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Improved  method  of  making  semiconductor  heterostructures  of  gallium  arsenide  on  germanium. 

FIG.  2  @  The  invention  is  predicated  upon  the  discovery 
by  applicants  that  exposure  of  a  Ge  surface  to 
arsenic  produces  a  drastic  change  in  the  step  struc- 
ture  of  the  Ge  surface.  Subsequent  exposure  to  Ga 
and  growth  of  GaAs  produces  three-dimensional 
growth  and  a  high  threading  dislocation  density  at 
the  GaAs/Ge  interface.  However  exposure  of  the  Ge 
surface  to  Ga  does  not  substantially  change  the  Ge 
step  structure,  and  subsequent  growth  of  GaAs  is 
two-dimensional  with  little  increase  in  threading  dis- 
location  density.  Thus  a  high  quality  semiconductor 
heterostructure  of  gallium  arsenide  on  germanium 
can  be  made  by  exposing  a  germanium  surface  (11) 
in  an  environment  substantially  free  of  arsenic,  de- 
positing  a  layer  of  gallium  on  the  surface  and  then 
growing  a  layer  of  gallium  arsenide  (12).  The  im- 
proved  method  can  be  employed  to  make  a  variety 
of  optoelectronic  devices  such  as  light-emitting  di- 
odes  (13). 
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Despite  the  closer  lattice  spacing,  efforts  to 
grow  GaAs  on  Ge  have  also  been  less  than  sat- 
isfactory,  with  both  As  prelayers  and  Ga  prelayers 
producing  three  dimensional,  multiple  domain 

5  growth.  See,  for  example,  S.  Strite  et  al,  Appl. 
Phys.  Lett.  56,  244  (1990).  Accordingly  there  is  a 
need  for  an  improved  method  of  making  semicon- 
ductor  heterostructures  of  gallium  arsenide  on  ger- 
manium. 

w 
Summary  of  the  Invention 

Applicants  have  discovered  that  exposure  of  a 
Ge  surface  to  arsenic  produces  a  drastic  change  in 

75  the  step  structure  of  the  Ge  surface.  Subsequent 
exposure  to  Ga  and  growth  of  GaAs  produces 
three-dimensional  growth  and  a  high  threading  dis- 
location  density  at  the  GaAs/Ge  interface.  However 
exposure  of  the  Ge  surface  to  Ga  does  not  sub- 

20  stantially  change  the  Ge  step  structure,  and  subse- 
quent  growth  of  GaAs  is  two-dimensional  with  little 
increase  in  threading  dislocation  density.  Thus  a 
high  quality  semiconductor  heterostructure  of  gal- 
lium  arsenide  on  germanium  can  be  made  by 

25  exposing  a  germanium  surface  in  an  environment 
substantially  free  of  arsenic,  depositing  a  layer  of 
gallium  on  the  surface  and  then  growing  a  layer  of 
gallium  arsenide.  The  improved  method  can  be 
employed  to  make  a  variety  of  optoelectronic  de- 

30  vices  such  as  light-emitting  diodes. 

Brief  Description  of  the  Drawings 

The  advantages,  nature  and  various  additional 
35  features  of  the  invention  will  appear  more  fully 

upon  consideration  of  the  illustrative  embodiments 
now  to  be  described  in  detail  in  connection  with  the 
accompanying  drawings.  In  the  drawings: 

FIG.  1  is  a  flow  diagram  illustrating  the  method 
40  of  making  a  semiconductor  heterostructure  of 

gallium  arsenide  on  germanium; 
FIG.  2  is  a  schematic  cross  section  of  an  illus- 
trative  LED  device  made  in  accordance  with  the 
method  of  FIG.  1;  and 

45  FIG.  3  is  a  graphical  illustration  of  the  power 
spectrum  of  the  FIG.  2  LED. 

Detailed  Description 

50  Referring  to  the  drawings,  FIG.  1  is  a  flow 
diagram  illustrating  the  process  for  making  a  semi- 
conductor  heterostructure  of  gallium  arsenide  on 
germanium.  As  shown,  the  first  step  is  exposing  a 
surface  comprising  germanium  in  an  environment 

55  substantially  free  of  arsenic.  Specifically  the  Ge 
surface  should  be  exposed  only  in  an  environment 
where  the  partial  pressure  of  arsenic  is  less  than 
about  1.3x10-G  Pa  (10~8  Torr). 

