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Description 

The  present  invention  relates  to  an  optical  mixerfor  up/down-converting  an  intensity-modulated  optical  sig- 
nal. 

5  Subcarrier  multiplexing  (SCM)  of  an  optical  carrier  has  been  proposed  as  an  alternative  to  time  division 
multiplexing  in  multiple  access  lightwave  systems  (T  E  Darcie.  Subcarrier  Multiplexing  for  Multiple  Access  light- 
wave  Networks.  J>  Lightwave  Technology,  1987,  LT-5,  pp.  1103-1110).  In  a  SCM  scheme  an  optical  carrier  is 
intensity  modulated  by  one  or  more  subcarriers  at  microwave  frequencies,  each  of  which  provides  an  infor- 
mation  channel. 

10  A  typical  receiver  configuration  for  a  SCM  system  is  shown  in  Figure  1  of  the  accompanying  drawings.  A 
photodetector  10  (typically  a  pin  diode)  detects  all  the  subcarrier  channels,  but  only  the  required  channel  need 
be  demodulated.  The  receiver  sensitivity  is  determined  by  the  detector  electronic  bandwidth  and  the  bandwidth 
of  individual  channels.  A  microwave  preamplifier  11  amplifies  the  subcarrier  channel  of  interest  prior  to  down- 
conversion  in  a  mixer  12  fed  by  a  local  oscillator  13.  Unfortunately  the  noise  figure  of  available  preamplifiers 

15  11  increases  as  the  operating  frequency  increases,  and  the  receiver  sensitivity  decreases  correspondingly. 
An  alternative  detection  technique  has  been  proposed  (TE  Darcie  etal.  Optical  Mixer  Preamplifier  for  Light- 

wave  Subcarrier  Systems.  Electronic  Letters,  1988,  Vol.24,  pp.  179-180),  in  which  the  subcarrier  signals  are 
downconverted  optically  by  an  optical  mixer  1  5,  before  photodetection  (see  Figure  2  of  the  accompanying  draw- 
ings).  The  downconverted  optical  signals  are  then  detected  using  a  low  speed  photodetector  16  and  pream- 

20  plifier  17.  In  this  prior  proposal,  the  optical  mixer  is  constituted  by  a  semiconductor  optical  amplifier  15  the 
gain  of  which  is  modulated  by  applying  modulated  electrical  bias  current  to  the  amplifier  15  from  a  local  oscil- 
lator  18.  An  incoming  intensity  modulated  (IM)  optical  signal  propagating  through  the  amplifier  interacts  with 
the  modulated  gain  to  produce  frequency  shifted  components  of  the  intensity  modulation.  The  optical  mixer 
thus  depends  on  the  fact  that  the  gain  of  the  semiconductor  optical  amplifier  used  is  dependent  on  the  bias 

25  current  applied.  However,  a  drawback  of  this  prior  arrangement  is  that  the  maximum  frequency  at  which  gain 
modulation  can  be  achieved  is  limited  by  the  carrier  lifetime  of  the  semiconductor  optical  amplifier  15  as  is 
illustrated  by  line  Aof  the  gain-modulation/modulation-frequency  graph  shown  in  Figure4of  the  accompanying 
drawings. 

According  to  the  present  invention,  there  is  provided  an  optical  mixerfor  up/down-converting  a  sub-carrier 
30  signal,  of  a  first  frequency,  that  is  intensity-modulated  onto  a  first  optical  signal,  said  optical  mixer  comprising 

an  optical  amplifier  and  gain-modulating  means  for  modulating  the  gain  of  the  optical  amplifier,  characterised 
in  that  said  gain-modulating  means  comprises  means  for  generating  a  second  optical  signal  intensity-modu- 
lated  at  a  second  frequency  and  launching  the  second  optical  signal  into  the  optical  amplifier  at  an  intensity 
to  cause  the  amplifier  to  operate  at  least  partially  within  its  saturated  gain  region  whereby  to  cause  the  gain 

35  of  said  amplifier  to  be  modulated  at  said  second  frequency  resulting  in  up/down  conversion  of  said  sub-carrier 
signal. 

