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Description 

Background  of  the  Invention 

Field  of  the  Invention 

The  present  invention  relates  to  a  novel  struc- 
ture  of  semiconductor  crystals.  More  particularly,  it 
relates  to  an  improved  structure  of  lll-V  compound 
semiconductors  having  controlled  piezoelectric 
property.  The  semiconductor  structure  according  to 
the  present  invention  is  useful  for  fabricating  ele- 
ments  such  as  MESFET.HBT,  laser  diodes  or  the 
like. 

The  present  invention  relates  also  to  a  process 
for  producing  such  a  novel  structure  of  semicon- 
ductor  crystals. 

Description  of  the  related  art 

lll-V  compound  semiconductors  having  a  zinc- 
blende  type  crystalline  structure  such  as  gallium 
arsenide  (GaAs),  indium  phosphite  (InP)  or  the  like 
are  used  as  a  material  for  high-speed  switching 
devices  or  high-frequency  amplifying  devices 
owing  to  their  high  electron  mobility  and  as  a 
material  for  light-emitting  devices  owing  to  their 
direct  transition  type  band  structure. 

Fig.  1  illustrates  an  example  of  a  well-known 
Schottky  barrier  type  field-effect  transistor  fabri- 
cated  on  a  GaAs  substrate.  In  the  GaAsMESFET, 
an  active  channel  layer  24  is  formed  by  ion  im- 
plantation  technique  or  the  like  on  a  semi-insulating 
GaAs  (100)  substrate  14  which  is  sliced  out  of  an 
ingot  which  is  prepared  by  the  Czochralski  tech- 
nique.  A  gate  electrode  34,  a  source  electrode  44 
and  a  drain  electrode  54  are  formed  and  then  a 
protective  coating  layer  64  made  of  insulator  such 
as  Si02  is  deposited  thereon. 

In  the  conventional  GaAs  metal-semiconductor 
field-effect  transistor  (MESFET)  above-mentioned, 
elastic  stresses  are  generated  in  the  GaAs  sub- 
strate  because  of  difference  in  thermal  expansion 
coefficient  between  the  gate  metal  and  the  GaAs 
which  has  noncentrosymmetric  and  polar  proper- 
ties  and  because  of  the  influence  from  the  protec- 
tive  overlay  and  the  ohmic  electrodes.  These 
stresses  induce  a  charge  due  to  the  piezoelectric 
effect. 

Such  a  charge  induced  by  the  piezoelectric 
effect  causes  a  trouble  in  the  uniformity  of  elec- 
trical  characteristics  of  MESFETs  fabricated,  be- 
cause  the  drain  current  of  the  MESFET  drifts 
and/or  the  threshold  voltage  shifts.  The  charges 
induced  by  the  piezoelectric  effect  arouse  another 
problem  of  anisotropy  that  the  electric  characteris- 
tics  depend  on  the  orientation  of  the  gate  electrode 
of  MESFET.  This  fact  was  reported  by  M.F.  Chang 

et  al.  in  "Appl.  Physi.  Lett."  45  (3)  1,  August  1984 
p  279  and  by  T.  Ohnishi  et  al.  in  "IEEE  Electron 
Device  Letters"  Vol.  EDL-6  No.  4,  April  1985. 

In  the  prior  arts,  in  order  to  overcome  these 
5  problems,  it  is  proposed  to  select  materials  and 

thickness  of  the  gate  electrode  and  of  the  protec- 
tive  overlay  in  order  to  minimize  the  stresses  (P.M. 
Asbeck  et  al.  in  "IEEE  Transactions  on  Electron 
Devices"  Vol.  ED-31  No.  10,  October  1984).  The 

io  selection  of  materials  and  thickness  of  the  gate 
electrode  and  of  the  protective  overlay  is,  however, 
limited.  Therefore,  there  has  been  a  strong  demand 
to  solve  the  problems  much  basically  by  changing 
the  physical  properties  of  the  semiconductor  ma- 

75  terials  themselves. 
Technological  trend  in  GaAsMESFET  is  to  re- 

duce  the  gate  length  so  as  to  improve  its  perfor- 
mance.  However,  as  the  gate  length  is  reduced,  a 
so  called  short-channel  effect  appears  so  that  leak- 

20  age  of  electrons  out  of  a  channel  region  increases 
and  the  device  characteristics  of  a  short  channel 
FET  deviates  from  a  device  whose  gate  length  is 
long.  If  a  FET  having  such  short-channel  effect  is 
built  in  an  integrated  circuit,  the  variation  in  the 

25  electrical  characteristics  become  uncontrollable 
with  respect  to  the  variation  in  gate  length  but  the 
device  parameters  are  influenced  directly  by  manu- 
facturing  conditions  such  as  gate  processing,  so 
that  it  becomes  difficult  to  design  the  circuits. 

30  A  method  for  controlling  the  short-channel  ef- 
fect  to  improve  the  performance  of  GaAsMESFET 
is  reported  by  T.  Onodera  et  al.  in  "IEEE  Transac- 
tion  on  Electron  devices"  Vol.  ED-32,  No.  11,  No- 
vember  1985,  p.2314.  In  this  paper,  the  magnitude 

35  of  stress  exerted  to  the  GaAs  substrate  caused  by 
a  protective  dielectric  overlay  is  modified  by 
changing  the  thickness  of  the  overlay  in  such  man- 
ner  that  a  piezoelectric  charge  which  is  desirable  to 
improve  the  performance  can  be  induced.  How- 

40  ever,  application  of  this  technique  is  limited  be- 
cause  the  thickness  of  the  protective  overlay  and 
hence  the  stress  induced  by  the  protective  overlay 
depend  on  the  other  factors  such  as  wiring  process 
or  the  like,  so  that  the  design  flexibility  is  restricted 

45  in  this  technique. 
Basic  logic  elements  used  in  the  GaAs  in- 

tegrated  circuit  built  on  a  GaAs  substrate  are  DCFL 
(Direct  Coupled  FET  Logic),  BFL  (Buffered  FET 
Logic),  SCFL  (Source  Coupled  FET  Logic)  or  the 

50  like.  Among  them,  DCFL  and  SCFL  are  fabricated 
by  different  FETs  each  having  its  own  threshold 
voltage  on  a  common  substrate.  In  the  prior  art, 
when  such  different  FETs  are  fabricated  on  a  com- 
mon  substrate,  it  is  necessary  to  prepare  different 

55  n-type  channels  each  having  a  different  carrier 
density  or  a  different  thickness,  so  that  a  plurality 
of  operations  are  required  to  prepare  the  different 
channels,  with  the  result  that  the  manufacturing 
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process  becomes  intricate. 
Japanese  patent  laid-open  No.  60-176,276  uti- 

lizes  the  above-mentioned  anisotropy  or  the  piezo- 
electric  charge  in  the  fabrication  of  an  integrated 
circuit.  Namely,  in  this  patent,  two  FETs  having  two 
different  threshold  voltages  are  built  on  a  common 
substrate  by  changing  the  orientation  of  gate  elec- 
trodes  for  respective  channels  each  possessing  an 
identical  concentration  and  an  identical  thickness 
without  increasing  the  channel  forming  steps. 

However,  the  value  of  the  piezoelectric  charge 
which  results  in  the  difference  between  two  thresh- 
old  voltages  is  determined  by  a  piezoelectric  con- 
stant  which  is  inherent  in  material  of  the  substrate 
used  if  the  magnitude  of  the  stress  applied  to  the 
substrate  is  constant,  so  that  it  is  impossible  to 
obtain  controllably  a  desired  value  of  the  threshold 
voltage. 

Summary  of  the  Invention 

A  main  object  of  the  present  invention  is  to 
provide  a  novel  semiconductor  having  a  modified 
crystalline  structure  whose  symmetrical  property 
can  be  controlled  arbitrarily. 

A  specific  object  of  the  present  invention  is  to 
solve  the  fluctuation  in  quality  of  elements  fab- 
ricated  or  lack  of  uniformity  in  the  electric  char- 
acteristics  due  to  the  piezoelectric  effect  and  to 
provide  a  structure  of  semiconductor  crystal  which 
permits  the  realisation  semiconductor  devices 
whose  device  properties  are  not  influenced  by  the 
stresses. 

Another  specific  object  of  the  present  invention 
is  to  provide  a  structure  of  semiconductor  crystal 
which  can  induce  a  desired  value  of  piezoelectric 
charge  for  a  given  constant  thickness  of  the  protec- 
tive  overlay  by  controlling  the  piezoelectric  con- 
stant  of  the  crystal  itself. 

Still  another  specific  object  of  the  present  in- 
vention  is  to  provide  a  structure  of  semiconductor 
crystal  which  permits  fabrication  of  different  FETs 
each  having  a  desired  threshold  voltage  for  a  com- 
mon  channel  parameter  possessing  an  identical 
concentration  and  an  identical  thickness  by  control- 
ling  the  piezoelectric  constant  of  the  crystal  itself. 

The  present  invention  provides  a  semiconduc- 
tor  crystal  of  compound  semiconductor  material 
composed  of  a  first  element  and  a  second  element, 
characterised  in  that  a  plurality  of  unit  layers  are 
stratified  periodically  on  a  substrate,  each  unit  layer 
comprising  at  least  one  first  semiconductor  layer 
comprising  a  first  atom  mono  layer  of  the  first 
element  and  a  second  atom  mono  layer  of  the 
second  element,  the  first  and  second  atom  mono 
layers  being  stratified  one  over  another  alternately 
in  a  first  deposition  order,  and  at  least  one  second 
semiconductor  layer  comprising  said  first  atom 

mono  layer  and  the  second  atom  mono  layer  which 
are  stratified  one  over  another  alternately  in  the 
reverse  deposition  order  with  respect  to  the  first 
deposition  order  of  the  first  semiconductor  layer,  so 

5  that  the  respective  atom  mono  layers  of  the  first 
and  second  semiconductor  layers  which  are  clos- 
est  to  each  other  are  both  of  the  same  element. 

