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the  output  lines  of  the  MESFET's  in'two  or  more 
different  directions,  such  as  in  an  X-  and  Y- 
address  decoder  of  a  memory  circuit,  both  the 
design  and  fabrication  process  become  compli- 

5  cated  and  miniaturization  and  densification  of  the 
IC  device  become  difficult. 

Turning  back  to  the  changes  in  characteristics, 
such  as  the  gate  threshold  voltage  of  an  FET,  from 
desired  values  when  the  gate  length  is  made 

10  shorter,  i.e.,  the  so-called  "short  channel"  effect, 
it  is  important  to  note  the  flow  of  electrons  from 
highly  doped  source  and  drain  regions  into  a 
channel  region  and  the  effect  of  piezoelectric 
polarization  in  a  semiconductor  substrate.  Devia- 

15  tions  in  characteristics  of  an  FET  by  piezoelectric 
polarisation  are  caused  by  an  insulation  layer,  a 
gate  electrode,  and  the  like  formed  over  a  com- 
pound  semiconductor  substrate,  which  induce 
stress  on  the  compound  semiconductor  sub- 

20  strate,  changing  the  distribution  of  carriers  in  the 
channel  region  formed  in  the  compound  semi- 
conductor  substrate.  As  a  result  the  depth  of  a 
depletion  layer  of  the  channel  region  and  thus  the 
gate  threshold  voltage  are  changed.  The  plus  or 

25  minus  depends  on  the  polarity  of  the  piezoelectric 
polarisation  determined  by  the  stress  direction 
and  crystallographic  axis  direction.  (See,  for 
example,  P.  M.  Asbeck  et  al.;  IEEE  transactions  on 
Electron  Devices,  Vol.  ED-31,  No.  10,  Oct.  1984, 

30  pp.  1377  —  1380).  The  K-value  also  varies  with  a 
change  of  the  depth  of  the  depletion  layer  of  the 
channel  region. 

According  to  the  present  invention,  there  is 
provided  a  semiconductor  device,  comprising: 

35  a  zincblende  type  compound  semiconductor 
substrate  having  a  surface  of  a  (111)  plane  and 

a  plurality  of  field  effect  transistors  (FET's) 
comprising  source  and  drain  regions  in  said 
substrate,  a  channel  region  in  said  substrate 

40  between  the  source  and  drain  regions,  and  a  gate 
electrode  over  the  channel  region, 

wherein  the  gate  of  said  FET's  are  arranged  in 
two  or  more  directions  on  the  surface  of  said 
substrate. 

45  An  embodiment  of  the  present  invention  may 
provide  a  compound  semiconductor  IC  device 
including  a  plurality  of  FET's  and  having  charac- 
teristics  which  do  not  depend  on  the  direction  or 
directions  of  a  gate  or  gates  of  the  FET's. 

so  An  embodiment  of  the  present  invention  may 
provide  a  compound  semiconductor  IC  device 
including  a  plurality  of  FET's  whose  gates  are 
arranged  in  different  directions  and  which  have 
uniform  and  desired  characteristics  if  the  device  is 

55  miniaturised  or  the  gate  length  of  the  FET's  is 
shortened. 

Embodiments  of  the  present  invention  employ 
a  zincblende  type  compound  semiconductor 
having  a  surface  of  the  (111)  plane  as  a  substrate 

60  of  the  IC  device. 
The  inventors  discovered  that  characteristics  of 

FET's  formed  in  and  on  a  zincblende  type  com- 
pound  semiconductor  substrate  having  a  surface 
of  the  (111)  plane  substantially  do  not  depend  on 

65  a  direction  or  directions  of  a  gate  or  gates  of  the 

Description 

The  present  invention  relates  to  a  compound 
semiconductor  device,  more  specifically  a  semi- 
conductor  device  comprising  a  plurality  of  field 
effect  transistors  (FET's)  formed  in  and  on  a 
compound  semiconductor  substrate. 

One  of  the  more  prominent  developments  in 
recent  years  has  been  silicon  semiconductor 
devices.  These  silicon  devices,  however,  have 
limits  as  to  their  operating  speed  and  so  research 
has  begun  on  compound  semiconductor  devices 
to  take  their  place.  Compound  semiconductors 
such  as  gallium  arsenide  (GaAs)  feature  remark- 
ably  larger  mobility  of  carriers  compared  with 
silicon  and  thus  offer  increased  operating  speed. 
Transistors  for  which  compound  semiconductors 
are  used  include  mainly  FET's,  particularly, 
Schottky  barrier  or  metal-semiconductor  FET's 
(MESFET's),  since  fabrication  thereof  is  simple. 
Efforts  are  directed  to  make  more  practical  inte- 
grated  circuit  (IC)  devices  utilizing  the  features  of 
compound  semiconductors. 

A  MESFET  includes  source  and  drain  regions  in 
a  semiconductor  substrate,  in  this  case,  a  com- 
pound  semiconductor  substrate,  for  example,  a 
GaAs  substrate,  a  channel  region  in  the  substrate 
between  the  source  and  drain  regions,  and  a  gate 
electrode  of  a  metal  on  the  channel  region,  the 
metal  of  the  gate  electrode  making  Schottky 
contact  with  the  semiconductor  of  the  channel 
region. 

