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©  Method  of  forming  a  mask  pattern  and  recessed-gate  MESFET. 

©  A  compound  semiconductor  device  in  which  a 
source  and  drain  regions  (16a,  16b)  are  formed  on 
both  sides  of  a  groove  (20)  defined  in  a  substrate  (1  ) 
and  both  regions  (16a,  16b)  are  separated  from  the 
side  walls  of  the  groove  (20)  by  predetermined  inter- 
vals  through  a  first  region  ( 4 , 4 )   with  a  depth 
shallower  than  the  groove  (20).  A  second  region  (13) 
is  formed  between  the  source  and  drain  region  (16a, 
16b)  with  a  depth  deeper  than  said  groove.  A  gate 

^!  electrode  (10)  is  formed  on  the  surface  of  the  sec- 
^ond   region  (13)  in  the  groove  (20)  for  Schottky 
00  contacting  with  the  upper  surface  of  the  second 
I*  region  (13). 

There  is  further  disclosed  a  method  of  making  a 
Wfine  mask  pattern  suitable  for  making  the  compound 
2   semiconductor  mentioned  above. CO 
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FIELD  EFFECT  TRANSISTOR  AND  A  METHOD  OF  FORMING  A  MASK  PATTERN  FOR  THE  PRODUCTION  OF 
TRANSISTOR 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  method  for 
forming  a  mask  pattern  for  use  in  making  elec- 
trodes  and  circuits  and  ion  implanting  in  manufac- 
turing  semiconductor  devices.  Also  the  present  in- 
vention  relates  to  a  compound  semiconductor  de- 
vice  and  to  a  method  of  the  production  thereof, 
particularly  to  a  device  in  which  a  Schottky  gate 
type  field  effect  transistor  or  metal  semiconductor 
field  effect  transistor  (referred  to  as  MESFET 
hereinafter)  is  used. 

Description  of  the  prior  art 

When  a  gate  electrode,  circuit  or  a  region  for 
implanting  impurities  are  formed  in  an  integrated 
circuit  (IC),  a  mask  pattern  is  previously  made.  In  a 
process  for  manufacturing  a  MESFET  of  a  recess 
gate  type  for  example,  there  is  formed  an  opening 
in  a  resist  by  a  photo-lithographic  method  and 
metallic  substance  are  deposited  through  the  open- 
ing,  whereby  a  gate  electrode  is  formed  (see  page 
80  in  "Super  high  speed  Compound  Semiconduc- 
tor  Device"  published  by  Baifukan).  By  this  way, 
according  to  the  known  technology,  the  gate  elec- 
trodes  of  approximately  1  .0  u.m  wide  can  be  made. 

However,  in  the  prior  art  mentioned  above,  it  is 
difficult  to  form  fine  circuit  patterns  finer  than  1.0 
urn  wide  due  to  the  resolution  of  the  optical  system 
in  the  photo-lithography  and  to  the  developing  pre- 
cision  of  the  photo  resist  layer.  In  order  to  realize 
the  fine  circuit  patterns,  the  pattern  manufacturing 
apparatus  becomes  complicated  and  expensive. 

Besides  the  above,  generally,  a  gallium  ar- 
senide  (GaAs)  field-effect  transistor  (referred  to  as 
"GaAs-MESFET"  hereinafter)  has  a  good  property 
especially  in  a  super-high  frequency  wave  range, 
which  is  used  in  a  small  signal  amplifier  and  os- 
cillator.  Also,  it  has  been  well  known  that  GaAs- 
MESFET  has  a  very  good  property  as  a  basic 
component  of  a  super-high  speed  integrated  cir- 
cuit.  There  are  various  advantages  such  that,  in  a 
field-effect  transistor  (referred  to  as  "FET" 
hereinafter),  there  can  be-  obtained  a  high  imped- 
ance  compared  to  a  bipolar  transistor,  and  that  the 
delay  time  due  to  the  storage  effect  of  the  minority 
carriers  is  small  because  the  FET  is  the  majority 

carrier  device,  and  that  the  relation  between  the 
input  voltage  and  the  output  current  generally  re- 
presents  a  square  characteristic  and  there  occurs 
few  noise,  and  that  it  can  be  integrated  with  high 

5  density  because  the  component  has  a  simple 
structure. 

Fig.  1  shows  structure  of  a  GaAs-MESFET 
generally  used  in  the  prior  art.  Ionized  impurities 
such  as  Si  are  implanted  into  a  main  surface  of  a 

w  semi-insulating  semiconductor  substrate  1  by  an 
ion  implantation  method  so  as  to  form  a  conductive 
semiconductor  layer,  so  called  an  activated  layer, 
furthermore  in  order  to  obtain  an  ohmic  contact, 
ionized  impurities  with  high  density  are  implanted 

75  into  the  source  electrode  region  16a  and  drain 
electrode  region  16b.  Subsequently,  the  semicon- 
ductor  substrate  1  is  subjected  to  a  thermal  treat- 
ment  and  the  implanted  impurity  ions  are  activated 
so  as  to  obtain  a  desired  resistance  range.  Subse- 

20  quently,  there  are  formed  a  source  electrode  19a, 
drain  electrode  1  9b  and  gate  electrode  1  0  so  as  to 
accomplish  the  MESFET  structure. 

Generally,  the  high  frequency  characteristic  of 
GaAs-MESFET  is  largely  influenced  by  a  mutual 

25  conductance  gm  and  cut-off  frequency  f-r.  The  mu- 
tual  conductance  gm  can  be  increased  by  shor- 
tening  the  length  of  the  gate  or  by  reducing  the 
source  resistance  and  the  increment  of  the  mutual 
conductance  gm  results  in  that  the  current  driving 

30  ability  is  increased  so  as  to  operate  also  a  large 
capacitive  load  formed  by  circuit  conductors,  a 
capacity  between  the  metal  wires  or  the  like  when 
the  FET  is  operated  in  high  speed.  And  the  cut-off 
frequency  ij  can  be  increased  by  increasing  the 

35  mutual  conductance  gm  or  by  reducing  the  capacity 
Cgs  between  the  gate  and  the  source,  and  the 
larger  the  cut-off  frequency  fx  is,  the  easier  the 
operation  in  a  high  frequency  becomes.  That  is,  in 
order  to  obtain  a  MESFET  with  good  high  fre- 

40  quency  characteristics,  it  is  necessary  that  the 
length  of  the  gate  is  shortened  and  that  the  source 
and  drain  regions  are  brought  into  as  closer  to  the 
gate  electrode  as  possible  within  the  range  that  the 
capacity  Cgs  between  the  gate  and  source  is  not 

45  increased  due  to  the  overlap  of  the  gate  electrode 
and  the  source  region.  Recently,  from  the  view 
point  mentioned  above,  there  is  adopted  a  refrac- 
tory  gate  or  dummy  gate  so  that  the  FET  is  manu- 
factured  using  so  called  self  alignment  technology 

50  for  positioning  the  source  and  drain  regions  very 
close  to  the  gate  electrode,  thereby  obtaining  a 
high  performance. 

