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Description 

This  invention  relates  to  an  optical  fiber  polarizer 
comprising:  an  optical  fiber  composed  of  a  core  hav- 
ing  a  high  refractive  index  and  a  cladding  having  a  low 
refractive  index; 

a  constricted  portion  formed  on  said  optical 
fiber;  and 

a  strip-like  conductive  layer  provided  on  a  sur- 
face  of  said  constricted  portion  and  elongated  in  a 
longitudinal  direction  of  said  opitical  fiber. 

Such  a  polarizer  is  known  from  JP-A-60-103317. 
The  invention  also  relates  to  a  process  for  pro- 

ducing  such  a  polarizer. 
A  polarizer  is  used  to  obtain  linearly  polarized 

light  having  a  particular  polarization  plane  from  other 
light  such  as  elliptically  polarized  light  than  linearly 
polarized  light  or  is  used  to  obtain  a  linearly  polarized 
light  component  from  linearly  polarized  light  which  is 
considered  to  be  a  combination  of  two  linearly  pola- 
rized  light  components  having  mutually  perpendicular 
polarization  planes.  Conventionally,  the  following  po- 
larizers  are  well  known  as  polarizers  of  the  type  men- 
tioned: 

(a)  A  polarizer  such  as  a  Glan-Thompson  prism  or 
a  Rochon  prism  which  makes  use  of  the  fact  that 
a  birefringent  crystal  has  different  refractive  in- 
dices  with  respect  to  ordinary  and  extraordinary 
rays  of  light; 
(b)  A  polarizer  which  makes  use  of  a  thin  film 
technique  relating  to  a  dielectric  multi-layer  film 
or  the  like  such  that  a  beam  of  light  incident  to  a 
thin  film  is  separated  into  two  linearly  polarized 
light  components  having  mutually  perpendicular 
polarization  planes  and  one  of  the  two  linearly 
polarized  light  components  passes  through  the 
thin  film  while  the  other  linearly  polarized  light 
component  is  reflected  by  the  thin  film;  and 
(c)  A  polarizer  which  is  composed  of  a  large  num- 
berof  dielectric  layers  and  metal  layers  laminated 
in  an  alternate  relationship  with  each  other  and 
absorbs  and  removes,  when  a  beam  of  light  is  in- 
troduced  in  parallel  to  the  planes  of  the  layers  into 
the  polarizer,  one  of  linearly  polarized  light  com- 
ponents. 
Such  polarizers  are  used  to  the  following  applica- 

tions  in  the  field  of  optical  communications: 
(a)  In  an  optical  transmitter  which  includes  a  light 
source  such  as  a  semiconductor  laser  which 
emits  in  a  predetermined  condition  and  an  exter- 
nal  modulator  for  intensity  modulating  light  from 
the  light  source,  where  the  modulation  character- 
istic  of  the  external  modulator  is  varied  in  re- 
sponse  to  a  polarization  condition  of  light  as  in  the 
case  of  a  modulator  of  the  Mach-Zehndertype,  a 
polarizer  is  provided  on  the  light  source  side  of 
the  external  modulator  so  that  linearly  polarized 
light  having  a  particular  polarization  plane  may  be 

introduced  into  the  external  modulator  in  order  to 
stabilize  the  modulation  characteristic  of  the  ex- 
ternal  modulator. 
(b)  In  an  optical  communication  system,  where 

5  there  is  a  portion  at  which  there  is  a  gap  in  refrac- 
tive  index  such  as  a  connecting  point  between 
optical  fibers  or  an  exposed  end  portion  of  an  opt- 
ical  fiber,  light  from  an  optical  transmitter  is 
sometimes  reflected  by  the  portion  and  partly  re- 

w  turned  into  the  optical  transmitter.  If  such  reflect- 
ed  returning  light  is  produced,  particularly  where 
the  light  source  is  a  semiconductor  laser,  the  op- 
eration  thereof  is  put  into  an  unstable  condition  by 
the  reflected  returning  light.  In  such  an  instance, 

15  an  optical  isolator  is  provided  intermediately  of  an 
optical  transmission  line  so  as  to  remove  reflect- 
ed  returning  light.  A  polarizer  is  thus  used  as  a 
component  essential  to  the  optical  isolator  of  the 
type  mentioned. 

20  By  the  way,  since  a  most  popular  one  of  optical 
transmission  lines  in  an  optical  communication  sys- 
tem  is  an  optical  fiber,  where  a  polarizer  itself  or  an 
optical  isolator  including  a  polarizer  as  a  component 
therein  is  provided  in  an  optical  transmission  line  in 

25  any  of  such  applications  as  described  above,  it  is  nec- 
essary  to  cut  an  intermediate  portion  of  the  optical 
transmission  line  and  provide  a  parallel  light  beam 
system  at  the  location.  In  other  words,  while  light 
emitted  from  an  emergent  end  of  one  of  a  pair  of  cut 

30  optical  fibers  with  a  predetermined  numerical  aper- 
ture  is  collimated  into  a  beam  by  a  convex  lens  and 
then  the  beam  of  light  is  condensed  by  another  con- 
vex  lens  and  introduced  to  an  incidentend  of  the  other 
cut  optical  fiber,  it  is  necessary  to  dispose  a  polarizer 

35  at  a  location  of  such  parallel  light  beam  formed  be- 
tween  the  two  convex  lenses.  If  such  parallel  light 
beam  system  is  not  constructed,  then  even  if  linearly 
polarized  light  is  extracted  from  light  emitted  from  the 
emergent  end  of  the  one  cut  optical  fiber  using  a  po- 

40  larizer,  the  linearly  polarized  light  cannot  be  intro- 
duced  to  the  incidentend  of  the  other  cut  optical  fiber, 
which  is  quite  far  from  practical  use. 

However,  even  if  a  parallel  optical  beam  system 
is  constructed,  all  of  light  emitted  from  the  emergent 

45  end  of  the  one  cut  optical  fiber  cannot  be  introduced 
to  the  incident  end  of  the  other  cut  opitcal  fiber  due  to 
the  presence  of  an  aberration  or  a  diffraction  phe- 
nomenon  of  a  lens,  and  an  increase  of  a  loss  arising 
from  the  construction  of  a  parallel  light  bean  system 

50  cannot  be  ignored. 
Further,  a  conventional  polarizer  has  a  compara- 

tively  large  overall  size  and  is  not  easy  to  produce  be- 
cause  it  is  used  in  a  parallel  light  beam  system. 

It  is  an  object  of  the  present  invention  to  provide 
55  a  polarizer  which  provides  reduced  insertion  loss 

when  it  is  used  with  an  optical  transmission  line,  as 
compared  with  a  polarizer  having  a  parallel  light  beam 
system. 
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It  is  another  object  of  the  present  invention  to  pro- 
vide  a  polarizer  which  is  easy  to  produce  and  presents 
reduced  size  when  inserted  in  and  used  with  an  opt- 
ical  transmission  line,  as  compared  with  a  polarizer 
having  a  parallel  light  beam  system.  5 

According  to  one  aspect  of  the  present  invention, 
the  optical  fiber  polarizer  initially  defined  is  character- 
ized  in  that:  the  constricted  portion  is  composed  of  a 
pair  of  tapered  portions  each  having  a  diameter  which 
continuously  decreases  from  a  portion  of  the  optical  w 
fiber  other  than  the  constricted  portion,  and  a  smaller 
diameter  portion  interposed  between  the  pair  of  ta- 
pered  portions  and  having  a  substantially  uniform  di- 
ameter;  and  the  tapered  portions  and  the  smaller  di- 
ameter  portion  have  longitudinal  axes  which  coincide  15 
with  the  longitudinal  axis  of  the  optical  fiber. 

