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Description 

Technical  Field 

This  invention  relates  to  the  field  of  lightwave 
systems  for  frequency  modulation  in  which  the  sys- 
tem  employs  a  single  frequency  distributed  Bragg  re- 
flector  laser. 

Background  of  the  Invention 

Future  lightwave  systems  are  expected  to  ac- 
commodate  large  numbers  of  transmission  channels 
separated  by  small  guard  bands.  The  transmission 
channels  operating  at  high  data  rates  are  planned  to 
utilize  more  fully  the  existing  available  bandwidth  of 
single  mode  optical  fibers  for  delivery  of  network  and 
other  services  such  as  entertainment  television.  As 
system  planners  continue  to  make  trade-offs  be- 
tween  design  parameters  such  as  coherent  and  non- 
coherent  approaches,  direct  and  heterodyne  detec- 
tion  techniques  and  the  like,  it  is  increasingly  appa- 
rent  that  frequency  modulation  of  a  single  frequency 
light  source  such  as  a  distributed  feedback  (DFB)  las- 
er  or  distributed  Bragg  reflector  (DBR)  laser  has  be- 
come  an  attractive  approach  for  the  lightwave  trans- 
mitter  design. 

Frequency  modulation  is  often  preferred  over 
amplitude  or  intensity  modulation  at  high  data  bit  rates 
because  chirping  and  current  switching  problems, 
both  of  which  arise  from  current  variations  on  the  light 
source,  decrease  the  desirability  of  amplitude  and  in- 
tensity  modulation  systems.  For  intensity  modulation, 
large  amounts  of  current  must  be  switched  rapidly  to 
the  light  source.  The  amount  of  drive  current  is  typi- 
cally  in  the  range  of  30  -  60mA  for  semiconductor  las- 
ers.  As  the  current  to  the  semiconductor  laser  varies, 
it  causes  a  small  but  significant  amount  of  frequency 
modulation  in  the  laser  called  chirp.  Chirping  causes 
a  broadening  of  the  spectral  linewidth  of  emitted  ra- 
diation.  Obviously,  such  spectral  spreading  penalizes 
even  the  best  single  frequency  light  sources.  Semi- 
conductor  lasers  especially  single  frequency  lasers 
(DFB  and  DBR)  have  been  improved  through  better 
fabrication  techniques  to  have  a  lower  linewidth  en- 
hancement  factor  and,  thereby,  a  reduced  suscepti- 
bility  to  chirping.  Even  with  such  improved  light  sourc- 
es,  lightwave  systems  employing  amplitude  and  in- 
tensity  modulation  may  have  substantial  drawbacks 
when  compared  with  frequency  modulation  lightwave 
systems. 

The  appeal  of  frequency  modulation  for  lightwave 
communication  systems  can  be  related  to  the  fact 
that  it  permits  a  simplified  transmitter  design.  By  di- 
rectly  modulating  or  varying  the  injection  current  to  a 
semiconductor  laser,  it  is  possible  to  modulate  the  fre- 
quency  of  the  laser.  For  single  frequency  semicon- 
ductor  lasers,  the  carrier  density  effect  which  shows 

a  change  of  frequency  with  injection  current,  Af/Ai,  is 
sufficiently  large,  generally,  several  hundred 
Mhz/mA,  to  minimize  residual  intensity  modulation  ef- 
fects  for  the  frequency  excursions  required  by  most 

5  FM  systems.  However,  nonuniformity  exists  for  the 
FM  response  of  such  lasers  over  the  modulation 
bandwidth  because  of  competition  between  temper- 
ature  and  carrier  density  effects  on  the  laser  frequen- 
cy. 

10  Nonuniform  FM  response  is  viewed  with  respect 
to  thermal  cutoff  of  the  single  frequency  laser.  Below 
the  thermal  cutoff  frequency,  the  FM  response  is  ex- 
tremely  large  in  magnitude  on  the  order  of  Ghz/mA 
whereas  it  is  opposite  in  phase  to  the  FM  response 

15  above  the  thermal  cutoff  frequency.  Far  above  the 
thermal  cutoff  frequency,  the  FM  response  ap- 
proaches  several  hundred  Mhz/mA  while  gradually  re- 
versing  phase  with  respect  to  that  below  the  thermal 
cutoff  frequency.  As  a  result,  lower  frequency  compo- 

20  nents  of  a  modulated  optical  signal  undergo  severe 
waveform  distortion  due  primarily  to  temperature  or 
thermal  modulation  effects  on  the  active  region  of  the 
laser. 

Frequency  modulation  based  lightwave  commu- 
25  nication  systems  using  lasers  whose  FM  response  is 

nonuniform  suffer  degradation.  In  an  M-ary  FSK  sys- 
tem,  nonuniform  FM  response  causes  drift  of  a  trans- 
mitted  frequency  representing  one  of  M  levels  per 
symbol  whenever  the  laser  remains  at  that  frequency 

30  for  a  time  which  is  significant  as  compared  to  a  ther- 
mal  time  constant  for  the  laser.  As  the  frequency 
drifts,  crosstalk  increases  resulting  in  degraded  bit  er- 
ror  rate  performance  and,  ultimately,  causes  com- 
plete  failure  of  the  affected  link  for  the  lightwave  sys- 

35  tern. 
These  problems  can  be  ameliorated  to  some  de- 

gree  by  limiting  the  length  of  non-alternating  data  pat- 
terns  to  effectively  eliminate  the  low  frequency  com- 
ponents  of  the  data  sequence.  There  are  other  ap- 

40  proaches  commonly  employed  for  working  with  the 
nonuniform  FM  response  of  the  laser  which  employ  a 
modulation  format  or  data  encoding  scheme  to  also 
avoid  the  low  frequency  modulation  region.  In  one  ex- 
ample,  Manchester  coding  is  employed  with  its  con- 

45  comitant  penalty  of  increased  system  bandwidth  re- 
quirements.  Additionally,  problems  such  as  power 
consumption  and  device  complexity  preclude  the  use 
of  most  encoding  and  modulation  techniques.  Active 
and  passive  equalization  networks  have  been  com- 

50  bined  with  DFB  lasers  to  overcome  distortion  induced 
by  the  nonuniform  FM  response  of  the  DFB  laser.  In 
theory,  these  networks  compensate  the  nonuniform 
FM  response  of  the  DFB  laser  by  using  combined  pre- 
distortion,  post-distortion  and  feedback  control  meth- 

55  ods  to  realize  a  somewhat  uniform  FM  response. 
Both  active  and  passive  equalization  techniques  gen- 
erally  result  in  relatively  small  FM  response  and, 
therefore,  increased  drive  current  requirements. 

