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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  an  apparatus  for  pro- 
ducing  semiconductors  wherein  compound  semi- 
conductor  layers  are  grown  in  a  vacuum  chemical 
epitaxy  (VCE)  system. 

BACKGROUND  OF  THE  INVENTION 

In  recent  years,  the  demand  for  compound 
semiconductors  especially  Group  lll-V  compounds 
(e.g.  GaAs)  has  been  growing  because  of  their 
being  superior  in  perfomance  charcteristics  to  the 
conventinal  silicon  semiconductors.  For  the  produc- 
tion  of  such  Group  lll-V  compound  semiconductors, 
there  are  known,  among  others,  the  so-called  mo- 
lecular  beam  epitaxy  (MBE)  process  which  com- 
prises  causing  atoms  required  for  a  compound  to 
be  epitaxially  grown  to  evaporate  from  a  solid  ma- 
terial  using  a  heat  gun  and  causing  them  to  collide, 
in  the  molecular  beam  form,  against  a  substrate  in 
an  ultrahigh  vacuum  to  thereby  cause  growth  of  a 
film  of  said  material  on  said  substrate,  and  the  so- 
called  metal  organic  chemical  vapor  deposition 
(MOCVD)  process  which  comprises  introducing  the 
vapor  of  methyl-metal  or  ethyl-metal  compound 
into  a  reaction  chamber  at  atmospheric  pressure  or 
under  reduced  pressure  by  means  of  a  carrier  gas 
such  as  H2,  allowing  said  vapor  to  mix  with  a 
Group  V  metal  hydride  and  allowing  the  reaction 
therebetween  to  take  place  on  a  heated  substrate 
for  crystal  growth. 

However,  the  MBE  process  among  said  two 
processes  is  not  suited  for  a  large-scale  produc- 
tion,  hence  can  hardly  meet  the  needs  of  the 
market  because  ©  it  requires  1,3  •  10_8Pa  (10 
~11  Torr)  order  of  ultra-high  vacuum,  (2)  downtime 
generates  when  refilling  materil  and©  it  requires  a 
substrate  rotating  mechanism  in  order  to  conduct  a 
homogeneous  growth.  Therefore,  MOCVD  process 
is  now  paid  attention  and  practically  used.  How- 
ever,  it  has  disadvantages  in  that  ©  a  distribution 
is  easily  caused  in  a  flow  direction  and  it  is  difficult 
to  analyze  the  flow  at  a  scale-up  since  it  is  a 
process  in  a  laminar  flow  area  and  (2)  reactant  gas 
is  expensive  and  its  utilization  efficiency  of  the 
reactant  gas  is  low  because  of  the  growth  mecha- 
nism.  Since  a  large  quantity  of  unreacted  gas, 
which  is  toxic,  is  produced  because  of  the  effi- 
ciency  of  reactant  gas  utilizaiton  being  low,  as 
mentioned  above,  since  a  carrier  gas  constitutes  an 
additional  waste  gas  portion,  a  large  quantity  of  a 
toxic  waste  gas  is  discharged  in  large  quantities, 
and  this  fact  leads  to  waste  gas  disposal  problems. 

Thus,  MBE  process  and  MOCVD  process  have 
disadvantages  respectively,  it  is  desired  to  provide 

an  apparatus  for  producing  semiconductors  re- 
moved  these  disadvantages  completely.  Accord- 
ingly,  the  inventors  succeeded  in  developing  an 
apparatus  for  producing  semiconductors  wherein 

5  advantages  of  both  MBE  and  MOCVD  process  are 
incorporated  and  filed  a  patent  application  (Japa- 
nese  patent  application  No.  63-191060).  The  struc- 
ture  of  this  apparatus  is  shown  in  Figs.  5  and  6.  In 
these  figures,  the  reference  numeral  101  indicates 

io  the  vacuum  chamber  of  vacuum  chemical  epitaxy, 
the  vacuum  chamber  101  has  a  reaction  chamber 
102  therein,  which  is  formed  by  a  base  plate  106, 
surrounding  walls  107  and  a  top  plate  108  placed, 
slidably  in  one  direction,  on  the  upper  edges  of  the 

75  surrounding  walls  107.  The  top  plate  has,  in  the 
middle  portion  thereof,  openings  108a.  Disc-form 
GaAs  substrates  113  are  detachably  mounted  on 
the  openings  108a  respectively.  The  surrounding 
walls  of  the  reaction  chamber  102  have  exhaust 

20  ports  110  at  certain  given  intervals  around  the 
same.  The  total  area  of  these  exhaust  ports  110  is 
preferably  about  4%  of  the  surface  area  of  the  top 
plate  108  of  the  reaction  chamber  102.  The  base 
plate  106  has  nozzle  openings  109  formed  at  pre- 

25  determined  intervals  therein,  which  is  in  commu- 
nication  with  openings  109  or  134  in  the  ceiling  of 
a  first  dispersing  chamber  104  disposed  under  the 
reaction  chamber  102.  Each  opening  109  is  in 
communication  with  the  first  dispersing  chamber 

30  104,  whereas  each  opening  134  is  in  communica- 
tion  with  a  second  dispersing  chamber  124  via  a 
duct  119  which  passes  through  the  first  dispersing 
chamber  104.  The  first  dispersing  chamber  104  is 
in  communication  with  a  starting  material  inlet  tube 

35  121.  Said  starting  material  inlet  tube  121  serves  for 
introducing  into  the  first  dispersing  chamber  104  of 
a  Group  III  compound  (reactant  gas)  such  as 
trimethylgallium  (TMGa)  or  triethylgallium  (TEGa). 
The  second  dispersing  chamber  124  has  an  open- 

