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g)  Compound  semiconductor  MESFET. 

©  A  first  semiconductor  layer  (18)  doped  with  an 
impurity,  i.e.,  a  back-gate  effect  suppression  layer 
(18),  is  provided  right  under  a  channel  layer  (17).  A 
control  electrode  (20)  is  formed  on  the  substrate, 
which  is  in  ohmic  contact  with  the  back-gate  effect 
suppression  layer  via  a  second  highly  concentrated 
semiconductor  layer  (19)  of  the  second  conductivity, 
so  as  to  control  the  potential  of  the  back-gate  effect 
suppression  layer.  With  such  a  structure  of  the  semi- 
conductor  device,  in  operation,  a  predetermined 
fixed  voltage  is  applied  to  the  control  electrode,  and 
hence  the  backgate  effect  suppression  layer  is  im- 

^   pressed  with  the  fixed  voltage.  Therefore,  the  back- 
gate  effect  can  be  suppressed  to  a  minimum.  The 

i n  instable  behavior  like  oscillation  as  observed  in  the 
(J)  vicinity  of  the  pinch-off  voltage  can  be  prevented.  A 

M  number  of  semiconductor  devices  with  uniform 

q   threshold  voltages  Vth  can  be  integrated  into  a  wafer 
PQor  wafers. 
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Semiconductor  device 

The  present  invention  relates  to  a  semiconduc- 
:or  device  of  the  compound  semiconductor  type, 
and  more  particularly  to  a  GaAs  metal  semiconduc- 
:or  field  effect  transistor  (MES  FET). 

For  a  closer  look  at  the  structure  of  the  GaAs 
VIES  FET,  how  the  MES  FET  is  manufactured  will 
first  be  discussed.  Figs.  1A  through  1F  show  a 
sequence  of  process  steps  to  manufacture  the 
GaAs  MES  FET  by  the  ion  implantation  process 
technique. 

To  start  (see  Fig.  IA),  Si02  film  2,  3000  A  thick, 
is  formed  on  GaAs  monocrystal  substrate  3  not 
doped  with  an  impurity,  by  a  chemical  vapor  depo- 
sition  (CVD)  method.  To  form  resist  film  1, 
photoresist  is  applied  to  the  formed  Si02  film  2.  In 
a  second  step  of  process  (Fig.  1B),  resist  layer  1 
and  SiC-2  film  2  are  patterned  to  open  the  portions 
of  these  layers  1  and  2  right  above  the  regions  in 
substrate  3  where  drain  and  source  regions  6a  and 
6b  are  to  be  formed.  Through  the  formed  openings, 
silicon  ions  are  implanted  into  these  regions  in 
substrate  3,  at  a  proper  acceleration  voltage  and  a 
proper  dosage  of  silicon  ions.  To  effect  this  pro- 
cess  step,  the  lithography  process  and  the 
photoetching  process  are  used.  In  a  third  process 
step  (Fig.  IC),  after  the  patterned  resist  layer  1  and 
Si02  film  2  are  stripped  from  substrate  3,  the 
above  process  is  repeated  to  form  SiC>2  film  12 
and  resist  layer  11  on  substrate  3,  and  to  pattern 
the  oxide  film  and  the  resist  layer  with  an  opening 
defining  a  surface  area  of  substrate  3  under  which 
a  channel  layer  7  is  to  be  formed.  Through  this 
opening,  silicon  ions  are  implanted  into  that  region 
of  substrate  3  at  a  proper  acceleration  voltage  and 
a  dosage  of  silicon  ions. 

The  structure  thus  formed  is  thermally  pro- 
cessed  in  a  diluted  arsine  gas  (AsH3),  to  activate 
the  doped  silicon  ions  and  to  form  drain  and 
source  layers  6a  and  6b,  and  N  channel  layer  7. 