However,  as  the  length  of  the  gate  is  short- 
ened,  there  occurs  such  a  problem,  so  called  a 
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short  channel  effect,  that  the  threshold  voltage  of 
:he  GaAs-MESFET  is  shifted  toward  the  negative 
DOlarity,  the  current  cut-off  ability  is  deteriorated 
and  that  the  mutual  conductance  gm  can  not  be 
ncreased  than  expected  value.  The  short  channel 
3ffect  remarkably  occurs  especially  in  the  self 
alignment  type  FET  in  which  the  source  and  drain 
•egions  are  proximate  to  the  gate  electrode.  Ac- 
;ording  to  the  inventor's  consideration,  this  is  main- 
y  because  of  the  leak  of  the  current  which  flows 
ihrough  the  semi-insulating  substrate.  Because  of 
:he  occurrence  of  the  short  channel  effect  men- 
tioned  above,  the  capability  of  GaAs-MESFET  is 
not  so  improved  as  expected  and  there  has  been  a 
oroblem  that  the  integration  with  high  density  of  the 
GaAs-MESFET  is  prevented. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
a  method  for  forming  a  fine  mask  pattern  which 
can  be  obtained  by  a  simple  process. 

In  a  method  for  forming  a  mask  pattern  accord- 
ing  to  the  present  invention,  there  is  deposited 
mask  materials  on  the  surface  of  a  semiconductor 
substrate  and  after  defining  an  opening  in  the  mask 
materials,  the  semiconductor  substrate  is  heated  so 
as  to  soften  and  fluidize  the  mask  materials,  so  that 
the  opening  is  made  narrower. 

According  to  the  present  invention,  since  the 
mask  materials  are  softened  by  heating  the  semi- 
conductor  substrate  so  as  to  be  fluidized  toward 
the  opening,  the  opening  of  the  mask  materials  is 
made  narrow,  whereby  it  becomes  possible  to  form 
a  fine  mask  pattern. 

A  further  object  of  the  present  invention  is  to 
provide  a  GaAs-MESFET  with  good  high  frequency 
characteristic  and  high  reliability. 

A  further  object  of  the  present  invention  is  to 
provide  a  GaAs-MESFET  with  the  length  of  the 
gate  is  shortened  eliminating  the  short  channel 
effect  even  though  the  source  and  drain  regions 
are  formed  proximate  to  the  gate  electrode. 

A  further  object  of  the  present  invention  is  to 
provide  a  method  of  the  production  of  a  GaAs- 
MESFET  with  good  yield. 

In  a  compound  semiconductor  device  accord- 
ing  to  the  present  invention,  a  source  region  and  a 
drain  region  with  a  predetermined  conductive  type 
with  high  density  are  formed  on  both  sides  of  a 
groove. 

A  first  regions  including  the  impurities  of  the 
same  conductive  type  with  high  density  are  formed 
in  the  substrate  and  between  the  side  walls  of  the 
groove  and  the  side  edge  portions  of  the  source 
and  drain  regions.  Also  there  are  formed  a  second 
region  including  the  impurities  of  the  same  conduc- 

tive  type  with  low  density,  formed  between  the 
source  and  drain  regions  in  the  depth  of  the  sub- 
strate  deeper  than  that  of  the  groove  and  imme- 
diately  under  the  bottom  portions  of  the  first  re- 

5  gions  so  as  to  be  contact  with  the  bottom  portions 
of  the  first  regions.  Insulation  layers  are  formed  on 
the  first  regions  so  as  to  hung  down  into  the 
groove.  A  gate  electrode  is  provided  in  Schottky 
contact  with  the  upper  surface  of  the  second  region 

w  which  is  a  middle  part  of  the  bottom  of  the  groove 
exposed  between  the  insulation  layers. 

In  a  method  for  producing  the  compound  semi- 
conductor  device  according  to  the  present  inven- 
tion,  in  a  impurity  implanting  step,  there  are  im- 

15  planted  impurities  of  a  predetermined  conductive 
type  with  high  density  in  the  regions  for  forming  a 
source  and  drain  in  a  compound  semiconductor 
substrate  so  as  to  form  a  source  and  drain  regions, 
and  there  are  implanted  impurities  of  the  same 

30  conductive  type  with  high  density  in  a  shallow 
portion  including  a  portion  between  the  source  and 
the  drain  regions  so  as  to  form  a  first  region,  and 
there  are  implanted  impurities  of  the  same  conduc- 
tive  type  with  low  density  in  the  same  region  as  the 

25  first  region  deeper  than  the  first  region  and  shal- 
lower  than  the  source  and  drain  regions  so  as  to 
form  a  second  region. 

There  is  further  provided  an  etching  step, 
wherein  there  is  formed  a  groove  with  an  insulation 

30  layer  as  a  mask  and  with  a  depth  being  deeper 
than  that  of  the  first  region  and  shallower  than  that 
of  the  second  region,  in  the  middle  portion  between 
the  source  and  drain  regions,  remaining  a  predeter- 
mined  width  of  the  first  regions  in  the  both  sides  of 

35  the  groove,  one  end  portion  of  each  first  region 
being  contact  with  the  source  or  drain  region. 

In  a  heating  step  the  compound  semiconductor 
substrate  with  the  insulation  layer  is  heated  so  as 
to  soften  and  fluidize  the  insulation  layer  to  be 

40  hung  down  from  the  upper  portions  of  the  first 
regions  into  the  groove.  A  gate  electrode  is  formed 
on  the  second  region  in  Schottky  contact  with  the 
upper  surface  of  the  second  region  in  the  bottom  of 
the  groove. 

45  In  the  compound  semiconductor  device  as  de- 
scribed  above,  GaAs-MESFET  comprises  high 
density  impurity  regions  to  form  a  source  and  drain 
regions  which  are  suitably  offset  from  the  gate 
electrode  so  that  the  source  resistance  Rs  and  the 

so  capacity  Cgs  between  the  gate  and  the  source  are 
reduced.  Since  the  distance  between  the  source 
and  drain  regions  is  added  by  the  distance  in  the 
direction  of  the  depth  of  the  activated  layer,  the 
length  of  the  channel  is  effectively  made  longer  so 

55  that  the  short  channel  effect  seldom  occurs.  More- 
over,  the  insulation  layer  such  as  SOG,  polyimide, 
PSG  and  BPSG  on  the  surface  of  the  compound 
semiconductor  substrate  and  on  the  insulation  layer 

3 
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is  refluidized  so  that  the  length  of  the  gate  can  be 
reduced,  whereby  the  mutual  conductance  gm  is 
increased  so  as  to  improve  the  high  frequency 
characteristic  and  the  current  driving  ability.  And  a 
part  of  the  activated  layer  is  subjected  to  an  etch- 
ing  treatment  so  as  to  be  thinned,  which  also 
improves  the  mutual  conductance  gm,  resulting  in 
that  the  density  of  the  electric  fields  in  the  neigh- 
borhood  of  the  drain  edge  region  of  the  channel 
can  be  avoided. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  of  GaAs-MESFET 
which  is  most  generally  used  in  the  prior  art. 

