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Description 

The  present  invention  relates  to  a  method  for 
the  production  of  a  metal  semiconductor  field  effect 
transistor,  and  is  applicable  to  the  production  of  a 
GaAs  metal  semiconductor  field  effect  transistor 
with  a  short  gate  length. 

Jap.  Jnl.  of  Applied  Physics,  Vol.  22,  suppl.  no. 
22-1  (1983),  pp.  365-369,  describes  MESFETS 
comprising  a  semi-insulating  substrate  of  GaAs,  a 
buffer  layer  of  AIGaAs  on  the  substrate,  an  active 
layer  of  GaAs  on  the  buffer  layer,  and  a  metal  gate 
electrode  connected  to  the  active  layer  by  a  Schot- 
tky  contact.  Source  and  drain  electrodes  are  posi- 
tioned  at  respective  sides  of  the  gate  electrode. 
Patent  Abstracts  of  Japan  Vol.8,  no.  84  (E-239)- 
(1521),  18th  April  1984  and  JP-A-59  4085  de- 
scribes  MESFETS  comprising  a  semi-insulating 
substrate  of  GaAs,  a  GaAs  channel  layer  on  the 
semi-insulating  substrate  and  layers  of  AIGaAs 
and  Si-added  AIGaAs  on  the  channel  region.  Gate, 
Source  and  Drain  electrodes  are  disposed  on  the 
Si-added  AIGaAs  layer.  Use  of  implanted  highly 
doped  source  and  drain  regions  and  implanted 
channel  regions  is  discussed  in  Electronics  Letters, 
Vol.  19  (1983)  No.  15,  pp.  598-600. 

A  metal  semiconductor  field  effect  transistor 
(referred  to  as  MESFET  hereinafter),  which  is  a 
Schottky  gate  type  field  effect  transistor,  is  adopted 
as  an  active  element  for  amplifying  a  signal  at  ultra 
high  frequency  with  relatively  high  gain  and  pro- 
vides  an  active  element  for  oscillations  of  high 
frequency.  It  has  been  known  to  those  skilled  in  the 
art  that  the  MESFET  has  superior  performance 
compared  with  the  other  types  of  transistors  when 
the  MESFET  is  used  as  a  fundamental  element  in 
an  integrated  circuit  operated  at  ultra  high  speed. 
More  particularly,  the  GaAs  MESFET,  whose  semi- 
insulating  semiconductor  substrate  is  made  of 
GaAs,  has  been  a  notable  device  as  an  alternative 
to  Si  devices  being  used  extensively  now,  since 
the  GaAs  MESFET  has  a  superior  performance  and 
a  simple  structure. 

In  general,  GaAs  MESFETS  are  fabricated  as 
follows.  First  of  all,  an  electrical  conductive  semi- 
conductor  layer,  which  is  generally  called  "active 
layer",  is  formed  in  a  semi-insulating  GaAs  sub- 
strate  by  implantation  of  impurity  ions  such  as  Si 
into  the  GaAs  substrate.  Moreover,  in  order  to 
reduce  the  parasitic  resistance,  further  impurity 
ions  are  doped  with  a  relative  high  concentration  in 
the  region  of  the  GaAs  substrate  adjacent  to  the 
source  and  the  drain  electrodes,  then  the  MESFET 
is  annealed  at  a  high  temperature  so  as  to  activate 
the  doped  ions.  Then,  after  a  source  electrode,  a 
drain  electrode,  and  a  gate  electrode  are  formed  on 
the  GaAs  substrate,  thus  the  GaAs  MESFET  is 
fabricated.  Recently,  with  a  refractory  gate  elec- 

trode  and  a  dummy  gate  electrode,  a  high  impurity 
concentration  region  is  self-alignedly  formed  adja- 
cent  to  the  gate  region,  then  the  fabricated  MES- 
FET  has  a  high  electrical  performance. 

5  Fig.  1  shows  a  structure  of  a  conventional 
MESFET  which  has  been  extensively  used.  As 
shown  in  Fig.  1,  an  active  layer  22  is  formed  on  a 
high  resistivity  or  semi-insulating  semiconductor 
crystal  substrate  21  ,  and  a  Schottky  gate  electrode 

io  24,  a  source  electrode  27  of  ohmic  contact  and  a 
drain  electrode  28  of  ohmic  contact  are  respec- 
tively  formed  on  the  upper  surface  of  the  active 
layer  22. 

The  electrical  performance  of  the  MESFET  is 
75  represented  by  following  transconductance  gm  and 

cut-off  frequency  fT. 

gm  =  K(Vg-Vt)  (1) 

20  fT=  gm/(27rCgs)  (2) 

where 

K  =  (Zen)/(2aLg)  (3) 
25 

Vg  is  the  gate  voltage. 
V,  is  the  threshold  voltage  of  the  MESFET. 
Cgs  is  the  capacitance  between  the  gate  elec- 

trode  27  and  the  source  electrode  28. 
30  e  is  the  dielectric  constant  of  the  semiconduc- 

tor  substrate  21  . 
M.  is  the  mobility  of  the  carrier. 
a  is  the  thickness  of  the  active  layer  23. 
Lg  is  the  gate  length. 

35  Z  is  the  gate  width. 
With  the  greater  transconductance  of  the  MES- 

FET,  the  MESFET  has  a  more  current  amplification 
performance  and  can  drive  a  greater  capacitive 
load  at  a  high  speed,  moreover,  with  a  higher  cut- 

40  off  frequency  fT,  the  MESFET  can  switch  at  a 
higher  speed.  That  is,  with  the  greater  transconduc- 
tance  gm  and  the  higher  cut-off  frequency,  the 
MESFET  has  higher  performance. 

In  order  to  increase  the  transconductance  gm, 
45  the  gate  length  Lg  of  the  MESFET  is  shortened, 

then  the  smaller  capacitance  Cgs  between  the  gate 
electrode  and  the  source  electrode  is  obtained, 
therefore,  the  higher  cut-off  frequency  is  obtained. 
From  the  viewpoint,  there  have  been  investigations 

50  to  improve  the  MESFET  performance  by  decreas- 
ing  the  gate  length  Lg.  However,  the  MESFET  with 
the  shorter  gate  length  Lg  causes  the  short-channel 
effects  which  harm  the  performance  of  the  GaAs 
MESFET,  wherein  the  short-channel  effects  are  the 

55  problems  that  the  transconductance  gm  cannot  in- 
crease  as  expected,  the  threshold  voltage  of  the 
MESFET  varies,  and  the  current  cut-off  characteris- 
tic  is  inferior.  More  particularly,  the  short-channel 
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effects  noticeably  occur  in  the  self-aligned  MES- 
FET  whose  high  impurity  concentration  region  is 
adjacent  to  the  gate  region. 

The  short-channel  effects  are  said  to  be  caus- 
ed  by  a  substrate  leakage  current  between  the  high 
impurity  concentration  regions  formed  at  both  sides 
of  the  gate  region  through  the  semi-insulating 
semiconductor  substrate.  As  described  above,  in 
order  to  obtain  a  higher  performance  of  the  MES- 
FET,  it  is  necessary  to  shorten  the  gate  length  Lg 
and  suppress  the  aforementioned  short-channel  ef- 
fects. 

In  order  to  suppress  the  short-channel  effects, 
a  method  was  suggested  which  forms  a  p-type 
layer  29  with  an  opposite  polarity  to  the  n-type 
active  layer  23,  in  the  region  between  the  active 
layer  23  and  the  semi-insulating  semiconductor 
substrate  21  as  shown  in  Fig.  2.  The  known  meth- 
ods  of  forming  the  p-type  layer  29  are  as  follows; 

(a)  Mg  ion  implantation  method  described  in 
"Submicron-gate  self-aligned  GaAs  FET  with  p- 
type  barrier  layer  fabricated  by  ion  implantation 
",  IEEE  the  42nd  Annual  Device  Research  Con- 
ference,  Santa  Barbara,  CA,  paper  V1B-5,  1984 
by  K.  Matsumoto  et  al. 
(b)  C  and  0  ions  implantation  method  described 
in  "The  effect  of  substrate  purity  on  short-chan- 
nel  effects  of  GaAs  MESFET's",  IEEE  Proceed- 
ings  of  the  16th  Conference  Solid  State  Devices 
and  materials  (Kobe),  pp.  395-398,  1984  by  H. 
Nakamura  et  al. 
(c)  Be  ion  implantation  method  described  in 
"Below  10  ps/gate  operation  with  buried  p-layer 
SAINT  FET's",  Electron  Letters,  vol.  20,  no. 
25/26,  pp.  1029-1031,  1984  by  K.  Yamasaki  et 
al. 

