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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  generally  to  an  opt- 
ical  communication  system  and,  more  particularly,  to 
an  optical  communication  system  in  which  an  optical 
amplifier  is  disposed  midway  along  a  transmission 
channel  or  at  one  end  thereof. 

The  present  invention  also  relates  to  an  optical 
communication  system  which  provides  optical  com- 
munication  through  an  optical  communication  chan- 
nel  provided  with  at  least  one  optical  differential  gain 
amplifier. 

Description  of  the  Related  Art 

In  an  optical  communication  system  of  the  type 
which  utilizes  an  optical  fiber  as  an  optical  transmis- 
sion  channel  or,  optical  spatial  propagation,  as  an  opt- 
ical  transmission  channel,  the  attenuation  of  an  opti- 
cal  signal  over  the  transmission  channel  leads  to  a 
deterioration  in  the  signal/noise  ratio  (S/N  ratio)  of  the 
optical  receiver.  The  result  is  deterioration  in  the  qual- 
ity  of  the  received  signal  and  impairment  of  the  reli- 
ability  of  the  optical  transmission  itself.  For  this  rea- 
son,  the  attenuation  of  the  optical  signal  presents  sig- 
nificant  problems. 

To  cope  with  the  above  problems,  one  method  is 
considered.  In  this  method,  an  optical  fiber  whose  at- 
tenuation  of  optical  signals  is  reduced  is  used  as  an 
optical  transmission  channel,  and  an  optical  amplifier 
is  disposed  midway  along  the  optical  fiber  so  as  to 
amplify  and  retransmit  the  signal  light. 

Fig.  6  shows  a  conventional  type  of  optical  com- 
munication  system  provided  with  such  an  optical  am- 
plifier. 

As  shown  in  Fig.  6,  the  conventional  optical  com- 
munication  system  is  arranged  so  that  a  transmitted 
digital  signal  5  is  input  to  a  laser  driving  circuit  12.  A 
semiconductor  laser  13  is  turned  on  or  off  in  accor- 
dance  with  whether  the  value  of  the  transmitted  dig- 
ital  signal  5  is  a  "1"  or  a  "0".  A  laser  light  signal,  which 
is  emitted  when  the  semiconductor  laser  13  is  on,  is 
transmitted  to  an  optical  amplifier  43  over  an  optical 
f  iber41  .  The  optical  amplifier  43  amplifies  the  light  in- 
tensity  which  has  been  attenuated  due  to  transmis- 
sion  over  the  optical  fiber  41,  and  assures  the  re- 
quired  light  intensity.  The  light  output  from  the  optical 
amplifier  43  is  transmitted  over  an  optical  fiber  42 
and  is  incident  on  an  optical  detector  21.  The  incident 
light  is  converted  by  the  optical  detector  21  into  an 
electrical  signal  corresponding  to  the  incident  light  in- 
tensity.  The  received  light  signal  is  amplified  and  de- 
livered  as  a  received  signal  6  by  an  amplifier  22.  In 
Fig.  6,  there  are  also  shown  examples  of  transmission 

signal  waveforms. 
However,  the  optical  amplifier  43  used  in  the 

aforesaid  conventional  optical  communication  sys- 
tem  entails  a  number  of  problems.  For  example,  the 

5  optical  amplifier  43  not  only  effects  optical  amplifica- 
tion  of  signal  light  but  also  outputs  high-level  sponta- 
neous  emission  due  to  direct  current  excitation.  The 
result  is  a  deterioration  in  the  S/N  ratio  or  the  quench- 
ing  ratio  due  to  spontaneous  emission  and  it  has, 

10  therefore,  been  impossible  to  realize  satisfactory 
transmission  quality. 

More  specifically,  the  signal  output  from  the  opt- 
ical  amplifier  43  encounters  the  following  problems: 
1)  The  degree  of  optical  modulation  (on-off  ratio)  de- 

ls  teriorates  with  respect  to  the  input  light.  2)  So-called 
beat  noise  occurs  due  to  interference  between  the  in- 
put  signal  light  and  the  high-level  spontaneous  emis- 
sion  due  to  direct  current  excitation,  and  this  leads  to 
a  deterioration  in  the  S/N  ratio. 

20 
SUMMARY  OF  THE  INVENTION 

It  is,  therefore,  an  object  of  the  present  invention 
to  provide  an  optical  communication  system  which  is 

25  capable  of  providing  received  signals  of  improved 
quality  by  eliminating  any  deterioration  in  S/N  ratio 
and  any  deterioration  of  the  degree  of  modulation  of 
signal  light  due  to  spontaneous  emission  from  an  opt- 
ical  amplifier. 

30  According  to  the  invention  this  object  is  accom- 
plished  by  an  optical  communication  system,  com- 
prising:  optical  output  means  for  emitting  an  optical 
output  corresponding  to  a  digital  output  signal;  receiv- 
ing  means  for  receiving  said  optical  output  emitted 

35  from  said  optical  output  means;  an  optical  communi- 
cation  channel  made  of  an  optical  transmission  chan- 
nel  for  transmitting  said  optical  output  emitted  from 
said  optical  output  means  to  said  receiving  means; 
said  optical  communication  system  being  character- 

40  ized  in  that  at  least  one  optical  bistable  element  is  dis- 
posed  along  said  optical  communication  channel; 
whereby  optical  communication  is  provided  through 
said  optical  communication  channel. 