40  ing  in  the  lower  part,  and  an  exhaust  valve  136, 
suitably  a  poppet  valve,  is  disposed  displaceably  in 
said  opening  for  opening  or  closing  said  opening. 
Said  second  dispersing  chamber  124  is  in  commu- 
nication,  through  one  side  wall  thereof,  with  a  start- 

45  ing  material  inlet  tube  122.  Through  said  inlet  tube 
122,  an  n-type  or  p-type  dopant  or  a  Group  III 
compound  such  as  triethylaluminium  (TEA  I)  en- 
ters  the  second  dispersing  chamber  124.  A  feeding 
tube  142  for  feeding  a  Group  V  compound  such  as 

50  AsH3  to  the  reaction  chamber  102  has  a  plurality  of 
holes  142a  and  142b  at  certain  definite  intervals 
and  in  two  rows  (right  and  left).  A  heater  105  is 
disposed  above  the  top  plate  108  of  the  reaction 
chamber  102,  with  a  levelling  plate  105a.  In  this 

55  apparatus  for  MESFET  epitaxy  layer  growth,  the 
reaction  chamber  10  is  fitted  with  the  substrates 
113  (the  surfaces  face  below  respectively)  thereon, 
then,  the  vacuum  chamber  101  is  evacuated  to  a 
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vacuum  of  less  than  1,3  •  10_+Pa  (10  ~7  Torr)  and 
the  heater  105  is  electrically  loaded  so  that  the 
heater  105  can  generate  heat.  A  Group  V  com- 
pound,  such  as  AsH3  is  fed  to  the  feeding  tube  142 
with  the  substratetemperature  500  °C  ,  so  that  it 
enters  the  reaction  chamber  102  through  the  holes 
142a  and  142b.  The  Group  V  compound  thus  fed 
to  the  reaction  chamber  102  flows  toward  the  ex- 
haust  ports  110  across  the  surfaces  of  the  sub- 
strates  113.  During  the  flow,  AsH3  or  TEAs  is 
collided  against  the  walls  of  the  reaction  chamber 
which  are  hot  walls  many  times  and  thermally 
cracked  to  give  As2.  After  temperature  of  the  sub- 
strates  reached  predetermined  process  tempera- 
ture  (600  -650  °C),  a  Group  III  compound  such  as 
triethylgallium  (TEGa)  is  supplied  into  the  first  dis- 
persing  chamber  104  from  the  starting  material 
inlet  tube  121  of  the  reaction  chamber  102,  is 
mixed  homogeneously  and  then  is  blown  toward 
the  substrates  113  from  nozzles  109  in  a  homo- 
geneous  molecular  density.  At  this  time,  since  the 
mean  free  path  of  molecules  of  the  Group  III  com- 
pound  is  set  longer  than  the  distance  from  orifice 
to  wafer,  the  molecules  of  the  Group  III  compound 
reache  the  substrates  without  having  dispersion  by 
collision  between  material  molecules.  The  molecule 
of  the  Group  III  compound,  together  with  AS2, 
come  into  contact  with  the  surface  of  the  sub- 
strates  113  and  grows  on  said  surface  in  the  form 
of  an  undoped  gallium  arsenide  (GaAs)  layer  or  the 
like.  The  unconsumed  compounds  that  have  not 
come  into  contact  with  the  substrates  113  leave  the 
reaction  chamber  via  the  exhaust  ports  110  and 
enters  the  vacuum  chamber  101,  which  they  then 
leave  laterally  under  the  action  of  an  exhaustion 
means.  Then,  an  n-type  dopant,  either  alone  or  in 
admixture  with  the  above-mentioned  Group  III  or  V 
compound,  is  fed  to  the  reaction  chamber  102  from 
the  second  dispersing  chamber  124  so  that  an  n- 
type  active  layer  can  grow  on  the  surface  of  said 
undoped  GaAs  layer.  Thereafter,  all  the  gas  sup- 
plies  are  discontinued  and  the  system  is  main- 
tained  as  it  is  for  about  15  minutes.  Then,  the 
substrates  113  are  cooled  and  then  taken  out  of  the 
reaction  chamber  102  (hence,  from  the  vacuum 
chamber  101).  In  this  way,  Group  lll-V  compound 
semiconductors  layer  can  be  obtained. 

However,  in  the  apparatus  for  producing  semi- 
conductors  with  said  structure,  when  growth  of 
substrates  with  large  area  or  a  plurality  of  sub- 
strates  is  conducted,  that  is,  when  the  distance 
between  a  supplying  tube  and  exhaust  ports  be- 
comes  long,  there  is  a  disadvantage  that  distribu- 
tion  of  molecular  density  of  Group  V  compound  is 
caused  between  a  supplying  tube  of  Group  V  com- 
pound  such  as  AsH3  and  the  exhaust  ports  and 
thereby  to  be  difficult  to  form  an  homogeneous 
semiconductor  layer  in  some  case  (when  the  layer 

grows  at  low  V/lll  ratio).  As  shown  in  Fig.  7,  since 
peripheral  parts  of  the  substrates  113  are  sup- 
ported  by  substrate  holding  part  comprising  a  sup- 
porting  part  108b  along  the  whole  circumference, 

5  molecular  beams  which  go  upward  as  an  arrow 
mark  from  the  lower  part  of  the  reaction  chamber 
102  are  obstructed  by  said  supporting  part  108b 
not  to  reach  the  peripheral  part  of  the  substrates 
113.  Therefore,  the  peripheral  parts  of  substrates 

io  113,  as  shown  in  Fig.  8,  are  left  as  untreated  part 
to  be  uneconomical. 

