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Description 

Technical  Field: 

This  invention  relates  generally  to  an  optical 
multi/demultiplexer  and  more  particularly,  to  an  op- 
tical  device  such  as  an  optical  multiplexer,  an  op- 
tical  demultiplexer,  an  optical  multi/demultiplexer, 
etc.,  for  optical  wavelength-division  multiplexing 
transmission  of  optical  fiber  communication,  and  to 
an  optical  module  produced  by  integrating  these 
optical  devices  with  semiconductor  light  emitting 
and  receiving  devices. 

Background  Art: 

Optical  wavelength-division  multiplexing  trans- 
mission  technique  in  optical  fiber  communication  is 
of  importance  in  order  to  economize  a  communica- 
tion  system  and  an  optical  multi/demultiplexer  is  an 
essential  device  for  the  optical  wavelength-division 
multiplexing  transmission. 

Discrete  type  optical  multi/demultiplexers  such 
as  an  interference  filter  type  and  a  grating  type 
have  been  predominant  in  the  past  as  the  structure 
of  the  optical  multi/demultiplexers.  Studies  have 
been  made  on  a  waveguide  type  structure,  on  the 
other  hand,  in  order  to  accomplish  a  lower  cost  of 
production  and  one-chip  monolithic  type  device. 
Mention  can  be  made  of  an  optical  directional 
coupler  type  demultiplexer  described  in  "1978  Na- 
tional  Conference  On  IECE,  Paper  S6-2"  by  Sasaki 
and  Ohguro,  as  an  example  of  such  prior  art  tech- 
nique.  According  to  this  prior  art  reference,  two 
optical  waveguides  a  and  b,  each  having  a  width 
W,  are  juxtaposed  in  a  length  L  with  a  spacing  S 
between  them  as  shown  in  Fig.  7  of  the  accom- 
panying  drawings.  Symbol  ni  represents  the  re- 
fractive  index  of  each  optical  waveguide  and  r\2 
represents  the  refractive  index  of  the  other  portion. 
This  prior  art  obtains  the  optical  branching  char- 
acteristics  by  utilizing  the  wavelength  dependence 
of  coupling  of  these  two  optical  waveguides.  Ac- 
cording  to  this  arrangement,  two-wavelength  mul- 
tiple  light  Pi  entering  from  a  port  1  is  isolated  to 
light  Pi  having  a  wavelength  Xi  and  light  P2  having 
a  wavelength  X2  and  they  outgo  from  ports  2  and 
3,  respectively.  Fig.  8  shows  another  structure 
which  consists  of  a  plurality  of  directional  couplers 
4-1  ~  4-3  and  a  plurality  of  optical  multiplexers  5-1 
~  5-2  in  order  to  improve  the  isolation  characteris- 
tics.  Similar  devices  are  known  from  EP-A-  152  991 
and  US-A-  4,341  ,438. 

Disclosure  of  Invention: 

In  the  optical  demultiplexer  having  the  structure 
shown  in  Fig.  7,  the  bandwidth  for  keeping  a  trans- 

mission  loss  of  at  least  25  dB  is  only  about  20  nm 
when  optical  branching  of  wavelength  of  1.3  urn 
and  wavelength  of  1.55  urn  is  considered,  as  re- 
presented  by  wavelength  characteristics  of  Fig.  9. 

5  For  this  reason,  if  the  wavelength  values  of  1.3  urn 
and  1.55  urn  change  due  to  the  temperature 
change  of  a  semiconductor  light  emitting  device  (or 
semiconductor  laser),  an  optical  signal  having  an 
undesired  wavelength  leaks  into  the  system  in 

10  which  the  desired  wavelength  is  isolated,  so  that 
interference  (or  so-called  "cross-talk")  occurs  and 
signal  quality  gets  deteriorated. 

The  optical  demultiplexer  having  the  structure 
shown  in  Fig.  8  can  have  a  large  bandwidth  for 

15  keeping  high  isolation,  but  its  overall  size  becomes 
great  because  its  structural  dimension  is  deter- 
mined  by  mutually  different  three  directional  cou- 
plers  and  two  multiplexers.  Accordingly,  loss  in- 
creases  due  to  waveguide  loss.  Since  correspond- 

20  ing  masks  must  be  prepared  for  the  directional 
couplers  having  mutually  different  structural  dimen- 
sions,  the  cost  of  production  increases.  The  device 
cannot  be  produced  easily  because  the  structure  is 
complicated.  Particularly  because  the  size  is  great, 

25  at  least  three  exposure  masks  for  patterning  are 
necessary  so  that  the  cost  of  production  increases 
while  production  accuracy  is  low  and  production 
itself  is  difficult. 

The  problem  common  to  Figs.  7  and  8  is  as 
30  follows.  When  an  optical  module  is  produced  by 

forming  integrally  a  semiconductor  device(s)  (a 
light  emitting  device  or  a  light  receiving  device  or 
both)  on  the  side  of  the  ports  2  and  3,  the  optical 
module  must  be  replaced  as  a  whole  if  one  or  both 

35  of  the  semiconductor  optical  devices  exhibit  deg- 
radation  of  quality  or  get  broken,  and  this  is  ex- 
tremely  uneconomical.  In  other  words,  the  optical 
demultiplexer  must  be  discarded  though  it  can  still 
be  used.  When  the  optical  module  is  broken,  a 

40  long  time  is  necessary  for  exchange  and  optical 
communication  must  be  suspended  in  the  interim. 
In  other  words,  since  the  optical  module  itself  is  not 
equipped  with  any  fail-safe,  the  suspension  of  com- 
munication  will  cast  gloom  on  users  and  will  exert 

45  adverse  influences  on  the  society. 
The  present  invention,  which  is  defined  by  the 

features  of  claim  1,  can  solve  the  problems  de- 
scribed  above  by  coupling  a  first  branch  waveguide 
for  branching  an  optical  signal  having  a  wavelength 

50  X1  in  parallel  with  a  main  waveguide  for  propagat- 
ing  optical  signals  of  wavelengths  X1  and  X2,  cou- 
pling  further  a  second  branch  waveguide  for 
branching  the  optical  signal  of  the  wavelength  X1  in 
parallel  with  the  output  side  of  the  main  waveguide 

55  and  coupling  a  third  branch  waveguide  for  branch- 
ing  the  optical  signal  of  the  wavelength  X1  in  par- 
allel  with  the  output  side  of  the  first  branch 
waveguide.  The  optical  signals  can  be  multiplexed 
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through  back-flow.  The  problems  described  above 
can  be  solved  by  connecting  semiconductor  optical 
devices  on  the  output  sides  of  the  waveguides  and 
connecting  optical  switches  to  the  input  sides  of 
the  main  waveguide  and  of  the  first  branch 
waveguide. 

Three  optical  multi/demultiplexers  having  the 
same  structure  are  constituted  by  use  of  the  main 
waveguide  and  the  first,  second  and  third  branch 
waveguides  in  such  a  manner  that  a  filter  portion 
for  blocking  an  undesired  wavelength  is  formed  at 
a  port  for  branching  and  transmitting  a  desired 
wavelength,  and  high  isolation  characteristics  can 
thus  be  accomplished.  Here,  each  optical 
multi/demultiplexer  has  the  function  of  the  optical 
demultiplexer  or  optical  multiplexer  or  both  of  them 
in  accordance  with  the  mode  of  flowing  the  optical 
signal.  Since  the  optical  multi/demultiplexer  is  the 
same,  the  structure  described  above  can  be  ac- 
complished  at  a  low  cost  of  production  by  prepar- 
ing  one  optical  multi/demultiplexer  mask  and  trans- 
ferring  and  exposing  the  mask,  and  an  optical 
multi/demultiplexer  can  be  fabricated  highly  ac- 
curately. 

Incidentally,  if  the  structural  parameters  (the 
width  and  thickness  of  core  waveguide,  the  dif- 
ference  of  refractive  indices,  etc.)  of  the  three  op- 
tical  multi/demultiplexers  are  different,  the  center 
wavelength  branched  by  each  optical 
multi/demultiplexer  will  deviate  from  the  other  so 
that  the  overall  branching  characteristics  will  be- 
come  double  robe  characteristics  and  the  increase 
of  the  insertion  loss  and  the  decrease  of  the  attenu- 
ation  of  the  blocking  zone  will  be  invited.  Therefore, 
it  is  of  importance  that  the  structural  parameters 
are  the  same.  Furthermore,  fail-safe  and  trouble 
self  diagnosis/restoration  function  can  be  accom- 
plished  by  disposing  light  emitting  or  receiving 
devices  on  the  four  output  port  side  of  the  structure 
described  above,  connecting  1x2  type  optical 
switches  on  the  two  input  side  and  controlling  the 
operation  of  the  optical  switches  through  an  opera- 
tion  monitor  circuit  of  the  light  emitting  or  receiving 
devices.  In  this  manner,  the  uneasiness  of  users 
and  social  influences  by  the  suspension  of  commu- 
nication  can  be  eliminated. 

Furthermore,  an  optical  signal  of  a  wavelength 
Xi  is  allowed  to  be  incident  to  the  input  port  of  the 
main  waveguide,  the  optical  signal  of  the 
wavelength  Xi  is  received  by  the  light  receiving 
device  connected  to  the  output  port  of  the  third 
branch  waveguide,  a  light  emitting  device  for  gen- 
erating  the  optical  signal  of  the  wavelength  Xi 
which  is  connected  to  the  output  port  of  the  second 
branch  waveguide  is  driven  by  received  signal 
through  an  amplification/wave  shaping  circuit  and 
the  optical  signal  of  the  wavelength  Xi  is  outputted 
from  the  input  port  of  the  first  branch  waveguide. 