The  optical  bistable  element  can  be  an  optical  dif- 
45  ferential  gain  amplifier  having  the  differential-gain 

type  optical  input/output  characteristic  of  providing 
spontaneous  emission  of  extremely  reduced  intensity 
according  to  a  digital  signal  value  "0"  and  output  light 
of  extremely  increased  intensity  according  to  a  digital 

so  signal  value  "1".  In  the  above  arrangement,  the  opti- 
cal  differential  gain  amplifier  is  an  oscillation  type  dif- 
ferential  gain  amplifier  whose  optical  threshold  is  set 
to  an  intermediate  approximate  intensity  between  the 
values  "1"  and  "0"  of  optical  digital  signals.  The  ar- 

55  rangement  outputs  a  weak  spontaneous  emission  in 
response  to  an  optical  digital  signal  denoting  a  "0"  and 
high-intensity  laser  light  in  response  to  an  optical  dig- 
ital  signal  denoting  a  "1",  thereby  eliminating  any  de- 
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terioration  in  S/N  ratio  and  quenching  ratio  due  to 
spontaneous  emission,  as  with  a  progressive  type  of 
optical  amplifier,  and  providing  improved  transmis- 
sion  quality. 

The  above  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  be  apparent 
from  the  following  description  of  preferred  embodi- 
ments  of  the  invention  with  reference  to  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  conceptual  diagram  of  an  example  of 
an  optical  communication  system; 
Fig.  2  is  a  diagram  showing  the  waveforms  of  an 
electrical  signal  and  an  optical  signal,  taken  at  the 
points  A-E  of  Fig.  1; 
Fig.  3  is  a  conceptual  diagram  of  an  optical  com- 
munication  system  according  to  a  first  embodi- 
ment  of  the  present  invention; 
Fig.  4  is  a  conceptual  diagram  of  an  optical  com- 
munication  system  according  to  a  second  em- 
bodiment  of  the  present  invention; 
Fig.  5  is  a  conceptual  diagram  showing  in  detail 
the  structure  of  a  bistable  element  according  to 
the  second  embodiment  of  the  present  invention; 
and 
Fig.  6  is  a  conceptual  diagram  showing  a  conven- 
tional  type  of  optical  communication  system. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Embodiments  of  the  present  invention  will  be  de- 
scribed  in  detail  below  with  reference  to  the  accom- 
panying  drawings. 

Fig.  1  is  a  block  diagram  of  an  example  of  an  opt- 
ical  communication.  The  illustrated  example  essen- 
tially  comprises  an  optical  transmitter  1  ,  an  optical  re- 
ceiver  2,  an  optical  amplifier  3  and  optical  fibers  41 
and  42  serving  as  optical  transmission  channels.  A 
transmitted  signal  and  a  received  signal  are  denoted 
by  5  and  6,  respectively. 

The  optical  transmitter  1  includes  a  mixer  1  0,  a  lo- 
cal  oscillator  11  for  generating  a  subcarrier  signal  as 
a  predetermined  high-frequency  signal,  a  laser  driv- 
ing  circuit  12forturning  on  or  off  a  semiconductor  las- 
er  13  in  accordance  with  whether  the  input  signal  is  a 
"1  "  or  a  "0",  and  the  semiconductor  laser  1  3.  The  light 
emitted  from  the  semiconductor  laser  13  is  made  in- 
cident  upon  the  optical  fiber  41  and  transmitted  to  the 
optical  amplifier  3  therethrough. 

The  optical  receiver  2  comprises  the  following 
major  elements:  an  optical  detector  21  made  from,  for 
example,  a  PIN  type  photodiode  for  converting  the  in- 
cident  light  from  the  optical  fiber  42  into  a  correspond- 
ing  electrical  signal;  an  amplifier  22  for  amplifying  the 
electrical  signal  from  the  optical  detector  21;  a  band- 

pass  filter  23  having  a  center  frequency  equal  to  the 
frequency  of  the  subcarrier  signal  generated  from  the 
local  oscillator  11;  and  a  detector  24. 

The  traveling  wave  semiconductor  amplifier  dis- 
5  closed  in  Japanese  Patent  Publication  No.  57/6715 

may  be  suitably  used  for  the  optical  amplifier  3  in  the 
example. 

The  operation  of  the  example  having  the  afore- 
said  arrangement  will  be  explained  below  with  refer- 

10  ence  to  Fig.  2. 
Fig.  2  is  a  conceptual  diagram  showing  the  wa- 

veforms  of  the  electrical  or  optical  signals  provided  at 
the  points  shown  at  A,  B,  C,  D  and  E  in  Fig.  1. 

The  transmitted  signal  5  provided  at  point  A, 
15  which  is  a  binary  signal  denoting  "1  "  or  "0"  according 

to  the  data  transmitted,  is  input  to  the  optical  trans- 
mitter  1  in  the  form  shown  in,  for  example,  part  A  of 
Fig.  2.  The  mixer  10  mixes  the  transmitted  signal  5 
with  the  subcarrier  signal  of  a  predetermined  frequen- 

20  cy  (high  frequency)  which  is  generated  from  the  local 
oscillator  11,  thereby  providing  the  modulated  signal 
shown  in  part  B  of  Fig.  2.  This  modulated  signal  is  in- 
put  to  the  laser  driving  circuit  12.  The  laser  driving  cir- 
cuit  12  turns  on  or  off  the  semiconductor  laser  13  in 

25  accordance  with  the  modulated  signal,  thereby  mod- 
ulating  an  optical  signal  output.  As  is  known,  since  the 
semiconductor  laser  13  emits  light  only  when  a  for- 
ward  voltage  is  applied,  the  optical  output  from  the 
semiconductor  laser  13  is  as  shown  in  part  C  of  Fig. 