After  removal  of  oxide  film  12  from  substrate 
13,  the  above  process  is  again  applied  to  form 
Si02  film  22  and  resist  layer  21  and  to  pattern 
them  with  openings  to  define  the  portions  of  the 
structure  surface  on  which  drain  and  source  elec- 
trodes  14a  and  14b  are  to  be  formed  (Fig.  1D). 
Gold-Germanium  alloy  is  vapor-deposited  on  the 
structure.  Following  this,  the  oxide  film  22  and 
resist  layer  21  are  stripped  off  the  structure,  so  that 
drain  and  source  electrodes  14a  and  4b  are  formed 
as  shown  in  Fig.  1E.  The  structure  is  subjected  to 
the  thermal  process  for  alloying  to  form  ohmic 
contacts  between  drain  electrode  4a  and  drain  lay- 
er  6a,  and  source  electrode  4b  and  source  layer 
6b.  On  the  structure,  a  Schottky  barrier  electrode  5 
must  be  formed  to  complete  a  GaAS  MES  FET.  To 

achieve  this  step  of  process,  an  S1O2  film  (not 
shown)  patterned  so  as  to  have  an  opening  for 
forming  the  gate  electrode  is  formed  by  using  the 
foregoing  step  again.  Titanium  Ti  and  aluminum  A  I 

5  are  deposited  on  the  structure  in  this  order.  The 
lift-off  process  is  followed  to  remove  the  insulating 
film  with  the  deposited  Ti  and  A  I  thereover,  to 
form  the  gate  electrode  5  on  channel  layer  7  (see 
Fig.  IF). 

10  The  MES  FET  thus  formed  is  assembled  into  a 
circuit  applied  to  the  gate,  a  positive  voltage  is 
applied  to  the  drain,  and  the  source  is  grounded.  A 
variation  of  the  drain  current  ID  of  the  FET  against 
a  change  of  the  drain  voltage  VD  is  measured  by  a 

15  parameter  analyzer.  The  variation  of  the  drain  cur- 
rent  ID  is  plotted  as  shown  in  Fig.  3.  As  seen  from 
the  ID  -  VD  curve,  when  the  FET  is  operated  at  the 
gate  voltage  near  the  pinchoff  gate  voltage  that  the 
depletion  layer  of  the  Schottky  barrier  reaches  the 

20  bottom  of  channel  layer  7,  the  drain  current  in- 
stably  varies  like  oscillation.  This  oscillation  phe- 
nomenon  is  observed  in  the  vicinity  of  the  pinch-off 
voltage,  and  as  seen  from  the  illustrated  curve, 
occurs  in  the  range  from  Vosc-begin  to  Vosc-stop 

25  in  Fig.  3.  This  phenomenon  implies  that  when  the 
MES  FET  is  operated  at  a  specific  gate  voltage  or 
its  near  voltage,  i.e.,  the  pinch-off  gate  voltage  or 
its  near  voltage,  the  noise  increases.  Further,  this 
implies  that  when  a  number  of  FETs  as  logical 

30  elements  are  fabricated  into  a  wafer  or  wafers,  the 
Vosc-begin  and/or  Vosc-stop  points  of  the  fab- 
ricated  FETs  is  not  uniform. 

Another  problem  of  the  GaAs  MES  FET  is 
known  as  a  back-gate  or  side-gate  phenomenon  in 

35  which  the  drain  current  ID  changes  when  the  FET 
is  biased  at  the  rear  portion  of  the  substrate  or  the 
side  portion  of  the  device.  This  phenomenon  is 
discussed  in  details  by  Christopher  Kocot  & 
Charles  A.  Stolte  in  their  paper  of  IEEE  TRANS. 

40  ELECTRON  DEVICES,  Vol.,  ED-29,  1982,  pp  1059 
to  1064.  This  phenomenon  is  problematic  when  a 
number  of  semicon-ductor  elements  are  integrated 
into  a  wafer,  because  the  operating  characteristics 
of  the  FETS  are  adversely  influenced  by  the  poten- 

45  tiais  of  the  electrodes  of  the  adjacent  FETS. 
Yet  another  problem  of  the  GaAs  MES  FET  is 

to  manufacture  these  MES  FETs  with  uniform 
threshold  voltages  when  these  are  integrated  into  a 
wafer  for  wafers.  This  is  owing  to  the  fact  that  the 

50  difference  between  the  logical  amplitudes  for  on 
and  off  is  very  small,  and  a  tolerable  range  of  the 
threshold  voltage  Vth  is  considerably  narrow. 