Accordingly,  it  is  an  object  to  provide  an  ap- 
paratus  for  producing  semiconductors  which  can 
distribute  all  the  reactant  gas  into  the  reaction 

is  chamber  in  a  homogeneous  state. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  a  modified 
20  semiconductor  production  apparatus  provided  with 

a  vacuum  chamber,  a  reaction  chamber  disposed 
within  said  vacuum  chamber,  substrate  holding 
means  disposed  at  a  ceiling  portion  of  said  reaction 
chamber  so  as  to  hold  the  substrates  in  a  state  the 

25  substrates  contact  a  reacting  space,  a  substrate 
heating  means  disposed  at  the  upper  part  of  said 
reaction  chamber  for  heating  said  substrates,  a 
reactant  gas  dispersing  chamber  disposed  under 
said  reaction  chamber,  a  plurality  of  communicat- 

30  ing  holes  disposed  at  the  border  part  between  said 
reactant  gas  dispersing  chamber  and  reaction 
chamber  at  predetermined  intervals  on  the  whole 
surface  to  communicate  the  two  chambers,  a  first 
reactant  gas  feeding  pipe  of  which  one  end  ex- 

35  tends  into  said  reactant  gas  dispersing  chamber 
and  the  end  opening  opens  toward  the  bottom 
surface  of  reactant  gas  dispersing  chamber,  a  col- 
lar  portion  disposed  in  parallel  at  the  peripheral 
portion  of  said  end  opening  of  said  first  reactant 

40  gas  feeding  pipe,  a  second  dispersing  chamber 
disposed  under  said  reactant  gas  dispersing  cham- 
ber,  a  plurality  of  communicating  pipes  extended 
from  the  ceiling  portion  of  said  second  dispersing 
chamber  into  said  each  communicating  hole  of  said 

45  reactant  gas  dispersing  chamber  respectively  so 
that  a  clearance  can  be  made  between  itself  and 
the  hole  wall,  and  a  second  reactant  gas  feeding 
pipe  for  supplying  second  reactant  gas  to  said 
second  dispersing  chamber. 

50  In  the  accompanying  drawings, 
Fig.  1(A)  illustrates,  in  sectional  view,  the  con- 
stitution  of  an  embodiment  according  to  the 
present  invention, 
Fig.  1(B)  illustrates,  in  plan  view,  the  substrate 

55  holding  part  thereof, 
Fig.  1(C)  illustrates,  in  enlarged  plan  view,  the 
heater  thereof, 
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Fig.  2  illustrates,  in  vertical  section,  the  sub- 
strate  holding  part  thereof, 
Fig.  3  illustrates,  in  plan  view,  an  arrangement 
state  thereof, 
Fig.  4  illustrates,  in  sectional  view,  a  constitution 
of  another  embodiment  of  the  present  invention, 
Fig.  5  illustrates,  in  sectional  view,  an  apparatus 
which  is  a  basis  of  the  present  invention, 
Fig.  6  illustrates,  in  enlarged  view,  a  main  part 
thereof, 
Fig.  7  illustrates,  in  sectional  view,  a  substrate 
holding  part  thereof,  and 
Fig.  8  illustrates,  in  plan  view,  a  holding  state 
thereof. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  an  apparatus  for  producing  semiconductors 
accoding  to  the  present  invention,  a  reactant  gas 
dispersing  chamber  is  newly  provided  at  the  lower 
part  of  a  reaction  chamber,  a  first  reactant  gas 
feeding  pipe  is  extended  into  said  reactant  gas 
dispersing  chamber  and  an  end  opening  thereof  is 
faced  toward  the  bottom  surface  of  said  reactant 
gas  dispersing  chamber  and  a  collar  portion  is 
formed  in  parallel  around  the  periphery  of  the  end 
opening.  Therefore,  a  first  reactant  gas,  such  as 
AsH3,  blows  off  into  the  reactant  gas  dispersing 
chamber  having  a  gas  dispersing  effect  downwar- 
dly,  and  then  comes  in  contact  with  a  collar  por- 
tion,  extends  in  parallel  and  in  all  direction  along 
the  collar  portion  to  disperse  homogeneously  in 
said  reactant  gas  dispersing  chamber,  and  then  is 
supplied  to  the  reaction  chamber  via  communica- 
tion  holes  disposed  at  the  border  between  the 
reactant  gas  dispersing  chamber  and  the  reaction 
chamber.  So  that  reactant  gas  is  supplied  to  the 
reaction  chamber  in  a  uniform  molecular  beam 
state.  That  is,  in  the  apparatus  for  producing  semi- 
conductors,  by  operations  of  a  downward  opening 
of  the  first  reactant  gas  feeding  pipe,  a  collar 
portion  disposed  at  the  circumference  of  said 
opening,  a  reactant  gas  dispersing  effect  of  the 
reactant  gas  dispersing  chamber,  and  a  plurality  of 
communicating  holes  disposed  in  the  whole  sur- 
face  at  predetermined  intervals  at  a  border  portion 
between  the  reactant  gas  dispersing  chamber  and 
the  reaction  chamber,  a  Group  V  reactant  gas  such 
as  AsH3  is  supplied  to  the  reaction  chamber  in  a 
uniform  molecular  beam  state. 