30  2.  The  light  emitted  from  the  semiconductor  laser  13 
propagates  down  the  optical  fiber  41  to  the  optical 
amplifier  3.  The  optical  amplifier  3  amplifies  the  inci- 
dent  light  to  light  having  a  predetermined  intensity 
and  outputs  it  to  the  optical  fiber  42.  The  light  propa- 

35  gates  over  the  optical  fiber  42  to  the  optical  detector 
21  of  the  optical  receiver  2. 

The  light  incident  on  the  optical  detector  21  is 
converted  into  an  electrical  signal  corresponding  to 
the  intensity  of  the  light  received  by  the  detector  21  . 

40  After  the  electrical  signal  has  been  amplified,  it  is 
transmitted  to  the  band-pass  filter  23.  The  band-pass 
filter  23  is,  as  described  above,  a  band-pass  filter 
having  a  predetermined  frequency  band  centered 
around  the  modulation  frequency  used  on  the  trans- 

45  mitterside  (or  frequency  of  the  subcarrier  signal  gen- 
erated  by  the  local  oscillator  11).  The  band-pass  filter 
23  eliminates  unwanted  signal  components  such  as 
noise  components  other  than  the  subcarrier  signal. 
The  subcarrier  signal  alone  is  transmitted  to  the  de- 

50  tector  24  for  the  purpose  of  envelope  detection,  and 
is  decoded  into  the  original  frequency  signal.  The  de- 
coded  signal  is  output  as  the  received  signal  6  shown 
in  part  E  of  Fig.  2  which  is  approximately  similar  to  the 
transmitted  signal  5. 

55  In  the  example,  spontaneous  emission  is  still 
combined  with  the  output  from  the  optical  amplifier  3, 
and  a  significant  influence  is  exerted  over  the  output 
from  the  optical  detector  21  .  As  a  result,  the  output 

3 
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from  the  optical  amplifier  22  deteriorates  in  the  de- 
gree  of  modulation  and  S/N  ratio  with  respect  to  the 
transmitted  signal  5.  However,  the  electrical  frequen- 
cy  spectrum  of  the  spontaneous  emission  from  the 
optical  amplifier  3  is  in  the  form  in  which  white  noise 
is  combined  with  direct  current,  and  even  after  the 
optical  signal  has  been  converted  into  an  electrical 
signal,  a  similar  form  of  frequency  spectrum  remains. 
Accordingly,  a  substantial  portion  of  the  noise  signal 
power  due  to  spontaneous  emission  does  not  pass 
through  the  band-pass  filter  23. 

In  contrast,  the  optical  signal  transmitted  from 
the  optical  transmitter  1  is  subjected  to  modulation 
using  the  subcarrier  signal  from  the  local  oscillator  11  , 
and  the  center  frequency  of  the  spectrum  is  coinci- 
dent  with  the  center  frequency  of  the  band-pass  filter 
23.  Thus,  this  modulated  signal  power  can  substan- 
tially  pass  through  the  band-pass  filter  23. 

Accordingly,  the  output  signal  from  the  band- 
pass  filter  23  is  of  improved  quality  which  is  free  from 
the  influence  of  spontaneous  emission  as  shown  in 
part  D  of  Fig.  2.  Therefore,  the  signal  obtained  by  en- 
velope-detection  of  the  signal  of  part  D  approximately 
coincides  with  the  input  signal  of  the  optical  transmit- 
ter  1  as  shown  in  part  E  of  Fig.  2,  whereby  output  sig- 
nals  which  excel  in  the  degree  of  modulation  and  S/N 
ratio  can  be  obtained. 

For  example,  although  the  optical  fiber  communi- 
cation  system  example,  although  the  optical  fiber 
communication  system  using  an  optical  fiber  as  its 
optical  transmission  channel  has  been  explained  in 
connection  with  Fig.  1,  the  arrangement  can  also  be 
applied  to  spatial  propagation  optical  communica- 
tions.  In  this  case,  it  suffices  to  provide  an  optical  am- 
plifier  at  at  least  either  the  output  of  the  optical  trans- 
mitter  or  the  input  of  the  optical  receiver. 

The  arrangement  of  Fig.  1  is  shown  as  a  unilateral 
communication  system  in  which  an  optical  transmitter 
is  disposed  on  one  side  of  a  transmission  channel 
with  an  optical  receiver  disposed  on  the  other  side  of 
the  transmission  channel.  The  arrangement  can  also 
be  applied  to  a  bilateral  communication  system  which 
has  an  optical  transmitter  and  an  optical  receiver  on 
each  end  of  the  transmission  channel  so  that  an  opt- 
ical  signal  is  separated  and  mixed  at  each  end  of  the 
transmission  channel. 

In  addition,  although  the  example  has  been  ex- 
plained  with  reference  to  the  communication  between 
two  points,  the  arrangement  can  also  be  effectively 
applied  to  a  so-called  optical  communications  net- 
work  in  which  communication  channels  are  provided 
among  three  points  or  more  to  realize  communica- 
tions  between  arbitrary  two  points  or  more  by  means 
of  exchange  or  the  like. 

The  example  has  been  explained  with  reference 
to  the  optical  communication  system  in  which  the  opt- 
ical  transmitter  is  provided  with  only  one  light  source. 
However,  it  is  apparent  that  the  arrangement  can  be 

applied  to  a  so-called  wavelength-multiplex  optical 
communication  system  in  which  the  optical  transmit- 
ter  is  provided  with  a  synthesizer  and  a  plurality  of 
light  sources  having  different  wavelengths,  while  the 

5  optical  receiver  is  provided  with  a  wavelength  divider, 
so  that  a  plurality  of  signals  are  communicated  at  the 
same  time. 