2 
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While  the  combination  appears  to  have  a  uniform  FM 
response,  it  is  important  to  realize  that  the  DFB  laser 
itself  exhibits  a  totally  nonuniform  FM  response. 

Phase-tunable  DFB  lasers  have  also  been  pro- 
posed  to  overcome  the  nonuniform  FM  response 
problem.  These  devices  are  generally  fabricated  to  in- 
clude  two  distinct  regions:  a  DFB  region  for  operating 
as  a  standard  DFB  laser  and  a  modulation  region 
without  a  grating  separately  contacted  for  modulating 
the  DFB  laser  signal.  In  this  way,  carrier  density  ef- 
fects  are  artificially  controlled  through  electrode  par- 
titioning  to  achieve  quasi-uniform  FM  response  and 
chirp  suppression.  Quasi-uniform  FM  response  for 
two-electrode  DFB  lasers  is  reported  up  to  several 
hundred  megahertz.  However,  DFB  regions  em- 
ployed  in  these  devices  exhibit  unwanted  nonuniform 
FM  response  and  are  primarily  designed  to  have  in- 
herently  low  linewidth  enhancement  factors  for  chirp 
suppression.  Multi-section  DBR  lasers  have  been 
demonstrated  to  have  somewhat  uniform  FM  re- 
sponse  when  modulation  drive  current  is  applied  to 
the  passive  sections  (grating  and  phase  control  re- 
gions)  of  the  laser.  However,  the  response  speed  of 
such  DBR  lasers  operated  in  the  above-described 
mode  is  limited  by  free  carrier  recombination  effects. 
If  modulation  were  applied  solely  to  the  gain  region  of 
such  DBR  lasers,  the  same  problems  which  occur  for 
DFB  lasers  are  experienced.  Moreover,  design  and 
fabrication  complexity  caused  by  the  multi-section 
structure  may  diminish  its  desirability  for  use  in  future 
lightwave  systems. 

While  the  alternatives  described  above  have 
been  proposed  and  demonstrated  for  dealing  with  the 
nonuniform  FM  response  of  directly  modulated  las- 
ers,  in  particular,  DFB  lasers,  it  has  been  noted  re- 
cently  that  "[t]he  potentially  most  rewarding  solution  is 
to  construct  a  laser  having  an  inherently  uniform  FM 
response."  J.  of  Lightwave  Tech.,  Vol.  7,  No.  1,  pp.  11- 
23  (January  1989).  As  noted  in  the  descriptions 
above,  each  laser  element  still  exhibits  an  inherent 
nonuniform  FM  response.  Upon  realizing  this  fact, 
the  authors  of  the  above-cited  article  lament  as  fol- 
lows,  "[ujnfortunately,  the  goal  of  obtaining  single 
mode  operation,  high  output  power,  narrow  linewidth, 
long  life,  along  with  a  uniform  FM  response,  in  a  wide 
selection  of  commercial  devices  at  various  wave- 
lengths,  is  still  elusive."  Electronics  Letters,  vol.  23, 
no.  16,  30  July  1987,  pages  826-828  discloses  a  mul- 
tielectrode  DFB  laser  that  has  a  flat  FM  response 
characteristic  and  a  narrow  spectral  linewidth. 

Summary  of  the  Invention 

Single  mode  operation  and  uniform  FM  response 
are  achieved  in  a  frequency  modulation  transmitter  for 
a  lightwave  system  in  accordance  with  the  principles 
of  the  present  invention  by  frequency  modulating  a 
distributed  Bragg  reflector  laser  having  a  feedback 

structure  optically  coupled  to  a  gain  region.  The  gain 
region  comprises  a  gain  medium  having  a  character- 
istic  wavelength.  The  feedback  structure  is  realized 

5  as  an  exemplary  Bragg  reflector  region  having  a  mod- 
al  or  effective  index  of  refraction  (n).  The  feedback 
structure  controls  the  laser  to  emit  lightwave  signals 
at  a  Bragg  wavelength  XB  which  is  greater  than  the 
characteristic  wavelength.  In  the  resulting  lightwave 

10  transmitter  of  frequency  modulated  signals,  the  dis- 
tributed  Bragg  reflector  laser  operates  with  an  in- 
creased  carrier  density  effect  and,  thereby,  a  higher 
linewidth  enhancement  factor  than  that  at  substan- 
tially  the  gain  peak  wavelength.  As  a  result,  the  laser 

15  has  a  uniform  FM  response  while  maintaining  single 
mode  operation. 

In  one  embodiment  of  the  invention,  the  feedback 
structure  in  the  distributed  Bragg  reflector  laser  in- 
cludes  a  corrugation  grating  wherein  the  grating  ex- 

20  hibits  an  effective  grating  period  Aeff  related  to  the 
Bragg  wavelength  as  XB  =  2nAeff/M  for  M  being  an  in- 
teger  greater  than  or  equal  to  one  and  identifying  the 
order  of  the  grating.  According  to  the  principles  of  the 
present  invention,  the  Bragg  wavelength  XB  is  select- 

25  ed  to  be  greater  than  the  characteristic  wavelength  of 
the  gain  medium. 

Brief  Description  of  the  Drawing 

30  A  more  complete  understanding  of  the  invention 
may  be  obtained  by  reading  the  following  description 
of  specif  ic  illustrative  embodiments  of  the  invention  in 
conjunction  with  the  appended  drawing  in  which: 

FIG.  1  is  a  simplified  schematic  diagram  of  a  fre- 
35  quency  modulation  lightwave  communication 

system; 
FIG.  2  is  a  perspective  cross-sectional  and  cut- 
away  view  of  a  distributed  Bragg  reflector  semi- 
conductor  laser  for  use  in  the  lightwave  system  of 

40  FIG.  1  in  accordance  with  the  principles  of  the  in- 
vention; 
FIG.  3  is  a  cross-sectional  view  of  an  alternative 
embodiment  of  the  laser  from  FIG.  2  viewed 
through  section  line  X-X;  and 

45  FIG.  4  is  a  plot  of  the  linewidth  enhancement  fac- 
tor  and  the  gain  envelope  as  a  function  of  wave- 
length. 