On  the  contrary,  an  optical  signal  of  a  wavelength 
X2  which  is  incident  to  the  input  port  of  the  first 
branch  waveguide  is  received  by  the  light  receiving 
device  connected  to  the  output  port  of  the  first 

5  branch  waveguide,  a  light  emitting  device  for  emit- 
ting  an  optical  signal  of  a  wavelength  X2  which  is 
connected  to  the  output  port  of  the  main  waveguide 
is  driven  by  received  signal  through  the  amplifica- 
tion/wave  shaping  circuit  and  this  optical  signal  of 

io  the  wavelength  X2  is  outputted  from  the  input  port 
of  the  main  waveguide.  In  this  manner,  an  optical 
repeater  for  bidirectional  communication  can  be 
accomplished.  Such  a  structure  is  entirely  novel, 
exhibits  high  isolation  over  a  wide  band,  drastically 

is  economizes  the  module  and  can  be  produced  easi- 
ly  because  it  is  an  extremely  simple  structure. 
Furthermore,  since  the  optical  devices  are  arranged 
in  parallel  with  the  output  ports,  the  structure  is 
easy  to  fabricate.  Since  the  input/output  sides  of 

20  light  are  arranged  parallel  on  one  side,  they  can  be 
stored  compactly  inside  the  apparatus. 

It  is  another  object  of  the  present  invention  to 
provide  a  bidirectional  optical  coherent  communica- 
tion  method  and  system  using  the  optical 

25  multi/demultiplexer  described  above. 
The  object  described  above  can  be  accom- 

plished  by  connecting  one  of  the  input  waveguides 
of  second  and  third  optical  multi/demultiplexers 
having  the  same  structure  as  that  of  a  first  optical 

30  multi/demultiplexer  to  the  output  waveguide  of  the 
first  optical  multi/demultiplexer  having  two 
waveguides  which  are  disposed  in  parallel  with 
each  other,  and  which  propagates  two  optical  sig- 
nals  having  mutually  different  wavelengths,  cascad- 

35  ing  an  optical  modulator,  a  beam  splitter  and  a 
semiconductor  light  emitting  device  in  one  of  the 
output  waveguides  of  the  second  and  third  optical 
multi/demultiplexers,  cascading  a  beam  splitter  and 
a  light  receiving  device  in  the  rest  of  the  output 

40  waveguides  of  the  second  and  third  optical 
multi/demultiplexers  and  allowing  part  of  the  optical 
signal  of  the  semiconductor  light  emitting  device  to 
be  incident  to  the  light  receiving  device. 

Since  the  present  invention  uses  the  optical 
45  multi/demultiplexers  which  combine  the 

waveguides,  it  can  accomplish  bidirectional  optical 
coherent  communication  with  reduced  noise  and 
interference  through  a  simple  structure. 

It  is  still  another  object  of  the  present  invention 
50  to  provide  an  optical  multi/demultiplexer  capable  of 

compensating  for  the  shift  of  the  center  wavelength 
and  the  production  method  thereof. 

The  object  described  above  can  be  accom- 
plished  by  a  directional  coupler  type  optical 

55  multi/demultiplexer  having  a  structure  wherein  a 
plurality  of  square  waveguides  (refractive  index  nc; 
nc  >  nb)  as  a  core  are  juxtaposed  on  a  low  refrac- 
tive  index  layer  (refractive  index  nb)  and  are  cov- 
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ered  with  a  cladding  having  a  refractive  index  nct  - 
(nct  <  nc,  ncl  *  nb).  The  cladding  consists  of  a  film 
whose  refractive  index  increases  upon  heat-treat- 
ment  and  the  center  wavelength  of  the  optical 
multi/demultiplexer  is  controlled  by  adjusting  the 
heat-treating  time  or  a  thermal  energy  quantity. 

In  accordance  with  the  present  invention,  var- 
ious  structural  parameters  are  measured  at  the 
stage  where  the  core  is  formed  on  the  low  refrac- 
tive  index  layer,  the  refractive  index  of  the  cladding 
is  adjusted  while  the  condition  of  the  deviation  from 
the  design  value  is  taken  into  consideration  and  the 
center  wavelength  shift  can  be  corrected  substan- 
tially  completely.  Therefore,  the  present  invention 
can  obtain  the  optical  multi/demultiplexer  at  a  yield 
of  almost  100%. 

Brief  Description  of  Drawings: 

Figs.  1  and  2  show  the  optical 
multi/demultiplexers  in  accordance  with  the  em- 
bodiments  of  the  present  invention; 
Fig.  3  shows  a  bidirectional  transmission  optical 
module  in  accordance  with  another  embodiment 
of  the  invention; 
Fig.  4  shows  a  high  reliability  type  optical  mod- 
ule  in  accordance  with  still  another  embodiment 
of  the  invention; 
Fig.  5  shows  a  bidirectional  optical  relay  module 
in  accordance  with  still  another  embodiment  of 
the  invention; 
Fig.  6  shows  a  bidirectional  transmission  optical 
module  in  accordance  with  still  another  embodi- 
ment  of  the  invention; 
Figs.  7  and  8  are  schematic  views  showing  a 
conventional  optical  demultiplexer; 
Fig.  9  shows  the  transmission  loss  characteris- 
tics  of  a  conventional  optical  demultiplexer  cal- 
culated  by  the  inventor  of  the  present  invention; 
Figs.  10  and  12  show  shows  examples  of  a 
bidirectional  optical  heterodyne  communication 
method  in  accordance  with  the  present  inven- 
tion,  respectively; 
Fig.  11  shows  the  insertion  loss  characteristics 
of  a  directional  coupler  used  for  the  present 
invention; 
Figs.  13  and  14  show  the  basic  structure  of  the 
optical  multi/demultiplexer  of  the  present  inven- 
tion; 
Figs.  15  and  16  show  the  result  of  analysis  of 
the  transmission  loss  characteristics  of  the  op- 
tical  multi/demultiplexer  of  the  present  invention; 
Fig.  17  shows  the  refractive  index  characteristics 
and  the  change  of  the  refractive  index  char- 
acteristics  by  heat-treatment  of  the  cladding  fab- 
ricated  by  the  present  inventor; 
Fig.  18  shows  a  method  of  adjusting  the  refrac- 
tive  index  of  the  cladding  by  heat-treatment  in 

accordance  with  the  present  invention; 
Fig.  19  shows  the  change  of  the  refractive  index 
characteristics  by  heat-treatment  in  accordance 
with  the  present  invention;  and 

5  Fig.  20  shows  the  transmission  loss  characteris- 
tics  of  the  prototype  of  the  optical 
multi/demultiplexer  of  the  present  invention. 

Best  Mode  for  Carrying  Out  the  Invention: 
10 

Fig.  1  shows  one  embodiment  of  the  optical 
multiplexer  of  the  present  invention.  Reference  nu- 
meral  7-1  represents  an  input  side  port  of  a  main 
waveguide  1  ,  and  optical  signals  having  wavelength 

is  Xi  ,  \2  are  incident  to  this  port  as  represented  by 
arrow  11.  Reference  numeral  8-1  represents  an 
input  side  port  of  a  first  branch  waveguide  8.  Refer- 
ence  numeral  6-1  represents  a  directional  coupler 
type  optical  multi/demultiplexer  formed  by  the  main 

20  waveguide  7  and  first  branch  waveguide  8  de- 
scribed  above.  Its  structural  parameters  and  the 
result  of  calculation  of  its  wavelength  characteris- 
tics  are  shown  in  Fig.  9.  In  other  words,  of  the 
optical  signals  which  have  the  wavelength  Xi  (e.g. 

25  1.3  urn)  and  X2  (e.g.  1.55  urn)  and  are  incident  into 
the  input  side  port  7-1  of  the  main  waveguide  7  as 
represented  by  arrow  11,  the  optical  signal  of  the 
wavelength  Xi  is  branched  by  the  optical 
multi/demultiplexer  6-1  and  propagates  through  the 

30  output  side  port  8-2  of  the  first  branch  waveguide 
8.  The  optical  signal  of  the  wavelength  X2  is  not 
branched  but  propagates  as  such  through  the  out- 
put  port  side  7-2  of  the  main  waveguide  7.  The 
directional  coupler  type  optical  multi/demultiplexer 

35  6-2  is  composed  of  the  output  side  of  the  main 
waveguide  7  and  the  second  branch  waveguide  9. 
This  optical  multi/demultiplexer  6-2  has  the  same 
structural  parameters  as  those  of  6-1  and  has  the 
same  action.  In  other  words,  this  optical 

40  multi/demultiplexer  6-2  branches  the  optical  signal 
of  the  wavelength  Xi  leaking  to  the  output  side  of 
the  main  waveguide  7  and  lets  it  propagate  to  the 
output  side  port  9-2  of  the  second  branch 
waveguide  9.  Therefore,  the  optical  signal  compo- 

45  nent  of  the  wavelength  Xi  is  hardly  contained  at  the 
output  side  port  7-2  and  the  optical  signal  of  the 
wavelength  X2  which  does  not  contain  the  unnec- 
essary  signal  is  picked  up.  In  other  words,  the 
unnecessary  interference  signal  does  not  mix.  The 