It  will  be  appreciated  from  the  foregoing  that,  ac- 
cording  to  the  example,  there  is  provided  an  optical 

10  communication  system  employing  an  optical  amplifi- 
er,  which  system  can  achieve  improved  transmission 
quality  by  eliminating  any  deterioration  in  S/N  ratio 
and  any  deterioration  of  the  degree  of  modulation  due 
to  spontaneous  emission  from  the  optical  amplifier  by 

15  means  of  a  simplified  arrangement.  This  arrange- 
ment  is  constructed  to  multiplex  an  input  signal  with 
a  subcarrier  signal  and  transmit  the  modulated  signal, 
filter  the  received  signal  by  means  of  a  band-pass  fil- 
ter  having  a  center  frequency  approximately  equal  to 

20  the  frequency  of  the  subcarrier  signal,  and  detects 
the  envelope  of  the  filtered  signal. 

The  foregoing  is  an  explanation  of  the  example  in 
which  any  deterioration  in  S/N  ratio  and  any  deterior- 
ation  of  the  degree  of  modulation  due  to  spontaneous 

25  emission  from  the  optical  amplifier  is  eliminated  by 
means  of  the  simplified  arrangement  which  is  con- 
structed  to  multiplex  an  input  signal  with  a  subcarrier 
signal  and  transmit  the  modulated  signal,  filter  the  re- 
ceived  signal  by  means  of  a  band-pass  filter  having 

30  a  center  frequency  approximately  equal  to  the  fre- 
quency  of  the  subcarrier  signal,  and  detect  the  envel- 
ope  of  the  filtered  signal.  However,  the  arrangement 
for  eliminating  any  deterioration  in  S/N  ratio  and  any 
deterioration  of  the  degree  of  modulation  due  to  spon- 

35  taneous  emission  from  the  optical  amplifier  is  not  lim- 
ited  to  the  above-described  one.  For  example,  it  is 
also  possible  to  achieve  improved  transmission  qual- 
ity  by  means  of  an  arrangement  which  outputs  weak 
spontaneous  emission  in  response  to  an  optical  digi- 

40  tal  signal  denoting  a  "0"  and  high-intensity  laser  light 
in  response  to  an  optical  digital  signal  denoting  a  "1", 
thereby  eliminating  any  deterioration  in  S/N  ratio  and 
quenching  ratio  due  to  spontaneous  emission,  as  with 
a  progressive  type  of  optical  amplifier. 

45  A  first  embodiment  of  the  present  invention  hav- 
ing  the  aforesaid  arrangement  will  be  explained  below 
in  detail. 

Fig.  3  is  a  block  diagram  which  represents  the 
features  of  the  first  embodiment  of  the  present  inven- 

50  tion  in  the  best  mode.  The  illustrated  first  embodi- 
ment  essentially  comprises  an  optical  transmitter 
100,  an  optical  receiver  200,  an  optical  differential 
gain  amplifier  1  03  having  optical  input/output  charac- 
teristics  of  the  differential  gain  transfer  type,  and  opt- 

55  ical  fibers  141  and  142  serving  as  optical  transmis- 
sion  channels.  The  optical  threshold  of  the  optical  dif- 
ferential  gain  amplifier  1  03  is  set  to  an  appropriate  in- 
termediate  light  intensity  between  the  values  "1"  and 

4 
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"0"  of  optical  digital  signals  so  that  weak  spontaneous 
emission  is  delivered  in  response  to  an  optical  digital 
signal  denoting  a  "0"  with  high-intensity  laser  light  de- 
livered  in  response  to  an  optical  digital  signal  denot- 
ing  a  "1".  A  transmitted  signal  and  a  received  signal 
are  denoted  by  1  05  and  1  06,  respectively. 

The  optical  transmitter  100  includes  a  laser  driv- 
ing  circuit  112  for  turning  on  or  off  a  semiconductor 
laser  11  3  in  accordance  with  whether  the  transmitted 
signal  105  is  a  "1"  or  a  "0",  and  the  semiconductor  las- 
er  1  1  3.  The  light  emitted  from  the  semiconductor  laser 
113  is  made  incident  upon  the  optical  fiber  141  and 
transmitted  to  the  optical  differential  gain  amplifier 
103. 

The  optical  receiver  200  comprises  the  following 
major  elements:  an  optical  detector  221  made  from, 
for  example,  a  PIN  type  photodiode  for  converting  the 
incident  light  from  the  optical  fiber  142  into  a  corre- 
sponding  electrical  signal;  an  amplifier  222  for  ampli- 
fying  the  electrical  signal  from  the  optical  detector 
221  ;  a  low-pass  filter  223;  and  a  detector  224  for  re- 
generating  and  shaping  a  waveform. 

The  optical  differential  gain  amplifier  103  em- 
ployed  in  the  first  embodiment  is  arranged  to  provide 
optical  input/output  characteristics  of  the  differential 
gain  transfer  type  by  utilizing  adjustment  of  the  injec- 
tion  current  of  a  bistable  laser,  as  described  in  "Bist- 
ability  and  Pulsations  in  Semiconductor  Lasers  with 
Inhomogenous  Current  Injection",  reported  by 
"C.HARDER"  in  "  IEEE  JOURNAL  OF  QUANTUM 
ELECTRONICS  Vol.  QE-18,  No.  9"  of  1982,  pp.  1351- 
1361. 

The  operation  of  the  first  embodiment  having  the 
aforesaid  arrangement  will  be  explained  below. 

The  transmitted  signal  105  is  input  to  the  laser 
driving  circuit  112  as  a  binary  digital  signal.  The  laser 
driving  circuit  112  generates  a  current  pulse  signal 
proportional  to  whether  the  transmitted  signal  105  is 
a"1  "  or  a"0",  and  supplies  it  to  the  semiconductor  laser 
113. 