Accordingly,  an  object  of  the  present  invention 
is  to  provide  a  semiconductor  device  of  the  com- 
pound  type  which  is  free  from  the  oscillation  phe- 
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jmenon  as  observed  on  the  iu  -  vu  curve,  can 
ippress  the  backgate  effect  satisfactorily,  and  en- 
>les  the  threshold  voltage  to  be  precisely  con- 
Dlled,  and  hence  can  provide  a  uniformity  in  the 
reshold  voltages  when  a  number  of  FETs  are 
tegrated  into  a  wafer  or  wafers. 

According  to  the  present  invention,  there  is 
@ovided  a  semiconductor  device  of  the  compound 
smiconductor  type  with  the  following  structure.  A 
•st  semiconductor  layer  doped  with  an  impurity, 
3.,  a  back-gate  effect  suppression  layer,  is  pro- 
ded  right  under  a  channel  layer.  The  impurity  as 
opant  is  of  a  first  conductivity  type.  The  channel 
lyer  is  of  a  second  conductivity  type.  These  first 
nd  second  conductivity  types  are  opposite  to  each 
ther.  A  control  electrode  is  formed  on  the  sub- 
trate,  which  is  in  ohmic  contact  with  the  back-gate 
ffect  suppression  layer  via  a  second  highly  con- 
entrated  semiconductor  layer  of  the  second  con- 
uctivity,  so  as  to  control  the  potential  of  the  back- 
ate  effect  suppression  layer. 

With  such  a  structure  of  the  semiconductor 
evice,  in  operation,  a  predetermined  fixed  voltage 
s  applied  to  the  control  electrode,  and  hence  the 
iack-gate  effect  suppression  layer  is  impressed 
/ith  the  fixed  voltage.  Therefore,  the  back-gate 
iffect  can  be  suppressed  to  a  minimum.  The  insta- 
te  behavior  like  oscillation  as  observed  in  the 
icinity  of  the  pinch-off  voltage  can  be  prevented.  A 
lumber  of  semiconductor  devices  with  uniform 
hreshold  voltages  Vth  can  be  integrated  into  a 
vafer  or  wafers. 

The  control  electrode  may  be  electrically  sepa- 
ated  from  other  electrodes,  such  as  drain,  source 
ind  gate  electrodes.  In  this  case,  the  potential  of 
he  backgate  effect  suppression  layer  is  controlled 
jy  the  control  electrode,  independently  of  other 
3lectrodes.  Alternatively,  it  may  electrically  be  con- 
lected  to  any  of  other  electrodes.  Selection  of 
sither  of  these  depends  on  the  layout  of  passive 
and  active  elements  around  the  semiconductor  de- 
/ice  on  the  wafer,  and  the  operating  conditions  of 
:hese  elements. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Figs.  IA  through  IF  show  sectional  views 
illustrating  a  sequence  of  process  steps  to  manu- 
facture  a  prior  GaAs  MES  FET; 

Fig.  2  shows  a  circuit  diagram  of  a  circuit 
used  for  measuring  the  ID  -  VD  characteristic  curve 
of  the  MES  FET  manufactured  by  the  process  of 
Fig.  1; 

Fig.  3  shows  a  graph  illustrating  the  ID  -  VD 
curve  measured  by  using  the  Fig.  2  circuit; 

rig.  *tn  anuwo  a  tup  vig»  uiugiiuuny  ~  . 
tern  of  a  GaAs  MES  FET  incorporating  the  present 
invention; 

Fig.  4B  shows  a  sectional  view  of  the  MES 
FET  taken  on  line  IVB  -  IVB  in  Fig.  4A; 

Figs.  5A  through  5J  show  sectional  and  plan 
views  illustrating  a  sequence  of  process  steps  to 
manufacture  the  MES  FET  of  Fig.  4; 

Fig.  6  shows  a  graphical  representation  of 
>  the  ID  VD  characteristic  of  the  Fig.  4  MES  FET; 

Fig.  7A  shows  a  top  view  illustrating  a  pat- 
tern  of  a  GaAs  MES  FET  according  to  another 
embodiment  of  the  present  invention; 

Fig.  7B  shows  a  sectional  view  of  the  MES 
;  FET  taken  on  line  VIIB  -  VIIB  in  Fig.  7A; 

Figs.  8  and  9  show  sectional  views  of  other 
embodiment  of  a  semiconductor  device  of  the 
present  invention; 

Fig.  10A  shows  a  top  view  illustrating  a  pat- 
3  tern  of  a  GaAs  MES  FET  according  to  a  further 

embodiment  of  the  present  invention; 
Fig.  10B  shows  a  sectional  view  of  the  GaAs 

MES  FET  shown  in  Fig.  10A; 
Fig.  11  A  shows  a  top  view  illustrating  a  pat- 

5  tern  of  a  GaAs  MES  FET  according  to  a  still  further 
embodiment  of  the  present  invention;  and 

Fig.  11B  shows  a  sectional  view  of  the  GaAs 
MES  FET  shown  in  Fig.  11  A. 

