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Description 

The  present  invention  relates  to  an  optical  switch  for  switching  optical  paths  of  optical  signals  and,  more 
particularly,  to  a  light  triggering  type  switch  which  utilizes  light  of  a  predetermined  wavelength  as  control  energy 

5  for  triggering  its  switching  operation. 
With  the  development  of  fiber  optic  communications  attention  is  now  being  paid  to  the  optical  switching 

technology  for  switching  optical  signals  to  a  desired  channel.  It  is  considered,  in  particular,  that  as  an  optical 
line  becomes  increasingly  common  in  the  subscriber's  system,  optical  switches  will  be  needed  in  vast  numbers, 
and  their  miniaturization  and  sophistication  are  desired.  There  is  also  a  demand  for  the  development  of  an  in- 

10  tegrated  optical  switching  element  for  adaptation  to  submarine  switching  in  a  submarine  fiber  optical  transmis- 
sion  system  or  satellite-loaded  switch  which  is  limited  in  the  space  therefor  and  required  to  be  highly  reliable. 

To  meet  with  such  requirements,  study  is  being  given  on  an  optical  switch  of  the  type  in  which  an  optical 
signal  is  once  converted  into  an  electric  signal  (an  opto-electro  conversion)  and  the  electric  signal  is  switched 
by  an  electronic  circuit  as  in  the  past,  thereafter  being  re-converted  into  an  optical  signal  (an  electro-opto  con- 

15  version).  As  a  result  of  the  recent  progress  of  the  OEIC  (Opto-Electronic  Integrated  Circuit)  technology,  a  four- 
by-four  optical  switch,  though  in  a  hybrid  structure,  has  been  reported.  This  O/E/O  type  optical  switch,  which 
involves  the  conversion  of  an  optical  signal  to  electric  form  and  then  back  to  optical  form,  is  readily  acceptable 
as  a  miniaturized  version  of  a  conventional  optical  switching  device  formed  by  discrete  elements.  It  is  consid- 
ered,  however,  that  this  optical  switch  has  a  defect  of  an  increase  in  crosstalk  by  electro-magnetic  interference 

20  in  the  electronic  circuit  during  its  high-speed  operation.  In  addition,  it  is  difficult,  at  present,  to  obtain  an  ultra 
high-speed  electronic  circuit  capable  of  performing  satisfactory  operations  at  high  frequencies  above  several 
gigahertz. 

An  O/E/O  type  switch  is  disclosed  in  Sasaki  et  al  "High-speed  4x4  optical  switch",  National  Convention 
Record  of  the  Institute  of  Electronics,  Information  and  Communication  Engineers  of  Japan,  391,  1984. 

25  Another  optical  switch  suggested  so  far  is  one  that  switches  an  optical  signal  without  converting  it  into  an 
electric  signal,  and  this  switch  is  termed  an  O/O  type. 

These  optical  switches  do  not  involve  the  O/E  and  E/O  conversions  for  wide-band  optical  information  sig- 
nals,  and  hence  have  advantages  that  they  are  simple-structured  and  capable  of  switching  optical  signals  with- 
out  impairing  their  wide  band  property.  These  known  optical  switches  are  designed  taking  only  the  switching 

30  section  into  account  and  no  consideration  is  paid  to  the  operation  for  a  multichannel  input,  that  is,  the  operation 
for  storing  an  input  in  a  closed  channel  and  for  handling  other  multiplexed  signals. 

An  O/O  type  switch  is  disclosed  in  WO  84/02783.  This  optical  device  includes  a  layered  semiconductor 
structure  having  a  variable  input  light  beam  applied  to  the  structure  with  an  E  field  component  polarized  normal 
to  the  layers.  The  intensity  of  the  input  light  beam  controls  charge  trapped  in  the  layers,  the  dielectric  constant 

35  of  the  layers  containing  the  trapped  charge,  and  the  propagation  of  the  input  light  beam  within  the  device. 
"Optically  Controlled  Two  Channel  Integrated-Optical  Switch"  IEEE  Journal  of  Quantum  Electronics,  Vol. 

QE-14  No.  8  August  1978,  pp577-580  discloses  an  optically  controlled  switch  of  a  stepped  Ap,  in  which  output 
light  from  an  output  port  is  fed  back  as  a  drive  voltage  V  to  obtain  a  bi-stable  operation. 

It  is  an  object  of  the  present  invention  to  provide  a  light  triggering  type  switch  which  is  capable  of  taking 
40  out  an  optical  control  signal  of  a  predetermined  wavelength  and  permits  switching  a  wide-band  optical  infor- 

mation  signal  of  a  wavelength  different  from  that  of  the  optical  control  signal,  without  the  necessity  of  its  O/E 
conversion. 