The  invention  also  provides  a  process  for  pro- 
ducing  a  semiconductor  crystal  of  compound  semi- 

io  conductor  material  composed  of  a  first  element  and 
a  second  element,  characterised  in  that  a  plurality 
of  unit  layers  are  deposited  periodically  on  a  sub- 
strate  by  molecular  beam  epitaxy  technique  in 
such  a  manner  that  each  unit  layer  comprises  at 

is  least  one  first  semiconductor  layer  consisting  of  a 
first  atom  mono  layer  of  said  first  element  and  a 
second  atom  mono  layer  of  said  second  element, 
said  first  and  second  atom  mono  layers  being 
stratified  one  over  another  alternately  in  a  first 

20  deposition  order,  and  at  least  one  second  semicon- 
ductor  layer  comprising  said  first  atom  mono  layer 
and  said  second  atom  mono  layer  which  are  strati- 
fied  one  over  another  alternately  in  the  reverse 
deposition  order  with  respect  to  the  first  deposition 

25  order  of  the  first  semiconductor  layer,  so  that  the 
respective  atom  mono  layers  of  the  first  and  sec- 
ond  semiconductor  layers  which  are  closest  to 
each  other  are  both  of  the  same  element. 

The  semiconductor  crystal  according  to  the 
30  present  invention  is  preferably  grown  or  deposited 

on  a  substrate  such  as  a  semi-insulating  GaAs 
substrate. 

The  semiconductor  material  of  which  the  semi- 
conductor  crystal  according  to  the  present  inven- 

35  tion  is  composed  is  compound  semiconductor.  The 
compound  semiconductor  material  is  preferably 
composed  of  an  element  of  III  group  and  an  ele- 
ment  of  V  group,  such  as  GaAs,  InP,  InAs,  GaP, 
InGaAs  or  the  like.  And  hence,  each  of  the  first 

40  semiconductor  layer  and  the  second  semiconduc- 
tor  layer  can  be  a  GaAs  layer,  an  InP  layer,  an  InAs 
layer,  a  GaP  layer,  an  InGaAs  layer  or  the  like. 

The  present  invention  is  advantageously  ap- 
plicable  to  those  semiconductor  crystals  having  a 

45  zincblende  type  crystalline  structure. 
In  preferred  embodiments  of  the  present  inven- 

tion,  a  semiconductor  of  GaAs  is  grown  on  a  semi- 
insulating  GaAs  substrate.  In  the  case  of  a  ternary 
lll-V  compound  semiconductor  such  as  InGaAs, 

50  elements  of  III  group  such  as  In  and  Ga  are  depos- 
ited  at  a  predetermined  ratio  of  fluxes  in  place  of  a 
single  flux  of  Ga. 

A  ratio  of  the  total  number  of  the  first  and 
second  atom  mono  layers  in  the  first  semiconduc- 

55  tor  layer  to  the  total  number  of  the  first  and  second 
atom  mono  layers  in  the  second  semiconductor 
layer  can  be  changed  continuously  and  selected 
according  to  the  purpose  or  use. 

3 
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According  to  one  embodiment  of  the  present 
invention,  the  total  number  of  said  first  and  second 
atom  mono  layers  in  the  first  semiconductor  layer 
is  equal  to  the  total  number  of  the  first  and  second 
atom  mono  layers  in  the  second  semiconductor 
layer.  In  this  case,  the  crystalline  structure  accord- 
ing  to  the  present  invention  has  such  an  advantage 
that  the  anisotropy  caused  by  the  polarization  can 
be  eliminated,  so  that,  for  example,  the  depen- 
dency  of  threshold  voltage  on  the  gate  orientation 
caused  by  the  piezoelectric  effect  due  to  the  stress 
in  GaAs  MESFET  can  be  eliminated  and  hence  the 
freedom  in  design  of  integrated  circuits  is  in- 
creased,  and  fluctuations  of  characteristics  can  be 
reduced  so  that  uniformity  in  FET  electrical  char- 
acteristics  is  improved. 

According  to  another  embodiment  of  the 
present  invention,  the  total  number  of  the  first  and 
second  atom  mono  layers  in  the  first  semiconduc- 
tor  layer  is  not  equal  to  the  total  number  of  the  first 
and  second  atom  mono  layers  in  the  second  semi- 
conductor  layer.  In  this  case,  the  crystalline  struc- 
ture  according  to  the  present  invention  has  such  an 
advantage  that  the  anisotropy  caused  by  the  po- 
larization  can  be  controlled,  intentionally,  so  that, 
for  example,  the  short-channel  effect  can  be  con- 
trolled  freely  by  means  of  the  piezoelectric  charges 
caused  by  the  stress  in  GaAsMESFET  in  order  to 
improve  the  performance  and  to  increase  the  free- 
dom  in  design  of  FET.  The  crystalline  structure  of 
this  case  advantageously  permits  to  control  the 
anisotropic  effect  caused  by  polarization  continu- 
ously.  For  example,  the  freedom  of  design  in 
GaAsMESFET  which  utilizes  the  piezoelectric  ef- 
fect  caused  by  the  stress  is  advantageously  in- 
creased  so  that  two  different  threshold  voltages 
each  which  depend  on  the  difference  in  the  orienta- 
tion  of  respective  gates  can  be  realized  freely. 

Selection  of  the  direction  of  stratification  along 
which  the  unit  layers  are  grown  depends  on  ma- 
terial  and  purpose  or  use  of  the  single  crystal 
according  to  the  present  invention.  In  a  preferred 
embodiment,  the  unit  layers  are  grown  or  stratified 
periodically  along  a  direction  of  [111]  axis  or  [100] 
axis  on  the  substrate. 

In  another  preferred  embodiment,  an  intermedi- 
ate  layer  is  interposed  between  the  first  semicon- 
ductor  layer  and  the  second  semiconductor  layer  in 
order  to  facilitate  growing  an  upper  semiconductor 
layer.  Each  intermediate  layer  consists  preferably 
of  a  plurality  of  atom  mono  layers.  In  a  preferred 
embodiment  of  the  present  invention  for  producing 
a  GaAs  semiconductor  crystal,  an  intermediate  lay- 
er  of  Ge  is  interposed  between  the  first  and  second 
GaAs  layers,  because  it  is  difficult  to  grow  the 
second  GaAs  layer  directly  on  the  first  GaAs  layer. 
As  a  material  of  the  intermediate  layer,  silicon  (Si) 
can  be  used  in  place  of  the  Ge. 

The  total  number  of  thickness  of  the  intermedi- 
ate  atom  mono  layers  stratified  in  the  intermediate 
Ge  layer  is  not  necessary  to  be  large.  It  is  also 
possible  to  use  another  element  in  IV  group  other 

5  than  Ge  since  it  is  not  necessary  to  take  the 
continuity  in  the  lattice  into  consideration  when  the 
number  of  atom  mono  layers  used  in  the  Ge  layer 
is  small.  The  total  number  of  the  atom  mono  layers 
stratified  in  the  Ge  layer  is  preferably  an  even 

io  number  in  order  to  realize  higher  effect.  Namely, 
when  the  number  of  the  atom  mono  layers  strati- 
fied  in  the  Ge  layer  is  an  odd  number,  a  repetitive 
order  of  Ga  and  As  and  hence  the  polarity  become 
identical  both  in  the  first  GaAs  layer  and  in  the 

is  second  GaAs  layer,  so  that  such  system  can  be 
considered  that  several  atom  mono  layers  in  the 
first  GaAs  layer  are  merely  replaced  by  Ge  atom 
mono  layers.  To  the  contrary,  when  the  number  of 
the  atom  monolayers  stratified  in  the  Ge  layer  is  an 

20  even  number,  a  repetitive  order  of  Ga  and  As 
becomes  reversed  in  the  first  GaAs  layer  and  the 
second  GaAs  layer. 

In  the  case  of  a  ternary  compound  semicon- 
ductor  such  as  InGaAs,  elements  of  III  group  such 

25  as  In  and  Ga  are  deposited  at  a  predetermined 
ratio  of  fluxes  in  place  of  a  single  flux  of  Ga.  In  this 
case  also,  a  layer  of  IV  group  element  which  has 
the  same  function  as  the  intermediate  Ge  layer  can 
be  deposited. 

30  The  structure  of  the  above  mentioned  semicon- 
ductor  crystal  according  to  the  present  invention 
can  be  produced  by  molecular  beam  epitaxy 
(MBE)  technique  which  itself  is  well-known  and 
widely  used  in  the  field  of  IC  industry  or  the  like. 

35  Now,  description  will  be  made  on  several  em- 
bodiments  of  the  semiconductor  crystal  and  a  pro- 
cess  for  producing  the  same  with  reference  to 
attached  drawings. 

40  Brief  Description  of  the  drawings 

Fig.  1  is  an  illustrative  cross  sectional  view 
showing  the  conventional  GaAs  MESFET; 
Fig.  2  is  an  illustrative  cross  sectional  view 

45  showing  a  crystalline  structure  according  to  the 
first  embodiment  of  the  present  invention  for  a 
GaAs  MESFET  substrate; 
Fig.  3  shows  a  cross  sectional  view  of  an  em- 
bodiment  of  a  GaAs  MESFET  having  the  cry- 

50  stalline  structure  according  to  the  present  inven- 
tion;  and 
Fig.  4  is  an  illustrative  cross  sectional  view 
which  is  similar  to  Fig.  2  but  which  shows  an- 
other  crystalline  structure  according  to  the 

55  present  invention  for  the  GaAs  MESFET  sub- 
strate. 