IC  devices  may  be  composed  of  MESFET's,  as 
mentioned  above,  and  miniaturized  to  increase 
speed  and  integration.  However,  if  the  gate  length 
of  the  FET's  is  made  shorter  for  miniaturization, 
the  deviations  from  the  desired  values  of  the 
characteristics  of  the  FET's,  such  as  the  gate 
threshold  voltage  (Vth),  and  transconductance  gm 
or  K-value,  i.e.,  a  voltage-independent  factor  of 
the  transconductance  [K=suWg/2aLg,  where  a  is  a 
thickness  of  a  channel  layer,  e  a  permittivity  of  a 
channel  layer,  u  a  mobility  of  carriers,  Wg  a  gate 
width,  and  Lg  a  gate  length]  become  larger  and 
the  characteristics  of  the  FET's  are  changed  in 
different  manners  depending  on  the  crystallog- 
raphic  axis  directions  along  which  the  gates  are 
arranged.  Previously  proposed  compound  semi- 
conductor  devices  such  as  GaAs  devices 
generally  use  the  (100)  plane  as  the  surface  of  the 
substrate  (see  for  instance  JP—  A—  59  —  79577). 
The  gate  threshold  voltage  of  a  MESFET  having  a 
gate  along  the  [011]  axis  on  the  (100)  plane 
changes  greatly  in  the  minus  direction  when  the 
gate  length  is  reduced  below  2  urn,  while  that  of  a 
MESFET  having  a  gate  along  the  [01  1  ]  axis  on  the 
(100)  plane  changes  slightly  in  the  plus  direction. 
Thus,  IC  devices  with  MESFET's  whose  gates  are 
arranged  in  two  such  directions  cannot  provide  a 
desired  circuit  operation  if  the  gate  lengths  of  the 
MESFET's  deviate  from  the  design  values  due  to 
variations  in  the  fabrication  process.  Therefore, 
existing  IC  devices  comprising  MESFET's  are 
fabricated  by  arranging  gates  of  the  MESFET's  in 
only  one  direction.  When  attempting  to  arrange 
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in  the  n-type  and  p-type  channel  regions  respec- 
tively  are  reduced. 

When  the  substrate  has  a  surface  of  the  (111)B 
plane  and  the  FET's  are  the  complementary  n- 

5  channel  and  p-channel  type,  gate  electrodes  and 
insulating  layers  may  be  selected  and  made  so  as 
to  induce  compressive  stress  to  a  part  of  the 
substrate  including  the  n-type  channel  region  and 
tensile  stress  to  a  part  of  the  substrate  including 

10  the  p-type  channel  region,  respectively,  whereby 
the  concentrations  of  the  n-type  and  p-type 
majority  carriers  in  the  n-type  and  p-type  channel 
regions  respectively  are  reduced. 

Here,  the  expression  (111)A  designates  a  (111) 
is  plane  where  atoms  of  the  II  or  III  group  of  the 

Periodic  Table  are  exposed  and  the  expression 
(1  1  1  )B  designates  a  (1  1  1  )  plane  were  atoms  of  the 
V  or  VI  group  of  the  Periodic  Table  are  exposed. 
Generally  speaking,  an  insulating  layer  of  silicon 

20  dioxide  (SiO2)  induces  tensile  stress  to  a  com- 
pound  semiconductor  substrate  such  as  a  GaAs 
substrate  and  an  insulating  layer  of  silicon  nitride 
(SiNx)  induces  compressive  stress  to  a  compound 
semiconductor  substrate  such  as  a  GaAs  sub- 

25  strate. 
Zincblende  type  Ill-V  compound  semiconduc- 

tors  include  GaAs,  InP,  InAs,  InSb,  GaP,  GaSb, 
AlSb,  BN,  BP,  AlAs,  InGaAsP,  AlGaAsP, 
InGaAsSb,  AlGaAsP,  AIGalnP  and  AlGaAsSb. 

30  Zincblende  type  Il-Vl  compound  semiconductors 
include  CaS,  CdSe,  CdTe,  ZnTe,  ZnSe,  ZnS,  HgSe, 
HgTe  and  HgS. 

Reference  is  made,  by  way  of  example,  to  the 
accompanying  drawings  in  which: 

35  Figure  1  is  a  cross-sectional  view  of  a  MESFET; 
Figure  2  is  a  graph  of  the  gate  threshold  voltage 

in  relation  to  gate  length-in  a  known  FET; 
Figure  3A  is  a  plan  view  of  a  memory  device 

including  X-  and  Y-decoders,  Figure  3B  is  a  plan 
40  view  of  a  MESFET  in  an  X-decoder  in  Figure  3A, 

and  Figure  3C  is  a  plan  view  of  a  MESFET  in  a  Y- 
decoder  in  Figure  3A; 

Figures  4  and  5  are  graphs  of  the  gate  threshold 
voltage  and  K-value  in  relation  to  the  gate  length 