The  present  invention  thus  relies  on  the  gain  saturation  properties  of  optical  amplifiers  (including,  but  not 
limited  to,  semiconductor  optical  amplifiers)  to  produce  gain  modulation.  The  optical  mixer  of  the  invention  can 
be  used  in  many  applications  where  up/down-conversion  of  intensity-modulated  optical  signals  is  required. 

40  An  optical  mixer  embodying  the  invention  will  now  be  described,  by  way  of  non-limiting  example,  with  ref- 
erence  to  the  accompanying  diagrammatic  drawings,  in  which: 
Figure  1  is  a  diagram  of  a  first,  known,  receiver  for  SCM  optical  signals  in  which  signal  downconversion 

is  carried  out  after  optical  detection; 
Figure  2  is  a  diagram  of  a  second,  also  known,  receiver  for  SCM  optical  signals  in  which  an  incoming  opt- 

45  ical  signal  is  optically  downconverted  prior  to  detection  by  means  of  an  electrically-modulated 
optical  amplifier; 

Figure  3  is  a  diagram  of  a  third  receiver  for  SCM  optical  signals  in  which  an  incoming  optical  signal  is  opt- 
ically  downconverted  prior  to  detection  by  means  of  an  optical  mixer  embodying  the  invention; 

Figure  4  is  a  graph  showing  the  drop  off  in  gain  modulation  with  frequency  for  the  optical  mixers  of  the 
50  second  and  third  receiver;  and 

Figure  5  is  a  graph  showing  the  gain/output  power  characteristic  of  a  typical  optical  amplifier. 
The  prior  art  SCM  receivers  illustrated  in  Figures  1  and  2  have  already  been  explained  in  the  introductory 

portion  of  this  specification  and  will  therefore  not  be  described  again. 
The  receiver  illustrated  in  Figure  3  comprises  an  optical  mixer  20,  23  arranged  to  optically  downconvert 

55  an  incoming  SCM  optical  signal  prior  to  detection  by  a  photodetector  21  and  amplification  by  pre-amplif  ier  22. 
The  optical  mixer  is  constituted  by  an  optical  amplifier  20  the  gain  of  which  is  modulated  by  the  technique  de- 
scribed  below. 

Optical  amplifiers  exhibit  gain  saturation  as  the  output  optical  intensity  increases  beyond  a  certain  level 
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(see,  for  example,  Klnoueetal,  "Gain  Saturation  Dependanceon  Signal  Wavelength  in  a  Travelling  Wave  Sem- 
iconductor  Laser  Amplifier",  Electronics  Letters,  1987,  Vol.  23,  pp.328-329;  and  also  M  J  O'Mahonay,  "Semi- 
conductor  Laser  Optical  Amplifiers  for  Use  in  Future  Fiber  Systems",  J  Lightwave  Technology,  Vol.  6,  1988, 

5  pp.  531-544).  Figure  5  illustrates  this  gain  saturation  phenomenum.  The  "saturation  intensity"  is  defined  as 
the  output  intensity  at  which  the  gain  is  3  dB  less  than  the  unsaturated  gain.  Thus  an  unsaturated  gain  region 
may  be  defined  for  output  intensities  less  than  the  saturation  intensity,  and  a  saturated  gain  region  may  be 
defined  for  output  intensities  greater  than  the  saturation  intensity. 

The  gain  of  such  an  optical  amplifier  may  be  modulated  by  an  optical  signal  that  is  intensity  modulated 
10  such  that  the  amplifier  operates  eitherwholly  or  partly  within  the  saturated  gain  region.  Any  intensity  modulated 

optical  signals  in  the  unsaturated  gain  region  will  then  mix  with  the  modulated  gain  to  produce  frequency  shifted 
output  components  of  the  intensity  modulation. 