Preferred  embodiments  of  a  semiconductor  de- 
o  vice  according  to  the  present  .invention  will  be 

described  referring  to  the  accompanying  drawings'. 
In  the  description  to  follow,  the  present  invention  is 
embodied  into  GaAs  MES  FETs,  by  way  of  exam- 
ple. 

is  Reference  is  first  made  to  Figs.  4A  and  4B 
cooperatively  showing  the  structure  of  a  model  of 
the  MES  FET  incorporating  the  present  invention. 
Fig.  4A  shows  a  plan  view  of  the  MES  FET,  and 
Fig.  4B  a  sectional  view  of  the  same  taken  on  line 

to  IVB  -  IVB  in  Fig.  4A.  As  shown,  N  channel  layer  17, 
and  N+  drain  layer  16a  at  high  impurity  concentra- 
tion  and  N+  source  layer  16b  also  heavily  doped 
with  an  impurity  are  formed  in  the  surface  region  of 
GaAs  substrate  13.  In  the  surface  region,  channel 

ts  layer  17  is  located  between  drain  and  source  lay- 
ers  16a  and  16b.  Back-gate  effect  suppression 
layer  18  is  located  right  under  channel  layer  17  in 
the  surface  region  of  substrate  13.  P+  conductive 
layer  19  serving  as  a  wiring  layer  is  further  formed 

so  in  the  surface  region  of  substrate  13.  Control  elec- 
trode  20,  which  is  formed  on  substrate  13,  makes 
an  ohmic  contact  with  back-gate  effect  suppression 
layer  18,  via  conductive  wiring  layer  19.  In  this 
instance,  control  electrode  20  and  drain  electrode 

55  14a  are  formed  by  a  single  metal  film  made  of 
gold-germanium  alloy,  for  example,  and  are  elec- 
trically  interconnected.  In  Fig.  4A,  the  electrodes 
are  not  shown  for  simplicity  of  illustration.  In  Fig. 
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@B,  the  horizontal  leg  portion  of  L-shaped  conduc- 
ive  layer  19  (Fig.  4A)  is  indicated  by  broken  lines. 

A  sequence  of  process  steps  for  manufacturing 
he  MES  FET  will  be  described  referring  to  Figs. 
iA  to  5J. 

PROCESS  1  (Fig.  5A) 

Si02  film  102  of  5000  A  in  thick  is  formed  on 
3aAs  substrate  13  by  CVD  process.  Photoresist  is 
:oated  on  Si02  film  102  to  form  resist  film  11 
hereon. 

PROCESS  2  (Fig.  5B) 

Resist  film  101  is  patterned  into  a  resist  pattern 
with  openings  at  required  locations  by  lithographic 
jrocess.  By  using  the  formed  resist  pattern  as  a 
nask,  Si02  film  102  is  selectively  etched  away,  to 
:orm  openings,  which  will  be  used  for  forming  drain 
and  source  layers  16a  and  16b  at  predetermined 
ocations.  Through  the  formed  openings,  silicon 
ons  are  implanted  into  the  regions  in  the  substrate 
surface  region  as  defined  by  the  opening,  two 
times.  The  first  time  ion  implanting  conditions  are: 
acceleration  voltage  is  180  keV,  and  dosage  of 
silicon  ions  is  4  x  1013  cm"2.  The  second  time  ion 
implanting  conditions  are:  acceleration  voltage  is 
100  keV  and  dosage  of  silicon  ions  is  2  x  1013 
cm-2. 