According  to  the  present  invention  there  is  provided  a  light  triggering  switch  for  switching  a  packet  of  a 
wide  band  optical  information  signal  applied  to  an  input  optical  path  to  a  desired  one  of  a  plurality  of  output 

45  optical  paths,  said  light  triggering  switch  comprising  an  optical  switch  located  at  an  intersection  portion  of  the 
input  optical  path  and  the  output  optical  paths, 

characterised  in  that  said  optical  switch  comprises: 
branching  means  adapted  to  branch  from  said  input  optical  path  a  further  optical  signal  which  is  in  as- 

sociation  with  said  optical  information  signal  on  said  input  optical  path  and  comprises  at  least  one  predeter- 
50  mined  wavelength  different  from  the  wavelength  band  of  said  optical  information  signal; 

converting  means  comprising  optical  amplifying  means  adapted  to  convert  said  further  optical  signal 
into  an  optical  control  signal,  and 

switching  means  comprising  a  non-linear  reflector  adapted  to  direct  the  passage  of  each  packet  of  said 
optical  information  signal  to  a  respective  one  or  more  output  optical  paths  in  accordance  with  the  presence  or 

55  absence  of  said  optical  control  signal. 
Embodiments  of  the  present  invention  will  now  be  described  in  detail  below  by  way  of  example,  with  ref- 

erence  to  the  accompanying  drawings,  in  which: 
Figs.  1  and  2  are  schematic  drawings  showing  known  optical  switches  of  the  type  employing  an  electrical 
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signal  as  a  control  signal; 
Figs.  3A  to  3D  show  four  kinds  of  packet  structures  for  use  in  the  optical  packet  switching  system  according 
to  embodiments  of  the  present  invention; 
Figs.  4,5  and  6  illustrate  embodiments  of  an  optical  switch  section  which  forms  the  light  triggering  switch 

5  of  embodiments  of  the  present  invention; 
Figs.  7,8  and  9  illustrate  an  optical  switch  section  which  forms  a  light  triggering  switch; 
Fig.  10  is  a  schematic  diagram  of  an  optical  memory  section  according  to  an  embodiment  of  the  present 
invention; 
Fig.  11  is  a  schematic  diagram  of  an  optical  memory  section  of  an  optical  packet  switching  system  accord- 

10  ing  to  an  embodiment  of  the  present  invention,  and 
Fig.  12  is  a  schematic  diagram  of  an  integrated  light  source  for  use  in  an  embodiment  of  the  present  in- 
vention. 
To  make  differences  between  prior  art  and  the  present  invention  clear,  examples  of  prior  art  will  first  be 

described. 
15  Figs.  1  and  2  show,  in  elevation,  known  optical  switches,  that  in  Figure  1  being  disclosed  in  H.  Kogelnik 

and  C.V.  Shank:  "Switched  Directional  Couplers  With  Alternating  Ap",  IEEE  J.  Quantum  Electron.  QE-12,  7,pp 
396-401  (1976),  and  that  in  Figure  2  being  disclosed  in  K.  Ishida,  H.  Nakamura  and  H.  Matsumura:  "In- 
GaAsP/lnP  Optical  Switches  Using  Carrier  Induced  Refractive  Index  Change",  Applied  Physics  Letters,  50.  3. 
pp  141-142  (1987);The  optical  switch  depicted  in  Fig.  1  employs  directional  couplers.  By  applying  a  voltage 

20  as  a  control  signal  to  a  switching  section  the  refractive  indices  of  waveguides  are  varied  so  that  the  phase 
matching  condition  between  two  waveguides  is  satisfied  or  not  satisfied  for  switching  light  between  them.  The 
optical  switch  in  Fig.  2  employs  current  as  a  control  signal.  By  injecting  a  current  I  into  the  intersecting  portion 
of  two  waveguides  centrally  thereof  their  refractive  indices  are  varied  with  the  resulting  carrier  density,  whereby 
light  is  totally  reflected  and  switch  from  one  waveguide  to  the  other.  These  conventional  optical  switches,  how- 

25  ever,  are  designed  taking  only  the  switching  section  into  account  and  no  consideration  is  paid  to  the  operation 
for  a  multichannel  input,  that  is,  the  operation  for  storing  an  input  in  a  closed  channel  and  for  handling  other 
multiplexed  signals,  as  described  above. 

With  reference  to  the  accompanying  drawings  embodiments  of  the  present  invention  will  hereinafter  be 
described  in  detail.  Incidentally,  the  following  will  describe  in  detail,  by  way  of  example,  a  light  triggering  type 

30  switch  for  packet  switching  use  which  sequentially  actuates  optical  switches  by  use  of  a  wavelength-multi- 
plexed  optical  signal. 

The  light  triggering  type  switch  of  embodiments  of  the  present  invention  comprises,  as  described  later,  an 
optical  switch  section  which  is  controlled  in  accordance  with  the  presence  or  absence  of  a  wavelength  which 
has  routing  information,  and  an  optical  memory  section  which  is  equipped  with  a  function  of  controlling  the 

35  storage  and  resending  of  a  lower-priority  one  of  two  input  packets.  The  device  constructions  of  respective  sec- 
tions  differ  from  each  other  depending  on  the  durations  of  routing  information,  packet  presence  information 
and  packet  end  information  pulses.  A  description  will  be  given  of  four  kinds  of  wavelength-multiplexed  optical 
signals  classified  as  shown  in  Figs.  3Ato  3D.  In  Figs.  3Ato  3D,  Xs  is  a  wavelength  indicating  the  presence  of 
a  packet,  Xe  a  wavelength  indicating  the  end  of  the  packet,  XD  the  wavelength  of  a  data  signal,  and  X̂ ,  and  X2 

40  and  X3  wavelengths  indicating  routing  information.  While  this  example  is  shown  to  employ  three-wavelengths, 
i.e.  three-stage  switch  structure,  it  is  possible  to  increase  the  number  of  stages  by  increasing  the  number  of 
essentially  different  wavelengths. 