The  tapered  portions  and  the  smaller  diameter 
portion  may  have  sectional  shapes  similar  to  a  sec- 
tional  shape  of  any  portion  of  the  optical  fiber  other 
than  the  constricted  portion.  20 

Preferably,  the  optical  fiber  is  a  single  mode  opt- 
ical  fiber. 

Preferably,  the  optical  fiber  is  made  of  glass. 
According  to  a  first  form,  only  one  such  conduc- 

tive  layer  is  provided  such  that  the  longitudinal  direc-  25 
tion  thereof  extends  in  parallel  to  the  axis  of  the  opt- 
ical  fiber. 

According  to  a  second  form,  a  pair  of  such  con- 
ductive  layers  are  provided  at  symmetrical  locations 
with  respect  to  the  axis  of  the  optical  fiber  such  that  30 
the  longitudinal  directions  thereof  extend  in  parallel  to 
the  axis  of  the  optical  fiber. 

Preferably,  the  conductive  layers  are  made  of  a 
metal. 

Preferably,  the  conductive  layers  are  made  of  35 
aluminum  (Al). 

Preferably,  the  conductive  layers  are  made  of 
gold  (Au). 

According  to  another  aspect  of  the  present  inven- 
tion,  there  is  provided  a  process  of  producing  such  40 
optical  fiber  polarizer,  which  comprises  a  first  step  of 
heating  an  optical  fiber  composed  of  a  core  having  a 
high  refractive  index  and  a  cladding  having  a  low  re- 
fractive  index  to  partially  soften  a  portion  of  the  opti- 
cal  fiber  in  a  longitudinal  direction,  a  second  step  of  45 
applying  a  tensile  force  to  the  optical  fiber  to  cause 
plastic  deformation  of  the  portion  of  the  optical  fiber 
softened  by  the  first  step  to  form  a  constricted  portion 
on  the  optical  fiber,  a  third  step  of  cooling  the  heated 
portion  of  the  optical  fiber  to  fix  the  shape  of  the  con-  50 
stricted  portion  formed  by  the  second  step,  and  a 
fourth  step  of  providing,  on  a  surface  of  the  constrict- 
ed  portion  the  shape  of  which  is  fixed  by  the  third 
step,  a  strip-like  conductive  layer  elongate  in  the 
longitudinal  direction  of  the  optical  fiber,  character-  55 
ized  by:  forming  said  constricted  portion  of  a  pair  of 
tapered  portions  each  having  a  diameter  which  con- 
tinuously  decreases  from  a  portion  of  said  optical  fib- 

er  other  than  said  constricted  portion,  and  a  smaller 
diameter  portion  interposed  between  said  pair  of  ta- 
pered  portions  and  having  a  substantially  uniform  di- 
ameter;  and  arranging  said  tapered  portions  and  said 
smaller  diameter  portion  to  have  longitudinal  axes 
which  coincide  with  the  longitudinal  axis  of  said  opti- 
cal  fiber. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  may  be  carried  into  effect,  ref- 
erence  will  now  be  made,  by  way  of  example,  to  the 
accompanying  drawings,  in  which:  Figure  1  is  a  sec- 
tional  perspective  view  of  an  optical  fiber  which  can 
be  used  for  the  production  of  an  optical  fiber  polarizer 
of  the  present  invention: 

Figure  2  is  a  diagrammatic  representation  illus- 
trating  a  refractive  index  distribution  and  so  forth 
of  the  optical  fiber  shown  in  Fig.  1; 
Figs.  3Aand  3B  are  schematic  illustrations  of  dif- 
ferent  steps  of  production  of  an  optical  fiber  po- 
larizer  showing  an  embodiment  of  the  present  in- 
vention; 
Fig.  4  is  a  graph  illustrating  a  relationship  be- 
tween  a  ratio  to  an  entire  power  of  a  power  of  light 
which  propagates,  where  a  constricted  portion  is 
formed  on  an  optical  fiber  in  the  embodiment  of 
the  present  invention,  on  the  outside  of  the  con- 
stricted  portion  and  a  value  obtained  by  dividing 
a  diameter  of  the  constricted  portion  by  a  diame- 
ter  of  a  clad; 
Fig.  5  is  a  f  rant  elevational  view  of  an  optical  fiber 
polarizer  according  to  a  first  embodiment  of  the 
present  invention; 
Fig.  6  is  a  sectional  view  taken  along  line  VI-VI  of 
Fig.  5; 
Fig.  7  is  a  front  elevational  view  of  an  optical  fiber 
polarizer  according  to  a  second  embodiment  of 
the  present  invention; 
Fig.  8  is  a  sectional  view  taken  along  line  VIM-VIM 
of  Fig.  7; 
Fig.  9  is  a  diagrammatic  representation  showing 
a  refractive  index  distribution  and  an  intensity 
distribution  of  propagating  light  at  a  portion  of  the 
optical  fiber  polarizer  shown  in  Figs.  5  and  6  or 
Figs.  7  and  8  at  which  no  constricted  portion  is 
formed; 
Fig.  1  0  is  a  diagrammatic  representation  showing 
a  refractive  index  distribution  and  an  intensity 
distribution  of  propagating  light  at  the  constricted 
portion  of  the  optical  fiber  polarizer  shown  in 
Figs.  5  and  6  or  Figs.  7  and  8  before  a  conductive 
layer  is  formed  on  the  constricted  portion; 
Fig.  11  is  a  diagrammatic  representation  showing 
a  refractive  index  distribution  and  an  intensity 
distribution  of  propagating  light  at  the  constricted 
portion  of  the  optical  fiber  polarizer  shown  in 
Figs.  7  and  8  after  conductive  layers  is  formed  on 
the  constricted  portion; 
Fig.  12  is  a  fragmentary  perspective  view  of  an 
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optical  fiber  polarizer  module  which  is  construct- 
ed  using  the  optical  fiber  polarizer  shown  in  Figs. 
7  and  8; 
Fig.  13  is  a  vertical  sectional  view  of  part  of  the 
modlue  shown  in  Fig.  12;  5 
Fig.  14  is  a  block  diagram  of  an  optical  transmitter 
to  which  the  optical  fiber  polarizer  shown  in  Figs. 
7  and  8  can  be  applied  suitably; 
Fig.  15  is  a  diagrammatic  representation  showing 
construction  of  a  conventional  polarizer  module  w 
which  may  be  inserted  in  an  optical  communica- 
tion  line; 
Fig.  16  is  a  perspective  view  of  an  optical  isolator 
which  is  constructed  using  the  optical  fiber  polar- 
izer  shown  in  Figs.  7  and  8;  15 
Fig.  17  is  a  vertical  sectional  view  of  the  optical 
isolator  shown  in  Fig.  16;  and 
Fig.  18  is  a  diagrammatic  representation  showing 
locations  at  which  conductive  layers  are  formed 
at  the  constricted  portion  of  the  optical  fiber  po-  20 
larizer  employed  in  the  optical  isolator  shown  in 
Figs.  16  and  17. 

Figs.  3Aand  3B  are  schematic  illustrations  show- 
ing  a  process  of  forming  a  constricted  portion  on  an 
optical  fiber. 

First,  an  optical  fiber  6  is  heated  by  means  of  a 
burner  12  such  as  an  oxyhydrogen  burner  as  shown 
in  Fig.  3A  to  partially  soften  a  longitudinal  portion  of 
the  optical  fiber  6.  Heating  of  the  optical  fiber  6  may 
otherwise  be  carried  out  by  means  of  a  discharge 
which  may  be  produced  between  arc  discharge  elec- 
trodes. 