The  semiconductor  laser  113  outputs  an  optical 
digital  signal  corresponding  to  the  transmitted  signal 
105,  and  the  optical  signal  output  is  conducted  to  the 
optical  differential  gain  amplifier  103  through  the  opt- 
ical  fiber  141. 

The  optical  differential  gain  amplifier  103  is  ad- 
justed  in  the  following  manner  in  order  to  provide  opt- 
ical  input/output  characteristics  of  the  differential 
gain  function  type  based  on  the  above-described  ad- 
justment  of  the  injection  current  of  the  bistable  laser. 
The  optical  threshold  of  the  optical  differential  gain 
amplifier  103  is  set  to  an  appropriate  intermediate 
light  intensity  between  the  values  "1"  and  "0"  of  opti- 
cal  digital  signals  (for  example,  a  light  intensity  equal 
to  approximately  the  middle  between  "1"  and  "0"  rep- 
resented  by  the  optical  digital  signals  of  the  received 
light)  so  that  weak  spontaneous  emission  is  delivered 
in  response  to  an  optical  digital  signal  denoting  a  "0" 

with  high-intensity  laser  light  delivered  in  response  to 
an  optical  digital  signal  denoting  a  "1".  With  this  ar- 
rangement,  it  is  possible  to  amplify  the  optical  signal 
without  deteriorating  the  quenching  ratio.  The  optical 

5  output  from  the  optical  differential  gain  amplifier  1  03 
is  conducted  to  the  optical  receiver  200  through  the 
optical  fiber  142. 

The  optical  signal,  passed  through  the  optical  fib- 
er  142,  is  input  to  the  optical  receiver  200.  The  inci- 

10  dent  light  is  converted  by  the  optical  detector  221  into 
an  electrical  signal  corresponding  to  the  incident  light 
intensity  and  is  then  amplified  by  the  amplifier  222. 
The  low-pass  filter  223  eliminates  the  signals  con- 
tained  in  an  unwanted  band,  and  the  output  from  the 

15  low-pass  filter  223  is  subjected  to  waveform  shaping 
in  the  waveform  regenerating  and  shaping  circuit  224. 
The  circuit  224  outputs  the  received  signal  106  simi- 
lar  to  the  transmitted  signal  105. 

In  the  first  embodiment  described  above,  the  opt- 
20  ical  differential  gain  amplifier  103  is  arranged  as  an 

oscillation  type  differential  gain  amplifier,  and  the 
optical  threshold  of  this  optical  amplifier  is  set  to  an 
appropriate  intermediate  light  intensity  between  the 
values  "1"and  "0"  of  optical  digital  signals.  It  is,  there- 

25  fore,  possible  to  output  weak  spontaneous  emission 
in  response  to  an  optical  digital  signal  denoting  a  "0" 
and  high-intensity  laser  light  in  response  to  an  optical 
digital  signal  denoting  a  "1". 

Accordingly,  it  is  possible  to  provide  a  highly  reli- 
30  able  optical  communication  system  which  can  effect 

optical  amplification  of  signal  light  without  the  risk  of 
outputting  high-level  spontaneous  emission  due  to  di- 
rect  current  excitation. 

It  is,  therefore,  possible  to  accomplish  an  optical 
35  communication  system  having  excellent  reliability  by 

performing  optical  communication  utilizing  the  above 
optical  amplifier  disposed  midway  along  an  optical 
transmission  channel. 

Although  the  first  embodiment  has  been  ex- 
40  plained  with  reference  to  the  example  in  which  the  dif- 

ferential  gain  optical  amplifier  is  disposed  midway 
along  the  optical  fiber  as  an  optical  amplifier,  the 
present  invention  is  not  limited  to  the  above- 
described  first  embodiment,  either.  The  present  in- 

45  vention  may  utilize  an  arrangement  employing  a 
GaAs  Fabri-Perot  etalon  as  a  second  embodiment. 

Fig.  4  shows  an  arrangement  in  which  the  GaAs 
Fabri-Perot  etalon  is  employed  as  a  differential-gain 
type  optical  amplifier  unit. 

so  The  arrangement  shown  in  Fig.  4  comprises  a 
bistable  element  307  of  the  etalon  type  made  from,  for 
example,  GaAs,  an  optical  mixer  308,  and  optical  fib- 
ers  391-394.  An  input  optical  signal  and  an  output  opt- 
ical  signal  are  denoted  by  300  and  301,  respectively. 

55  Fig.  5  shows  in  detail  the  structure  of  the  optical 
bistable  element  307  used  in  the  second  embodi- 
ment. 

The  optical  bistable  element  307  used  in  the  sec- 

5 
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ond  embodiment  has  a  structure  such  as  that  descri- 
bed  in,  for  example,  Applied  Physics  Letters  of  1  987, 
Vol.  51,  No.  13,  pp.  94-96,  the  paper  entitled  "GaAs- 
AlAs  monolithic  microresonator  arrays",  by  J.L.Jewell 
et  al. 

The  optical  bistable  element  307  comprises  a 
DBR  mirror  371  including  a  total  of  seven  pairs  of 
AlAs/GaAs  elements,  a  GaAs  light  emitting  element 
372  having  a  thickness  of  2  urn,  a  DBR  mirror  373  in- 
cluding  a  total  of  nine  pairs  of  AlAs/GaAs  elements, 
and  a  GaAs  substrate  374.  The  GaAs  substrate  374 
is  provided  with  an  opening  a  having  a  predetermined 
diameter  so  as  to  effect  a  light  transmitting  operation. 