In  the  above  methods,  a  pn  junction  is  formed 
between  a  p-type  layer  and  a  n-type  layer,  and  the 
potential  barrier  formed  by  the  pn  junction  can 
suppress  the  aforementioned  substrate  leakage 
current. 

In  addition,  another  method  for  suppressing  the 
substrate  leakage  current  was  suggested  as  shown 
in  Fig.  3.  In  this  method,  a  buffer  layer  30  is 
formed  between  the  active  layer  22  and  the  semi- 
insulating  semiconductor  substrate  21,  wherein  the 
buffer  layer  30  is  made  of  a  semiconductor  such  as 
Alo.3Gao.7As  with  a  small  electron  affinity  and  a 
wider  forbidden  energy  band  than  those  of  GaAs. 
In  the  MESFET  with  the  buffer  layer  30,  the  dif- 
ference  of  the  electron  affinity  between  the  n-type 
GaAs  active  layer  22  and  the  Alo.3Gao.7As  buffer 
layer  30  causes  a  potential  barrier  which  is  a 
discontinuous  portion  of  conduction  band  as  shown 
in  Fig.  6(A),  electrons  are  confined  in  the  GaAs 
active  layer  22  by  the  potential  barrier,  thereby  the 
substrate  leakage  current  can  be  suppressed. 

In  order  to  form  the  buffer  layer  30,  first  of  all, 

an  Alo.3Gao.7As  buffer  layer  is  formed  in  a  semi- 
insulating  GaAs  substrate  21  by  an  epitaxial  growth 
method  such  as  molecular  beam  epitaxial  growth 
method,  or  metal  organic  chemical  vapor  epitaxial 

5  growth  method  etc.,  a  GaAs  active  layer  22  is 
formed  above  the  Alo.3Gao.7As  buffer  layer  30.  The 
MESFET  with  a  buffer  layer  formed  by  molecular 
beam  epitaxial  growth  method  was  described  in 
"Characteristics  of  Submicron  Gate  GaAs  FET's 

10  With  Alo.3Gao.7As  Buffers:  Effects  of  Interface  Qual- 
ity",  IEEE  Electron  Device  Letters,  Vol.  EDL-3,  No. 
2,  1082  by  W.  Kopp  et  al,  furthermore,  the  MES- 
FET  with  a  buffer  layer  formed  by  metal  organic 
chemical  epitaxial  growth  method  was  described  in 

15  IEEE  Proceedings  of  the  14th  Conference  on  Solid 
State  Devices,  Tokyo,  1982  by  K.  Ohata  et  al. 

The  aforementioned  p-type  layer  formation  can 
effectively  suppress  the  substrate  leakage  current 
which  mainly  causes  the  short-channel  effect,  how- 

20  ever,  the  p-type  layer  which  is  not  completely 
depleted  may  increase  the  parasitic  capacitance, 
as  a  result,  the  p-type  layer  may  harm  the  high 
speed  characteristic  of  the  MESFET.  Therefore,  it 
is  necessary  to  form  the  p-type  layer  by  correctly 

25  controlling  the  profile  of  the  p-type  layer,  that  is, 
precisely  controlling  the  condition  of  implantation 
when  implanting  the  ion.  Even  if  the  p-type  layer 
with  an  ideal  profile  of  the  ion  is  formed  by  pre- 
cisely  controlling  the  condition  of  implantation, 

30  there  is  a  problem  that  it  is  difficult  to  control  the 
profile  of  the  p-type  layer  precisely  during  the 
annealing  process  since  it  has  not  been  known  how 
the  thermal  diffusion  activates  the  impurity  ion  in 
the  annealing  process. 

35  The  p-type  layer  formation  increases  the  dose 
of  the  impurity  ion  and  increases  the  impurity  scat- 
tering  effect  to  the  electron  in  the  active  layer, 
thereby  the  electron  mobility  in  the  active  layer 
decreases.  As  a  result,  there  may  be  a  problem 

40  that  the  gradient  of  the  rising  part  in  the  static 
voltage-current  characteristic  of  the  MESFET  be- 
comes  small  due  to  electron  mobility  in  the  active 
layer. 

On  the  other  hand,  the  AIGaAs  buffer  layer 
45  formation  can  effectively  suppress  the  substrate 

leakage  current  as  well  as  the  p-type  layer  forma- 
tion  methods.  AlxGa(1.x)As  is  mixed  crystal  semi- 
conductor  of  AlAs  and  GaAs,  various  material  con- 
stant,  such  as  lattice  constant,  forbidden  energy 

50  band,  and  electron  affinity  etc.  can  be  changed  by 
changing  the  mole  fraction  of  the  mixed  crystal 
semiconductor.  In  the  MESFET  with  a  hetero  junc- 
tion  of  AlxGa(1.x)As  and  GaAs,  an  ideal  hetero  inter- 
face  can  be  obtained  almost  without  lattice  mis- 

55  matching,  since  the  lattice  constant  of  AlAs  is  al- 
most  similar  to  the  lattice  constant  of  GaAs, 
wherein  the  lattice  constant  of  GaAs  is  5.65  A, 
whereas  the  lattice  constant  of  AlAs  is  5.66  A. 

3 
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Therefore,  the  MESFET  with  the  ideal  hetero  inter- 
face  has  advantage  that  increment  of  the  electron 
scattering  due  to  the  lattice  mismatching  can  be 
prevented. 

It  is  necessary  to  control  the  thickness  of  the 
active  layer  precisely  which  is  formed  by  epitaxial 
growth  method,  because  the  threshold  voltage  of 
GaAs  MESFET  depends  on  the  thickness  of  the 
active  layer.  In  addition,  in  order  to  form  a  number 
of  MESFETS  with  a  constant  threshold  voltage  in 
integrated  circuits,  it  is  necessary  to  form  the  ac- 
tive  layer  with  an  uniform  thickness  over  the  whole 
area  of  a  wafer  with  a  large  diameter  such  as  2 
inches.  However,  it  is  impossible  to  form  the  active 
layer  with  a  uniform  thickness  over  the  whole  area 
of  a  wafer  by  the  prior  art.  This  difficulty  is  an 
obstacle  to  the  manufacture  of  a  number  of  MES- 
FETs  having  the  uniform  active  layer  by  an  in- 
tegrated  circuit  technique. 

A  further  difficulty  being  inherent  in  the  prior 
art  MESFET  is  in  that  only  one  sort  of  threshold 
voltage  can  be  obtained  in  the  MESFET  with  the 
active  layer  formed  by  the  conventional  epitaxial 
growth  method,  for  example,  only  depletion  type 
MESFETs  can  be  provided  on  one  common  sub- 
state.  Therefore,  there  may  be  a  restriction  of  the 
circuit  construction  and  the  problem  that  it  is  nec- 
essary  to  form  a  separation  between  two  adjacent 
elements. 

In  the  aforementioned  epitaxial  growth  method, 
not  only  the  apparatus  is  very  large,  but  also  the 
production  process  is  very  complex,  and  the 
throughput  is  very  slow.  Therefore,  there  is  the 
problem  that  the  cost  and  performance  of  the 
MESFET  may  depend  on  the  epitaxial  growth  pro- 
cess. 

Moreover,  in  an  integrated  circuit  comprising 
GaAs  MESFET,  Direct  coupled  FET  logic,  which  is 
called  "DCFL"  below,  has  been  a  important  device, 
since  the  integration  density  is  higher  and  also  the 
dissipation  power  is  smaller  than  the  other  sort  of 
logic  circuit.  However,  the  logic  swing  of  the  DCFL 
is  limited  by  the  Schottky  barrier  height  of  the 
GaAs  MESFET.  In  a  example,  the  logic  swing  of 
the  conventional  DCFL  is  only  0.6  V,  therefore,  the 
conventional  DCFL  has  a  disadvantage  that  the 
conventional  DCFL  becomes  unstable  by  the  dis- 
persion  of  the  threshold  voltage,  as  a  result,  a  large 
scale  integrated  circuit  with  the  DCFLs  can  not  be 
provided. 