4 
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First  Preferred  Embodiment 

In  the  first  embodiment  of  the  semiconductor 
crystal  which  is  provided  by  the  first  aspect  of  the 
present  invention,  the  anisotropy  caused  by  the 
polarization  is  eliminated.  In  this  embodiment,  the 
dependency  of  threshold  voltage  on  the  gate  ori- 
entation  is  released  from  the  piezoelectric  effect 
due  to  the  stress  in  GaAs  MESFET,  so  that  the 
design  flexibility  of  integrated  circuits  is  increased 
and  the  fluctuation  of  electric  characteristics  is  re- 
duced. 

The  principle  on  which  the  first  embodiment  of 
the  present  invention  is  based  is  that  the  polarity  in 
GaAs  is  offset  in  each  unit  layer  because  polariza- 
tion  in  the  first  semiconductor  layer  is  directed  to 
[111]  while  polarization  in  the  second  semiconduc- 
tor  layer  is  directed  to 

[ i l l ] .  

Therefore,  the  piezoelectric  polarization  due  to  po- 
larity  is  offset  or  cancelled,  so  that  the  crystal 
obtained,  as  a  whole,  can  be  considered  macro- 
scopically  to  be  a  nonpolar  crystal. 

A  semiconductor  crystal  according  to  the  first 
embodiment  has  a  structure  in  which  each  unit 
layer  comprises  a  first  semiconductor  layer  depos- 
ited  on  a  substrate  and  consisting  of  at  least  one 
layer  comprising  alternately  stratified  III  group  atom 
mono  layer  and  V  group  atom  mono  layer,  the  III 
group  atom  and  the  V  group  atom  being  compo- 
nents  of  a  lll-V  compound  semiconductor  having  a 
zincblende  type  crystal,  and  a  second  semiconduc- 
tor  layer  deposited  on  the  first  semiconductor  layer 
and  consisting  of  at  least  one  layer  comprising 
alternately  stratified  III  group  atom  mono  layer  and 
V  group  atom  mono  layer,  the  order  of  stratification 
of  the  III  group  atom  mono  layer  and  the  V  group 
atom  mono  layer  in  the  second  semiconductor 
layer  being  reversed  with  respect  to  that  of  the  first 
semiconductor  layer,  in  that  more  than  one  of  the 
unit  layer  is  stratified  periodically,  and  in  that  the 
number  or  a  thickness  of  the  atom  mono  layers  in 
the  first  semiconductor  layer  is  equal  to  the  num- 
ber  or  thickness  of  the  atom  mono  layers  in  the 
second  semiconductor  layer. 

Fig.  2  is  an  illustrative  cross  sectional  view 
showing  a  crystalline  structure  of  a  GaAs  MESFET 
substrate  according  to  the  first  embodiment  of  the 
present  invention. 

Example  1 

The  crystalline  structure  shown  in  Fig.  2  can  be 
prepared,  for  example,  by  the  following  growing 
technique: 

In  a  molecular  beam  epitaxy  (MBE)  unit 
equipped  with  a  control  mechanism  including  shut- 
ters  for  controlling  molecular  fluxes,  a  semi-insulat- 
ing  (100)  GaAs  substrate  is  held  on  a  holder  and  is 

5  heated  at  a  substrate  temperature  of  650  °C  in  an 
ultrahigh-vacuum  chamber.  At  first,  only  one  atom 
mono  layer  of  Ga  is  deposited  on  a  surface  of  the 
semi-insulating  (100)  GaAs  substrate.  After  a  shut- 
ter  for  Ga  effusion  is  closed  to  arrest  a  flux  of  Ga, 

io  only  one  atom  mono  layer  of  As  is  deposited  on 
the  Ga  atom  mono  layer.  The  atomic  layer  epitaxy 
(ALE)  can  be  realized  by  repeating  such  operations 
so  that  the  growth  is  effected  one  atom  mono  layer 
at  a  time.  In  the  case  shown  in  Fig.  1,  each  unit 

is  semiconductor  layer  61  has  a  thickness  of  6.78  nm 
(67.8  A)  and  consists  of  a  first  GaAs  layer  21 
consisting  of  twenty  (20)  atom  mono  layers  which 
are  formed  by  the  ALE  technique  and  are  depos- 
ited  alternately  in  the  order  of  Ga-As,  a  first  Ge 

20  layer  31  whose  thickness  corresponds  to  four  (4) 
atom  mono  layers  of  Ge  and  which  is  grown  by 
irradiating  the  flux  of  Ge  continuously,  a  second 
GaAs  layer  41  consisting  of  twenty  (20)  atom  mono 
layers  which  are  grown  by  the  same  manner  as  the 

25  first  layer  21  except  that  the  order  of  deposition  is 
As-Ga,  and  a  second  Ge  layer  51  whose  thickness 
corresponds  to  four  (4)  atom  mono  layers  of  Ge, 
and  seventy  (70)  unit  semiconductor  layers  61  are 
stratified  to  have  a  thickness  of  0.47  urn  finally.  In 

30  every  unit  semiconductor  layer,  the  polarization  is 
cancelled  since  the  direction  of  polarization  in  the 
first  GaAs  is  [111]  while  the  direction  of  polarization 
in  the  second  GaAs  layer  is 

[ 1 1 1 ] .  

The  first  Ge  layer  31  and  the  second  Ge  layer 
51  are  arranged  because  it  is  difficult  to  grow  and 

40  the  second  GaAs  layer  41  directly  on  the  first  GaAs 
layer  21.  Therefore,  the  number  of  atom  mono 
layers  stratified  in  the  Ge  layer  is  not  necessary  to 
be  large.  It  is  also  possible  to  use  another  element 
in  IV  group  other  than  Ge  since  it  is  not  necessary 

45  to  take  the  continuity  in  the  lattice  into  consider- 
ation  when  the  number  of  atom  mono  layers  strati- 
fied  in  the  Ge  layer  is  small.  The  number  of  the 
atom  mono  layers  stratified  in  the  Ge  layer  is 
preferably  an  even  number  in  order  to  obtain  an 

50  improved  effect.  Namely,  when  the  number  of  the 
atom  mono  layers  stratified  in  the  Ge  layer  is  an 
odd  number,  a  repetitive  order  of  Ga  and  As  and 
hence  the  polarity  become  identical  both  in  the  first 
GaAs  layer  and  the  second  GaAs  layer,  so  that 

55  such  system  can  be  considered  that  several  atom 
mono  layers  in  the  first  GaAs  layer  are  merely 
replaced  by  Ge  atom  mono  layers.  To  the  contrary, 
when  the  number  of  the  atom  mono  layers  strati- 

5 
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tied  in  the  Ge  layer  is  an  even  number,  a  repetitive 
order  of  Ga  and  As  becomes  reversed  in  the  first 
GaAs  layer  and  the  second  GaAs  layer. 

In  the  case  of  a  ternary  compound  semicon- 
ductor  such  as  InGaAs,  elements  of  III  group  such 
as  In  and  Ga  are  deposited  at  a  predetermined 
ratio  of  fluxes  in  place  of  a  single  flux  of  Ga.  In  this 
case  also,  a  layer  of  IV  group  element  which  has 
the  same  function  as  the  Ge  layer  can  be  depos- 
ited.  In  this  case  also,  a  layer  of  IV  group  element 
which  has  the  same  function  as  the  Ge  layer  can 
be  deposited. 

Example  2 

Fig.  3  shows  a  cross  sectional  view  of  an 
embodiment  of  a  GaAs  MESFET  having  the  cry- 
stalline  structure  of  Fig.  2.  The  above-mention  cry- 
stalline  structure  22  according  to  the  present  inven- 
tion  is  deposited  on  a  GaAs  (100)  substrate  12. 
Impurity  is  doped  in  a  surface  of  the  crystalline 
structure  22  to  produce  an  active  layer  32  having  a 
thickness  of  0.1  urn  and  a  concentration  of  2  x 
1017  cm-3.  A  gate  electrode  42,  a  source  electrode 
52  and  a  drain  electrode  62  are  formed  on  the 
active  layer  32.  A  surface  of  the  MESFET  is  cov- 
ered  with  a  protective  overlay  72  composed  of 
Si02  having  a  thickness  of  1  urn. 

According  to  the  experiments  which  are  con- 
ducted  by  the  present  inventor,  in  a  case  of  a 
conventional  MESFET  whose  gate  length  is  1  urn 
and  which  was  prepared  on  a  conventional  (100) 
substrate  under  the  same  condition  as  Example  2, 
an  anisotropy  was  observed  in  the  FET  perfor- 
mance.  Namely,  there  was  observed  a  difference  in 
the  threshold  voltage  of  180  mV  between  a  [110] 
oriented  FET  and  a  [1T0]  oriented  FET  whose 
directions  of  the  gates  are  perpendicular  to  each 
other. 

To  the  contrary,  no  anisotropy  was  observed  in 
the  case  of  Example  2  and  no  deviation  from  a 
designed  value.  This  means  that  the  influence 
caused  by  the  stress  is  removed. 

Example  3 

Fig.  4  is  an  illustrative  cross  sectional  view 
showing  a  crystalline  structure  for  a  GaAs  MESFET 
substrate  which  is  similar  to  Fig.  2  but  shows 
another  example  of  the  first  embodiment  of  the 
present  invention. 