Second  reactant  gas  such  as  TEAI  and  the 
like  and  third  reactant  gas  such  as  TEGa  and  the 
like  are  mixed  in  a  second  dispersing  chamber 
disposed  under  the  reactant  gas  dispersing  cham- 
ber,  and  the  mixture  is  homogeneously  supplied 
into  said  reaction  chamber  via  the  communicating 
pipes.  In  this  case,  a  recess  is  formed  at  the 
bottom  of  the  second  dispersing  chamber  and  an 

obstructing  plate  is  disposed  about  above  an  open- 
ing  of  said  recess  to  form  a  space  made  by  the 
recess  and  the  obstructing  plate  as  a  third  dispers- 
ing  chamber.  Said  second  reactant  gas  feeding 

5  pipe  and  the  third  reactant  gas  feeding  pipe  are 
disposed  at  the  surrounding  walls  of  the  third  dis- 
persing  chamber  in  a  state  that  openings  of  those 
pipes  face  each  other.  When  second  and  third 
reactant  gas  are  supplied  to  said  second  dispersing 

io  chamber  from  the  clearance  between  the  obstruct- 
ing  plate  of  said  second  dispersing  chamber  and 
opening  of  said  recess  after  blowing  off  both  sec- 
ond  and  third  gases  from  said  both  openings  of 
each  feed  pipe  the  mixing  of  both  gases  is  well- 

15  done.  When  cuttings  of  which  the  diameter  is  al- 
most  the  same  as  that  of  substrates  are  formed  at 
the  ceiling  portion  of  said  reaction  chamber  and 
substrate  holding  pieces  are  disposed  at  peripheral 
portion  of  the  cuttings  which  face  to  the  reaction 

20  chamber  at  predetermined  intervals  along  the  cir- 
cumference  of  the  cuttings,  almost  whole  part  of 
the  substrate  surface  can  be  utilized  to  form  semi- 
conductor  layer  because  the  hidden  part  of  the 
substrate  by  the  substrate  holding  piece  is  remark- 

25  ably  reduced  in  comparison  with  a  case  that  the 
holding  part  is  disposed  at  whole  part  of  cutting 
circumference. 

Following  examples  will  illustrate  the  invention 
in  detail. 

30  (A),  (B)  &  (C)  of  Fig.  1  illustrate  structure  of  an 
embodiment  of  the  present  invention.  In  Fig.  (A), 
the  reference  numeral  1  indicates  a  cylindrical 
vacuum  chamber  made  of  stainless  steel  of  vacu- 
um  chemical  epitaxy  system,  the  inside  thereof  is 

35  evacuated  by  vacuum  exhaustion  system  (not 
shown  in  the  figure)  disposed  at  the  bottom  side  of 
the  vacuum  chamber.  In  this  vacuum  chamber  1,  a 
carbon  graphite  reaction  chamber  2  of  which  the 
wall  surfaces  are  coated  with  silicon  carbide,  a 

40  reactant  gas  dispersing  chamber  3  made  of  carbon 
graphite  as  well  as  said  reaction  chamber  2,  and  a 
second  dispersing  chamber  4  made  of  stainless 
steel  are  integrally  disposed.  The  reaction  chamber 
2  is  constructed  by  a  base  plate  6,  a  surrounding 

45  wall  7  and  a  ceiling  plate  8.  The  wall  surface  of  the 
reaction  chamber  2  is  made  of  carbon  graphite  so 
that  the  wall  surface  becomes  hot  wall  by  heating 
with  a  heater  5  to  reflect  molecular  grain  without 
adhering  thereto  even  if  molecular  beam  of  the 

50  reactant  gas  collide  to  the  wall  surface.  A  plurality 
of  communicating  holes  9  are  formed  in  said  base 
plate  6  at  predetermined  intervals.  The  reaction 
chamber  2  and  the  reactant  gas  dispersing  cham- 
ber  3  thereunder  are  thereby  communicated  each 

55  other.  An  exhaust  port  10  is  formed  at  the  upper 
part  of  said  surrounding  wall  7  along  its  circum- 
ference  in  a  linear  state.  Four  round  cuttings  1  1  are 
formed  in  said  ceiling  plate  8  as  shown  in  Fig.  1- 

4 
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(B).  Subsrate  supporting  pieces  12  are  protruded  at 
the  lower  peripheral  portion  of  each  cutting  11  at 
1/4  intervals  in  a  circumferential  direction  as  shown 
in  Figs.  2  and  3.  The  substrate  holding  part  com- 
prises  the  four  substrate  supporting  pieces  12. 
Round  substrates  13  are  placed  replaciably  on  said 
cuttings  11  and  supported  by  said  substrate  sup- 
porting  pieces  12. 

Said  reactant  gas  dispersing  chamber  3  dis- 
posed  under  the  reaction  chamber  2  comprises  a 
base  plate,  a  surrounding  wall  and  a  ceiling  plate 
which  is  a  base  plate  6  of  the  reaction  chamber  2, 
and  wall  surface  of  thereof  is  considered  to  be  a 
hot  wall  as  well  as  said  reaction  chamber.  A  first 
reactant  gas  feeding  pipe  15  is  extended  into  the 
reactant  gas  dispersing  chamber  3  from  outside, 
the  end  part  thereof  is  bent  downwardly  and  an 
opening  16  thereof  opens  downwardly.  A  disc-form 
collar  portion  17  is  formed  at  the  peripheral  portion 
of  the  opening  16  in  parallel.  The  first  reactant  gas 
discharged  from  said  opening  16  is  thereby  dis- 
persed  homogeniously  in  parallel  and  all  directions 
along  the  collar  portion  17.  A  second  dispersing 
chamber  4  is  formed  under  the  reactant  gas  dis- 
persing  chamber  3. 