In  order  to  obtain  a  larger  logic  swing  than  the 
DCFL,  a  few  improvements  have  been  developed 
by  circuit  techniques  such  as  buffered  FET  logic 
and  source  coupled  FET  logic.  These  logic  circuits 
have  disadvantages  that  the  dissipation  power  is 
high  and  the  number  of  elements  are  necessary  for 
fabricating  a  gate  circuit  than  that  of  the  aforemen- 
tioned  DCFL.  Therefore,  it  is  difficult  to  provide  a 

large  scale  integrated  circuit  comprising  buffered 
FET  logic,  or  source  couple  FET  logic. 

Moreover,  recently,  it  is  suggested  that  a  thin 
active  layer  with  a  high  impurity  concentration  is 

5  used  in  order  to  increase  a  transconductance  gm 
of  the  MESFET,  however,  the  thin  active  layer  with 
a  higher  impurity  concentration  leads  to  an  inferior 
Schottky  characteristic  since  the  gate  leakage  cur- 
rent  increases. 

io  An  essential  object  of  the  present  invention  is 
to  provide  a  method  for  the  production  of  MES- 
FETs  in  which  a  buffer  layer  to  improve  various 
operation  characteristics  of  the  MESFET  can  easily 
be  provided  at  a  precise  level  in  the  substrate. 

is  Another  object  of  the  present  invention  is  to 
provide  a  method  for  the  production  of  MESFETs 
which  is  suitable  for  fabricating  short  length  MES- 
FETs  in  the  form  of  a  large  scale  integrated  circuit 
suppressing  short-channel  effects. 

20  According  to  the  invention,  there  is  provided  a 
method  for  the  production  of  a  metal  semiconduc- 
tor  field  effect  transistor  comprising  steps  of: 

forming  a  first  mask  pattern  (11)  made  of  at 
least  one  material  of:resist,  Si02,  Ti,  W,  Mo,  or  Ni, 

25  on  one  portion  of  an  upper  surface  of  a  semi- 
insulating  semiconductor  substrate  (1)  of  GaAs; 

forming  a  first  layer  (2)  which  will  be  a  buffer 
layer  of  AlxGa(1.x)  As  in  a  region  of  the  semi- 
insulating  semiconductor  substrate  (1)  defined  by 

30  said  first  mask  pattern  (11)  by  selective  A1  ion 
implantation; 

forming  a  second  layer  (3')  for  an  active  layer 
of  GaAs  in  a  region  of  the  semi-insulating  semicon- 
ductor  substrate  defined  by  said  first  mask  pattern 

35  (11)  by  selective  ion  implantation; 
removing  the  first  mask  pattern  (11); 
forming  a  gate  electrode  (4)  of  a  metal  on  the 

upper  surface  of  the  semi-insulating  semiconductor 
substrate  (1),  wherein  the  metal  is  made  of  a 

40  material  forming  a  Schottky  contact  to  GaAs; 
forming  a  second  mask  pattern  (12)  made  of  at 

least  one  material  of:  resist,  Si02,  Ti,  W,  Mo,  or  Ni 
on  one  portion  of  an  upper  surface  of  a  semi- 
insulating  semiconductor  substrate  (1)  of  GaAs; 

45  forming  regions  (6')  for  high  impurity  concen- 
tration  regions  at  both  sides  of  the  said  gate  elec- 
trode  in  regions  of  the  semi-insulating  semiconduc- 
tor  substrate  (1)  defined  by  the  second  mask  pat- 
tern  (12)  by  ion  implantation; 

50  removing  the  second  mask  pattern  (12); 
annealing  the  semi-insulating  semiconductor 

substrate  (1)  comprising  the  said  first  and  the  said 
second  layers  and  regions,  whereby  the  said  first 
and  the  said  second  layers  (3')  become  the  buffer 

55  layer  (2)  of  AlxGa(1.x)  As  and  the  active  layer  (3)  of 
GaAs,  respectively,  and  also  the  said  regions  (6') 
become  the  high  impurity  concentration  regions 
(6);  and 

4 
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forming  a  source  electrode  (8)  and  a  drain 
electrode  (9)  on  the  upper  surface  of  the  high 
impurity  concentration  regions  (6),  respectively. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  can  be  carried  into  effect, 
reference  will  now  be  made  by  way  of  example  to 
the  following  figures  in  which: 

Fig.  1  is  a  cross  sectional  view  of  a  first  conven- 
tional  MESFET, 
Fig.  2  is  a  cross  sectional  view  of  a  second 
conventional  MESFET  with  a  p-type  layer, 
Fig.  3  is  a  cross  sectional  view  of  a  third  con- 
ventional  MESFET  with  a  buffer  layer  formed  by 
epitaxial  growth  method, 
Figs.  4(A)  through  4(H)  are  cross  sectional  views 
showing  a  production  process  of  a  first  preferred 
embodiment  of  a  MESFET  with  a  buffer  layer 
formed  under  an  active  layer  according  to  the 
present  invention, 
Figs.  5(A)  through  5(H)  are  cross  sectional  views 
showing  a  production  process  of  a  second  pre- 
ferred  embodiment  of  a  MESFET  with  a  buffer 
layer  formed  above  an  active  layer  according  to 
the  present  invention, 
Fig.  6(A)  is  a  schematic  potential  diagram  of  a 
MESFET  comprising  a  n-type  GaAs  active  layer 
and  an  Alo.3Gao.7As  buffer  layer,  showing  a  po- 
tential  barrier  at  the  hetero  interface  between  the 
active  layer  and  the  buffer  layer  and  the  carrier 
confinement  effect,  and 
Fig.  6(B)  is  a  schematic  potential  diagram  of  a 
MESFET  comprising  a  p-type  GaAs  active  layer 
and  an  Alo.3Gao.7As  buffer  layer,  showing  a  po- 
tential  barrier  at  the  hetero  interface  between  the 
active  layer  and  the  buffer  layer  and  the  carrier 
confine  effect. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

First  Embodiment 

Referring  to  Figs.  4(A)  through  4(H),  a  produc- 
tion  process  for  a  first  preferred  embodiment  of  a 
MESFET  according  to  the  present  invention  will  be 
described  below,  wherein  the  MESFET  has  a  buffer 
layer  2  formed  between  an  active  layer  3  and  a 
semi-insulating  semiconductor  substrate  1  . 

First  of  all,  a  resist  mask  pattern  11  is  depos- 
ited  on  an  upper  surface  of  a  semi-insulating  semi- 
conductor  substrate  1  made  of  GaAs,  except  for  an 
area  where  a  MESFET  will  be  formed,  by  pho- 
tolithography  method,  as  shown  in  Fig.  4(A).  Next, 
Al  ions  are  implanted  in  the  substrate  1  through  the 
mask  pattern  11  as  shown  in  Fig.  4(B),  to  make,  an 
ion  implanted  layer  2'  with  a  predetermined  thick- 
ness  12  which  acts  as  a  buffer  layer  2  later  in  a 
predetermined  depth  1  3a  from  the  upper  surface  of 

the  semi-insulating  semiconductor  substrate  1  .  The 
dose  of  the  ion  implantation  is  2x1  01G  cm-2  and 
the  acceleration  energy  is  200  keV,  and  the  pre- 
determined  depth  1  3a  corresponds  to  the  thickness 

5  of  the  active  layer  3  formed  later.  Subsequently, 
Si  ions  are  implanted  into  the  substrate  1  from 
above  through  the  mask  pattern  11  to  develop  a 
layer  3'  with  a  predetermined  depth  1  3a  as  shown 
in  Fig.  4(C)  between  the  upper  surface  of  the  semi- 

10  insulating  semiconductor  substrate  1  and  the  layer 
2'.  The  dose  of  the  Si  ions  is  2x1  012  cm-2  and  the 
acceleration  energy  is  60  keV.  Moreover,  the  mask 
pattern  1  1  is  ashed  by  using  O2  plasma. 