45  in  an  FET  according  to  an  embodiment  of  the 
invention; 

Figure  6  shows  gate  threshold  voltages  of  FET's 
having  various  gate  directions  in  the  prior  art  and 
in  accordance  with  an  embodiment  of  the  inven- 

50  tion; 
Figures  7A  and  7B  illustrate  piezoelectric  polari- 

zation  in  two  portions  of  a  (111)  GaAs  substrate 
for_FET's  whose  gates  are  arranged  along  the 
[112]  and  [110]  axes  of  the  substrate  when  an 

55  insulating  layer  of  SiO2  is  formed  over  the  sub- 
strate; 

Figure  8  is  a  cross-sectional  view  of  a  MESFET 
in  a  preferred  embodiment  of  the  invention; 

Figures  9A  and  9B  show  characteristics  of  n- 
60  channel  FET's  when  various  insulating  layers  are 

used  to  cover  the  (111)B  GaAs  substrate; 
Figures  9C  and  9D  show  characteristics  of  n- 

channel  FET's  when  various  insulating  layers  are 
used  to  cover  the  (111)A  GaAs  substrate; 

65  Figures  10A  and  10B  show  characteristics  of  n- 

FET's  on  the  (111)  surface.  The  invention  was 
inspired  by  this  discovery. 

Thus,  in  a  first  embodiment  of  the  invention,  a 
semiconductor  device  may  be  composed  of  FET's 
whose  gates  are  arranged  in  any  direction  or 
different  directions,  particularly  perpendicular  to 
each  other,  without  risk  of  variation  of  the  charac- 
teristics  of  the  FET's  depending  on  the  direction 
or  directions  of  the  gates  thereof. 

The  inventors  also  discovered  that  if  a  gate 
electrode  and  an  insulating  layer  formed  over  a 
compound  semiconductor  substrate  are  made  in 
such  a  manner  that  they  induce  piezoelectric 
polarization  in  the  substrate,  which  reduces  the 
leakage  current  through  the  substrate,  the  desired 
characteristics  of  FET's  with  a  shortened  gate 
length  are  attained,  that  is,  deviation  of  the 
characteristics  from  the  desired  values  may  be 
prevented. 

In  a  second  embodiment  of  the  invention,  there 
is  provided  a  semiconductor  IC  device  including  a 
plurality  of  FET's  in  and  on  a  zincblende  type 
semiconductor  substrate  having  a  surface  of  the 
(111)  plane,  in  which  a  gate  electrode  and  an 
insulating  layer  formed  on  the  substrate  are  made 
in  such  a  manner  that  they  induce  piezoelectric 
polarization  in  the  substrate  which  reduces  the 
leakage  current  through  the  substrate. 

When  the  substrate  has  a  surface  of  the  (111)A 
plane  and  the  FET's  are  the  n-channel  type,  a  gate 
electrode  and  an  insulating  layer  may  be  selected 
and  made  so  as  to"  induce  tensile  stress  to  the 
channel  region  in  the  substrate,  whereby  the 
concentration  of  the  n-type  minority  carriers  is 
reduced. 

When  the  substrate  has  a  surface  of  the  (111)A 
plane  and  the  FET's  are  the  p-channel  type,  a  gate 
electrode  and  an  insulating  layer  may  be  selected 
and  made  so  as  to  induce  compressive  stress  to 
the  channel  region  in  the  substrate,  whereby  the 
concentration  of  n-type  minority  carriers  is 
reduced. 

When  the  substrate  has  a  surface  of  the  (111)B 
plane  and  the  FET's  are  the  n-channel  type,  a  gate 
electrode  and  an  insulating  layer  may  be  selected 
and  made  so  as  to  induce  compressive  stress  to 
the  channel  region  in  the  substrate,  whereby  the 
concentration  of  n-type  majority  carriers  is 
reduced. 

When  the  substrate  has  a  surface  of  the  (111)B 
plane  and  the  FET's  are  the  p-channel  type,  a  gate 
electrode  and  a  insulating  layer  may  be  selected 
and  made  so  as  to  induce  tensile  stress  to  the 
channel  region  in  the  substrate,  whereby  the 
concentration  of  p-type  minority  carriers  is 
reduced. 

When  the  substrate  has  a  surface  of  (1  1  1  )A  and 
the  FET's  are  of  complementary  n-channel  and  p- 
channel  type,  gate  electrodes  and  insulating 
layers  may  be  selected  and  made  so  as  to  induce 
tensile  stress  to  a  part  of  the  substrate  including 
the  n-type  channel  region  and  compressive  stress 
to  a  part  of  the  substrate  including  the  p-type 
channel  region  respectively,  whereby  the  concen- 
trations  of  the  n-type  and  p-type  majority  carriers 
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FET's  corresponding  to  the  width  of  FET's  of  the 
X-decoder  15,  is  obtained.  Such  a  complicated 
pattern  makes  miniaturization  and  densification 
of  the  device  difficult  in  both  design  and  fabrica- 
tion. 