Figs.  2(a)  to  2(d2)  are  sectional  views  show- 
ing  respective  processes  of  an  embodiment  of 
making  a  mask  pattern  for  a  LSI  according  to  the 
present  invention, 

Fig.  3(a)  to  3(e2)  are  sectional  views  showing 
respective  processes  of  a  further  embodiment  of 
making  the  mask  pattern  according  to  the  present 
invention, 

Figs.  4(a)  and  4(b)  are  sectional  views  each 
showing  a  structure  of  GaAs-MESFET  of  the  exam- 
ples  1  and  2  according  to  the  present  invention, 

Figs.  5(a)  to  5(h)  are  sectional  views  each 
showing  a  main  step  according  to  a  method  for 
producing  the  MESFET  of  the  example  1  shown  in 
Fig.  4(a), 

Figs.  6(a)  to  6(e)  are  sectional  views  each 
showing  a  main  step  according  to  a  method  for 
producing  the  GaAs-MESFET  of  the  example  2 
shown  in  Fig.  4(b),  and 

Figs.  7(a)  to  7(f)  are  respectively  showing 
the  steps  of  the  production  of  a  further  embodi- 
ment  of  the  FET  according  to  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Examples  of  according  to  the  present  invention 
are  explained  with  reference  to  the  attached  draw- 
ings  in  which  like  parts  are  designated  by  the  same 
reference  numerals  and  the  redundant  explanation 
are  omitted. 

Figs.  2(a)  to  2(d2)  are  sectional  views  showing 
processes  of  the  first  example  of  making  the  circuit 
pattern  on  a  semiconductor  substrate  according  to 
the  present  invention.  In  the  process  of  the  first 
example,  there  is  formed  a  known  mask  pattern  by 
a  known  photo-lithographic  method.  Specifically, 
there  is  prepared  a  semiconductor  substrate  1 
made  of  compound  semi  insulating  material  such 
as  GaAs.  A  mask  layer  2  made  of  mask  materials  2 
is  formed  on  the  surface  of  the  substrate  1  .  As  the 

material  of  the  mask  layer  2,  there  may  be  used 
polyimide.  for  example,  which  can  be  softened  and 
fluidized  at  a  temperature  of  500  to  600  '  C.  The 
entire  surface  of  the  mask  layer  2  is  coated  with 

5  photo  resist  (not  shown)  by  a  spin  coating  method. 
Subsequently  the  substrate  with  the  photo  resist  is 
subjected  an  exposure  and  developing  process  and 
in  turn  the  mask  layer  2  is  etched  and  unnecessary 
photo  resist  is  removed  by  chemical  agents, 

w  whereby  there  is  formed  an  opening  31  of  di  wide 
in  the  mask  layer  2  as  shown  in  Fig.  2(a). 

Next,  the  substrate  1  with  the  mask  layer  2  is 
heated.  The  heating  process  mentioned  above  is 
performed  at  such  temperature  that  the  material  of 

75  the  mask  layer  2  is  softened  and  fluidized  to  some 
degree  and  when  polyimide  is  used  as  the  mask 
layer  2,  the  heating  temperature  mentioned  above 
is  500  to  600  "  C.  Moreover,  when  PSG  of  phos- 
phorus  group,  BPSG  or  SOG  of  boron/phosphorus 

20  group  is  used  as  the  mask  materials  2,  the  sub- 
strate  1  is  heated  at  a  temperature  corresponding 
to  the  respective  materials.  Thus,  the  edge  portions 
of  the  mask  layer  2  near  both  sides  of  the  opening 
31  fall  down  in  the  opening  31  leaving  a  part  of  the 

25  opening  31  of  width  d2  which  is  narrower  than  d. 
The  narrower  opening  is  designated  by  the  refer- 
ence  numeral  32  in  Fig.  2(b),  therefore  the  finer 
mask  pattern  and  circuit  pattern  can  be  obtained.  In 
one  example,  after  forming  a  mask  pattern  with  the 

30  opening  31  of  1.0  urn  wide,  the  substrate  1  with 
the  mask  layer  2  is  subjected  to  the  process  of  the 
present  invention  as  mentioned  above,  a  mask 
pattern  with  the  opening  32  of  approximately  0.6 
urn  wide  can  be  easily  obtained. 

35  Subsequently,  a  process  such  as  forming  an 
electrode  or  ion  implantation  is  performed.  In  case 
of  forming  an  electrode,  for  example,  as  shown  in 
Fig.  2(Ci  ),  metal  materials  are  coated  on  the  whole 
part  of  the  surface  of  the  mask  layer  2  and  then  the 

40  lift-off  process  is  performed  by  removing  the  mask 
layer  2,  so  that  an  electrode  42  can  be  formed  in 
the  opening  32  as  shown  in  Fig.  2  (d1).  The  width 
of  the  electrode  42  is  equal  to  the  width  62  as 
mentioned  above,  which  is  narrower  than  the  first 

45  width  di.  On  the  other  hand,  in  case  of  ion  im- 
plantation,  ionized  impurities  are  implanted  through 
the  opening  32  as  shown  in  Fig.  2(c2).  Subse- 
quently,  the  mask  layer  2  is  removed  so  as  to  form 
a  region  5  for  implanting  impurities  of  d2  wide. 

50  A  further  embodiment  according  to  the  present 
invention  will  be  explained. 

Figs.  3(a)  to  3(e2)  are  sectional  views  of  a 
wafer  substrate  each  showing  a  process  of  the 
second  embodiment.  First,  the  substrate  1  with  the 

55  mask  layer  2  with  the  opening  31  of  the  width  d1 
as  shown  in  Fig.  3(a)  is  formed  by  similar  process 
up  to  Fig.  2(a)  as  mentioned  above.  Subsequently, 
an  isotropic  etching  process  of  the  substrate  1  is 

4 
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jerformed  through  the  opening  31  so  as  to  form  a 
:oncave  6  in  the  substrate  1  corresponding  to  the 
)ortion  below  the  opening  31. 

Next,  as  a  process  peculiar  to  the  present 
nvention,  the  mask  layer  2  is  softened  and  fluidiz- 
5d  by  heating  the  substrate  1  .  As  the  result,  mask 
ayer  2  in  both  peripheral  portions  facing  to  the 
jpening  31  hangs  down  into  the  concave  6  so  that 
he  width  of  the  opening  32  is  changed  from  di  to 
iz  (d2<d,). 