As  shown  in  Fig.  4(D),  after  a  refractory  Schot- 
15  tky  contact  electrode  layer  4'  such  as  WSi  with  a 

thickness  I  A  of  approximately  5000  A  using  metal- 
lic  material  is  formed  on  the  whole  upper  surface  of 
the  semi-insulating  semiconductor  substrate  1  and 
above  the  layer  3'  by  a  known  method,  a  resist 

20  mask  pattern  5  is  formed  by  photolithography 
method  on  one  portion  of  the  upper  surface  of  the 
contact  electrode  layer  4'  at  a  position  above  a 
region  where  a  Schottky  gate  electrode  4  is  formed 
later.  Then,  as  shown  in  Fig.  4(E),  the  Schottky 

25  gate  electrode  4  is  formed  by  etching  the  unnec- 
essary  parts  of  the  electrode  layer  4'  using  the 
resist  mask  pattern  5  by  reactive  ion  etching  meth- 
od.  Furthermore,  as  shown  in  Fig.  4(F),  after  a 
resist  mask  pattern  12  is  deposited  on  the  upper 

30  surface  of  the  semi-insulating  semiconductor  sub- 
strate  1  except  for  a  surface  area  of  the  MESFET, 
by  photolithography  method,  Si  ions  are  implant- 
ed  from  above  into  the  layers  3'  using  the  mask 
pattern  12  and  the  Schottky  gate  electrode  4  so 

35  that  layers  6'  with  a  predetermined  thickness  1  6a 
are  formed  at  both  sides  of  the  layers  3'  below  the 
Schottky  gate  electrode  4  for  providing  high  impu- 
rity  concentration  layers  6  which  will  be  described 
later.  In  a  preferred  embodiment,  the  Si  ions  are 

40  implanted  at  a  dose  of  4.0x1  013  cm-2  and  an 
acceleration  energy  of  150  keV.  The  thickness  1  6a 
of  the  Si  ion  implanted  layer  6'  may  be  larger 
than  the  thickness  1  3a  and  smaller  than  the  thick- 
ness  {1  3a  +  12).  In  other  word,  the  Si  ion  im- 

45  planted  layers  6'  may  be  formed  up  to  the  upper 
half  region  of  the  layer  2'.  Then,  the  resist  mask 
pattern  12  is  ashed  by  using  O2  plasma. 

Subsequently,  as  shown  in  Fig.  4(G),  a  protec- 
tive  film  layer  7  such  as  a  SiN  film  with  a  predeter- 

50  mined  thickness  7  of  approximately  1200  A  is 
deposited  on  the  upper  surface  of  the  semi-insulat- 
ing  semiconductor  substrate  1  and  on  the  gate 
electrode  4  by  plasma  CVD  method,  thereafter  an 
activation  annealing  step  is  performed  in  an  at- 

55  mosphere  of  N2  gas  at  800°C  for  20  minutes, 
thereby  the  implanted  Si  impurity  ions  are  ac- 
tivated,  resulting  in  layer  3'  becoming  the  GaAs 
active  layer  3  and  the  layers  6'  becoming  the  high 

5 
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impurity  concentration  region  layers  6.  Also  the  Al 
ion  implanted  layer  2'  is  crystallized.  As  a  result, 
the  buffer  layer  2  made  of  AlxGa(1.x)As  is  formed 
under  the  GaAs  active  layer  3  and  between  both  of 
the  high  impurity  concentration  region  layers  6. 
Then,  the  protective  film  layer  7  is  removed. 

Finally,  after  a  resist  mask  pattern  (not  shown) 
is  deposited  by  photolithography  method  on  the 
upper  surface  of  the  semi-insulating  semiconductor 
substrate  1  except  for  a  surface  area  of  the  source 
and  the  drain  electrodes  8  and  9,  a  metal  material 
such  as  AuGe  etc.  which  is  connectable  with  GaAs 
by  ohmic  contact  is  deposited  on  the  upper  surface 
of  the  semi-insulating  semiconductor  substrate  1 
using  the  resist  mask  pattern  as  the  mask  by 
known  method.  Subsequently,  the  unnecessary 
metal  material  is  removed  by  lift-off  method.  Then, 
the  remaining  metal  material  is  alloyed  by  sintering 
at  400  °  C  for  approximately  5  minutes,  thereby  the 
source  and  the  drain  electrodes  8  and  9  are  formed 
on  the  required  upper  surface  of  the  semi-insulat- 
ing  semiconductor  substrate  1  ,  resulting  in  fabricat- 
ing  the  MESFET  with  the  AlxGa(1.x)As  buffer  layer  2 
situated  below  the  active  layer  3,  as  shown  in  Fig. 
4(H). 

In  the  aforementioned  production  process  of 
the  first  preferred  embodiment  of  the  MESFET 
according  to  the  present  invention,  the  step  of  the 
selective  Al  ion  implantation  need  not  be  performed 
after  forming  the  resist  mask  pattern  1  1  and  before 
the  Si  ion  implantation  for  forming  the  layer  3',  the 
step  of  the  selective  Al  ion  implantation  may  be 
performed  before  the  annealing  step  shown  in  Fig. 
4(G),  and  after  the  Si  ion  implantation  for  forming 
the  layer  3'  which  wall  be  the  active  layer  3  shown 
in  Fig.  4(C),  or  after  the  Si  ion  implantation  for 
forming  the  layers  6'  which  will  be  the  high  impu- 
rity  concentration  region  layers  6  shown  in  Fig.  4- 
(F). 

In  the  steps  of  forming  the  mask  patterns  11 
and  12,  resist  is  used  as  the  mask  pattern,  how- 
ever,  the  other  material  such  as  Si02,  Ti,  W,  Mo,  or 
Ni  may  be  used  as  the  mask  pattern. 

In  the  step  of  the  Al  ion  implantation,  the  value 
x  can  be  changed  by  changing  the  dose  of  the  Al 
ion,  thereby  the  MESFET  with  the  buffer  layer  of 
AlxGa(1.x)As  can  be  fabricated.  The  value  x  may 
preferably  be  in  the  range  of  0.2  to  0.5,  and  the 
value  may  more  preferably  be  0.3. 

In  the  steps  of  forming  the  layers  3'  and  6',  Si 
is  used  as  the  impurity  ion,  however,  other  impurity 
ions  may  be  used. 

Fig.  6(A)  and  Fig.  6(B)  show  the  potential  bar- 
rier  at  the  hetero  interface  between  the  n-type  and 
the  p-type  GaAs  layers  and  the  Alo.3Gao.7As  buffer 
layer  and  the  carrier  confinement  effect.  In  Figs.  6- 
(A)  and  6(B),  Ec1  and  Ec2  are  the  lowest  potential 
of  conduction  band,  Ev1  and  Ev2  are  the  lowest 

potential  of  valence  band,  therefore,  the  potential 
difference  Eg1  between  Ec1  and  Ev1  and  the  po- 
tential  difference  Eg2  between  Ec2  and  Ev2  are  the 
widths  of  the  forbidden  energy  band.  EF  denotes 

5  the  Fermi  energy  and  x  denotes  the  electron  affin- 
ity. 

In  the  fabricated  MESFET  with  the  n-type 
GaAs  active  layer  3  and  the  AlxGa(1.x)As  buffer 
layer  2,  as  shown  in  Fig.  6(A),  carrier  in  the  n-type 

10  GaAs  active  layer  3  cannot  go  to  the  GaAs  semi- 
insulating  semiconductor  substrate  1  since  the  po- 
tential  barrier  is  formed  between  the  n-type  GaAs 
active  layer  3  and  the  AlxGa(1.x)As  buffer  layer  2, 
the  carrier  is  confined  in  the  n-type  GaAs  active 

15  layer  3. 
On  the  other  hand,  up  to  now,  an  n-type  active 

layer  with  higher  electron  mobility  has  been  gen- 
erally  used  as  active  layer  of  GaAs  MESFET,  how- 
ever,  GaAs  MESFET  comprising  a  p-type  active 

20  layer  has  been  investigated,  to  provide  future  C- 
MESFET  of  GaAs  (like  Si  CMOS).  In  the  fabricated 
MESFET  with  the  p-type  active  layer  3  and  the 
AlxGa(1.x)As  buffer  layer  2,  as  shown  in  Fig.  6(B), 
carriers  in  the  p-type  GaAs  active  layer  3  cannot 

25  go  to  the  GaAs  semi-insulating  semiconductor  sub- 
strate  1  since  the  potential  barrier  is  formed  be- 
tween  the  p-type  GaAs  active  layer  3  and  the 
AlxGa(1.x)As  buffer  layer  2,  therefore  the  carriers  are 
confined  in  the  p-type  GaAs  active  layer  3. 