A  description  will  be  given  first  of  the  arrangement  of  the  optical  switch  section  of  an  embodiment  of  the 
present  invention  which  performs  a  switching  operation  depending  on  the  presence  or  absence  of  an  optical 

45  control  signal  of  a  predetermined  wavelength  (hereinafter  referred  to  as  a  "routing  signal"). 

(1)  Optical  Switch  Section 

Fig.  4  is  a  schematic  diagram  of  the  optical  switch  section  of  a  light  triggering  type  switch  according  to 
so  one  embodiment  of  the  present  invention. 

Fig.  4  shows  an  example  in  which  the  packet  has  a  structure  in  which  a  routing  information  pulse  of  the 
wavelength  X-,  (where  i  =  1,  2,  3)  covers  the  entire  length  of  the  packet,  as  depicted  in  Figs.  3Aand  3B.  The 
optical  switch  section  of  this  embodiment  comprises  a  nonlinear  reflector  40,  a  branching  filter  41  ,  an  optical 
amplifier  42  and  an  optical  coupler  43.  Reference  numeral  44  indicates  an  optical  memory  section  described 

55  later,  which  has  incorporated  therein  a  feature  of  preferentially  providing  on  a  signal  line  45  an  earlier  one  of 
input  signals  from  channels  #1  and  #2  while  at  the  same  time  storing  the  other  input  signal  temporarily.  Paths 
of  optical  signals  are  indicated  by  thick  lines.  The  nonlinear  reflector  40  totally  reflects  signal  light  when  its 
intensity  is  markedly  high  but  permits  the  passage  therethrough  of  the  signal  light  when  its  intensity  is  low. 

3 
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This  reflector  can  be  obtained  using  a  semiconductor  crystal  of  a  large  nonlinearity  constant,  semiconductor- 
doped  glass,  or  an  oxide  such  as  ZnO. 

Although  this  embodiment  is  shown  to  utilize  reflection  at  the  surface  of  the  material  forming  the  reflector, 
it  is  also  possible  to  employ  a  waveguide  type  optical  switch  disclosed  in  European  Patent  Application 

5  88300488.9  (publication  No.  0279520)  filed  by  Kokusai  Denshin  Denwa  Kabushiki  Kaisha. 
This  embodiment  operates  in  the  following  manner:  Where  a  packet  input  from  the  channel  #1  or  #2  con- 

tains  a  routing  pulse  of  the  wavelength  X-,  (where  i  =  1  ,  2  or  3),  the  pulse  is  branched  by  the  branching  filter  41 
for  the  wavelength  X-,  and  amplified  by  the  optical  amplifier  42  for  the  wavelength  X-,.  The  amplified  output  is 
provided  again  on  the  initial  signal  line  45  by  the  optical  coupler  43  and  applied  to  the  nonlinear  reflector  40. 

10  In  this  instance,  since  the  pulse  of  the  wavelength  X-,  has  been  amplified  to  a  sufficiently  high  light  intensity, 
the  nonlinear  reflector  40  becomes  totally  reflecting;  so  that  subsequent  signals  in  the  packet  are  all  provided 
to  a  channel  #3.  Since  the  pulse  of  the  wavelength  X-,  (X-,  pulse)  ends  at  the  same  time  as  the  packet  is  entirely 
reflected  to  the  channel  #3,  the  nonlinear  reflector  40  automatically  returns  to  its  initial  non-reflecting  state. 
On  the  other  hand,  when  the  packet  does  not  contain  the  X-,  pulse,  the  nonlinear  reflector  40  remains  unchanged 

15  and  permits  the  passage  therethrough  of  all  signals  of  the  packet  to  a  channel  #4.  In  this  way,  the  switching 
operation  is  selectively  carried  out  depending  on  whether  the  X-,  pulse  is  contained  in  the  packet. 

Fig.  5  illustrates  another  embodiment  of  the  optical  switch  section  according  to  the  present  invention,  which 
is  applied  to  the  packet  structure  depicted  in  Fig.  3C.  The  packet  shown  in  Fig.  3C  includes  a  packet  presence 
pulse  of  the  wavelength  Xs  in  the  header  portion  and  each  routing  pulse  of  the  wavelength  X-,  (where  i  =  1  ,  2, 

20  3)  followed  by  a  data  signal  of  the  wavelength  XD  and  the  packet  end  pulse.  In  this  case,  since  the  duration  of 
the  routing  pulse  is  short,  a  semiconductor  laser  46  which  responds  to  light  of  the  wavelength  X-,  to  oscillate 
and  emit  continuous  high-intensity  light  of  a  wavelength  XLD  is  employed  in  place  of  the  optical  amplifier  42 
for  the  X;  pulse  shown  in  Fig.  4. 