The  crystalline  structure  shown  in  Fig.  4  is 
prepared,  for  example,  by  the  following  growing 
technique: 

In  a  molecular  beam  epitaxy  unit  equipped  with 
a  control  mechanism  including  shutters  for  control- 
ling  molecular  fluxes,  a  semi-insulating  (100)  GaAs 
substrate  is  held  on  a  holder  and  is  heated  at  a 

substrate  temperature  of  650  °C  in  an  ultrahigh- 
vacuum  chamber.  At  first,  only  one  atom  mono 
layer  of  Ga  is  deposited  on  a  surface  of  the  semi- 
insulating  (100)  GaAs  substrate.  After  a  shutter  for 

5  Ga  effusion  is  closed  to  arrest  a  flux  of  Ga,  only 
one  atom  mono  layer  of  As  is  deposited  on  the  Ga 
atom  mono  layer.  The  atomic  layer  epitaxy  (ALE) 
can  be  realized  by  repeating  such  operations  so 
that  the  growth  is  effected  one  atom  mono  layer  at 

io  a  time.  In  the  case  shown  in  Fig.  4,  each  unit 
semiconductor  layer  63  has  a  thickness  of  9.61  nm 
(96.1  A)  and  consists  of  a  first  GaAs  layer  23 
consisting  of  thirty  (30)  atom  mono  layers  which 
are  formed  by  the  ALE  technique  and  are  depos- 

15  ited  alternately  in  the  order  of  As-Ga,  a  first  Ge 
layer  33  whose  thickness  corresponds  to  four  (4) 
atom  mono  layers  of  Ge  and  which  is  grown  by 
irradiating  the  flux  of  Ge  continuously,  a  second 
GaAs  layer  43  consisting  of  thirty  (30)  atom  mono 

20  layers  which  are  grown  by  the  same  manner  as  the 
first  layer  23  except  that  the  order  of  deposition  is 
Ga-As,  and  a  second  Ge  layer  53  whose  thickness 
corresponds  to  four  (4)  atom  mono  layers  of  Ge, 
and  seventy  (70)  unit  semiconductor  layers  63  are 

25  stratified  to  a  thickness  of  0.67  urn.  In  every  unit 
semiconductor  layer,  the  polarization  is  cancelled 
since  the  direction  of  polarization  in  the  first  GaAs 
is 

[ 1 1 1 ]  

while  the  direction  of  polarization  in  the  second 
GaAs  layer  is  [1  1  1  ]. 

35  Although  the  GaAs  (100)  substrate  is  used  to 
produce  the  stratified  structure  shown  in  this  first 
embodiment,  the  Ga  layer,  the  As  layer  and  the  Ge 
layer  can  be  stratified  on  the  other  substrate  such 
as  Ge  (100)  substrate,  GaAs  (111)  substrate,  Ge- 

40  (111)  substrate  or  the  like  in  place  of  the  GaAs 
(100)  substrate. 

In  the  invention,  a  superlattice  structure  of 
equal  polarity  can  be  realized  in  any  polar  crystal 
such  as  InP  whose  lattice  constant  is  nearly  the 

45  same  and  on  which  epitaxial  growth  can  be  effec- 
ted,  so  that  homogeneous  devices  which  are  free 
from  anisotropy  due  to  the  polarity  can  be  manu- 
factured.  Such  superlattice  structure  having  equal 
polarity  can  be  realized  when  the  crystalline  struc- 

50  ture  according  to  the  present  invention  is  grown 
along  the  direction  of  [1  1  1  ]  axis  on  the  substrate. 

The  crystalline  structure  according  to  the 
present  invention  is  applicable  to  any  device  of 
compound  semiconductors  such  as  hetero  bipolar 

55  transistors  (HBT),  laser  diodes  or  the  like  in  addi- 
tion  to  the  GaAs  MESFET  shown  in  the  embodi- 
ment.  Thus,  the  first  embodiment  has  a  wide  ap- 
plications  because  the  structure  can  suppress  the 

6 
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deviation  or  shift  caused  by  the  stress. 
It  is  apparent  from  the  above-stated  description 

that  the  crystalline  structure  according  to  the  first 
embodiment  has  such  an  advantage  that  the  an- 
isotropy  caused  by  the  polarization  can  be  elimi- 
nated,  so  that,  for  example,  the  dependency  of 
threshold  voltage  on  the  gate  orientation  caused  by 
piezoelectric  effect  due  to  the  stress  in  GaAs  MES- 
FET  can  be  eliminated  and  hence  the  freedom  in 
design  of  integrated  circuits  is  increased  and  the 
fluctuation  of  characteristics  can  be  reduced,  so 
that  uniformity  in  FET  electrical  characteristics  is 
improved. 

Second  Preferred  Embodiment 

In  the  second  embodiment  of  the  semiconduc- 
tor  crystal  which  is  provided  by  the  second  aspect 
of  the  present  invention,  the  anisotropy  caused  by 
the  polarization  is  controlled  intentionally  in  order  to 
control,  for  example,  the  short-channel  effect  by 
means  of  the  piezoelectric  charges  caused  by  the 
stress  in  GaAsMESFET. 

The  principle  on  which  the  second  embodiment 
of  the  present  invention  is  based  is  such  a  fact  that 
the  polarity  in  the  unit  layer  is  offset  when  the 
thickness  of  the  first  semiconductor  layer  is  equal 
to  the  thickness  of  the  second  semiconductor  layer, 
since  polarization  sign  in  the  first  semiconductor 
layer  is  directed  to  [111]  while  polarization  sign  in 
the  second  semiconductor  layer  is  directed  to 

[ H I ] ,  

and  hence,  the  value  of  piezoelectric  polarization 
remained  in  the  unit  semiconductor  layer  is  deter- 
mined  by  a  difference  in  thickness  between  the 
first  semiconductor  layer  and  the  second  semicon- 
ductor  layer.  In  other  words,  the  value  of  piezoelec- 
tric  polarizations  can  be  controlled  continuously  by 
changing  a  ratio  of  the  thickness  of  the  first  semi- 
conductor  layer  to  that  of  the  second  semiconduc- 
tor  layer.  This  means  that  a  desired  piezoelectric 
charge  can  be  generated  under  a  condition  that  the 
thickness  of  the  protective  overlay  is  constant. 
Therefore,  the  carriers  are  well-trapped  in  the  chan- 
nel  to  improve  the  FET  performance. 

A  semiconductor  crystal  according  to  the  sec- 
ond  embodiment  has  a  structure  in  which  more 
than  one  unit  layer  stratified  periodically  comprises 
a  first  semiconductor  layer  deposited  on  a  sub- 
strate  and  consisting  of  at  least  one  layer  compris- 
ing  III  group  atom  mono  layer  and  V  group  atom 
mono  layer  which  are  stratified  alternately  along 
the  direction  of  [111]  axis,  the  III  group  atom  and 
the  V  group  atom  being  components  of  a  lll-V 
compound  semiconductor  having  a  zincblende  type 

crystal,  and  a  second  semiconductor  layer  depos- 
ited  on  the  first  semiconductor  layer  and  consisting 
of  at  least  one  layer  comprising  alternately  strati- 
fied  III  group  atom  mono  layer  and  V  group  atom 

5  mono  layer,  the  order  of  stratification  of  the  III 
group  atom  mono  layer  and  the  V  group  atom 
mono  layer  in  the  second  semiconductor  layer  be- 
ing  reversed  with  respect  to  that  of  the  first  semi- 
conductor  layer,  and  wherein  a  ratio  of  the  number 

io  or  a  thickness  of  said  atom  mono  layers  in  the  first 
semiconductor  layer  to  the  number  or  a  thickness 
of  said  atom  mono  layers  in  the  second  semicon- 
ductor  layer  is  an  any  number  except  1  . 

The  structure  of  the  semiconductor  crystal  ac- 
15  cording  to  the  second  embodiment  is  similar  to  that 

of  the  first  embodiment  except  that  the  ratio  of  the 
number  or  thickness  of  the  atom  mono  layers  in 
the  first  semiconductor  layer  to  the  number  or  a 
thickness  of  the  atom  mono  layers  in  the  second 

20  semiconductor  layer  is  an  any  number  except  1  . 

Example  4 

In  this  Example  4,  a  GaAs  MESFET  substrate 
25  which  is  similar  to  Example  1  shown  in  Fig.  2  is 

prepared  by  repeating  the  same  process  as  Exam- 
ple  1  except  the  following  points: 

(1)  The  semi-insulating  (100)  GaAs  substrate  14 
is  changed  to  a  semi-insulating  (111)  GaAs  sub- 

30  strate  14. 
(2)  Each  unit  semiconductor  layer  61  consists  of 
thirty  eight  (38)  atom  mono  layers  comprising  a 
first  GaAs  layer  21  consisting  of  twenty  (20) 
atom  mono  layers  which  are  formed  by  the  ALE 

35  technique  and  are  deposited  alternately  in  the 
order  of  Ga-As,  a  first  Ge  layer  31  whose  thick- 
ness  corresponds  to  four  (4)  atom  mono  layers 
of  Ge  and  which  is  grown  by  irradiating  the  flux 
of  Ge  continuously,  a  second  GaAs  layer  41 

40  consisting  of  ten  (10)  atom  mono  layers  which 
are  grown  by  the  same  manner  as  the  first  layer 
21  except  that  the  order  of  deposition  is  As-Ga, 
and  a  second  Ge  layer  51  whose  thickness 
corresponds  to  four  (4)  atom  mono  layers  of  Ge. 

45  And  hence,  seventy  (70)  unit  semiconductor  lay- 
ers  61  are  stratified  finally. 
Therefore,  when  tensile  stress  is  exerted  along 

[111]  direction,  a  part  of  the  polarization  which 
corresponds  to  ten  (10)  atomic  mono  layers  of  Ga 

50  and  As  in  each  unit  semiconductor  layer  is  can- 
celled,  since  the  direction  of  polarization  in  the  first 
GaAs  is  [111]  while  the  direction  of  polarization  in 
the  second  GaAs  layer  is 

[ i l l ]  
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which  is  opposite  to  [111].  In  other  words,  the  value 
of  polarization  caused  by  the  stress,  namely  the 
piezoelectric  charge  is  reduced  by  the  cancelled 
thickness,  or  reduced  to  one  third  of  the  conven- 
tional  GaAs  substrate  in  which  the  directions  of 
polarization  are  not  cancelled,  since  the  thickness 
of  Ge  can  be  negligible. 