The  inventors  investigated  the  relations 
between  the  material  and  thickness  of  an  insulat- 
ing  layer  and  the  stress  formed  in  a  compound 
semiconductor  substrate,  between  crystallog- 
raphical  planes  or  axes  of  a  compound  semicon- 
ductor  substrate  and  piezoelectric  polarization 
due  to  the  stress,  between  the  piezoelectric  polari- 
zation  and  the  gate  threshold  voltage  and  K-value 
of  an  FET,  and  the  like  and  found  that  the 
deviation  of  characteristics  from  desired  values  of 
FET's  formed  in  and  on  a  compound  semiconduc- 
tor  substrate  may  be  eliminated  or  reduced  by 
using  the  (111)  plane  as  the  surface  of  the  sub- 
strate,  even  if  the  gate  length  is  shortened  below 
about  2  urn  and  the  gates  of  FET's  are  formed  in 
different  directions. 

Figures  4  and  5  show  gate  threshold  voltages 
and  K-values  of  FET's  with  SiO2  encapsulation 
whose  gates_are  formed  so  that  the  gate  widths 
are  along  [110]  and  [112]  axes  on  a  (111)A  plane 
of  a  GaAs  substrate.  As  shown  in  Figures  4  and  5, 
the  gate  threshold  voltages  and  K-values  of  the 
two  kinds  of  FET's  arranged  in  perpendicular 
directions  are  substantially  the  same  even  if  the 
gate  lengths  of  the  FET's  are  made  shorter  than 
about  2  urn. 

Figure  6  shows  gate  threshold  voltages  of  SiO2- 
encapsulated  FET's  formed  in  and  on  (100), 
(111)A,  and  (111)B  GaAs  substrates  when  the 
directions  of  the  gates  of  the  FET's  are  varied.  It  is 
seen  in  Figure  6  that  the  threshold  voltage  of  an 
FET  formed  in  and  on  the  (100)  GaAs  substrate 
remarkably  varies  with  the  direction  in  which  the 
gate  of  the  FET  is  formed,  while  the  threshold 
voltages  of  FET's  formed  in  and  on  the  (1  1  1  )A  and 
(111)B  GaAs  substrates  are  not  substantially 
changed  with  the  direction  in  which  the  gate  of 
the  FET's  are  formed.  In  Figure  6,  the  angle  of  the 
abscissa  is  defined  by  an  angle  formed  between 
the  gate  width  direction  and  the  [01  1  ]  axis  for  the 
(100)  plane  or  the  [112]  axis  for  the  (111)A  and 
(111)B  planes. 

Thus,  by  using  the  (111)  plane  of  a  compound 
semiconductor  substrate,  more  specifically,  a 
zincblende  type  compound  semiconductor  sub- 
strate,  a  gate  or  gates  of  FET's  can  be  formed  in 
any  direction  on  the  (111)  plane  while  uniform 
values  of  characteristics  of  the  FETs  are  obtained. 
This  is  an  advantage  of  the  present  invention. 

In  an  important  embodiment  of  the  invention, 
gates  of  FET's  may  be  arranged  in  different 
directions,  particularly,  in  directions  perpendicu- 
lar  to  each  other  without  worrying  about  variation 
of  characteristics  of  the  FET's,  because  the 
characteristics  of  the  FET's  do  not  depend  on  the 
directions  of  the  gates  when  the  substrate  in  and 
on  which  the  FET's  are  formed  has  a  surface  of 
the  (111)  plane.  This  allows  patterns  of  various  IC 
devices,  e.g.,  X-Y  decoder  circuits,  to  be  sim- 
plified. 

channel  FET's  when  various  insulating  layers  are 
used  to  cover  the  (1  1  1  )B  GaAs  substrate; 

Figures  10C  and  10D  show  characteristics  of  p- 
channel  FET's  when  various  insulating  layers  are 
used  to  cover  the  (111)B  GaAs  substrate; 

Figure  11  is  a  cross-sectional  view  of  MESFET's 
in  a  complementary  circuit  in  a  preferred  embodi- 
ment  of  the  invention;  and 

Figures  12Ato  12D  are  plan  views  of  an  inverter 
device  in  some  main  steps  of  fabrication  thereof. 

In  order  to  fully  understand  the  invention, 
previously  proposed  devices  will  first  be 
described. 

Figure  1  illustrates  a  typical  GaAs  MESFET,  in 
which  reference  numeral  1  denotes  a  semi- 
insulating  GaAs  substrate,  2  an  n-type  channel 
region,  3  a  Schottky  gate  electrode,  4  an  n+-type 
source  region,  5  an  n+-type  drain  region,  6  a 
source  electrode,  7  a  drain  electrode,  and  8  an 
insulating  layer  of,  e.g.,  SiO2.  In  such  a  device  a 
GaAs  substrate  1  having  a  surface  of  the  (100) 
plane  is  used. 