Detailed  Description 
50 

FIG.  1  shows  a  simplified  schematic  diagram  of 
lightwave  communication  system  10  employing  fre- 
quency  modulation  at  a  transmitter  location.  Light- 
wave  communication  system  10  includes  a  transmit- 

55  ter  for  generating  and  supplying  frequency  modulated 
signal  14  to  transmission  medium  15,  transmission 
medium  15  for  supporting  propagation  of  lightwave 
signals  from  a  local  location  to  a  remote  location,  and 
receiver  17  for  obtaining  lightwave  signal  16  from 

3 
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transmission  medium  15.  Remote  is  intended  to  mean 
any  location  away  from  the  transmitter  either  in  a  mi- 
croscopic  sense  such  as  being  co-located  on  the 
same  semiconductor  chip  or  in  a  macroscopic  sense 
such  as  being  geographically  separated. 

The  transmitter  comprises  modulator  11  connect- 
ed  via  path  13  to  distributed  Bragg  reflector  (DBR) 
laser  12.  Modulator  11  provides  frequency  modulation 
of  DBR  laser  12  so  that  lightwave  signal  14  is  gener- 
ated  as  a  frequency  modulated  signal.  As  contemplat- 
ed,  modulator  11  may  be  electrically  connected  to 
DBR  laser  12  for  direct  modulation  by  varying  the  cur- 
rent  applied  to  the  laser.  Alternatively,  modulator  11 
may  be  optically  connected  to  DBR  laser  12  as  an  in- 
line  element  for  frequency  modulating  lightwave  sig- 
nals  generated  by  DBR  laser  12. 

Frequency  modulation  is  understood  to  include 
all  forms  of  frequency  modulation  whether  analog  or 
digital.  Hence,  use  of  specific  terms  such  as  FM  (fre- 
quency  modulation)  or  FSK  (frequency-shift-keying) 
is  intended  to  help  the  reader  understand  the  princi- 
ples  of  an  embodiment  of  the  invention  without  being 
limiting  to  the  scope  of  this  invention.  Moreover,  the 
term  FSK  is  understood  to  include  variations  such  as 
binary  FSK  and  M-ary  FSK.  Finally,  it  is  contemplated 
that  other  modulation  techniques  such  as  intensity 
modulation,  either  continuous  (AM  or  IM)  or  discrete 
(M-ary  ASK,  M=2,3,...),  and  phase  modulation,  either 
continuous  (PM)  or  discrete  (M-ary  PSK,  M=2,3,...), 
may  be  used  in  conjunction  with  frequency  modula- 
tion  without  departing  from  the  scope  of  the  present 
invention. 

Transmission  medium  15  provides  a  propagation 
path  for  lightwave  signals  between  the  lightwave 
transmitter  and  the  lightwave  receiver.  In  general, 
transmission  medium  15  is  understood  to  include  di- 
electric  waveguides  such  as  optical  fiber,  semicon- 
ductor  waveguides,  metal-indiffused  lithium  niobate 
or  lithium  tantalate  waveguide  elements,  and  the  like. 
Of  course,  other  elements  such  as  combiners,  cou- 
plers,  star  distribution  networks,  switching  elements, 
optical  amplifiers,  signal  regenerators,  recondition- 
ers,  and  repeaters,  and  the  like  may  be  presentwithin 
the  transmission  medium  15  without  any  loss  of  gen- 
erality  or  applicability  for  the  principles  of  the  present 
invention.  In  its  simplest  embodiment,  transmission 
medium  15  supports  optical  propagation  of  an  input 
signal,  lightwave  signal  14,  until  an  output  signal, 
lightwave  signal  16,  is  ultimately  delivered  to  the  re- 
ceiver  atthe  remote  end  of  the  transmission  medium. 

Receiver  1  7  accepts  lightwave  signal  1  6  from  the 
transmission  medium.  Based  upon  the  system  archi- 
tecture  and  the  actual  function  of  the  receiver,  receiv- 
er  17  operates  on  received  lightwave  signal  16  in  a 
prescribed  manner.  For  example,  the  receiver  may 
provide  coherent  detection  via  homodyne  or  hetero- 
dyne  reception  of  lightwave  signal  16.  The  need  for  lo- 
cal  oscillators  at  the  receiver  may  be  eliminated  by  in- 

cluding  in  M-1  bandpass  optical  filters  such  as  Fabry- 
Perot  filters  tuned  to  M-1  different  wavelengths  in- 
cluded  in  lightwave  signal  14,  an  M-ary  FSK  signal. 

5  In  the  latter  configuration,  the  M-ary  FSKsignal  is  de- 
tected  and  output  as  an  M-ary  ASK  signal. 

It  is  understood  by  those  skilled  in  the  art  that 
lightwave  system  10  may  be  included  without  any 
loss  of  generality  in  a  larger  lightwave  system  such  as 

10  a  wavelength  division  multiplexed  (WDM)  system  or 
the  like. 

Embodiments  of  the  modulator,  transmission  me- 
dium  and  receiver  described  above  are  well  known  to 
those  skilled  in  the  art.  Accordingly,  further  discus- 

15  sion  will  provide  a  more  detailed  description  of  the 
transmitter  and,  particularly,  DBR  laser  12. 

FIG.  2  shows  a  perspective  cross-section  and 
cutaway  view  of  an  exemplary  distributed  Bragg  re- 
flector  semiconductor  laser  for  use  as  DBR  laser  12 

20  in  lightwave  system  10  in  accordance  with  the  princi- 
ples  of  the  invention.  The  DBR  laser  shown  in  FIG.  2 
is  a  buried  heterostructure  having  a  reversed-bias  p- 
n  blocking  region.  Other  structures  such  as  buried 
ridge,  crescent  or  V-groove,  double  channel  planar 

25  buried  heterostructure,  semi-insulating  blocking  re- 
gion  planar  buried  heterostructure  and  the  like  are 
contemplated  for  use  as  embodiments  of  DBR  laser 
12. 