Example  5 

In  this  Example  5,  a  GaAs  MESFET  substrate 
which  is  similar  to  Example  2  shown  in  Fig.  3  is 
prepared  by  repeating  the  same  process  as  Exam- 
ple  2  except  the  following  points: 

(1)  The  GaAs  (100)  substrate  12  is  replaced  by 
a  GaAs  (111)  substrate  12. 
(2)  The  gate  length  is  changed  to  0.5  urn. 
According  to  the  experiments  which  are  con- 

ducted  by  the  present  inventor,  in  a  case  of  the 
conventional  MESFET  which  has  a  gate  length  of 
0.5u.m  and  which  was  prepared  on  a  conventional 
(111)  substrate  under  the  same  condition  as  Exam- 
ple  5,  the  threshold  voltage  observed  shift  at  350 
mV  from  the  designed  value. 

To  the  contrary,  in  the  case  of  Example  5,  it 
was  found  that  the  threshold  value  can  be  changed 
within  about  ±200  mV  from  a  mid  point  when  the 
ratio  of  the  thickness  of  the  first  semiconductor 
layer  to  that  of  the  second  semiconductor  layer  is 
changed. 

Example  6 

In  this  Example  6,  a  GaAs  MESFET  substrate 
which  is  similar  to  Example  3  shown  in  Fig.  4  is 
prepared  by  repeating  the  same  process  as  Exam- 
ple  3  except  the  following  points: 

(1)  The  GaAs  (100)  substrate  13  is  replaced  by 
a  GaAs  (111)  substrate  13. 
(2)  In  the  case  Example  6,  each  unit  semicon- 
ductor  layer  63  consists  of  a  first  GaAs  layer  23 
consisting  of  twenty  (20)  atom  mono  layers 
which  are  formed  by  the  ALE  technique  and  are 
deposited  alternately  in  the  order  of  As-Ga,  a 
first  Ge  layer  33  whose  thickness  corresponds 
to  four  (4)  atom  mono  layers  of  Ge  and  which  is 
grown  by  irradiating  the  flux  of  Ge  continuously, 
a  second  GaAs  layer  43  consisting  of  ten  (10) 
atom  mono  layers  which  are  grown  by  the  same 
manner  as  the  first  layer  23  except  that  the 
order  of  deposition  is  Ga-As,  and  second  Ge 
layer  53  whose  thickness  corresponds  to  four  (4) 
atom  mono  layers  of  Ge,  and  seventy  (70)  unit 
semiconductor  layers  63  are  stratified. 
Therefore,  when  tensile  stress  is  exerted  along 

[111]  direction,  a  part  of  the  polarization  which 
corresponds  to  ten  (10)  atomic  layers  of  Ga  and  As 
in  each  unit  semiconductor  layer  is  cancelled, 

since  the  direction  of  polarization  in  the  first  GaAs 
is 

[ i i i ]  

while  the  direction  of  polarization  in  the  second 
GaAs  layer  is  [111]  which  is  opposite  to 

10 
[ H i ] .  

In  other  words,  the  value  of  polarization  caused  by 
is  the  stress,  namely  the  piezoelectric  charge  is  re- 

duced  by  the  cancelled  thickness,  namely  reduced 
to  one  third  of  the  conventional  GaAs  substrate  in 
which  the  directions  of  polarization  are  not  can- 
celled,  since  the  thickness  of  Ge  can  be  negligible. 

20  Although  the  GaAs  (111)  substrate  is  used  to 
produce  the  stratified  structure  shown  in  this  exam- 
ple,  the  Ga  atom  mono  layer,  the  As  atom  mono 
layer  and  the  Ge  atom  mono  layer  can  be  stratified 
on  the  other  substrate  such  as  Ge  (111)  substrate 

25  in  place  of  the  GaAs  (111)  substrate. 
According  to  the  present  invention,  a  superlat- 

tice  structure  whose  polarity  is  controlled  can  be 
realized  in  any  polar  crystal  such  as  InP  whose 
lattice  constant  is  nearly  the  same  and  on  which 

30  epitaxial  growth  can  be  effected,  so  that  the  device 
performance  can  be  improved  by  controlling  the 
anisotropy  due  to  the  polarity. 

The  crystalline  structure  according  to  the 
present  invention  is  applicable  to  any  device  of 

35  compound  semiconductors  such  as  hetero  bipolar 
transistors  (HBT),  laser  diodes  or  the  like  in  addi- 
tion  to  the  GaAs  MESFET  shown  in  the  embodi- 
ment.  Thus,  the  present  invention  has  a  wide  ap- 
plications  because  the  design  flexibility  can  be 

40  increased  by  controlling  the  electric  characteristics 
caused  by  the  stress. 

Third  Preferred  Embodiment 

45  In  the  third  embodiment  of  the  semiconductor 
crystal  which  is  provided  by  the  third  aspect  of  the 
present  invention,  the  anisotropic  effect  caused  by 
polarization  can  be  controlled  continuously.  For  ex- 
ample,  the  design  flexibility  of  GaAsMESFET  which 

50  utilize  the  piezoelectric  effect  caused  by  the  stress 
in  order  to  obtain  two  different  threshold  voltages 
each  depend  on  the  difference  in  the  orientation  of 
respective  gates  is  advantageously  increased. 

The  principle  on  which  the  third  embodiment  of 
55  the  present  invention  is  based  is  basically  the 

same  as  the  second  embodiment. 
A  semiconductor  crystal  according  to  the  third 

embodiment  has  a  structure  in  which  more  than 

8 
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one  unit  layer  stratified  periodically,  each  unit  layer 
comprising  a  first  semiconductor  layer  deposited 
on  a  substrate  and  consisting  of  at  least  one  layer 
comprising  III  group  atom  mono  layer  and  V  group 
atom  mono  layer  which  are  stratified  alternately 
along  the  direction  of  [100]  axis,  the  III  group  atom 
and  the  V  group  atom  being  components  of  a  lll-V 
compound  semiconductor  having  a  zincblende  type 
crystal,  and  a  second  semiconductor  layer  depos- 
ited  on  the  first  semiconductor  layer  and  consisting 
of  at  least  one  layer  comprising  alternately  strati- 
fied  III  group  atom  mono  layer  and  V  group  atom 
mono  layer,  the  order  of  stratification  of  the  III 
group  atom  mono  layer  and  the  V  group  atom 
mono  layer  in  the  second  semiconductor  layer  be- 
ing  reversed  with  respect  to  that  of  the  first  semi- 
conductor  layer,  wherein  a  ratio  of  the  number  or  a 
thickness  of  the  atom  mono  layers  in  the  first 
semiconductor  layer  to  the  number  or  a  thickness 
of  the  atom  mono  layers  in  the  second  semicon- 
ductor  layer  is  an  any  number  except  1  . 

The  structure  of  the  semiconductor  crystal  ac- 
cording  to  the  third  embodiment  is  similar  to  that  of 
the  first  embodiment  except  that  the  ratio  of  the 
number  or  a  thickness  of  the  atom  mono  layers  in 
the  first  semiconductor  layer  to  the  number  or  a 
thickness  of  the  atom  mono  layers  in  the  second 
semiconductor  layer  is  an  any  number  except  1  . 

Example  7 

In  this  Example  7,  a  GaAs  MESFET  substrate 
which  is  similar  to  Example  1  shown  in  Fig.  2  is 
prepared  by  repeating  the  same  process  as  Exam- 
ple  1  except  the  following  point: 

Each  unit  semiconductor  layer  61  consists  of 
thirty  eight  (38)  atom  mono  layers  comprising  a 
first  GaAs  layer  21  consisting  of  twenty  (20)  atom 
mono  layers  which  are  formed  by  the  ALE  tech- 
nique  and  are  deposited  alternately  in  the  order  of 
Ga-As,  a  first  Ge  layer  31  whose  thickness  cor- 
responds  to  four  (4)  atom  mono  layers  of  Ge  and 
which  is  grown  by  irradiating  the  flux  of  Ge  continu- 
ously,  a  second  GaAs  layer  41  consisting  of  ten 
(10)  atom  mono  layers  which  are  grown  by  the 
same  manner  as  the  first  layer  21  except  that  the 
order  of  deposition  is  As-Ga,  and  a  second  Ge 
layer  51  whose  thickness  corresponds  to  four  (4) 
atom  mono  layers  of  Ge.  Finally,  seventy  (70)  unit 
semiconductor  layers  61  are  stratified. 

In  this  structure,  when  tensile  stress  is  exerted 
along  [111]  direction,  a  part  of  the  polarization 
which  corresponds  to  ten  (10)  atomic  layers  of  Ga 
and  As  in  each  unit  semiconductor  layer  is  can- 
celled,  since  the  direction  of  polarization  in  the  first 
GaAs  is 

{ H I }  

while  the  direction  of  polarization  in  the  second 
5  GaAs  layer  is  [111]  which  is  opposite  to 

{ 1 1 1 } .  

10 
In  other  words,  the  value  of  polarization  caused  by 
the  stress,  namely  the  piezoelectric  charge  is  re- 
duced  in  proportion  to  the  portion  of  thickness 
cancelled,  namely  reduced  to  one  third  of  the  con- 

15  ventional  GaAs  substrate  in  which  the  directions  of 
polarization  are  not  cancelled.  In  this  case,  the 
thickness  of  Ge  is  negligible. 

Example  8 
20 

In  this  Example  8,  a  GaAs  MESFET  substrate 
which  is  similar  to  Example  2  shown  in  Fig.  3  is 
prepared  by  repeating  the  same  process  as  Exam- 
ple  2  except  the  gate  length  is  changed  to  0.5  urn. 