Figure  2  shows  changes  of  the  gate  threshold 
voltages  of  MESFET's  in  which  the  gate  width 
direction  is  arranged_along  the  crystallographical 
axes  [011]  and  [011],  respectively,  on  a  (100) 
plane  of  a  single  crystal  GaAs  substrate  11,  the 
axes  [011]  and  [011]  being  perpendicular  to  each 
other.  As  shown  in  Figure  2,  when  the  gate  length 
is  reduced  below  about  2  urn,  the  gate  threshold 
voltage  of  an  FET  1  2  whose  gate  width  direction  is 
arranged  along  the  [011]  axis  is  changed  slightly 
in  the  plus  direction,  while  that  of  an  FET  13 
whose  gate  width  direction  is  arranged  along  the 
[011]  axis  is  changed  greatly  in  the  minus  direc- 
tion.  Therefore,  in  an  existing  IC  device  including 
a  plurality  of  FET's,  the  gates  of  the  FET's  are 
formed  in  one  direction  to  avoid  deviation  of  the 
characteristics  of  an  FET  such  as  the  gate 
threshold  voltage. 

Figures  3A,  3B,  and  3C  illustrate  a  memory 
device  including  X-  and  Y-address  decoder  cir- 
cuits  composed  of  MESFET's  whose  gate  width 
directions  are  arranged  in  the  same  direction. 

As  shown  in  Figure  3A,  output  lines  16  of  an  X- 
decoder  15  and  output  lines  18  of  a  Y-decoder  17 
are  connected  to  a  memory  cell  matrix  19,  and  the 
output  lines  16  and  18  are  arranged  perpendicular 
to  each  other.  As  shown  in  Figure  3B,  X-decoder 
15  may  have  patterns  in  which  the  directions  of 
the  output  lines  16  and  the  gate  width  of  MES- 
FET's  are  the  same,  for  example,  along  the  [011  ] 
axis,  allowing  the  elimination  of  excess  patterns. 
In  Figures  3B  and  3C,  reference  G  denotes  a  gate, 
S  a  source,  and  D  a  drain.  However,  if  the 
direction  of  the  gate  width  of  the  FET's  of  the  Y- 
decoder  17  coincides  with  that  of  the  X-decoder 
15,  along  the  [011]  axis,  the  direction  of  the 
output  line  18  is  perpendicular  to  the  former. 
Thus,  a  complicated  pattern  as  in  Figure  3C  is 
necessary  for  FET's  in  the  Y-decoder  17,  in  which 
the  gate  G  of  the  FET's  is  made  in  the  form  of  a 
comb  and  a  number  of  sources  S  and  drains  D  are 
formed  between  the  branches  of  the  comb, 
whereby  the  necessary  width  of  the  gate  of  the 
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N+-type  source  and  drain  regions  28  and  29  are 
formed  by  implanting  Si  ions  into  the  substrate  25 
at  175  keV  and  1.7X1013  cm"2  using  the  gate 
electrode  27  as  a  mask,  followed  by  carrying  out 

5  heat  treatment  at  750°C  for  10  minutes  for  activa- 
tion. 

An  insulating  layer  30  of  silicon  nitride  (Si3N4) 
having  a  thickness  of  about  300  nm  is  formed  over 
the  substrate  25  by,  e.g.,  plasma  chemical  vapor 

10  deposition  (PCVD). 
Source  and  drain  electrodes  31  and  32  having  a 

thickness  of  about  300  nm  are  formed  by  opening 
windows  in  the  insulating  layer  30  on  the  source 
and  drain  regions  28  and  29,  followed  by  deposit- 

15  ing  gold  germanium/gold  (AuGe/Au). 
As  reference  samples,  the  insulating  layer  30  is 

formed  with  SiO2  and  silicon  nitride  oxide 
(SiNxOy),  respectively,  in  place  of  Si3N4. 

In  further  reference  samples,  the  semi-insulat- 
20  ing  GaAs  substrate  25  has  a  surface  of  the  (1  1  1  )A 

plane  in  place  of  the  (1  1  1)8  plane. 
Figures  9A,  9B,  9C,  and  9D  show  the  characteris- 

tics  of  the  above  samples,  n-channel  type  GaAs 
MESFET's,  wherein  Figures  9A  and  9B  relate  to  the 

25  (111)B  plane,  Figures9Cand  9Drelateto  the  (11  1)A 
plane,  Figures  9A  and  9C  show  the  gate  threshold 
voltage  in  relation  to  the  gate  length,  and  Figures 
9B  and  9D  show  the  K-value  in  relation  to  the  gate 
length. 

30  With  respect  to  the  (111)B  plane,  Si3N4  gives  the 
minimum  dependence  of  the  gate  threshold  volt- 
age  on  the  gate  length  and  the  maximum  K-value 
at  a  gate  length  below  1.5  urn  and  the  lines  of  the 
gate  threshold  voltage  and  the  K-value  of  Si3N4 

35  extend  almost  straight.  In  comparison  with  this, 
SiO2  results  in  the  largest  deviations  and  SiNxOy 
gives  intermediate  deviations. 

With  respect  to  the  (111)A  plane,  in  contrast  to 
the  above,  SiO2  gives  the  best  results  with  almost 

40  straight  lines  of  the  gate  threshold  voltage  and  the 
K-value,  and  Si3N4  results  in  the  largest  deviations. 