50  optical  multi/demultiplexer  6-3  having  the  same 
structural  parameters  and  action  as  those  of  the 
optical  multi/demultiplexers  6-1  ,  6-2  is  disposed  on 
the  output  side  port  8-2  of  the  first  branch 
waveguide  8  or  in  other  words,  the  third  branch 

55  waveguide  10  is  disposed  in  parallel  with,  and 
coupled  to,  the  output  side  of  the  first  branch 
waveguide  8.  Therefore,  the  optical  signal  of  the 
wavelength  Xi  branched  by  the  optical 

5 
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multi/demultiplexer  6-1  propagates  through  the  out- 
put  side  of  the  first  branch  waveguide  8,  is  then 
isolated  by  the  optical  demultiplexer  6-3  and  propa- 
gates  inside  the  output  side  port  10-2  of  the  third 
branch  waveguide  10.  The  optical  signal  of  the 
unnecessary  wavelength  X2  contained  in  8-2  propa- 
gates  as  such  to  the  output  side  of  8-2.  This  means 
that  the  optical  signal  of  the  unnecessary 
wavelength  X2  is  hardly  contained  on  the  output 
side  of  10-2  and  only  the  optical  signal  of  the 
wavelength  Xi  exists.  Since  this  structure  uses  the 
three  optical  multi/demultiplexers  6-1,  6-2  and  6-3 
having  the  same  structural  parameters  and  the 
same  characteristics,  an  optical  multi/demultiplexer 
which  hardly  contains  any  interference  signal  and 
has  a  high  signal-to-noise  ratio  can  be  accom- 
plished.  Since  such  a  device  can  be  produced  by 
merely  combining  the  three  same  optical 
multi/demultiplexers,  it  is  extremely  advantageous. 
In  other  words,  patterning  can  be  made  by  mask- 
designing  one  optical  multi/demultiplexer  and  then 
transferring  and  exposing  the  mask.  Accordingly 
the  mask  cost  is  low.  Moreover,  since  the  mask  is 
small  in  size,  the  dimensional  accuracy  of  the  mask 
can  be  improved. 

Fig.  2  shows  the  optical  multi/demultiplexer  in 
accordance  with  another  embodiment  of  the 
present  invention.  A  light  receiving  device  12-1  for 
receiving  the  optical  signal  of  the  wavelength  X2  is 
disposed  at  the  output  side  port  7-2  of  the  main 
waveguide  7,  while  a  light  receiving  device  12-2  for 
receiving  the  optical  signal  of  the  wavelength  Xi  is 
disposed  at  the  output  side  port  10-2  of  the  third 
branch  waveguide  10. 

Fig.  3  shows  a  bidirectional  transmission  mod- 
ule  in  accordance  with  still  another  embodiment  of 
the  present  invention.  A  light  emitting  device  (semi- 
conductor  laser)  13  for  emitting  the  optical  signal  of 
the  wavelength  X2  is  disposed  at  the  output  side 
port  7-2  of  the  main  waveguide  7  while  a  light 
receiving  device  (photodiode)  12  for  receiving  the 
optical  signal  of  the  wavelength  Xi  is  disposed  at 
the  output  side  port  10-2  of  the  third  branch 
waveguide  10  so  that  the  optical  signal  of  the 
wavelength  X2  can  be  delivered  in  the  direction 
represented  by  arrow  11-2  from  the  input  side  port 
7-1  of  the  main  waveguide  7  and  the  optical  signal 
of  the  wavelength  Xi  arriving  from  the  direction  of 
arrow  11-1  can  be  propagated  inside  the  optical 
module  and  be  received  by  the  light  receiving 
device  12. 

Fig.  4  shows  a  high  reliability  type  optical  mod- 
ule  in  accordance  with  still  another  embodiment  of 
the  present  invention.  This  embodiment  deals  with 
an  optical  module  having  the  structure  wherein  a 
light  emitting  device  15  and  a  light  receiving  device 
14  are  operated  so  as  to  insure  normal  commu- 
nication  when  either  one,  or  both,  of  a  light  emitting 

device  13  and  a  light  receiving  device  12  do  not 
exhibit  the  desired  operations  due  to  degradation  of 
their  service  life  or  breakage.  An  optical  fiber  trans- 
mission  path  20  is  connected  to  the  optical  module 

5  (on  the  right  side  of  A  -  A'  in  the  drawing)  through 
an  optical  switch  18.  The  optical  switch  is  of  a  2x2 
directional  coupler  type  that  is  normally  known  in 
the  art.  When  a  voltage  is  applied  across  A  and  B 
at  an  electrode  portion  34  formed  at  the  joint  por- 

10  tion  of  the  directional  coupler  as  shown  in  the 
drawing  and  when  the  voltage  is  at  a  certain  im- 
pressed  voltage  V1  ,  the  optical  signal  propagating 
inside  the  optical  fiber  20  propagates  inside  the 
waveguide  7-1  through  the  waveguide  25-1  and 

15  when  the  voltage  is  at  a  certain  impressed  voltage 
V2  which  is  higher  than  V1  ,  the  optical  signal  prop- 
agating  through  the  optical  fiber  20  propagates 
inside  the  waveguide  8-1  through  the  waveguide 
25-2.  Fig.  4(b)  is  an  enlarged  view  showing  the 

20  electrode  portion  34.  Reference  numerals  34a  ~ 
34d  represent  electrodes,  respectively.  The  optical 
switch  18  utilizes  the  change  of  the  refractive  index 
of  the  optical  waveguide  due  to  the  electro-optical 
effect  when  a  voltage  is  applied  to  one  of  the 

25  optical  waveguides  so  as  to  utilize  the  phenomenon 
that  the  phases  of  two  standing  waves  of  an  even- 
numbered  mode  and  an  odd-numbered  mode 
change  and  optical  interference  changes  at  the 
output  terminal  of  the  directional  coupler.  (Refer  to 

30  R.  V.  Schmidt  and  H.  Kogelnik:  "Electro-optically 
Switched  Coupler  with  Stepped  A/3  Reversal  Using 
Ti-Diffused  LiNb02  Waveguides;  Appln.  Phy.  Lett.," 
2(1976),  503). 

This  impressed  voltage  is  first  set  to  V1  .  When 
35  either  one,  or  both,  of  the  light  emitting  device  13 

and  the  light  receiving  device  12  become  abnor- 
mal,  the  impressed  voltage  is  changed  from  V1  to 
V2  as  the  driving  circuit  17  is  controlled  by  the 
control  signal  35.  Here,  the  driving  circuit  17  has 

40  power  supply  sources  V1  and  V2  and  switches  and 
controls  an  electric  switch  by  the  control  signal 
which  of  the  power  supply  sources  is  to  be  se- 
lected  so  as  to  apply  the  voltage  to  the  optical 
switch.  This  can  be  accomplished  by  a  well  known 

45  switching  circuit. 
Next,  a  generation-system  of  the  control  signal 

when  the  optical  devices  12  and  13  described 
above  become  abnormal  and  a  method  of  shifting 
to  the  driving  system  of  stand-by  optical  devices 

50  14,  15  will  be  described.  Either  the  optical  input 
signal  to  the  light  receiving  device  12  or  the  signal 
formed  by  converting  this  optical  signal  to  an  elec- 
tric  signal  by  the  light  receiving  device  12  is  ap- 
plied  to  a  signal  monitor  30  and  a  comparison 

55  circuit.  When  this  signal  falls  below  a  predeter- 
mined  value  (which  is  approximate  to  the  minimum 
reception  sensitivity  level),  the  control  signal  35  is 
generated  at  the  output  of  the  comparison  circuit. 

6 
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The  control  signal  35  controls  the  driving  circuit 
and  at  the  same  time,  operates  a  driving  circuit  33 
of  the  light  receiving  device  14  so  as  to  let  it 
receive  the  optical  signal  of  the  wavelength  Xi  .  It 
operates  also  the  driving  circuit  31  for  driving  the 
light  emitting  device  15  so  as  to  let  it  emit  the 
optical  signal  of  the  wavelength  X2.  When  the  op- 
tical  signal  emitted  from  the  light  emitting  device 
13  falls  below  a  predetermined  value,  too,  the 
signal  of  32  (optical  signal  or  the  signal  prepared 
by  converting  it  to  an  electric  signal)  is  monitored 
by  the  monitor  and  is  judged  by  the  comparison 
circuit  to  generate  the  control  signal  35  on  the 
output  side.  This  control  signal  35  drives  the  light 
emitting  device  15  as  well  as  the  light  receiving 
device  14  and  further  drives  the  driving  circuit  17 
so  as  to  change  the  impressed  voltage  from  V1  to 
V2.  In  this  manner,  bidirectional  transmission  can 
be  accomplished  without  suspension  of  commu- 
nication  due  to  failure. 

Since  fail-safe  is  provided  as  described  above, 
reliability  can  be  improved  remarkably.  Since  it  is 
not  necessary  to  discard  the  optical 
multi/demultiplexer  as  a  whole  even  when  the  op- 
tical  devices  are  broken,  a  great  economy  can  be 
attained.  In  other  words,  the  present  invention  pro- 
vides  an  optical  module  having  an  entirely  novel 
structure  equipped  with  fail-safe  and  trouble  self 
diagnosis/restoration  function  (that  is,  the  structure 
wherein  the  arrangement  shown  in  Fig.  4  is  in- 
tegrated  as  a  whole). 

