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of  fabrication  which  mitigates  the  problem  of  Zn  migra-  The  contact  region  (16)  includes  carbon,  which  acts  as 

a  p-type  dopant  in  ternary  semiconductor  material. 
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Description 

Background  of  the  Invention 

[0001]  This  invention  relates  to  semiconductor  optical 
devices,  including  lasers  and  electroabsorption  modu- 
lators,  and  detectors. 
[0002]  Electroabsorption  modulated  laser  (EML)  de- 
vices  have  recently  received  a  great  deal  of  attention  for 
use  in  high  speed  optical  systems.  Such  devices  typi- 
cally  include  a  semiconductor  laser  and  modulator 
formed  in  a  single  substrate.  These  devices  usually  in- 
clude  a  semiconductor  multi  quantum  well  (MQW)  ac- 
tive  region,  a  contact  layer  formed  thereover  to  facilitate 
electrical  contact  with  the  active  layer,  a  current  blocking 
layer  for  directing  current  to  the  active  region,  and  a 
cladding  layer  to  confine  light  to  the  active  region.  Zn  is 
a  commonly  used  p-type  dopant  for  the  blocking, 
comact  and  cladding  layers,  and  the  performance  of  the 
laser  and  modulator  depends  critically  on  the  level  of  Zn 
in  the  various  layers  of  the  device. 
[0003]  It  is  desired  to  maintain  a  certain  Zn  dopant 
profile  in  the  device  structure  for  optimum  performance. 
However,  the  Zn  profile  in  the  blocking  and  cladding  lay- 
ers  may  get  modified  during  the  growth  of  the  contact 
layer  due  to  the  migration  of  the  Zn  dopant  from  the  con- 
tact  layer.  One  solution  to  the  problem  is  to  reduce  the 
amount  of  Zn  in  the  cladding,  blocking,  and  contact  lay- 
ers.  However,  this  approach  also  adversely  affects  other 
device  properties,  such  as  total  device  resistance. 
[0004]  It  is  desirable,  therefore,  to  provide  a  process 
and  resulting  device  which  mitigate  the  problem  of  Zn 
migration  in  optical  devices. 

Summary  of  the  Invention 

[0005]  The  invention  in  accordance  with  one  aspect 
is  an  optical  device  comprising  a  semiconductor 
waveguide  region  (which  may  include  an  active  region), 
a  cladding  region  including  a  dopant  comprising  Zn, 
formed  adjacent  to  the  waveguide  region,  and  a  semi- 
conductor  contact  region.  The  contact  region  is  selected 
from  the  materials  InGaAS  and  inGaAsP,  and  is  formed 
over  the  waveguide  region.  The  contact  region  includes 
a  p-type  dopant  comprising  carbon  to  provide  sufficient 
conductivity  to  make  low  resistance  contact  to  the 
waveguide  region. 
[0006]  In  accordance  with  another  aspect,  the  inven- 
tion  is  a  method  of  fabricating  an  optical  device  including 
the  steps  of  epitaxially  forming  a  semiconductor 
waveguide  region  over  the  substrate,  and  forming  a 
cladding  region  adjacent  to  the  waveguide  region,  the 
cladding  region  including  a  dopant  comprising  Zn.  A 
contact  region  selected  from  the  materials  InGaAS  and 
InGaAsP  is  epitaxially  formed  over  the  waveguide  re- 
gion.  The  contact  layer  includes  a  p-type  dopant  com- 
prising  carbon  to  provide  sufficient  conductivity  to  make 
a  low  resistance  contact  to  the  waveguide  region. 

Brief  Description  of  the  Figures 

[0007]  These  and  other  features  of  the  invention  are 
delineated  in  detail  in  the  following  description.  In  the 

5  drawing: 
[0008]  Figure  1  is  perspective  view  of  an  optical  de- 
vice  according  to  one  embodiment  of  the  invention. 
[0009]  Figures  2-4  are  views  of  the  device  of  Fig.  1 
during  various  stages  of  fabrication;  and 

10  [0010]  Figure  5  is  a  front  view  of  a  device  according 
to  a  further  embodiment  of  the  invention. 
[0011]  It  will  be  appreciated  that,  for  purposes  of  illus- 
tration,  these  figures  are  not  necessarily  drawn  to  scale. 

is  Detailed  Description 

[0012]  Figure  1  illustrates  a  typical  electroabsorption 
modulated  laser  (EML)  device,  10,  which  includes  fea- 
tures  of  the  invention.  The  device,  1  0,  basically  compris- 

20  es  two  portions,  a  laser  portion,  1  1  ,  and  a  modulator  por- 
tion,  12,  formed  on  a  single  substrate,  1  3.  The  substrate, 
13,  typically  comprises  InP.  Formed  on  the  substrate, 
13,  is  a  waveguide  region,  1  4,  which  comprises  a  com- 
bination  of  active  layer  and  optical  confinement  layer 

25  and  is  typically  InGaASP.  The  region,  14,  includes  a  p- 
n  junction,  26.  As  known  in  the  art,  the  properties  of  the 
constituents  of  the  waveguide  14  are  chosen  so  that  in 
the  laser  portion,  11,  the  waveguide  will  function  as  an 
active  region  and  in  the  modulator  portion,  12,  the 

30  waveguide  will  absorb  a  certain  amount  of  the  emitted 
light  depending  upon  the  electrical  bias  supplied  there- 
to.  (See,  e.g.,  Johnson  et  al  "High  Speed  Integrated 
Electroabsorption  Modulators",  Proceedings  of  SPIE, 
Vol.  3038,  pp.  30-38  (Feb.  1997). 