Field  of  the  Invention 

This  invention  concerns  a  method  for  making  a 
semiconductor  heterostructure  of  gallium  arsenide 
on  germanium. 

Background  of  the  Invention 

There  is  considerable  interest  in  heterostruc- 
ture  devices  involving  greater  epitaxial  layer  thick- 
ness  and  greater  lattice  misfit  than  present  technol- 
ogy  will  allow.  For  example,  it  has  long  been  recog- 
nized  that  germanium-silicon  alloy  GexSh-x  grown 
on  silicon  substrates  would  permit  a  variety  of 
optoelectronic  devices,  such  as  LEDs,  marrying  the 
electronic  processing  technology  of  silicon  VLSI 
circuits  with  the  optical  component  technology  of 
direct  band  semiconductors.  Indeed,  it  has  been 
proposed  that  an  intermediate  epitaxial  layer  of 
germanium-silicon  alloy  would  permit  the  epitaxial 
deposition  of  gallium  arsenide  overlying  a  silicon 
substrate  and  thus  permit  a  variety  of  new  op- 
toelectronic  devices.  However,  despite  the  widely 
recognized  potential  advantages  of  such  combined 
structures  and  despite  substantial  efforts  to  develop 
them,  their  practical  utility  has  been  limited  by  high 
defect  densities  in  heterostructure  layers. 

A  highly  advantageous  method  for  making  a 
semiconductor  heterostructure  of  germanium-sili- 
con  alloy  on  silicon  is  disclosed  in  EP-A-0514018 
(inventors  Brasen  et  al).  The  Brasen  et  al  applica- 
tion  discloses  that  one  can  grow  on  silicon  large 
area  heterostructures  of  graded  GexSh-x  alloy  hav- 
ing  a  low  level  of  threading  dislocation  defects  by 
growing  the  alloy  at  high  temperatures  in  excess  of 
about  850  °C  and  increasing  the  germanium  con- 
tent  at  a  gradient  of  less  than  about  25%  per  urn. 
Using  this  method  one  can  grow  low  defect 
heterolayers  of  high  germanium  alloy. 

The  next  step  toward  the  long  sought  goal  of 
direct  band  optoelectronics  on  silicon  is  a  method 
for  growing  a  low  defect  heterolayer  of  gallium 
arsenide  on  a  layer  of  germanium. 

Efforts  to  grow  GaAs  on  group  IV  semiconduc- 
tors  predominantly  begin  with  the  growth  of  a 
prelayer  of  arsenic  on  the  group  IV  substrate.  The 
use  of  As  prelayers  has  dominated  GaAs/Si  experi- 
ments  because:  a)  As  pre-layers  are  self-limiting, 
i.e.  only  one  monolayer  will  deposit;  and  b)  the  As 
background  pressure  in  most  systems  is  high,  so 
in  the  absence  of  special  precaution,  an  As 
prelayer  is  unavoidable.  Experiments  have  been 
conducted  using  Ga  prelayers  in  GaAs  growth  on 
Si  but  the  GaAs  growth  is  equally  poor  (three- 
dimensional)  using  Ga  or  As  prelayers.  (See,  for 
example,  R.  D.  Bringans  et  al,  Appl.  Phys.  Lett. 
51,523  (1987)  and  M.  Zinke-Allmang  et  al,  Surf. 
Sci.  Rep.  16,446  (1992). 