Fig.  5  shows  an  example  of  an  optical  module 
for  a  bidirectional  optical  repeater  as  the  applica- 
tion  of  the  optical  multi/demultiplexer  of  the  present 
invention.  In  this  optical  module,  the  optical  signal 
of  the  wavelength  Xi  (the  optical  signal  transmitted 
from  the  preceding  optical  relay)  which  is  incident 
to  the  input  side  port  7-1  of  the  main  waveguide  is 
branched  by  the  optical  multi/demultiplexer, 
branched  by  the  optical  multi/demultiplexer  6-3, 
enters  the  light  receiving  device  12,  where  it  is 
converted  to  the  electric  signal,  and  is  then  input- 
ted  to  the  light  emitting  device  driving  circuit  22-1 
through  an  operational  amplifier  and  a  waveform 
shaping  circuit,  for  example,  that  are  used  widely 
and  normally  in  electric  circuitry.  The  light  emitting 
device  26  is  driven  to  emit  the  optical  signal  of  the 
wavelength  Xi  ,  which  is  branched  by  the  optical 
multi/demultiplexers  6-2,  6-1  ,  respectively,  transmit- 
ted  to  the  input  side  port  8-1  of  the  first  branch 
waveguide  8,  leaves  this  waveguide  and  is  sent  to 
a  next  optical  repeater. 

On  the  contrary,  the  optical  signal  of  the 
wavelength  X2  that  is  sent  from  the  next  optical 
repeater  is  incident  to  the  input  side  port  8-1  of  the 
first  branch  waveguide  and  sent  to  the  light  receiv- 
ing  device  27  through  the  optical 
multi/demultiplexers  6-1,  6-3.  The  information  sig- 

nal  is  converted  to  an  electric  signal  at  this  light 
receiving  device  27  and  inputted  to  the  light  emit- 
ting  device  driving  portion  22-2  through  the  am- 
plification  and  waveform  shaping  circuits.  This  light 

5  emitting  device  driving  portion  22-2  drives  the  light 
emitting  device  13  to  output  the  optical  signal  of 
the  wavelength  X2.  The  optical  signal  of  the 
wavelength  X2  is  transmitted  to  the  input  side  port 
7-1  of  the  main  waveguide  through  the  optical 

10  multi/demultiplexers  6-2,  6-1,  leaves  this  port  7-1 
and  is  sent  to  the  preceding  optical  relay.  In  this 
manner,  the  bidirectional  optical  repeater  can  be 
accomplished  by  use  of  the  three  same  optical 
multi/demultiplexers. 

15  The  present  invention  is  not  particularly  limited 
to  the  embodiments  described  above.  First  of  all, 
four  or  more  optical  multi/demultiplexers  may  be 
used  beside  the  three  same  optical 
multi/demultiplexers.  As  shown  in  Fig.  6,  it  is  possi- 

20  ble  to  use  the  two  same  optical 
multi/demultiplexers  6-1,  6-2  in  combination  with 
another  optical  multi/demultiplexer  23  different  from 
them,  but  the  economical  effect  described  already 
drops  in  this  case.  A  semiconductor  laser,  a  light 

25  emitting  diode,  and  the  like,  can  be  used  as  the 
light  emitting  device,  and  an  arbitrary  wavelength 
can  be  selected. 

The  present  invention  provides  the  effects  that 
high  isolation  can  be  maintained  and  drastic  reduc- 

30  tion  of  the  cost  of  production  can  be  attained  by 
use  of  a  plurality  of  optical  multi/demultiplexers 
having  the  same  structural  parameters.  Further- 
more,  the  present  invention  can  accomplish  an 
entirely  novel  bidirectional  optical  module  having 

35  fail-safe  and  trouble  self  diagnosis/restoration  func- 
tion  and  is  effective  for  accomplishing  communica- 
tion  having  high  reliability  and  high  safety.  As  still 
another  application,  the  present  invention  can  con- 
stitute  easily  and  economically  a  bidirectional  op- 

40  tical  relay  module  for  the  bidirectional  relay  and 
transmission  between  optical  relays. 

Fig.  10  shows  an  embodiment  of  a  bidirectional 
optical  heterodyne  communication  method  in  ac- 
cordance  with  the  present  invention.  The  drawing 

45  shows  a  structural  example  of  the  optical  module 
inside  a  station  of  either  an  upward-bound  side  or  a 
downward-bound  side.  An  optical  signal  of  the 
wavelength  Xi  ,  X3  that  propagates  inside  the  optical 
fiber  from  the  direction  represented  by  arrow  11-3 

50  (hereby  called  the  upward-bound  side)  is  incident 
to  the  waveguide  7  of  the  first  optical 
multi/demultiplexer  6-1  .  On  the  contrary,  the  optical 
signal  of  the  wavelength  X2,  X+  propagating  through 
the  waveguide  8  travels  as  represented  by  arrow 

55  11-4  (hereby  called  the  downward-bound  side), 
propagates  through  the  optical  fiber  and  is  sent  to 
the  station  on  the  downstream  side.  In  other  words, 
the  drawing  shows  an  example  of  4-wavelength 
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bidirectional  transmission  having  two  wavelength 
each  in  the  upward-  and  downward-bound  direc- 
tions. 

The  optical  multi/demultiplexers  6-1,  6-2,  6-3 
have  the  same  structure  and  their  structure  and 
characteristics  are  shown  in  Fig.  11.  When  the 
optical  signal  Pi  of  the  wavelength  Xi  ,  X2,  X3,  X+  is 
incident  to  the  waveguide  a,  the  optical  signal  Pi  of 
the  wavelength  Xi  ,  X2  is  guided  to  the  output  side 
of  this  waveguide  a  while  the  optical  signal  P2  of 
the  wavelength  X3,  X+  is  guided  to  the  output  side 
of  the  waveguide  b.  Here,  the  wavelength  Xi  and 
X2  may  be  extremely  approximate  or  equal  to  each 
other  and  the  wavelength  X3  and  X+  may  be  ex- 
tremely  approximate  or  equal  to  each  other.  As- 
suming  that  the  wavelength  Xi  and  X2  are  of  the 
1  .3  urn  band  while  the  wavelength  X3  and  X+  are  of 
the  1.5  urn  band,  such  an  optical 
multi/demultiplexer  can  be  accomplished  easily.  Its 
structural  parameters  are,  for  example,  W  =  10 
urn,  S  =  3.16  urn,  L  =  4965  urn,  thickness  of  the 
waveguide  of  8  urn  and  the  refractive  index  def- 
ference  of  0.25%  with  the  cladding  covering  the 
waveguide  and  its  periphery. 

In  Fig.  10,  reference  numerals  48-1  to  48-4 
represent  beam  splitter;  46  and  47  are  optical 
modulators;  42  and  43  are  semiconductor  light 
emitting  devices;  and  44  and  45  are  light  receiving 
devices. 

Next,  the  operation  of  Fig.  10  will  be  described. 
The  optical  signal  of  the  wavelength  Xi  ,  X3  is 
incident  into  the  waveguide  7  as  represented  by 
arrow  11-3.  The  optical  signal  of  the  wavelength  Xi 
travels  as  represented  by  arrow  41  through  the 
optical  multi/demultiplexers  6-1  ,  6-2  and  is  incident 
into  the  beam  splitter  48-1,  and  then  into  the  light 
receiving  device  44  (such  as  an  avalanche 
photodiode  or  photodiode)  through  this  beam  split- 
ter  48-1.  The  optical  signal  40-2  of  part  of  the 
semiconductor  light  emitting  device  43  oscillating 
at  the  wavelength  X2  is  reflected  by  the  beam 
splitters  48-2,  48-1  and  is  incident  into  this  light 
receiving  device  44.  In  other  words,  this  optical 
signal  40-2  functions  as  a  local  oscillation  signal 
and  the  light  receiving  device  44  makes  optical 
heterodyne  detection  and  reception  by  the  optical 
signal  41  of  the  wavelength  Xi  and  the  optical 
signal  40-2  of  the  wavelength  X2.  High  stability 
optical  heterodyne  detection  can  be  accomplished 
by  stabilizing  the  oscillation  wavelength  of  this 
semiconductor  light  emitting  device  3. 