As  is  the  case  with  the  previous  embodiment  shown  in  Fig.  4  the  output  light  of  the  semiconductor  laser 
25  46  is  provided  on  the  signal  line  45  by  the  optical  coupler  43,  putting  the  nonlinear  reflector  40  into  its  totally 

reflecting  state.  When  the  packet  is  provided  at  channels  #3  or  #4  depending  on  whether  it  contains  the  routing 
pulse  X-„  the  packet  end  pulse  of  the  wavelength  Xe  is  branched  by  a  branching  filter  47  or  47'  therefor  and 
subjected  to  a  photoelectric  conversion  by  a  photodetector48  or  48',  and  the  converted  output  is  applied  to  a 
normally-ON  type  FET  switch  49  on  a  power  supply  line  to  the  semiconductor  laser  46,  turning  OFF  the  switch 

30  49.  By  this,  the  power  supply  to  the  semiconductor  laser  46  is  temporarily  stopped  and  at  the  same  time  its 
oscillation  is  also  stopped,  allowing  the  nonlinear  reflector  40  to  be  restored  to  its  initial  state.  The  output  light 
of  semiconductor  laser  46  is  provided  also  to  the  channel  #3,  but  this  is  unnecessary  at  subsequent  stages, 
and  hence  is  removed  by  a  branching  filter  50  for  the  wavelength  XLD.  Incidentally,  thin  lines  are  paths  of  electric 
signals,  and  this  applies  to  the  following  description. 

35  Fig.  6  illustates  a  further  embodiment  of  the  optical  switch  section  according  to  the  present  invention,  which 
is  applied  to  the  packet  structure  shown  in  Fig.  3D  in  which  routing  pulses  are  included  in  the  packet  head 
portion  but  the  packet  presence  pulse  (Xs)  is  long  enough  to  cover  the  entire  length  of  the  packet.  This  em- 
bodiment  is  identical  with  the  embodiment  of  Fig.  5  in  the  mechanism  of  actuating  the  nonlinear  reflector  40 
but  differs  therefrom  in  that  the  packet  presence  pulse  Xs  is  branched  by  a  branching  filter  51  and  subjected 

40  to  a  photoelectric  conversion  by  a  photodetector  52,  turning  ON  a  normally-OFF  type  FET  switch  53  on  the 
power  supply  line  to  the  semiconductor  laser  46.  Accordingly,  when  the  routing  pulse  X-,  signal  is  included  in 
the  routing  pulses,  the  semiconductor  laser  46  is  caused  by  the  injection  thereinto  of  light  to  oscillate,  by  which 
the  non-linear  reflector  40  is  altered  to  the  totally  reflecting  state,  outputting  therethrough  the  packet  to  the 
channel  #3.  When  the  pulse  X-,  is  not  present,  the  packet  will  pass  through  the  nonlinear  reflector  40  to  the 

45  channel  #4. 
The  above  embodiments  of  Figs.  4  and  5  have  been  described  to  use  the  nonlinear  reflector  40  as  the 

optical  switching  element.  A  light  triggering  switch  can  also  be  implemented  using  an  electrically-controlled 
type  optical  switching  element.  Figs.  7,  8  and  9  illustrate  examples  employing  an  electrically-controlled  type 
optical  switching  element,  corresponding  to  the  embodiments  of  Figs.  4,  5  and  6,  respectively.  Reference  nu- 

50  meral  54  indicates  the  electrically-controlled  type  optical  switch,  and  the  degree  of  coupling  between  direc- 
tional  coupling  waveguides  or  total  reflection  at  the  crossing  portion  of  crossing  waveguides,  formed  on  a  fer- 
roelectric  substrate  as  of  LiNb03  or  semiconductor  substrate,  is  controlled  by  an  electric  signal.  That  is  to  say, 
the  routing  pulse  (Xj)  is  branched  and  converted  to  an  electric  signal,  which  is  used  to  turn  ON  and  OFF  the 
power  supply  to  the  optical  switch,  thereby  switching  the  packet  between  the  channels  #3  and  #4.  Reference 

55  numeral  55  indentif  ies  a  flip-flop,  which  is  turned  ON  by  a  signal  applied  to  its  white-circled  terminal  and  OFF 
by  a  signal  to  its  black-circled  terminal. 

The  operation  timing  of  the  optical  switching  element  and  the  timing  of  optical  signals  of  the  packet  are 
obtained  mainly  by  optimizing  the  length  of  the  optical  signal  line  45  formed  of  an  optical  fiber.  Further,  each 

4 
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control  signal  can  be  obtained  simply  by  branching  a  portion  of  light  of  each  of  the  wavelength  Xs,  X-,  and  Xe, 
and  accordingly,  all  information  is  maintained  unchanged  and  propagated  to  the  subsequent  stages.  An  optical 
amplifier  may  also  be  provided  additionally,  if  required. 

Next,  the  optical  memory  section  according  to  the  present  invention  will  be  described. 
5 

(2)  Optical  Memory  Section 

Fig.  10  illustrates  an  embodiment  of  the  optical  memory  section  according  to  the  present  invention.  This 
embodiment  is  applied  to  the  packet  structures  shown  in  Figs.  3Aand  3D  in  which  the  packet  presence  pulse 

10  of  the  wavelength  Xs  covers  the  entire  length  of  the  packet,  and  the  passage  of  a  higher-priority  packet  and 
the  storing  and  resending  of  a  lower-priority  packet  are  controlled  in  accordance  with  the  presence  or  absence 
of  the  wavelength  Xs.  Reference  numerals  60,  60',  61  and  61'  designate  Xs  pulse  optical  amplifiers,  62  and  62' 
nonlinear  reflectors,  63  and  63'  Xs  pulse  branching  filters,  65  and  65'  photodetectors,  64  and  64'  discrimination 
circuits  each  of  which  outputs  an  electric  signal  only  when  the  input  electric  signal  thereto  has  a  level  inter- 

15  mediate  between  predetermined  upper  (U)  and  lower  (L)  levels,  66,  66',  67  and  67'  normally-ON  type  FET 
switches,  69  and  69'  main  optical  signal  lines,  70  and  70'  optical  loop  lines,  71,  71'  and  72  optical  couplers, 
and  45  an  optical  memory  output  line  connected  to  the  aforementioned  optical  switching  section.  Thick  lines 
are  optical  signal  lines  formed  mainly  of  optical  fibers  and  thin  lines  are  electric  signal  lines. 