35  [0013]  Thus,  in  the  context  of  this  application,  a 
"waveguide"  region  refers  to  a  region  which  will  confine 
light  to  a  designated  portion  of  the  device,  and  can  in- 
clude,  alone  or  in  combination,  an  active  region,  a  mod- 
ulator  region,  and  a  detector  region  (not  shown). 

40  [0014]  A  blocking  layer,  25,  is  formed  adjacent  to  the 
waveguide  14.  This  layer  typically  comprises  alternate 
n,  p-type  and  intrinsic  layers  of  InP,  and  is  used  to  block 
current  in  areas  outside  the  waveguide  14. 
[001  5]  A  cladding  layer,  1  5,  is  also  formed  adjacent  to 

45  the  waveguide,  14,  and  extending  above  it.  The  layer, 
15,  in  combination  with  14,  provides  the  necessary 
structure  for  proper  operation  of  an  optical  waveguide. 
The  layer,  15,  is  typically  a  binary  material,  e.g.,  InP.  The 
cladding  layer  typically  includes  Zn  as  a  p-type  dopant 

so  in  a  controlled  profile.  A  contact  layer,  1  6,  is  formed  over 
the  waveguide  and  cladding  region.  This  layer  is  doped 
to  provide  sufficient  conductivity  to  make  low  resistance 
contact  to  the  section,  14.  The  layer,  16,  typically  com- 
prises  InGaAs  and  includes  a  p-type  dopant  to  adjust 

55  the  conductivity.  In  accordance  with  a  preferred  embod- 
iment,  the  impurity  is  carbon,  and  the  impurity  concen- 
tration  is  within  the  range  1  x  1018  -  5  x  1019  cm-3.  Car- 
bon  behaves  as  a  p-type  dopant  in  ternary  material,  al- 
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though  it  acts  as  n-type  dopant  in  other  material  such 
as  InP.  The  elimination  of  Zn  dopant  in  the  contact  layer, 
16,  effectively  eliminates  the  problems  associated  with 
Zn  migration  during  growth  and  processing,  such  as  an 
increase  in  internal  loss  in  the  waveguide,  14,  in  the  la- 
ser  portion.  In  addition,  it  aids  in  preserving  the  location 
of  p-n  junction,  26,  within  section  14. 
[0016]  The  device,  10,  also  includes  electrodes  17 
and  1  8  formed  on  the  contact  layer,  1  6,  in  the  laser  and 
modulator  portions,  11  and  12,  respectively  and  an  elec- 
trode,  1  9,  formed  on  the  bottom  surface  of  the  substrate, 
13.  These  electrodes  provide  the  bias  to  produce  light 
emission  in  the  laser  portion,  11,  and  control  the  absorp- 
tion  of  the  emitted  light  in  the  modulator  portion,  12. 
[0017]  A  method  for  fabricating  the  device  of  Figure  1 
is  illustrated  in  Figures  2-4.  As  illustrated  in  Figure  2,  the 
region,  1  4,  is  formed  on  the  substrate,  1  3,  by  first  form- 
ing  mask  segment,  20  and  21  ,  which  are  typically  Si02 
and  leaving  a  central  portion  of  the  substrate  exposed. 
The  region  1  4  is  then  grown  on  the  exposed  surface  typ- 
ically  by  metallorganic  chemical  vapor  deposition 
(MOCVD)  or  gas  source  molecular  beam  epitaxy 
(GSMBE). 
[0018]  Typically,  segments  20  and  21  are  then  re- 
moved,  another  Si02  mask  (not  shown)  is  formed  on  the 
region,  14,  and  then  the  region  is  etched  to  form  mesa 
structure. 
[0019]  As  illustrated  in  Figure  3,  the  blocking  layer  25 
and  cladding  layer,  15,  are  then  formed  by  epitaxially 
growing  the  semiconductor  layers  on  the  exposed  sur- 
faces  of  the  substrate,  13.  This  is  usually  done  by 
MOCVD.  The  layer,  15,  typically  includes  a  Zn  dopant 
having  a  desired  profile  as  a  function  of  the  layer  thick- 
ness  so  as  to  form  the  p-n  junction.  For  example,  the 
concentration  of  Zn  dopant  usually  varies  from  5  x 
1017cm3  to  3x  1018cm3 
[0020]  As  illustrated  in  Figure  4,  the  contact  layer,  16, 
is  formed  on  the  cladding  layer,  15,  typically  by  MOCVD. 
The  layer,  16,  includes  carbon  as  a  p-type  dopant  to  pro- 
vide  the  desired  conductivity.  Preferably,  the  dopant 
concentration  is  in  the  range  2  x  1018  -  3  x  1019  cm-3. 
The  contact  layer,  1  6,  is  typically  InGaAs,  but  other  ma- 
terials  such  as  InGaAsP  might  be  employed  if  carbon 
will  act  as  a  p-type  dopant  therein.  The  layer  1  6,  is  typ- 
ically  0.1  urn  -  0.5u.m  micron  thick. 
[0021]  The  structure  is  completed  by  depositing  elec- 
trodes  17,  18  and  19  on  the  top  and  bottom  surfaces, 
respectively,  of  the  device.  These  electrodes  are  typi- 
cally  Ti/Pt/Au  or  Be-Au  and  deposited  by  e-beam  evap- 
oration. 
[0022]  While  the  invention  has  been  described  with 
reference  to  an  EML  device,  it  should  be  apparent  that 
it  is  useful  for  other  optical  devices  requiring  a  p-type 
contact  layer.  For  example,  a  capped  Mesa  Buried  Het- 
erostructure  (CMBH)  laser,  illustrated  in  Figure  5,  in- 
cludes  a  substrate,  30,  typically  InP  on  which  is  formed 
a  n-type  undercladding  layer  31  ,  an  active  region  and 
waveguide,  32,  for  light  emission,  and  blocking  regions, 