Subsequently,  the  process  of  forming  an  elec- 
rode  or  ion  implantation  is  performed.  For  exam- 
ple,  as  shown  in  Fig.  3(d1),  when  metal  material  41 
s  coated  on  the  whole  surface  of  the  mask  layer  2, 
tie  metal  material  is  dropped  in  the  concave  6 
tirough  the  opening  32  and  deposited  on  the  bot- 
:om  of  the  concave  6  to  form  a  metal  electrode  42. 
Fhe  width  of  the  electrode  42  in  the  concave  6 
Decomes  d2.  And  the  mask  layer  2  is  removed  and 
tie  metal  materials  41  is  lifted  off,  thereby  obtain- 
ng  a  structure  as  shown  in  Fig.  3(e1)  in  which  the 
netal  electrode  42  is  situated  on  the  substrate  1  in 
:he  concave  6  with  the  width  d2  narrower  than  d1  . 
Dn  the  other  hand,  in  case  of  ion  implantation,  the 
onized  impurities  are  implanted  on  the  substrate  1 
n  the  bottom  of  the  concave  6  through  the  opening 
32  as  shown  in  Fig.  3(d2).  Upon  removing  the 
nask  layer  2,  there  is  formed  the  ion  implanted 
'egion  5  of  d2  wide  in  the  concave  6  as  shown  in 
Fig.  3(e2). 

It  is  obvious  to  those  skilled  in  the  art  that  the 
present  invention  is  not  limited  to  the  above  men- 
tioned  examples  and  that  various  modifications 
may  be  made. 

For  example,  the  present  invention  is  not  limit- 
ed  to  a  mask  pattern  for  forming  an  electrode  and 
for  ion  implantation  but  it  may  be  applied  to  various 
mask  patterns  for  forming  circuit  patterns.  More- 
over,  also  any  materials  of  the  mask  pattern  except 
the  materials  mentioned  above  may  be  used  so 
long  as  the  materials  has  no  influence  on  the 
substrate. 

As  described  above  in  detail,  according  to  the 
present  invention,  upon  heating  the  semiconductor 
substrate,  the  mask  materials  is  softened  and 
fluidized  toward  the  opening,  therefore,  there  is  an 
effect  that  a  fine  mask  pattern  can  be  obtained 
through  a  simple  process. 

An  embodiment  of  the  compound  semi  con- 
ductor  device  according  to  the  present  invention 
will  be  explained  with  respect  to  Figs.  4(a)  and  4- 
(b). 

Referring  to  Figs.  4(a)  and  4(b),  there  are  im- 
planted  impurities  such  as  silicon  Si  with  a  high 
density  in  the  regions  for  forming  a  source  and 
drain  in  the  semi-insulation  GaAs  substrate  1  so  as 
to  form  a  source  and  drain  regions  16a  and  16b  of 
N*  type.  There  is  formed  a  groove  20  of  a  pre- 

determined  depth  in  the  intermediate  portion  oe- 
tween  the  source  and  drain  regions  16a  and  16b, 
and  there  are  formed  first  regions  4  and  4  of  N 
type  including  silicon  of  a  high  density  between 

5  both  side  walls  of  the  groove  20  and  the  side  edge 
portions  of  the  source  and  drain  regions  16a  and 
16b,  and  there  is  formed  a  second  region  13  of  N 
type  immediately  below  the  first  regions  4  and  4 
and  the  bottom  of  the  groove  20.  There  are  pro- 

io  vided  electrodes  19a  and  19b  on  the  source  and 
drain  regions  16a  and  16b  of  N+  type.  The  bottoms 
of  the  first  regions  4  and  4  are  shallower  than  the 
bottom  of  the  groove  20.  The  electrodes  19a  and 
19b  contact  with  the  source  regions  16a  and  16b  in 

rs  a  ohmic  contact.  There  is  provided  a  gate  elec- 
trode  10  on  the  bottom  surface  of  the  groove  20  in 
Schottky  contact  with  the  surface  of  the  second 
region  13. 

The  embodiment  is  characterized  in  that  the 
20  insulation  layers  30  on  the  first  regions  4  and  4 

are  hung  down  into  the  groove  20.  That  is  to  say, 
in  the  example  shown  in  Fig.  4(a),  the  insulation 
layers  18  are  formed  of  lower  protecting  films  17 
and  upper  reflowable  insulation  layers  18,  wherein 

25  the  lower  protecting  films  17  is  projected  above  the 
groove  20  and  the  upper  insulation  layers  18  are 
hung  down  from  the  edge  portions  of  the  protecting 
films  17  into  the  groove  20  so  as  to  contact  onto 
the  second  region  13.  On  the  other  hand,  in  the 

30  example  shown  in  Fig.  4(b),  the  insulation  layers  30 
is  formed  of  only  the  reflowable  insulation  layer  18, 
which  are  hung  down  into  the  groove  20  so  as  to 
contact  onto  the  second  region  13.  As  the  material 
of  the  reflowable  insulation  layer  18  there  may  be 

35  used  such  as  Spin  On  Glass  (abbreviated  as  SOG), 
polyimide,  Phoshorus-Doped  Silica  Glass 
(abbreviated  as  PSG)  or  Boron-Phoshorus-Doped 
Silica  Glass  (abbreviated  as  BPSG)  but  the  material 
is  not  limited  to  the  above  mentioned  materials. 

40  According  to  the  structures  as  shown  in  Figs. 
4(a)  and  4(b),  the  gate  electrode  10  is  offset  from 
the  source  and  drain  regions  16a  and  16b  by  the 
first  regions  4  and  4  of  N*  type,  the  groove  20 
and  the  insulation  layers  18.  Therefore,  the  capac- 

45  ity  Cgs  between  the  gate  10  and  the  source  region 
16a  or  16b  and  the  source  resistance  Rs  can  be 
decreased  so  as  to  improve  the  high  frequency 
characteristic  of  the  MESFET  In  addition,  since  the 
change  of  the  density  of  the  impurities  between  the 

so  first  regions  4  and  4"  and  the  second  region  13 
becomes  moderate,  the  density  of  the  electric 
fields  of  the  interface  between  the  first  regions  and 
the  second  region  can  be  avoided  so  as  to  inhibit 
an  inferior  operation  due  to  the  generation  of  hot 

55  carriers.  Also,  since  the  length  of  the  channel  be- 
comes  effectively  longer  as  much  as  the  length 
from  the  interface  between  the  first  regions  4  and 
4"  and  the  second  region  13  to  the  bottom  edge 

5 
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portion  of  the  gate  electrode  10,  the  short  channel 
effect  can  be  prevented  and  the  activating  thresh- 
old  value  of  the  MESFET  can  be  stabilized.  More- 
over,  since  the  second  region,  i.e.  the  activated 
layer  13  can  be  made  thin  by  forming  the  groove 
20,  the  mutual  conductance  gm  can  be  made  large. 