Said  second  dispersing  chamber  comprises  a 
base  plate  18,  a  surrounding  wall  7  and  a  ceiling 
plate  which  is  te  base  plate  14  of  the  reactant  gas 
dispersing  chamber  3,  and  is  made  of  stainless 
steel  because  it  is  less  necessary  to  make  the  wall 
surface  a  hot  wall.  A  plurality  of  communicating 
tubes  19  made  of  stainless  steel  are  extended  from 
the  ceiling  plate  of  the  dispersing  chamber  4  to- 
ward  a  plurality  of  communicating  holes  9  formed 
on  the  ceiling  plate  6  of  the  reactant  gas  dispersing 
chamber  3  respectively.  In  this  case,  a  clearance  is 
made  between  said  communicating  tube  19  and 
and  holl  wall  of  the  communication  hole  9  to  which 
the  communicating  tube  19  is  extended.  The  sec- 
ond  dispersing  chamber  4  and  the  reaction  cham- 
ber  2  is  communicated  by  said  communicating 
tube  19  and  the  reactant  gas  dispersing  chamber  3 
and  reaction  chamber  2  are  communicated  with  the 
clearances  between  the  communicating  tubes  19 
and  the  hole  walls  of  the  communicating  holes  9.  A 
recess  20  is  formed  at  the  central  portion  of  the 
bottom  of  said  second  dispersing  chamber  4.  End 
openings  21a  and  22a  of  first  and  second  feeding 
pipes  21  ,  22  open  at  opposite  sides  of  surrounding 
wall  portions  in  a  state  both  openings  face  each 
other.  An  obstructing  plate  23  is  disposed  a  little 
over  the  recess  20  in  a  state  that  the  plate  23  faces 
the  opening  of  thereof.  A  third  dispersing  chamber 
24  is  formed  by  the  obstructing  plate  23  and  said 
recess  20.  Said  second  and  third  reactant  gases 
are  homogeneously  mixed  by  operations  of  their 
blowing  off  pressure  and  the  obstructing  plate  23  in 
the  third  dispersing  chamber  24  and  the  mixture 

enters  into  said  second  dispersing  chamber  4 
through  said  clearance  between  the  obstructing 
plate  23  and  said  opening  of  the  recess.  Then  said 
mixed  gas  reaches  the  reaction  chamber  2  through 

5  said  communicating  tubes  19  after  being  further 
mixed  homogeneously  in  the  second  dispersing 
chamber  4. 

In  Fig.  1(A),  a  reference  numeral  5  indicates  a 
plate  type  heater  and  5a  indicates  a  levelling  plate. 

io  The  temperature  is  set  so  that  semiconductor  com- 
pound  can  grow  on  the  surface  of  the  substrate  13 
by  heating  mainly  with  radiant  heat  from  the  above. 
Said  heater  5  is  constructed  by  forming  alternate 
stripe-form  cuttings  5'  on  carbon  graphite  plate  and 

is  disposing  electrodes  on  both  ends.  While  uniform 
planar  heating  is  possible  with  such  heater  5  alone, 
the  use  of  the  heat  levelling  plate  5a  disposed 
below  the  heater  5  can  make  the  planar  heating 
more  uniform. 

20  In  operation  for  MESFET  epitaxy  layer  growth, 
the  reaction  chamber  2  is  fitted  with  the  substrates 
13  (the  surfaces  face  below  respectively.)  thereon. 
Then  the  vacuum  chamber  2  is  evacuated  to  a  high 
vacuum  state  and  the  heater  5  is  electrically  loaded 

25  so  that  the  heater  5  can  generate  heat.  A  Group  V 
compound,  such  as  AsH3  is  fed  to  the  gas  dispers- 
ing  chamber  3  through  the  first  reactant  gas  feed- 
ing  pipe  15  with  the  substrate  temperature  at  about 
500  °C  to  make  a  homogeneous  dispersing  state 

30  therein.  Then  it  is  fed  into  the  reaction  chamber  2 
through  communicating  holes  9  formed  in  the  sur- 
face  of  the  reactant  gas  dispersing  chamber  at 
uniform  intervals.  In  the  reaction  chamber  2,  gas 
such  as  AsH3  flows  toward  exhaust  ports  which  is 

35  disposed  in  a  linear  state  in  the  surface  of  sur- 
rounding  wall  of  the  reaction  chamber  2  along  the 
circumference  dispersedly  contacting  the  surfaces 
of  the  substrates  13.  During  the  flow,  AsH3  and  the 
like  is  thermally  cracked  to  give  AS2.  Thereafter,  a 

40  Group  III  compound  such  as  TEGa  is  fed  into  the 
third  dispersing  chamber  24  from  the  second  reac- 
tant  gas  supplying  tube  21  after  the  temperature  of 
the  substrates  reaches  a  predetermined  tempera- 
ture  (600  -650  °C)  and  at  the  same  time  the 

45  Group  III  compound,  triethylaluminium  (TEAI  is  fed 
in  the  the  third  dispersing  chamber  24  and  mixed 
with  the  former  reactant  gas.  The  mixture  is  fed 
into  a  second  dispersing  chamber  4  and  it,  to- 
gether  with  AS2,  comes  into  contact  with  the  sur- 

50  face  of  the  substrates  and  grows  on  said  surface  in 
the  form  of  an  undoped  gallium  arsenide  (GaAs) 
layer  or  the  like.  The  unconsumed  compound  that 
has  not  come  into  contact  with  the  substrates  13 
leaves  the  reaction  chamber  via  the  exhaust  ports 

55  10  and  leaves  under  the  action  of  an  exhaustion 
means.  In  this  case,  since  the  exhaust  port  10  is 
formed  in  a  linear  state  in  the  surrounding  wall  of 
the  reaction  chamber  2  along  the  circumference, 

5 
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the  exhaustion  of  the  unconsumed  gas  is  con- 
ducted  through  all  circumference  of  the  surround- 
ing  wall  to  thereby  contribute  to  a  homogeneous 
dispersion  of  the  reactant  gas  in  the  reaction  cham- 
ber.  Then,  an  n-type  dopant,  either  alone  or  in 
admixture  with  the  above-mentioned  Group  III  com- 
pound  is  fed  to  the  third  dispersion  chamber  (24) 
through  the  second  and/or  third  reactant  gas  sup- 
plying  tubes  (21,  22),  and  from  there  through  the 
second  dispersing  chamber  4  to  the  reaction  cham- 
ber  2  so  that  an  n-type  active  layer  can  grow  on 
the  surface  of  said  undoped  GaAs  layer.  There- 
after,  all  the  gas  supplies  are  discontinued  and  the 
system  is  maintained  for  a  predetermined  time  as  it 
is  and  the  substrates  13  are  cooled  and  then  taken 
out  of  the  reaction  chamber  2.  Thus,  semiconduc- 
tors  having  a  uniform  MESFET  semiconductor  lay- 
er  can  be  obtained. 