33  and  34,  adjacent  to  the  active  region,  layer  35.  The 
active  region  typically  comprises  MOW  or  bulk  layers  of 
InGaAsP,  and  the  blocking  regions,  33  and  34,  typically 
comprise  InP.  A  p-type  cladding  layer,  35,  comprising 

5  typically  InP  was  formed  over  the  waveguide  and  active 
region.  This  was  followed  by  the  growth  of  layer  36  as 
a  contact  layer.  The  contact  layer,  36,  was  InGaAs  and 
included  carbon  as  the  p-type  dopant  with  a  concentra- 
tion  in  the  range  1  x  1018  -  3  x  1019  cm-3. 

10  [0023]  This  device  was  tested,  and  it  was  discovered 
that  such  lasers  have  lower  threshold  currents  and  high- 
er  slope  efficiency  than  similar  devices  made  with  Zn- 
doped  contact  layers.  Further,  the  internal  loss  in  the 
laser  cavity  was  lower  for  devices  made  in  accordance 

is  with  the  invention  as  a  result  of  the  absence  of  Zn  diffu- 
sion  into  the  active  region. 

Claims 
20 

1.  An  optical  device  (10)  comprising: 

a  semiconductor  waveguide  region  (14);  and 
a  cladding  region  (1  5)  including  a  dopant  com- 

25  prising  Zn  formed  adjacent  to  the  waveguide  re- 
gion;  and  characterized  by 
a  semiconductor  contact  region  (16)  selected 
from  InGaAS  and  InGaAsP  formed  over  the 
waveguide  region,  the  contact  region  including 

30  a  p-type  dopant  comprising  carbon  to  provide 
sufficient  conductivity  to  make  low  rzsistance 
contact  to  the  waveguide  region. 

2.  The  device  according  to  claim  1  wherein  the  con- 
35  centration  of  the  dopant  is  within  the  range  1  x  1018 

-3x1019cm-3 

3.  The  device  according  to  claim  1  wherein  the  device 
is  an  electroabsorption  modulated  laser. 

40 
4.  The  device  according  to  claim  1  wherein  the  device 

is  a  Capped  Mesa  buried  heterostructure  laser. 

5.  A  method  for  fabricating  an  optical  device  (10)  com- 
45  prising  the  steps  of: 

epitaxially  forming  a  semiconductor  waveguide 
region  (1  4)  over  a  substrate  (1  3); 
forming  a  cladding  region  (1  5)  adjacent  to  said 

so  waveguide  region,  the  cladding  region  includ- 
ing  a  dopant  comprising  Zn;  and  characterized 
by 
epitaxially  forming  a  contact  region  (16)  select- 
ed  from  InGaAs  and  InGaAsP  over  the 

55  waveguide  region,  the  contact  layer  including  a 
p-type  dopant  comprising  carbon  to  provide  a 
sufficient  conductivity  to  make  low  resistance 
contact  to  the  waveguide  region. 

3 
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6.  The  method  according  to  claim  5  wherein  the  con- 
centration  of  the  dopant  is  within  the  range  1  x  1018 
-3x  1019cm-3. 

7.  The  method  according  to  claim  5  wherein  the  con-  s 
tact  region  is  formed  by  metallorganic  chemical  va- 
por  deposition. 
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