In  the  second  embodiment  having  the  above- 
described  structure,  the  input  optical  signal  300  and 
excitation  light  302  are  synchronously  input  to  the  opt- 
ical  bistable  element  307. 

The  optical  bistable  element  307  is  set  to  exceed 
its  optical  threshold  and  exhibit  high  transmittance 
only  when  it  receives  the  input  optical  signal  300  and 
the  excitation  light  302  at  the  same  time.  Accordingly, 
only  when  receiving  a  digital  signal  denoting  a  "1  ",  the 
optical  bistable  element  307  outputs  high-intensity 
light  as  the  output  optical  signal  301  but,  in  the  case 
of  a  digital  signal  denoting  a  "0",  the  element  307  does 
not  provide  the  output  optical  signal  301. 

Accordingly,  it  is  possible  to  provide  a  highly  reli- 
able  optical  communication  system  which  can  ach- 
ieve  optical  amplification  of  signal  light  without  the 
risk  of  outputting  high-level  spontaneous  emission 
due  to  direct  current  excitation  and  without  any  dete- 
rioration  in  the  quenching  ratio  or  S/N  ratio  of  the  sig- 
nal. 

It  is,  therefore,  possible  to  accomplish  an  optical 
communication  system  having  excellent  reliability  by 
performing  optical  communication  utilizing  the  above 
optical  amplifier  disposed  midway  along  an  optical 
transmission  channel. 

As  is  apparent  from  the  foregoing,  there  is  provid- 
ed  an  optical  communication  system  employing  an 
optical  amplifier  disposed  along  an  optical  transmis- 
sion  channel,  which  system  can  achieve  improved 
transmission  quality  by  using  a  differential  gain  opti- 
cal  amplifier  as  the  optical  amplifier  to  eliminate  any 
deterioration  in  S/N  ratio  and  quenching  ratio  due  to 
spontaneous  emission  which  has  otherwise  been  ex- 
perienced  with  a  travelling-wave  type  optical  amplifi- 
er. 

While  the  present  invention  has  been  described 
with  respect  to  what  is  presently  considered  to  be  the 
preferred  embodiments,  it  is  to  be  understood  that  the 
invention  is  not  limited  to  the  disclosed  embodiments. 
To  the  contrary,  the  present  invention  is  intended  to 
cover  various  modifications  and  equivalent  arrange- 
ments  included  within  the  scope  of  the  appended 
claims.  The  scope  of  the  following  claims  is  to  be  ac- 
corded  the  broadest  interpretation  so  as  to  encom- 
pass  all  such  modifications  and  equivalent  structures 

and  functions. 

Claims 
5 

1.  An  optical  communication  system,  comprising: 
optical  output  means  (1  ;  1  00)  for  emitting  an  opt- 
ical  output  (300)  corresponding  to  a  digital  output 
signal  (5;  105); 

10  receiving  means  (2;  200)  for  receiving  said  optical 
output  (300)  emitted  from  said  optical  output 
means  (1;  100); 
an  optical  communication  channel  (41,  42;  141, 
142;  391,  393,  394)  made  of  an  optical  transmis- 

15  sion  channel  for  transmitting  said  optical  output 
(300)  emitted  from  said  optical  output  means  (1; 
100)  to  said  receiving  means  (2;  200); 
said  optical  communication  system  being 
characterized  in  that 

20  at  least  one  optical  bistable  element  (307;  1  03)  is 
disposed  along  said  optical  communication  chan- 
nel  (41,42;  141,  142;  391,  393,  394); 
whereby  optical  communication  is  provided 
through  said  optical  communication  channel  (41, 

25  42;  141,  142;  391,  393,  394). 

2.  An  optical  communication  system  according  to 
claim  1,  characterized  in  that 
excitation  light  inputting  means  (302,  392)  is  dis- 

30  posed  along  said  optical  communication  channel 
(41,42;  141,  142;  391,  393,  394); 
said  optical  bistable  element  (307)  is  set  to  ex- 
ceed  its  optical  threshold  and  exhibit  high  trans- 
mittance  when  an  said  optical  output  (300)  and 

35  excitation  light  are  input  to  said  optical  bistable 
element  (307)  at  the  same  time;  and 
said  excitation  light  inputting  means  (302,  392)  is 
arranged  to  supply  said  excitation  light  to  said 
optical  bistable  element  (307)  in  synchronism 

40  with  said  optical  output  (300). 

3.  An  optical  communication  system  according  to 
claim  1,  characterized  in  that 
said  optical  bistable  element  is  a  differential  gain 

45  amplifier  (103)  disposed  on  said  optical  commu- 
nication  channel  (141,  142),  said  optical  differen- 
tial  gain  amplifier  (103)  having  the  differential- 
gain  type  optical  input/output  characteristic  of 
providing  spontaneous  emission  of  extremely  re- 

50  duced  intensity  according  to  a  digital  signal  value 
"0"  and  output  light  of  extremely  increased  inten- 
sity  according  to  a  digital  signal  value  "1". 

4.  An  optical  communication  system  according  to 
55  claim  3,  characterized  in  that 

said  optical  differential  gain  amplifier  (103)  has 
optical  input/output  characteristics  of  the  differ- 
ential  gain  transfer  type  which  utilizes  adjust- 

6 
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ment  of  the  injection  current  of  a  bistable  laser, 
the  optical  threshold  of  said  optical  differential 
gain  amplifier  (103)  being  set  to  an  intermediate 
approximate  intensity  between  the  values  "1" 
and  "0"  of  optical  digital  signals.  5 

5.  An  optical  communication  system  according  to 
claim  1,  characterized  in  that 
said  optical  bistable  element  (307)  is  of  the  etalon 
type  composed  of  GaAs.  10 

6.  An  optical  communication  system  according  to 
claim  3  or  5,  characterized  in  that 
said  optical  output  means  (1;  100)  converts  a 
modulated  signal  to  a  corresponding  optical  out-  15 
put  (300)  and  emits  said  optical  output  (300)  into 
said  transmission  channel  by  means  of  a  semi- 
conductor  laser  (13;  113). 