Next,  the  processes  for  producing  the  MESFET 
of  the  example  shown  in  Fig.  4(a)  are  explained 
with  reference  to  Figs.  5(a)  to  5(h) 

As  shown  in  Fig.  5(a),  there  is  formed  a  resist 
pattern  2  on  a  semi-insulation  GaAs  substrate  1  by 
a  usual  photo-lithographic  method  and  ionized  sub- 
stance  to  become  impurities  such  as  Si  is  im- 
planted  into  the  region  of  the  exposed  GaAs  sub- 
strate  1  by  a  selecting  ion  implantation  method  so 
as  to  form  a  region  of  an  activated  layer  1  3.  Subse- 
quently,  with  the  same  resist  pattern  2  as  a  selec- 
tion  mask,  there  are  implanted  ionized  impurities 
with  high  density  with  lower  acceleration  energy 
compared  to  that  in  forming  the  activated  layer  13 
so  as  to  form  an  impurity  layer  14  with  high  den- 
sity. 

Next,  as  shown  in  Fig.  5(b),  the  resist  pattern  2 
is  removed  so  as  to  form  a  resist  pattern  15. 
Subsequently,  ionized  substance  to  be  impurities  is 
selectively  implanted  in  the  substrate  1  with  accel- 
erating  energy  larger  than  that  in  forming  the  ac- 
tivating  layer  13  and  high  density  impurity  layer  14 
so  as  to  form  the  high  density  regions  16a  and 
16b. 

As  shown  in  Fig.  5(c),  after  removing  the  resist 
pattern  15,  there  is  coated  on  the  surface  of  the 
substrate  1  a  protection  layer  17  made  of  SiN  or 
Si02  by  a  plasma  chemical  vapor  deposition 
(referred  to  as  plasma  CVD  hereinafter)  method. 
Subsequently,  upon  annealing  the  substrate  1  at  a 
temperature  of  800  °C  for  ten  minutes  in  an  at- 
mosphere  of  N2  gas  for  example,  the  ionized  impu- 
rities  implanted  in  said  process  are  activated  so  as 
to  fulfill  the  peculiar  functions  of  the  activating  layer 
13,  high  density  impurity  layer  14  and  high  density 
impurity  regions  16a  and  16b  respectively. 

Next,  as  shown  in  Fig.  5(d),  there  is  formed  an 
insulation  layer  18  using  such  as  SOG,  polyimide, 
PSG  and  PBSG  reflowable  at  a  relatively  low  tem- 
perature,  lower  than  800°  C  by  a  plasma  CVD 
method  and  a  spin  coating  method  so  as  to  define 
an  opening  29  in  a  portion  for  forming  a  gate 
electrode  by  a  usual  photo-lithographic  method. 
Subsequently,  as  shown  in  Fig.  5(e),  the  intermedi- 
ate  portions  of  the  activating  layer  1  3  and  a  part  of 
the  high  density  impurity  layer  14  on  the  GaAs 
substrate  1  are  etched  by  a  reactive  ion  etching  or 
wet  etching,  whereby  the  first  regions  4  and  4 
are  formed  on  both  sides  of  the  groove  30. 

Further,  as  shown  in  Fig.  5(f),  the  insulation 
layer  18  is  refluidized  at  a  relatively  low  tempera- 
ture  such  as  lower  than  800  °  C  in  an  atmosphere  of 

As  gas  for  a  short  time  so  as  to  form  a  pattern  18' 
for  forming  a  gate  electrode. 

Subsequently,  as  shown  in  Fig.  5(g1),  the  parts 
of  the  insulation  layer  18  and  the  protection  film  17 

5  on  the  high  density  impurity  regions  16a  and  16b 
respectively  are  etched  so  as  to  define  openings 
and  in  turn  a  resist  layer  (not  shown)  is  coated, 
subsequently  metals  for  ohmic  electrodes  such  as 
AuGe  and  Ni  are  evaporated  or  deposited  on  the 

10  impurity  regions  16a  and  16b  for  forming  a  source 
and  drain  electrodes  19a  and  19b.  Subsequently, 
the  metals  for  the  ohmic  electrodes  in  the  unnec- 
essary  regions  are  removed  by  a  lift-off  method 
which  is  known  in  the  prior  art,  whereby  the  source 

rs  and  drain  electrodes  19a  and  19b  are  formed  and 
metalized. 

Subsequently,  as  shown  in  Fig.  5(h),  there  is 
formed  a  resist  pattern  (not  shown)  for  forming  a 
gate  electrode  by  a  usual  photo-lithographic  meth- 

20  od  so  as  to  evaporate  or  deposit  metal  such  as  Ti 
and  Pt  or  Au  for  the  Schottky  electrode  to  form  a 
gate  electrode  10  by  a  lift-off  method.  Thus,  the 
main  portion  of  the  example  shown  in  Fig.  4(a)  of 
the  GaAs-MESFET  according  to  the  method  of  the 

25  present  invention  can  be  made. 
The  processes  shown  in  Figs.  5(g1)  and  5(h) 

may  be  performed  in  a  different  manner  as  follows. 
First,  after  performing  the  processes  shown  by  the 
figures  up  to  Fig.  5(f),  there  is  evaporated  or  de- 

30  posited  a  Schottky  electrode  metal  by  which  the 
gate  electrode  10  is  formed  by  a  usual  photo- 
lithographic  method  as  shown  in  Fig.  5(g2)  so  as  to 
form  a  gate  electrode  10  by  a  lift-off  method. 
Subsequently,  as  shown  in  Fig.  5(h),  the  metals  for 

35  ohmic  electrodes,  i.e.,  the  source  and  drain  elec- 
trodes  19a  and  19b  are  evaporated  or  deposited  by 
a  normal  photo-lithography  and  the  metals  for  oh- 
mic  electrode  in  the  unnecessary  regions  on  the 
impurity  regions  16a  and  16b  are  removed  by  a  lift— 

40  off  method  so  as  to  form  the  source  and  drain 
electrodes  19a  and  19b  to  be  alloyed.  Thus,  the 
main  portion  of  the  GaAs-MESFET  of  the  example 
1  according  to  the  method  of  the  present  invention 
can  be  made. 

45  Next,  the  processes  for  producing  a  semicon- 
ductor  device  of  the  example  shown  in  Fig.  4(b)  will 
be  explained  with  reference  to  Fig.  6. 

Figs.  6(a)  to  6(f)  show  one  example  of  the 
process  for  producing  the  GaAs-MESFET  of  the 

50  example  shown  in  Fig.  4(b)  according  to  the 
present  invention.  It  is  noted  that  the  processes  up 
to  Fig.  6(a)  are  similar  to  those  shown  in  Figs.  5(a) 
to  5(c). 

In  other  words,  after  performing  the  processes 
55  up  to  Fig.  5(c),  the  protection  film  17  is  removed 

by  etching  and  the  reflowable  insulation  layer  18  is 
formed  by  a  plasma  CVD  method  or  spin  coating 
method  so  that  there  is  defined  an  opening  29  in 

6 
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the  portion  for  forming  a  gate  electrode  by  a  nor- 
mal  photo-lithography  as  shown  in  Fig.  6(a). 