Semiconductor  structures  such  as  the  one 
30  shown  in  FIG.  2  are  grown  using  epitaxial  growth 

techniques  such  as  liquid  phase  epitaxy,  molecular 
beam  epitaxy,  chemical  beam  epitaxy  and  vapor 
phase  epitaxy.  These  techniques  are  described  in  the 
literature  and  are  well  known  to  those  skilled  in  the 

35  art.  See,  for  example,  H.  C.  Casey  et  al.,  Heterostruc- 
ture  Lasers,  Vols  A  and  B,  Academic  Press  (1978). 
Also,  see  U.  S.  Patent  4,023,993  for  a  description  of 
a  method  for  making  a  distributed  feedback  laser 
which  is  similar  to  the  laser  heterostructure  in  the 

40  FIGs. 
As  shown  in  FIG.  2,  the  DBR  laser  includes  an  n- 

type  Sn:lnP  substrate  23  on  which  the  reversed-bias 
p-n  blocking  region  and  the  buried  heterostructure 
are  grown.  Contact  layers  24,  30  and  25  are  shown  as 

45  broad  area  metallic  contacts  deposited  on  top  and 
bottom  (contact  25)  surfaces  of  the  DBR  laser  for 
biasing  and  current  injection.  Current  injection  is  op- 
tional  for  the  Bragg  reflector  region  via  contact  24. 
Standard  ohmic  contact  fabrication  techniques  such 

so  as  multi-layer  evaporation  of  metal  films,  alloy  evap- 
oration,  sputtering  and  annealing  may  be  employed  to 
realize  the  ohmic  contacts  for  the  particular  DBR  las- 
er.  In  the  laser  shown  in  FIG.  2,  contacts  24  and  30 
are  standard  Au-Zn  contacts  whereas  contact  25  is  an 

55  evaporated  Au-Ge-Ni  contact. 
Using  standard  epitaxial  growth  techniques,  a 

heterostructure  is  grown  on  substrate  23  in  the  follow- 
ing  order:  an  additional  n-type  Sn:lnP  buffer  layer  (not 
shown)  approximately  1  urn  thick;  an  n-type  guide  lay- 

4 
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er  26  comprising  SnilnxGa^ASyP^y  approximately 
0.3  urn  thick  and  having  suitable  mole  fractions  x,  y 
for  approximately  1  .3  ^m;  an  undoped  quaternary  (In- 
xGa  ̂ xASyPi.  y)  active  layer  27  approximately  0.1 
thickand  having  suitable  mole  fractions  x  and  y  to  pro- 
duce  a  characteristic  wavelength  Xp  substantially  at 
the  peak  of  the  gain  profile  curve  as  desired  —  in  this 
example,  the  characteristic  wavelength  is  selected  to 
be  approximately  1.51  ^m;  a  p-type  Zn:lnP  cladding 
layer  28  approximately  3  thick;  and  p-type  qua- 
ternary  cap  layer  29  approximately  0.7  thick. 
Standard  stripe  masking  using  photolithography  and 
etching  techniques  (for  example,  bromine  methanol 
etch)  are  employed  to  produce  the  heterostructure 
mesa. 

An  intermediate  step  in  the  process  is  to  remove 
a  portion  of  the  active  layer  27  from  the  Bragg  reflec- 
tor  region  and  to  place  a  corrugation,  for  example,  on 
the  surface  of  layer  26  in  the  Bragg  reflector  region 
using  standard  masking  and  etching  techniques. 

After  the  heterostructure  mesa  is  formed,  suc- 
cessive  growth  steps  for  p-blocking  layer  22  and  n- 
blocking  layer  21  are  performed  over  the  substrate 
23.  Blocking  layer  22  comprises  Zn:lnP  approximately 
0.5  urn  thickand  blocking  layer  21  comprises  Sn:lnP 
to  a  thickness  sufficient  to  substantially  planarize  the 
entire  semiconductor  structure  for  contacting. 

It  is  understood  that  isolation  groove  32  is  formed 
by  etching,  for  example,  a  portion  of  the  heterostruc- 
ture  to  create  electrical  isolation  between  the  Bragg 
reflector  region  and  the  gain  region.  Other  techniques 
such  as  ion  implantation  and  the  like  are  contemplat- 
ed  for  use  in  place  of  the  isolation  groove  32. 

It  is  understood  that  dopant  concentrations  of  ap- 
proximately  1017  to  1018  cm-3  are  suitable  for  the  Sn 
and  Zn  dopants  in  the  layers  of  the  DBR  laser  descri- 
bed  above.  After  final  preparation,  the  laser  is 
cleaved  to  produce  at  least  two  end  facets  in  planes 
perpendicular  to  a  direction  of  light  propagation  sup- 
ported  in  the  heterostructure.  Since  the  laser  shown 
has  a  corrugation  grating  as  the  integrated  feedback 
structure  between  the  facets,  it  is  generally  accept- 
able  practice  to  apply  anti-reflection  coatings  to  the  at 
least  two  end  facets  to  reduce  end  facet  reflections  to 
a  minimum. 

Also  shown  in  FIGS.  2  and  3,  the  feedback  struc- 
ture  of  the  DBR  laser  includes  a  corrugation  grating 
31  which  is  formed  in  guide  layer  26.  Shape,  depth 
and  pitch  or  period  of  the  grating  are  variable  and  de- 
pend  on  the  grating  placement  together  with  the  re- 
sult  desired  therefrom. 

In  principle,  the  feedback  structure  of  the  DBR 
laser  includes  spatially  periodic  perturbations  in  the 
transmission  characteristics  of  the  laser  waveguide 
formed  substantially  continuously  along  the  direction 
of  lightwave  propagation  in  the  laser  waveguide  and 
substantially  transverse  to  the  propagation  direction 
of  optical  energy  in  the  waveguide.  Spatially  periodic 

perturbations  of  the  transmission  characteristic  of  the 
waveguide  may  take  the  form  of  variations  in  gain,  in- 
dex  of  refraction,  propagation  constant,  or  other  para- 

5  meter  of  the  waveguide  medium  for  the  laser. 
In  accordance  with  the  principles  of  this  inven- 

tion,  the  period  of  the  grating  effective  over  the  guid- 
ing  region  of  the  laser  in  the  Bragg  reflector  region  is 
given  as  an  effective  period,  Aeff  >XpM/2n,  where  Xp 

10  is  the  characteristic  wavelength  substantially  at  the 
gain  peak  or  gain  maximum  for  the  gain  region  of  the 
semiconductor  structure,  M  is  the  order  of  the  grating 
expressed  as  an  integer  greater  than  or  equal  to  one, 
and  n  is  the  modal  or  effective  index  of  refraction  for 