Subsequently,  a  tensile  force  is  applied  to  the 
optical  fiber  6  in  the  directions  (axial  directions  of  the 
fiber  6)  indicated  by  arrow  marks  Â  and  A2  in  Fig.  3A 
to  cause  plastic  deformation  of  the  partially  softened 
portion  of  the  optical  fiber  6  to  form  a  constricted  por- 
tion  14  on  the  optical  fiber  6. 

Then,  the  heated  and  softened  portion  of  the  opt- 
ical  fiber  6  is  cooled  to  fix  the  shape  of  the  constricted 
portion  14.  The  cooling  method  in  this  instance  pre- 
ferably  relies  upon  gradual  cooling  so  that  high  ther- 
mal  stress  may  not  remain  in  the  optical  fiber  6,  and 
to  this  end,  a  method  is  suitable  wherein  a  heated  opt- 
ical  fiber  is  left  in  stationary  air. 

The  constricted  portion  14  the  shape  of  which 
has  been  fixed  in  this  manner  includes  a  pair  of  ta- 
pered  portions  16  which  continuously  decrease  in  di- 
ameter  from  any  portion  of  the  optical  fiber  6  other 
than  the  constricted  portion  14,  and  a  smaller  diam- 
eter  portion  1  8  interposed  between  the  pairof  tapered 
portions  16  and  having  a  substantially  uniform  diam- 
eter.  According  to  the  process  of  production  of  the 
constricted  portion  14  described  above,  axes  of  the 
tapered  portions  16  and  the  smaller  diameter  portion 
1  8  can  be  made  coincide  with  an  axis  of  the  optical 
fiber  6,  and  consequently,  the  propagation  loss  of 
light  by  the  optical  fiber  6  can  be  minimized.  It  is  to 
be  noted  that  the  sectional  shapes  of  the  tapered  por- 
tions  16  and  the  smaller  diameter  portion  18  are  sim- 
ilar  to  the  sectional  shape  of  any  portion  of  the  optical 
fiber  6  other  than  the  constricted  portion  14. 

When  it  is  attempted  to  form  a  constricted  portion 
at  an  intermediate  portion  of  an  optical  fiber  by  heat- 
ing,  it  is  necessary  that  the  optical  fiber  be  put  into  a 
softened  condition  by  heating,  and  accordingly,  glass 
is  suitable  as  a  material  of  the  optical  fiber. 

Fig.  4  is  a  graph  showing  a  variation  of  a  ratio  to 
an  entire  power  of  a  power  of  light  which  propagates 
on  the  outside  of  the  constricted  portion  14  of  the  opt- 
ical  fiber  6  when  the  ratio  of  the  outer  diameter  of  the 
constricted  portion  14  to  the  outer  diameter  of  any 
portion  of  the  optical  fiber  6  other  than  the  constricted 
portion  14  (diameter  of  the  clad)  is  varied.  As  the  ratio 
to  the  outer  diameter  decreases,  the  ratio  of  the  pow- 
er  of  light  which  propagates  on  the  outside  of  the  por- 
ition  of  the  optical  fiber  6  increases.  Accordingly,  it  is 
possible  to  remove,  at  the  constricted  portion  14  of 
the  optical  fiber  6,  a  particular  polarized  light  compo- 
nent  by  providing  a  conductive  layer  on  the  constrict- 

BEST  MODE  FOR  CARRYING  OUT  THE 
INVENTION 25 

In  the  following,  preferred  embodiments  of  the 
present  invention  will  be  described  in  detail  with  ref- 
erence  to  the  drawings  wherein  like  parts  are  denoted 
by  like  reference  characters  all  through  the  figures.  30 

Fig.  1  is  a  sectional  perspective  view  of  part  of  an 
optical  fiber  which  can  be  used  for  the  production  of 
an  optical  fiber  polarizer  according  to  the  present  in- 
vention.  An  optical  fiber  6  is  composed  of  a  core  2 
having  a  high  refractive  index  and  a  clad  4  having  a  35 
low  refractive  index  and  is  coated  therearound  with  a 
buffer  layer  8,  and  a  coating  1  0  is  provided  on  an  outer 
periphery  of  the  buffer  layer  8.  The  buffer  layer  8  is 
made  of,  for  example,  a  silicone  resin  while  the  coat- 
ing  10  is  made  of  a  thermoplastic  resin  such  as  nylon.  40 
The  optical  fiber  6  is  obtained  by  forming  a  preform, 
for  example,  in  accordance  with  an  MCVD  (Modified 
Chemical  Vapor  Deposition)  method  using  quartz 
glass  (SiO2  )  and  then  by  melting  and  spinning  the 
preform.  45 

Fig.  2  shows  a  refractive  index  distribution  with 
respect  to  the  position  of  the  optical  fiber  of  Fig.  1  in 
a  diametrical  direction.  The  refractive  index  of  the 
core  2  is  set  higher  than  the  refractive  index  of  the 
clad  4,  and  the  relative  refractive  index  difference  A  50 
between  them  is,  for  example,  0.2  to  0.3  %. 
Adjustment  of  the  refractive  index  of  the  core  2  or  the 
clad  4  to  such  value  can  be  achieved  by  adjusting  the 
amou  nt  of  a  dopant  such  as  B2  O3  ,  P2  O5,  GeO2  or  the 
like  upon  formation  of  the  preform  as  described  55 
above.  It  is  to  be  noted  that  the  diameter  a  of  the  core 
2  is  10  urn  in  the  present  example,  and  the  diameter 
b  of  the  clad  4  is  125  urn  in  the  present  example. 
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ed  portion  14.  It  is  to  be  noted  that  the  wave  guiding 
principle  of  light  in  a  single  mode  optical  fiber  de- 
pends  upon  the  fact  that  propagating  light  is  confined 
near  to  the  core  depending  upon  a  difference  in  re- 
fractive  index  between  the  core  and  the  clad.  Also  at  5 
the  constricted  portion  of  the  optical  fiber,  wave  is 
guided  similarly  because  propagating  light  is  con- 
fined  near  to  a  core  corresponding  portion  depending 
upon  a  difference  in  refractive  index  between  the 
core  corresponding  portion  and  a  clad  corresponding  w 
portion.  In  this  instance,  however,  because  the  diam- 
eter  of  the  core  corresponding  portion  is  small,  the 
confining  action  of  light  is  low,  and  consequently,  the 
mode  field  is  expanded.  Accordingly,  even  if  the  pow- 
er  of  light  which  propagates,  at  the  constricted  por-  15 
tion,  on  the  outside  of  the  constricted  portion  increas- 
es,  this  does  not  lead  directly  to  a  loss. 

In  order  to  remove  a  particular  polarized  light 
component  of  propagating  light  in  an  optical  fiber, 
either  a  belt-like  conductive  layer  which  is  elongated  20 
in  the  longitudinal  direction  of  the  optical  fiber  is  pro- 
vided  on  a  surface  of  the  constricted  portion  14  (first 
manner)  or  two  such  conductive  layers  are  provided 
on  a  surface  of  the  constricted  portion  14  (second 
manner).  25 

Fig.  5  is  a  front  elevational  view  of  an  optical  fiber 
polarizer  illustrating  the  first  manner,  and  Fig.  6  is  a 
sectional  view  taken  along  line  VI-VI  of  Fig.  5.  A  con- 
ductive  layer  20  which  is  elongated  like  a  belt  in  a 
longitudinal  direction  of  an  optical  fiber  6  is  provided  30 
on  a  smaller  diameter  portion  18  of  the  optical  fiber  6 
such  that  the  longitudinal  direction  thereof  may  ex- 
tend  in  parallel  to  an  axis  of  the  optical  fiber  6.  With 
the  construction,  the  optical  fiber  6  can  efficiently  at- 
tenuate  a  polarized  light  component  having  a  polari-  35 
zation  plane  (a  plane  containing  an  electric  field  vec- 
tor)  perpendicular  to  a  plane  of  the  conductive  layer, 
thereby  exhibiting  a  function  of  a  polarizer.  If  the  an- 
gle  9  subtended  by  the  conductive  layer  20  with  re- 
spect  to  the  center  of  the  fiber  is  excessively  small,  40 
then  a  polarized  light  component  having  a  polariza- 
tion  plane  perpendicular  to  the  conductive  layer  is  not 
attenuated  sufficiently,  but  on  the  contrary  if  the  an- 
gle  9  is  excessively  great,  then  the  transmission  fac- 
tor  for  a  polarized  light  component  having  a  polariza-  45 
tion  plane  parallel  to  the  conductive  layer  is  low,  and 
the  loss  is  great.  Accordingly,  the  angle  9  is  suitably 
set  to  30  degrees  or  so. 