In  this  way,  according  to  the  embodiment, 
since  the  rection  chamber  2  which  capacity  is 
smaller  than  the  vacuum  chamber  1  is  disposed  in 
the  vacuum  chamber  1  and  the  substrates  are 
placed  in  the  reaction  chamber  and  in  that  state  the 
reactant  gas  is  supplied  in  a  molecular  beam  state 
to  let  it  grow,  there  is  little  gas  in  vain  and  utiliza- 
tion  efficiency  of  the  reactant  gas  is  improved 
largely.  In  this  apparatus,  the  vacuum  chamber  1 
can  be  evacuated  to  a  high  degree,  the  Group  III 
compound  which  evaporation  pressure  is  low  can 
be  used  by  gasifying  as  it  is.  Therefore,  carrier  gas 
for  carrying  the  compound  is  not  necesary,  so  that 
exhaustion  treatment  of  gas  after  use  becomes 
small.  Particularly  in  said  apparatus,  since  the  reac- 
tant  gas  dispersing  chamber  3  is  newly  disposed, 
the  first  reactant  gas  supplying  tube  15  is  disposed 
downwardly,  and  the  end  opening  16  thereof  has  a 
color  portion  17,  the  reactant  gas  therein  is  in  a 
homogeneously  dispersed  state.  Therefore,  the 
reactant  gas  is  supplied  into  the  reaction  chabmer 
2  in  a  homogeneous  state,  so  that  formation  of  a 
homogeneous  semiconductor  layer  can  be  carried 
out  on  big  area  substrate  and  a  plurality  of  sub- 
strates  without  rotating  the  substrate  or  susceptor. 
In  said  embodiment,  four  substrates  13  are  used, 
but  the  number  of  the  substrates  is  not  limited  to 
this,  either  single  or  plural  is  all  right. 

Fig.  4  shows  another  embodiment.  In  this  em- 
bodiment,  foil  13'  made  of  metal  such  as  stainless 
steel  and  the  like  is  disposed  cylindrically  at  the 
circumference  of  a  second  dispersing  chamber  4 
made  of  cheap  stainless  steel  and  fixed  removably 
with  a  bis  and  the  like.  Lower  portion  of  said 
cylindrically  disposed  foil  13  '  is  formed  skirt-like. 
The  reference  numeral  1  indicates  a  lid  portion 
disposed  at  the  part  of  the  vacuum  chamber  1  for 
disposing  said  foil  13'.  The  numeral  4a  indicates  a 
cooling  pipe  made  of  stainless  steel  for  cooling 
said  dispersing  chamber  4.  Otherwise  is  same  as 

Fig.  1(A). 
As  a  result  of  this  construction,  since  uncon- 

sumed  reaction  products  which  leave  from  the  re- 
action  chamber  2  when  forming  semiconductor  lay- 

5  er  are  adhered  to  the  surface  of  the  cylindrical  foil 
13',  other  parts  in  the  vacuum  chamber  1  are 
prevented  from  pollution  in  a  wide  range.  That  is, 
since  the  temperature  of  the  second  dispersing 
chamber  is  rather  lower  than  that  of  the  reaction 

io  chamber  2,  the  unconsumed  reactive  material  is 
adhered  preferentially  to  said  part  which  tempera- 
ture  is  low,  Therefore,  the  circumference  of  the 
dispersing  chamber  4  is  prevented  from  pollution 
by  said  cylindrical  foil  13'. 

15 
Claims 

1.  Apparatus  for  manufacturing  semiconductors 
comprising:  a  vacuum  chamber  (1);  a  reaction 

20  chamber  (2)  disposed  within  the  vacuum 
chamber;  a  substrate  holder  (11,  12)  disposed 
in  the  ceiling  (8)  of  the  reaction  chamber  (2)  to 
hold  a  substrate  (13)  in  such  a  way  that  the 
substrate  is  exposed  to  the  reaction  chamber; 

25  a  substrate  heater  (5)  disposed  above  the  re- 
action  chamber  for  heating  the  substrate;  a  first 
reactant  gas  dispersion  chamber  (3)  disposed 
under  the  reaction  chamber  (2)  and  commu- 
nicating  therewith  by  communicating  holes  (9); 

30  and  a  first  reactant  gas  feed  pipe  (15)  one  end 
of  which  extends  into  the  first  gas  dispersion 
chamber  (3)  characterised  in  that  the  opening 
(16)  at  the  said  end  of  the  first  gas  feed  pipe 
(15)  which  extends  into  the  first  reactant  gas 

35  dispersion  chamber  (3)  opens  toward  the  bot- 
tom  wall  (14)  of  the  said  first  chamber  (3)  and 
is  provided  with  a  dispersing  collar  (17)  around 
the  said  opening  (16). 