For  example,  if  the  gain  of  an  optical  amplifier  were  modulated  such  that 
G(t)  =  G(1  +  acos(wlt) 

15  where  'G(t)'  is  the  gain  at  time  t,  'G'  is  the  gain  with  zero  modulation,  'a'  is  a  constant,  and  'w1'  is  the 
modulation  frequency, 
and  an  incoming  intensity-modulated  optical  signal  of  the  form: 

Pi(t)  =  P(1  +  bcos(w2t)) 
where  'Pi(t)'  is  signal  power  at  time  t,  'P'  is  the  mean  signal  power,  'b'  is  a  constant,  and  'w2'  is  the  fre- 

20  quency  of  intensity  modulation 
then  the  output  signal  would  be: 

Po(t)  =  PG(1  +  acos(w1t))(1  +  bcos(w2t)) 
where  'Po(t)'  is  the  output  power  at  time  t 

The  frequency  spectrum  of  the  intensity  modulation  of  the  output  optical  signal  would  then  consist  of  com- 
25  ponents  at  w1  ,  w2,  (w1  +  w2)  and  (w1  -  w2). 

The  gain-modulation  drop  off  with  frequency  of  such  optically-modulated  optical  amplifiers  is  less  severe 
than  is  the  case  with  bias-current  modulated  amplifiers,  as  is  illustrated  by  line  B  of  Figure  4. 

Returning  now  to  a  consideration  of  Figure  3,  the  optical  amplifier  20  is  constituted  by  a  resonant  near 
travelling  wave  or  travelling  wave  optical  amplifier  with  suitable  gain  saturation  characteristics.  A  steady  state 

30  pumping  mechanism  (nuclear,  chemical,  electrical  or  optical)  is  applied  to  the  optical  amplifier  to  establish  a 
suitable  steady  state  gain  (e.g.  in  the  case  of  a  semiconductor  optical  amplifier  this  would  be  a  dc  electrical 
bias  current).  An  intensity-modulated  optical  signal  S2  is  generated  by  any  suitable  means  23  (effectively  acting 
as  a  local  oscillator)  and  is  launched  into  the  amplifier  20  at  a  suitable  intensity  to  achieve  the  desired  gain 
modulation.  The  incoming  signal  S1  to  be  mixed  is  also  launched  into  the  amplifier  20.  The  frequency  of  in- 

35  tensity  modulation  of  the  local  oscillator  may  be  varied  to  tune  the  mixer. 
Optical  mixers  of  the  form  illustrated  in  Figure  3  may  be  used  generally  to  downconvert  (or  upconvert)  in- 

tensity  modulated  optical  signals. 
Downconversion  of  intensity  modulated  signals  at  microwave  frequencies  prior  to  photodetection  allows 

the  use  of  lower  speed  photodetectors  and  electronic  circuitry  in  optical  receivers.  Possible  applications  are 
40  wideband  spectrum  analysers  and  communication  receivers. 

As  an  upconverter  the  mixer  may  be  used  to  frequency  shift  subcarriers  in  a  subcarrier  multiplexed  light- 
wave  system. 

The  optical  gain-modulation  of  a  semiconductor  optical  amplifier  may  be  combined  with  electrical  gain- 
modulation  effected  by  modulation  of  the  amplifier  bias  current;  the  optical  and  electrical  modulations  would, 

45  of  course,  be  correlated  with  each  other. 

Claims 

so  1.  An  optical  mixer  for  up/down-converting  a  sub-carrier  signal,  of  a  first  frequency,  that  is  intensity-modu- 
lated  onto  a  first  optical  signal  (SI),  said  optical  mixer  comprising  an  optical  amplifier  (20)  and  gain  mod- 
ulating  means  (23)  for  modulating  the  gain  of  the  optical  amplifier,  characterised  in  that  said  gain- 
modulating  means  (23)  comprises  means  for  generating  a  second  optical  signal  (S2)  intensity-modulated 
at  a  second  frequency  and  launching  the  said  second  optical  signal  into  the  optical  amplifier  (20)  at  an 

55  intensity  to  cause  the  amplifier  to  operate  at  least  partially  within  its  saturated  gain  region  whereby  to 
cause  the  gain  of  said  amplifierto  be  modulated  atsaid  second  frequency  resulting  in  up/down  conversion 
of  said  sub-carrier  signal. 

2.  An  optical  mixer  according  to  claim  1  ,  wherein  the  optical  amplifier  (20)  is  a  semiconductor  optical  amplifier 

3 
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electrically  biased  by  a  d.c  electrical  bias  current. 