Subsequently,  as  shown  in  Fig.  6(b),  the  mid- 
dle  parts  of  the  working  layer  13  and  the  high 
density  impurity  layer  14  on  the  GaAs  substrate  1 
are  processed  by  reactant  type  ion  etching  or  wet 
etching. 

Subsequently,  as  shown  in  Fig.  6(c),  the  insula- 
tion  layer  18  is  refluidized  in  an  As  gas  atmosphere 
at  a  relatively  low  temperature  e.g.,  lower  than 
800  °  C  for  a  short  time  so  as  to  form  patterns  1  8 
for  forming  the  gate  electrode.  Subsequently,  as 
shown  in  Fig.  6(d),  the  parts  of  the  insulation  layer 
18  on  the  high  density  impurity  regions  16a  and 
16b  are  etched  to  define  an  opening  so  as  to  form 
a  resist  pattern  (not  shown),  subsequently,  the  oh- 
mic  electrode  metals  are  evaporated  or  deposited 
to  form  the  source  and  drain  electrodes  19a  and 
19b.  Subsequently,  the  ohmic  electrode  metals  of 
the  unnecessary  regions  are  removed  by  a  lift-off 
method  and  the  source  and  drain  electrodes  19a 
and  19b  are  metallized. 

Subsequently,  as  shown  in  Fig.  6(e),  there  is 
formed  a  resist  pattern  (not  shown)  for  forming  the 
gate  electrode  by  a  normal  photo-lithography  so  as 
to  evaporate  or  deposit  the  Schottky  electrode  met- 
als  for  forming  the  gate  electrode  10,  thereby  for- 
ming  the  gate  electrode  10  by  a  lift-off  method. 
Thus,  the  main  portion  of  the  GaAs-MESFET  of  the 
example  shown  in  Fig.  4(b)  according  to  the  meth- 
od  of  the  present  invention  can  be  made. 

Moreover,  in  the  example  shown  in  Figs.  6(a) 
to  6(e)  similarly  to  the  example  shown  in  Fig.  4(a), 
it  is  also  possible  to  form  the  gate  electrode  10 
before  forming  the  source  and  drain  electrodes  19a 
and  19b. 

The  present  invention  is  not  limited  to  the 
examples  mentioned  above  but  various  kinds  of 
modifications  can  be  made. 

For  example,  as  to  the  compound  semiconduc- 
tor  substrate,  the  material  thereof  is  not  limited  to 
GaAs  but  InP  (indium  phosphorus)  may  be  also 
used.  Moreover,  as  the  materials  of  the  reflowable 
insulation  layer  and  protection  film,  various  kinds  of 
materials  may  be  used  in  addition  to  the  materials 
as  described  above. 

As  described  above  in  detail,  in  the  MESFET 
of  the,  compound  semiconductor  device  according 
to  the  present  invention,  the  high  density  impurity 
regions  which  become  a  source  and  drain  regions 
are  suitably  offset  from  the  gate  electrode  so  that 
the  source  resistance  Fts  and  the  capacity  Cgs 
between  the  gate  and  the  source  can  be  reduced. 
Since  the  distance  between  the  source  and  the 
drain  regions  is  added  by  the  distance  along  the 
depth  of  the  activated  layer,  the  length  of  the 
channel  is  effectively  made  long  so  that  there  sel- 
dom  occurs  a  short  channel  effect.  Furthermore, 

the  insulation  layer  such  as  SOG,  polyimide,  PSG 
and  BPSG  on  the  surface  of  the  substrate  or  pro- 
tection  film  of  the  compound  semiconductor  can  be 
refluidized  so  as  to  reduce  the  length  of  the  gate, 

5  so  that  the  mutual  conductance  gm  can  be  in- 
creased  and  the  high  frequency  characteristic  and 
current  activating  ability  can  be  improved.  In  addi- 
tion,  since  a  part  of  the  activated  layer  is  thinned 
by  etching,  whereby  the  mutual  conductance  gm  is 

10  also  improved  and  furthermore,  the  density  of  the 
electric  fields  at  the  end  portion  of  the  drain  of  the 
channel  can  be  avoided. 

Furthermore,  according  to  the  method  for  pro- 
ducing  the  compound  semiconductor  device  of  the 

75  present  invention,  it  becomes  hard  for  the  short 
channel  effect  to  occur,  therefore,  the  MESFET  of 
the  compound  semiconductor  can  be  manufactured 
with  good  high  frequency  characteristic,  high  re- 
liability  and  good  yield. 

20  The  GaAs-MESFET  has  a  good  high  frequency 
characteristic  and  high  speed  operability,  which  is 
considered  to  be  important  as  a  small  signal  am- 
plifier  and  high  speed  switching  element  operating 
in  a  high  frequency. 

25  In  case  of  forming  a  normal  MESFET,  there  are 
formed  source  and  drain  regions  of  N  type  on  a 
semi-insulation  substrate  for  example,  wherein 
there  is  formed  a  activation  layer  between  the 
source  and  the  drain  regions  and  there  is  formed  a 

30  Schottky  electrode  on  the  N  type  activation  layer 
so  as  to  form  a  normal  MESFET.  By  the  way,  in 
case  of  forming  a  GaAs-MESFET,  since  it  may  be 
expected  that  the  capability  of  the  GaAs-MESFET 
can  be  improved  by  shortening  the  length  of  the 

35  gate,  there  are  provided  various  kinds  of  devices 
for  shortening  the  length  of  the  gate. 

A  further  embodiment  of  the  MESFET  accord- 
ing  to  the  present  invention  is  explained  with  refer- 
ence  to  Figs.  7(a)  to  7(f). 

40  As  shown  in  Fig.  7(a),  first,  there  is  prepared  a 
GaAs  substrate  1  so  as  to  form  a  mask  51  with  an 
opening  52  in  a  region  for  forming  a  GaAs-MES- 
FET  by  a  known  photo-lithographic  method.  Subse- 
quently,  there  are  formed  first  and  second  regions 

45  53  and  54  on  the  surface  of  the  substrate  1  cor- 
responding  to  the  opening  52  of  the  mask  51  by 
implanting  ionized  silicon  therein.  The  first  region 
53  is  made  as  N  type  semiconductor  by  implant- 
ing  the  ionized  silicon  with  high  density  and  the 

so  second  region  54  is  made  as  N  type  semiconduc- 
tor  by  implanting  the  ionized  silicon  with  low  den- 
sity  immediately  under  the  first  region  53.  The 
thickness  of  the  second  region  54  is  made  gen- 
erally  0.1  urn. 