The  other  optical  signal  of  the  wavelength  X3 
that  is  incident  into  the  waveguide  7  is  sequentially 
branched  by  the  optical  multi/demultiplers  6-1  ,  6-3, 
propagates  as  represented  by  arrow  52  and  is 
incident  into  the  light  receiving  device  45  through 
the  beam  splitter  48-4.  The  optical  signal  39-2  of 
part  of  the  semiconductor  light  emitting  device  42 

oscillating  at  the  wavelength  X+  is  reflected  by  the 
beam  splitters  48-3,  48-4  and  is  incident  into  this 
light  receiving  device  45  and  optical  heterodyne 
detection  is  made  by  the  optical  signals  of  the 

5  wavelength  X3  and  X+.  High  stability  optical  hetero- 
dyne  detection  can  be  accomplished  by  stabilizing 
the  oscillation  wavelength  of  this  semiconductor 
light  emitting  device  42.  The  remaining  optical  sig- 
nal  of  the  optical  signal  of  the  semiconductor  light 

10  emitting  device  43  oscillating  at  the  wavelength  X2 
passes  through  the  beam  splitter  48-2  and  reached 
the  optical  modulator  47,  where  the  signal  is  sub- 
jected  to  external  modulation.  Its  optical  signal  40-1 
is  then  guided  through  the  optical 

15  multi/demultiplexers  6-3,  6-1,  travels  through  the 
waveguide  8  as  represented  by  arrow  11-4,  propa- 
gates  inside  the  optical  fiber  and  is  transmitted  to 
the  station  on  the  downstream  side.  The  remaining 
optical  signal  of  the  optical  signal  of  the  semicon- 

20  ductor  light  emitting  device  42  oscillating  at  the 
wavelength  X+  passes  through  the  beam  splitter  48- 
3,  and  reaches  the  optical  modulator  46  where  it  is 
subjected  to  external  modulation  by  the  information 
signal.  After  external  modulation,  the  optical  signal 

25  39-1  is  branched  in  the  optical  multi/demultiplexers 
6-2,  6-1,  propagates  through  the  waveguide  8  as 
represented  by  arrow  11-4  and  then  through  the 
optical  fiber  and  is  transmitted  to  the  station  on  the 
downstream  side.  Optical  homodyne  detection  is 

30  made  when  the  wavelength  Xi  is  equal  to  X2  and 
the  wavelength  X3  is  equal  to  X+. 

Since  the  structure  shown  in  Fig.  10  uses  the 
three  optical  multi/demultiplexers  having  the  same 
structure,  isolation  can  be  made  extremely  great 

35  between  the  wavelength  Xi  and  X3  and  between 
the  wavelength  X2  and  X+.  Particularly  in  the  case 
of  coherent  optical  communication  such  as  optical 
heterodyne  detection  and  optical  homodyne  detec- 
tion,  interference  between  the  wavelength  will  invite 

40  degradation  of  the  signal-to-noise  ratio  and  spoils 
the  characteristic  features  of  coherent  optical  com- 
munication.  Therefore,  the  bidirectional  coherent 
optical  communication  method  having  the  optical 
multi/demultiplexers  providing  sufficiently  great  iso- 

45  lation  between  the  wavelength  such  as  described 
above  is  extremely  advantageous.  Since  the  struc- 
ture  in  accordance  with  the  present  invention  is 
symmetric  and  simple,  it  can  be  produced  ex- 
tremely  easily  and  at  a  low  cost  of  production. 

50  Moreover,  since  transmission  is  4-wavelength 
bidirectional  transmission,  large  capacity  informa- 
tion  transmission  can  be  made  easily.  Since  the 
semiconductor  light  emitting  devices  2,  3  are  used 
both  for  the  optical  source  for  information  transmis- 

55  sion  and  for  the  optical  source  for  local  oscillation, 
the  structure  is  more  economical. 

Fig.  12  shows  another  embodiment  of  the 
bidirectional  optical  heterodyne  communication 
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method  in  accordance  with  the  present  invention. 
This  is  a  4-wavelength  bidirectional  optical  hetero- 
dyne  communication  method  wherein  the  optical 
signals  are  transmitted  in  the  mutually  opposite 
directions  inside  the  waveguide  8  as  represented 
by  arrows  11-7  and  11-8.  In  other  words,  the  op- 
tical  signals  having  the  mutually  different 
wavelength  are  transmitted  bidirectionally  in  the 
respective  optical  fibers. 

First  of  all,  the  optical  signal  of  the  wavelength 
Xi  propagating  as  represented  by  arrow  11-5  is 
incident  into  the  waveguide  7,  travels  through  the 
optical  multi/demultiplexers  6-1  ,  6-2  as  represented 
by  arrow  51  and  is  incident  into  the  light  receiving 
device  44  through  the  beam  splitter  48-1.  Part  of 
the  optical  signal  of  the  semiconductor  light  emit- 
ting  device  43  oscillating  at  the  wavelength  X3  is 
branched  by  the  beam  splitter  48-2,  is  reflected  by 
the  beam  splitter  48-1  and  is  inputted  into  this  light 
receiving  device  44  in  the  same  way  as  the  optical 
signal  of  the  wavelength  Xi  .  Thus,  optical  hetero- 
dyne  detection/reception  is  made.  The  remaining 
optical  signal  of  the  semiconductor  light  receiving 
device  43  (of  the  wavelength  X3)  passes  through 
the  beam  splitter  48-2  and  is  inputted  into  the 
optical  modulator  47.  The  optical  signal  57-1  modu- 
lated  by  the  information  signal  is  sequentially  iso- 
lated  by  the  optical  multi/demultiplexers  6-3,  6-1, 
propagates  inside  the  waveguide  7  and  then 
through  the  optical  fiber  as  represented  by  arrow 
11-6  and  is  sent  to  the  station  on  the  downstream 
side. 

The  optical  signal  of  the  wavelength  X2  that 
propagates  as  represented  by  arrow  11-7  is  in- 
cident  into  the  waveguide  8,  travels  through  the 
optical  multi/demultiplexers  6-1  ,  6-3  as  represented 
by  arrow  40-1  and  is  incident  into  the  light  receiv- 
ing  device  45  through  the  beam  splitter  48-4.  Part 
of  the  optical  signal  of  the  semiconductor  light 
emitting  device  42  oscillating  at  the  wavelength  X+ 
is  branched  by  the  beam  splitter  48-3,  travels  as 
represented  by  arrow  49-2,  is  reflected  by  the 
beam  splitter  48-4  and  is  inputted  into  this  light 
receiving  device  45  in  the  same  way  as  the  optical 
signal  of  the  wavelength  X2.  Thus,  optical  hetero- 
dyne  detection/reception  is  made.  The  remaining 
optical  signal  (wavelength  X+)  of  the  optical  signal 
of  the  semiconductor  light  emitting  device  42  is 
inputted  into  the  optical  modulator  46  through  the 
beam  splitter  48-3  and  the  optical  signal  49-1  mod- 
ulated  by  the  information  signal  in  the  optical 
modulator  49-1  is  sequentially  isolated  by  the  op- 
tical  multi/demultiplexers  6-2,  6-1,  propagates 
through  the  waveguide  8  and  then  through  the 
optical  fiber  as  represented  by  arrow  11-8  and  is 
sent  to  the  station  on  the  downstream  side.  High 
isolation  characteristics,  low  cost  of  production  and 
multi-wavelength  bidirectional  transmission  can 

thus  be  accomplished  by  a  simple  structure  in  the 
same  way  as  in  Fig.  10. 

According  to  the  present  invention,  bidirectional 
optical  coherent  communication  can  be  accom- 

5  plished  by  a  simple  structure  with  characteristics 
having  reduced  degradation  of  a  signal-to-noise 
ratio  and  inteference  degradation.  Since  the  optical 
source  for  information  transmission  can  be  used 
also  as  the  optical  source  for  the  local  oscillator, 

10  the  cost  of  production  can  be  reduced. 
The  basic  structure  of  the  optical 

multi/demultiplexer  of  the  present  invention  is 
shown  in  Figs.  13  and  14.  Fig.  13  shows  the  case 
where  the  optical  multi/demultiplexer  is  only  one 

15  and  Fig.  14  shows  the  case  where  three  optical 
multi/demultiplexers  are  used.  As  can  be  seen  from 
these  drawings,  a  plurality  (though  two  waveguides 
are  shown  in  the  drawing,  three  or  more  may  be 
used)  of  square  waveguides  3-1,  3-2  (having  a 

20  refractive  index  nc;  nc  >  nb)  as  the  core  are  jux- 
taposed  on  a  low  refractive  index  layer  2  (refractive 
index  nb)  on  a  substrate  1  (refractive  index  ns)  and 
a  cladding  4  having  a  refractive  index  ncl  (ncl  <  nc, 
nC£  *  nb)  covers  the  core  waveguides.  The  refrac- 

25  tive  index  nCt  of  this  cladding  4  may  be  lower  or 
higher  than  nb.  Three  directional  couplers  are  used 
as  shown  in  Fig.  14  in  order  to  improve  isolation 
between  the  wavelength  and  to  minimize  degrada- 
tion  of  signal  quality  due  to  inteference  between 

30  the  channels. 
Namely,  of  the  optical  signal  of  the  wavelength 

Xi  ,  X2  incident  into  the  port  i,  the  wavelength  Xi  is 
guided  as  such  to  the  waveguide  65  but  X2  is 
branched  to  the  waveguide  66  in  the  optical 

35  multi/demultiplexer  A.  Next,  in  the  optical 
multi/demultiplexer  B,  the  undesired  optical  signal 
of  the  wavelength  X2  leaking  into  the  waveguide  65 
is  branched  to  the  port  1  while  only  the  desired 
optical  signal  Xi  is  taken  out  from  the  port  2. 

40  Similarly,  in  the  optical  multi/demultiplexer  C,  the 
undesired  optical  signal  of  the  wavelength  Xi  leak- 
ing  to  the  waveguide  66  is  guided  as  such  to  the 
port  3  while  only  the  desired  optical  signal  X2  is 
taken  out  from  the  port  4.  As  a  result,  isolation  can 

45  be  made  extremely  great  between  the  wavelength 
Xi  and  X2.  The  optical  multi/demultiplexers  A,  B,  C 
have  the  same  structure. 