EP  0  626  731  A2 

The  Ge  surface  is  preferably  that  of  a  (001) 
oriented  germanium  substrate,  off-cut  1-6°  towards 
the  [110]  direction.  Alternatively  it  can  be  the  sur- 
face  of  a  composite  structure  of  germanium-silicon 
alloy/silicon  of  the  type  described  in  the  aforemen- 
tioned  Brasen  et  al  application.  In  a  Ge-Si  alloy,  the 
surface  should  comprise  70-100%  Ge. 

In  the  preferred  processes,  epitaxial  growth  will 
be  effected  in  a  low  pressure  growth  chamber  such 
as  a  gas  source  molecular  beam  epitaxy  system. 
As  a  preliminary  step  to  exposing  the  Ge  surface, 
any  arsenic  in  the  growth  chamber  is  removed  as 
by  pumping  down  the  growth  chamber  overnight  to 
a  1.3x10~8  Pa  (10~10  Torr)  base  pressure.  Also  as 
preliminary  steps  the  substrate  is  preferably 
cleaned  using  NhUOHihbC^HbO  and 
HCI:H2O2:H2O  and  rinsed  in  deionized  water. 

After  cleaning,  the  substrate  is  introduced  into 
the  arsenic-free  growth  chamber  and  the  Ge  sur- 
face  is  exposed  as  by  desorbing  it  of  oxide.  Typi- 
cally,  the  surface  is  desorbed  by  heating  the  sub- 
strate  between  350-450  °C  followed  by  slow  heat- 
ing  to  600-700  °C  for  about  20  minutes  before 
cooling  to  growth  temperature.  With  the  protective 
oxide  removed,  the  germanium  surface  is  thus  ex- 
posed  in  an  arsenic-free  environment. 

The  next  step  is  covering  the  germanium  sur- 
face  by  epitaxially  growing  a  pre-layer  of  gallium. 
Preferably  a  monolayer  or  more  of  gallium  is  grown 
on  the  germanium  to  ensure  coverage.  A  typical 
growth  temperature  is  350  °  c. 

After  the  gallium  pre-layer,  the  next  step  is  to 
grow  GaAs.  This  can  be  done  by  growing  a  se- 
quence  of  AS2  and  Ga  monolayers  or  by  applying 
AS2  and  adding  Ga.  Preferably,  GaAs  growth  is 
initiated  at  0.1-0.3  um/hr.  After  100-300nm  (1000- 
3000A),  the  growth  temperature  can  be  raised  to 
600  °  C  and  the  growth  rate  increased  to  0.9  u.m/hr. 

The  advantage  of  the  method  is  that  it  pro- 
duces  single  domain,  two  dimensional  growth  of 
gallium  arsenide.  RHEED  images  after  300nm 
(3000A)  of  growth  show  two-dimensional  growth 
with  the  [110]  GaAs  direction  oriented  along  the 
off-cut  direction  of  the  substrate.  TEM  cross-sec- 
tions  of  the  GaAs  film  show  misfit  dislocations  at 
the  GaAs/Ge  interface  due  to  the  small  mismatch, 
yet  the  threading  dislocation  density  has  not  in- 
creased  due  to  the  interface.  The  threading  dis- 
locations  observed  in  the  GaAs  originate  from  the 
threading  through  the  Ge  layer.  Thus  one  domain 
is  formed,  antiphase  boundaries  are  eliminated, 
and  threading  dislocations  glide  freely  in  the  GaAs, 
creating  long  misfit  dislocations  at  the  GaAs/Ge 
interface.  The  result  is  a  high  quality  GaAs/Ge 
heterostructure  which  can  be  used  to  make  op- 
toelectronic  devices. 