30  The  aforementioned  carrier  confinement  effect 
can  suppress  the  aforementioned  short-channel  ef- 
fects,  and  the  fabricated  MESFET  with  the  buffer 
layer  2  has  more  transconductance  gm  and  a  high- 
er  cut-off  frequency  fT  than  the  conventional  MES- 

35  FET  without  the  buffer  layer  2. 
Moreover,  impurity  scattering  which  is  problem 

when  p-type  layer  is  formed  is  no  problem,  since 
Al  is  neutral  type  impurity  in  GaAs.  It  is  said  that 
impurity  hardening  occurs  and  dislocation  (etch  pit) 

40  density  decreases  by  Al  implantation  when  GaAs 
bulk-crystallizes,  the  annealing  process  leads  to 
reduction  of  the  dislocation  (etch  pit)  density,  there- 
by  dispersion  of  the  threshold  voltage  may  be 
reduced. 

45 
Second  Embodiment 

Referring  to  Figs.  5(A)  through  5(H),  a  produc- 
tion  process  of  a  second  preferred  embodiment  of 

50  a  MESFET  according  to  the  present  invention  will 
be  described  below,  wherein  the  MESFET  has  a 
buffer  layer  10  formed  between  an  active  layer  3 
and  an  upper  surface  of  a  semi-insulating  semicon- 
ductor  substrate  1  . 

55  The  layer  which  serves  as  the  AlxGa(1.x)As  buff- 
er  layer  can  be  formed  in  a  region  near  to  the 
upper  surface  of  the  semi-insulating  semiconductor 
substrate  1  by  selective  Al  ion  implantation  at  a 

6 
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reduced  acceleration  energy  as  compared  with  the 
acceleration  energy  in  case  of  the  first  preferred 
embodiment  of  the  MESFET.  That  is,  for  example, 
the  distance  of  the  Al  ion  implantation  at  an  accel- 
eration  energy  of  20  keV  is  approximately  250  A, 
therefore,  the  buffer  layer  can  be  formed  by  ion 
implantation  at  the  smaller  acceleration  energy. 
Moreover,  the  buffer  layer  can  be  formed  in  a 
region  nearer  to  the  upper  surface  of  the  semi- 
insulating  semiconductor  substrate  1  than  the 
aforementioned  region  by  ion  implantation  through 
a  proper  insulating  film  layer  such  as  SiN  film 
layer. 

First  of  all,  as  shown  in  Fig.  5(A),  after  an 
insulating  film  layer  13  with  a  predetermined  thick- 
ness  113  of  approximately  1000  A  such  as  SiN  film 
is  formed  on  a  whole  upper  surface  of  a  semi- 
insulating  semiconductor  substrate  1  made  of 
GaAs,  a  resist  mask  pattern  1  1  is  deposited  on  one 
portion  of  the  upper  surface  of  the  insulating  film 
layer  13  positioned  above  a  region  where  a  MES- 
FET  will  not  be  formed,  by  photolithography  meth- 
od.  Next,  as  shown  in  Fig.  5(B),  a  layer  10'  with  a 
predetermined  thickness  110  which  will  be  the 
buffer  layer  10  later  is  formed  in  a  region  of  the 
semi-insulating  semiconductor  substrate  1  under 
the  upper  surface  of  the  semi-insulating  semicon- 
ductor  substrate  1  by  selective  Al  ion  implantation 
using  the  resist  mask  pattern  11  at  a  dose  of 
8x1  01G  cm-2  and  an  acceleration  energy  of  30  keV 
through  the  insulating  film  layer  13.  Then,  as 
shown  in  Fig.  5(C),  a  layer  3'  with  a  predetermined 
thickness  1  3b  which  will  be  the  active  layer  3  is 
formed  under  the  layer  10'  by  selective  Si  ion 
implantation  using  the  resist  mask  pattern  11  at  a 
dose  of  8x1012  cm-2  and  an  acceleration  energy  of 
60  keV.  Moreover,  the  mask  pattern  1  1  is  ashed  by 
using  O2  plasma  and  the  insulating  film  layer  13  is 
removed  by  using  buffered  HF. 

Then,  as  shown  in  Fig.  5(D),  after  a  refractory 
Schottky  contact  electrode  material  4'  with  a  thick- 
ness  I  A  of  approximately  5000  A  such  as  WSi  is 
formed  on  the  whole  upper  surface  of  the  semi- 
insulating  semiconductor  substrate  1  and  above  the 
layer  10'  by  a  known  method,  a  resist  mask  pattern 
5  is  formed  on  one  portion  of  the  upper  surface  of 
the  metal  material  4'  positioned  above  a  region 
where  a  gate  electrode  4  will  be  formed  later  by 
photolithography  method.  Then,  as  shown  in  Fig.  5- 
(E),  the  Schottky  gate  electrode  4  is  formed  by 
etching  the  unnecessary  electrode  material  4'  using 
the  resist  mask  pattern  5  by  reactive  ion  etching 
method.  Furthermore,  as  shown  in  Fig.  5(F),  after  a 
resist  mask  pattern  12  is  deposited  on  the  upper 
surface  of  the  semi-insulating  semiconductor  sub- 
strate  1,  except  for  a  surface  area  where  the  MES- 
FET  is  formed,  by  photolithography  method,  layers 
6'  with  a  predetermined  thickness  1  6b,  which  will 

be  high  impurity  concentration  region  layers  6,  are 
formed  at  the  both  side  of  the  layer  3'  which  will  be 
the  active  layer  3  and  under  the  upper  surface  of 
the  semi-insulating  semiconductor  substrate  1  by 

5  Si  ion  implantation  using  the  resist  mask  pattern 
1  2  and  the  gate  electrode  4  as  a  mask  at  a  dose  of 
4.0x1  013  cm-2  and  an  acceleration  energy  of  150 
keV,  wherein  the  thickness  1  6b  is  longer  than  the 
thickness  (110  +  1  3b  ).  Then,  the  resist  mask 

10  pattern  12  is  ashed  by  using  O2  plasma. 
As  shown  in  Fig.  5(G),  after  a  protective  film 

layer  7  with  a  predetermined  thickness  17  of  ap- 
proximately  1200A  such  as  SiN  film  is  deposited 
on  the  upper  surface  of  the  semi-insulating  semi- 

15  conductor  substrate  1  and  on  the  gate  electrode  4 
by  plasma  CVD  method,  an  activation  annealing  is 
performed  in  N2  gas  at  800  0  C  for  20  minutes, 
thereby  the  implanted  Si  impurity  ions  are  ac- 
tivated,  the  layers  3'  and  6'  become  the  GaAs 

20  active  layer  3  and  the  high  impurity  concentration 
region  layers  6,  respectively,  and  also  the  Al  im- 
planted  layer  10'  are  crystallized,  as  a  result,  the 
buffer  layer  10  made  of  AlxGa(1.x)As  is  formed 
under  the  gate  electrode  4  and  between  both  of  the 

25  high  impurity  concentration  region  layers  6.  Then, 
the  protective  film  layer  7  is  removed. 

