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(54)  OPTICAL  DEVICE  ASSEMBLY  FOR  OPTICAL  ISOLATOR  AND  PRODUCTION  METHOD 
THEREOF 

(57)  A  method  of  production  of  an  optical  device 
assembly  for  an  optical  isolator.  The  assembly  com-  fig.  1 
prises  at  least  three  optical  devices,  i.e.,  a  polarizer 
(50),  a  Faraday  rotator  (60)  and  an  analyzer  (70),  that 4  "  '  4  '  1  \  I'  C-AXIS  DIREI 
are  aligned  on  an  optical  axis.  A  sheet  (5)  for  the  polar- 
izer,  a  sheet  (6)  for  the  Faraday  rotator  and  a  sheet  (7) 
for  the  analyzer  are  bonded  by  soldering,  and  the  stack 
of  sheets  is  cut  to  produce  at  one  time  a  plurality  of  opti- 
cal  device  assemblies  (2)  for  optical  isolators.  

T h i s �  

method  is  suited  to  mass-producibility  and  can  drasti- 
cally  reduce  the  cost  of  the  optical  device  assembly. 
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Description 

Technical  Field 

This  invention  belongs  to  an  optical  isolator  utilizing  s 
the  Faraday  effect  for  use  in  optical  communication, 
optical  measurement,  and  the  like  and,  further  in  detail, 
to  a  method  of  production  of  an  optical  device  assembly 
which  is  a  component  of  an  optical  isolator. 

10 
Background  Art 

Recently,  an  optical  communication  system  includ- 
ing  a  semiconductor  laser  as  a  light  source  and  optical 
appliance  using  a  semiconductor  laser  have  become  is 
widely  used  and  are  more  and  more  expanding  in  scope 
and  scale  of  applications. 

In  order  to  improve  the  accuracy  and  the  safety  of 
the  optical  communication  system  and  the  optical  appli- 
ance  of  the  type  described,  it  is  effective  to  remove  a  20 
return  light  to  the  semiconductor  laser.  As  return  light 
removing  means,  an  optical  isolator  is  used. 

Generally,  a  conventional  optical  isolator  comprises 
an  optical  device  assembly  composed  of  at  least  three 
optical  devices  including  a  polarizer,  a  Faraday  rotator,  25 
and  an  analyzer  which  are  arranged  along  a  straight 
line,  a  permanent  magnet  for  generating  a  magnetic 
field,  and  a  holder  for  fixedly  joining  and  protecting  the 
optical  device  assembly  and  the  permanent  magnet. 

Traditionally,  for  fixing  the  optical  devices  to  one  30 
another  and  for  fixing  the  optical  devices  to  the  holder, 
use  has  been  made  of  a  fixing  method  utilizing  an 
organic  adhesive.  However,  in  the  fixing  method,  it  is  dif- 
ficult  to  maintain  the  adhesive  strength  over  a  long 
period.  In  particular,  the  adhesive  strength  is  decreased  35 
due  to  the  change  in  environment  such  as  the  tempera- 
ture  and  the  humidity. 

In  view  of  the  above,  for  the  optical  isolator  used  in, 
for  example,  an  optical  communication  repeater,  which 
is  required  to  have  a  high  reliability  over  a  long  period,  it  40 
is  proposed  that  the  optical  isolator  is  formed  by  the  use 
of  a  fixing  method  adopting  a  metal  fusion-bonding 
method  instead  of  the  fixing  method  using  the  organic 
adhesive. 

Adhesion  by  the  metal  fusion-bonding  method  is  a  45 
technology  which  is  applied  and  brought  into  practical 
use  in  a  wide  variety  of  fields  such  as  a  gas  turbine 
blade,  a  vacuum  window  of  a  magnetron  or  a  microwave 
electron  tube,  a  high-power  high-frequency  propagation 
transmitter  tube,  and  the  like.  In  the  optical  isolator,  the  so 
metal  fusion-bonding  method  is  used  to  adhere  the  opti- 
cal  devices  to  one  another  through  a  metallized  film 
formed  at  the  periphery  of  an  aperture  of  each  optical 
device  or  to  adhere  the  optical  devices  and  the  holder. 

Although  materials  of  the  metallized  film  are  more  ss 
or  less  different  in  dependence  upon  materials  to  be 
adhered,  generally,  in  order  to  ensure  the  adhesive 
strength,  a  layer  consisting  of  a  single  kind  of  metal 
selected  from  Cr,  Ta,  W,  Ti,  Mo,  Ni,  and  Pt,  or  a  layer 

consisting  of  an  alloy  including  at  least  one  of  the 
above-mentioned  metals  is  formed  as  an  underlying 
layer.  As  a  topmost  layer,  Au,  Ni,  Pt,  or  the  like  is  used. 
Furthermore,  in  some  cases,  as  an  intermediate  layer 
between  the  underlying  layer  and  the  topmost  layer,  a 
layer  of  Ni,  Pt,  or  the  like  may  be  formed. 

As  a  fusion-bonding  metal,  use  is  made  of  a  solder- 
ing  material  such  as  Au-Sn  alloy,  Pb-Sn  alloy,  and  Au- 
Ge  alloy,  and  various  kinds  of  brazing  materials.  Among 
those,  the  Au-Sn  alloy  soldering  material  having  a  high 
adhesive  strength  and  a  relatively  low  fusion-bonding 
temperature  is  preferred  as  a  fixing  material  for  metal 
fusion-bond  because  it  is  excellent  in  adhesive  strength 
and  working  efficiency. 

As  a  method  of  forming  the  above-mentioned  met- 
allized  film,  a  wet  process  by  plating  and  a  dry  process 
such  as  vacuum  deposition  and  sputtering  are  known. 
Among  those,  the  dry  process  is  often  used  in  order  to 
prevent  occurrence  of  a  damage  and  sticking  of  dust  on 
an  optical  surface  of  the  optical  device  or  an  antiref  lec- 
tion  film. 

In  Figs.  29  and  30,  a  conventional  method  of  pro- 
duction  of  a  metal  fusion-bonding  type  optical  isolator  is 
illustrated.  In  the  first  place,  as  shown  in  Fig.  29(a),  an 
outer  holder  42  and  a  gold-plated  end  holder  40  are 
welded  by  a  laser.  Arranged  therein  are,  a  ring-shaped 
permanent  magnet  3,  a  ring-shaped  solder  14,  a  polar- 
izer  50  with  metallized  films  1  0  formed  on  both  surfaces 
thereof,  a  ring-shaped  solder  14,  a  gold-plated  inner 
ring  15,  a  ring-shaped  solder  14,  and  a  Faraday  rotator 
60  with  metallized  films  10  formed  on  one  surface 
thereof,  in  this  order.  They  are  put  into  a  heat  treatment 
furnace  and  soldered.  This  component  is  referred  to  as 
a  component  A. 

On  the  other  hand,  as  shown  in  Fig.  29(b),  an  ana- 
lyzer  70  with  the  metallized  films  10  formed  on  one  sur- 
face  thereof  is  arranged  upon  a  gold-plated  end  holder 
41  with  a  ring-shaped  solder  14  interposed  therebe- 
tween.  They  are  put  into  a  heat  treatment  furnace  and 
soldered.  This  component  is  referred  to  as  a  component 
B. 

Thereafter,  as  shown  in  Fig.  30(a),  a  light  beam 
having  a  predetermined  wavelength  is  made  to  enter 
through  an  analyzer  side  (component  B)  and  the  ana- 
lyzer  70  is  rotated  so  that  the  power  of  light  emitted  from 
a  polarizer  side  (component  A)  becomes  minimum.  At 
the  position  where  the  power  of  the  light  becomes  mini- 
mum,  the  component  B  is  fitted  into  the  component  A. 
Thereafter,  the  end  holders  40  and  41  and  the  outer 
holder  42  are  welded  by  a  laser  welding  machine.  Thus, 
the  component  A  and  the  component  B  are  combined 
together  to  form  a  single  optical  isolator  1  . 

However,  the  conventional  production  method  has 
a  serious  problem  in  mass  productivity  and  cost.  Specif- 
ically,  each  optical  device,  namely,  the  polarizer,  the 
analyzer,  or  the  Faraday  rotator  is  manufactured  by 
forming  an  antiref  lection  film  on  an  optical  material  plate 
having  a  size  not  less  than  10mm  square  and  by  cutting 
it  into  pieces  in  a  size  of  approximately  1  .6mm  square. 
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Subsequently,  as  shown  in  Fig.  31,  a  single  optical 
device  20  is  fixed  to  a  fixing  jig  comprising  a  supporting 
plate  17  and  a  mask  holder  18.  By  the  use  of  the  fixing 
jig,  the  single  optical  device  20  is  masked  by  a  metal 
mask  19  in  a  region  to  become  an  aperture.  Then, 
through  the  dry  process  such  as  the  vacuum  deposition 
and  the  sputtering,  the  metallized  film  having  a  prede- 
termined  configuration  is  formed. 

In  the  conventional  production  method  described 
above,  too  much  manhour  is  required  in  a  cleaning 
process  after  the  optical  material  plate  is  divided  into 
each  single  optical  device  and  in  a  subsequent  process 
of  setting  the  optical  device  in  the  fixing  jig.  It  is  therefore 
difficult  to  form  the  metallized  films  on  a  large  number  of 
the  optical  devices. 

As  described  in  the  foregoing,  the  component  A  is 
formed  by  soldering  the  polarizer,  the  Faraday  rotator, 
and  the  end  holder  while  the  component  B  is  formed  by 
soldering  the  analyzer  and  the  end  holder.  These  com- 
ponents  are  fixed  in  pairs  one  by  one  after  angle  adjust- 
ment.  This  requires  a  large  number  of  steps,  which 
constitutes  a  bar  to  the  reduction  in  cost. 

Moreover,  consideration  has  also  been  made  about 
a  method  of  directly  soldering  those  optical  material 
plates,  namely,  a  polarizer  material  plate,  a  Faraday 
rotator  material  plate,  and  an  analyzer  material  plate, 
each  of  which  has  such  a  dimension  that  each  plate  can 
be  divided  into  a  plurality  of  optical  devices,  and  it  has 
been  tried  to  form  a  thin  film  of  a  soldering  material  on 
the  metallized  film  made  by  means  of  vacuum  deposi- 
tion.  However,  since  the  area  of  a  part  in  which  the  sol- 
dering  film  is  formed  is  small  in  comparison  with  the 
entire  area  of  the  optical  device,  the  efficiency  of  use  of 
the  soldering  material  is  extremely  poor.  In  order  to 
obtain  a  sufficient  bonding  condition,  it  is  required  to  use 
as  the  soldering  film  a  thick  film  having  a  thickness  not 
less  than  a  few  microns.  This  brings  about  an  increase 
in  cost  and,  therefore,  this  method  is  not  practical. 

In  order  to  solve  the  above-mentioned  problems, 
technical  object  of  this  invention  is  to  provide  a  method 
of  production  of  a  highly  reliable  optical  isolator  which  is 
superior  in  mass  productivity  and  can  be  manufactured 
at  a  low  cost. 