Since  the  polarizer  is  formed  directly  on  the  opt- 
ical  fiber,  the  compatibility  with  the  optical  fiber  is  50 
high.  Accordingly,  the  optical  fiber  polarizer  is  suitable 
for  the  reduction  in  loss  and  also  for  the  miniaturiza- 
tion. 

Fig.  7  is  a  front  elevational  view  of  an  optical  fiber 
polarizer  illustrating  the  second  manner,  and  Fig.  8  is  55 
a  sectional  view  taken  along  line  VIM-VIM  of  the  optical 
fiber  polarizer  of  Fig.  7.  In  the  present  embodiment, 
a  pair  of  such  conductive  layers  20  as  described  here- 

inabove  with  reference  to  Figs.  5  and  6  are  provided 
at  symmetrical  locations  on  an  optical  fiber  6  with  re- 
spect  to  an  axis  of  the  optical  fiber  6.  Then,  the  angle 
9  subtended  by  each  of  the  conductive  layers  20  with 
respect  to  the  center  of  the  fiber  is  set  to  30  degrees 
or  so  similarly  to  that  of  the  preceding  embodiment. 
Since  the  construction  allows  effective  attenuation  of 
a  polarized  light  component  having  a  polarization 
plane  perpendicular  to  the  conductive  layers,  the 
length  of  a  smaller  diameter  portion  14  of  the  optical 
fiber  6  can  be  reduced,  which  permits  further  minia- 
turization  of  the  optical  fiber  polarizer.  Further,  an 
optical  fiber  polarizer  having  a  high  extinction  coeffi- 
cient  can  be  provided. 

Since  principles  of  removal  of  a  polarized  light 
component  having  a  particular  polarization  plane  are 
common  to  the  first  and  second  embodiments,  a  prin- 
ciple  of  the  second  embodiment  will  be  described. 

Fig.  9  is  a  view  illustrating  distributions  of  a  re- 
fractive  index  and  an  intensity  of  light  at  a  portion  of 
the  optical  fiber  6  at  which  the  constricted  portion  14 
is  not  formed.  The  refractive  index  N  is  high  at  a  por- 
tion  corresponding  to  the  core  2  but  is  low  at  a  portion 
corresponding  to  the  clad  4  around  the  core  2.  In  this 
instance,  the  distribution  of  the  light  intensity  P 
makes  a  Gaussian  distribution  wherein  it  extends 
from  a  central  portion  at  which  the  refractive  index  is 
high  to  another  portion  at  which  the  refractive  index 
is  low,  and  a  mode  field  wherein  light  is  concentrated 
at  a  central  portion  is  formed.  Accordingly,  the  prop- 
agation  loss  is  low  irrespective  of  a  polarization  direc- 
tion. 

Fig.  10  is  a  view  illustrating  distributions  of  a  re- 
fractive  index  and  a  light  intensity  in  a  sectional  area 
of  the  constricted  portion  14  of  the  optical  fiber  6  be- 
fore  the  conductive  layers  20  are  formed.  The  distrib- 
ution  of  the  refractive  index  N  is  similar  to  that  of  Fig. 
9,  and  in  this  instance,  the  distribution  of  the  light  in- 
tensity  P  substantially  makes  a  Gaussian  distribution 
wherein  it  extends  from  a  central  portion  correspond- 
ing  to  the  core  corresponding  portion  2'  at  which  the 
refractive  index  is  high,  but  a  mode  field  is  formed  to 
extend  to  the  outside  of  portions  corresponding  to  the 
clad  corresponding  portion  4'  at  which  the  refractive 
index  is  low.  Accordingly,  the  propagation  does  not 
vary  depending  upon  a  polarizing  direction. 

Fig.  11  is  a  view  illustrating  distributions  of  a  re- 
fractive  index  and  a  light  intensity  in  a  sectional  area 
of  the  constricted  portion  14  after  the  conductive  lay- 
ers  20  are  formed.  If  an  examination  is  made  only  of 
a  direction  of  a  plane  including  the  conductive  layers 
20,  then  since  the  conductive  layers  20  exist,  in  the 
direction,  adjacent  the  clad  corresponding  portion  4' 
at  the  constricted  portion  18,  the  electric  field  compo- 
nent  is  zero  at  the  portion.  Accordingly,  the  propaga- 
tion  loss  of  a  polarized  light  component  having  a  po- 
larization  plane  in  the  direction  of  the  plane  including 
the  conductive  layers  20,  that  is,  in  a  direction  perpen- 
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dicular  to  the  conductive  layers  20  is  great.  With  re- 
gard  to  another  polarized  light  component  having  a 
polarization  plane  parallel  to  the  conductive  layers  20, 
the  propagation  loss  is  not  great  as  described  herei- 
nabove  with  reference  to  Fig.  1  0.  Only  one  of  two  po-  5 
larized  light  components  having  mutually  perpendic- 
ular  polarization  planes  is  attenuated  to  a  great  de- 
gree,  and  accordingly,  a  function  as  a  polarizer  is  ach- 
ieved. 

In  order  to  minimize  the  loss,  the  optical  power  w 
blotted  out  to  the  outside  of  the  clad  corresponding 
portion  4'  of  the  constricted  portion  14  must  be  intro- 
duced  effectively  as  it  is  into  the  core  2  at  any  other 
portion  of  the  optical  fiber  6  other  than  the  constricted 
portion  14.  Accordingly,  in  this  sense,  the  optical  fiber  15 
is  preferably  a  single  mode  optical  fiber  in  which  only 
light  of  a  single  mode  can  propagate. 

The  conductive  layers  20  can  be  formed  from 
metal  films,  and  in  this  instance,  the  conductive  lay- 
ers  20  can  be  formed  using  such  a  method  as  sput-  20 
tering,  vapor  deposition  or  the  like.  Where  aluminum 
having  a  complex  dielectric  constant  wherein  the  im- 
aginary  number  portion  is  great  is  used  as  a  material 
of  the  conductive  layers  20,  the  extinction  coefficient 
when  the  length  of  portions  of  the  constricted  portion  25 
on  which  the  conductive  layers  are  formed  is  constant 
can  be  raised.  Meanwhile,  where  gold  is  used  as  a 
material  of  the  conductive  layers  20,  an  optical  fiber 
polarizer  having  a  high  durability  can  be  provided. 