15  the  waveguide  mode  of  the  semiconductor  laser.  It  is 
contemplated  that,  while  transverse  positioning  of  the 
grating  lines  is  desired,  an  angular  displacement 
(twist)  of  the  grating  lines  may  occur  so  that  the  grat- 
ing  lines  lie  substantially  transverse  to  the  direction  of 

20  lightwave  propagation  for  the  DBR  laser. 
It  is  contemplated  that  first  (M=1)  or  higher  order 

(M=2,3,...)  integrated  feedback  structures  such  as 
corrugation  gratings  may  be  utilized.  Such  gratings 
may  be  fabricated  using  standard  electron  beam,  pho- 

25  tolithographic  and/or  holographic  patterning  techni- 
ques  with  the  necessary  subsequent  wet  or  dry  etch- 
ing  steps.  The  grating  shape  may  be  sinusoidal  as 
shown  in  FIGs.  2  and  3  or  triangular,  rectangular,  tra- 
pezoidal,  semi-circular  or  some  other  known  complex 

30  function.  For  various  grating  profiles  and  fabrication 
techniques,  see  Elect.  Lett.,  Vol.  19,  No.  25/26,  pp. 
1076-7(1983). 

Positioning  of  the  grating  with  respect  to  the 
guide  layer  can  be  varied  so  that  the  grating  may  be 

35  on  the  substrate  below  the  guide  layer,  or  on  the 
guide  layer,  or  on  some  other  layer  near  the  guide  lay- 
er  in  the  Bragg  reflector  region.  Of  course,  grating 
coupling  strength  must  be  considered  when  selecting 
a  grating  position  because  the  grating  coupling 

40  strength  is  determined  by  the  grating  position  vis-a- 
vis  the  waveguide  mode,  the  grating  or  corrugation 
depth  measured  from  peak  to  trough,  and  the  differ- 
ence  between  refractive  indices  for  the  materials 
bounding  the  corrugation  or  grating. 

45  In  the  exemplary  embodiment  shown  in  FIGs.  2 
and  3,  a  first  order  grating  is  shown  with  an  effective 
period  Aeff  which  satisfies  the  criterion  described 
above  for  detuning  the  grating  to  be  at  a  wavelength 
which  is  longer  than  the  gain  peak  or  gain  maximum 

so  wavelength  as  described  above  mathematically.  The 
corrugation  grating  shown  in  the  FIGs.  has  a  pitch  of 
approximately  2384  A  and  a  depth  of  approximately 
800  A.  This  grating  was  chosen  to  achieve  detuning 
of  approximately  400A  from  a  gain  peak  wavelength 

55  of  approximately  1.51  (Xp)  to  an  operating  wave- 
length  of  1.55nm  (XB). 

In  order  to  accomplish  this  detuning,  it  is  neces- 
sary  to  select  the  amount  of  wavelength  detuning  de- 
sired.  Using  standard  calculation  techniques  which 

5 
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are  well  known  to  those  skilled  in  the  art,  the  modal 
index  of  refraction  of  the  laser  structure  is  determined 
using  the  compositions  and  layer  dimensions  for  the 
DBR  laser.  Index  values  are  obtained  from  IEEE  J.  of 
Quant.  Elect.,  QE-21,  pp.  1887  et  seq.  (1985). 

Detuning  the  grating  period  to  be  such  that  the 
Bragg  wavelength  is  longer  than  the  wavelength  of 
the  gain  peak  for  the  semiconductor  material  causes 
the  resulting  DBR  laser  to  have  an  unusually  large 
linewidth  enhancement  factor,  a.  For  general  discus- 
sion  of  measurement  of  the  linewidth  enhancement 
factor,  see  the  following  articles:  IEEE  of 
Quant.Elect.,  QE-18,  pp.  259  et  seq.  (1982);  Appl. 
Phys.  Lett.,  42  (8),  pp.  631  et  seq.  (1983);  Elect.  Lett., 
23,  pp.  393-4  (1987);  and  Elect.  Lett.,  22,  pp.  580-1 
(1986).  As  a  result  of  proper  detuning  in  accordance 
with  the  principles  of  the  invention,  the  resulting  DBR 
laser  provides  a  large  carrier-mediated  FM  response 
for  reducing  current  drive  requirements  and  also  for 
flattening  the  FM  response  to  be  substantially  uni- 
form. 

FIG.  4  shows  a  combined  plot  of  linewidth  en- 
hancement  factor  versus  wavelength  (curves  42  and 
43)  and  gain  versus  wavelength  (curve  41).  The  ac- 
tive  layer  was  designed  to  be  quaternary  lll-V  semi- 
conductor  material,  InGaAsP,  with  mole  fractions 
x=0.74  and  y=0.6  so  that  Xp  is  slightly  less  than 
1  .3p.m.  The  linewidth  enhancement  factor  is  shown  to 
increase  with  increasing  wavelength  for  a  buried  het- 
erostructure  DBR  laser  in  curve  42  and  a  multiple 
quantum  well  DBR  laser  in  curve  43.  That  is,  each 
DBR  laser  exhibits  more  chirp  with  increasing  wave- 
length.  Shaded  region  44  depicts  those  wavelengths 
to  which  the  integrated  feedback  structure  such  as  a 
Bragg  grating  may  be  tuned  for  the  DBR  laser  so  that 
the  operating  wavelength  of  the  laser  (XB)  is  greater 
than  the  gain  peak  wavelength  for  achieving  large 
linewidth  enhancement  and  excellent  direct  current 
frequency  modulation  operation. 

It  is  understood  that,  while  the  material  system  In- 
GaAsP/lnP  is  described  above  for  fabricating  the  dis- 
tributed  feedback  laser,  other  material  combinations 
may  be  selected  from  other  semiconductor  Group  lll-V 
systems  such  as  GaAs/AIGaAs,  InGaAs/lnAIAs,  In- 
GaAs/lnGaAIAs,  GaAsSb/GaAIAsSb  and  GaAs/AIAs. 
In  these  semiconductor  systems,  the  layers  may  be  lat- 
tice-matched  to  suitable  GaAs  or  InP  substrates.  Mis- 
matching  is  also  contemplated  wherein  strained  lay- 
ers  are  grown  over  the  substrate  material.  Finally,  ex- 
tension  of  the  device  structures  is  also  contemplated 
to  semiconductor  compounds  in  Group  ll-VI. 