Disclosure  of  the  Invention 

According  to  an  invention  as  claimed  in  Claim  1, 
there  is  provided  a  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator,  the  assembly 
comprising  at  least  three  optical  devices  including  a 
polarizer,  a  Faraday  rotator,  and  an  analyzer  which  are 
aligned  on  a  single  optical  axis,  the  method  comprising 
preparation  of  at  least  three  optical  material  plates 
including  a  polarizer  material  plate  capable  of  being  cut 
into  a  plurality  of  the  polarizers,  a  Faraday  rotator  mate- 
rial  plate  capable  of  being  cut  into  a  plurality  of  the  Far- 
aday  rotators,  and  an  analyzer  material  plate  capable  of 
being  cut  into  a  plurality  of  the  analyzers;  a  metallized 
film  forming  step  of  forming  a  metallized  film  in  a  portion 

except  for  regions  to  become  light  transmission  aper- 
tures  in  each  of  an  optical  surface  of  the  polarizer  mate- 
rial  plate  that  faces  the  Faraday  rotator  material  plate, 
optical  surfaces  of  the  Faraday  rotator  material  plate 

5  facing  the  polarizer  material  plate  and  the  analyzer 
material  plate,  and  an  optical  surface  of  the  analyzer 
material  plate  that  faces  the  Faraday  rotator  material 
plate;  a  soldering  step  of  stacking,  after  the  metallized 
film  forming  step,  the  optical  material  plates  so  that  a 

10  polarizing  direction  of  the  analyzer  material  plate  is 
inclined  substantially  at  an  angle  of  45°  with  respect  to 
a  polarizing  direction  of  the  polarizer  material  plate  and 
soldering  the  optical  material  plates  to  one  another  at  a 
portion  of  the  metallized  film  formed  on  each  of  the  opti- 

15  cal  surfaces;  and  a  cutting  step  of  cutting,  after  the  sol- 
dering  step,  the  optical  material  plates  into  a  plurality  of 
the  optical  device  assemblies. 

According  to  an  invention  as  claimed  in  Claim  2, 
there  is  provided  the  method  of  production  of  an  optical 

20  device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  1  ,  the  method  additionally  comprising,  before  the 
soldering  step,  a  groove  forming  step  of  forming  first 
grooves  on  at  least  one  of  the  optical  surface  facing  the 
Faraday  rotator  material  plate  and  the  optical  surface 

25  facing  the  polarizer  material  plate  to  divide  each  of  the 
optical  material  plates  into  pieces  each  forming  the  opti- 
cal  device  assembly  and  forming  second  grooves  hav- 
ing  a  pattern  similar  to  that  of  the  first  grooves  on  at 
least  one  of  the  optical  surface  facing  the  analyzer 

30  material  plate  and  the  optical  surface  facing  the  Faraday 
rotator  material  plate;  the  optical  material  plates  being 
cut  along  the  first  and  the  second  grooves  in  the  cutting 
step. 

According  to  an  invention  as  claimed  in  Claim  3, 
35  there  is  provided  the  method  of  production  of  an  optical 

device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  2,  wherein  the  metallized  film  forming  step  is  car- 
ried  out  after  the  groove  forming  step,  the  metallized 
films  being  also  formed  on  wall  surfaces  defining  the 

40  first  and  the  second  grooves  in  the  metallized  film  form- 
ing  step,  the  first  and  the  second  grooves  being  cut  at 
center  portions  thereof  so  that  portions  including  the 
wall  surfaces  on  which  the  metallized  films  are  formed 
remain  as  step  portions  on  side  surfaces  of  each  of  the 

45  optical  devices. 
According  to  an  invention  as  claimed  in  Claim  4, 

there  is  provided  an  optical  device  assembly  for  an  opti- 
cal  isolator,  the  assembly  comprising  at  least  three  opti- 
cal  devices  including  a  polarizer,  a  Faraday  rotator,  and 

so  an  analyzer  aligned  on  a  single  optical  axis,  the  optical 
devices  being  soldered  through  metallized  films  formed 
at  peripheries  of  apertures  in  their  optical  surfaces, 
wherein  step  portions  are  formed  on  side  surfaces  of 
each  of  the  optical  devices,  metallized  films  being 

55  formed  at  the  step  portions,  each  of  the  optical  devices 
being  soldered  to  a  plated  portion  of  a  permanent  mag- 
net  through  the  metallized  films  formed  at  the  step  por- 
tions. 

According  to  an  invention  as  claimed  in  Claim  5, 

3 
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there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  1  or  2,  wherein,  in  the  soldering  step,  the  optical 
material  plates  are  stacked  so  that  an  optical  axis  pass- 
ing  through  a  same  point  of  the  aperture  formed  in  each 
of  the  optical  material  plates  within  a  region  defined  by 
the  metallized  film  is  inclined  with  respect  to  a  straight 
line  orthogonal  to  the  optical  surfaces,  the  optical  mate- 
rial  plates  being  soldered  to  one  another  in  the  above- 
mentioned  state  at  portions  of  the  metallized  films,  the 
optical  material  plates  being  cut  along  the  optical  axis  in 
the  cutting  step. 

According  to  an  invention  as  claimed  in  Claim  6, 
there  is  provided  an  optical  device  assembly  for  an  opti- 
cal  isolator,  the  assembly  comprising  at  least  three  opti- 
cal  devices  including  a  polarizer,  a  Faraday  rotator,  and 
an  analyzer  aligned  on  a  single  optical  axis,  the  optical 
devices  being  soldered  through  metallized  films  formed 
at  peripheries  of  apertures  in  their  optical  surfaces, 
wherein  a  straight  line  orthogonal  to  an  optical  surface 
of  each  of  the  optical  devices  is  inclined  with  respect  to 
an  optical  axis  passing  through  a  same  point  of  each  of 
the  apertures,  side  surfaces  of  the  optical  devices  being 
arranged  in  a  same  plane  and  in  parallel  with  the  optical 
axis. 

According  to  an  invention  as  claimed  in  Claim  7, 
there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  1  or  2,  wherein  the  soldering  step  is  followed  by  a 
surface  modifying  step  of  applying  a  surface  modifying 
agent  having  water  repellency  on  an  optical  surface  of 
each  of  the  optical  material  plates,  the  surface  modify- 
ing  step  being  followed  by  the  cutting  step. 

According  to  an  invention  as  claimed  in  Claim  8, 
there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  7,  wherein  the  surface  modifying  agent  for  use  in 
the  surface  modifying  step  is  a  silane  coupling  agent. 

According  to  an  invention  as  claimed  in  Claim  9, 
there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  7,  wherein  the  surface  modifying  agent  for  use  in 
the  surface  modifying  step  is  f  luoroalkylsilane. 

According  to  an  invention  as  claimed  in  Claim  10, 
there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  1  or  2,  wherein  the  metallized  film  is  formed  in  the 
metallized  film  forming  step  so  that  the  aperture  formed 
in  a  range  defined  by  the  metallized  film  is  completely 
surrounded  by  the  metallized  film. 

According  to  an  invention  as  claimed  in  Claim  1  1  , 
there  is  provided  the  method  of  production  of  an  optical 
device  assembly  for  an  optical  isolator  as  claimed  in 
Claim  10,  wherein  a  metal  mask  for  use  in  forming  the 
metallized  film  in  the  metallized  film  forming  step  com- 
prises  mask  portions  for  covering  regions  to  become  the 
apertures  and  bridge  portions  for  connecting  the  mask 
portions  to  one  another,  the  bridge  portions  being 
formed  so  as  to  be  separated  from  the  optical  surface 

when  the  mask  portions  cover  the  regions  to  become 
the  apertures. 

Brief  Description  of  the  Drawings 
5 

Fig.  1  is  a  perspective  view  showing  a  groove  form- 
ing  step  according  to  a  first  embodiment  of  this 
invention; 
Fig.  2  is  a  perspective  view  showing  a  metallized 

10  film  forming  step  according  to  the  first  embodiment 
of  this  invention; 
Fig.  3  shows  a  soldering  step  according  to  the  first 
embodiment  of  this  invention,  (a)  being  a  sectional 
view  showing  a  state  that  solder  is  inserted  into 

15  grooves,  (b)  being  a  sectional  view  showing  a  state 
that  soldering  is  completed; 
Fig.  4  schematically  shows  an  operation  in  the  first 
embodiment,  (a)  being  a  sectional  view  showing  a 
state  that  a  soldering  material  is  inserted  into  a 

20  groove,  (b)  being  a  sectional  view  showing  a  state 
that  the  soldering  material  is  molten; 
Fig.  5  schematically  shows  an  operation  in  a  modi- 
fication  of  the  first  embodiment,  (a)  being  a  sec- 
tional  view  showing  a  state  that  a  soldering  material 

25  is  inserted  into  a  groove,  (b)  being  a  sectional  view 
showing  a  state  that  the  soldering  material  is  mol- 
ten; 
Fig.  6  shows  a  cutting  step  according  to  the  first 
embodiment,  (a)  being  a  sectional  view  showing  a 

30  state  before  cutting,  (b)  being  a  sectional  view 
showing  a  state  after  cutting; 
Fig.  7  is  a  sectional  view  of  an  isolator  formed  by 
the  use  of  an  optical  device  assembly  which  is 
obtained  according  to  the  first  embodiment; 

35  Fig.  8  is  a  perspective  view  showing  a  metallized 
film  forming  step  in  the  modification  of  the  first 
embodiment; 
Fig.  9  is  a  perspective  view  showing  main  portions 
of  optical  material  plates  when  a  metallized  film 

40  forming  step  is  completed  in  a  second  embodiment 
of  this  invention; 
Fig.  10  shows  a  state  that  an  optical  device  assem- 
bly  obtained  according  to  the  second  embodiment 
is  inserted  into  and  bonded  to  a  magnet,  (a)  being 

45  a  partially  cut-away  perspective  view  showing  a 
bonded  state,  (b)  being  a  sectional  view  upon  inser- 
tion; 
Fig.  11  is  a  sectional  view  of  an  optical  isolator 
formed  by  the  use  of  an  optical  device  assembly 

so  which  is  obtained  according  to  the  second  embodi- 
ment; 
Fig.  12  is  a  perspective  view  showing  a  metallized 
film  forming  step  and  a  groove  forming  step  accord- 
ing  to  a  third  embodiment  of  this  invention; 

55  Fig.  1  3  is  a  sectional  view  showing  a  soldering  step 
and  a  cutting  step  according  to  the  third  embodi- 
ment; 
Fig.  14  is  a  sectional  view  of  an  optical  isolator 
formed  by  the  use  of  an  optical  device  assembly 