Next,  a  description  will  be  given  of  the  principle  of  operation  of  the  optical  memory  section  in  this  embodi- 
20  ment. 

Now,  let  it  be  assumed  that  a  packet  #1  is  input  from  the  channel  #1  .  The  packet  presence  pulse  (of  the 
wavelength  Xs)  is  amplified  by  the  optical  amplifier  60  and  applied  to  the  nonlinear  reflector  62,  putting  it  into 
the  totally  reflecting  state.  Since  the  Xs  pulse  extends  overthe  entire  length  of  the  packet,  the  packet  is  reflected 
and  provided  via  the  optical  coupler  72  onto  the  optical  memory  output  line  45.  While  the  packet  #1  is  passing 

25  through  this  optical  switch  section,  a  portion  of  the  Xs  pulse  is  taken  out,  as  an  electric  signal,  by  the  Xs  pulse 
branching  filter  63  and  the  photodetector  65,  and  the  electric  signal  is  applied  to  the  normally-ON  type  FET 
switch  67'  to  turn  it  OFF;  so  that  the  amplification  degree  of  the  optical  amplifier  60'  for  the  Xs  pulse  on  the 
channel  #2  is  zero  or  minus.  Consequently,  even  if  a  packet  #2  is  input  from  the  channel  #2  at  this  time,  its 
packet  presence  pulse  (of  the  wavelength  Xs)  is  attenuated  and  the  nonlinear  reflector  62'  permits  the  passage 

30  therethrough  of  the  packet  accordingly.  As  a  result  of  this,  the  packet  #2  enters  the  optical  loop  line  70'  and 
goes  around  the  optical  loop  formed  by  the  main  optical  signal  line  69'  and  the  optical  loop  line  70'  and  hence 
is  stored  until  after  the  packet  #1  passes  through  the  optical  memory  section.  In  this  instance,  the  packet  pres- 
ence  pulse  Xs  is  amplified  by  the  optical  amplifier  61'  so  as  to  compensate  for  its  intensity  attenuated  by  the 
optical  amplifier  60'  in  the  OFF  state.  After  the  packet  #1  has  been  passed  through  the  optical  memory  section 

35  and  provided  on  its  output  line  45,  the  normally-ON  type  FET  switch  67'  is  turned  ON,  the  packet  presence 
pulse  of  the  packet  #2  is  amplified,  and  the  non-linear  reflector  62'  is  put  to  the  totally  reflecting  state,  whereby 
the  packet  #2  is  provided  on  the  optical  memory  output  line  45.  In  this  case,  to  prevent  that  the  optical  amplifier 
60'  is  turned  ON  during  the  passage  therethrough  of  the  packet  #2  and  interrupts  it,  a  portion  of  the  output  of 
the  photodetector  63'  is  descriminated  in  level  and  the  optical  amplifier  60'  is  turned  ON  only  before  or  after 

40  the  passage  therethrough  of  the  packet.  Accordingly,  when  the  channel  #2  is  in  the  ON  state,  the  functions  of 
the  channel  #1  and  the  channel  #2  are  reversed. 

While  this  embodiment  employs  the  nonlinear  reflectors  62  and  62',  it  is  also  possible  to  use  the  afore- 
mentioned  electrically-controlled  type  optical  switch  by  detecting  the  Xs  pulse  in  the  same  manner  as  in  Fig. 
7. 

45  Fig.  11  illustrates  anotherembodiment  of  the  optical  memory  section  of  an  embodiment  of  an  optical  packet 
switching  system  according  to  the  present  invention,  which  is  applied  to  the  packet  structure  having  the  packet 
presence  pulse  (of  the  wavelength  Xs)  at  the  head  thereof  and  the  packet  and  pulse  (of  the  wavelength  Xe)  at 
the  end  thereof,  as  depicted  in  Fig.  3B  or  3C. 

Reference  numerals  80  and  80'  identify  electrically-controlled  type  optical  switches,  81,  81',  82  and  82' 
so  xs  pulse  branching  filters,  83  and  83'  Xe  pulse  branching  filters,  84,  84',  85,  85',  86  and  86'  photodetectors, 

87,  87',  88,  88',  89  and  89'  flip-flops  (each  of  which  is  turned  ON  by  a  signal  applied  to  the  white  circled  terminal 
and  OFF  by  a  signal  applied  to  the  black-circled  terminal),  and  90  and  90'  normally-ON  type  FET  switches. 