Claims 

1.  A  lightwave  transmitter  including  a  distributed 
Bragg  reflector  laser  (12)  and  means  (11)  for  fre- 
quency  modulating  said  laser,  said  laser  compris- 

ing  first  and  second  semiconductor  heterostruc- 
ture  regions,  said  first  region  optically  coupled  to 
said  second  region  along  a  propagation  direction 

5  for  lightwave  signals  supported  therein,  said  first 
region  including  a  gain  medium  having  a  charac- 
teristic  wavelength  Xp,  and  said  second  region 
having  a  modal  refractive  index  n  and  including 
an  integrated  feedback  means  (31  ),  said  integrat- 

10  ed  feedback  means  including  spatially  periodic 
perturbations  of  a  transmission  characteristic  of 
said  second  semiconductor  heterostructure  re- 
gion  and  having  an  effective  period  Aeff,  said 
transmitter  CHARACTERIZED  IN  THAT, 

15  said  effective  period  is  related  to  said  char- 
acteristic  wavelength  as  Aeff>  XpW2n,  where  M  is 
an  integer  greater  than  or  equal  to  1  for  charac- 
terizing  an  order  of  the  integrated  feedback 
means. 

20 
2.  A  lightwave  transmitter  including  a  distributed 

Bragg  reflector  laser  (12)  and  means  (11)  for  fre- 
quency  modulating  said  laser,  said  laser  compris- 
ing  first  and  second  semiconductor  heterostruc- 

25  ture  regions,  said  first  region  optically  coupled  to 
said  second  region  along  a  propagation  direction 
for  lightwave  signals  supported  therein,  said  first 
region  including  a  gain  medium  having  a  charac- 
teristic  wavelength  Xp,  and  said  second  region  in- 

30  eluding  an  integrated  feedback  means,  said  inte- 
grated  feedback  means  including  spatially  peri- 
odic  perturbations  (31)  of  a  transmission  charac- 
teristic  of  said  second  semiconductor  hetero- 
structure  region  and  having  an  effective  period 

35  for  causing  the  laser  to  operate  at  a  Bragg  wave- 
length  XB,  said  transmitter  CHARACTERIZED  IN 
THAT, 

said  Bragg  wavelength  is  greater  than 
said  characteristic  wavelength. 

40 
3.  A  lightwave  communication  system  comprising  a 

lightwave  transmitter,  a  lightwave  receiver  (17) 
and  a  transmission  medium  (1  5)  optically  coupled 
jointly  to  said  lightwave  transmitter  and  said  light- 

45  wave  receiver  for  supporting  lightwave  signal 
propagation  therebetween,  said  lightwave  trans- 
mitter  including  a  distributed  Bragg  reflector  laser 
(12)  and  means  (11)  for  frequency  modulating 
said  laser,  said  laser  comprising  first  and  second 

so  semiconductor  heterostructure  regions,  said  first 
region  optically  coupled  to  said  second  region 
along  a  propagation  direction  for  lightwave  sig- 
nals  supported  therein,  said  first  region  including 
a  gain  medium  having  a  characteristic  wave- 

55  length  Xp,  and  said  second  region  having  a  modal 
refractive  index  n  and  including  an  integrated 
feedback  means,  said  integrated  feedback 
means  including  spatially  periodic  perturbations 
(31)  of  a  transmission  characteristic  of  said  sec- 

6 
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ond  semiconductor  heterostructure  region  and 
having  an  effective  period  Aeff,  said  transmitter 
CHARACTERIZED  IN  THAT, 

said  effective  period  is  related  to  said  char- 
acteristic  wavelength  as  Aeff  >XpM/2n,  where  M  is 
an  integer  greater  than  or  equal  to  1  for  charac- 
terizing  an  order  of  the  integrated  feedback 
means. 

4.  A  lightwave  communication  system  comprising  a 
lightwave  transmitter,  a  lightwave  receiver  (17) 
and  a  transmission  medium  (1  5)  optically  coupled 
jointly  to  said  lightwave  transmitter  and  said  light- 
wave  receiver  for  supporting  lightwave  signal 
propagation  therebetween,  said  lightwave  trans- 
mitter  including  a  distributed  Bragg  reflector  laser 
(12)  and  means  (11)  for  frequency  modulating 
said  laser,  said  laser  comprising  first  and  second 
semiconductor  heterostructure  regions,  said  first 
region  optically  coupled  to  said  second  region 
along  a  propagation  direction  for  lightwave  sig- 
nals  supported  therein,  said  first  region  including 
a  gain  medium  having  a  characteristic  wave- 
length  Xp,  and  said  second  region  including  an  in- 
tegrated  feedback  means,  said  integrated  feed- 
back  means  including  spatially  periodic  perturba- 
tions  (31)  of  a  transmission  characteristic  of  said 
second  semiconductor  heterostructure  region 
and  having  an  effective  period  for  causing  the 
laser  to  operate  at  a  Bragg  wavelength  XB,  said 
transmitter  CHARACTERIZED  IN  THAT, 

said  Bragg  wavelength  is  greater  than 
said  characteristic  wavelength. 

Patentanspruche 

1  .  Lichtwellensender  mit  einem  Laser  mit  verteiltem 
Bragg-Reflektor  (12)  und  einer  Einrichtung  (11) 
zur  Frequenzmodulation  des  Lasers,  wobei  der 
Laser  erste  und  zweite  Halbleiter-Heterostruktur- 
bereiche  umfalit,  der  erste  Bereich  optisch  an 
den  zweiten  Bereich  entlang  einer  Ausbreitungs- 
richtung  der  darin  gefuhrten  Lichtwellensignale 
gekoppelt  ist,  der  erste  Bereich  ein  Verstarkungs- 
medium  mit  einer  charakteristischen  Wellenlange 
Xp  umfalit  und  der  zweite  Bereich  einen  modalen 
Brechungsindex  n  hat  und  eine  integrierte  Ruck- 
kopplungseinrichtung  (31)  umfalit,  wobei  die  inte- 
grierte  Ruckkopplungseinrichtung  raumlich  pe- 
riodische  Storungen  einer  Ubertragungseigen- 
schaft  des  zweiten  Halbleiter-Heterostrukturbe- 
reichs  umfalit  und  eine  effektive  Periode  Aeff  hat, 
wobei  der  Sender 
dadurch  gekennzeichnet  ist, 
dali  die  effektive  Periode  mit  der  charakteristi- 
schen  Wellenlange  zusammenhangt  gemali  Aeff 
>  XpM/2n,  wobei  M  eine  ganze  Zahl  grolier  als 

oder  gleich  1  zur  Kennzeichnung  einer  Ordnung 
der  integrierten  Ruckkopplungseinrichtung  ist. 