4 
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obtained  according  to  the  third  embodiment; 
Fig.  15  is  a  sectional  view  showing  a  soldering  step 
and  a  cutting  step  according  to  a  fourth  embodi- 
ment  of  this  invention; 
Fig.  1  6  is  a  sectional  view  showing  a  soldering  step  s 
and  a  cutting  step  according  to  a  fifth  embodiment 
of  this  invention; 
Fig.  1  7  is  a  sectional  view  showing  a  soldering  step 
and  a  cutting  step  according  to  a  sixth  embodiment 
of  this  invention;  10 
Fig.  18  is  a  perspective  view  showing  a  groove 
forming  step  and  a  metallized  film  forming  step 
according  to  a  seventh  embodiment  of  this  inven- 
tion; 
Fig.  1  9  is  a  sectional  view  showing  a  soldering  step  15 
and  a  cutting  step  according  to  the  seventh  embod- 
iment; 
Fig.  20  shows  a  chemical  structural  formula  of  a 
surface  modifying  agent  used  in  the  seventh 
embodiment;  20 
Fig.  21  is  a  view  showing  a  measurement  result  for 
optical  isolators  according  to  the  seventh  embodi- 
ment  of  this  invention  and  optical  isolators  accord- 
ing  to  a  comparative  method; 
Fig.  22  is  a  perspective  view  showing  optical  mate-  25 
rial  plates  after  a  groove  forming  step  in  a  produc- 
tion  method  according  to  an  eighth  embodiment  of 
this  invention; 
Fig.  23  is  a  perspective  view  schematically  showing 
a  metallized  film  forming  step  of  forming  metallized  30 
films  on  optical  material  plates  illustrated  in  Fig.  22; 
Fig.  24  is  a  perspective  view  showing  a  main  por- 
tion  of  a  metal  mask  for  use  in  the  metallized  film 
forming  step  illustrated  in  Fig.  23; 
Fig.  25  shows  a  soldering  step  of  soldering  the  opti-  35 
cal  material  plates  illustrated  in  Fig.  22,  (a)  being  a 
sectional  view  showing  a  state  before  soldering,  (b) 
being  a  sectional  view  showing  a  state  after  solder- 
ing; 
Fig.  26  is  a  side  view  showing  a  cutting  step  of  cut-  40 
ting  the  optical  material  plates  soldered  and 
bonded  as  illustrated  in  Fig.  25; 
Fig.  27  is  a  plan  view  of  a  metal  mask  used  in  a 
metallized  film  forming  step  in  a  comparative  pro- 
duction  method;  45 
Fig.  28  is  a  graph  showing  a  measurement  result  for 
optical  isolators  according  to  the  eighth  embodi- 
ment  and  optical  isolators  according  to  the  compar- 
ative  method; 
Fig.  29  shows  a  conventional  method  of  assembling  so 
an  optical  isolator,  (a)  being  a  sectional  view  show- 
ing  a  method  of  assembling  a  component  A,  (b) 
being  a  sectional  view  showing  a  method  of  assem- 
bling  a  component  B; 
Fig.  30  shows  the  conventional  method  of  assem-  ss 
bling  an  optical  isolator,  (a)  being  a  sectional  view 
showing  a  state  before  the  component  B  is  fitted 
into  the  component  A,  (b)  being  a  sectional  view 
showing  a  state  after  the  component  B  is  fitted  into 
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the  component  A; 
Fig.  31  shows  a  conventional  manner  of  forming  a 
metallized  film,  (a)  being  a  perspective  view,  (b) 
being  a  sectional  view; 
Fig.  32  is  a  sectional  view  of  an  optical  isolator  in 
which  an  optical  device  assembly  is  inclined  by  the 
use  of  a  conventional  inclined  holder;  and 
Fig.  33  is  a  perspective  view  of  an  optical  device 
assembly  which  is  obtained  according  to  the  con- 
ventional  production  method. 

Best  Mode  for  Embodying  the  Invention 

With  reference  to  Figs.  1  through  7,  description  will 
be  made  as  regards  a  first  embodiment  of  this  invention. 

First,  as  shown  in  Fig.  1,  preparation  is  made  of 
optical  material  plates  including  a  polarizer  material 
plate  5  capable  of  being  divided  into  a  plurality  of  polar- 
izers  50,  a  Faraday  rotator  material  plate  6  capable  of 
being  divided  into  a  plurality  of  Faraday  rotators  60,  and 
an  analyzer  material  plate  7  capable  of  being  divided 
into  a  plurality  of  analyzers  70.  As  the  polarizer  material 
plate  5  and  the  analyzer  material  plate  7,  use  is  made  of 
a  rutile  single  crystal  plate  with  antireflection  films 
formed  on  both  sides  thereof.  As  the  Faraday  rotator 
material  plate  6,  use  is  made  of  a  garnet  single  crystal 
plate  with  antireflection  films  formed  on  both  sides 
thereof. 

In  an  optical  surface  5a  of  the  polarizer  material 
plate  50  that  faces  the  Faraday  rotator  material  plate  6 
and  in  an  optical  surface  6a  of  the  Faraday  rotator  mate- 
rial  plate  6  that  faces  the  polarizer  material  plate  5,  grid- 
like  first  grooves  8  are  formed  so  as  to  enable  to  divide 
each  optical  material  plate  into  pieces  each  forming  an 
optical  device  assembly.  In  addition,  in  an  optical  sur- 
face  6b  of  the  Faraday  rotator  material  plate  6  that  faces 
the  analyzer  material  plate  7  and  in  an  optical  surface 
7a  of  the  analyzer  material  plate  7  that  faces  the  Fara- 
day  rotator  material  plate  6,  second  grooves  9  having  a 
pattern  similar  to  that  of  the  first  grooves  8  are  formed. 
The  grooves  8  formed  on  the  polarizer  material  plate  5 
extend  in  two  directions  at  0°  and  90°  with  respect  to  a 
C  axis  of  the  rutile  single  crystal  while  the  grooves  9 
formed  on  the  analyzer  material  plate  7  extend  in  two 
directions  at  45°  and  135°  with  respect  to  the  C  axis  of 
the  rutile  single  crystal. 

After  the  above-mentioned  groove  forming  step,  a 
metallized  film  10  is  formed  by  the  use  of  a  metal  mask 
at  a  portion  except  for  regions  to  become  light  transmis- 
sion  apertures  1  1  in  each  of  the  optical  surface  5a  of  the 
polarizer  material  plate  5  facing  the  Faraday  rotator 
material  plate  6,  the  optical  surfaces  6a  and  6b  of  the 
Faraday  rotator  material  plate  6  facing  the  polarizer 
material  plate  5  and  the  analyzer  material  plate  7, 
respectively,  and  the  optical  surface  7a  of  the  analyzer 
material  plate  7  facing  the  Faraday  rotator  material  plate 
6.  As  the  method  forming  the  metallized  film  10,  the  RF 
magnetron  sputtering  method  is  used  with  Ti/Ni/Au 
used  as  metals  to  form  the  metallized  film  1  0  comprising 
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a  three-layered  film.  In  Fig.  2,  the  metallized  film  10 
formed  on  the  polarizer  material  plate  5  is  illustrated. 
The  similar  metallized  film  10  is  formed  on  each  of  the 
Faraday  rotator  material  plate  6  and  the  analyzer  mate- 
rial  plate  7. 

After  the  above-mentioned  metallized  film  forming 
step,  as  shown  in  Fig.  3(a),  the  optical  material  plates  5, 
6,  and  7  are  stacked  so  that  a  polarizing  direction  of  the 
analyzer  material  plate  7  is  inclined  substantially  at  45° 
with  respect  to  a  polarizing  direction  of  the  polarizer 
material  plate  5  (in  this  embodiment,  the  first  grooves  8 
and  the  second  grooves  9  are  put  in  register  each 
other),  then,  stick-like  soldering  materials  12  are 
inserted  into  the  grooves  8  and  9,  molten  in  a  heat  treat- 
ment  furnace,  and  solidified.  Thus,  as  shown  in  Fig. 
3(b),  the  optical  material  plates  5,  6,  and  7  are  soldered 
to  one  another  at  portions  of  the  metallized  films  10 
formed  on  the  optical  surfaces  5a,  6a,  6b,  and  7a.  In  this 
case,  the  soldering  materials  12  of  Au-Sn  (Au:  50atm%; 
melting  point  of  418°C  )  are  used. 

As  described  above,  since  the  polarizing  direction 
of  the  analyzer  material  plate  7  is  rotated  by  an  angle  of 
45°  with  respect  to  the  polarizing  direction  of  the  polar- 
izer  material  plate  5,  it  is  possible  to  obtain  the  maxi- 
mum  light  quenching  ratio  when  an  optical  isolator  is 
composed  by  the  use  of  the  optical  device  assembly 
obtained  by  this  embodiment.  Accordingly,  by  forming 
the  grooves  8  and  9  in  the  polarizer  material  plate  5  and 
the  analyzer  material  plate  7  in  the  above-mentioned 
directions,  it  is  possible  to  omit  the  conventional  adjust- 
ing  step  of  rotating  the  analyzer  so  that  the  power  of  the 
light  emitted  from  the  polarizer  side  after  entering 
through  the  analyzer  side  becomes  minimum. 

In  order  to  obtain  a  satisfactory  adhesive  strength 
over  a  wide  range  in  the  soldering  bond  between  the 
optical  material  plates,  it  is  required  in  the  soldering 
step  that  the  minimum  essential  amount  of  solder  flows 
over  the  entire  area  of  the  metallized  film  formed  on  the 
wide  region  on  each  optical  material  plate.  In  this 
embodiment,  the  soldering  material  12  placed  in  the 
grooves  8  of  the  optical  materials  5  and  6  as  schemati- 
cally  shown  in  Fig.  4(a)  is  heated  in  the  heat  treatment 
furnace  to  become  a  liquid  phase.  Thereafter,  as  sche- 
matically  shown  in  Fig.  4(b),  the  soldering  material  12 
thus  molten  flows  in  all  parts  of  the  optical  material 
plates  along  the  grooves  8.  From  the  grooves  8,  the 
essential  amount  of  the  soldering  material  required  in 
soldering  bond  is  introduced  into  a  gap  between  the 
metallized  films  10  facing  each  other  by  the  capillary 
action.  By  subsequent  cooling,  soldering  bond  is  carried 
out  between  the  metallized  films  10.  In  this  event,  an 
excessive  amount  of  the  soldering  material  1  2  remains 
in  each  groove  8.  Therefore,  light  incidence  loss  is  pre- 
vented  from  being  increased  due  to  intrusion  of  the  sol- 
dering  material  into  light  transmitting  portions. 
Incidentally,  Fig.  5(a)  shows  a  modification  where  the 
grooves  8  are  formed  on  only  one  of  bonding  surfaces 
of  the  optical  material  plates  5  and  6.  In  this  case  also, 
as  shown  in  Fig.  5(b),  the  solder  12  in  a  molten  state 

flows  into  the  gap  between  the  metallized  films  10  alone 
in  the  manner  similar  to  Fig.  4(b).  Thus,  the  solder  12  in 
a  molten  state  is  prevented  from  intruding  into  the  aper- 
tures  1  1  . 

5  After  the  above-mentioned  soldering  step,  as 
depicted  by  dotted  lines  in  Fig.  6(a),  the  optical  material 
plates  5,  6,  and  7  soldered  and  bonded  are  cut  into 
pieces  along  the  grooves  8  and  9.  Thus,  the  optical 
material  plates  5,  6,  and  7  soldered  and  bonded  are  cut 

10  into  a  plurality  of  optical  device  assemblies  2,  as  shown 
in  Fig.  4(b). 