55  Next,  after  the  mask  51  is  removed  by  chemi- 
cal  agents  such  as  acetone,  there  is  formed  a 
mask  55  again  by  a  photo-lithographic  method. 
Subsequently,  the  ionized  silicon  with  high  density 
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is  deeply  implanted  in  the  source  and  drain  regions 
58  and  59  through  the  openings  56  defined  in  the 
mask  55  so  as  to  form  source  and  drain  regions. 
The  source  and  drain  regions  58  and  59  are 
formed  so  as  to  assure  a  good  contact  with  elec- 
trodes  to  be  formed  later  as  shown  in  Fig.  7(b). 

Subsequently,  the  mask  55  is  removed  again 
and  there  is  formed  a  mask  60  in  a  manner  similar 
to  the  manner  of  forming  the  mask  55.  The  mask 
60  has  an  opening  61  corresponding  to  the  region 
for  forming  a  gate  electrode  as  shown  in  Fig.  7(c). 
The  middle  portions  of  the  first  and  second  regions 
53  and  54  between  the  source  and  drain  regions 
58  and  59  are  subjected  to  an  isotropic  etching 
through  the  opening  61  of  the  mask  60  so  as  to 
form  a  groove  63  as  shown  in  Fig.  7(d).  The  depth 
of  the  groove  63  is  deeper  than  that  of  the  first 
region  53  and  shallower  than  that  of  the  second 
region  54,  the  thickness  of  the  remaining  second 
region  54  being  generally  0.05  urn. 

Subsequently,  there  are  deposited  metal  layers 
64  and  64  on  the  mask  60  by  a  method  such  as 
vacuum  evaporation  method  as  shown  in  Fig.  7(e). 
When  the  mask  60  is  removed  by  chemical  agents 
such  as  acetone,  the  unnecessary  metal  portions 
64  are  removed  leaving  the  metal  portion  64, 
which  becomes  a  gate  electrode.  The  gate  elec- 
trode  64  is  made  by  sequentially  depositing 
titanium  (Ti),  platinum  (Pt)  and  aurum  (Au)  in  layers 
forming  Schottky  contact  with  the  bottom  of  the 
groove  63  i.e.,  the  surface  of  the  second  region  64 
in  the  groove. 

Subsequently,  there  is  formed  a  mask  65  again 
by  a  photo-lithographic  method  and  ohmic  elec- 
trode  materials  70,  71  and  73  are  formed  by  depo- 
sition  as  shown  in  Fig.  7(f)  and  the  mask  portions 
65  with  the  unnecessary  metal  portions  thereon  are 
removed  by  a  known  lift-off  method,  thereby  ob- 
taining  a  MESFET.  The  ohmic  electrode  materials 
70,  71  and  73  are  made  of  alloy  of  aurum  and 
germanium  (Ge)  for  example. 

As  to  the  processes  for  producing  a  MESFET 
mentioned  above,  various  kinds  of  variations  may 
be  adopted. 

For  example,  the  order  of  the  processes  shown 
in  Figs.  7(a)  and  7(b)  may  be  reversed,  in  other 
words,  the  ohmic  electrodes  70  and  71  may  be 
formed  after  forming  the  source  and  drain  regions 
58  and  59.  Moreover,  as  the  method  for  forming 
the  mask  and  the  electrode  materials,  any  other 
method  and  material  may  be  adopted  so  long  as 
the  above  mentioned  processes  can  be  performed. 

As  described  above  in  detail,  according  to  the 
present  invention,  since  the  first  and  second  re- 
gions  are  formed  between  the  side  edge  portions 
of  the  source  and  drain  regions  and  the  side  walls 
of  the  groove,  the  length  of  the  channel  can  be 
effectively  increased.  Moreover,  since  the  gate 

electrode  on  the  bottom  of  the  groove  can  be 
preferably  offset  from  the  source  and  drain  regions 
by  the  first  and  second  regions,  the  capacity  Cgs 
between  the  gate  and  the  source  and  the  source 

5  resistance  can  be  reduced.  Thus,  there  can  be 
obtained  a  MESFET  having  an  effect  of  improving 
a  high  speed  operability  and  high  frequency  char- 
acteristic  and  preventing  the  occurrence  of  the 
short  channel  effect. 

m  It  is  noted  that  in  making  the  electrode  10  as 
shown  in  Figs.  4(a)  and  4(b)  or  Figs.  5(h),  Fig.  6(e) 
and  Fig.  7(e),  in  case  where  the  opening  of  the 
mask  layer  must  be  fine,  the  method  shown  in 
Figs.  2  and  3  may  be  effectively  used. 
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Claims 

1.  A  method  for  forming  a  mask  pattern  com- 
20  prising; 

a  step  of  depositing  a  layer  of  mask  materials  on 
the  surface  of  a  semiconductor  substrate, 
a  step  of  forming  an  opening  in  the  mask  layer, 
and 

25  a  step  of  heating  the  semiconductor  substrate  with 
the  mask  layer  for  softening  and  fluidize  the  mask 
layer  to  cause  a  part  of  the  mask  layer  near  the 
opening  to  be  expanded  toward  the  opening, 
whereby  the  width  of  the  opening  is  made  narrow. 

30  2.  A  compound  semiconductor  device  compris- 
ing: 
a  compound  semiconductor  substrate  (1); 
a  groove  (20,  30,  63)  formed  on  said  substrate  with 
both  side  portion  of  the  groove  (20,  30,  63)  defined 

35  by  side  walls  with  a  predetermined  depth; 
a  source  and  drain  regions  (16a,  16b;  58,  59) 
formed  in  said  substrate  (1)  on  both  sides  of  said 
groove  (20,  30,  63)  separated  from  said  side  walls 
by  predetermined  intervals; 

40  first  regions  (4,  4  ";  14,  14  ";  53)  including  the 
impurities  of  the  same  conductive  type  as  that  of 
the  source  and  drain  regions  (16a,  16b;  58,  59)  with 
high  density,  each  of  said  first  regions  (4  ,  4  ";  14  , 
14  ;  53)  being  formed  in  the  substrate  (1)  between 

45  said  side  walls  and  said  source  and  drain  regions 
(16a,  16b;  58,  59)  with  a  depth  shallower  than  said 
groove  (20,  30,  63); 
a  second  region  (13,  54)  including  the  impurities  of 
the  same  conductive  type  with  low  density,  formed 

so  in  said  substrate  (1)  between  the  source  and  drain 
regions  (16a,  16b;  58,  59)  with  the  depth  deeper 
than  said  groove  (1),  a  part  of  said  second  region 
(13,  54)  forming  the  bottom  of  said  groove  (20,  30, 
63)  and  immediately  under  the  bottom  surfaces  of 

55  the  first  regions  (4',  4";  14',  14";  53)  so  as  to 
contact  with  the  bottom  surfaces  of  the  first  regions 
(4,  4";  14',  14";  53);  and 
a  gate  electrode  (10)  formed  on  the  surface  of  the 

8 
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>econd  region  (13,  54)  in  said  groove  (20,  30,  63) 
or  Schottky  contacting  with  the  upper  surface  of 
he  second  region  (13,  54). 

