the  spring 
4b,  and  the  connecting  member  22  is  coupled  with 
the  ferrule  24.  Accordingly,  at  the  time  of  the 
attachment,  the  predetermined  positional  relation- 
ship  can  be  maintained  among  the  respective 
members,  and  even  if  an  environmental  change 
occurs,  this  positional  relationship  can  be  retained. 

Figures  7,  8  and  9  are  sectional  views  illustrat- 
ing  second,  third,  and  fourth  examples  of  the  ap- 
plication  of  the  light  attenuator  of  the  present  inven- 
tion,  respectively.  These  figures  correspond  to  Fig. 
5,  and  in  these  figures,  the  same  members  as 
those  in  Fig.  5  are  represented  by  the  same  refer- 
ence  numerals  as  used  in  Fig.  5. 

The  embodiment  shown  in  Fig.  7  is  different 
from  the  embodiment  shown  in  Fig.  5  only  in  that 
the  connecting  member  22  is  coupled  to  the  ferrule 
24  through  a  screw  40. 

The  embodiment  shown  in  Fig.  8  is  different 
from  the  embodiment  shown  in  Fig.  5  only  in  that 
the  connecting  member  22  is  coupled  by  press- 
fitting  to  the  ferrule  24. 

In  the  embodiment  illustrated  in  Fig.  9,  the 
receptacle  connecting  member  and  the  connector 
plug  connecting  member,  shown  in  Fig.  5,  are 
integrated  with  each  other  to  construct  a  connect- 
ing  member  28.  This  connecting  member  28  and 
the  light  attenuator  34  are  combined  and  secured 

between  the  connector  plug  4  of  the  SMA  type  and 
the  receptacle  6.  A  male  thread  26  having  the 
same  thread  characteristics  as  those  of  a  female 
thread  of  the  connector  plug  4  of  the  SMA  type  is 

5  formed  on  the  right  half  portion  of  this  connecting 
member  28,  and  the  connector  plug  4  is  screwed 
with  the  male  thread  26.  A  female  thread  30  having 
the  same  thread  characteristics  as  those  of  the 
male  thread  of  the  receptacle  6  is  formed  on  the 

io  inner  face  of  the  left  half  portion  of  the  connecting 
member  28.  On  the  right  side  of  the  female  thread 
30,  a  cavity  38  having  a  diameter  larger  than  that 
of  the  female  thread  30  is  formed  on  the  inner  face 
of  the  connecting  member  28.  A  male  screw  44 

is  corresponding  to  the  female  thread  30  of  the  con- 
necting  member  28  is  formed  on  the  ferrule  24  of 
the  light  attenuator.  The  ferrule  24  of  the  light 
attenuator  is  inserted  in  the  receptacle  6  and  is  set 
so  that  the  female  thread  30  of  the  connecting 

20  member  28  is  fitted  and  screwed  onto  the  male 
thread  of  the  receptacle  6,  and  left  and  right  shoul- 
ders  44  and  41  of  the  ferrule  24  are  supported  by  a 
step  42  on  the  top  end  portion  of  the  receptacle  6 
and  a  step  43  in  the  connecting  member  28,  re- 

25  spectively. 
The  same  effects  as  obtained  in  the  first  em- 

bodiment  can  be  obtained  in  these  second,  third, 
and  fourth  embodiments. 

In  the  foregoing  embodiments,  the  light  at- 
30  tenuator  is  inserted  between  the  light-projecting 

element  8  and  the  optical  fiber  2,  but  the  present 
invention  includes  a  modification  in  which  a  light- 
receiving  element  is  arranged  at  the  position  of  the 
light-projecting  element  8  in  Fig.  6  and  Fig.  9  and 

35  the  light  is  incident  from  the  side  of  the  optical 
fiber  2,  and  another  modification  in  which  the  light 
attenuator  is  arranged  between  optical  fibers. 

As  apparent  from  the  foregoing  description,  in 
the  light  attenuator  of  the  present  invention,  the 

40  light-attenuating  layer  is  formed  on  the  end  face  of 
the  rod  or  stick  composed  of  the  light-transmitting 
material  by  a  fusion  bonding  utilizing  the  heat 
transfer  method,  and  therefore,  the  light  attenuation 
quantity  can  be  optionally  controlled,  and  since  the 

45  attenuation  is  effected  by  the  film  layer,  the  light 
attenuator  has  no  mode  dependency. 