Each  optical  device  assembly  2  obtained  as  men- 
tioned  above  is  soldered  to  end  holders  40  and  41  ,  a 
permanent  magnet  3,  and  an  outer  holder  42  to  manu- 

15  facture  an  optical  isolator  1  as  shown  in  Fig.  7.  A  solder- 
ing  material  used  here  is  Au-Sn  (Au:  80atm%;  melting 
point  of  252°C  )  having  a  melting  point  lower  than  that  of 
the  soldering  material  12  for  use  in  soldering  the  optical 
material  plates. 

20  According  to  the  above-mentioned  steps,  it  is  possi- 
ble  to  mass  process  the  formation  of  the  metallized  films 
on  the  optical  devices  and  the  soldering  bond  between 
the  optical  devices  and  to  drastically  omit  the  number  of 
steps.  Therefore,  reduction  of  the  cost  can  be  achieved. 

25  Although  a  sectional  configuration  of  the  groove  in 
the  embodiment  is  a  rectangle,  the  configuration  may  be 
a  polygon  such  as  a  triangle  and  a  trapezoid,  a  semicir- 
cle,  or  an  ellipse  as  far  as  the  soldering  material  can  be 
inserted  and  the  excessive  soldering  material  can  be 

30  reserved  during  soldering. 
Moreover,  although  the  grooves  8  and  9  are 

arranged  in  a  grid  pattern  in  this  embodiment,  the 
arrangement  is  not  limited  thereto.  For  example,  the 
grooves  8  (9)  may  be  arranged  in  parallel  along  one 

35  direction  as  in  a  modification  shown  in  Fig.  8. 
Furthermore,  the  antireflection  films  may  be  formed 

either  before  or  after  the  formation  of  the  groove. 
In  the  meanwhile,  the  optical  device  assembly 

obtained  by  this  embodiment  is  for  use  in  a  so-called 
40  single-stage  optical  isolator  comprising  three  optical 

devices  including  a  polarizer,  a  Faraday  rotator,  and  an 
analyzer.  However,  this  invention  is  also  applicable  to  an 
optical  device  assembly  for  use  in  a  so-called  two-stage 
optical  isolator  formed  by  a  combination  of  two  single- 

45  stage  optical  isolators  and  composed  of  six  optical 
devices.  In  addition,  this  invention  is  also  applicable  to 
an  optical  device  assembly  for  use  in  a  so-called  one 
and  half-stage  optical  isolator  composed  of  five  optical 
devices  as  an  intermediate  structure. 

so  With  reference  to  Figs.  9  to  1  1  ,  description  will  now 
be  made  as  regards  a  second  embodiment  of  this 
invention. 

This  embodiment  is  similar  to  the  first  embodiment 
except  for  the  configuration  and  the  material  of  the  met- 

55  allized  films  formed  in  the  metallized  film  forming  step 
and  the  cutting  portions  of  the  optical  material  plates  in 
the  cutting  step. 

In  Fig.  9,  only  one  optical  device  for  each  of  the 
three  optical  material  plates  is  illustrated.  As  apparent 

6 
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from  Fig.  9,  in  this  embodiment,  the  metallized  films  10 
formed  in  the  metallized  film  forming  step  are  formed 
not  only  on  the  optical  surfaces  but  also  on  wall  surfaces 
80  and  90  defining  the  grooves  8  and  9.  The  metallized 
film  1  0  comprises  a  three-layered  film  composed  of  an 
underlying  film  of  Cr  having  a  thickness  of  0.35n  m,  an 
intermediate  film  of  Ni  having  a  thickness  of  0.35n  m, 
and  a  bonding  film  of  Au  having  a  thickness  of  0.1  5n  m. 

Thereafter,  by  the  use  of  a  first  soldering  material 
(Au-Sn:  melting  point  of  280°C  )  12,  the  optical  material 
plates  5,  6,  and  7  are  soldered  and  bonded  to  one 
another. 

Thereafter,  the  optical  material  plates  5,  6,  and  7 
soldered  and  bonded  are  cut  at  the  center  of  each  of  the 
grooves  8  and  9  so  that  those  portions  including  the  wall 
surfaces  80  and  90  on  which  the  metallized  films  10  are 
formed  remain  as  step  portions  51,  61,  and  71  on  side 
surfaces  of  the  optical  devices  50,  60,  and  70,  respec- 
tively.  Thus,  a  plurality  of  the  optical  device  assemblies 
2  are  obtained. 

Next,  as  shown  in  Fig.  10,  a  permanent  magnet  3  of 
a  cylindrical  shape  is  provided  with  a  rectangular  hole 
30  extending  along  a  central  axis  with  escape  grooves 
31  formed  at  the  four  corners  of  the  hole  30,  and  has  a 
surface  covered  by  an  Ni-plated  film  (film  thickness:  10n 
m)  32.  The  optical  device  assembly  2  is  inserted  into  the 
permanent  magnet.  By  the  use  of  a  second  soldering 
material  (Pb-Sn:  1  75°C)  1  3,  the  optical  device  assembly 
2  is  soldered  and  bonded  to  the  permanent  magnet  3 
through  the  metallized  films  10  exposed  at  the  side  sur- 
faces  thereof.  Thus,  an  optical  isolator  1  is  manufac- 
tured. 

It  is  noted  here  that,  in  the  conventional  optical  iso- 
lator,  the  soldered  portions  of  the  optical  device  assem- 
bly  are  not  exposed  on  the  side  surfaces  of  the  optical 
device  assembly  after  bonded.  Accordingly,  the  optical 
device  assembly  and  the  permanent  magnet  can  not  be 
soldered  to  each  other  by  the  use  of  these  portions.  In 
case  of  the  optical  device  assembly  obtained  by  this 
embodiment,  the  step  portions  51,  61,  and  71  are 
formed  on  the  side  surfaces  of  the  optical  devices  as 
described  above.  These  step  portions  51  ,  61  ,  and  71 
are  provided  with  the  metallized  films  10.  In  the  solder- 
ing  step,  as  shown  in  Fig.  1  1  ,  the  first  soldering  material 
12  also  flows  onto  the  metallized  films  10  formed  on  the 
step  portions  51,61,  and  71  .  Therefore,  it  is  possible  to 
expose  the  first  soldering  material  1  2  on  the  side  sur- 
faces  of  the  optical  device  assembly  2  after  bonded. 
Thus,  at  these  portions,  the  optical  device  assembly  2 
can  be  soldered  and  bonded  to  the  permanent  magnet 
3  by  the  use  of  the  second  soldering  material  13. 

As  described  above,  in  this  embodiment,  the  step 
portions  are  formed  in  each  of  the  optical  devices  and 
the  metallized  films  are  exposed  on  the  side  surfaces  of 
the  optical  device  assembly.  At  the  portions  of  the  first 
soldering  material  adhered  to  the  metallized  films  on  the 
side  surfaces,  the  optical  device  assembly  can  be  sol- 
dered  to  the  permanent  magnet  by  the  second  solder- 
ing  material.  As  a  result,  the  optical  isolator  can  be 

manufactured  without  using  the  end  holder  and  the 
outer  holder. 

It  will  be  understood  that  the  material  of  the  metal- 
lized  films  and  the  soldering  material  are  not  restricted 

5  to  those  used  in  the  embodiment. 
With  reference  to  Figs.  12  through  14,  description 

will  now  be  made  as  regards  a  third  embodiment  of  this 
invention. 

In  this  embodiment,  in  order  to  achieve  a  superior 
10  characteristic,  an  optical  axis  of  incident  light  is  inclined 

with  respect  to  a  straight  line  orthogonal  to  the  optical 
surfaces. 

This  embodiment  is  also  basically  similar  to  the  first 
embodiment. 

15  First,  preparation  is  made  of  a  polarizer  material 
plate  5  having  a  size  capable  of  being  cut  into  a  plurality 
of  polarizers  50,  a  length  and  a  breadth  equal  to  each 
other,  and  a  predetermined  thickness,  a  Faraday  rotator 
material  plate  6  having  a  size  capable  of  being  cut  into 

20  a  plurality  of  Faraday  rotators  60,  a  length  and  a  breadth 
equal  to  those  of  the  polarizer  material  plate  5,  and  a 
predetermined  thickness,  and  an  analyzer  material 
plate  7  having  a  size  capable  of  being  cut  into  a  plurality 
of  analyzers  70,  a  length  and  a  breadth  equal  to  those 

25  of  the  polarizer  material  plate  5,  and  a  predetermined 
thickness. 

Next,  a  metallized  films  10  are  formed  on  one  sur- 
face  of  the  polarizer  material  plate  5,  both  surfaces  of 
the  Faraday  rotator  material  plate  6,  and  one  surface  of 

30  the  analyzer  material  plate  7.  Thereafter,  on  those  sur- 
faces  of  the  polarizer  material  plate  5,  the  Faraday  rota- 
tor  material  plate  6,  and  the  analyzer  material  plate  7  on 
which  the  metallized  films  10  are  formed,  grooves  8  and 
9  are  formed  in  a  grid  pattern.  As  shown  in  Fig.  12,  the 

35  optical  material  plates  are  then  stacked  together  so  that 
the  Faraday  rotator  material  plate  6  is  sandwiched 
between  the  surface  of  the  polarizer  material  plate  5  on 
which  the  metallized  film  1  0  is  formed  and  the  surface  of 
the  analyzer  material  plate  7  on  which  the  metallized 

40  film  1  0  is  formed.  The  grooves  8  and  9  are  formed  so  as 
to  face  each  other  when  the  optical  material  plates  are 
stacked  with  their  edges  aligned. 

After  the  optical  material  plates  are  stacked,  as 
shown  in  Fig.  13(a),  the  edges  of  the  polarizer  material 

45  plate  5,  the  Faraday  rotator  material  plate  6,  and  the 
analyzer  material  plate  7  are  located  on  a  straight  line 
intersecting  at  an  angle  6  °  with  the  line  orthogonal  to 
the  optical  surfaces  of  the  optical  material  plates  so  that 
positions  of  the  grooves  8  and  9  and  the  apertures  1  1 

so  are  shifted  from  one  another.  Thereafter,  the  soldering 
material  1  2  is  inserted  in  the  grooves  8  and  9.  By  shift- 
ing  the  optical  material  plates  from  one  another  as 
described  above,  an  optical  axis  passing  through  the 
same  point  in  each  of  the  apertures  of  the  optical  mate- 

55  rial  plates  intersects  at  an  angle  6  °  with  the  straight  line 
orthogonal  to  the  optical  surfaces  of  the  optical  material 
plates. 

The  inserted  soldering  material  12  is  heated  in  a 
heat  treatment  furnace  to  become  a  liquid  phase. 