40  2.  Apparatus  according  to  claim  1  further  charac- 
terised  in  that  it  further  comprises  a  second 
reactant  gas  dispersion  chamber  (4)  disposed 
under  the  first  reactant  gas  dispersion  chamber 
(3)  and  communicating  with  the  reaction  cham- 

45  ber  (2)  by  communicating  pipes  (19)  extending 
from  the  ceiling  (14)  of  the  second  reactant 
gas  dispersion  chamber  (4);  a  reactant  gas 
feed  pipe  (21)  for  supplying  a  second  reactant 
gas  to  the  second  reactant  gas  dispersion 

50  chamber. 

3.  Apparatus  according  to  claim  2  further  charac- 
terised  in  that  the  communicating  pipes  (19) 
between  the  second  reactant  gas  dispersion 

55  chamber  (4)  and  the  reaction  chamber  (2)  ex- 
tend  from  the  ceiling  (14)  of  the  said  second 
chamber  (4)  into  the  communicating  holes  (9) 
between  the  first  reactant  gas  dispersion 

6 
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chamber  (3)  and  the  reaction  chamber. 

4.  Apparatus  according  to  claim  2  or  3,  further 
characterised  in  that  a  recess  (20)  is  formed  in 
the  bottom  of  the  second  reactant  gas  disper- 
sion  chamber  (4),  the  second  (21)  and  a  third 
(22)  gas  feed  pipe  open  into  the  said  recess 
(20)  and  an  obstructing  plate  (23)  is  disposed 
generally  above  the  opening  of  the  recess  (20) 
into  the  said  second  chamber  (4). 

5.  Apparatus  according  to  any  preceding  claim, 
further  characterised  in  that  at  least  one  hole 
(11)  of  diameter  approximately  that  of  a  sub- 
strate  (13)  is  provided  in  the  ceiling  (8)  of  the 
reaction  chamber  (2)  and  in  that  substrate  sup- 
porting  pieces  are  provided  at  the  periphery  of 
the  or  each  hole  (11)  to  support  a  substrate  in 
the  hole. 

6.  Apparatus  according  to  any  preceding  claim 
further  characterised  in  that  an  exhaust  outlet 
(10)  extends  substantially  around  the  side  wall 
(7)  of  the  reaction  chamber  (2). 

Patentanspruche 

1.  Vorrichtung  zur  Herstellung  von  Halbleitern, 
umfassend:  eine  Vakuumkammer  (1),  eine  in- 
nerhalb  der  Vakuumkammer  angeordnete  Re- 
aktionskammer  (2),  einen  an  der  Decke  (8)  der 
Reaktionskammer  (2)  angeordneten  Substrat- 
halter  zum  Halten  eines  Substrates  (13)  auf 
solche  Weise,  dal3  das  Substrat  zur  Reaktions- 
kammer  hin  freiliegt,  einen  Substraterhitzer  (5), 
eine  erste  Reaktiongas-Verteilungskammer  (3), 
die  unter  der  Reaktionskammer  (2)  angeordnet 
ist  und  mit  ihr  uber  Verbindungslocher  (9)  in 
Verbindung  steht,  eine  erste  Reaktionsgas-Zu- 
fuhrleitung  (15),  deren  eines  Ende  sich  in  die 
erste  Reaktionsgas-Verteilungskammer  (3)  er- 
streckt,  dadurch  gekennzeichnet,  dal3  sich  die 
Offnung  (16)  an  genanntem  Ende  der  ersten 
Reaktionsgas-Zufuhrleitung,  welches  sich  in 
die  erste  Reaktionsgas-Verteilungskammer  (3) 
erstreckt,  zur  Bodenwand  (14)  der  genannten 
ersten  Kammer  (3)  hin  offnet  und  mit  einem 
urn  die  Offnung  (16)  angeordneten  Verteilerkra- 
gen  (17)  versehen  ist. 

2.  Vorrichtung  nach  Anspruch  1  weiterhin  da- 
durch  gekennzeichnet.daB  sie  ferner  eine  zwei- 
te  Reaktionsgas-Verteilungskammer  (4),  die 
unter  der  ersten  Reaktionsgas-Verteilungskam- 
mer  (3)  angeordnet  ist  und  mit  der  Reaktions- 
kammer  (2)  uber  Verbindungsrohre  (19)  in  Ver- 
bindung  steht,  die  sich  von  der  Decke  (14)  der 
zweiten  Reaktionsgas-Verteilungskammer  (4) 

aus  erstrecken,  und  eine  Reaktionsgas-Zufuhr- 
leitung  (21)  zur  Zufuhr  eines  zweiten  Reak- 
tionsgases  zur  zweiten  Reaktionsgas-Vertei- 
lungskammer  aufweist. 

5 
3.  Vorrichtung  nach  Anspruch  2  weiterhin  da- 

durch  gekennzeichnet.daB  sich  die  Verbin- 
dungsrohre  (19)  zwischen  der  zweiten  Reak- 
tionsgas-Verteilungskammer  (4)  und  der  Reak- 

io  tionskammer  (2)  von  der  Decke  (14)  der  ge- 
nannten  zweiten  Kammer  aus  in  den  Verbin- 
dungslocher  (9)  zwischen  der  ersten  Reak- 
tionsgas-Verteilungskammer  (3)  und  der  Reak- 
tionskammer  hinein  erstrecken. 

15 
4.  Vorrichtung  nach  Anspruch  2  oder  3  weiterhin 

dadurch  gekennzeichnet,  dal3  im  Boden  der 
zweiten  Reaktionsgas-Verteilungskammer  (4) 
eine  Vertiefung  (20)  ausgebildet  ist,  die  zweite 

20  (21)  und  eine  dritte  Gaszufuhrleitung  (22)  in  die 
Vertiefung  (20)  munden  und  eine  Stauplatte 
(23)  im  wesentlichen  uber  der  Offnung  der 
Vertiefung  in  die  genannte  zweite  Kammer  (4) 
hinein  angeordnet  ist. 