The  light-attenuating  film  layer  is  formed  on  at 
least  one  end  face  of  the  rod  or  stick  composed  of 
the  light-transmitting  material  having  characteristics 

50  equivalent  to  those  of  an  optical  fiber  aligned  on  a 
light  transmission  line,  and  this  rod  or  stick  is 
inserted  and  set  in  the  ferrule  and  the  connector 
plug  connecting  member  and  the  receptacle  con- 
necting  member  are  integrally  coupled  with  the 

55  outer  portion  of  the  ferrule.  Accordingly,  the  light 
attenuator  can  be  attached  without  a  delicate  ad- 
justment  requiring  a  high  degree  of  skill,  and  a 
predetermined  attenuation  ratio  can  be  always  ob- 

5 
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tained. 

Claims 

1.  A  light  attenuator  arranged  in  a  light  transmis- 
sion  line  of  an  optical  fiber,  comprising  a  fer- 
rule  (24)  and  a  stick  or  rod  (34)  inserted  and 
set  in  the  ferrule,  the  stick  or  rod  being  com- 
posed  of  a  light-transmitting  material,  and  hav- 
ing  a  light-attenuating  layer  (34c)  formed  on  at 
least  one  end  face  (34a)  of  the  stick  or  rod,  the 
transmission  line  comprising  a  connector  plug 
(4)  and  a  receptacle  (6)  for  the  connector  plug, 
the  plug  (4)  and  receptacle  (6)  being  adapted 
to  accommodate  the  ferrule  (24),  characterised 
in  that  the  light-attenuating  layer  (34c)is  com- 
posed  of  a  thermoplastic  resin  in  which  finely 
divided  particles  having  a  light-absorbing  or 
light-scattering  property  are  uniformly  incor- 
porated,  and  in  that  the  diameter  of  the  light 
transmitting  stick  or  rod  (34)  is  substantially 
equal  to  the  diameter  of  the  optical  fiber  (2). 

2.  A  light  attenuator  as  set  forth  in  claim  1, 
wherein  the  ferrule  (24)  is  integrally  coupled 
with  the  receptacle  (6)  and  the  connector  plug 
(4)  through  a  connecting  member  (22)  attached 
to  the  outside  of  the  ferrule. 

3.  A  light  attenuator  as  set  forth  in  claim  1  or 
claim  2,  wherein  the  light-attenuating  layer  is 
bonded  directly  to  the  end  face  (34a)  of  the 
stick  or  rod  composed  of  the  light-transmitting 
material. 

4.  A  light  attenuator  according  to  any  preceding 
claim  in  which  the  diameter  of  the  finely  di- 
vided  particles  is  at  least  50nm. 

5.  A  process  for  the  fabrication  of  a  light  at- 
tenuator  comprising  forming  a  light-attenuating 
layer  (34c)  composed  of  a  thermoplastic  resin, 
in  which  finely  divided  particles  having  a  light- 
absorbing  or  light-scattering  property  are  uni- 
formly  incorporated,  on  a  release  film  or  paper 
(14);  placing  the  light-attenuating  layer  formed 
on  the  release  film  or  paper  on  a  heating  plate 
(12);  press-bonding  the  end  face  (34a)  of  a  rod 
or  stick  (34),  composed  of  a  light-transmitting 
material  inserted  and  set  in  the  interior  of  a 
ferrule  (24),  to  the  light-attenuating  layer  on  the 
release  film  or  paper;  cooling  the  bonded  as- 
sembly;  peeling  the  release  film  or  paper  (14) 
so  that  the  light-attenuating  layer  (34c)  remains 
adhered  to  the  end  face  (34a)  of  the  light- 
transmitting  rod  or  stick  and  arranging  the  fer- 
rule  (24)  between  a  connector  plug  (4)  of  a 
light  transmission  line  of  an  optical  fiber  (2) 

and  a  receptacle  (6)  for  the  connector  plug  (4), 
the  diameter  of  the  light  transmitting  stick  or 
rod  (34)  being  substantially  equal  to  the  diam- 
eter  of  the  optical  fiber  (2). 