7 
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Thereafter,  as  shown  in  Fig.  13(b),  only  an  essential 
amount  of  the  soldering  material  required  in  soldering 
bond  is  introduced  into  a  gap  between  the  metallized 
films  10  facing  each  other  by  the  capillary  action.  By 
subsequent  cooling,  soldering  bond  is  carried  out.  In  5 
this  event,  since  an  excessive  amount  of  the  soldering 
material  1  2  remains  in  the  grooves  8  and  9,  it  is  possible 
to  prevent  an  increase  of  light  incidence  loss  resulting 
from  the  soldering  material  12  flowing  into  light  transmit- 
ting  portions.  ro 

As  depicted  by  dotted  lines  in  Fig.  13(b),  separation 
is  made  to  obtain,  as  each  optical  device  assembly  2  for 
a  single  optical  isolator,  a  portion  including  a  set  of  the 
polarizer  50  of  the  polarizer  material  plate  5,  one  light 
transmitting  region,  the  corresponding  Faraday  rotator  15 
60  of  the  Faraday  rotator  material  plate  6,  one  light 
transmitting  region,  the  corresponding  analyzer  70  of 
the  analyzer  material  plate  7,  and  one  light  transmitting 
region  as  well  as  the  metallized  films  10  surrounding 
this  set  of  the  light  transmitting  regions.  20 

Thus,  as  shown  in  Fig.  13(c),  it  is  possible  to  obtain 
a  plurality  of  the  optical  device  assemblies  2  from  the 
optical  material  plates  soldered  and  bonded. 

By  the  use  of  the  optical  device  assembly  2 
obtained  in  this  embodiment,  an  optical  isolator  1  illus-  25 
trated  in  Fig.  14  is  formed.  The  optical  isolator  1  com- 
prises  the  optical  device  assembly  2,  a  permanent 
magnet  3,  end  holders  40  and  41  ,  and  an  outer  holder 
43.  As  apparent  from  Fig.  14,  each  of  the  optical 
devices  50,  60,  and  70  of  the  optical  device  assembly  2  30 
obtained  in  this  embodiment  has  a  hexahedral  body 
having  a  parallelogrammic  section.  The  optical  device 
assembly  2  is  located  within  the  permanent  magnet  3 
and  soldered  to  metal-plated  inner  walls  of  the  perma- 
nent  magnet  3.  As  compared  with  the  conventional  opti-  35 
cal  isolator,  for  example,  as  illustrated  in  Fig.  32  in  which 
the  optical  device  assembly  2  is  inclined,  the  optical  iso- 
lator  1  can  use  almost  all  the  regions  except  for  the  por- 
tions  of  the  metallized  films  10  on  the  optical  surfaces  of 
the  optical  devices  50,  60,  and  70.  In  other  words,  with  40 
the  apertures  of  the  same  size,  the  optical  device 
assembly  obtained  in  this  embodiment  can  be  more 
miniaturized.  Furthermore,  since  an  inclining  holder  43 
for  an  inclined  arrangement  as  required  in  the  prior  art 
can  be  omitted,  it  is  possible  to  achieve  miniaturization  45 
and  low  cost  as  compared  with  the  conventional  prod- 
uct. 

Next,  referring  to  Fig.  15,  description  will  be  made 
as  regards  a  fourth  embodiment  of  this  invention. 

First,  in  the  manner  similar  to  the  third  embodiment,  so 
preparation  is  made  of  a  polarizer  material  plate  5  hav- 
ing  a  size  capable  of  being  cut  into  a  plurality  of  polariz- 
ers  50,  a  length  and  a  breadth  equal  to  each  other,  and 
a  predetermined  thickness,  a  Faraday  rotator  material 
plate  6  having  a  length  and  a  breadth  equal  to  those  of  55 
the  polarizer  material  plate  5  and  a  predetermined  thick- 
ness,  and  an  analyzer  material  plate  7  having  a  length 
and  a  breadth  equal  to  those  of  the  polarizer  material 
plate  5  and  a  predetermined  thickness. 

Then,  metallized  films  10  are  formed  on  one  sur- 
face  of  the  polarizer  material  plate  5,  both  surfaces  of 
the  Faraday  rotator  material  plate  6,  and  one  surface  of 
the  analyzer  material  plate  7.  Thereafter,  grooves  8  and 
9  are  formed  in  a  grid  pattern  on  those  surfaces  of  the 
polarizer  material  plate  5,  the  Faraday  rotator  material 
plate  6,  and  the  analyzer  material  plate  7  on  which  the 
metallized  films  10  are  formed.  In  the  manner  similar  to 
that  illustrated  in  Fig.  12,  the  optical  material  plates  are 
stacked  together  so  that  the  Faraday  rotator  material 
plate  6  is  sandwiched  between  the  surface  of  the  polar- 
izer  material  plate  5  on  which  the  metallized  film  10  is 
formed  and  the  surface  of  the  analyzer  material  plate  7 
on  which  the  metallized  film  10  is  formed.  It  is  noted 
here  that,  as  shown  in  Fig.  15(a),  the  grooves  8  and  9  of 
the  optical  material  plates  5,  6,  and  7  are  formed  so  as 
to  be  arranged  along  a  straight  line  intersecting  at  an 
angle  6  0  with  a  straight  line  orthogonal  to  the  optical 
surfaces  of  the  optical  material  plates  5,  6,  and  7  when 
the  edges  of  the  optical  material  plates  are  aligned. 
With  this  structure,  an  optical  axis  passing  through  the 
same  point  in  each  of  the  apertures  of  the  optical  mate- 
rial  plates  intersects  at  the  angle  6  0  with  the  straight  line 
orthogonal  to  the  optical  surfaces  of  the  optical  material 
plates. 

After  the  optical  material  plates  5,  6,  and  7  are 
stacked  together,  a  soldering  material  12  is  inserted  into 
each  of  the  grooves  8  and  9.  The  inserted  soldering 
material  12  is  heated  in  a  heat  treatment  furnace  to 
become  a  liquid  phase.  Thereafter,  as  shown  in  Fig. 
15(b),  only  an  essential  amount  of  the  soldering  mate- 
rial  required  in  soldering  bond  is  introduced  into  a  gap 
between  the  metallized  films  1  0  facing  each  other  by  the 
capillary  action.  By  subsequent  cooling,  soldering  bond 
is  carried  out. 

As  depicted  by  dotted  lines  in  Fig.  15(b),  separation 
is  made  to  obtain,  as  each  optical  device  assembly  2  for 
a  single  optical  isolator,  a  portion  including  a  set  of  the 
polarizer  50  of  the  polarizer  material  plate  5,  one  light 
transmitting  region,  the  corresponding  Faraday  rotator 
60  of  the  Faraday  rotator  material  plate  6,  one  light 
transmitting  region,  the  corresponding  analyzer  70  of 
the  analyzer  material  plate  7,  and  one  light  transmitting 
region  as  well  as  the  metallized  films  10  surrounding 
this  set  of  the  light  transmitting  regions. 

Thus,  as  shown  in  Fig.  15(c),  it  is  possible  to  obtain 
a  plurality  of  the  optical  device  assemblies  2  from  the 
optical  material  plates  soldered  and  bonded. 

Fig.  16  is  a  sectional  view  showing  the  steps  of  a 
method  of  production  of  an  optical  device  assembly 
according  to  a  fifth  embodiment  of  this  invention. 

This  embodiment  is  closely  similar  to  the  third 
embodiment.  However,  although  in  the  third  embodi- 
ment  the  grooves  8  and  9  are  formed  after  the  metal- 
lized  film  10  is  formed,  the  order  is  reversed  in  this 
embodiment.  Specifically,  in  this  embodiment,  grooves 
8  and  9  are  at  first  formed  on  one  surface  of  a  polarizer 
material  plate  5,  both  surfaces  of  a  Faraday  rotator 
material  plate  6,  and  one  surface  of  an  analyzer  mate- 
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rial  plate  7.  Herein,  the  grooves  8  and  9  are  formed  so 
as  to  be  positioned  face  to  face  with  each  other  when 
the  optical  material  plates  are  stacked  with  their  edges 
aligned.  After  the  grooves  8  and  9  are  formed,  metal- 
lized  films  10  are  formed  on  the  one  surface  of  the  polar-  5 
izer  material  plate  5,  the  both  surfaces  of  the  Faraday 
rotator  material  plate  6,  and  the  one  surface  of  the  ana- 
lyzer  material  plate  7. 

Thereafter,  by  carrying  out  the  steps  similar  to 
those  in  the  third  embodiment,  a  plurality  of  optical  10 
device  assemblies  2  are  simultaneously  manufactured. 

Fig.  17  is  a  sectional  view  showing  the  steps  of  a 
method  of  production  of  an  optical  device  assembly 
according  to  a  sixth  embodiment  of  this  invention. 

This  embodiment  is  closely  similar  to  the  fourth  is 
embodiment.  However,  although  the  grooves  8  and  9 
are  formed  after  the  metallized  film  10  is  formed  in  the 
fourth  embodiment,  the  order  is  reversed  in  this  embod- 
iment.  Specifically,  in  this  embodiment,  grooves  8  and  9 
are  at  first  formed  on  one  surface  of  a  polarizer  material  20 
plate  5,  both  surfaces  of  a  Faraday  rotator  material  plate 
6,  and  one  surface  of  an  analyzer  material  plate  7. 
Herein,  as  shown  in  Fig.  17(a),  the  grooves  8  and  9  are 
formed  so  as  to  be  arranged  along  a  straight  line  inter- 
secting  at  an  angle  6  0  with  a  straight  line  orthogonal  to  25 
optical  surfaces  of  the  optical  material  plates  5,  6,  and  7 
when  the  edges  of  the  optical  material  plates  are 
aligned.  After  the  grooves  8  and  9  are  formed,  metal- 
lized  films  1  0  are  formed  on  the  one  surface  of  the  polar- 
izer  material  plate  5,  the  both  surfaces  of  the  Faraday  30 
rotator  material  plate,  and  the  one  surface  of  the  ana- 
lyser  material  plate  7. 

Thereafter,  by  carrying  out  the  steps  similar  to 
those  in  the  fourth  embodiment,  a  plurality  of  optical 
device  assemblies  2  are  simultaneously  manufactured.  35 

In  the  third  through  the  sixth  embodiments,  solder- 
ing  bond  is  carried  out  by  inserting  the  soldering  mate- 
rial  12  into  each  of  the  grooves  8  and  9  as  illustrated  in 
the  figure.  However,  the  soldering  bond  may  be  carried 
out  by  forming  a  thin  film  made  of  the  soldering  material  40 
on  the  metallized  film  10  by  means  of  vapor  deposition, 
sputtering,  or  ion  plating.  Thus,  arrangement  of  the  sol- 
dering  material  is  not  restricted  to  that  described  in  the 
third  through  the  fourth  (sic)  embodiments. 

Moreover,  in  the  third  through  the  sixth  embodi-  45 
ments,  the  grooves  8  and  9  may  be  shifted  in  an  X-axis 
direction  alone,  a  Y-axis  direction  alone,  or  any  desired 
direction  between  the  X-axis  and  the  Y-axis  directions  in 
Fig.  12. 