25  According  to  the  experiments  which  are  con- 
ducted  by  the  present  inventor,  in  a  case  of  the 
conventional  MESFET  which  has  a  gate  length  of 
0.5u.m  and  which  was  prepared  on  a  (100)  sub- 
strate  under  the  same  condition  as  Example  8,  the 

30  conventional  anisotropic  property  in  FET  was  ob- 
served.  Namely,  a  difference  in  threshold  voltage 
observed  between  two  gates  one  of  which  is  di- 
rected  to  [110]  and  the  other  of  which  is  directed  to 
[1T0]  which  are  perpendicular  to  each  other  was 

35  480  mV. 
To  the  contrary,  in  the  case  of  the  Example  8 

of  the  present  invention,  the  difference  in  threshold 
value  was  150  mV. 

40  Example  9 

In  this  Example  9,  a  GaAs  MESFET  substrate 
which  is  similar  to  Example  3  shown  in  Fig.  4  is 
prepared  by  repeating  the  same  process  as  Exam- 

45  pie  3  except  the  following  point: 
In  the  Example  9,  each  unit  semiconductor 

layer  63  consists  of  a  first  GaAs  layer  23  consisting 
of  twenty  (20)  atom  mono  layers  which  are  formed 
by  the  ALE  technique  and  are  deposited  alternately 

50  in  the  order  of  As-Ga,  a  first  Ge  layer  33  whose 
thickness  corresponds  to  four  (4)  atom  mono  layers 
of  Ge  and  which  is  grown  by  irradiating  the  flux  of 
Ge  continuously,  a  second  GaAs  layer  43  consist- 
ing  of  ten  (10)  atom  mono  layers  which  are  grown 

55  by  the  same  manner  as  the  first  layer  23  except 
that  the  order  of  deposition  is  Ga-As,  and  a  second 
Ge  layer  53  whose  thickness  corresponds  to  four 
(4)  atom  mono  layers  of  Ge,  and  finally  seventy 

9 
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(70)  unit  semiconductor  layers  63  are  stratified. 
Therefore,  when  tensile  stress  is  exerted  along 

[111]  direction,  a  part  of  the  polarization  which 
corresponds  to  ten  (10)  atomic  layers  of  Ga  and  As 
in  each  unit  semiconductor  layer  is  cancelled, 
since  the  direction  of  polarization  in  the  first  GaAs 
is  [111]  while  the  direction  of  polarization  in  the 
second  GaAs  layer  is 

[ 1 1 1 ]  

which  is  opposite  to  [111].  In  other  words,  the  value 
of  polarization  caused  by  the  stress,  namely  the 
piezoelectric  charge  is  reduced  by  the  cancelled 
thickness,  namely  reduced  to  one  third  of  the  con- 
ventional  GaAs  substrate  in  which  the  directions  of 
polarization  are  not  cancelled.  In  this  case,  the 
thickness  of  Ge  is  negligible. 

Although  the  GaAs  (100)  substrate  is  used  to 
produce  the  stratified  structure  shown  in  this  exam- 
ple,  the  Ga  layer,  the  As  layer  and  the  Ge  layer 
can  be  stratified  on  the  other  substrate  such  as  Ge 
(100)  substrate  in  place  of  the  GaAs  (100)  sub- 
strate. 

The  intermediate  Ge  layer  can  be  replaced  by 
another  intermediate  layer  such  as  a  silicon  (Si) 
intermediate  layer. 

The  structure  of  the  present  invention  is  ap- 
plicable  to  any  polar  crystal  such  as  InP,  InAs, 
GaP,  InGaAs,  InAsGaP  or  the  like  composed  of 
atom  mono  layers  having  nearly  equal  lattice  con- 
stants  and  which  can  be  produced  by  epitaxial 
growing  technique  so  as  to  utilize  the  anisotropy 
caused  by  the  polarity. 

The  crystalline  structure  according  to  the 
present  invention  is  applicable  to  any  device  of 
compound  semiconductors  such  as  hetero  bipolar 
transistors  (HBT),  laser  diodes  or  the  like  in  addi- 
tion  to  the  GaAs  MESFET  shown  in  the  embodi- 
ment.  The  present  invention  has  a  wide  applica- 
tions  for  moderating  electric  characteristics  caused 
by  the  stress. 

Claims 

1.  A  semiconductor  crystal  of  compound  semi- 
conductor  material  composed  of  a  first  element 
and  a  second  element,  characterised  in  that  a 
plurality  of  unit  layers  (61)  are  stratified  pe- 
riodically  on  a  substrate  (14),  each  unit  layer 
(61)  comprising  a  first  semiconductor  layer 
(21)  consisting  of  a  first  atom  mono  layer  of 
said  first  element  and  a  second  atom  mono 
layer  of  said  second  element,  said  first  and 
second  atom  mono  layers  being  stratified  one 
over  another  alternately  in  a  first  deposition 
order,  and  at  least  one  second  semiconductor 

layer  (41)  consisting  of  said  first  atom  mono 
layer  and  said  second  atom  mono  layer  which 
are  stratified  one  over  another  alternately  in  the 
reverse  deposition  order  with  respect  to  the 

5  first  deposition  order  of  the  first  semiconductor 
layer,  so  that  the  respective  atom  mono  layers 
of  the  first  (21)  and  second  (41)  semiconductor 
layers  which  are  closest  to  each  other  are  both 
of  the  same  element. 

10 
2.  A  semiconductor  crystal  set  forth  in  Claim  1, 

characterised  in  that  the  total  number  of  said 
first  and  second  atom  mono  layers  in  said  first 
semiconductor  layer  (21)  is  equal  to  the  total 

is  number  of  said  first  and  second  atom  mono 
layers  in  said  second  semiconductor  layer 
(41). 

3.  A  semiconductor  crystal  set  forth  in  Claim  1, 
20  characterised  in  that  the  total  number  of  said 

first  and  second  atom  mono  layers  in  said  first 
semiconductor  layer  (21)  is  not  equal  to  the 
total  number  of  said  first  and  second  atom 
mono  layers  in  said  second  semiconductor  lay- 

25  er  (41). 

4.  A  semiconductor  crystal  set  forth  in  Claim  3, 
characterised  in  that  said  unit  layers  (61)  are 
stratified  periodically  along  a  direction  of  (111) 

30  axis  on  said  substrate  (14). 

5.  A  semiconductor  crystal  set  forth  in  Claim  3, 
characterized  in  that  said  unit  layers  (61)  are 
stratified  periodically  along  a  direction  of  [100] 

35  axis  on  said  substrate  (14). 

6.  A  semiconductor  crystal  set  forth  in  any  one  of 
Claim  1  to  5,  characterized  in  that  an  inter- 
mediate  layer  (31,  51)  is  interposed  between 

40  said  first  semiconductor  layer  (21)  and  said 
second  semiconductor  layer  (41). 

7.  A  semiconductor  crystal  set  forth  in  any  one  of 
Claim  1  to  6,  characterized  in  that  each  of  said 

45  intermediate  layer  (31,  51)  comprises  a  plural- 
ity  of  atom  mono  layers. 

8.  A  semiconductor  crystal  set  forth  in  Claim  7, 
characterized  in  that  the  number  of  said  atom 

50  mono  layer  in  said  intermediate  layer  (31,  51) 
is  an  even  number. 

9.  A  semiconductor  crystal  set  forth  in  any  one  of 
Claim  1  to  8,  characterized  in  that  said  com- 

55  pound  semiconductor  material  is  composed  of 
an  element  of  III  group  and  an  element  of  V 
group, 

10 
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10.  A  semiconductor  crystal  set  forth  in  Claim  9, 
characterized  in  that  said  element  of  III  group 
is  Ga  and  said  element  of  V  group  is  As. 

11.  A  semiconductor  crystal  set  forth  in  any  one  of 
Claims  1  to  10,  characterised  in  that  said  semi- 
conductor  crystal  has  a  zincblende  type  cry- 
stalline  structure. 

12.  A  process  for  producing  a  semiconductor  cry- 
stal  of  compound  semiconductor  material  com- 
posed  of  a  first  element  and  a  second  element, 
characterised  in  that  a  plurality  of  unit  layers 
(61)  are  deposited  periodically  on  a  substrate 
(14)  by  molecular  beam  epitaxy  technique  in 
such  a  manner  that  each  unit  layer  (61)  com- 
prises  at  least  one  first  semiconductor  layer 
(21)  consisting  of  a  first  atom  mono  layer  of 
said  first  element  and  a  second  atom  mono 
layer  of  said  second  element,  said  first  and 
second  atom  mono  layers  being  stratified  one 
over  another  alternately  in  a  first  deposition 
order,  and  at  least  one  second  semiconductor 
layer  (41)  comprising  said  first  atom  mono 

15.  A  process  set  forth  in  Claim  14,  characterized 
in  that  said  unit  layers  (61)  are  stratified  pe- 
riodically  along  a  direction  of  [111]  axis  on  said 
substrate  (14). 

16.  A  process  set  forth  in  Claim  14,  characterized 
in  that  said  unit  layers  (61)  are  stratified  pe- 
riodically  along  a  direction  of  [100]  axis  on  said 
substrate  (14). 

17.  A  process  set  forth  in  any  one  of  Claim  12  to 
16,  characterized  in  that  an  intermediate  layer 
(31,  51)  is  interposed  between  said  first  semi- 
conductor  layer  (21)  and  said  second  semicon- 

5  ductor  layer  (41). 

18.  A  process  set  forth  in  any  one  of  Claim  12  to 
17,  characterized  in  that  each  of  said  inter- 
mediate  layer  (31,  51)  comprises  a  plurality  of 

io  atom  mono  layers. 