Finally,  after  a  resist  mask  pattern  not  shown  is 
deposited  on  the  upper  surface  of  the  semi-insulat- 
ing  semiconductor  substrate  1  ,  except  for  a  surface 

30  area  where  the  source  and  the  drain  electrodes  8 
and  9  will  be  formed  later,  by  photolithography 
method,  a  metal  material  which  is  connected  with 
GaAs  by  ohmic  contact  such  as  AuGe  etc.  is 
deposited  on  the  upper  surface  of  the  semi-insulat- 

35  ing  semiconductor  substrate  1  using  the  resist 
mask  pattern  as  the  mask  by  known  method,  the 
unnecessary  metal  material  which  will  not  be  the 
source  and  the  drain  electrodes  8  and  9  is  re- 
moved  by  lift-off  method.  Then,  the  remaining  met- 

40  al  material  is  alloyed  by  sintering  at  400  0  C  for 
approximately  5  minutes,  thereby  the  source  and 
the  drain  electrodes  8  and  9  are  formed  on  the 
required  upper  surface  of  the  semi-insulating  semi- 
conductor  substrate  1,  resulting  in  fabricating  the 

45  MESFET  with  the  AlxGa(1.x)As  buffer  layer  10,  as 
shown  in  Fig.  5(H). 

In  the  aforementioned  production  process  of 
the  second  preferred  embodiment  of  the  MESFET 
according  to  the  present  invention,  the  step  of  the 

50  selective  Al  ion  implantation  need  not  be  performed 
after  forming  the  resist  mask  pattern  1  1  and  before 
the  Si  ion  implantation  for  forming  the  layer  3',  the 
step  of  the  selective  Al  ion  implantation  may  be 
performed  after  the  Si  ion  implantation  for  forming 

55  the  layer  3'  which  will  be  the  active  layer  3  shown 
in  Fig.  5(C)  arid  before  the  gate  electrode  formation 
step  shown  in  Fig.  5(D). 

In  the  steps  of  forming  the  mask  patterns  11 

7 
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and  12,  resist  is  used  as  the  mask  pattern,  how- 
ever,  other  materials  such  as  Si02,  Ti,  W,  Mo,  or 
Ni  may  be  used  as  the  mask  pattern. 

In  the  step  of  the  Al  ion  implantation,  the  value 
x  can  be  changed  by  changing  the  dose  of  the  Al 
ion,  thereby  the  MESFET  with  the  buffer  layer  of 
AlxGa(1.x)As  can  be  fabricated.  The  value  x  may 
preferably  be  in  the  range  of  0.2  to  0.5,  and  the 
value  x  may  more  preferably  be  0.3. 

In  the  steps  of  forming  the  layers  3'  and  6', 
Si  is  used  as  the  impurity  ion,  however,  other 
impurity  ions  may  be  used. 

In  the  fabricated  MESFET  with  the  AlxGa(1.x)As 
buffer  layer  10  formed  between  the  gate  electrode 
4  and  the  GaAs  active  layer  3,  the  gate  potential 
barrier  is  higher  than  the  conventional  MESFET 
without  the  buffer  layer  10.  Therefore,  in  the  DCFL 
comprising  the  fabricated  MESFET  with  the  buffer 
layer  10,  a  higher  logic  swing  can  be  applied 
across  the  gate  electrode  4  and  the  source  elec- 
trode  8,  and  a  higher  margin  for  applying  the  gate 
voltage  can  be  obtained  even  if  the  MESFET  has  a 
more  dispersion  of  the  threshold  voltage  than  the 
conventional  MESFET  without  the  buffer  layer  10, 
thereby  a  large  scale  integrated  circuit  comprising 
the  MESFET  can  be  obtained.  For  example,  in  a  4 
kbits  static  RAM  consisted  of  DCFLs  comprising 
the  GaAs  MESFETs  with  a  Schottky  barrier  height 
of  0.7  V,  it  is  said  that  less  dispersion  of  the 
threshold  voltage  of  a  normally  off  type  FET  may 
be  required  than  30  mV  in  order  to  obtain  a  com- 
plete  memory  operation.  If  the  4  kbits  static  RAM  is 
consisted  of  the  GaAs  MESFET  with  a  Schottky 
barrier  height  of  1.1  V,  a  less  dispersion  of  the 
threshold  voltage  of  normally  off  type  FET  is  re- 
quired  than  50  mV  in  order  to  enable  correct  mem- 
ory  operation,  therefore,  the  wider  range  of  the 
dispersion  of  the  threshold  voltage  can  be  obtained 
than  the  conventional  DCFL  comprising  the  MES- 
FET  without  the  buffer  layer  10. 

In  the  second  preferred  embodiment  of  the 
MESFET,  the  AlxGa(1.x)As  buffer  layer  10  is  formed 
above  the  active  layer  3  by  replacing  Al  with  Ga, 
the  remaining  Ga  can  operate  as  acceptor,  the 
carrier  density  on  the  upper  surface  of  the  active 
layer  3  may  be  less  than  the  conventional  MESFET 
without  the  buffer  layer  3,  thereby  the  Schottky 
characteristic  may  be  improved,  resulting  in  the 
improvement  of  the  MESFET. 

In  the  method  of  the  production  mentioned 
above,  the  position  and  thickness  of  the  buffer 
layer  of  AlxGa(1.x)As  and  the  active  layer  of  GaAs 
can  be  more  precisely  controlled  by  selective  ion 
implantation  than  the  conventional  epitaxial  growth 
method  etc.,  so  that  a  MESFET  with  less  disper- 
sion  of  the  threshold  voltage  can  be  provided.  Two 
type  MESFET  of  enhancement  type  and  depletion 
type  MESFETs  can  be  formed  on  the  same  wafer 

by  selectively  controlling  the  dose  of  impurity  ions, 
thereby  the  production  method  of  the  MESFET  is 
suitable  for  a  production  method  of  a  large  scale 
integrated  circuit. 

5  Furthermore,  the  buffer  layer  formation  of 
AlxGa(1.x)As  under  the  active  layer  GaAs  can  sup- 
press  the  short-channel  effects. 

Moreover,  the  buffer  layer  formation  of 
AlxGa(1.x)As  above  the  active  layer  GaAs  can  obtain 

io  a  higher  gate  barrier  height  and  a  less  gate  leakage 
current  of  the  MESFET  than  the  conventional  MES- 
FET  without  the  buffer  layer,  resulting  in  a  Schottky 
characteristic  improvement. 

15  Claims 

1.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  comprising 
steps  of: 

20  forming  a  first  mask  pattern  (11)  made  of 
at  least  one  material  of:  resist,  Si02,  Ti,  W,  Mo, 
or  Ni,  on  one  portion  of  an  upper  surface  of  a 
semi-insulating  semiconductor  substrate  (1)  of 
GaAs; 

25  forming  a  first  layer  (2)  which  will  be  a 
buffer  layer  of  AlxGa(1.x)As  in  a  region  of  the 
semi-insulating  semiconductor  substrate  (1) 
defined  by  said  first  mask  pattern  (11)  by 
selective  Al  ion  implantation; 

30  forming  a  second  layer  (3')  for  an  active 
layer  of  GaAs  in  a  region  of  the  semi-insulating 
semiconductor  substrate  defined  by  said  first 
mask  pattern  (11)  by  selective  ion  implantation; 

removing  the  first  mask  pattern  (11); 
35  forming  a  gate  electrode  (4)  of  a  metal  on 

the  upper  surface  of  the  semi-insulating  semi- 
conductor  substrate  (1),  wherein  the  metal  is 
made  of  a  material  forming  a  Schottky  contact 
to  GaAs; 

40  forming  a  second  mask  pattern  (12)  made 
of  at  least  one  material  of:  resist,  Si02,  Ti,  W, 
Mo,  or  Ni  on  one  portion  of  an  upper  surface 
of  a  semi-insulating  semiconductor  substrate 
(1)  of  GaAs; 

45  forming  regions  (6')  for  high  impurity  con- 
centration  regions  at  both  sides  of  the  said 
gate  electrode  in  regions  of  the  semi-insulating 
semiconductor  substrate  (1)  defined  by  the 
second  mask  pattern  (12)  by  ion  implantation; 

50  removing  the  second  mask  pattern  (12); 
annealing  the  semi-insulating  semiconduc- 

tor  substrate  (1)  comprising  the  said  first  and 
the  said  second  layers  and  regions,  whereby 
the  said  first  and  the  said  second  layers  (3') 

55  become  the  buffer  layer  (2)  of  AlxGa(1.x)As  and 
the  active  layer  (3)  of  GaAs,  respectively,  and 
also  the  said  regions  (6'  )  become  the  high 
impurity  concentration  regions  (6);  and 
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forming  a  source  electrode  (8)  and  a  drain 
electrode  (9)  on  the  upper  surface  of  the  high 
impurity  concentration  regions  (6),  respective- 
ly- 

2.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 
claim  1, 

wherein  the  said  first  layer  is  formed  by  a 
selective  Al  ion  implantation  at  a  dose  of 
2x1  01G  cm-2  and  an  acceleration  energy  of 
200  keV, 

the  said  second  layer  is  formed  by  a 
selective  Si  ion  implantation  at  a  dose  of 
2x1012  cm-2  and  an  acceleration  energy  of  60 
keV, 

the  said  regions  are  formed  by  Si  ion 
implantation  at  a  dose  of  4x1013  cm-2  and  an 
acceleration  energy  of  150  keV,  and 

the  said  semi-insulating  semiconductor 
substrate  comprising  the  said  first  and  the  said 
second  layers  and  regions  is  annealed  in  N2 
gas  at  800  °  C  for  20  minutes, 

whereby  the  said  buffer  layer  of 
AlxGa(1.x)As  is  formed  under  the  said  active 
layer  of  GaAs. 