3.  An  optical  mixer  according  to  claim  1  ,  wherein  the  optical  amplifier  (20)  is  semiconductor  optical  amplifier 
electrically  biased  by  an  electrical  bias  current  modulated  in  correspondence  to  modulating  of  said  second 
optical  signal  (S2). 

Patentanspruche 

1.  Ein  optischerMischerzum  Auf-/Abwartsmischen  eines  Untertragersignals  miteinerersten  Frequenz,  das 
auf  ein  erstes  optisches  Signal  (S1)  Intensitats-moduliert  ist,  wobei  deroptische  Mischereinen  optischen 
Verstarker  (20)  und  eine  Verstarkungsmodulationseinrichtung  (23)  zum  Modulieren  der  Verstarkung  des 
optischen  Verstarkers  umfalit,  dadurch  gekennzeichnet,  dali  die  Verstarkungsmodulationseinrichtung 
(23)  eine  Einrichtung  zum  Erzeugen  eines  zweiten  optischen  Signals  (S2)  umfalit,  das  bei  einer  zweiten 
Frequenz  Intensitatsmoduliert  ist,  und  zum  Einspeisen  des  zweiten  optischen  Signals  in  den  optischen 
Verstarker  mit  einer  Intensitat,  urn  den  Verstarker  zu  veranlassen,  mindestens  teilweise  innerhalb  seines 
gesattigten  Verstarkungsgebietes  zu  arbeiten,  und  dadurch  zu  veranlassen,  dali  die  Verstarkung  des  Ver- 
starkers  bei  der  zweiten  Frequenz  moduliert  wird,  was  zu  einer  Auf-/Abwartsmischung  des  Untertrager- 
signales  fuhrt. 

2.  Ein  optischer  Mischer  nach  Anspruch  1,  bei  dem  der  optische  Verstarker  (20)  ein  optischer  Halbleiterver- 
starker  ist,  der  elektrisch  durch  einen  elektrischen  Gleichstromvorstrom  versorgt  wird. 

3.  Ein  optischer  Mischer  nach  Anspruch  1,  bei  dem  der  optische  Verstarker  (20)  ein  optischer  Halbleiterver- 
starker  ist,  der  elektrisch  durch  einen  elektrischen  Vorstrom  versorgt  wird,  dergemalider  Modulation  eines 
zweiten  optischen  Signals  (S2)  moduliert  ist. 

Revendications 

1.  Un  melangeur  optique  pour  convertir  avec  croissance/decroissance  un  signal  de  sous-porteuse,  d'une 
premiere  frequence,  qui  est  modulee  en  intensite  pour  former  un  premier  signal  optique  (S1),  ledit  me- 
langeur  optique  comprenant  un  amplif  icateur  optique  (20)  et  un  moyen  de  modulation  de  gain  (23)  pour 
moduler  le  gain  de  I'amplif  icateur  optique,  caracterise  en  ce  que  ledit  moyen  de  modulation  de  gain  (23) 
comprend  un  moyen  pour  produire  un  second  signal  optique  (S2)  module  en  intensite  a  une  seconde  fre- 
quence  et  pour  appliquer  ledit  second  signal  optique  a  I'amplif  icateur  optique  (20)  avec  une  intensite  fai- 
sant  en  sorte  que  I'amplif  icateur  opere  au  moins  partiellement  dans  son  domaine  de  gain  sature,  af  in  de 
produire  ainsi  une  modulation  du  gain  dudit  amplif  icateur  a  ladite  seconde  frequence  et  d'obtenir  ainsi  une 
conversion  en  croissance/decroissance  dudit  signal  de  sous-porteuse. 

2.  Un  melangeur  optique  selon  la  revendication  1  ,  dans  lequel  I'amplif  icateur  optique  (20)  est  un  amplif  ica- 
teur  optique  a  semi-conducteurs  qui  est  polarise  electriquement  par  un  courant  electrique  continu  de  po- 
larisation. 

3.  Un  melangeur  optique  selon  la  revendication  1  ,  dans  lequel  I'amplif  icateur  optique  (20)  est  un  amplif  ica- 
teur  optique  a  semi-conducteurs  polarise  electriquement  parun  courant  electrique  de  polarisation  module 
en  correspondance  a  la  modulation  dudit  second  signal  optique  (S2). 
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