3.  A  compound  semiconductor  device  compris- 
ng: 
i  compound  semiconductor  substrate  (1); 
a  groove  (20,  30)  formed  on  said  substrate  (1)  with 
Doth  side  portion  of  the  groove  (20,  30)  defined  by 
side  walls  with  a  predetermined  depth; 
a  source  and  drain  regions  (16a,  16b)  formed  in 
said  substrate  (1  )  on  both  sides  of  said  groove  (20, 
30)  separated  from  said  side  walls  by  predeter- 
nined  intervals; 
irst  regions  (4',  4";  14',  14")  including  the  impuri- 
:ies  of  the  same  conductive  type  as  that  of  the 
source  and  drain  regions  (16a,  16b)  with  high  den- 
sity,  each  of  said  first  regions  (4  ,  4  ;  14  ,  14  ) 
Deing  formed  in  the  substrate  (1)  between  said  side 
/vails  and  said  source  and  drain  regions  (16a,  16b) 
with  a  depth  shallower  than  said  groove  (20,  30); 
a  second  region  (13)  including  the  impurities  of  the 
same  conductive  type  with  low  density,  formed  in 
said  substrate  (1)  between  the  source  and  drain 
-egions  (16a,  16b)  with  the  depth  deeper  than  said 
groove  (20,  30),  a  part  of  said  second  region  (13) 
forming  the  bottom  of  said  groove  (20,  30)  and 
immediately  under  the  bottom  surfaces  of  the  first 
regions  (4',  4";  14',  14")  so  as  to  contact  with  the 
bottom  surfaces  of  the  first  regions  (4,  4  ;  14, 

if 14  ), 
insulation  layers  (18)  formed  on  the  surface  of  said 
first  regions  (4',  4";  14',  14")  to  hang  down  into 
said  groove  (20,  30)  with  the  free  ends  of  said 
insulation  layers  (18)  contacted  on  the  bottom  of 
said  groove  (20,  30),  and 
a  gate  electrode  (10)  formed  on  the  surface  of  the 
second  region  (13)  in  said  groove  (20,  30)  for 
Schottky  contacting  with  the  upper  surface  of  the 
second  region  (13). 

4.  A  compound  semiconductor  device  accord- 
ing  to  claim  2,  further  comprising  insulation  layers 
(18)  formed  on  the  surface  of  said  first  regions  (4  , 
4";  14',  14")  to  hang  down  into  said  groove  (20, 
30)  with  the  free  ends  of  said  insulation  layers  (18) 
contacted  on  the  bottom  of  said  groove  (20,  30). 

5.  The  compound  semiconductor  device  ac- 
cording  to  claims  3  or  4,  wherein  said  insulation 
layers  (18)  comprise  lower  layers  (17)  projected 
from  the  upper  surfaces  of  the  source  and  drain 
regions  (16a,  16b)  toward  said  groove  (20,  30)  and 
upper  layers  (18)  hung  down  from  the  upper  sur- 
faces  of  the  lower  layers  (17)  into  said  groove  (20, 
30). 

6.  A  method  for  producing  a  compound  semi- 
conductor  device  comprising; 
an  impurity  implanting  step  wherein  there  are  im- 
planted  impurities  of  a  predetermined  conductive 
type  with  high  density  in  the  regions  for  forming  a 

source  and  dram  in  a  compound  semiconauctor 
substrate  so  as  to  form  a  source  and  drain  regions, 
and  there  are  implanted  impurities  of  the  same 
conductive  type  with  high  density  in  a  shallow 

5  region  including  a  portion  between  the  source  and 
the  drain  regions  so  as  to  form  a  first  region,  and 
there  are  implanted  impurities  of  the  same  conduc- 
tive  type  with  low  density  in  the  same  region  as  the 
first  region  deeper  than  the  first  region  and  shal- 

w  lower  than  the  source  and  drain  regions  so  as  to 
form  a  second  region, 
an  etching  step  wherein  there  is  formed  a  groove 
with  an  insulation  layer  as  a  mask  and  with  a  depth 
being  deeper  than  that  of  the  first  region  and 

15  shallower  than  that  of  the  second  region,  in  the 
middle  portion  between  the  source  and  drain  re- 
gions,  remaining  a  predetermined  width  of  the  first 
regions  in  the  both  sides  of  the  groove,  one  end 
portion  of  each  first  region  being  in  contact  with  the 

10  source  and  drain  regions  respectively, 
a  step  of  heating  the  compound  semiconductor 
substrate  so  as  to  soften  and  fluidize  the  insulation 
layers  to  be  hung  down  from  the  upper  portions  of 
the  first  regions  into  the  groove,  and 

25  a  step  of  forming  a  gate  electrode  in  Schottky 
contact  with  the  upper  surface  of  the  second  region 
on  the  bottom  of  the  groove  exposed  between  the 
insulation  layers. 

7.  A  method  for  producing  a  compound  semi- 
30  conductor  device  comprising; 

an  impurity  implanting  step  wherein  there  are  im- 
planted  impurities  of  a  predetermined  conductive 
type  with  high  density  in  the  regions  for  forming  a 
source  and  drain  in  a  compound  semiconductor 

35  substrate  so  as  to  form  a  source  and  drain  regions, 
and  there  are  implanted  impurities  of  the  same 
conductive  type  with  high  density  in  a  shallow 
region  including  a  portion  between  the  source  and 
the  drain  regions  so  as  to  form  a  first  region,  and 

40  there  are  implanted  impurities  of  the  same  conduc- 
tive  type  with  low  density  in  the  same  region  as  the 
first  deeper  than  the  first  region  and  shallower  than 
the  source  and  drain  regions  so  as  to  form  a 
second  region, 

45  an  etching  step  wherein  there  is  formed  a  groove 
with  a  depth  deeper  than  that  of  the  first  region  and 
shallower  than  that  of  the  second  region,  in  the 
middle  portion  between  the  source  and  drain  re- 
gions,  remaining  a  predetermined  width  of  the  first 

50  regions  in  the  both  sides  of  the  groove,  one  end 
portion  of  each  first  region  being  in  contact  with  the 
source  and  drain  region  respectively,  and 
a  step  of  forming  a  gate  electrode  in  Schottky 
contact  with  the  upper  surface  of  the  second  region 

55  on  the  bottom  of  the  groove  exposed  between  the 
insulation  layers. 

9 



17 EP  0  303  248  A2 18 

8.  The  method  for  producing  a  compound 
semiconductor  device  according  to  claims  6  or  7, 
wherein  in  the  impurity  implanting  step,  the  first 
and  second  regions  are  formed  after  the  source 
and  drain  regions  are  formed.  5 

9.  The  method  for  producing  a  compound 
semiconductor  device  according  to  claims  6  or  7,  v 
wherein  in  the  impurity  implanting  step,  the  source 
and  drain  regions  are  formed  after  the  first  and 
second  regions  are  formed.  10 
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