7.  An  optical  communication  system  according  to  20 
any  of  the  preceding  claims  1  to  6,  characterized 
in  that 
said  optical  output  means  (1;  100)  is  disposed  on 
a  transmission  side;  and 
said  receiving  means  (2;  200)  is  disposed  on  a  re-  25 
ception  side. 

Patentanspruche 
30 

1.  Optisches  Ubertragungssystem  mit: 
eineroptischen  Ausgabeeinrichtung  (1;  100)zum 
Aussenden  eines  einem  digitalen  Ausgangssi- 
gnal  (5;  105)  entsprechenden  optischen  Aus- 
gangs  (300);  35 
einer  Empfangseinrichtung  (2;  200)  zum  Empfan- 
gen  des  von  der  optischen  Ausgabeeinrichtung 
(1;  100)  ausgesendeten  optischen  Ausgangs 
(300); 
einem  optischen  Ubertragungsweg  (41  ,  42;  141  ,  40 
142;  391,  393,  394),  der  aus  einer  optischen 
Ubertragungsstrecke  zum  Ubertragen  des  von 
der  optischen  Ausgabeeinrichtung  (1;  100)  aus- 
gesendeten  optischen  Ausgangs  (300)  zu  der 
Empfangseinrichtung  (2;  200)  besteht;  45 
dadurch  gekennzeichnet,  dad 
zumindest  ein  optisch  bistabiles  Element  (307; 
103)  im  Verlauf  des  optischen  Ubertragungs- 
wegs  (41,  42;  141,  142;  391,  393,  394)  angeord- 
net  ist;  50 
wodurch  die  optische  Ubertragung  uber  den  op- 
tischen  Ubertragungsweg  (41,42;  141,  142;  391, 
393,  394)  geschaffen  ist. 

2.  Optisches  Ubertragungssystem  nach  Anspruch  55 
1, 
dadurch  gekennzeichnet,  dad 
eine  Anregungslicht-Eingabeeinrichtung  (302, 

392)  im  Verlauf  des  optischen  Ubertragungs- 
wegs  (41,  42;  141,  142;  391,  393,  394)  angeord- 
net  ist; 
das  optisch  bistabile  Element  (307)  eingestellt 
ist,  urn  seine  optische  Schwelle  zu  uberschreiten 
und  einen  hohen  Lichtdurchlassigkeitsgrad  zu 
haben,  wenn  deroptische  Ausgang  (300)  und  An- 
regungslicht  dem  optisch  bistabilen  Element 
(307)  zurgleichen  Zeit  eingegeben  werden;  und 
die  Anregungslicht-Eingabeeinrichtung  (302, 
392)  angeordnet  ist,  urn  das  Anregungslicht  syn- 
chron  zu  dem  optischen  Ausgang  (300)  zu  dem 
optisch  bistabilen  Element  (307)  zuzufuhren. 

3.  Optisches  Ubertragungssystem  nach  Anspruch 
1, 
dadurch  gekennzeichnet,  dad 
das  optisch  bistabile  Element  ein  Differenzver- 
starker  (103)  ist,  derentlang  der  optischen  Uber- 
tragungsstrecke  (141,  142)  angeordnet  ist,  der 
optische  Differenzverstarker  (103)  eine  optische 
Eingangs/Ausgangs-Charakteristik  des  differen- 
tiellen  Verstarkungstyps  zum  Erzeugen  einer 
Spontanemission  von  extrem  verringerter  Inten- 
sity  entsprechend  einem  Digitalsignalwert  "0" 
hat,  und  Licht  extrem  vergrolierter  Intensitat  ent- 
sprechend  einem  Digitalsignalwert  "1"  ausgibt. 

4.  Optisches  Ubertragungssystem  nach  Anspruch 
3, 
dadurch  gekennzeichnet,  dad 
der  optische  Differenzverstarker  (103)  optische 
Eingangs/Ausgangs-Charakteristiken  des 
Differenzverstarkungs-Ubertragungstyps  hat, 
der  das  Einstellen  des  Injektionsstroms  eines  bi- 
stabilen  Lasers  verwendet,  wobei  die  optische 
Schwelle  des  optischen  Differenzverstarkers 
(103)  auf  eine  ungefahre  mittlere  Intensitat  zwi- 
schen  den  Werten  "1"  und  "0"  optischer  Digitalsi- 
gnale  eingestellt  ist. 

5.  Optisches  Ubertragungssystem  nach  Anspruch 
1, 
dadurch  gekennzeichnet,  dad 
das  aus  GaAs  bestehende  optisch  bistabile  Ele- 
ment  vom  Etalontyp  ist. 

6.  Optisches  Ubertragungssystem  nach  Anspruch 
3  oder  5, 
dadurch  gekennzeichnet,  dad 
die  optische  Ausgabeeinrichtung  (1;  100)  ein  mo- 
duliertes  Signal  in  ein  entsprechendes  optisches 
Ausgangssignal  (300)  umwandelt  und  das  opti- 
sche  Ausgangssignal  (300)  mittels  eines  Halblei- 
terlasers  (13;  113)  in  die  Ubertragungsstrecke 
aussendet. 