19.  A  process  set  forth  in  any  one  of  Claim  12  to 
18,  characterized  in  that  said  compound  semi- 
conductor  material  is  composed  of  an  element 

is  of  III  group  and  an  element  of  V  group. 

20.  A  process  set  forth  in  Claim  19,  characterized 
in  that  said  element  of  III  group  is  Ga  and  said 
element  of  V  group  is  As. 

20 
Patentanspruche 

1.  Halbleiterkristall  aus  einem  Verbund-Halbleiter- 
material  aus  einem  ersten  Element  und  einem 

25  zweiten  Element,  gekennzeichnet  durch  eine 
Vielzahl  von  Einzelschichten  (61),  die  perio- 
disch  auf  einem  Substrat  schichtformig  ange- 
ordnet  sind,  wobei  jede  Einzelschicht  (61)  eine 
erste  Halbleiterschicht  (21),  welche  aus  einer 

30  ersten  Atommonoschicht  des  ersten  Elementes 
und  einer  zweiten  Atommonoschicht  des  zwei- 
ten  Elementes  besteht,  wobei  die  ersten  und 
zweiten  Atommonoschichten  abwechselnd  auf- 
einander  in  einer  ersten  Abscheidungsreihen- 

35  folge  schichtformig  angeordnet  sind,  und  min- 
destens  eine  zweite  Halbleiterschicht  (41)  urn- 
fafit,  welche  aus  der  ersten  Atommonoschicht 
und  der  zweiten  Atommonoschicht  besteht,  die 
abwechselnd  aufeinander  in  umgekehrter  Ab- 

40  scheidungsreihenfolge  in  Bezug  auf  die  erste 
Abscheidungsreihenfolge  der  ersten  Halbleiter- 
schicht  schichtformig  angeordnet  sind,  so  dal3 
die  jeweiligen  Atommonoschichten  der  ersten 
(21)  und  zweiten  (41)  Halbleiterschichten,  die 

45  einander  am  nachsten  sind,  jeweils  aus  dem 
gleichen  Element  bestehen. 

2.  Halbleiterkristall  nach  Anspruch  1  ,  dadurch  ge- 
kennzeichnet,  dal3  die  Gesamtzahl  der  ersten 

50  und  zweiten  Atommonoschichten  in  der  ersten 
Halbleiterschicht  (21)  gleich  der  Gesamtzahl 
der  ersten  und  zweiten  Atommonoschichten  in 
der  zweiten  Halbleiterschicht  (41)  ist. 

55  3.  Halbleiterkristall  nach  Anspruch  1  ,  dadurch  ge- 
kennzeichnet,  dal3  die  Gesamtzahl  der  ersten 
und  zweiten  Atommonoschichten  in  der  ersten 
Halbleiterschicht  (21)  nicht  gleich  der  Gesamt- 

layer  and  said  second  atom  mono  layer  which  25 
are  stratified  one  over  another  alternately  in  the 
reverse  deposition  order  with  respect  to  the 
first  deposition  order  of  the  first  semiconductor 
layer,  so  that  the  respective  atom  mono  layers 
of  the  first  (21)  and  second  (41)  semiconductor  30 
layers  which  are  closest  to  each  other  are  both 
of  the  same  element. 

13.  A  process  as  set  forth  in  Claim  12,  charac- 
terised  in  that  the  total  number  of  said  first  and  35 
second  atom  mono  layers  in  said  first  semi- 
conductor  layer  (21)  is  equal  to  the  total  num- 
ber  of  said  first  and  second  atom  mono  layers 
in  said  second  semiconductor  layer  (41). 

40 
14.  A  process  set  forth  in  Claim  12,  characterised 

in  that  the  total  number  of  said  first  and  sec- 
ond  atom  mono  layers  in  said  first  semicon- 
ductor  layer  (21)  is  not  equal  to  the  total  num- 
ber  of  said  first  and  second  atom  mono  layers  45 
in  said  second  semiconductor  layer  (41) 

11 
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zahl  der  ersten  und  zweiten  Atommonoschich- 
ten  in  der  zweiten  Halbleiterschicht  (41)  ist. 

4.  Halbleiterkristall  nach  Anspruch  3,  dadurch  ge- 
kennzeichnet,  dal3  die  Einzelschichten  (61) 
schichtformig  periodisch  entlang  einer  Rich- 
tung  der  (111)-Achse  auf  dem  Substrat  (14) 
angeordnet  sind. 

5.  Halbleiterkristall  nach  Anspruch  3,  dadurch  ge- 
kennzeichnet,  dal3  die  Einzelschichten  (61) 
schichtformig  periodisch  entlang  einer  Rich- 
tung  der  (100)-Achse  auf  dem  Substrat  (14) 
angeordnet  sind. 

6.  Halbleiterkritall  gemaB  einem  jeden  der  An- 
spruche  1  bis  5,  dadurch  gekennzeichnet,  dal3 
eine  Zwischenschicht  (31,  51)  zwischen  der 
ersten  Halbleiterschicht  (21)  und  der  zweiten 
Halbleiterschicht  (41)  angeordnet  ist. 

7.  Halbleiterkristall  gemaB  einem  jeden  der  An- 
spruche  1  bis  6,  dadurch  gekennzeichnet,  dal3 
jede  der  Zwischenschichten  (31,  51)  eine  Viel- 
zahl  von  Atommonoschichten  umfaBt. 

8.  Halbleiterkristall  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dal3  die  Anzahl  der  Atommono- 
schichten  in  der  Zwischenschicht  (31,  51)  ge- 
radzahlig  ist. 

9.  Halbleiterkristall  gemaB  einem  jeden  der  An- 
spruche  1  bis  8,  dadurch  gekennzeichnet,  daB 
das  Verbund-Halbleitermaterial  aus  einem  Ele- 
ment  der  Gruppe  III  und  einem  Element  der 
Gruppe  V  besteht. 

10.  Halbleiterkristall  gemaB  Anspruch  9,  dadurch 
gekennzeichnet,  daB  das  Element  der  Gruppe 
III  Ga  und  das  Element  der  Gruppe  V  As  ist. 

11.  Halbleiterkristall  gemaB  einem  jeden  der  An- 
spruche  1  bis  10,  dadurch  gekennzeichnet, 
daB  der  Halbleiterkristall  eine  Kristallstruktur 
vom  Zinkblende-Typ  aufweist. 

12.  Verfahren  zur  Herstellung  eines  Halbleiterkri- 
talls  eines  Verbund-Halbleitermaterials  aus  ei- 
nem  ersten  Element  und  einem  zweiten  Ele- 
ment,  dadurch  gekennzeichnet,  daB  man  eine 
Vielzahl  von  Einzelschichten  periodisch  auf  ei- 
nem  Substrat  (14)  mittels  einer 
Molekularstrahl-Epitaxietechnik  in  einer  Weise 
abscheidet,  daB  jede  Einzelschicht  (61)  minde- 
stens  eine  erste  Halbleiterschicht  (21),  beste- 
hend  aus  einer  ersten  Atommonoschicht  des 
ersten  Elementes  und  einer  zweiten  Atommo- 
noschicht  des  zweiten  Elementes,  wobei  die 

ersten  und  zweiten  Atommonoschichten  ab- 
wechselnd  aufeinander  in  einer  ersten  Ab- 
scheidungsreihenfolge  schichtformig  angeord- 
net  sind,  und  mindestens  eine  zweite  Halblei- 

5  terschicht  (41)  mit  der  ersten  Atommono- 
schicht  und  der  zweiten  Atommonoschicht  urn- 
fafit,  die  abwechselnd  schichtformig  aufeinan- 
der  in  umgekehrter  Abscheidungsreihenfolge  in 
Bezug  auf  die  erste  Abscheidungsreihenfolge 

io  der  ersten  Halbleiterschicht  angeordnet  sind, 
so  daB  die  jeweiligen  Atommonoschichten  der 
ersten  (21)  und  zweiten  (41)  Halbleiterschich- 
ten,  die  einander  am  nachsten  sind,  jeweils 
aus  dem  gleichen  Element  bestehen. 

15 
13.  Verfahren  nach  Anspruch  12,  dadurch  gekenn- 

zeichnet,  daB  die  Gesamtzahl  der  ersten  und 
der  zweiten  Atommonoschichten  in  der  ersten 
Halbleiterschicht  (21)  gleich  der  Gesamtzahl 

20  der  ersten  und  der  zweiten  Atommonoschich- 
ten  in  der  zweiten  Halbleiterschicht  (41)  ist. 

14.  Verfahren  nach  Anspruch  12,  dadurch  gekenn- 
zeichnet,  daB  die  Gesamtzahl  der  ersten  und 

25  der  zweiten  Atommonoschichten  in  der  ersten 
Halbleiterschicht  (21)  nicht  gleich  der  Gesamt- 
zahl  der  ersten  und  zweiten  Atommonoschich- 
ten  in  der  zweiten  Halbleiterschicht  (41)  ist. 

30  15.  Verfahren  nach  Anspruch  14,  dadurch  gekenn- 
zeichnet,  daB  die  Einzelschichten  (61)  schicht- 
formig  periodisch  entlang  einer  Richtung  der 
(111)-Achse  auf  dem  Substrat  (14)  angeordnet 
sind. 

35 
16.  Verfahren  nach  Anspruch  14,  dadurch  gekenn- 

zeichnet,  daB  die  Einzelschichten  (61)  schicht- 
formig  periodisch  entlang  einer  Richtung  der 
(100)-Achse  auf  dem  Substrat  (14)  angeordnet 

40  sind. 