PROCESS  3  (Figs.  5C  and  5D) 

Resist  film  101  and  Si02  film  102  are  removed 
from  the  structure.  Another  Si02  film  202  and  an- 
other  resist  film  201  with  a  pattern  having  openings 
at  predetermined  locations  are  successively  formed 
on  the  structure  by  the  process  steps  similar  to  the 
above  ones.  Then,  through  the  opening,  silicon  ions 
are  implanted  into  substrate  13,  thereby  to  form  N 
channel  layer  17.  The  conditions  for  forming  the 
channel  layer  are:  acceleration  voltage  is  100  keV, 
and  dosage  of  silicon  ions  is  3  x  1012  cm-2.  Al- 
though  Fig.  5D  shows  a  plan  view  of  the  structure 
of  the  MES  FET  shown  in  5C,  resist  film  201  and 
Si02  film  202  are  not  illustrated  therein  for  simplic- 
ity  of  illustration.  These  films  will  be  omitted  in  the 
related  illustrations  to  follow,  for  the  same  pur- 
poses. 

'HOCESS  4  (rigs.  PC  ana  3r) 

Resist  film  201  and  S1U2  film  dud.  are  removea 
5  from  the  structure.  Another  Si02  film  302  and  an- 

other  resist  film  301  with  a  pattern  having  openings 
at  predetermined  locations  are  successively  formed 
on  the  structure  by  the  process  steps  similar  to  the 
above  ones.  Then,  through  the  opening,  P  type 

0  impurity  as  acceptor  impurity,  such  as  C,  Be,  Mg 
or  B,  is  implanted  into  substrate  13.  When  boron  B 
is  used,  the  implanting  conditions  are:  acceleration 
voltage  is  400  keV,  and  dosage  of  boron  ions  is  3  x 
1013  cm-2.  As  a  result,  boron  ions  are  doped  into 

5  continuous  regions  18  and  19a.  Region  18  is  to 
serve  as  the  back-gate  effect  suppression  layer 
and  is  right  under  the  channel  layer  17  located 
between  source  layer  16b  and  drain  layer  16a. 
Region  19a  is  to  serve  as  a  part  of  the  conductive 

;o  wiring  layer.  Incidentally,  Fig.  5F  shows  a  plan  view 
of  the  structure  of  Fig.  5E. 

p r o c e s s   5  (rigs.  5ii  ana  5H) 
>5 

Resist  film  301  and  Si02  film  302  are  removed 
from  the  structure.  Another  Si02  film  402  and  an- 
other  resist  film  401  with  a  pattern  having  openings 

30  at  predetermined  locations  are  successively  formed 
on  the  structure  by  the  process  steps  similar  to  the 
above  ones.  Then,  through  the  opening,  zinc  ions 
are  implanted  into  substrate  13  at  100  keV  of 
accelerating  voltage  and  5  x  10u  cm-2  of  dosage. 

35  As  a  result,  zinc  Zn  doped  layer  19  is  formed  in 
the  substrate.  This  layer  19  serves  as  a  wiring 
layer  in  ohmic  contact  with  a  control  electrode  to 
be  formed  in  a  subsequent  step  of  process.  Wiring 
layer  19  comprises  region  19a  and  a  region  con- 

40  tinuous  to  this  region  19a  and  extending  up  to  the 
surface  of  substrate  13.  This  extending  region 
serves  as  a  lead  layer  for  wiring  layer  19.  A  control 
electrode  is  formed  on  the  lead  layer  in  a  subse- 
quent  process  step.  Fig.  5H  is  a  top  view  of  the 

45  Fig.  5G  structure. 

PROCESS  6  (rigs.  5i  and  bJ) 

50 
Resist  film  401  and  Si02  film  402  are  removed 

from  the  structure.  Subsequently,  the  structure  is 
thermally  processed  in  AsHb  as  at  850*  C,  for  15 
minutes,  to  activate  doped  ions.  Subsequently,  the 

55  following  steps  are  successively  executed;  a  step 
to  form  an  Si02  film  on  the  structure  by  CVD 
process,  a  step  to  form  a  predetermined  pattern  of 
the  Si02  by  lithography  process,  a  step  to  form 