The  refractive  index  ncl  of  the  cladding  4  is 
made  different  from  the  refractive  index  nb  of  the 

50  low  refractive  index  layer  2  for  the  following  reason. 
In  Fig.  14(b),  the  refractive  index  ns  of  the  substrate 
is  equal  to  the  refractive  index  nb  of  the  low  refrac- 
tive  index  layer.  When  the  square  waveguides  3-1  , 
3-2  are  obtained  by  forming  the  film  as  the  core  on 

55  the  low  refractive  index  layer  2  and  then  through 
the  production  process  such  as  coating  of  a 
photoresist,  photolithography,  reactive  ion  etching, 
removal  of  the  photoresist,  and  the  like,  deviation 

9 
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occurs  in  the  refractive  index  nc  of  the  core,  the 
width  W  and  thickness  T  of  the  waveguide  and  the 
spacing  S  between  the  waveguides  due  to  the 
process  described  above,  and  the  center 
wavelength  shift  occurs.  If  a  cladding  having  the 
same  refractive  index  nb  as  that  of  the  low  refrac- 
tive  index  layer  2  is  put  as  such,  all  the  resulting 
optical  multi/demultiplexers  have  the  center 
wavelength  shift  and  cannot  at  all  be  used.  There- 
fore,  in  accordance  with  the  present  invention,  the 
values  nc,  W,  T  and  S  are  measured  at  the  stage 
where  the  core  has  been  formed,  and  after  the 
state  of  deviation  is  grasped,  the  refractive  index 
ncl  of  the  cladding  4  is  selected  in  such  a  manner 
as  to  correct  the  center  wavelength  shift  due  to  the 
deviation.  As  a  result,  the  optical 
multi/demultiplexers  can  be  accomplished  at  a  pro- 
duction  yield  of  100%  by  setting  ncl  in  such  a 
manner  as  to  correct  completely  the  center 
wavelength  shift  due  to  the  process  deviation,  and 
a  drastic  reduction  of  the  cost  of  production  can  be 
also  accomplished.  As  described  above,  the  meth- 
od  which  minitors  the  parameters  at  the  intermedi- 
ate  stage  of  the  production  process  and  feeds  back 
the  minitored  information  to  the  process  is  ex- 
tremely  effective  particularly  for  the  optical 
multi/demultiplexer  whose  wavelength  characteris- 
tics  are  changed  even  by  slight  deviation  of  the 
structural  parameters.  In  this  sense,  the  present 
invention  provides  an  entirely  novel  process  and  an 
entirely  novel  optical  multi/demultiplexer  that  are 
not  known  in  the  past. 

Next,  the  inventor  of  the  present  invention  ana- 
lyzed  for  the  first  time  how  the  center  wavelength 
characteristics  can  be  controlled  by  the  refractive 
index  ncl  of  the  cladding,  and  its  result  will  be 
explained.  Figs.  15  and  16  show  the  result  of 
analysis.  As  can  be  seen  from  the  drawings,  the 
center  wavelength  shifts  with  a  varying  ncl  value.  In 
other  words,  the  present  inventor  found  out  for  the 
first  time  that  the  center  wavelength  can  be  shifted 
by  the  ncl  value. 

Next,  the  method  of  forming  the  cladding  hav- 
ing  an  arbitrary  refractive  index  will  be  described. 
Fig.  17  shows  the  result  of  measurement  of  refrac- 
tive  index  characteristics  of  the  cladding  film  fab- 
ricated  tentatively  by  the  present  inventor.  It  shows 
the  refractive  index  characteristics  of  the  film 
formed  by  causing  monosilane  SihU  (a  gas  diluted 
to  4%  by  N2),  phosphine  PH3  (a  gas  diluted  to  1% 
by  N2)  and  N2  and  02  gases  to  flow  on  a  silicon 
substrate  heated  to  390  °C.  The  refractive  index 
can  be  changed  from  1.454  to  1.475  by  changing 
the  gas  flow  rate  to  PH3.  Curve  of  solid  line  repre- 
sents  the  result  of  such  a  case  and  curve  of  dotted 
line  represents  the  result  of  the  case  where  heat- 
treatment  is  made  at  1000°C  for  about  10  hours 
(temperature  rise  time  2.5  hours,  temperature  re- 

tention  time  0.5  hours  and  temperature  lowering 
time  7  hours)  in  the  air.  The  refractive  index  can  be 
changed  over  a  wide  range  when  the  heat-treat- 
ment  is  made,  too.  It  can  be  understood  definitely 

5  from  the  result  shown  in  Fig.  17  that  the  refractive 
index  of  the  cladding  can  be  changed  over  a  wide 
range  and  the  optical  multi/demultiplexer  of  the 
present  invention  can  thus  be  accomplished. 

Fig.  18  shows  another  method  of  changing  the 
io  refractive  index  of  the  cladding.  Fig.  18(a)  is  a  top 

view  and  Fig.  18(b)  is  a  sectional  view  taken  along 
line  X  -  X'  of  (a).  In  accordance  with  this  method, 
an  optical  multi/demultiplexer  having  a  film  clad- 
ding  whose  refractive  index  changes  by  heat-treat- 

15  ment  is  produced  in  advance  and  then  a  ray  of 
light  67  from  a  light  source  (e.g.  white  light  source 
of  wavelength  Xi  ~  Xn  =  0.6  ~  1  .6  urn  in  this  case) 
covering  the  measurement  wavelength  range  is  in- 
putted  from  the  input  terminal  of  the  optical 

20  multi/demultiplexer.  The  optical  output  68,  69  of 
each  output  port  is  monitored  by  an  optical  spec- 
trum  analyzer.  Next,  a  C02  leaser  beam  is  radiated 
to  the  upper  surface  of  cladding  4  so  as  to  move 
the  beam  on  the  pattern  of  the  optical 

25  multi/demultiplexer  in  the  direction  of  arrow  11  or 
to  slide  the  optical  multi/demultiplexer  while  keep- 
ing  the  beam  fixed,  and  thus  to  apply  thermal 
energy  to  the  cladding  4  and  to  change  the  refrac- 
tive  index  of  the  cladding.  The  center  wavelength  is 

30  controlled  while  observing  the  spectral  output  69 
by  the  optical  spectrum  analyzer.  The  spot  size  of 
the  C02  laser  beam  radiation  beam  70  is  prefer- 
ably  a  few  millimeters  in  diameter  so  as  to  cover 
the  pattern.  The  moving  speed  in  the  direction  of 

35  arrow  71  and  the  optical  output  of  the  C02  laser 
beam  are  set  while  observing  the  shift  condition  of 
the  center  wavelength.  Fig.  19  shows  the  result  of 
actual  measurement  of  the  change  of  the  refractive 
index  of  the  cladding  by  the  radiation  of  the  C02 

40  laser  beam.  This  result  is  obtained  by  contracting 
the  beam  of  about  10  W  of  the  C02  laser  source  to 
a  beam  spot  size  of  about  6  mm0  by  a  Ge  lens 
and  radiating  the  beam  to  a  glass  film  (silicate 
glass  film  and  phosphosilicate  glasss  film)  formed 

45  at  390  °C,  as  shown  in  Fig.  17.  It  was  found  that 
the  refractive  index  could  be  controlled  by  the 
radiation  time.  The  measuring  wavelength  of  the 
refractive  index  was  0.63  urn. 

Fig.  20  shows  the  result  of  measurement  of  the 
50  insertion  loss  characteristics  of  the  optical 

multi/demultiplexer  fabricated  as  a  prototype  ac- 
tually.  In  the  drawing,  symbol  A  and  a  represent 
the  characteristics  before  heat-treatment  and  sym- 
bol  o  and  •  represent  the  characteristics  after 

55  heat-treatment  by  the  C02  laser.  Incidentally,  cou- 
pling  loss  between  the  optical  fiber  (single  mode 
optical  fiber)  and  the  waveguide  and  waveguide 
loss  are  not  contained  in  the  drawing.  Their  total 
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value  is  about  5  dB  and  most  of  the  loss  results 
from  the  coupling  loss  between  the  optical  fiber 
and  the  waveguide. 

The  present  invention  is  not  particularly  limited 
to  the  embodiments  described  above.  The  low  re- 
fractive  index  layer,  the  core  and  the  cladding  may 
be  made  of  a  high  polymer,  a  dielectric,  a  mag- 
netic  material,  and  the  like,  besides  the  glass. 
Besides  the  material  described  above,  it  is  possible 
to  use  semiconductors  such  as  Si,  InP  and  GaAs 
for  the  substrate  1.  An  optical  module  can  be 
constituted  by  mounting  functional  optical  devices 
such  as  the  semiconductor  light  emitting  devices 
(semiconductor  lasers,  light  emitting  diodes,  etc.) 
and  light  receiving  devices  on  the  optical 
multi/demultiplexer.  The  glass  material  may  be 
quartz  glass,  quartz  glass  containing  a  dopant  such 
as  P,  Ge,  Ti  or  B  and  so-called  multi-component 
system  glass  containing  alkali  metal  and  alkaline 
earth  metal.  Various  heat-treating  methods  may  be 
employed  such  as  the  methods  using  an  electric 
furnace  or  radio  frequency  heating  furnace  and  the 
methods  using  lasers  such  as  CO2  laser,  YAG 
laser,  and  others.  The  glass  film  may  be  formed  by 
first  forming  a  soot-like  film  and  then  changing  it  to 
glass  by  sintering.  The  core  need  not  be  com- 
pletely  square  but  may  be  elliptic  or  round.  Fur- 
thermore,  three  optical  multi/demultiplexers  shown 
in  Fig.  13  may  be  combined  as  shown  in  Fig.  14  or 
two  of  them  may  be  combined.  Moreover,  four  or 
more  optical  multi/demultiplexers  may  be  com- 
bined  in  order  to  increase  the  wavelength  multiplex 
number. 