25 
5.  Vorrichtung  nach  irgendeinen  der  vorhergehen- 

den  Anspruche,  weiterhin  dadurch  gekenn- 
zeichnet,  dal3  wenigstens  ein  Loch  (11),  mit 
einem  Durchmesser  der  im  wesentlichen  dem 

30  eines  Substrates  (13)  entspricht,  in  der  Decke 
(8)  der  Reaktionskammer  (2)  vorgesehen  ist 
und  dal3  Substratauflagestucke  am  Umfang 
des  oder  jedes  Loches  (11)  vorgesehen  sind, 
urn  das  Substrat  in  dem  Loch  zu  halten. 

35 
6.  Vorrichtung  nach  irgendeinen  der  vorhergehen- 

den  Anspruche,  weiterhin  dadurch  gekenn- 
zeichnet,  dal3  sich  ein  Entleerung-AuslaB  (10)- 
im  wesentlichen  urn  die  Seitenwand  (7)  der 

40  Reaktionskammer  (2)  herum  erstreckt. 

Revendicatlons 

1.  Appareil  pour  fabriquer  des  semiconducteurs 
45  comprenant  :  une  chambre  a  vide  (1),  une 

chambre  de  reaction  (2)  disposee  dans  la 
chambre  a  vide,  un  support  de  substrat  (11,12) 
dispose  dans  le  plafond  (8)  de  la  chambre  de 
reaction  (2)  pour  maintenir  un  substrat  (13)  de 

50  telle  fagon  que  le  substrat  soit  expose  a  la 
chambre  de  reaction,  un  dispositif  de  chauffa- 
ge  de  substrat  (5)  dispose  au-dessus  de  la 
chambre  de  reaction  pour  chauffer  le  substrat, 
une  premiere  chambre  de  dispersion  de  gaz 

55  reagissant  (3)  disposee  sous  la  chambre  de 
reaction  (2)  et  communiquant  avec  elle  par  des 
trous  de  communication  (9)  et  un  premier 
conduit  d'alimentation  de  gaz  reagissant  (15) 

7 
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dont  une  extremite  s'etend  dans  la  premiere 
chambre  de  dispersion  de  gaz  (3),  caracterise 
en  ce  que  I'ouverture  (16)  a  ladite  extremite  du 
premier  conduit  d'alimentation  de  gaz  (15)  qui 
s'etend  dans  la  premiere  chambre  de  disper-  5 
sion  de  gaz  reagissant  (3)  debouche  vers  la 
paroi  de  fond  (14)  de  ladite  premiere  chambre 
(3)  et  est  munie  d'un  collier  de  dispersion  (17) 
autour  de  ladite  ouverture  (16). 

10 
2.  Appareil  selon  la  revendication  1,  caracterise, 

en  outre,  en  ce  qu'il  comprend,  de  plus,  une 
deuxieme  chambre  de  dispersion  de  gaz  rea- 
gissant  (4)  disposee  sous  la  premiere  chambre 
de  dispersion  de  gaz  reagissant  (3)  et  commu-  is 
niquant  avec  la  chambre  de  reaction  (2)  par 
des  conduits  de  communication  (19)  s'eten- 
dant  a  partir  du  plafond  (14)  de  la  deuxieme 
chambre  de  dispersion  de  gaz  reagissant  (4), 
un  conduit  d'alimentation  de  gaz  reagissant  20 
(21)  pour  amener  un  deuxieme  gaz  reagissant 
a  la  deuxieme  chambre  de  dispersion  de  gaz 
reagissant. 

3.  Appareil  selon  la  revendication  2,  caracterise,  25 
en  outre,  en  ce  que  les  conduits  de  communi- 
cation  (19)  entre  la  deuxieme  chambre  de  dis- 
persion  de  gaz  reagissant  (4)  et  la  chambre  de 
reaction  (2)  s'etendent  a  partir  du  plafond  (14) 
de  ladite  seconde  chambre  (4)  dans  les  trous  30 
de  communication  (9)  entre  la  premiere  cham- 
bre  de  dispersion  de  gaz  reagissant  (3)  et  la 
chambre  de  reaction. 

sensiblement  autour  de  la  paroi  laterale  (7)  de 
la  chambre  de  reaction  (2). 

4.  Appareil  selon  la  revendication  2  ou  3,  caracte-  35 
rise,  en  outre,  en  ce  qu'un  evidement  (20)  est 
forme  dans  le  fond  de  la  deuxieme  chambre 
de  dispersion  de  gaz  reagissant  (4),  le  second 
conduit  d'alimentation  de  gaz  (21)  et  un  troisie- 
me  conduit  d'alimentation  de  gaz  (22)  debou-  40 
chent  dans  ledit  evidement  (20)  et  une  plaque 
d'obstruction  (23)  est  disposee  generalement 
au-dessus  de  I'ouverture  de  I'evidement  (20) 
dans  ladite  seconde  chambre  (4). 

45 
5.  Appareil  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  caracterise,  en  outre,  en 
ce  qu'au  moins  un  trou  (11)  d'un  diametre 
approximativement  celui  d'un  substrat  (13)  est 
prevu  dans  le  plafond  (8)  de  la  chambre  de  50 
reaction  (2)  et  en  ce  que  des  pieces  de  sup- 
port  de  substrat  sont  prevues  a  la  peripherie 
du  trou  ou  de  chaque  trou  (11)  pour  supporter 
un  substrat  dans  le  trou. 

55 
6.  Appareil  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  caracterise,  en  outre,  en 
ce  qu'une  sortie  d'echappement  (10)  s'etend 
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