7.  Optisches  Ubertragungssystem  nach  einem  der 

20 

25 
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vorangehenden  Anspruche  1  bis  6, 
dadurch  gekennzeichnet,  dad 
die  optische  Ausgabeeinrichtung  (1;  100)  auf  ei- 
ner  Senderseite  angeordnet  ist;  und 
die  Empfangseinrichtung  (2;  200)  auf  einer  Emp-  5 
fangsseite  angeordnet  ist. 

Revendications 
10 

1.  Systeme  de  communication  optique,  compor- 
tant  :  des  moyens  (1  ;  100)  de  sortie  optique  des- 
tines  a  emettre  un  signal  de  sortie  optique  (300) 
correspondant  a  un  signal  de  sortie  numerique 
(5;  105);  15 

des  moyens  de  reception  (2  ;  200)  desti- 
nes  a  recevoir  led  it  signal  de  sortie  optique  (300) 
emis  par  lesdits  moyens  de  sortie  optique 
(1  ;100)  ; 

un  canal  (41  ,  42  ;  141  ,  142  ;  391  ,  393,  394)  20 
de  communication  optique  forme  d'un  canal  de 
transmission  optique  destine  a  transmettre  ledit 
signal  de  sortie  optique  (300)  emis  par  lesdits 
moyens  (1  ;  100)  de  sortie  optique  auxdits 
moyens  (2  ;  200)  de  reception  ;  25 

ledit  systeme  de  communication  optique 
etant  caracterise  en  ce  que 

au  moins  un  element  optique  bistable 
(307  ;  103)  est  dispose  le  long  dudit  canal  (41, 
42  ;  141  ,  142  ;  391  ,  393,  394)  de  communication  30 
optique  ; 

grace  a  quoi  une  communication  optique 
est  etablie  par  I'intermediaire  dudit  canal  (41  ,  42  ; 
141,  142  ;  391,  393,  394)  de  communication  op- 
tique.  35 

2.  Systeme  de  communication  optique  selon  la  re- 
vendication  1  ,  caracterise  en  ce  que 

des  moyens  (302,  392)  d'entree  de  lumie- 
re  d'excitation  sont  disposes  le  long  dudit  canal  40 
(41,  42  ;  141,  142  ;  391,  393,  394)  de  communi- 
cation  optique  ; 

ledit  element  optique  bistable  (307)  est  re- 
gie  de  facon  a  depasser  son  seuil  optique  et  a 
presenter  une  transmittance  elevee  lorsqu'un  si-  45 
gnal  optique  (300)  de  sortie  et  une  lumiere  d'ex- 
citation  sont  appliques  en  meme  temps  en  entree 
audit  element  optique  bistable  (307)  ;  et 

lesdits  moyens  (302,  392)  d'entree  de  lu- 
miere  d'excitation  sont  agences  de  facon  a  four-  so 
nir  ladite  lumiere  d'excitation  audit  element  opti- 
que  bistable  (307)  en  synchronisme  avec  ledit  si- 
gnal  optique  (300)  de  sortie. 

3.  Systeme  de  communication  optique  selon  la  re-  55 
vendication  1  ,  caracterise  en  ce  que 

ledit  element  optique  bistable  est  un  am- 
plif  icateur  (1  03)  a  gain  differentiel  dispose  sur  le- 

dit  canal  de  communication  optique  (141,  142), 
ledit  amplif  icateur  optique  (103)  a  gain  differen- 
tiel  ayant  pourcaracteristique  d'entree/sortie  op- 
tique  du  type  a  gain  differentiel  de  produire  une 
emission  spontanee  d'intensite  extremement  re- 
duite  conformement  a  une  valeur  "0"  du  signal  nu- 
merique  et  une  lumiere  de  sortie  d'intensite  extre- 
mement  accrue  conformement  a  une  valeur  "1" 
du  signal  numerique. 

4.  Systeme  de  communication  optique  selon  la  re- 
vendication  3,  caracterise  en  ce  que  ledit  ampli- 
f  icateur  optique  (103)  a  gain  differentiel  possede 
des  caracteristiques  d'entree/sortie  optique  du 
type  a  transfert  a  gain  differentiel  qui  utilise  un 
ajustement  du  courant  d'injection  d'un  laser  bis- 
table,  le  seuil  optique  dudit  amplif  icateur  optique 
(103)  a  gain  differentiel  etant  etabli  a  une  inten- 
sity  approximativement  intermediate  entre  les 
valeurs  "1  et  "0"  des  signaux  optiques  numeri- 
ques. 

5.  Systeme  de  communication  optique  selon  la  re- 
vendication  1,  caracterise  en  ce  que 

ledit  element  optique  bistable  (307)  est  du 
type  etalon  compose  de  GaAs. 

6.  Systeme  de  communication  optique  selon  la  re- 
vendication  3  ou  5,  caracterise  en  ce  que 

lesdits  moyens  (1  ;  100)  de  sortie  optique 
convertissent  un  signal  module  en  un  signal  op- 
tique  correspondant  (300)  de  sortie  et  emettent 
ledit  signal  optique  (300)  de  sortie  dans  ledit  ca- 
nal  de  transmission  au  moyen  d'un  laser  (13  ; 
113)  a  semiconducteur. 

7.  Systeme  de  communication  optique  selon  I'une 
quelconque  des  revendications  precedentes  1  a 
6,  caracterise  en  ce  que 

lesdits  moyens  (1  ;  1  00)  de  sortie  sont  dis- 
poses  sur  un  cote  de  transmission  ;  et 

lesdits  moyens  de  reception  (2  ;  200)  sont 
disposes  sur  un  cote  de  reception. 
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