In  accordance  with  the  present  invention,  it  is 
possible  to  measure  the  various  structural  param- 
eters  at  the  stage  where  the  core  has  been  formed 
on  the  low  refractive  index  layer  and  the  refractive 
index  of  the  cladding  can  be  controlled  while  the 
state  of  deviation  from  the  design  value  is  taken 
into  consideration  in  order  to  correct  completely 
the  center  wavelength  shift.  Accordingly,  the  optical 
multi/demultiplexer  can  be  accomplished  at  the 
yield  of  100%.  As  a  result,  the  optical 
multi/demultiplexer  can  be  produced  at  by  far  a 
lower  cost  of  production  than  by  the  prior  art  tech- 
nique. 

Claims 

1.  An  optical  multi/demultiplexer  comprising  three 
2x2-directional  couplers  (6-1  ,  6-2,  6-3)  with  the 
two  output  ports  of  a  first  one  of  these  cou- 
plers  (6-1)  being  each  connected  to  an  input 
port  of  one  of  the  second  and  third  couplers 
(6-2,  6-3), 

characterised  in 
that  each  of  the  three  couplers  (6-1  ,  6-2,  6- 

3)  is  wavelength-selective  for  an  optical  signal 

having  a  given  wavelength  and  includes  two 
waveguides  (7,8;  7,9;  8,10)  disposed  in  parallel 
and  optically  coupled  to  each  other,  and 

that  all  three  couplers  have  the  same 
5  structural  parameters  concerning  the  widths 

(W)  of  the  waveguides,  the  length  (L)  over 
which  they  are  juxtaposed  and  the  spacing  (S) 
between  them. 

10  2.  The  multi/demultiplexer  of  claim  1,  wherein  at 
least  one  output  port  (7-2,  10-2)  of  the  second 
and  third  couplers  (6-2,  6-3)  is  connected  to  a 
photodiode  (12,  12-1,  12-2). 

15  3.  The  multi/demultiplexer  of  claim  1,  wherein  at 
least  one  output  port  (7-2)  of  the  second  and 
third  couplers  (6-2,  6-3)  is  connected  to  a 
semiconductor  laser  (13). 

20  4.  Use  of  the  multi/demultiplexer  of  claim  1  in  an 
optical  module,  which  further  comprises 

a  principal  light  emitting  device  (13)  con- 
nected  to  one  output  port  (7-2)  of  the  second 
coupler  (6-2), 

25  a  principal  light  receiving  device  (12)  con- 
nected  to  one  output  port  (10-2)  of  the  third 
coupler  (6-3), 

an  auxiliary  light  emitting  device  (15)  con- 
nected  to  the  other  output  port  (8-2)  of  the 

30  third  coupler  (6-3), 
an  auxiliary  light  receiving  device  (14)  con- 

nected  to  the  other  output  port  (9-2)  of  the 
second  coupler  (6-2), 

a  fourth  2x2-directional  coupler  (18)  having 
35  an  electrode  portion  (34),  with  the  two  output 

ports  (25-1,  25-2)  of  the  fourth  coupler  being 
each  connected  to  one  input  port  (7-1,  8-1)  of 
the  first  coupler  (6-1),  and 

driving  means  (17)  for  controlling  the  volt- 
40  age  applied  to  the  electrode  portion  (34)  of  the 

fourth  coupler  (18)  so  that  the  auxiliary  light 
emitting  device  (15)  and/or  the  auxiliary  light 
receiving  device  (14)  are  operated  when  the 
principal  light  emitting  device  (13)  and/or  the 

45  principal  light  receiving  device  (12)  fail. 

5.  Use  of  the  multi/demultiplexer  of  claim  1  in  an 
optical  module,  which  further  comprises 

two  light  emitting  devices  (13,  26)  each 
50  connected  to  one  of  the  two  output  ports  (7-2, 

9-  2)  of  the  second  coupler  (6-2), 
two  light  receiving  devices  (12,  27)  each 

connected  to  one  of  the  two  output  ports  (8-2, 
10-  2)  of  the  third  coupler  (6-3),  and 

55  means  (21-1,  21-2,  22-1,  22-2)  for  driving 
the  two  light  emitting  devices  (13,26)  based  on 
signals  received  by  the  two  light  receiving  de- 
vices  (12,  27),  respectively. 

11 
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6.  Use  of  the  multi/demultiplexer  of  claim  1  in  a 
bi-directional  optical  coherent  communication 
apparatus,  which  further  comprises  a  first  op- 
tical  modulator  (46)  connected  to  one  output 
port  of  the  second  coupler  (6-2), 

a  first  light  emitting  device  (42)  connected 
to  the  first  modulator  (46)  through  a  first  beam 
splitter  (48-3), 

a  second  optical  modulator  (41)  connected 
to  one  output  port  of  the  third  coupler  (6-3), 

a  second  light  emitting  device  (43)  con- 
nected  to  the  second  modulator  (41)  through  a 
second  beam  splitter  (48-2), 

a  first  light  receiving  device  (44)  connected 
to  the  other  output  port  of  the  second  coupler 
(6-2)  through  a  third  beam  splitter  (48-1), 

a  second  light  receiving  device  (45)  con- 
nected  to  the  other  output  port  of  the  third 
coupler  (6-3)  through  a  fourth  beam  splitter 
(48-4), 

a  first  optical  waveguide  interconnecting 
the  second  and  third  beam  splitters  (48-2,  48- 
1),  and 

a  second  optical  waveguide  interconnec- 
ting  the  first  and  second  beam  splitters  (48-3, 
48-4). 

Patentanspruche 

1.  Optischer  Multiplexer/Demultiplexer  mit  drei 
2x2-Richtungskopplern  (6-1,  6-2,  6-3),  wobei 
die  zwei  Ansgangsanschlusse  eines  ersten  die- 
ser  Koppler  (6-1)  jeweils  mit  einem  Eingangs- 
anschluB  eines  der  zweiten  und  dritten  Koppler 
(6-2,  6-3)  verbunden  sind, 

dadurch  gekennzeichnet,  daB 
jeder  der  drei  Koppler  (6-1  ,  6-2,  6-3)  wel- 

lenlangen-selektiv  fur  ein  optisches  Signal  mit 
einer  vorgegebenen  Wellenlange  ist  und  zwei 
parallel  angeordnete  und  optisch  miteinander 
gekoppelte  Wellenleiter  (7,  8;  7,  9;  8,  10)  auf- 
weist  und 

daB  alle  drei  Koppler  in  Bezug  auf  die 
Breite  (W)  der  Wellenleiter,  die  Lange  (L),  uber 
die  sie  nebeneinander  angeordnet  sind,  und 
die  Lucke  (S)  zwischen  Ihnen  die  gleichen 
strukturellen  Parameter  aufweisen. 

2.  Multiplexer/Demultiplexer  nach  Anspruch  1, 
wobei  mindestens  ein  AusgangsanschluB  (7-2, 
10-2)  der  zweiten  und  dritten  Koppler  (6-2,  6-3) 
mit  einer  Photodiode  (12,  12-1,  12-2)  verbun- 
den  ist. 

3.  Multiplexer/Demultiplexer  nach  Anspruch  1, 
wobei  mindestens  ein  AusgangsanschluB  (7-2) 
der  zweiten  und  dritten  Koppler  (6-2,  6-3)  mit 
einem  Halbleiterlaser  (13)  verbunden  ist. 

4.  Verwendung  des  Multiplexers/Demultiplexers 
nach  Anspruch  1  in  einem  optischen  Modul  mit 

einer  Haupt-Lichtemissionseinrichtung 
(13)  ,  die  mit  einem  AnsgangsanschluB  (7-2) 

5  des  zweiten  Kopplers  (6-2)  verbunden  ist, 
einer  Haupt-Lichtempfangseinrichtung  (12), 

die  mit  einem  AnsgangsanschluB  (10-2)  des 
dritten  Kopplers  (6-3)  verbunden  ist, 

einer  Hilfs-Lichtemissionseinrichtung  (15), 
io  die  mit  dem  anderen  AusgangsanschluB  (8-2) 

des  dritten  Kopplers  (6-3)  verbunden  ist, 
einer  Hilfs-Lichtempfangseinrichtung  (14), 

die  mit  dem  anderen  AnsgangsanschluB  (9-2) 
des  zweiten  Kopplers  (6-2)  verbunden  ist, 

is  einem  vierten  2x2-Richtungskoppler  (18) 
mit  einem  Elektrodenabschnitt  (34),  wobei  die 
zwei  Ansgangsanschlusse  (25-1,  25-2)  des 
vierten  Kopplers  jeweils  mit  einem  Eingangs- 
anschluB  (7-1,  8-1)  des  ersten  Kopplers  (6-1) 

20  verbunden  sind,  und 
einer  Ansteuereinrichtung  (17)  zur  Steue- 

rung  der  an  den  Elektrodenabschnitt  (34)  des 
vierten  Kopplers  (18)  angelegten  Spannung  so, 
daB  die  Hilfs-Lichtemissionseinrichtung  (15) 

25  und/oder  die  Hilfs-Lichtempfangseinrichtung 
(14)  betrieben  werden,  wenn  die  Haupt-Lichte- 
missionseinrichtung  (13)  und/oder  die  Haupt- 
Lichtempfangseinrichtung  (12)  versagen. 