Using  a  single  mode  optical  fiber  wherein  the  di-  30 
ameter  of  the  clad  is  1  25  ^m,  a  constricted  portion 
was  formed  on  the  optical  fiber  such  that  the  diameter 
of  the  smaller  diameter  portion  18  thereof  was  20  ^m 
and  the  length  of  a  portion  having  a  diameter  smaller 
than  30  ^m  was  1  0mm,  and  then  a  pair  of  conductive  35 
layers  20  made  of  aluminum  were  formed  on  the  op- 
posite  sides  of  the  smaller  diameter  portion  1  8  of  the 
optical  fiber  as  shown  in  Figs.  7  and  8.  As  a  result,  an 
optical  fiber  polarizer  having  an  extinction  coefficient 
of  30  dB  was  obtained.  In  order  to  reduce  the  loss,  the  40 
taper  ratio  (changing  ratio  of  the  diameter)  of  the  ta- 
pered  portions  16  should  be  reduced.  Where  such  ta- 
per  ratio  was  adopted  that  the  distance  over  which  the 
diameter  reduced  from  125  urn  to  20  ^m  was  10  mm, 
the  resulted  loss  was  0.5  dB.  45 

Fig.  12  is  a  fragmentary  perspective  view  of  an 
optical  fiber  polarizer  module  which  is  constructed 
using  such  an  optical  fiber  polarizer  as  shown  in  Figs. 
7  and  8,  and  Fig.  13  is  a  sectional  view  of  a  principal 
portion  of  the  optical  fiber  polarizer  module  shown  in  50 
Fig.  12.  While  an  optical  fiber  polarizer  is  formed  at  a 
portion  of  an  optical  fiber  from  which  the  buffer  layer 
8  and  the  coating  10  are  partially  removed,  since  it 
has  a  diameter  of  about  10  urn  at  a  thinnest  portion 
thereof,  it  is  very  weak  in  mechanical  strength.  Be-  55 
sides,  it  is  necessary  to  prevent  a  change  in  quality 
of  each  conductive  layer  and  to  prevent  a  change  in 
refractive  index  of  a  clad  corresponding  portion  which 

arises  from  sticking  of  water  or  the  like  to  the  con- 
stricted  portion.  Accordingly,  a  package  is  required 
for  assuring  mechanical  reinforcement  and  airtight 
sealing.  In  the  present  example,  scratches  22  are 
formed  on  the  coating  10  of  an  optical  fiber  by  means 
of  sand  paper  or  the  like,  and  a  portion  of  the  optical 
fiber  at  which  a  polarizer  is  formed  is  accommodated 
in  a  glass  pipe  24,  and  the  optical  polarizer  module  is 
airtight  sealed  at  portions  of  the  coating  10  on  which 
the  scratches  22  are  formed,  using  a  bonding  agent 
26.  Then,  in  order  to  achieve  protection  of  the  glass 
pipe  24,  the  glass  pipe  24  is  accommodated  in  pack- 
ages  28  and  30  made  of  a  plastic  material  or  the  like, 
and  a  pair  of  optical  connectors  36  and  38  are  con- 
nected  to  the  opposite  ends  of  the  optical  fiber.  Ref- 
erence  numerals  32  and  34  denote  rubber  bushes  for 
preventing  an  excessive  bend  of  a  portion  of  the  opt- 
ical  fiber  which  extends  outwardly  from  the  packages 
28  and  30.  With  the  module  having  such  a  construc- 
tion  as  described  above,  even  if  a  tensile  stress  orthe 
like  is  applied  to  the  optical  fiber  from  the  outside, 
there  is  no  possibility  that  the  optical  fiber  polarizer 
having  a  low  mechanical  strength  may  be  broken. 
Further,  where  gas  of  N2  or  the  like  is  enclosed  in  the 
glass  pipe  24,  a  possible  change  in  quality  of  the  con- 
ductive  layers  and  dew  condensation  of  water  on  the 
constricted  portion  can  be  prevented.  Besides,  since 
the  constricted  portion  is  prevented  from  being  de- 
formed  by  an  external  force,  the  characteristic  of  the 
optical  fiber  polarizer  is  stabilized. 

Fig.  14  is  a  block  diagram  of  an  optical  transmitter 
which  is  constructed  applying  the  present  invention. 
The  optical  transmitter  is  of  the  external  modulation 
type.  The  optical  transmitter  includes  a  semiconduc- 
tor  laser  40  for  outputting  light  of  a  fixed  intensity,  a 
driver  circuit  42  for  the  semiconductor  laser  40,  an 
optical  isolator  43  for  transmitting  light  from  the  sem- 
iconductor  laser  40  in  a  forward  direction  (in  the  direc- 
tion  indicated  by  an  arrow  mark  in  Fig.  14)  and  for  re- 
moving  reflected  returning  light  in  the  opposite  direc- 
tion,  an  optical  modulator  44  of  the  Mach-Zehnder 
type  for  intensity  modulating  light  of  a  fixed  intensity 
from  the  optical  isolator  43  and  forwarding  the  thus  in- 
tensity  modulated  light  into  an  optical  fiber  46  serving 
as  an  optical  transmission  line,  and  a  modulator  cir- 
cuit  48  for  varying  a  driving  voltage  for  the  optical 
modulator  44  in  response  to  a  data  input  signal  to 
cause  intensity  modulation.  The  semiconductor  laser 
40  and  optical  isolator  43  are  interconnected  by  way 
of  an  optical  fiber  50  while  the  optical  isolator  43  and 
optical  modulator  44  are  interconnected  by  way  of  an- 
other  optical  fiber  52. 

With  the  optical  transmitter  having  such  a  con- 
struction  as  described  above,  if  the  polarization  con- 
dition  of  light  to  be  inputted  to  the  optical  modulator 
44  is  not  fixed,  then  stable  intensity  modulation  can- 
not  be  effected,  and  accordingly,  a  polarizer  is  nor- 
mally  disposed  either  between  the  optical  fiber  52 

6 
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and  the  optical  modulator  44  or  at  an  intermediate 
portion  of  the  optical  fiber  52  adjacent  the  optical 
modulator  44  so  that  light  to  be  inputted  to  the  optical 
modulator  44  may  be  linearly  polarized  light  having  a 
particular  polarization  plane.  5 

Construction  of  a  conventional  polarizer  which  is 
used  to  such  an  application  as  described  above  is 
shown  in  Fig.  15.  A  pair  of  lenses  54  and  56  such  as 
condensing  rod  lenses  are  disposed  intermediately  of 
the  optical  fiber  52  into  which  a  polarizer  is  to  be  in-  w 
serted  so  that  a  parallel  light  beam  system  58  may  be 
formed,  and  a  polarizer  60  is  provided  such  that  it  may 
act  upon  such  parallel  light  beam.  Where  the  polarizer 
of  such  construction  is  employed,  a  sufficiently  high 
extinction  coefficient  can  be  obtained,  but  since  light  15 
of  an  optical  fiber  propagating  mode  is  converted 
once  into  a  space  light  beam,  the  loss  is  great.  On  the 
other  hand,  where  an  optical  fiber  polarizer  of  the 
present  invention  is  used,  a  particular  polarized  light 
component  can  be  removed  while  the  light  remains  in  20 
an  optical  fiber  propagating  mode,  and  consequently, 
the  loss  is  small. 