4 
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rain  electrode  14a  and  source  electrode  14b  on 
ubstrate  13  by  vapor-depositing  a  metal,  e.g.,  Au- 
ie  alloy,  and  a  step  to  lift  off  the  patterned  Si02 
Im  used  as  a  mask  layer.  Through  the  above 
teps  of  process,  drain  electrode  14a,  source  elec- 
ode  1  4b,  and  control  electrode  20  are  formed  on 
le  predetermined  locations  of  the  structure.  Con- 
ol  electrode  20  is  continuous  to  drain  electrode 
4a,  and  is  in  ohmic  contact  with  wiring  layer  19. 
inally,  gate  electrode  15  is  formed  on  the  channel 
iyer  17  of  the  structure.  The  Schottky  barrier  is 
Drmed  at  the  junction  of  gate  electrode  15  and 
hannel  layer  17.  The  process  to  form  gate  elec- 
-ode  15  is  substantially  the  same  as  that  to  form 
Irain  and  source  electrodes  14a  and  14b  and  gate 
ilectrode  20,  except  that  aluminum  At  is  first  de- 
losited  up  to  7000  A  thick,  and  titanium  Ti  is 
urther  deposited  on  the  Al  deposited  layer  to  form 
i  Ti  layer  of  3000  A  in  thick.  Fig.  5  J  shows  a  top 
lew  of  the  Fig.  51  structure.  In  this  way,  the  MES 
:ET  fabrication  is  completed. 

In  the  MES  FET  thus  formed,  a  single  layer  is 
ised  for  both  control  electrode  20  and  drain  elec- 
rode  14a,  to  set  the  potential  of  back-gate  effect 
suppression  layer  18  at  the  drain  potential.  There- 
ore,  the  ID  -  VD  characteristic  curve  smoothly 
varies  in  the  vicinity  of  the  pinch-off  voltage,  as 
shown  in  Fig.  6,  while  in  the  prior  art  MES  FET,  the 
oscillation  phenomenon  occurs  near  the  pinch-off 
/oltage,  as  shown  in  Fig.  3. 

In  the  MES  FET  thus  structured,  little  back- 
gate  effect  is  observed.  Further,  according  to  the 
Dresent  invention,  MES  FETs  can  be  formed  in  the 
same  wafer  and  in  different  wafers  under  such  a 
Drecise  control  that  the  threshold  voltage  Vth  of  the 
FETs  are  substantially  uniform  in  value. 

The  article  referred  to  in  the  prior  art  descrip- 
tion  explains  that  the  oscillation  phenomenon  inevi- 
table  for  the  GaAs  MES  FET  is  probably  due  to 
instable  electron  trapping  by  a  large  barrier  (e.g., 
EL-2)  existing  in  the  interface  between  the  channel 
and  the  semiconductor  substrate.  However,  the  ex- 
act  cause  for  the  oscillation  phenomenon  is  un- 
known  yet.  In  the  embodiment  as  mentioned 
above,  the  potential  of  the  backgate  effect  suppres- 
sion  layer  formed  under  the  channel  layer  is  fixed 
to  the  drain  electrode  potential,  as  already  stated. 
Therefore,  there  is  eliminated  the  oscillating  phe- 
nomenon  as  observed  in  the  vicinity  of  the  pinch- 
off  voltage  of  the  prior  art  FET.  Additionally,  the 
present  invention  has  successfully  solved  the  prob- 
lem  that  when  a  number  of  FETS  are  integrated 
into  a  wafer  or  wafers,  the  electrodes  of  the  FETS 
adversely  affects  an  FET  located  near  and  around 
the  electrodes. 

It  should  be  understood  that  the  present  inven- 
tion  is  not  limited  to  the  above-mentioned  embodi- 
ment,  but  may  variously  be  modified  and  changed 

witnin  tne  scope  ana  spirns  ot  ine  mvwnuuii.  wmio 
the  present  invention  is  applied  for  the  N  channel 
MES  FET  in  the  embodiment  as  mentioned  above, 
it  may  be  applied  to  the  P  channel  MES  FET.  In 

i  this  case,  the  conductivity  type  of  the  doped  impu- 
rity  used  is  opposite  to  that  of  the  N  channel  MES 
FET.  More  exactly,  arsenic  As  or  phosphorous  P  is 
used  in  place  of  boron  B. 