Next,  p-type  channel  MESFET's  were  fabricated 
by  similar  procedures  to  the  above  mentioned  n- 
type  channel  MESFET's,  except  that  the  semi- 

45  insulating  GaAs  substrate  25  has  a  surface  of  the 
(1  1  1  )A  plane.  A  p-type  channel  region  26  is  formed 
by  implanting  magnesium  (Mg)  at  50  keV  and 
3.0x1  012  cm"2,  followed  by  heat  treatment  at 
1000°C  for  6  seconds.  P+-type  source  and  drain 

so  regions  28  and  29  are  formed  by  implanting  Mg  at 
150  keV  and  6.0  x1013  cm"2,  followed  by  heat 
treatment  at  950°Cfor  6  seconds.  Source  and  drain 
electrodes  31  and  32  are  made  of  gold  zinc/gold 
(AuZn/Au). 

55  Figures  10A,  10B,  10C  and  10D  showthe  charac- 
teristics  of  the  above  samples,  p-channel  type 
GaAs  MESFET's,  wherein  Figures  10A  and  10B 
relate  to  the  (111)A  plane,  Figures  10C  and  10D 
relate  to  the  (111)B  plane.  Figures  10A  and  10C 

60  show  the  gate  length  dependence  of  the  gate 
threshold  voltage,  and  Figures  10B  and  10D  show 
the  gate  length  dependence  of  the  K-value. 

With  respect  to  the  (1  1  1  )A  plane,  Si3N4  gives  the 
minimum  dependence  of  the  gate  threshold  volt- 

65  age  on  the  gate  length  and  the  maximum  K-value 

Figures  7A  and  7B  illustrate  distributions  of  a 
piezoelectric  charge  when  FET's  are  made  by 
forming  a  gate  electrode  21  of  tungsten  silicide 
(WSi)  on  a  (1  1  1  )A  plane  of  a  GaAs  substrate  22,  the 
directions  of  gate  widths  of  the  FET's  being  along 
the  [112]  axis  in  Figure  7A  and  along  the  [1  1  0]  axis 
in  Figure  7B,  and  then  forming  an  insulating  layer 
23  of  SiO2  over  the  gate  electrode  and  the  sub- 
strate.  In  Figures  7A  and  7B,  reference  "A"  denotes 
the  concentration  of  carriers  of  1x1016  cm"3  or 
more,  "B"  5x101sto  1x1016  cm"3,  "C"  1x1015to 
5x1015,  and  "D"  5x1014  to  1x1015  cm"3,  and 
references  "+"  (plus)  and  "-"  (minus)  denote  of 
the  charges  A  to  D  are  plus  and  minus  charges, 
respectively. 

The  two  distributions  of  piezoelectric  charge  in 
Figures  7A  and  7B  are  extremely  similar  to  each 
other,  though  the  directions  of  the  [112]  and  [110] 
axes  are  perpendicular  to  each  other.  Similar 
results  are  obtained  when  two  other  directions 
perpendicularto  each  other  are  sejected  in  place  of 
the  directions  of  the  [112]  and  [110]  axes.  Further, 
completely  the  same  results  are  obtained  except 
that  the  signs  of  the  charges  are  inverted  when  the 
(1  1  1  )B  plane  of  a  GaAs  substrate  is  used  in  place  of 
the  (111)A  plane. 

Thus,  the  characteristics  of  piezoelectric  polari- 
zation  are  very  similar  between  any  two  directions 
perpendicular  to  each  other  on  the  (111)  plane. 
Between  any  two  directions  not  perpendicular  to 
each  other,  the  difference  in  piezoelectric  charge 
distribution  is  very  small.  These  characteristics  of 
the  (111)  plane  of  a  zincblende  type  compound 
semiconductor  allow  the  prevention  of  different 
characteristics  of  FET's  having  gates  formed  in 
different  directions  even  if  the  length  of  a  channel 
or  a  gate  is  made  shorter  than  2  urn.  Uniform 
characteristics  of  FET's  irrespective  to  directions  of 
gates  are  seen  in  Figures  4  to  6. 

In  a  preferred  embodiment  of  the  invention,  an 
insulating  layerformed  over  a  substrate  is  selected 
so  that  the  insulating  layer  with  a  gate  electrode 
induces  a  moderate  piezoelectric  the  charge  effec- 
tively  reducing  the  leakage  current  from  the  sub- 
strate  under  the  channel  region  of  an  FET.  This 
allows  desired  values  of  characteristics  of  the  FET, 
that  is,  prevention,  for  example,  of  change  of  a 
gate  threshold  voltage  and  reduction  of  a  K-value 
when  the  length-of  the  gate  is  made  shorter,  e.g., 
as  short  as  2  um  or  less. 

To  examine  the  effects  of  an  insulating  layer 
formed  over  a  compound  semiconductor  sub- 
strate  having  a  surface  of  the  (111)  plane,  the 
following  FET's  were  fabricated  and  the  charac- 
teristics  of  the  FET's  were  determined. 