5 
Patentanspruche 

1.  In  einer  Lichtubertragungsleitung  einer  opti- 
schen  Faser  angeordneter  Lichtabschwacher, 

io  umfassend  eine  Buchse  (24)  und  einen  in  die 
Buchse  eingefugten  und  eingepaBten  Stab 
oder  Stock  (34),  wobei  der  Stab  oder  Stock 
aus  einem  Lichtubertragungsmaterial  aufge- 
baut  ist  und  aufmindestens  einer  Stirnseite 

is  (34a)  des  Stabs  oder  Stocks  eine  Lichtab- 
schwachungsschicht  (34c)  ausgebildet  ist,  wo- 
bei  die  Ubertragungsleitung  einen  Verbin- 
dungsstecker  (4)  und  eine  Steckdose  (6)  fur 
den  Verbindungsstecker  umfaBt,  wobei  der 

20  Stecker  (4)  und  die  Steckdose  (6)  zur  Aufnah- 
me  der  Buchse  (24)  angepaBt  sind,  dadurch 
gekennzeichnet,  dal3  die  Lichtabschwa- 
chungsschicht  (34c)  aus  einem  thermoplasti- 
schen  Harz  zusammengesetzt  ist,  in  welchem 

25  fein  verteilte  Teilchen  mit  einem  Lichtabsorp- 
tions-  oder  Lichtstreuungsvermogen  gleichma- 
I3ig  eingebracht  sind,  und  dal3  der  Durchmes- 
ser  des  Lichtubertragungsstabs  oder  -  stocks 
(34)  im  wesentlichen  gleich  dem  Durchmesser 

30  der  optischen  Faser  (2)  entspricht. 

2.  Lichtabschwacher  nach  Anspruch  1,  wobei  die 
Buchse  (24)  uber  ein  an  der  AuBenseite  der 
Buchse  befestigtes  Verbindungselement  (22) 

35  integral  mit  der  Steckdose  (6)  und  dem  Verbin- 
dungsstecker  (4)  verbunden  ist. 

3.  Lichtabschwacher  nach  Anspruch  1  oder  An- 
spruch  2,  wobei  die  Lichtabschwachungs- 

40  schicht  direkt  an  die  Stirnseite  (34a)  des  aus 
dem  Lichtubertragungsmaterials  zusammenge- 
setzten  Stabs  oder  Stocks  gebunden  ist. 

4.  Lichtabschwacher  nach  einem  der  vorangehen- 
45  den  Anspruche,  wobei  der  Durchmesser  der 

fein  verteilten  Teilchen  mindestens  50  nm  be- 
tragt. 

5.  Verfahren  zur  Herstellung  eines  Lichtabschwa- 
50  chers,  umfassend  das  Ausbilden  einer  Lichtab- 

schwachungsschicht  (34c),  welche  aus  einem 
thermoplastischen  Harz,  in  welchem  fein  ver- 
teilte  Teilchen  mit  einem  Lichtabsorptions- 
oder  Lichtstreuungsvermogen  gleichmaBig  ver- 

55  teilt  sind,  zusammengesetzt  ist,  auf  einer 
Trennfolie  oder  einem  Trennpapier  (14);  Pla- 
zieren  der  auf  der  Trennfolie  oder  dem  Trenn- 
papier  ausgebildeten  Lichtabschwachungs- 
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schicht  auf  eine  Heizplatte  (12);  Druckverbin- 
den  der  Stirnseite  (34a)  eines  aus  einem  Licht- 
ubertragungsmaterial  zusammengesetzten 
Stabs  oder  Stocks  (34),  welcher  in  das  Innere 
einer  Buchse  (24)  eingefugt  und  eingepaBt  ist, 
mit  der  Lichtabschwachungsschicht  auf  der 
Trennfolie  oder  dem  Trennpapier;  Kuhlen  der 
verbundenen  Anordnung:  Ablosen  der  Trennfo- 
lie  oder  des  Trennpapiers  (14),  so  dal3  die 
Lichtabschwachungsschicht  (34c)  an  der  Stirn- 
seite  (34a)  des  Lichtubertragungsstabs  oder 
-stocks  haften  bleibt  und  Anordnen  der  Buchse 
(24)  zwischen  einem  Verbindungsstecker  (4) 
einer  Lichtubertragungsleitung  einer  optischen 
Faser  (2)  und  einer  Steckdose  (6)  fur  den 
Verbindungsstecker  (4),  wobei  der  Durchmes- 
ser  des  Lichtubertragungsstabs  oder  -stocks 
(34)  im  wesentlichen  dem  Durchmesser  der 
optischen  Faser  (2)  entspricht. 