As  shown  in  Figs.  7A  and  7B,  control  electrode 
o  20  may  be  connected  to  source  electrode  14b,  not 

drain  electrode  14a.  Alternatively,  control  electrode 
20  and  drain  electrode  14  may  be  separately 
formed  from  source  and  drain  electrodes  14a  and 
14b,  as  shown  in  Figs.  8  and  9.  A  proper  potential 

5  is  applied  to  control  electrode  20.  Control  electrode 
20  may  be  connected  to  gate  electrode  15,  as 
shown  in  Figs.  10A  and  10B.  Control  electrode  20 
may  be  separately  formed  from  gate  electrode  15, 
as  shown  in  Figs.  1  1  A  and  1  1  B. 

o  As  described  above,  the  back-gate  effect  sup- 
pression  layer,  which  is  doped  with  the  impurity 
whose  conductivity  is  opposite  to  that  of  the  chan- 
nel  layer,  is  formed  under  the  channel  layer.  The 
potential  of  the  back-gate  effect  suppression  layer 

is  is  fixed  to  a  desired  potential,  via  the  wiring  layer 
heavily  doped  with  impurities  and  the  control  gate 
in  ohmic  contact  with  the  wiring  layer.  With  this 
feature,  the  back-gate  or  side-gate  effect  problem 
may  successfully  be  solved,  which  is  the  inevitable 

io  problem  for  the  prior  art  FETs.  Further,  the  oscillat- 
ing  phenomenon  as  observed  on  the  ID  -  VD  curve 
of  the  prior  art  FET  in  the  vicinity  of  the  pinch-off 
voltage,  may  also  be  suppressed  to  be  negligible. 
Furthermore,  a  number  of  FETs  may  be  formed  in 

?5  a  wafer  or  wafers,  with  substantially  uniform  values 
of  their  threshold  voltages  Vth. 

claims 
i0 

1.  A  semiconductor  device  comprising: 
a  channel  layer  (17)  of  a  first  conductivity  type,  a 
source  layer  (16a)  and  a  drain  layer  (16b)  formed 
in  the  surface  region  of  a  compound  semiconductor 

45  substrate  (13),  said  source  and  drain  regions  (16a, 
16b)  having  a  high  impurity  concentration  and  be- 
ing  of  the  first  conductivity  type,  said  channel  layer 
(17)  being  located  between  said  source  and  drain 
layers  (16a,  16b); 

so  a  gate  electrode  (15)  formed  on  said  substrate 
(13),  said  gate  electrode,  together  with  said  chan- 
nel  layer  (17),  forming  a  Schottky  barrier;  and 
source  and  drain  electrodes  (14a,  14b)  in  ohmic 
contact  with  said  source  and  drain  layers  (16a, 

55  16b),  characterized  by  further  comprising: 
a  semiconductor  layer  (18)  of  a  second  conductiv- 
ity  type,  said  semiconductor  layer  (18)  being 
formed  right  under  said  channel  layer  (17),  and 
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loped  with  an  impurity,  the  second  conductivity 
ieing  opposite  to  the  first  conductivity  type; 
.  second  heavily  doped  semiconductor  layer  (19) 
if  the  second  conductivity  type,  said  second  semi- 
onductor  layer  (19)  being  formed  in  the  surface  5 
sgion  of  said  substrate  (13);  and 
i  control  electrode  (20)  formed  on  said  substrate 
13)  and  in  ohmic  contact  with  said  first  semicon- 
luctor  layer  (18)  via  said  second  semiconductor 
ayer  (19).  1° 

2.  A  semiconductor  device  according  to  claim 

,  characterized  in  that  said  control  electrode  (20) 
s  connected  to  said  drain  electrode  (14a). 

3.  A  semiconductor  device  according  to  claim 
I,  characterized  in  that  said  control  electrode  (20)  is 
s  connected  to  said  source  electrode  (1  4b). 

4.  A  semiconductor  device  according  to  claim 
I,  characterized  in  that  said  control  electrode  (20) 
s  connected  to  said  gate  electrode  (15). 

5.  A  semiconductor  device  according  to  claim  20 
I,  characterized  in  that  said  control  electrode  (20) 
s  independent  of  other  electrodes. 

6.  A  semiconductor  device  according  to  claim 
5,  characterized  in  that  said  control  electrode  (20) 
s  in  proximity  with  said  drain  electrode  (14a).  25 

7.  A  semiconductor  device  according  to  claim 
5,  characterized  in  that  said  control  electrode  (20) 
s  in  proximity  with  said  source  electrode  (14b). 
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