5  2.  Lichtwellensender  mit  einem  Laser  mit  verteiltem 
Bragg-Reflektor  (12)  und  einer  Einrichtung  (11) 
zur  Frequenzmodulation  des  Lasers,  wobei  der 
Laser  einen  ersten  und  einen  zweiten  Halbleiter- 
Heterostrukturbereich  umfalit,  wobei  der  erste 

10  Bereich  optisch  an  den  zweiten  Bereich  entlang 
einer  Ausbreitungsrichtung  von  darin  gefuhrten 
Lichtwellensignalen  gekoppelt  ist,  der  erste  Be- 
reich  ein  Verstarkungsmedium  mit  einer  charak- 
teristischen  Wellenlange  Xp  und  der  zweite  Be- 

15  reich  eine  integrierte  Ruckkopplungseinrichtung 
enthalt,  wobei  die  integrierte  Ruckkopplungsein- 
richtung  raumlich  periodische  Storungen  (31)  ei- 
ner  Ubertragungseigenschaft  des  zweiten  Halb- 
leiter-Heterostrukturbereichs  umfalit  und  eine  ef- 

20  fektive  Periode  hat,  die  den  Laser  veranlalit,  bei 
einer  Bragg-Wellenlange  XB  zu  arbeiten, 
wobei  der  Sender  dadurch  gekennzeichnet  ist, 
dali  die  Bragg-Wellenlange  grolier  als  die  cha- 
rakteristische  Wellenlange  ist. 

25 
3.  Lichtwellenkommunikationssystem  mit  einem 

Lichtwellensender,  einem  Lichtwellenempfanger 
(17)  und  einem  Ubertragungsmedium  (15),  das 
optisch  in  verbundener  Weise  an  den  Lichtwel- 

30  lensenderundden  LichtwellenempfangerzurUn- 
terstutzung  der  Lichtwellensignalausbreitung 
zwischen  diesen  gekoppelt  ist,  wobei  der  Licht- 
wellensender  einen  Laser  mit  verteiltem  Bragg- 
Reflektor  (12)  und  eine  Einrichtung  (11)  zur  Fre- 

35  quenzmodulation  des  Lasers  umfalit,  wobei  der 
Laser  einen  ersten  und  einen  zweiten  Halbleiter- 
Heterostrukturbereich  umfalit,  der  erste  Bereich 
optisch  an  den  zweiten  Bereich  entlang  einer 
Ausbreitungsrichtung  von  darin  gefuhrten  Licht- 

40  wellensignalen  gekoppelt  ist,  wobei  der  erste  Be- 
reich  ein  Verstarkungsmedium  mit  einer  charak- 
teristischen  Wellenlange  Xp  umfalit  und  der  zwei- 
te  Bereich  einen  modalen  Brechungsindex  n  hat 
und  eine  Ruckkopplungseinrichtung  umfalit,  wo- 

45  bei  die  integrierte  Ruckkopplungseinrichtung 
raumlich  periodische  Storungen  (31)  einer  Uber- 
tragungseigenschaft  des  zweiten  Halbleiter-He- 
terostrukturbereichs  hat  und  eine  effektive  Perio- 
de  Aeff,  wobei  der  Sender  dadurch  gekennzeich- 

50  net  ist, 
dali  die  effektive  Periode  mit  der  charakteristi- 
schen  Wellenlange  so  zusammenhangt,  dali  Aeff 
>  XpM/2n,  wobei  M  eine  ganze  Zahl  grolier  oder 
gleich  1  ist  zur  Kennzeichnung  einer  Ordnung  der 

55  integrierten  Ruckkopplungseinrichtung. 

4.  Lichtwellenkommunikationssystem  mit  einem 
Lichtwellensender,  einem  Lichtwellenempfanger 
(17)  und  einem  Ubertragungsmedium  (15),  das 
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optisch  in  verbundener  Weise  an  den  Lichtwel- 
lensender  und  den  Lichtwellenempfanger  zum 
Unterstutzen  der  Lichtwellensignalausbreitung 
zwischen  diesen  gekoppelt  ist,  wobei  der  Licht-  5 
wellensender  einen  Laser  mit  verteiltem  Bragg- 
Reflektor  (12)  und  eine  Einrichtung  (11)  zur  Fre- 
quenzmodulation  des  Lasers  umfapt,  wobei  der 
Laser  einen  ersten  und  einen  zweiten  Halbleiter- 
Heterostrukturbereich  umfapt,  der  erste  Bereich  10 
optisch  an  den  zweiten  Bereich  entlang  einer 
Ausbreitungsrichtung  fur  darin  gefuhrte  Lichtwel- 
lensignale  gekoppelt  ist,  wobei  der  erste  Bereich 
ein  Verstarkungsmedium  mit  einer  charakteristi- 
schen  Wellenlange  Xp  und  der  zweite  Bereich  ei-  15 
ne  integrierte  Ruckkopplungseinrichtung  enthalt, 
wobei  die  integrierte  Ruckkopplungseinrichtung 
raumlich  periodische  Storungen  (31)  einer  Uber- 
tragungseigenschaft  des  zweiten  Halbleiter-He- 
terostrukturbereichs  enthalt  und  eine  effektive  20 
Periode  hat,  die  den  Laser  veranlapt,  bei  einer 
Bragg-Wellenlange  XB  zu  arbeiten, 
wobei  der  Sender  dadurch  gekennzeichnet  ist, 
dap  die  Bragg-Wellenlange  g  roper  als  die  charak- 
teristische  Wellenlange  ist.  25 

Revendications 

1.  Emetteur  d'ondes  lumineuses  comprenant  un  la-  30 
sera  reflecteurde  Bragg  reparti  (12)  et  un  moyen 
(11)  pour  moduler  ledit  laser  en  frequence,  ledit 
laser  comprenant  une  premiere  et  une  seconde 
region  d'heterostructure  semi-conductrice,  ladite 
premiere  region  etant  couplee  optiquement  a  la-  35 
dite  seconde  region  suivant  une  direction  de  pro- 
pagation  pour  des  signaux  d'ondes  lumineuses 
qui  y  sont  soutenus,  ladite  premiere  region 
comprenant  un  milieu  de  gain  presentant  une  lon- 
gueur  d'onde  caracteristique  Xp,  et  ladite  seconde  40 
region  presentant  un  indice  de  refraction  modale 
n  et  comprenant  un  moyen  de  reaction  integre 
(31),  ledit  moyen  de  reaction  integre  comprenant 
des  perturbations  spatialement  periodiques 
d'une  caracteristique  de  transmission  de  ladite  45 
seconde  region  d'heterostructure  semi- 
conductrice  et  ayant  une  periode  eff  icace  Aeff,  le- 
dit  emetteur  etant  CARACTERISE  EN  CE  QUE: 

ladite  periode  eff  icace  est  en  relation  avec 
ladite  longueur  d'onde  caracteristique  comme  50 
Aeff  >XpM/2n,  oil  M  est  un  nombre  entiersuperieur 
ou  egal  a  1  pour  caracteriser  un  ordre  du  moyen 
de  reaction  integre. 