In  the  meantime,  a  polarizer  is  commonly  used  as 
a  component  of  the  optical  isolator  43.  Accordingly, 
the  present  invention  can  be  applied  also  to  the  part.  25 

Fig.  16  is  a  perspective  view  of  an  optical  isolator 
which  is  constructed  applying  an  optical  fiber  polar- 
izer  of  the  present  invention,  and  Fig.  17  is  a  vertical 
sectional  view  of  the  optical  isolator  of  Fig.  16.  Optical 
fiber  polarizers  54  and  54'  are  formed  at  an  end  por-  30 
tion  of  an  optical  fiber  50  on  the  input  side  and  an  end 
portion  of  another  optical  fiber  52  on  the  output  side, 
respectively,  and  fiber  lenses  62  and  64  are  provided 
at  ends  of  the  optical  fiber  polarizers  54  and  54',  re- 
spectively.  Each  of  the  fiber  lenses  62  and  64  is  35 
formed  based  on  a  multi-mode  optical  fiber  having  the 
same  outer  diameter  as  the  outer  diameter  of  the  opt- 
ical  fibers  50  and  52  and  has  a  lens  function  portion 
of  a  predetermined  curvature  formed  at  an  end  por- 
tion  thereof  by  an  action  of  a  surface  tension  which  40 
appears  when  the  end  thereof  is  heated  into  a  molten 
condition.  The  optical  fibers  50  and  52  having  the  opt- 
ical  fiber  polarizers  and  the  fiber  lenses  formed  there- 
on  in  this  manner  are  inserted  in  and  secured  to  fiber 
insertion  holes  of  a  cylindrical  ferrule  56  from  the  op-  45 
posite  sides  of  the  ferrule  56.  A  Faraday  rotator  58  is 
securely  mounted  in  a  recess  formed  in  a  wall  of  the 
ferrule  56  perpendicular  to  the  fiber  insertion  holes 
such  that  light  outputted  from  the  optical  fiber  50  on 
the  input  side  by  way  of  the  optical  fiber  polarizer  54  50 
and  the  fiber  lens  62  transmits  through  the  Faraday 
rotator  58  and  is  then  introduced  into  the  optical  fiber 
polarizer  54'  and  the  optical  fiber  52  by  way  of  the 
other  fiber  lens  64.  Reference  numeral  60  denotes  a 
cylindrical  permanent  magnet  provided  on  an  outer  55 
periphery  of  the  ferrule  56.  The  permanent  magnet  60 
applies  a  predetermined  magnetic  field  to  the  Fara- 
day  rotator  58  on  the  optical  axis  to  optically  rotate  the 

transmission  light  through  the  Faraday  rotator  58  by 
an  angle  of  45  degrees. 

Now,  it  is  assumed  that  a  rectangular  three- 
dimensional  coordinate  system  (x,  y,  z)  wherein  the 
center  axes  of  the  optical  fibers  50  and  52  coincide 
with  the  z  axis  and  the  propagating  direction  of  light 
which  propagates  in  the  direction  indicated  by  an  ar- 
row  mark  B̂  in  the  optical  fiber  50  is  directed  in  the 
positive  direction  of  the  z  axis.  It  is  also  assumed  that 
the  y  axis  extends  through  the  conductive  layers  20 
of  the  optical  fiber  polarizer  54  on  the  input  side  as 
shown  in  Fig.  18.  In  this  instance,  the  conductive  lay- 
ers  20'  of  the  optical  fiber  polarizer  54'  on  the  output 
side  are  located  at  such  positions  as  rotated  by  45  de- 
grees  in  the  direction  of  optical  rotation  of  light  by  the 
Faraday  rotator  58  (in  the  clockwise  direction  in  the 
present  example)  facing  in  the  positive  direction  of 
the  z  axis.  With  the  arrangement,  linearly  polarized 
light  which  transmits  through  the  optical  fiber  polar- 
izer  54  on  the  input  side  and  has  a  polarization  plane 
parallel  to  the  x-z  plane  is  rotated  by  the  Faraday  ro- 
tator  56  and  passes  through  optical  fiber  polarizer  54' 
on  the  output  side.  Consequently,  the  linearly  pola- 
rized  light  is  outputted  in  the  direction  indicated  by  an 
arrow  mark  B2  without  suffering  from  a  great  loss.  On 
the  other  hand,  reflected  returning  light  which  propa- 
gates  in  the  direction  indicated  by  an  arrow  mark  B3 
is  converted  into  linearly  polarized  light  by  the  optical 
fiber  polarizer  54'  on  the  output  side.  However,  after 
the  linearly  polarized  light  is  subsequently  rotated  by 
the  Faraday  rotator  58,  it  has  a  polarization  plane  par- 
allel  to  the  y-z  plane.  Consequently,  the  linearly  po- 
larized  light  cannot  transmit  through  the  optical  fiber 
polarizer  54  on  the  input  side  in  the  negative  direction 
of  the  z  axis,  and  accordingly,  such  returning  light  is 
removed  and  the  function  as  an  optical  isolator  is  at- 
tained. 

The  material  of  the  Faraday  rotator  58  may  be  crys- 
tal  of  YIG  (yttrium-iron-garnet)  or  gadolinium-iron-garnet 
(Gd3.xBixFe5012)  wherein  gadolinium  is  substituted 
by  a  large  amount  of  bismuth  (Bi).  In  case  the  latter 
is  used,  the  thickness  of  crystal  required  to  obtain  an 
angle  of  optical  rotation  of  45  degrees  can  be  made 
smaller  than  that  of  the  case  wherein  the  former  is 
used,  and  an  optical  isolator  of  a  small  size  which  is 
small  in  loss  can  be  provided. 

INDUSTRIAL  APPLICABILITY 

As  described  above,  an  optical  fiber  polarizer  of 
the  present  invention  can  be  inserted  in  and  used  with 
an  optical  transmission  line  of  an  optical  communica- 
tion  system  or  is  suitable  for  use  as  a  component  of 
an  optical  isolator. 
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aluminum  (Al). 

9.  An  optical  fiber  polarizer  according  to  claim  7, 
wherein  said  conductive  layers  (20)  are  made  of 
gold  (Au). 

10.  A  process  of  producing  an  optical  fiber  polarizer, 
comprising, 

a  first  step  of  heating  an  optical  fiber  (6) 
composed  of  a  core  (2)  having  a  high  refractive 
index  and  a  cladding  (4)  having  a  low  refractive 
index  to  partially  soften  a  portion  of  said  optical 
fiber  (6)  in  a  longitudinal  direction, 

a  second  step  of  applying  a  tensile  force  to 
said  optical  fiber  (6)  to  cause  plastic  deformation 
of  the  portion  of  said  optical  fiber  (6)  softened  by 
the  first  step  to  form  a  constricted  portion  (14)  on 
said  optical  fiber  (6), 

a  third  step  of  cooling  the  heated  portion  of 
said  optical  fiber  (6)  to  fix  the  shape  of  said  con- 
stricted  portion  (14)  formed  by  the  second  step; 
and 

a  fourth  step  of  providing,  on  a  surface  of 
said  constricted  portion  (14)  the  shape  of  which 
is  fixed  by  the  third  step,  a  strip-like  conductive 
layer  (20)  elongate  in  the  longitudinal  direction  of 
said  optical  fiber  (6),  characterized  by:  forming 
said  constricted  portion  (14)  of  a  pair  of  tapered 
portions  (16)  each  having  a  diameter  which  con- 
tinuously  decreases  from  a  portion  of  said  optical 
fiber  (6)  other  than  said  constricted  portion  (14), 
and  a  smaller  diameter  portion  (18)  interposed 
between  said  pair  of  tapered  portions  (16)  and 
having  a  substantially  uniform  diameter;  and 
whereby  said  tapered  portions  (16)  and  said 
smaller  diameter  portion  (18)  have  longitudinal 
axes  which  coincide  with  the  longitudinal  axis  of 
said  optical  fiber  (6). 