The  principle  of  operation  of  this  embodiment  is  as  follows:  When  a  packet  #1  is  input  from  the  channel 
#1,  the  packet  presence  pulse  (of  the  wavelength  Xs)  turns  OFF  the  flip-flop  88  via  the  branching  filter  81  and 

55  the  photodetector  84.  Further,  since  the  flip-flop  89  is  normally  OFF,  no  electrical  control  signal  is  applied  to 
the  optical  switch  80.  Accordingly,  the  packet  #1  passes  through  the  optical  switch  80  and  is  provided  on  the 
optical  memory  output  line  45  via  the  optical  coupler  72.  During  the  transmission  of  the  packet  #1  over  the 
main  optical  signal  line  69  the  Xs  pulse  of  the  packet  #1  is  provided  via  the  branching  filter  81  to  the  photode- 
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tector  84,  by  which  it  is  converted  into  an  electric  signal,  which  is  then  applied  to  the  flip-flop  87  to  turn  it  ON, 
and  further  the  electric  signal  is  provided  via  the  normally-ON  type  FET  switch  90  to  the  flip-flop  89'  to  turn 
it  ON,  thus  switching  the  optical  switch  80'  on  the  channel  #2  to  the  ON  state  in  which  it  inhibits  the  passage 
therethrough  of  the  input  optical  signal.  Accordingly,  even  if  a  packet  #2  is  input  from  the  channel  #2  after  the 

5  packet  #1  from  the  channel  #1,  the  former  is  bypassed  to  the  optical  loop  line  70'  and  circulates  around  the 
optical  loop  composed  of  the  main  optical  signal  line  69'  and  the  optical  loop  70'  on  the  channel  #2;  namely, 
the  packet  #2  is  stored.  Upon  detecting  the  packet  end  pulse  (of  the  wavelength  Xe)  of  the  packet  #1  by  the 
branching  filter  83,  the  flip-flop  89'  is  turned  OFF.  When  the  Xs  pulse  of  the  packet  #2  circulating  around  the 
loop  is  detected  via  the  branching  filter  81',  the  flip-flop  88'  is  turned  OFF,  and  accordingly  the  packet  #2  is 

10  allowed  to  pass  through  the  optical  switch  80'  to  the  optical  memory  output  line  45.  In  order  to  prevent  that  the 
packet  #2  is  cut  off  by  the  switching  of  the  optical  switch  80'  from  the  ON  to  the  OFF  state  during  the  passage 
therethrough  of  the  packet,  the  Xs  pulse  branching  filter  82'  is  provided  directly  in  association  with  the  optical 
switch  80',  by  which  the  optical  switch  80'  is  kept  in  the  ON  state  while  the  packet  #2  passes  therethrough  in 
that  state.  When  the  application  of  the  packet  #2,  stored  in  the  optical  loop,  to  the  optical  memory  output  line 

15  45  is  started,  the  functions  of  the  #1  channel  and  the  #2  channel  are  exchanged. 
The  ON-OFF  operation  of  each  element  in  the  optical  memory  section  and  the  timing  of  the  packet  optical 

signals  are  obtained  by  optimizing  the  lengths  of  the  main  optical  signal  lines  69  and  69'  and  the  optical  loop 
lines  70  and  70'  each  of  which  is  formed  by  an  optical  fiber. 

20 
T a b l e   1 

O p t i c a l   S w i t c h   S e c t i o n  
O p t i c a l   Memory  
S e c t i o n   F i g s .   4&7  F i g s .   5&8  F i g s .   6&9 

F i g .   10  3A  -  3D 

F i g .   11  3B  3C 

Table  1  shows  combinations  of  the  above-described  optical  switch  and  optical  memory  sections  which  are 
applicable  to  the  packet  structures  depicted  in  Figs.  3Ato  3D.  In  the  systems  of  any  combinations  a  portion 

35  of  each  of  the  packet  presence  signal,  the  routing  signal  and  the  packet  end  signal  is  subjected  to  the  photo- 
electric  conversion,  but  their  original  signals  are  transmitted  intact  to  the  subsequent  stage,  and  since  the  high- 
speed  data  signal  is  not  subjected  at  all  to  the  photoelectric  conversion,  the  high-speed  property  of  light  is  fully 
utilized.  In  the  packet  structures  shown  in  Figs.  3C  and  3D,  the  respective  routing  pulses  may  be  multiplexed 
so  that  they  appear  in  the  same  time  slot. 

40  The  light  source  for  the  optical  packet  switching  system  according  to  the  present  invention  is  implemented 
by  an  arrangement  such,  for  example,  as  shown  in  Fig.  12,  in  which  single-wavelength  distributed  feedback 
(DFB)  semiconductor  lasers  100,  which  operate  at  different  wavelengths,  are  integrated  in  a  monolithic  form 
and  their  optical  outputs  are  multiplexed  via  low-loss  waveguides  101.  Reference  numeral  102  indicates  an 
integrated  circuit  including  a  circuit  for  adjusting  the  timing  for  the  power  supply  to  each  laser  so  that  each  pack- 

45  et  structure  shown  in  Figs.  3A  to  3D  is  obtained. 
As  described  above,  according  to  the  present  invention,  the  packet  signal,  which  is  transferred  as  an  optical 

signal,  can  be  switched  intact  without  its  conversion  to  an  electrical  signal;  namely,  the  present  invention  does 
not  involve  the  photoelectric  conversion,  and  hence  simplifies  the  arrangment  of  the  switching  system  and  per- 
mits  high-speed  packet  switching  which  takes  full  advantage  of  the  high-speed  property  of  light. 