As  a  specific  example,  FIG.  2  is  a  schematic 
cross  section  of  an  LED  device  made  in  accor- 

dance  with  the  FIG.  1  process.  The  device  com- 
prises  a  composite  substrate  10  having  a  germa- 
nium  surface  11,  a  layer  of  gallium  arsenide  12 
grown  on  the  germanium  surface,  and  an  InGaP 

5  homojunction  LED  structure  13  grown  on  the  GaAs. 
More  specifically,  the  composite  substrate  was  a 
germanium-silicon  alloy/silicon  substrate  grown  as 
described  in  the  aforementioned  Brasen  et  al  ap- 
plication  on  a  [100]  Si  wafer  off-cut  towards  the 

w  nearest  <1  1  1  >  axis  by  6°.  The  graded  alloy  region 
was  terminated  when  pure  Ge  was  achieved,  and  a 
1  urn  Ge  cap  was  deposited  to  suppress  the  sur- 
face  Crosshatch  pattern. 

The  Ill-V  epitaxial  layers  were  grown  in  an 
75  Intervac  Gen  II  gas-source  MBE  system.  The  In 

and  Ga  were  provided  by  conventional  effusion 
cells,  and  As2  and  P2  molecular  beams  were  pro- 
duced  by  thermal  decomposition  of  100%  AsH3 
and  100%  PH3  at  1100°C,  in  two  independent  low- 

20  pressure  gas  cracking  ovens. 
The  GaAs  layer  grown  on  the  Ge  cap  layer  had 

a  thickness  of  about  1  urn,  and  the  InGaP  LED 
structure  13  comprised  a  500nm  (5000A) 
p+lno.5Gao.5P  layer  followed  by  a  500nm  (5000A) 

25  intrinsic  lno.5Gao.5P  layer,  a  500nm  (5000A)  n+- 
lno.5Gao.5P  layer,  terminated  with  a  50nm  (500A) 
n+-GaAs  contact  layer.  The  LED  was  oriented  with 
the  p+  layer  closest  to  the  Ge. 

FIG.  3  shows  the  power  spectrum  of  the  LED 
30  in  surface-emitting  geometry  with  half  of  a  circular 

diode  area  covered  by  a  metallic  contact.  Despite 
the  inefficient  geometry,  the  most  intense  spectrum 
was  emitting  in  excess  of  10mW/cm2  with  a  current 
density  of  100A/cm2.  The  LED  emissions  were 

35  easily  seen  in  a  lighted  room. 
While  the  invention  has  been  described  in  rela- 

tion  to  MBE  growth,  other  types  of  epitaxial  growth 
such  as  chemical  vapor  deposition  (CVD)  including 
MOCVD  can  be  used. 

40 
Claims 

1.  A  method  of  making  semiconductor 
heterostructures  of  gallium  arsenide  on  germa- 

45  nium  comprising  the  steps  of: 
exposing  a  surface  comprising  germanium 

in  an  environment  substantially  free  of  arsenic; 
epitaxially  growing  a  layer  of  gallium  on 

the  exposed  surface;  and 
50  epitaxially  growing  a  layer  of  gallium  ar- 

senide  on  the  covered  surface. 

2.  The  method  of  claim  1  wherein  said  germa- 
nium  surface  is  exposed  by  desorption  in  an 

55  environment  having  a  partial  pressure  of  ar- 
senic  of  less  than  1.3x10~G  Pa  (10~8  Torr). 
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3.  The  method  of  claim  1  wherein  a  monolayer  or 
more  of  gallium  is  grown  on  said  germanium 
surface. 

4.  The  method  of  claim  1  wherein  said  epitaxial  5 
growth  is  effected  by  molecular  beam  epitaxy. 

5.  The  method  of  claim  1  wherein  said  epitaxial 
growth  is  effected  by  chemical  vapor  deposi- 
tion,  w 

6.  The  method  of  claim  1  wherein  said  germa- 
nium  surface  is  a  (001)  oriented  germanium 
substrate  off-cut  1-6°  towards  the  [110]  direc- 
tion.  75 

7.  The  method  of  claim  1  wherein  said  germa- 
nium  surface  is  germanium-silicon  alloy  com- 
prising  70-100%  germanium. 

20 

25 

30 

35 

40 

45 

50 

55 



EP  0  626  731  A2 

FIG.  1 FIG.  2  
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