In  the  third  through  the  sixth  embodiments,  the  opti-  so 
cal  material  plate  made  of  rutile  single  crystal  is  used  as 
each  of  the  polarizer  material  plate  5  and  the  analyzer 
material  plate  7.  As  the  Faraday  rotator  material  plate  6, 
use  is  made  of  the  optical  material  plate  made  of  garnet 
single  crystal.  Each  of  the  polarizer  material  plate  5,  the  55 
Faraday  rotator  material  plate  6,  and  the  analyzer  mate- 
rial  plate  7  has  a  size  of  1  1mm  x  1  1mm  in  length  and 
breadth.  Each  of  the  polarizer  material  plate  5  and  the 
analyzer  material  plate  7  has  a  thickness  of  0.4mm, 

while  the  Faraday  rotator  6  has  a  thickness  of  0.485mm. 
In  addition,  the  angle  6  0  formed  between  the  straight 
line  orthogonal  to  the  optical  surfaces  of  the  optical 
material  plates  and  the  straight  line  intersecting  the 
former  straight  line  is  equal  to  4  degrees. 

Description  will  now  be  made  as  regards  a  seventh 
embodiment  characterized  by  addition  of  a  surface 
modifying  step. 

In  the  foregoing  embodiments,  during  the  cutting 
step,  foreign  substances  such  as  cutting  powder,  cool- 
ing  water,  a  brazing  material  for  fixing  optical  material 
may  intrude  between  the  optical  material  plates  sol- 
dered  and  bonded.  Such  foreign  substances  are  often 
difficult  to  be  removed  even  by  cleaning  and  deteriorate 
the  yield.  This  embodiment  prevents  the  above-men- 
tioned  disadvantage. 

With  reference  to  Figs.  18  through  20,  description 
will  be  made  as  regards  the  seventh  embodiment.  As 
shown  in  Fig.  18,  a  planar  optical  material  plate  having 
a  planar  surface  of  1  1  mm  x  1  1  mm  and  made  of  rutile 
single  crystal  is  used  as  each  of  a  polarizer  material 
plate  5  and  an  analyzer  material  plate  7.  On  the  other 
hand,  planar  garnet  having  the  same  area  of  11mm  x 
1  1  mm  is  used  as  a  Faraday  rotator  material  plate  6.  On 
the  optical  material  plates,  grooves  8  and  9  are  formed 
in  the  manner  similar  to  the  first  embodiment,  and  then 
metallized  films  10  are  formed.  Thereafter,  as  shown  in 
Figs.  19(a)  and  19(b),  the  optical  material  plates  5,  6, 
and  7  are  bonded  to  one  another  by  the  use  of  a  solder- 
ing  material  12. 

Subsequently,  the  optical  material  plates  soldered 
and  bonded  are  dipped  for  30  minutes  in  a  0.5wt%  solu- 
tion  of  perfluoroalkylsilane  (manufactured  by  Toshiba 
Silicone  K.K.)  having  a  chemical  structural  formula 
shown  in  Fig.  20  with  isopropyl  alcohol  used  as  a  sol- 
vent,  and  dried  at  1  20°C  for  one  hour.  Thus,  a  surface 
modifying  agent  having  water  repellency  is  applied  on 
the  surface  of  each  of  the  optical  material  plates  5,  6, 
and  7. 

Thereafter,  as  shown  in  Fig.  19(c),  the  optical  mate- 
rial  plates  soldered  and  bonded  are  cut  along  the 
grooves  8  and  9  by  the  use  of  a  dicing  saw  to  separate 
optical  device  assemblies  2  from  one  another  for  25 
optical  isolators  having  a  size  of  1  .6mm  x  1  .6mm. 

Next,  description  will  be  made  as  regards  opera- 
tions  and  effects  of  this  embodiment.  As  an  antireflec- 
tion  film  formed  on  the  surface  of  the  optical  material,  a 
thin  film  composed  of  two  or  three  layers  made  of  mate- 
rials  having  different  indexes  of  refraction  is  formed.  As 
a  topmost  surface  layer  among  those  layers,  Si02,  Ti02, 
and  Al203  films  are  often  used.  These  materials  have 
high  surface  energy  and  are  very  active.  These  materi- 
als  react  to  strongly  attract  dust  such  as  the  cutting  pow- 
der,  water  scale,  and  the  brazing  material. 

Accordingly,  application  of  the  water-repellent  sur- 
face  modifying  agent  onto  the  surface  of  the  antireflec- 
tion  film  can  lower  the  surface  energy  and  increase  the 
contact  angle  between  the  cooling  water  or  the  brazing 
material  and  the  surface  modifying  agent.  Thus,  it  is 
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possible  to  prevent  the  cooling  water  or  the  brazing 
material  from  intruding  into  a  gap  formed  between  the 
optical  material  plates.  Even  in  case  of  intrusion  of  the 
cutting  powder,  strong  adhesion  can  be  avoided  by  the 
surface  modifying  agent  and  removal  can  be  carried  out 
by  simple  cleaning. 

Herein,  the  water-repellent  surface  modifying  agent 
is  preferably  made  of  fluororesin  with  a  highly  reactive 
group  added  at  a  terminal  end  to  improve  the  adhesive 
strength  with  a  base  member.  As  the  terminal  group 
which  most  strongly  reacts  with  Si02,  Ti02,  and  Al203 
used  as  the  antireflection  film,  a  so-called  coupling 
agent  is  generally  effective.  As  the  coupling  agent,  a 
silane  coupling  agent  and  a  titanate  coupling  agent  are 
known.  Among  those,  the  silane  coupling  agent  is 
extremely  preferred  as  the  surface  modifying  agent 
because  it  reacts  with  the  (-OH)  group  and  the  (-COOH) 
group  on  a  surface  of  oxide  to  form  a  strong  bond. 

In  addition,  the  silane  coupling  agent  in  which  a 
functional  group  of  a  straight  chain  of  carbon  is  dis- 
placed  by  fluorine  is  called  fluoroalkylsilane.  When 
applied  onto  the  antireflection  film,  fluoroalkylsilane  is 
strongly  coupled  with  the  surface  and  lowers  the  surface 
energy.  It  is  therefore  possible  to  prevent  the  cutting 
powder,  the  cooling  water,  and  the  brazing  material  for 
fixing  the  optical  material  from  intruding  into  the  gap 
during  cutting.  Furthermore,  even  if  the  above-men- 
tioned  dust  has  intruded,  removal  is  possible  by  simple 
cleaning.  Therefore,  fluoroalkylsilane  is  particularly  pre- 
ferred. 

In  general,  these  coupling  agents  achieve  a  suffi- 
cient  effect  if  the  coupling  agents  are  coated  onto  a  sur- 
face  to  be  treated  by  a  thickness  of  a  single  molecule. 
Coating  to  a  greater  thickness  makes  no  difference  in 
effect.  Accordingly,  the  modifying  treatment  of  the  opti- 
cal  material  surface  can  be  carried  out  by  dipping  the 
soldered  and  bonded  optical  material  into  its  solution 
diluted  by  a  solvent  to  the  concentration  approximately 
between  0.01  and  5wt%  and  by  subsequent  heat  treat- 
ment. 

In  order  to  ascertain  the  effectiveness  of  this 
embodiment,  optical  device  assemblies  were  manufac- 
tured  by  a  production  method  (hereinunder  referred  to 
as  "comparative  example")  which  is  partially  different  in 
step  from  this  embodiment.  The  comparative  example  is 
similar  to  this  embodiment  except  that  cutting  was  car- 
ried  out  without  applying  perfluoroalkylsilane. 

Each  of  the  optical  device  assemblies  manufac- 
tured  by  this  embodiment  and  the  comparative  example 
was  fixed  within  a  magnet  to  form  an  optical  isolator  for 
comparison  of  the  light  insertion  loss. 

Fig.  21  shows  a  histogram  of  the  insertion  loss  in 
both  of  the  optical  isolators  according  to  this  embodi- 
ment  and  the  comparative  example. 

Light  transmission  loss  of  a  crystal  itself  is  equal  to 
0.01dB  and  0.15dB  per  one  piece  of  rutile  single  crystal 
and  per  one  piece  of  garnet  single  crystal,  respectively. 
Accordingly,  three  crystal  pieces  have  the  loss  of 
0.1  7dB.  Most  of  the  excess  loss  results  from  dust  such 

as  cutting  powder,  water  scale,  and  a  brazing  material 
attached  to  the  optical  surface  of  the  optical  material 
plate  during  the  cutting  step. 

As  apparent  from  Fig.  21  ,  the  loss  is  great  and  fluc- 
5  tuates  in  the  optical  isolators  according  to  the  compara- 

tive  example.  On  the  other  hand,  in  the  optical  isolators 
according  to  this  embodiment,  the  loss  substantially 
corresponds  to  that  of  the  crystals  themselves  and  is 
generally  uniform.  This  shows  that  no  dust  remains  in 

10  the  gaps  among  the  devices  and  that  this  embodiment 
provides  a  satisfactory  effect. 

As  mentioned  above,  according  to  this  embodi- 
ment,  the  water-repellent  surface  modifying  agent  is 
applied  onto  the  surface  of  the  optical  material  plates 

is  soldered  and  bonded,  followed  by  cutting.  Thus,  there  is 
provided  a  method  of  production  of  an  optical  device 
assembly,  which  is  capable  of  preventing  intrusion  of 
cutting  powder,  cooling  water,  and  a  brazing  material  for 
fixing  the  optical  materials  into  gaps  therebetween, 

20  which  is  capable  of  removing  foreign  substances 
already  intruding  into  the  gaps  by  simple  cleaning,  and 
which  is  capable  of  improving  the  yield. 

In  this  embodiment,  dipping  is  used  as  a  treating 
method  by  the  use  of  coupling  agent.  However,  since 

25  the  intention  of  this  embodiment  is  to  subject  the  sur- 
faces  of  the  optical  material  plates  to  a  surface  treat- 
ment,  the  treating  method  is  not  restricted  to  that 
described  in  this  embodiment. 

In  this  embodiment,  use  is  made  of  fluoroalkylsilane 
30  having  seven  straight  chain  carbon  atoms.  Modifica- 

tions  having  different  number  of  straight  chain  carbon 
atoms  can  be  synthesized  in  dependent  upon  the  pro- 
duction  process  and  exhibit  the  similar  effect  as  in  this 
embodiment.  Thus,  the  number  of  straight  chain  carbon 

35  atoms  in  fluoroalkylsilane  is  not  restricted  to  that 
described  in  this  embodiment. 

Description  will  now  be  made  in  detail  as  regards 
an  eighth  embodiment  of  this  invention.  This  embodi- 
ment  has  an  object  similar  to  that  of  the  seventh  embod- 

40  iment. 
Figs.  22  through  28  will  hereinafter  be  referred  to. 

At  first,  as  shown  in  Fig.  22,  an  optical  material  plate 
made  of  rutile  single  crystal  (thickness  of  1mm)  having 
a  size  of  1  1  mm  x  1  1  mm  is  used  as  each  of  a  polarizer 

45  material  plate  5  and  an  analyzer  material  plate  7  while 
garnet  having  a  size  of  11mm  x  11mm  (thickness  of 
0.5mm)  is  used  as  a  Faraday  rotator  material  plate  6. 
The  polarizer  material  plate  5  has  a  size  capable  of 
being  cut  into  a  plurality  of  polarizers  50.  Likewise,  the 

so  Faraday  rotator  material  plate  6  has  a  size  capable  of 
being  cut  into  a  plurality  of  Faraday  rotators  60.  Moreo- 
ver,  the  analyzer  material  plate  7  has  a  size  capable  of 
being  cut  into  a  plurality  of  analyzers  7. 