so  As  described  above,  the  present  invention  implements  a  light  triggering  switch  in  which  an  optical  control 
signal  of  a  predetermined  wavelength  is  taken  out  by  an  optical  switch  section  which  switches  an  optical  path 
in  accordance  with  the  presence  or  absence  of  an  optical  signal  of  a  predetermined  wavelength  and  no  opto- 
electro  conversion  is  needed  for  a  wide  band  optical  signal  of  a  wavelength  different  from  that  of  the  optical 
control  signal.  Furthermore,  a  high-speed  packet  switching  network  or  wide-band  integrated  communication 

55  network  can  be  constructed  using  a  plurality  of  light  triggering  switches,  each  comprising,  in  combination,  the 
optical  switch  section  and  an  optical  memory  section  which  is  controlled  to  pass  therethrough  or  store  therein 
the  optical  signal  in  accordance  with  the  optical  control  signal;  therefore,  the  present  invention  is  of  great  prac- 
tical  utility. 
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Claims 

1.  Alight  triggering  switch  for  switching  a  packet  of  a  wide  band  optical  information  signal  applied  to  an  input 
optical  path  (45)  to  a  desired  one  of  a  plurality  of  output  optical  paths  (#3,#4),  said  light  triggering  switch 

5  comprising  an  optical  switch  located  at  an  intersection  portion  of  the  input  optical  path  (45)  and  the  output 
optical  paths  (#3,#4), 

characterised  in  that  said  optical  switch  comprises: 
branching  means  (41  )  adapted  to  branch  from  said  input  optical  path  a  further  optical  signal  which 

is  in  association  with  said  optical  information  signal  on  said  input  optical  path  and  comprises  at  least  one 
10  predetermined  wavelength  (X̂ ,X2,X3)  different  from  the  wavelength  band  (XD)  of  said  optical  information 

signal; 
converting  means  comprising  optical  amplifying  means  (42,46)  adapted  to  convert  said  further  opt- 

ical  signal  into  an  optical  control  signal,  and 
switching  means  comprising  a  non-linear  reflector  (40)  adapted  to  direct  the  passage  of  each  pack- 

is  et  of  said  optical  information  signal  to  a  respective  one  or  more  output  optical  paths  (#3,#4)  in  accordance 
with  the  presence  or  absence  of  said  optical  control  signal. 

2.  A  switch  according  to  claim  1  wherein  said  optical  amplifying  means  comprise  an  optical  amplifier  (42). 

20  3.  Aswitch  according  to  claim  1  wherein  said  optical  amplifying  means  comprise  a  semiconductor  laser  (46). 

4.  A  switch  according  to  claim  3  further  comprising  a  further  branching  means  (51)  adapted  for  branching 
from  said  input  optical  path  (45),  an  optical  signal  indicating  the  presence  of  the  packet  for  turning  ON 
said  laser  (46). 

25  5.  Aswitch  according  to  claim  3  further  comprising  a  further  branching  means  (48,48')  adapted  for  branching 
from  a  respective  one  of  the  output  optical  paths  (#3,#4),  an  optical  signal  indicating  the  end  of  said  packet 
for  turning-OFF  said  laser  (46). 

6.  Aswitch  as  claimed  in  any  preceding  claim,  characterised  by  the  provision  of  an  optical  memory  section 
30  (44)  at  the  preceding  stage  of  the  input  optical  path  (45),  which  memory  section  being  adapted  to  store 

one  packet  of  the  wide-band  optical  information  signal  and  the  further  optical  signal  when  said  one  packet 
has  no  priority  in  comparison  with  a  packet  currently  being  supplied  to  the  input  optical  path  (45). 

35  Patentanspruche 

1.  Licht-Triggerungsschalter  zum  Schalten  eines  Packs  eines  optischen  Breitbandinformationssignals,  das 
auf  einen  optischen  Inputweg  (45)  zu  einem  gewunschten  einer  Vielzahl  von  optischen  Outputwegen  (#3, 
#4)  gebracht  wird,  wobei  der  Licht-Triggerungsschalter  einen  optischen  Schalter  umfalit,  der  an  einem 

40  Kreuzungsbereich  des  optischen  Inputweges  (45)  und  des  optischen  Outputweges  (#3,  #4)  angeordnet 
ist,  dadurch  gekennzeichnet,  dali  der  optische  Schalter  umfalit: 
Verzweigungsmittel  (41)  geeignet  zum  Abzweigen  eines  weiteren  optischen  Signals  vom  optischen  In- 
putweg,  das  in  Verbindung  ist  mit  dem  optischen  Inputsignal  auf  dem  optischen  Inputweg  und  mindestens 
eine  bestimmte  Wellenlange  (X̂ ,  X2,  X3)  umfalit,  die  sich  vom  Wellenlangenband  (XD)  des  optischen  In- 

45  formationssignals  unterscheidet, 
Konvertierungsmittel  umfassend  optische  Verstarkermittel  (42,46)  geeignet  zum  Konvertieren  des  wei- 
teren  optischen  Signals  in  ein  optisches  Kontrollsignal  und 
Schaltmittel  umfassend  einen  nichtlinearen  Reflektor(40)  geeignet  zum  Ausrichten  des  Durchtritts  jedes 
Packs  der  optischen  Informationssignale  zu  einem  oder  mehreren  von  entsprechenden  optischen  Out- 

50  putwegen  (#3,  #4)  gemali  dem  Vorhandensein  oder  Fehlen  des  optischen  Kontrollsignals. 