Claims 

1.  An  optical  fiber  polarizer,  comprising: 
an  optical  fiber  (6)  composed  of  a  core  (2) 

having  a  high  refractive  index  and  a  cladding  (4)  5 
having  a  low  refractive  index; 

a  constricted  portion  (14)  formed  on  said 
optical  fiber  (6);  and 

a  strip-like  conductive  layer  (20)  provided 
on  a  surface  of  said  constricted  portion  (14)  and  w 
elongated  in  a  longitudinal  direction  of  said  opti- 
cal  fiber  (6),  characterized  in  that: 

said  constricted  portion  (14)  is  composed 
of  a  pair  of  tapered  portions  (16)  each  having  a 
diameter  which  continuously  decreases  from  a  15 
portion  of  said  optical  fiber  (6)  other  than  said 
constricted  portion  (14),  and  a  smaller  diameter 
portion  (18)  interposed  between  said  pair  of  ta- 
pered  portions  (16)  and  having  a  substantially 
uniform  diameter;  and  said  tapered  portions  (16)  20 
and  said  smaller  diameter  portion  (1  8)  have  long- 
itudinal  axes  which  coincide  with  the  longitudinal 
axis  of  said  optical  fiber  (6). 

2.  An  optical  fiber  polarizer  according  to  claim  1  25 
wherein  said  tapered  portions  (16)  and  said 
smaller  diameter  portion  (18)  have  sectional 
shapes  similar  to  a  sectional  shape  of  any  portion 
of  said  optical  fiber(6)  otherthan  said  constricted 
portion  (14).  30 

3.  An  optical  fiber  polarizer  according  to  claim  1  or 
2  wherein  said  optical  fiber  (6)  is  a  single  mode 
optical  fiber. 

35 
4.  An  optical  fiber  polarizer  according  to  any  pre- 

ceding  claim  wherein  said  optical  fiber  (6)  is 
made  of  glass. 

5.  An  optical  fiber  polarizer  according  to  any  pre- 
ceding  claim  wherein  only  one  such  conductive 
layer(20)  is  provided  such  thatthe  longitudinal  di- 
rection  thereof  extends  in  parallel  to  the  axis  of 
said  optical  fiber  (6). 

40 
Patentanspriiche 

1  .  Polarisator  mit  optischer  Faser,  umfassend: 
eine  optische  Faser  (6),  die  aus  einem  Kern  (2) 
mit  einem  hohen  Brechungsindex  und  einer  Um- 
mantelung  (4)  mit  einem  niedrigen  Brechungsin- 
dex  aufgebaut  ist; 
einen  verengten  Abschnitt  (14),  der  auf  der  opti- 
schen  Faser  (6)  gebildet  ist;  und 
eine  streifenartige  leitende  Schicht  (20),  die  auf 
einer  Oberflache  des  verengten  Abschnitts  (14) 
gebildet  ist  und  in  einer  Langsrichtung  der  opti- 
schen  Faser  (6)  verlauft;  dadurch  gekennzeich- 
net,  daft 
der  verengte  Abschnitt  (14)  aus  einem  Paar  von 
verjungten  Abschnitten  (16),  die  jeweils  einen 
Durchmesser  aufweisen,  welcher  von  einem  an- 
deren  Abschnitt  der  optischen  Faser  (6)  als  dem 

45 
6.  An  optical  fiber  polarizer  according  to  any  of 

claims  1  to  4  wherein  a  pair  of  such  conductive 
layers  (20)  are  provided  at  symmetrical  locations 
with  respect  to  the  axis  of  said  optical  fiber  (6) 
such  that  the  longitudinal  directions  thereof  ex-  50 
tend  in  parallel  to  the  axis  of  said  optical  fiber  (6). 

7.  An  optical  fiber  polarizer  according  to  claim  6 
wherein  said  conductive  layers  (20)  are  made  of 
a  metal.  55 

8.  An  optical  fiber  polarizer  according  to  claim  7, 
wherein  said  conductive  layers  (20)  are  made  of 
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verengten  Abschnitt  (14)  kontinuierlich  abnimmt 
und  aus  einem  Abschnitt  (18)  mit  kleinerem 
Durchmesser  aufgebaut  ist,  der  zwischen  dem 
Paarvon  verjungten  Abschnitten  (16)  angeordnet 
ist  und  einen  im  wesentlichen  gleichformigen  5 
Durchmesser  aufweist;  und  die  verjungten  Ab- 
schnitte  (16)  und  der  Abschnitt  (1  8)  mit  kleinerem 
Durchmesser  Langsachsen  besitzen,  die  mit  der 
Langsachse  deroptischen  Faser(6)  ubereinstim- 

te: 
einen  ersten  Schritt  eines  Erwarmens  einer  opti- 
schen  Faser  (6),  die  aus  einem  Kern  (2)  mit  einem 
hohen  Brechungsindex  und  einer  Ummantelung 
(4)  mit  einem  niedrigen  Brechungsindex  aufge- 
baut  ist,  urn  einen  Abschnitt  deroptischen  Faser 
(6)  in  einer  Langsrichtung  teilweise  zu  erwei- 
chen; 
einen  zweiten  Schritt  einer  Anwendung  einer 
Zugkraft  auf  die  optische  Faser  (6),  urn  eine  pla- 
stische  Deformation  des  durch  den  ersten  Schritt 
erweichten  Abschnitts  deroptischen  Faser  (6)  zu 
verursachen,  urn  einen  verengten  Abschnitt  (14) 
auf  deroptischen  Faser  (6)  zu  bilden; 
einen  dritten  Schritt  eines  Abkuhlens  des  er- 
warmten  Abschnitts  der  optischen  Faser  (6)  zur 
Festlegung  der  Gestalt  des  durch  den  zweiten 
Schritt  gebildeten  verengten  Abschnitts  (14);  und 
einen  vierten  Schritt,  in  dem  auf  einer  Oberflache 
des  verengten  Abschnitts  (14),  dessen  Gestalt 
durch  den  dritten  Schritt  festgelegt  ist,  eine  sich 
in  die  Langsrichtung  deroptischen  Faser  (6)  er- 
streckende  streifenartige,  leitende  Schicht  (20) 
vorgesehen  wird,  gekennzeichnet  durch:  Bilden 
des  verengten  Abschnitts  (14)  ausf  einem  Paar 
von  verjungten  Abschnitten  (16),  die  jeweils  ei- 
nen  Durchmesser  auf  weisen,  der  von  einem  an- 
deren  Abschnitt  der  optischen  Faser  (6)  als  dem 
verengten  Abschnitt  (14)  kontinuierlich  abnimmt 
und  aus  einem  Abschnitt  (18)  mit  kleinerem 
Durchmesser,  welcher  zwischen  dem  Paar  von 
verjungten  Abschnitten  (16)  angeordnet  ist  und 
einen  im  wesentlichen  gleichformigen  Durch- 
messer  aufweist;  und  wobei  die  verjungten  Ab- 
schnitte  (16)  und  der  Abschnitt  (18)  mit  kleinerem 
Durchmesser  Langsachsen  besitzen,  die  mit  der 
Langsachse  deroptischen  Faser  (6)  ubereinstim- 
men. 

10 men. 

2.  Polarisator  mit  optischer  Faser  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dali  die  verjungten  Ab- 
schnitte  (16)  und  der  Abschnitt  (1  8)  mit  kleinerem 
Durchmesser  Querschnittsgestalten  aufweisen,  15 
die  ahnlich  wie  eine  Querschnittsgestalt  irgend- 
eines  Abschnitts  der  optischen  Faser  (6)  mit  Aus- 
nahme  des  verengten  Abschnitts  (14)  sind. 

3.  Polarisator  mit  optischer  Faser  nach  Anspruch  1 
oder  2,  dadurch  gekennzeichnet,  dali  die  opti- 
sche  Faser  (6)  eine  optische  Monomodefaser  ist. 

4.  Polarisator  mit  optischer  Faser  nach  einem  der 
vorangehenden  Anspruche,  dadurch  gekenn- 
zeichnet,  dali  die  optische  Faser  (6)  aus  Glas 
hergestellt  ist. 