3.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 
claim  2,  wherein  x  is  in  the  range  of  0.2  to  0.5. 

4.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 
claim  2,  wherein  x  is  0.3. 

5.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 
claim  1  further  comprising  the  steps  of: 

depositing  a  film  layer  of  SiN  with  a  thick- 
ness  of  approximately  100  nm  on  the  upper 
surface  of  the  semi-insulating  semiconductor 
substrate  before  forming  the  said  first  mask 
pattern;  and 

removing  the  said  film  layer  of  SiN  after 
forming  the  said  first  and  the  said  second 
layers  and  before  forming  the  said  gate  elec- 
trode,  wherein: 

the  said  first  layer  is  formed  by  a  selective 
Al  ion  implantation  at  a  dose  of  8x1  01G  cm-2 
and  an  acceleration  energy  of  30  keV; 

the  said  second  layer  is  formed  by  a 
selective  Si  ion  implantation  at  a  dose  of 
8x1  012  cm-2  and  an  acceleration  energy  of  60 
keV; 

the  said  regions  are  formed  by  Si  ion 
implantation  at  a  dose  of  4x1  013  cm-2  and  an 
acceleration  energy  of  150  keV;  and 

the  said  semi-insulating  semiconductor 

substrate  comprising  the  said  first  and  the  sec- 
ond  layers  and  the  said  regions  is  annealed  in 
N2  gas  at  800°C  for  20  minutes, 

whereby  the  said  buffer  layer  of 
5  AlxGa(1.x)As  is  formed  above  the  active  layer  of 

GaAs. 

6.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 

io  claim  5,  wherein  x  is  in  the  range  of  0.2  to  0.5. 

7.  A  method  for  the  production  of  a  metal  semi- 
conductor  field  effect  transistor  as  defined  in 
claim  6,  wherein  x  is  0.3. 

15 
Revendicatlons 

1.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  comprenant 

20  les  etapes  de  : 
formation  d'un  premier  motif  de  masque 

(11)  realise  en  au  moins  un  materiau  pris  par- 
mi  une  resine,  le  Si02,  le  Ti,  le  W,  le  Mo  ou  le 
Ni,  sur  une  partie  d'une  surface  superieure 

25  d'un  substrat  semiconducteur  semi-isolant  (1) 
en  GaAs  ; 

formation  d'une  premiere  couche  (2)  qui 
sera  une  couche  tampon  en  AlxGa(1.x)As  dans 
une  region  du  substrat  semiconducteur  semi- 

30  isolant  (1)  definie  par  ledit  premier  motif  de 
masque  (11)  au  moyen  d'une  implantation  ioni- 
que  d'AI  ; 

formation  d'une  seconde  couche  (3')  pour 
former  une  couche  active  en  GaAs  dans  une 

35  region  du  substrat  semiconducteur  semi-isolant 
definie  par  ledit  premier  motif  de  masque  (11) 
au  moyen  d'une  implantation  ionique  selective 

enlevement  du  premier  motif  de  masque 
40  (11); 

formation  d'une  electrode  de  grille  (4)  en 
metal  sur  la  surface  superieure  du  substrat 
semiconducteur  semi-isolant  (1),  dans  laquelle 
le  metal  est  constitue  par  un  materiau  qui 

45  forme  un  contact  Schottky  avec  le  GaAs  ; 
formation  d'un  second  motif  de  masque 

(12)  realise  en  au  moins  un  materiau  pris  par- 
mi  une  resine,  le  Si02,  le  Ti,  le  W,  le  Mo  ou  le 
Ni  sur  une  partie  de  surface  superieure  d'un 

50  substrat  semiconducteur  semiisolant  (1)  en 
GaAs  ; 

formation  de  regions  (6')  pour  former  des 
regions  a  concentration  elevee  en  impuretes 
sur  les  deux  cotes  de  ladite  electrode  de  grille 

55  dans  des  regions  du  substrat  semiconducteur 
semi-isolant  (1)  definies  par  le  second  motif  de 
masque  (12)  au  moyen  d'une  implantation  ioni- 
que  ; 
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enlevement  du  second  motif  de  masque 
(12)  ; 

recuit  du  substrat  semiconducteur  semi- 
isolant  (1)  comprenant  lesdites  premiere  et  se- 
conde  couches  et  lesdites  regions  et  ainsi, 
lesdites  premiere  et  seconde  couches  (3')  de- 
viennent  respectivement  la  couche  tampon  (2) 
en  AlxGa(1.x)As  et  la  couche  active  (3)  en  GaAs 
et  par  ailleurs,  lesdites  regions  (6')  deviennent 
les  regions  a  concentration  en  impuretes  ele- 
vee  (6)  ;  et 

formation  d'une  electrode  de  source  (8)  et 
d'une  electrode  de  drain  (9)  respectivement 
sur  la  surface  superieure  des  regions  a 
concentration  elevee  en  impuretes  (6). 

2.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  1, 

dans  lequel  ladite  premiere  couche  est 
formee  au  moyen  d'une  implantation  ionique 
selective  d'AI  selon  une  dose  de  2  x  101G 
cm-2  et  une  energie  deceleration  de  200 
keV, 

ladite  seconde  couche  est  formee  au 
moyen  d'une  implantation  ionique  selective  de 
Si  selon  une  dose  de  2  x  1012  cm-2  et  une 
energie  d'acceleration  de  60  keV, 

lesdites  regions  sont  formees  au  moyen 
d'une  implantation  ionique  de  Si  selon  une 
dose  de  4  x  1013  cm-2  et  une  energie  d'acce- 
leration  de  150  keV  ;  et 

ledit  substrat  semiconducteur  semi-isolant 
comprenant  lesdites  premiere  et  seconde  cou- 
ches  et  lesdites  regions  est  recuit  dans  un  gaz 
N2  a  800  °C  pendant  20  minutes, 

et  ainsi,  ladite  couche  tampon 
d'AlxGa(1.x)As  est  formee  sous  ladite  couche 
active  de  GaAs. 

3.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  2,  dans  lequel  x  s'inscrit  dans 
une  plage  qui  va  de  0,2  a  0,5. 

4.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  2,  dans  lequel  x  vaut  0,3. 

5.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  1,  comprenant  en  outre  les  eta- 
pes  de  : 

depot  d'une  couche  de  film  de  SiN  selon 
une  epaisseur  d'approximativement  100  nm 
sur  la  surface  superieure  du  substrat  semicon- 
ducteur  semi-isolant  avant  la  formation  dudit 
premier  motif  de  masque;  et 

enlevement  de  ladite  couche  de  film  de 
SiN  apres  formation  desdites  premiere  et  se- 
conde  couches  et  avant  formation  de  ladite 
electrode  de  grille,  dans  lequel  : 

5  ladite  premiere  couche  est  formee  au 
moyen  d'une  implantation  ionique  selective 
d'AI  selon  une  dose  8  x  101G  cm-2  et  une 
energie  d'acceleration  de  30  keV  ; 

ladite  seconde  couche  est  formee  au 
io  moyen  d'une  implantation  ionique  selective  de 

Si  selon  une  dose  de  8  x  1012  cm-2  et  une 
energie  d'acceleration  de  60  keV  ; 

lesdites  regions  sont  formees  au  moyen 
d'une  implantation  ionique  de  Si  selon  une 

is  dose  4  x  1013  cm-2  et  une  energie  d'accelera- 
tion  de  1  50  keV  ;  et 

ledit  substrat  semiconducteur  semi-isolant 
qui  comprend  lesdites  premiere  et  seconde 
couches  et  lesdites  regions  est  recuit  dans  un 

20  gaz  N2  a  800°  C  pendant  20  minutes, 
et  ainsi,  ladite  couche  tampon 

d'AlxGa(1.x)As  est  formee  au-dessus  de  la  cou- 
che  active  en  GaAs. 