17.  Verfahren  nach  einem  jeden  der  Anspruche  12 
bis  16,  dadurch  gekennzeichnet,  daB  eine  Zwi- 
schenschicht  (31,  51)  zwischen  der  ersten 

45  Halbleiterschicht  (21)  und  der  zweiten  Halblei- 
terschicht  (41)  angeordnet  ist. 

18.  Verfahren  nach  einem  jeden  der  Anspruche  12 
bis  17,  dadurch  gekennzeichnet,  daB  jede  Zwi- 

50  schenschicht  (31,  51)  eine  Vielzahl  von  Atom- 
monoschichten  umfaBt. 

19.  Verfahren  nach  einem  jeden  der  Anspruche  12 
bis  18,  dadurch  gekennzeichnet,  daB  das 

55  Verbund-Halbleitermaterial  aus  einem  Element 
der  Gruppe  III  und  einem  Element  der  Gruppe 
V  besteht. 

12 



23 EP  0  323  249  B1 24 

20.  Verfahren  nach  Anspruch  19,  dadurch  gekenn- 
zeichnet,  daB  das  Element  der  Gruppe  III  Ga 
und  das  Element  der  Gruppe  V  As  ist. 

Revendicatlons 

1.  Cristal  de  semi-conducteur  d'un  materiau 
semi-conducteur  compose  constitue  d'un  pre- 
mier  element  et  d'un  second  element,  caracte- 
rise  en  ce  qu'une  multitude  de  couches  unitai- 
res  (61)  sont  periodiquement  stratifiees  sur  un 
substrat  (14),  chaque  couche  unitaire  (61) 
comportant  une  premiere  couche  de  semi- 
conducteur  (21)  constitute  d'une  premiere 
couche  monomoleculaire  atomique  dudit  pre- 
mier  element  et  d'une  seconde  couche  mono- 
moleculaire  atomique  dudit  second  element, 
lesdites  premiere  et  seconde  couches  mono- 
moleculaires  atomiques  etant  stratifiees  I'une 
sur  I'autre  en  alternance  dans  un  premier  ordre 
de  deposition,  et  au  moins  une  seconde  cou- 
che  de  semi-conducteur  (41)  constitute  de  la- 
dite  premiere  couche  monomoleculaire  atomi- 
que  et  de  ladite  seconde  couche  monomole- 
culaire  atomique  qui  sont  stratifiees  I'une  sur 
I'autre  en  alternance  dans  I'ordre  de  deposition 
inverse  par  rapport  au  premier  ordre  de  depo- 
sition  de  la  premiere  couche  de  semi-conduc- 
teur,  de  sorte  que  les  couches  monomoleculai- 
res  atomiques  respectives  des  premiere  (21)  et 
seconde  (41)  couches  de  semi-conducteur  qui 
sont  les  plus  proches  I'une  de  I'autre  sont 
toutes  deux  du  meme  element. 

2.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  le  nombre  total 
desdites  premiere  et  seconde  couches  mono- 
moleculaires  atomiques  dans  ladite  premiere 
couche  de  semi-conducteur  (21)  est  egal  au 
nombre  total  desdites  premiere  et  seconde 
couches  monomoleculaires  atomiques  dans  la- 
dite  seconde  couche  de  semi-conducteur  (41). 

3.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  le  nombre  total 
desdites  premiere  et  seconde  couches  mono- 
moleculaires  atomiques  dans  ladite  premiere 
couche  de  semi-conducteur  (21)  n'est  pas  egal 
au  nombre  total  desdites  premiere  et  seconde 
couches  monomoleculaires  atomiques  dans  la- 
dite  seconde  couche  de  semi-conducteur  (41). 

4.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  3,  caracterise  en  ce  que  lesdites  couches 
unitaires  (61)  sont  stratifiees  periodiquement 
suivant  la  direction  de  I'axe  [111]  sur  ledit 
substrat  (14). 

5.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  3,  caracterise  en  ce  que  lesdites  couches 
unitaires  (61)  sont  stratifiees  periodiquement 
suivant  la  direction  de  I'axe  [100]  sur  ledit 

5  substrat  (14). 

6.  Cristal  de  semi-conducteur  selon  I'une  quel- 
conque  des  revendications  1  a  5,  caracterise 
en  ce  qu'une  couche  intermediaire  (31,  51)  est 

io  interposee  entre  ladite  premiere  couche  de 
semi-conducteur  (21)  et  ladite  seconde  couche 
de  semi-conducteur  (41). 

7.  Cristal  de  semi-conducteur  selon  I'une  quel- 
15  conque  des  revendications  1  a  6,  caracterise 

en  ce  chaque  dite  couche  intermediaire  (31, 
51)  comprend  une  multitude  de  couches 
monomoleculaires  atomiques. 

20  8.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  7,  caracterise  en  ce  le  nombre  desdites 
couches  monomoleculaires  atomiques  dans  la- 
dite  couche  intermediaire  (31,  51)  est  un  nom- 
bre  pair. 

25 
9.  Cristal  de  semi-conducteur  selon  I'une  quel- 

conque  des  revendications  1  a  8,  caracterise 
en  ce  que  ledit  materiau  semi-conducteur 
compose  est  constitue  d'un  element  du  Grou- 

30  pe  III  et  d'un  element  du  Groupe  V. 

10.  Cristal  de  semi-conducteur  selon  la  revendica- 
tion  9,  caracterise  en  ce  que  ledit  element  du 
Groupe  III  est  Ga  et  ledit  element  du  Groupe  V 

35  est  As. 

11.  Cristal  de  semi-conducteur  selon  I'une  quel- 
conque  des  revendications  1  a  10,  caracterise 
en  ce  que  ledit  cristal  de  semi-conducteur  a 

40  une  structure  cristalline  du  type  blende  de 
zinc. 

12.  Procede  pour  produire  un  cristal  de  semi- 
conducteur  d'un  materiau  semi-conducteur 

45  compose  qui  est  constitue  d'un  premier  ele- 
ment  et  d'un  second  element,  caracterise  en 
ce  qu'une  multitude  de  couches  unitaires  (61) 
sont  deposees  periodiquement  sur  un  substrat 
(14)  par  la  technique  d'epitaxie  par  faisceau 

50  moleculaire  d'une  maniere  telle  que  chaque 
couche  unitaire  (61)  comprend  une  premiere 
couche  de  semi-conducteur  (21)  constitute 
d'une  premiere  couche  monomoleculaire  ato- 
mique  dudit  premier  element  et  d'une  seconde 

55  couche  monomoleculaire  atomique  dudit  se- 
cond  element,  lesdites  premiere  et  seconde 
couches  monomoleculaires  atomiques  etant 
stratifiees  I'une  sur  I'autre  en  alternance  dans 

13 
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un  premier  ordre  de  deposition,  et  au  moins 
une  seconde  couche  de  semi-conducteur  (41) 
comprenant  ladite  premiere  couche  monomo- 
leculaire  atomique  et  ladite  seconde  couche 
monomoleculaire  atomique  qui  sont  stratifiees 
I'une  sur  I'autre  en  alternance  dans  I'ordre  de 
deposition  inverse  par  rapport  au  premier  or- 
dre  de  deposition  de  la  premiere  couche  de 
semi-conducteur,  de  sorte  que  les  couches 
monomoleculaires  atomiques  respectives  des 
premiere  (21)  et  seconde  (41)  couches  de 
semi-conducteurs  qui  sont  les  plus  proches 
I'une  de  I'autre  sont  toutes  deux  du  meme 
element. 

13.  Procede  selon  la  revendication  12,  caracterise 
en  ce  que  le  nombre  total  desdites  premiere  et 
seconde  couches  monomoleculaires  atomiques 
dans  ladite  premiere  couche  de  semi-conduc- 
teur  (21)  est  egal  au  nombre  total  desdites 
premiere  et  seconde  couches  monomoleculai- 
res  atomiques  dans  ladite  seconde  couche  de 
semi-conducteur  (41). 

14.  Procede  selon  la  revendication  12,  caracterise 
en  ce  que  le  nombre  total  desdites  premiere  et 
seconde  couches  monomoleculaires  atomiques 
dans  ladite  premiere  couche  de  semi-conduc- 
teur  (21)  n'est  pas  egal  au  nombre  total  desdi- 
tes  premiere  et  seconde  couches  monomole- 
culaires  atomiques  dans  ladite  seconde  cou- 
che  de  semi-conducteur  (41). 

15.  Procede  selon  la  revendication  14,  caracterise 
en  ce  que  lesdites  couches  unitaires  (61)  sont 
stratifiees  periodiquement  suivant  la  direction 
de  I'axe  [111]  sur  ledit  substrat  (14). 

16.  Procede  selon  la  revendication  14,  caracterise 
en  ce  que  lesdites  couches  unitaires  (61)  sont 
stratifiees  periodiquement  suivant  la  direction 
de  I'axe  [100]  sur  ledit  substrat  (14). 

17.  Procede  selon  I'une  quelconque  des  revendi- 
cations  12  a  16,  caracterise  en  ce  qu'une 
couche  intermediaire  (31,  51)  est  interposee 
entre  ladite  premiere  couche  de  semi-conduc- 
teur  (21)  et  ladite  seconde  couche  de  semi- 
conducteur  (41). 

18.  Procede  selon  I'une  quelconque  des  revendi- 
cations  12  a  17,  caracterise  en  ce  chaque  dite 
couche  intermediaire  (31,  51)  comprend  une 
multitude  de  couches  monomoleculaires  atomi- 
ques. 

19.  Procede  selon  I'une  quelconque  des  revendi- 
cations  12  a  18,  caracterise  en  ce  que  ledit 

materiau  semi-conducteur  compose  est  consti- 
tue  d'un  element  du  Groupe  III  et  d'un  element 
du  Groupe  V. 

5  20.  Procede  selon  la  revendication  19,  caracterise 
en  ce  que  ledit  element  du  Groupe  III  est  Ga 
et  ledit  element  du  Groupe  V  est  As. 
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