5.  Polarisator  mit  optischer  Faser  nach  einem  der 
vorangehenden  Anspruche,  dadurch  gekenn- 
zeichnet,  dali  nureine  derartige  leitende  Schicht 
(20)  so  vorgesehen  ist,  dali  sich  ihre  Langsrich- 
tung  parallel  zur  Achse  der  optischen  Faser  (6) 
erstreckt. 

20 

25 

30 

35 
6.  Polarisator  mit  optischer  Faser  nach  einem  der 

Anspruche  1  bis  4,  dadurch  gekennzeichnet,  dali 
ein  Paar  von  derartigen  leitenden  Schichten  (20) 
in  bezugaufdie  Achse  der  optischen  Faser  (6)  an 
symmetrischen  Stellen  vorgesehen  ist,  so  dali  40 
die  La  ngsrichtungen  davon  parallel  zur  Achse  der 
optischen  Faser  (6)  verlaufen. 

7.  Polarisator  mit  optischer  Faser  nach  Anspruch  6, 
dadurch  gekennzeichnet,  dali  die  leitenden  45 
Schichten  (20)  aus  Metall  hergestellt  sind. 

8.  Polarisator  mit  optischer  Faser  nach  Anspruch  7, 
dadurch  gekennzeichnet,  dali  die  leitenden 
Schichten  (20)  aus  Aluminium  (Al)  hergestellt  50 
sind. 

9.  Polarisator  mit  optischer  Faser  nach  Anspruch  7, 
dadurch  gekennzeichnet,  dali  die  leitenden 
Schichten  (20)  aus  Gold  (Au)  hergestellt  sind.  55 

10.  Verfahren  zur  Herstellung  eines  Polarisators  mit 
optischer  Faser,  umfassend  die  folgenden  Schrit- 

Revendications 

1.  Polariseur  a  fibre  optique,  comprenant  : 
une  fibre  optique  (6)  constitute  par  une 

ame  (2)  presentant  un  indice  de  refraction  eleve 
et  par  un  gainage  (4)  presentant  un  indice  de  re- 
fraction  faible  ; 

une  partie  resserree  (14)  formee  sur  ladite 
fibre  optique  (6)  ;  et 

une  couche  conductrice  en  bande  (20) 
prevue  sur  une  surface  de  ladite  partie  resserree 
(14)  et  allongee  suivant  une  direction  longitudina- 
le  de  ladite  fibre  optique  (6), 

caracterise  en  ce  que  : 
ladite  partie  resserree  (14)  est  constitute 

par  une  paire  de  parties  a  f  lanes  inclines  (16) 
dont  chacune  presente  un  diametre  qui  decroTt  en 
continu  depuis  une  partie  de  ladite  fibre  optique 
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(6)  autre  que  ladite  partie  resserree  (14)  et  par 
une  partie  de  diametre  plus  petit  (18)  interposee 
entre  ladite  paire  de  parties  a  flancs  inclines  (16) 
et  presentant  un  diametre  sensiblement  unifor- 
me;  etlesdites  parties  a  flancs  inclines  (16)  ainsi 
que  ladite  partie  de  diametre  plus  petit  (18) 
comportent  des  axes  longitudinaux  qui  coinci- 
dent  avec  I'axe  longitudinal  de  ladite  fibre  optique 
(6). 

2.  Polariseur  a  fibre  optique  selon  la  revendication 
1,  dans  lequel  lesdites  parties  a  flancs  inclines 
(16)  et  ladite  partie  de  diametre  plus  petit  (18) 
presentent  des  formes  en  coupe  similaires  a  une 
forme  en  coupe  d'une  quelconque  partie  de  ladite 
fibre  optique  (6)  autre  que  ladite  partie  resserree 
(14). 

3.  Polariseur  a  fibre  optique  selon  la  revendication 
1  ou  2,  dans  lequel  ladite  fibre  optique  (6)  est  une 
fibre  optique  monomode. 

4.  Polariseur  a  fibre  optique  selon  I'une  quelconque 
des  revendications  precedentes,  dans  lequel  la- 
dite  fibre  optique  (6)  est  realisee  en  verre. 

5.  Polariseur  a  fibre  optique  selon  I'une  quelconque 
des  revendications  precedentes,  dans  lequel 
seulement  une  couche  conductrice  (20)  est  pre- 
vue  de  telle  sorte  que  sa  direction  longitudinale 
s'etende  parallelement  a  I'axe  de  ladite  fibre  op- 
tique  (6). 

6.  Polariseur  a  fibre  optique  selon  I'une  quelconque 
des  revendications  1  a  4,  dans  lequel  une  paire 
de  couches  conductrices  (20)  sont  prevues  en 
des  emplacements  symetriques  par  rapport  a 
I'axe  de  ladite  fibre  optique  (6)  de  telle  sorte  que 
leurs  directions  longitudinales  s'etendent  paralle- 
lement  a  I'axe  de  ladite  fibre  optique  (6). 

7.  Polariseur  a  fibre  optique  selon  la  revendication 
6,  dans  lequel  lesdites  couches  conductrices  (20) 
sont  realisees  en  metal. 

8.  Polariseur  a  fibre  optique  selon  la  revendication 
7,  dans  lequel  lesdites  couches  conductrices  (20) 
sont  realisees  en  aluminium  (Al). 

9.  Polariseur  a  fibre  optique  selon  la  revendication 
7,  dans  lequel  lesdites  couches  conductrices  (20) 
sont  realisees  en  or  (Au). 

10.  Precede  de  fabrication  d'un  polariseur  a  fibre  op- 
tique  comprenant  : 

une  premiere  etape  de  chauffage  d'une  fi- 
bre  optique  (6)  constitute  par  une  ame  (2)  pre- 
sentant  un  indice  de  refraction  eleve  et  par  un 

gainage  (4)  presentant  un  indice  de  refraction  fai- 
ble  af  in  de  ramollir  partiellement  une  partie  de  la- 
dite  fibre  optique  (6)  suivant  une  direction  longi- 
tudinale  ; 

une  second  etape  d'application  d'une  for- 
ce  de  traction  sur  ladite  fibre  optique  (6)  pour  pro- 
voquer  une  deformation  plastique  de  la  partie  de 
ladite  fibre  optique  (6)  ramollie  par  la  premiere 
etape  afin  de  former  une  partie  resserree  (14)  sur 
ladite  fibre  optique  (6)  ; 

une  troisieme  etape  de  refroidissementde 
la  partie  chauffee  de  ladite  fibre  optique  (6)  pour 
fixer  la  forme  de  ladite  partie  resserree  (14)  for- 
mee  lors  de  la  seconde  etape  ;  et 

une  quatrieme  etape  de  constitution,  sur 
une  surface  de  ladite  partie  resserree  (14)  dont 
la  forme  est  f  ixee  par  la  troisieme  etape,  d'une 
couche  conductrice  en  bande  (20)  allongee  sui- 
vant  la  direction  longitudinale  de  ladite  fibre  op- 
tique  (6),  caracterise  par  la  formation  de  ladite 
partie  resserree  (14)  selon  une  une  paire  de  par- 
ties  a  flancs  inclines  (16)  dont  chacune  presente 
un  diametre  qui  decrott  en  continu  depuis  une 
partie  de  ladite  fibre  optique  (6)  autre  que  ladite 
partie  resserree  (14),  et  d'une  partie  de  diametre 
plus  petit  (18)  interposee  entre  ladite  paire  de 
parties  a  flancs  inclines  (16)  et  presentant  un  dia- 
metre  sensiblement  uniforme  de  telle  sort  que 
lesdites  parties  a  flancs  inclines  (16)  et  ladite  par- 
tie  de  diametre  plus  petit  (18)  presentent  des 
axes  longitudinaux  qui  coincident  avec  I'axe  lon- 
gitudinal  de  ladite  fibre  optique  (6). 
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