25  6.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  5,  dans  lequel  x  s'inscrit  dans 
une  plage  qui  va  de  0,2  a  0,5. 

30  7.  Procede  de  fabrication  d'un  transistor  metal- 
semiconducteur  a  effet  de  champ  selon  la 
revendication  6,  dans  lequel  x  vaut  0,3. 

Patentanspruche 
35 

1.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors,  mit  folgenden 
Schritten: 

40  Ausbildung  eines  ersten  Maskenmusters  (11), 
welches  aus  zumindest  einem  der  folgenden 
Materialien  hergestellt  ist:  Widerstandslack, 
Si02,  Ti,  W,  Mo  oder  Ni,  auf  einem  Abschnitt 
einer  oberen  Oberflache  eines  halbisolierenden 

45  Halbleitersubstrats  (1)  aus  GaAs; 

Ausbildung  einer  ersten  Schicht  (2),  welche  zu 
einer  Pufferschicht  aus  AlxGa(1.x)As  wird,  in  ei- 
nem  Bereich  des  halbisolierenden  Halbleiter- 

50  substrats  (1),  der  durch  das  erste  Maskenmu- 
ster  (11)  festgelegt  ist,  durch  selektive  Al-lo- 
nenimplantierung; 

Ausbildung  einer  zweiten  Schicht  (3')  fur  eine 
55  aktive  Schicht  aus  GaAs  in  einem  Bereich  des 

halbisolierenden  Halbleitersubstrats,  der  durch 
das  erste  Maskenmuster  (11)  festgelegt  ist, 
durch  selektive  lonenimplantierung; 
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Entfernen  des  ersten  Maskenmusters  (11); 

Ausbildung  einer  Gateelektrode  (4)  aus  einem 
Metall  auf  der  oberen  Oberflache  des  halbiso-  5 
lieronden  Halbleitersubstrats  (1),  wobei  das 
Metall  aus  einem  Material  hergestellt  ist,  wel- 
ches  einen  Schottky-Kontakt  mit  GaAs  bildet; 

Ausbildung  eines  zweiten  Maskenmusters  (12),  10 
welches  aus  zumindest  einem  der  folgenden 
Materialien  hergestellt  ist: 

Widerstandslack;  Si02,  Ti,  W,  Mo  oder  Ni,  auf 
einem  Abschnitt  einer  oberen  Oberflache  eines  is 
halbisolierenden  Halbleitersubstrats  (1)  aus 
GaAs; 

Ausbildung  von  Bereichen  (6')  fur  Bereiche 
hoher  Verunreinigungskonzentration  an  beiden  20 
Seiten  der  Gateelektrode  in  Bereichen  des  hal- 
bisolierenden  Halbleitersubstrats  (1),  die  durch 
das  zweite  Maskenmuster  (12)  festgelegt  wer- 
den,  durch  lonenimplantierung; 

25 
Entfernen  des  zweiten  Maskenmusters  (12); 

Anlassen  des  halbisolierenden  Halbleitersub- 
strats  (1),  welches  die  ersten  und  die  zweiten 
Schichten  und  Bereiche  aufweist,  wodurch  die  30 
erste  und  die  zweite  Schicht  (3')  zur  Puffer- 
schicht  (2)  aus  AlxGa(1.x)As  bzw.  zur  aktiven 
Schicht  (3)  aus  GaAs  werden,  und  auch  die 
Bereiche  (6')  die  Bereiche  (6)  mit  hohen  Ver- 
unreinigungskonzentrationen  werden;  und  35 

Ausbildung  einer  Sourceelektrode  (8)  und  einer 
Drainelektrode  (9)  jeweils  auf  der  oberen  Ober- 
flache  der  Bereiche  (6)  mit  hoher  Verunreini- 
gungskonzentration.  40 

2.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors  nach  Anspruch 
1,  bei  welchem  die  erste  Schicht  durch  eine 
selektive  Al-lonenimplantierung  bei  einer  Dosis  45 
von  2x1  01G  cm-2  und  einer  Beschleunigungs- 
energie  von  200  keV  ausgebildet  wird, 

die  zweite  Schicht  durch  eine  selektive  Si+- 
lonenimplantierung  bei  einer  Dosis  von  2x1  012  50 
cm-2  und  einer  Beschleunigungsenergie  von 
60  keV  ausgebildet  wird, 

die  Bereiche  durch  Si+-lonenimplantierung  bei 
einer  Dosis  von  4x1  013  cm-2  und  einer  Be-  55 
schleunigungsenergie  von  150  keV  ausgebildet 
werden,  und 

das  halbisolierende  Halbleitersubstrat,  welches 
die  ersten  und  die  zweiten  Schichten  und  Be- 
reiche  aufweist,  in  N2-Gas  bei  800  °C  20  Minu- 
ten  lang  angelassen  wird, 

wodurch  die  Pufferschicht  aus  AlxGa(1.x)As  un- 
ter  der  aktiven  Schicht  aus  GaAs  ausgebildet 
wird. 

3.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors  nach  Anspruch 
2,  bei  welchem  x  in  dem  Bereich  von  0,2  bis 
0.  5  liegt. 

4.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors  nach  Anspruch 
2,  bei  welchem  x  0,3  betragt. 

5.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors  nach  Anspruch 
1,  mit  folgenden  weiteren  Schritten: 

Ablagerung  einer  Filmschicht  aus  SiN  mit  einer 
Dicke  von  annahernd  100  nm  auf  der  oberen 
Oberflache  des  halbisolierenden  Halbleitersub- 
strats  vor  der  Ausbildung  des  ersten  Masken- 
musters;  und 

Entfernung  der  Filmschicht  aus  SiN  nach  der 
Ausbildung  der  ersten  und  der  zweiten  Schicht 
und  vor  der  Ausbildung  der  Gateelektrode,  wo- 
bei: 

die  erste  Schicht  durch  eine  selektive  Al-lonen- 
implantierung  bei  einer  Dosis  von  8x1  01G  cm-2 
und  einer  Beschleunigungsenergie  von  30  keV 
gebildet  wird; 

die  zweite  Schicht  durch  eine  selektive  Si+- 
lonenimplantierung  bei  einer  Dosis  von  8x1  012 
cm-2  und  einer  Beschleunigungsenergie  von 
60  keV  ausgebildet  wird; 

die  Bereiche  durch  Si+-lonenimplantierung  bei 
einer  Dosis  von  4x1  013  cm-2  und  einer  Be- 
schleunigungsenergie  von  150  kev  ausgebildet 
werden;  und 

das  halbisolierende  Halbleitersubstrat,  welches 
die  erste  und  die  zweite  Schicht  und  die  Berei- 
che  aufweist,  in  N2-Gas  bei  800  °C  20  Minuten 
lang  angelassen  wird, 

wodurch  die  Pufferschicht  aus  AlxGa(1.x)As 
oberhalb  der  aktiven  Schicht  aus  GaAs  ausge- 
bildet  wird. 

6.  Verfahren  zur  Herstellung  eines  Metall- 
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Halbleiter-Feldeffekttransistors  nach  Anspruch 
5,  bei  welchem  x  in  dem  Bereich  von  0,2  bis 
0,5  liegt. 

7.  Verfahren  zur  Herstellung  eines  Metall- 
Halbleiter-Feldeffekttransistors  nach  Anspruch 
6,  bei  welchem  x  0,3  betragt. 
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