On  each  of  an  optical  surface  5a  of  the  polarizer 
55  material  plate  5  facing  the  Faraday  rotator  material  plate 

6  and  an  optical  surface  6a  of  the  Faraday  rotator  mate- 
rial  plate  6  facing  the  polarizer  material  plate  5,  first 
grooves  8  having  a  pitch  of  1  .6mm  in  length  and  breadth 
are  formed.  On  each  of  an  optical  surface  6b  of  the  Far- 

10 
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aday  rotator  material  plate  6  facing  the  analyzer  mate- 
rial  plate  7  and  an  optical  surface  7a  of  the  analyzer 
material  plate  7  facing  the  Faraday  rotator  material  plate 
6,  second  grooves  9  having  a  pattern  similar  to  that  of 
the  first  grooves  8  are  formed.  The  second  grooves  9  5 
are  formed  so  as  to  face  the  first  grooves  8  when  a 
polarizing  direction  of  the  analyzer  material  plate  7  is 
inclined  substantially  at  45°  with  respect  to  a  polarizing 
direction  of  the  polarizer  material  plate  5.  By  the  first 
and  the  second  grooves  8  and  9,  twenty-five  optical  w 
device  assemblies  2  of  1  .6mm  square  are  obtained. 

After  the  above-mentioned  groove  forming  step, 
metallized  films  10  are  formed  on  each  of  the  optical 
surface  5a  of  the  polarizer  material  plate  5  facing  the 
Faraday  rotator  material  plate  6,  the  optical  surfaces  6a  15 
and  6b  of  the  Faraday  rotator  material  plate  6  facing  the 
polarizer  material  plate  5  and  the  analyzer  material 
plate  7,  respectively,  and  the  optical  surface  7a  of  the 
analyzer  material  plate  7  facing  the  Faraday  rotator 
material  plate  6,  as  shown  in  Fig.  23.  In  this  case,  the  20 
metallized  films  10  are  formed  so  as  not  to  cover  the 
regions  to  become  apertures  1  1  in  the  optical  surfaces. 
The  metallized  films  10  define  the  ranges  of  the  aper- 
tures  1  1  in  the  optical  surfaces.  Additionally,  the  metal- 
lized  films  10  are  formed  so  as  to  completely  surround  25 
the  regions  to  become  the  apertures  1  1  .  By  forming  the 
metallized  films  10  in  this  manner,  a  solder  layer  12'  is 
formed  between  the  metallized  films  10  opposite  to 
each  other  in  the  soldering  step  which  will  later  be 
described  and  these  metallized  films  10  and  the  solder  30 
layer  12'  completely  seal  a  space  13  formed  in  the  por- 
tion  of  each  aperture  1  1  .  Therefore,  it  is  avoided  that  an 
opening  communicating  with  the  space  13  in  the  portion 
of  the  aperture  1  1  is  formed  as  shown  in  Fig.  31  .  Thus, 
in  a  cutting  step  which  will  later  be  described,  no  foreign  35 
substance  16  intrudes  into  the  space  13. 

In  this  embodiment,  the  metallized  films  10  are 
formed  by  sputtering.  In  the  sputtering,  use  is  made  of  a 
metal  mask  140  shown  in  Fig.  24.  The  metal  mask  140 
comprises  disk-shaped  mask  portions  141  for  covering  40 
the  regions  to  become  the  apertures  11,  stick-like 
bridge  portions  142  for  connecting  the  mask  portions 
141  to  one  another,  and  a  frame  portion  143  supporting 
the  mask  portions  and  the  bridge  portions.  Of  course, 
spaces  1  44  are  formed  between  the  mask  portions  141  45 
and  the  bridge  portions  142.  An  optical  material  plate 
side  surface  142a  of  each  bridge  portion  142  is  lower 
than  an  optical  material  plate  side  surface  141a  of  each 
mask  portion  141  in  Fig.  24.  Accordingly,  when  the 
mask  portions  141  cover  the  regions  to  become  the  so 
apertures  11,  the  bridge  portions  142  are  separated 
from  the  optical  surface.  In  the  metal  mask  140,  the 
mask  portions  141  have  a  diameter  of  0  1.45mm  and 
the  bridge  portions  142  have  a  width  of  0.2mm.  The 
thickness  of  the  mask  portions  141  and  the  frame  por-  ss 
tions  143  is  equal  to  0.2mm  and  the  thickness  of  the 
bridge  portions  142  is  equal  to  0.1mm. 

After  the  above-mentioned  metallized  film  forming 
step,  a  soldering  material  1  2  is  placed  in  each  of  the  first 

and  the  second  grooves  8  and  9,  and  the  polarizer 
material  plate  5,  the  Faraday  rotator  material  plate  6, 
and  the  analyzer  material  plate  7  are  stacked  so  that  the 
polarizing  direction  of  the  analyzer  material  plate  7  is 
inclined  substantially  at  45°  with  respect  to  the  polariz- 
ing  direction  of  the  polarizer  material  plate  5,  as  shown 
in  Fig.  25(a).  In  this  condition,  these  optical  material 
plates  are  put  into  a  heat  treatment  furnace  (not  shown) 
to  heat  the  soldering  material  12.  As  shown  in  Fig. 
25(b),  the  soldering  material  12  heated  to  become  a  liq- 
uid  phase  flows  into  areas  between  the  metallized  films 
1  0  faced  to  each  other  by  the  capillary  action.  Thereaf- 
ter,  when  heating  is  stopped,  the  soldering  material  12 
is  solidified  to  form  the  solder  layer  12'.  By  the  solder 
layer  12',  the  polarizer  material  plate  5,  the  Faraday 
rotator  material  plate  6,  and  the  analyzer  material  plate 
7  are  bonded  to  one  another  at  the  portion  of  the  metal- 
lized  films  10.  In  this  embodiment,  the  second  grooves 
9  are  formed  also  on  the  surface  of  the  analyzer  mate- 
rial  plate  7  facing  the  Faraday  rotator  material  plate  6. 
Moreover,  the  second  grooves  are  formed  so  as  to  face 
to  the  first  grooves  8  when  the  polarizing  direction  of  the 
analyzer  material  plate  7  is  inclined  substantially  at  45° 
with  respect  to  the  polarizing  direction  of  the  polarizer 
material  plate  5.  Accordingly,  once  the  polarizer  mate- 
rial  plate  5,  the  Faraday  rotator  material  plate  6,  and  the 
analyzer  material  plate  7  are  stacked  so  as  to  match  the 
first  grooves  8  and  the  second  grooves  9,  the  polarizing 
direction  of  the  analyzer  material  plate  7  is  inclined  sub- 
stantially  at  45°  with  respect  to  the  polarizing  direction 
of  the  polarizer  material  plate  5. 

After  the  above-mentioned  soldering  step,  the  opti- 
cal  material  plates  5,  6,  and  7  soldered  and  bonded  are 
cut  along  the  first  and  the  second  grooves  8  and  9  as 
shown  in  Fig.  25(b).  By  this  cutting  step,  a  plurality  of 
optical  device  assemblies  2  are  cut  off,  as  shown  in  Fig. 
26,  from  the  optical  material  plates  soldered  and 
bonded. 

In  this  embodiment,  the  metallized  films  10  are 
formed  on  the  optical  surfaces  of  the  optical  material 
plates  5,  6,  and  7  so  as  to  completely  surround  the 
regions  to  become  apertures  1  1  of  the  optical  material 
plates  5,  6,  and  7.  With  this  structure,  the  surroundings 
of  the  apertures  1  1  are  entirely  shielded  by  the  metal- 
lized  films  10  and  the  solder  layers  12'  in  the  side  view 
of  the  optical  material  plates  5,  6,  and  7  soldered  and 
bonded,  Therefore,  no  such  opening  is  formed  that 
communicates  with  the  spaces  formed  at  the  portion  of 
each  aperture  11.  Thus,  when  the  optical  material 
plates  5,  6,  and  7  soldered  and  bonded  are  cut,  no  for- 
eign  substances  such  as  cutting  powder,  cooling  water, 
and  a  fixing  brazing  material  intrude  into  the  space 
formed  at  the  portion  of  each  aperture  1  1  . 

In  this  embodiment,  in  order  to  increase  the  adhe- 
sive  strength  among  the  optical  material  plates  5,  6,  and 
7  so  as  to  improve  the  reliability,  an  antireflection  film 
formed  on  the  surface  of  each  of  the  optical  material 
plates  5,  6,  and  7  is  etched  by  sputtering  except  for  the 
regions  to  become  apertures  1  1  and  thereafter,  the  met- 

11 
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allized  film  10  is  formed  by  sputtering.  If  a  photo-resist 
film  is  used  in  the  sputter-etching,  as  a  mask  for  the 
regions  to  become  the  apertures  11,  the  photo-resist 
film  can  not  bear  the  sputter-etching.  Accordingly,  in  the 
sputter-etching,  it  is  necessary  to  use  a  metal  mask. 
The  metal  mask  is  also  used  in  forming  the  metallized 
film  by  sputtering.  However,  by  the  use  of  the  conven- 
tional  metal  mask,  it  is  impossible  to  form  the  metallized 
film  in  such  a  configuration  that  completely  surrounds 
the  regions  to  become  the  apertures.  This  is  because 
the  metal  mask  is  required  to  have  the  bridge  portions 
for  supporting  the  mask  portions  covering  the  apertures 
and  the  metallized  film  is  not  formed  on  those  portions 
of  the  optical  material  plates  which  are  adjacent  to  the 
bridge  portions.  In  this  respect,  the  present  inventor  has 
found  out  the  solution  as  a  result  of  his  zealous  study. 
Specifically,  it  has  been  found  out  that,  by  forming  the 
metal  mask  so  that  the  bridge  portions  of  the  metal 
mask  are  separated  from  the  optical  surface  in  the  state 
that  the  mask  portions  covering  the  apertures  are 
brought  into  contact  with  the  optical  surface  of  the  opti- 
cal  material  plate,  the  metallized  film  is  also  formed  on 
areas  of  the  optical  surface  just  under  the  bridge  por- 
tions.  The  metallized  film  is  thus  formed  because,  if  the 
bridge  portions  are  slightly  separated  from  the  optical 
surface,  particles  flying  from  the  plating  material  move 
around  to  the  underside  of  the  bridge  portions  to  be 
attached  also  to  the  areas  of  the  optical  surface  just 
under  the  bridge  portions. 

In  order  to  confirm  the  effectiveness  of  this  embod- 
iment,  optical  device  assemblies  were  manufactured  by 
a  production  method  (hereinunder  referred  to  as  "com- 
parative  example")  which  is  partially  different  in  step 
from  this  embodiment.  Between  this  embodiment  and 
the  comparative  example,  only  the  metal  masks  for  use 
in  the  metallized  film  forming  step  are  different  and  the 
other  steps  are  identical. 