2.  Schalter  nach  Anspruch  1,  worin  die  optischen  Verstarkungsmittel  einen  optischen  Verstarker  (42)  um- 
fassen. 

55  3.  Schalter  nach  Anspruch  1,  worin  die  optischen  Verstarkungsmittel  einen  Halbleiterlaser  (46)  umfassen. 

4.  Schalter  nach  Anspruch  3  ferner  umfassend  ein  weiteres  Verzweigungsmittel  (51)  geeignet  zum  Abzwei- 
gen  eines  optischen  Signals,  das  das  Vorhandensein  des  Packs  zum  Anschalten  des  Lasers  (46)  anzeigt, 

7 



EP  0  313  388  B1 

10 

vom  optischen  Inputweg  (45). 

Schalter  nach  Anspruch  3  ferner  umfassend  ein  weiteres  Verzweigungsmittel  (48,  48')  geeignet  zum  Ab- 
zweigen  eines  optischen  Signals,  das  das  Ende  des  Packs  zum  Ausschalten  des  Lasers  (46)  anzeigt,  von 
einem  entsprechenden  der  optischen  Outputwege  (#3,  #4). 

Schalter  nach  einem  der  vorhergehenden  Anspruche,  gekennzeichnet  durch  Anordnung  einer  optischen 
Speichersektion  (44)  bei  der  vorhergehenden  Stufe  des  optischen  Inputweges  (45),  wobei  die  Speicher- 
sektion  geeignet  ist,  ein  Pack  von  optischen  Breitbandinformationssignalen  zu  speichern  und  das  weitere 
optische  Signal,  wenn  das  eine  Pack  im  Vergleich  zu  einem  gerade  dem  optischen  Inputweg  (45)  zuge- 
fuhrten  Pack  keine  Prioritat  besitzt. 

15 

20 

25 

30 

Revendications 

15 
1  .  Commutateur  a  declenchement  par  lumiere  permettant  de  commuter  un  paquet  d'un  signal  d'information 

optique  a  large  bande  applique  a  une  voie  optique  d'entree  (45)  a  I'une  souhaitee  d'une  pluralite  de  voies 
optiques  de  sortie  (#3,  #4),  ledit  commutateur  a  declenchement  par  lumiere  comprenant  un  commutateur 
optique  situe  au  niveau  d'une  partie  d'intersection  de  la  voie  optique  d'entree  (45)  et  des  voies  optiques 

20  de  sortie  (#3,  #4), 
caracterise  en  ce  que  ledit  commutateur  optique  comprend  : 
un  moyen  d'aiguillage  (41)  concu  pour  aiguiller  a  partir  de  ladite  voie  optique  d'entree,  un  signal 

optique  supplemental  qui  est  associe  audit  signal  d'information  optique  sur  ladite  voie  optique  d'entree 
et  qui  comprend  au  moins  une  longueur  d'onde  predeterminee  (X̂ ,  X2,  X3)  differente  de  la  bande  de  lon- 

25  gueur  d'onde  (Xd)  dudit  signal  d'information  optique  ; 
un  moyen  de  conversion  comprenant  un  moyen  d'amplification  optique  (42,46)  concu  pour  conver- 

ts  ledit  signal  optique  supplemental  en  un  signal  de  commande  optique,  et 
un  moyen  de  commutation  comprenant  un  ref  lecteur  non  lineaire  (40)  concu  pourdirigerle  passage 

de  chaque  paquet  dudit  signal  d'information  optique  vers  I'une  respective  ou  plus  des  voies  optiques  de 
30  sortie  (#3,  #4)  en  fonction  de  la  presence  ou  de  I'absence  dudit  signal  de  commande  optique. 

2.  Commutateur  selon  la  revendication  1  ,  dans  lequel  ledit  moyen  d'amplification  optique  comprend  un  am- 
plif  icateur  optique  (42). 

3.  Commutateur  selon  la  revendication  1  ,  dans  lequel  ledit  moyen  d'amplification  optique  comprend  un  laser 
35 semiconducteur  (46). 

4.  Commutateur  selon  la  revendication  3,  comprenant  en  outre  un  moyen  d'aiguillage  supplementaire  (51) 
concu  pour  aiguiller,  a  partir  de  ladite  voie  optique  d'entree  (45),  un  signal  optique  indiquant  la  presence 
du  paquet  pour  la  mise  en  fonction  nement  dudit  laser  (46). 

40 
5.  Commutateur  selon  la  revendication  3,  comprenant  en  outre  un  moyen  d'aiguillage  supplementaire  (48, 

48')  concu  pouraiguiller,  a  partir  de  I'une  respective  des  voies  optiques  de  sortie  (#3,  #4),  un  signal  optique 
indiquant  I'extremite  dudit  paquet  pour  mettre  hors  service  ledit  laser  (46). 

45  6.  Commutateur  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  par  I'existence  d'une 
section  de  memoire  optique  (44)  au  niveau  de  I'etage  precedent  de  la  voie  optique  d'entree  (45),  cette 
section  de  memoire  etant  concue  pour  stacker  un  paquet  du  signal  d'information  optique  a  large  bande 
et  du  signal  optique  supplementaire  lorsque  ledit  paquet  unique  n'est  pas  prioritaire  par  rapport  a  un  pa- 
quet  actuellement  transmis  a  la  voie  optique  d'entree  (45). 

50 
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