Revendicatlons 

1.  Un  attenuateur  de  lumiere  installe  sur  une  li- 
gne  de  transmission  de  lumiere  en  fibre  opti- 
que,  comprenant  une  ferrule  (24)  et  un  jonc  ou 
baguette  (34)  insere  et  maintenu  dans  la  ferru- 
le,  ledit  jonc  du  baguette  etant  en  materiau 
conducteur  de  la  lumiere  et  comportant  une 
couche  attenuatrice  de  lumiere  (34c)  formee 
sur  au  moins  une  face  d'extremite  (34a)  dudit 
jonc  ou  baguette,  la  ligne  de  transmission 
comprenant  un  connecteur  (4)  et  un  receptacle 
(6)  pour  le  connecteur,  ledit  connecteur  (4)  et 
ledit  receptacle  (6)  etant  adaptes  a  etre  instal- 
ls  avec  la  ferrule  (24),  caracterise  en  ce  que 
la  couche  attenuatrice  de  lumiere  (34c)  est  en 
resine  thermoplastique  dans  laquelle  ont  ete 
incorporees  uniformement  des  particules  fine- 
ment  divisees  et  ayant  des  caracteristiques 
d'absorption  de  la  lumiere  ou  des  caracteristi- 
ques  de  diffusion  de  la  lumiere  et,  en  ce  que 
le  diametre  du  jonc  ou  baguette  conducteur  de 
la  lumiere  (34)  est  sensiblement  egal  au  dia- 
metre  de  la  fibre  optique  (2). 

2.  Un  attenuateur  de  lumiere  selon  la  revendica- 
tion  1  ,  dans  lequel  la  ferrule  (24)  est  integrale- 
ment  couplee  au  receptacle  (6)  et  au  connec- 
teur  (4)  par  I'intermediaire  d'un  element  rac- 
cord  (22)  fixe  sur  la  paroi  exterieure  de  la 
ferrule. 

4.  Un  attenuateur  de  lumiere  selon  I'une  quelcon- 
que  des  revendications  precedentes  dans  le- 
quel  le  diametre  des  particules  finement  divi- 
sees  est  au  moins  egal  a  50  nm. 

5 
5.  Un  procede  de  fabrication  de  I'attenuateur  de 

lumiere  comprenant  la  formation  d'une  couche 
attenuatrice  de  lumiere  (34c)  en  resine  thermo- 
plastique,  dans  laquelle  ont  ete  incorporees 

io  uniformement  des  particules  finement  divisees 
ayant  des  caracteristiques  d'absorption  de  la 
lumiere  ou  des  caracteristiques  de  diffusion  de 
la  lumiere,  sur  un  papier  ou  sur  un  film  anti- 
adhesif  (14);  le  placement  de  ladite  couche 

is  attenuatrice  de  lumiere  formee  sur  un  film  ou 
sur  un  papier  anti-adhesif  sur  une  plaque 
chauffante  (12);  le  collage  par  pression  de  la 
face  d'extremite  (34a)  du  jonc  ou  baguette  (34) 
en  materiau  conducteur  de  la  lumiere  insere  et 

20  maintenu  a  I'interieur  de  la  ferrule  (24),  sur  la 
couche  attenuatrice  de  lumiere  deposee  sur  le 
papier  ou  le  film  anti-adhesif;  le  refroidisse- 
ment  de  I'ensemble  apres  collage;  le  retrait  du 
papier  ou  du  film  anti-adhesif  (14)  de  fagon  a 

25  ce  que  la  couche  attenuatrice  de  lumiere  (34c) 
continue  d'adherer  a  la  face  d'extremite  (34a) 
du  jonc  ou  baguette  et  I'installation  de  la  ferru- 
le  (24)  entre  le  connecteur  (4)  de  la  ligne  de 
transmission  de  la  lumiere  d'une  fibre  optique 

30  (2)  et  un  receptacle  (6)  prevu  pour  le  connec- 
teur  (4),  le  diametre  du  jonc  ou  baguette  (34) 
conducteur  de  la  lumiere  etant  sensiblement 
egal  au  diametre  de  la  fibre  optique  (2). 

35 

40 

45 

3.  Un  attenuateur  de  lumiere  selon  la  revendica- 
tion  1  ou  la  revendication  2  ,  dans  lequel  la 
couche  attenuatrice  de  lumiere  est  collee  di-  55 
rectement  sur  la  face  d'extremite  (34a)  du  jonc 
ou  baguette  en  materiau  conducteur  de  la  lu- 
miere, 
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