The  metal  mask  used  in  the  comparative  example 
is  shown  in  Fig.  27.  and  serves  to  form  the  metallized 
film  on  the  four  corners  each  square  section  of  the  opti- 
cal  surface  (not  shown).  In  Fig.  27,  unhatched  portions 
of  the  metal  mask  1  50  represent  openings  1  51  used  to 
form  the  metallized  film  on  the  optical  surface.  Each 
hatched  portion  surrounded  by  the  openings  151  is  a 
mask  portion  152  for  covering  the  region  to  become 
each  aperture.  The  openings  151  has  a  square  shape 
with  the  length  of  its  diagonal  equal  to  1  .5mm.  The  met- 
allized  film  10  formed  by  the  use  of  the  metal  mask  is 
illustrated  in  Fig.  33. 

Each  of  the  optical  device  assemblies  manufac- 
tured  by  this  embodiment  and  the  comparative  example 
was  fixed  within  a  magnet  in  order  to  compare  the  inser- 
tion  loss. 

Fig.  28  shows  a  histogram  of  the  insertion  loss  in 
both  of  the  optical  isolator  (hereinafter  referred  to  as  "an 
optical  isolator  in  connection  with  this  embodiment") 
using  the  optical  device  assembly  obtained  by  this 
embodiment  and  the  optical  isolator  (hereinafter 
referred  to  as  "an  optical  isolator  according  to  the  com- 

parative  example")  using  the  optical  device  assembly 
obtained  by  the  comparative  example. 

Light  transmission  loss  of  a  crystal  itself  is  equal  to 
0.01dB  and  0.15dB  per  one  piece  of  rutile  single  crystal 

5  and  per  one  piece  of  garnet  single  crystal.  Accordingly, 
three  crystal  pieces  have  the  loss  of  0.1  7dB.  Most  of  the 
excess  loss  results  from  foreign  substances  such  as 
cutting  powder,  water  scale,  and  a  brazing  material. 

As  apparent  from  Fig.  28.  the  loss  is  great  and  f  luc- 
10  tuates  in  the  optical  isolators  according  to  the  compara- 

tive  example.  On  the  other  hand,  the  loss  substantially 
corresponds  to  that  of  the  crystals  themselves  and  is 
generally  uniform. 

It  will  therefore  be  understood  that  no  foreign  sub- 
15  stance  exists  in  the  spaces  formed  in  the  apertures  and 

that  this  embodiment  exhibits  a  satisfactory  effect. 
It  is  noted  here  that  the  characterizing  part  of  this 

embodiment  resides  in  that  the  metallized  film  is  formed 
so  as  to  completely  surround  the  regions  to  become  the 

20  apertures  and  that  the  metallized  film  forming  step  is  not 
restricted  to  the  metallized  film  forming  step  by  sputter- 
ing  as  described  in  this  embodiment.  As  the  other  meth- 
ods  of  forming  a  metallized  film,  use  may  be  made  of,  for 
example,  a  photo-etching  method  in  which  a  photo- 

25  resist  pattern  is  formed  on  a  metallized  film  formed  on 
the  entire  optical  surface  and  thereafter  unnecessary 
portions  of  the  metallized  film  are  removed  by  etching. 
Alternatively,  use  may  be  made  of  a  lift-off  method  in 
which  a  photo-resist  is  preliminarily  formed  on  a  portion 

30  of  the  optical  surface  on  which  the  metallized  film  need 
not  be  formed,  thereafter,  th  metallized  film  is  formed  on 
the  entire  optical  surface,  and  the  resist  film  and  the 
metallized  film  formed  thereon  are  removed. 

In  addition,  the  metal  mask  used  in  the  metallized 
35  film  forming  step  of  this  embodiment  is  only  exemplary. 

The  metal  mask  to  be  used  in  this  invention  is  not 
restricted  to  the  configuration  of  the  metal  mask  used  in 
this  embodiment  as  far  as  the  bridge  portion  is  sepa- 
rated  from  the  optical  surface  during  sputtering.  Fur- 

40  thermore,  the  configuration  of  the  aperture  may  be  a 
polygon  and  an  ellipse  other  than  a  circle.  Thus,  the 
configuration  of  the  aperture  is  not  limited  to  that  of  this 
embodiment. 

45  Industrial  Applicability 

This  invention  is  excellent  as  a  method  of  produc- 
tion  of  an  optical  device  assembly  for  an  optical  isolator 
for  use  in  an  optical  communication  system  including  a 

so  semiconductor  laser  as  a  light  source,  an  optical  appli- 
ance  using  a  semiconductor  laser,  and  so  on. 

Claims 

55  1  .  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator,  said  assembly  comprising 
at  least  three  optical  devices  including  a  polarizer,  a 
Faraday  rotator,  and  an  analyzer  which  are  aligned 
on  a  single  optical  axis,  said  method  comprising: 

12 
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preparation  of  at  least  three  optical  material 
plates  including  a  polarizer  material  plate  capa- 
ble  of  being  cut  into  a  plurality  of  said  polariz- 
ers,  a  Faraday  rotator  material  plate  capable  of 
being  cut  into  a  plurality  of  said  Faraday  rota-  5 
tors,  and  an  analyzer  material  plate  capable  of 
being  cut  into  a  plurality  of  said  analyzers; 
a  metallized  film  forming  step  of  forming  a  met- 
allized  film  in  a  portion  except  for  regions  to 
become  light  transmission  apertures  in  each  of  10 
an  optical  surface  of  said  polarizer  material 
plate  that  faces  said  Faraday  rotator  material 
plate,  optical  surfaces  of  said  Faraday  rotator 
material  plate  facing  said  polarizer  material 
plate  and  said  analyzer  material  plate,  and  an  15 
optical  surface  of  said  analyzer  material  plate 
that  faces  said  Faraday  rotator  material  plate; 
a  soldering  step  of  stacking,  after  said  metal- 
lized  film  forming  step,  said  optical  material 
plates  so  that  a  polarizing  direction  of  said  ana-  20 
lyzer  material  plate  is  inclined  substantially  at 
an  angle  of  45°  with  respect  to  a  polarizing 
direction  of  said  polarizer  material  plate  and 
soldering  said  optical  material  plates  to  one 
another  at  a  portion  of  said  metallized  film  25 
formed  on  each  of  said  optical  surfaces;  and 
a  cutting  step  of  cutting,  after  said  soldering 
step,  said  optical  material  plates  into  a  plurality 
of  said  optical  device  assemblies. 

30 
2.  A  method  of  production  of  an  optical  device  assem- 

bly  for  an  optical  isolator  as  claimed  in  Claim  1  ,  said 
method  additionally  comprising,  before  said  solder- 
ing  step,  a  groove  forming  step  of  forming  first 
grooves  on  at  least  one  of  said  optical  surface  fac-  35 
ing  said  Faraday  rotator  material  plate  and  said 
optical  surface  facing  said  polarizer  material  plate 
to  divide  each  of  said  optical  material  plates  into 
pieces  each  forming  said  optical  device  assembly 
and  forming  second  grooves  having  a  pattern  simi-  40 
lar  to  that  of  said  first  grooves  on  at  least  one  of  said 
optical  surface  facing  said  analyzer  material  plate 
and  said  optical  surface  facing  said  Faraday  rotator 
material  plate;  said  optical  material  plates  being  cut 
along  said  first  and  said  second  grooves  in  said  cut-  45 
ting  step. 

3.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  2, 
wherein  said  metallized  film  forming  step  is  carried  so 
out  after  said  groove  forming  step,  said  metallized 
films  being  also  formed  on  wall  surfaces  defining 
said  first  and  said  second  grooves  in  said  metal- 
lized  film  forming  step,  said  first  and  said  second 
grooves  being  cut  at  center  portions  thereof  so  that  55 
portions  including  said  wall  surfaces  on  which  said 
metallized  films  are  formed  remain  as  step  portions 
on  side  surfaces  of  each  of  said  optical  devices. 

4.  An  optical  device  assembly  for  an  optical  isolator, 
said  assembly  comprising  at  least  three  optical 
devices  including  a  polarizer,  a  Faraday  rotator,  and 
an  analyzer  aligned  on  a  single  optical  axis,  said 
optical  devices  being  soldered  through  metallized 
films  formed  at  peripheries  of  apertures  in  their  opti- 
cal  surfaces,  wherein  step  portions  are  formed  on 
side  surfaces  of  each  of  said  optical  devices,  metal- 
lized  films  being  formed  at  said  step  portions,  each 
of  said  optical  devices  being  soldered  to  a  plated 
portion  of  a  permanent  magnet  through  said  metal- 
lized  films  formed  at  said  step  portions. 

5.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  1  or  2, 
wherein,  in  said  soldering  step,  said  optical  material 
plates  are  stacked  so  that  an  optical  axis  passing 
through  a  same  point  of  said  aperture  formed  in 
each  of  said  optical  material  plates  within  a  region 
defined  by  said  metallized  film  is  inclined  with 
respect  to  a  straight  line  orthogonal  to  said  optical 
surfaces,  said  optical  material  plates  being  sol- 
dered  to  one  another  in  the  above-mentioned  state 
at  portions  of  said  metallized  films,  said  optical 
material  plates  being  cut  along  said  optical  axis  in 
said  cutting  step. 

6.  An  optical  device  assembly  for  an  optical  isolator, 
said  assembly  comprising  at  least  three  optical 
devices  including  a  polarizer,  a  Faraday  rotator,  and 
an  analyzer  aligned  on  a  single  optical  axis,  said 
optical  devices  being  soldered  through  metallized 
films  formed  at  peripheries  of  apertures  in  their  opti- 
cal  surfaces,  wherein  a  straight  line  orthogonal  to 
an  optical  surface  of  each  of  said  optical  devices  is 
inclined  with  respect  to  an  optical  axis  passing 
through  a  same  point  of  each  of  said  apertures, 
side  surfaces  of  said  optical  devices  being  arranged 
in  a  same  plane  and  in  parallel  with  said  optical 
axis. 

7.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  1  or  2, 
wherein  said  soldering  step  is  followed  by  a  surface 
modifying  step  of  applying  a  surface  modifying 
agent  having  water  repellency  on  an  optical  surface 
of  each  of  said  optical  material  plates,  said  surface 
modifying  step  being  followed  by  said  cutting  step. 

8.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  7, 
wherein  said  surface  modifying  agent  for  use  in  said 
surface  modifying  step  is  a  silane  coupling  agent. 

9.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  7, 
wherein  said  surface  modifying  agent  for  use  in  said 
surface  modifying  step  is  fluoroalkylsilane. 
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1  0.  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  1  or  2, 
wherein  said  metallized  film  is  formed  in  said  metal- 
lized  film  forming  step  so  that  said  aperture  formed 
in  a  range  defined  by  said  metallized  film  is  com-  5 
pletely  surrounded  by  said  metallized  film. 

1  1  .  A  method  of  production  of  an  optical  device  assem- 
bly  for  an  optical  isolator  as  claimed  in  Claim  10, 
wherein  a  metal  mask  for  use  in  forming  said  metal-  10 
lized  film  in  said  metallized  film  forming  step  com- 
prises  mask  portions  for  covering  regions  to 
become  said  apertures  and  bridge  portions  for  con- 
necting  said  mask  portions  to  one  another,  said 
bridge  portions  being  formed  so  as  to  be  separated  15 
from  said  optical  surface  when  said  mask  portions 
cover  the  regions  to  become  said  apertures. 
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