Referring  to  Figure  8,  in  a  semi-insulating  GaAs 
substrate  25  having  a  surface  of  the  (111)B  plane, 
an  n-type  channel  region  26  is  formed  by  implant- 
ing,  e.g.,  silicon  ions  at  an  energy  of  59  keV  and  a 
dose  of  1.0X1012  cm"2,  followed  by  carrying  out 
heat  treatment  at  850°C  for  15  minutes  for  activa- 
tion. 

A  gate  electrode  27  of,  e.g.,  tungsten  silicide 
(W5Si3)  having  a  thickness  of  about  400  nm  is 
formed  on  the  channel  region  26. 
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Source  and  drain  electrodes  28n,  29n,  28p,  and 
29p  are  then  formed. 

In  this  complementary  device,  the  insulating 
layer  30b  of  SiO2  over  the  p-type  channel  region 

5  26p  induces  tensile  stress  to  the  substrate  25. 
The  insulating  layer  30b  of  SiO2  and  the  insulat- 
ing  layer  30a  of  Si3N4  over  the  n-type  channel 
region  26n,  as  a  whole,  can  be  made  to  induce 
compressive  stress  to  the  substrate  25  by  select- 

w  ing  the  thickness  of  the  layers  30b  and  30a 
appropriately. 

By  these  stresses,  change  of  the  gate  threshold 
voltage  and  decrease  of  the  K-value  are  pre- 
vented  in  both  p-  and  n-channel  type  FET's, 

w  resulting  in  a  complementary  circuit  having  a 
reduced  short-channel  effect. 

In  the  above  complementary  device,  only  the 
insulating  layer  over  the  n-channel  type  element 
is  composed  of  double  layers,  but  the  arrange- 

20  ment  of  insulating  layers  over  the  n-  and  p- 
channel  type  elements  is  not  limited  thereto.  For 
example,  an  insulating  layer  over  a  p-channel 
type  element  may  be  composed  of  double  layers, 
or  each  of  the  insulating  layers  over  the  p-  and  n- 

25  channel  type  elements  may  be  composed  of 
selective  insulating  materials.  Further,  of  course, 
a  similar  complementary  device  may  be  con- 
structed  using  (111)A  plane  GaAs  substrate. 

Fabrication  of  an  inverter  comprising  MES- 
30  FET's  of  the  E  (enhancement)  mode  and  D 

(depletion)  mode,  an  example  of  an  IC  device 
according  to  the  invention,  is  described  below 
with  reference  to  Figures  12Ato  12D. 

Referring  to  Figure  12A,  a  GaAs  substrate  35 
35  has  a  top  main  surface  of  the  (1  1  1)B  plane  and_a 

cut-off  plane  (orientation  flat)  36  of  the  (112) 
plane._Alternatively,  the  cut-off  plane  36  may  be 
the  (110)  plane.  As  the  (110)  plane  is  one  of  the 
cleavage  planes,  the  eajiest  breakage  planes,  the 

40  two  directions  of  the  [110]  and  [112]  axes,  i.e.,  an 
axis  in  parallel  with  the  cleavage  plane  and  an 
axis  perpendicular  to  the  cleavage  plane,  are  a 
preferable  combination  of  directions  perpendicu- 
lar  to  each  other  along  which  gates  of  FET's  are 

45  arranged,  facilitating  dicing  or  chip  production. 
Silicon  (Si)  ions  are  implanted  into  the  sub- 

strate  35  to  form  n-type  channel  regions  37  as 
below:  D-mode  channel  regions  37Dn  and  37D2 
at  an  energy  of  59  keV  and  a  dose  of  1.7X1012 

so  cm"2;  E-mode  channel  regions  37E,  and  37E2  at 
59  keV  and  0.9x1012  cm"2.  After  ion  implanta- 
tion,  a  protective  layer  (not  shown  in  the  figure) 
of,  e.g.,  aluminum  nitride  (AIN)  is  formed  on  the 
substrate  35  and  heat  treatment  is  carried  out  at 

55  850°C  for  15  minutes  for  activation. 
Referring  to  Figure  12B,  gate  electrodes  380, 

and  38E1f  the  widths  of  which  are  along  the  110 
axis,  and  gate  electrodes  38D2  and  38E2,  the 
widths  of  which  are  along  112,  are  formed  by 

eo  depositing,  e.g.,  W5Si3  in  a  thickness  of  about 
400  nm  by  sputtering,  etc.,  followed  by  pattern- 
ing.  In  this  case,  the  gate  length  is  about  1  urn. 

Referring  to  Figure  12C,  n+-type  source  and 
drain  regions  39  are  formed  by  implanting  Si 

65  ions  at  175  keV  and  1.7X1013  cm"2  to  the  sub- 

at  the  gate  length  below  1.5  urn.  In  comparison 
with  this,  SiO2  results  in  the  largest  deviations 
and  SiNxOy  gives  intermediate  deviations. 

With  respect  to  the  (111)B  plane,  in  contrast  to 
the  above,  SiO2  gives  the  best  results  with 
almost  straight  lines  of  the  gate  threshold  volt- 
age  and  the  K-value,  and  Si3N4  results  in  the 
largest  deviations. 