2.  Emetteur  d'ondes  lumineuses  comprenant  un  la-  55 
sera  reflecteurde  Bragg  reparti  (12)  et  un  moyen 
(11)  pour  moduler  ledit  laser  en  frequence,  ledit 
laser  comprenant  une  premiere  et  une  seconde 
region  d'heterostructure  semi-conductrice,  ladite 

premiere  region  etant  couplee  optiquement  a  la- 
dite  seconde  region  suivant  une  direction  de  pro- 
pagation  pour  des  signaux  d'ondes  lumineuses 
qui  y  sont  soutenus,  ladite  premiere  region 
comprenant  un  milieu  de  gain  presentant  une  lon- 
gueur  d'onde  caracteristique  Xp,  et  ladite  seconde 
region  comprenant  un  moyen  de  reaction  integre, 
ledit  moyen  de  reaction  integre  comprenant  des 
perturbations  spatialement  periodiques  (31) 
d'une  caracteristique  de  transmission  de  ladite 
seconde  region  d'heterostructure  semi- 
conductrice  et  presentant  une  periode  efficace 
pour  amener  le  laser  a  fonctionner  a  une  longueur 
d'onde  de  Bragg  XB,  ledit  emetteur  etant  CARAC- 
TERISE  EN  CE  QUE: 

ladite  longueur  d'onde  de  Bragg  estsupe- 
rieure  a  ladite  longueur  d'onde  caracteristique. 

3.  Systeme  de  communication  par  ondes  lumineu- 
ses  comprenant  un  emetteur  d'ondes  lumineu- 
ses,  un  recepteur  d'ondes  lumineuses  (17)  et  un 
milieu  de  transmission  (15)  couple  optiquement  a 
la  fois  audit  emetteur  d'ondes  lumineuses  et  audit 
recepteur  d'ondes  lumineuses  af  in  de  soutenir  la 
propagation  d'un  signal  d'ondes  lumineuses  en- 
tre  eux,  ledit  emetteur  d'ondes  lumineuses 
comprenant  un  laser  a  reflecteurde  Bragg  reparti 
(12)  etun  moyen  (11)  pour  moduler  ledit  laser  en 
frequence,  ledit  laser  comprenant  une  premiere 
et  une  seconde  region  d'hetero-structure  semi- 
conductrice,  ladite  premiere  region  etant  couplee 
optiquement  a  ladite  seconde  region  suivant  une 
direction  de  propagation  pour  des  signaux  d'on- 
des  lumineuses  qui  y  sont  soutenus,  ladite  pre- 
miere  region  comprenant  un  milieu  de  gain  pre- 
sentant  une  longueur  d'onde  caracteristique  Xp, 
et  ladite  seconde  region  presentant  un  indice  de 
refraction  modale  n  et  comprenant  un  moyen  de 
reaction  integre,  ledit  moyen  de  reaction  integre 
comprenant  des  perturbations  spatialement  pe- 
riodiques  (31)  d'une  caracteristique  de  transmis- 
sion  de  ladite  seconde  region  d'heterostructure 
semi-conductrice  et  presentant  une  periode  effi- 
cace  Aeff,  ledit  emetteur  etant  CARACTERISE 
EN  CE  QUE: 

ladite  periode  efficace  est  en  relation  avec 
ladite  longueur  d'onde  caracteristique  comme 
Aeff  >XpM/2n,  oil  M  est  un  nombre  entiersuperieur 
ou  egal  a  1  pour  caracteriser  un  ordre  du  moyen 
de  reaction  integre. 

4.  Systeme  de  communication  par  ondes  lumineu- 
ses  comprenant  un  emetteur  d'ondes  lumineu- 
ses,  un  recepteur  d'ondes  lumineuses  (17)  et  un 
milieu  de  transmission  (15)  couple  optiquement  a 
la  fois  audit  emetteur  d'ondes  lumineuses  et  audit 
recepteur  d'ondes  lumineuses  af  in  de  soutenir  la 
propagation  d'un  signal  d'ondes  lumineuses  en- 
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tre  eux,  ledit  emetteur  d'ondes  lumineuses 
comprenant  un  laser  a  reflecteurde  Bragg  reparti 
(12)  et  un  moyen  (11)  pour  moduler  ledit  laser  en 
frequence,  ledit  laser  comprenant  une  premiere  5 
et  une  seconde  region  d'hetero-structure  semi- 
conductrice,  ladite  premiere  region  etant  couplee 
optiquement  a  ladite  seconde  region  suivant  une 
direction  de  propagation  pour  des  signaux  d'on- 
des  lumineuses  qui  y  sont  soutenus,  ladite  pre-  w 
miere  region  comprenant  un  milieu  de  gain  pre- 
sentant  une  longueur  d'onde  caracteristique  Xp, 
et  ladite  seconde  region  comprenant  un  moyen 
de  reaction  integre,  ledit  moyen  de  reaction  inte- 
gre  comprenant  des  perturbations  spatialement  15 
periodiques  (31)  d'une  caracteristique  de  trans- 
mission  de  ladite  seconde  region  d'heterostructu- 
re  semiconductrice  et  presentant  une  periode  ef- 
ficace  pour  amener  le  laser  a  fonctionner  a  une 
longueur  d'onde  de  Bragg  XB,  ledit  emetteur  etant  20 
CARACTERISE  EN  CE  QUE: 

ladite  longueur  d'onde  de  Bragg  est  supe- 
rieure  a  ladite  longueur  d'onde  caracteristique. 
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