30  5.  Verwendung  des  Multiplexers/Demultiplexers 
nach  Anspruch  1  in  einem  optischen  Modul  mit 
zwei  Lichtemissionseinrichtungen  (13,  26),  die 
jeweils  mit  einem  der  zwei  Ansgangsanschlus- 
se  (7-2,  9-2)  des  zweiten  Kopplers  (6-2)  ver- 

35  bunden  sind, 
zwei  Lichtempfangseinrichtungen  (12,  27), 

die  jeweils  mit  einem  der  zwei  Ausgangsan- 
schlusse  (8-2,  10-2)  des  dritten  Kopplers  (6-3) 
verbunden  sind,  und 

40  einer  Einrichtung  (21-1,  21-2,  22-1,  22-2) 
zur  Ansteuerung  der  zwei  Lichtemissionsein- 
richtungen  (13,  26)  auf  der  Grundlage  von  je- 
weils  von  den  zwei  Lichtempfangseinrichtun- 
gen  (12,  27)  empfangenen  Signalen. 

45 
6.  Verwendung  des  Multiplexers/Demultiplexers 

nach  Anspruch  1  in  einer  bidirektionalen,  op- 
tisch  koharenten  Kommunikationsvorrichtung, 
mit  einem  ersten  optischen  Modulator  (46),  der 

50  mit  einem  AnsgangsanschluB  des  zweiten 
Kopplers  (6-2)  verbunden  ist, 

einer  ersten  Lichtemissionseinrichtung 
(42),  die  uber  einen  ersten  Strahlteiler  (48-3) 
mit  dem  ersten  Modulator  (46)  verbunden  ist, 

55  einem  zweiten  optischen  Modulator  (41), 
der  mit  einem  AusgangsanschluB  des  dritten 
Kopplers  (6-3)  verbunden  ist, 

einer  zweiten  Lichtemissionseinrichtung 

12 
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(43)  ,  die  uber  einen  zweiten  Strahlteiler  (48-2) 
mit  dem  zweiten  Modulator  (41)  verbunden  ist, 

einer  ersten  Lichtempfangseinrichtung 
(44)  ,  die  uber  einen  dritten  Strahlteiler  (48-1) 
mit  dem  anderen  AusgangsanschluB  des  zwei- 
ten  Kopplers  (6-2)  verbunden  ist, 

einer  zweiten  Lichtempfangseinrichtung 
(45)  ,  die  uber  einen  vierten  Strahlteiler  (48-4) 
mit  dem  anderen  AnsgangsanschluB  des  drit- 
ten  Kopplers  (6-3)  verbunden  ist, 

einem  ersten  optischen  Wellenleiter,  der 
den  zweiten  und  den  dritten  Strahlteiler  (48-2, 
48-1)  miteinander  verbindet  und 

einem  zweiten  optischen  Wellenleiter,  der 
den  ersten  und  den  zweiten  Strahlteiler  (48-3, 
48-4)  miteinander  verbindet. 

Revendicatlons 

1.  Multiplexeur/demultiplexeur  optique  compre- 
nant  trois  coupleurs  2 x 2 -   directionnels  (6-1  , 
6-2,  6-3),  les  deux  bornes  de  sortie  d'un  pre- 
mier  de  ces  coupleurs  (6-1)  etant  raccordees 
chacune  a  une  borne  d'entree  de  I'un  des 
second  et  troisieme  coupleurs  (6-2,  6-3), 

caracterise  en  ce 
que  chacun  des  trois  coupleurs  (6-1,  6-2, 

6-3)  est  selectif  du  point  de  vue  des  longueurs 
d'onde  pour  un  signal  optique  possedant  une 
longueur  d'onde  donnee  et  contient  deux  gui- 
des  d'ondes  (7,  8;  7,  9;  8,  10)  disposes  en 
parallele  et  couples  optiquement  entre  eux,  et 

que  les  trois  coupleurs  possedent  tous  les 
memes  parametres  structurels  concernant  les 
largeurs  (W)  des  guides  d'ondes,  la  longueur 
(L)  sur  laquelle  ils  sont  juxtaposes  et  I'espace- 
ment  reciproque  (S). 

2.  Multiplexeur/demultiplexeur  selon  la  revendica- 
tion  1,  dans  lequel  au  moins  une  borne  de 
sortie  (7-2,  10-2)  des  second  et  troisieme  cou- 
pleurs  (6-2,  6-3)  est  raccordee  a  une  photodio- 
de  (12,  12-1,  12-2). 

3.  Multiplexeur/demultiplexeur  selon  la  revendica- 
tion  1,  dans  lequel  au  moins  une  borne  de 
sortie  (7-2)  des  second  et  troisieme  coupleurs 
(6-2,  6-3)  est  raccordee  a  un  laser  a  semicon- 
ducteurs  (13). 

4.  Utilisation  du  multiplexeur/demultiplexeur  selon 
la  revendication  1  dans  un  module  optique,  qui 
comporte  en  outre 

un  dispositif  photoemissif  principal  (13) 
raccorde  a  une  borne  de  sortie  (7-2)  du  se- 
cond  coupleur  (6-2), 

un  dispositif  principal  de  reception  de  lu- 
miere  (12)  raccorde  a  une  borne  de  sortie  (10- 

2)  du  troisieme  coupleur  (6-3), 
un  dispositif  photoemissif  auxiliaire  (15) 

raccorde  a  I'autre  borne  de  sortie  (8-2)  du 
troisieme  coupleur  (6-3), 

5  un  dispositif  auxiliaire  de  reception  de  lu- 
miere  (14)  raccorde  a  I'autre  borne  de  sortie 
(9-2)  du  second  coupleur  (6-2), 

un  quatrieme  coupleur  2 x 2 -   directionnel 
(18)  possedant  une  partie  formant  electrode 

io  (34),  les  deux  bornes  de  sortie  (25-1  ,  25-2)  du 
quatrieme  coupleur  etant  raccordees  chacune 
a  une  borne  d'entree  (7-1,  8-1)  du  premier 
coupleur  (6-1),  et 

des  moyens  de  commande  (17)  servant  a 
is  commander  la  tension  appliquee  a  la  partie 

formant  electrode  (34)  du  quatrieme  coupleur 
(18)  de  telle  sorte  que  le  dispositif  photoemis- 
sif  auxiliaire  (15)  et/ou  le  dispositif  auxiliaire  de 
reception  de  lumiere  (14)  fonctionnent  lorsque 

20  le  dispositif  photoemissif  principal  (13)  et/ou  le 
dispositif  principal  de  reception  de  lumiere  (12) 
sont  defaillants. 

5.  Utilisation  du  multiplexeur/demultiplexeur  selon 
25  la  revendication  1  dans  un  module  optique,  qui 

comprend  en  outre 
deux  dispositifs  photoemissifs  (13,  26)  rac- 

cordes  chacun  a  I'une  des  deux  bornes  de 
sortie  (7-2,  9-2)  du  second  coupleur  (6-2), 

30  deux  dispositifs  de  reception  de  lumiere 
(12,  27)  raccordes  chacun  a  I'une  des  deux 
bornes  de  sortie  (8-2,  10-2)  du  troisieme  cou- 
pleur  (6-3),  et 

des  moyens  (21-1,  21-2,  22-1,  22-2)  ser- 
35  vant  a  commander  les  deux  dispositifs  photoe- 

missifs  (13,  26)  sur  la  base  de  signaux  regus 
respectivement  par  les  deux  dispositifs  de  re- 
ception  de  lumiere  (12,  27). 

40  6.  Utilisation  du  multiplexeur/demultiplexeur  selon 
la  revendication  1  dans  un  dispositif  de  com- 
munication  optique  coherent  bidirectionnel,  qui 
comporte  en  outre  un  premier  modulateur  opti- 
que  (46)  raccorde  a  une  borne  de  sortie  du 

45  second  coupleur  (6-2), 
un  premier  dispositif  photoemissif  (42)  rac- 

corde  au  premier  modulateur  (46)  par  I'inter- 
mediaire  d'un  premier  diviseur  de  faisceau  (48- 
3)  , 

50  un  second  modulateur  optique  (41)  raccor- 
de  a  une  borne  de  sortie  du  troisieme  coupleur 
(6-3), 

un  second  dispositif  photoemissif  (43)  rac- 
corde  au  second  modulateur  (41)  par  I'interme- 

55  diaire  d'un  second  diviseur  de  faisceau  (48-2), 
un  premier  dispositif  de  reception  de  lu- 

miere  (44)  raccorde  a  I'autre  borne  de  sortie 
du  second  coupleur  (6-2)  par  I'intermediaire 

13 
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d'un  troisieme  diviseur  de  faisceau  (48-1), 
un  second  dispositif  de  reception  de  lu- 

miere  (45)  raccorde  a  I'autre  borne  de  sortie 
du  troisieme  coupleur  (6-3)  par  I'intermediaire 
d'un  quatrieme  diviseur  de  faisceau  (48-4),  5 

un  premier  guide  d'ondes  optiques  inter- 
connectant  les  second  et  troisieme  diviseurs 
de  faisceaux  (48-2,  48-1),  et 

un  second  guide  d'ondes  optiques 
connectant  les  premier  et  second  diviseurs  de  10 
faisceaux  (48-3,  48-4). 
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