In  the  above  samples,  the  insulating  layer  30  of 
Si3N4  induces  compressive  stress  to  the  GaAs 
substrate  25,  causing  a  negative  piezoelectric  the 
charge  in  the  channel  region  of  the  FET  in  and  on 
the  (111)B  substrate  and  a  positive  piezoelectric 
charge  in  the  channel  region  of  the  FET  in  and  on 
the  (111)A  substrate.  The  leakage  current  of  n- 
channel  FET's  fabricated  in  and  on  the  (111)B 
substrate  is  reduced  by  the  negative  piezoelectric 
charge,  and  that  of  p-channel  FET's  in  and  on  the 
(111)A  substrate  is  reduced  by  the  positive 
piezoelectric  charge.  This  leakage  means  the 
majority  carries  flow  from  the  source  to  drain  at 
the  deep  area  of  the  substrate.  Reducing  the 
leakage  current  means  preventing  the  change  of 
gate  threshold  voltage.  On  the  contrary,  in  n- 
channel  FET's  in  and  on  the  (111)A  substrate  or 
p-channel  FET's  in  and  on  the  (111)B  substrate 
with  Si3N4-encapsulation,  the  majority  carrier 
density  is  increased  by  the  piezoelectric  charge, 
especially  in  the  side  deeper  than  desired 
channel  region,  which  causes  an  increase  in  the 
leakage  current  through  the  substrate.  Therefore, 
the  characteristics  of  the  FET's  are  changed. 

An  insulating  layer  of  SiO2  induces  tensile 
stress  to  a  GaAs  substrate,  including  a  piezoelec- 
tric  charge  with  opposite  signs  to  those  in  the 
case  of  Si3N4.  Thus,  an  insulating  layer  of  SiO2 
gives  the  best  results  in  p-channel  FET's  in  and 
on  the  (111)B  substrate  and  n-type  channel  FET's 

.in  and  on  the  (111)A  substrate. 
An  insulating  layer  of  SiNxOy  has  intermediate 

characteristics  between  those  of  Si3N4  and  SiO2, 
and  does  not  induce  piezoelectric  polarization  to 
a  substrate  where  the  values  of  x  and  y  are 
optimized,  in  which  case  no  effective  increase  or 
decrease  of  the  concentration  of  carriers  in  a 
channel  region  is  attained  in  a  GaAs  MESFET. 

Figure  11  illustrates  an  IC  device  embodying 
the  invention,  comprising  a  complementary  cir- 
cuit  of  MESFET's.  This  complementary  circuit 
device  is  fabricated  as  described  below,  for 
example.  In  a  semi-insulating  GaAs  substrate  25 
of  the  (111)B  plane,  as  in  the  above  n-type  and  p- 
type  channel  devices,  n-type  channel  region  26n 
and  p-type  channel  region  26p  are  formed.  Then, 
gate  electrodes  27n  and  27p  are  formed  and  n- 
type  source  and  drain  regions  28n  and  29n  and 
p-type  source  and  drain  regions  28p  and  29p  are 
formed. 

By  PCVD,  a  first  insulating  layer  30a  of  Si3N4 
having  a  thickness  of  400  nm  is  formed  selec- 
tively  over  the  n-channel  type  element  and  then 
a  second  insulating  layer  30b  of  SiO2  having  a 
thickness  of  400  nm  is  formed  entirely  over  the 
substrate  25,  the  gates  electrodes  27n  and  27p, 
and  the  first  insulating  layer  30a. 
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wherein  said  device  includes  FET's  having  gates 
arranged  perpendicular  to  each  other. 

7.  A  device  according  to  any  preceding_claim, 
wjierein  said  gates  are  arranged  along  [112]  and 

5  [110]  axes  on  the  (111)  plane. 
8.  A  device  according  to  any  preceding  claim, 

wherein  said  FET's  further  comprise  an  insulating 
layer  over  the  substrate,  wherein  said  gate  elec- 
trode  and  said  insulating  layer  are  made  in  such  a 

w  manner  that  said  gate  electrode  and  said  insulat- 
ing  layer  induce  piezoelectric  charge  in  said  sub- 
strate  which  reduces  leakage  current  through  the 
substrate. 

9.  A  device  according  to  claim  8,  wherein  said 
15  FET's  are  an  n-channel  type,  said  substrate  has  a 

surface  of  a  (111  )A  plane,  and  said  gate  electrode 
and  said  insulating  layer  induce  tensile  stress  to 
said  substrate  including  said  channel  region, 
whereby  the  concentration  of  n-type  majority 

20  carriers  is  reduced. 
10.  A  device  according  to  claim  8  or  9,  wherein 

said  insulating  layer  is  of  silicon  dioxide. 
11.  A  device  according  to  claim  8,  9,  or  10 

wherein  said  FET's  are  a  p-channel  type,  said 
25  substrate  has  a  surface  of  a  (1  1  1  )A  plane,  and  said 

gate  electrode  and  said  insulating  layer  induce 
compressive  stress  to  said  substrate  including 
said  channel  region,  whereby  the  concentration 
of  p-type  majority  carrier  is  reduced. 

30  12.  A  device  according  to  claim  8  or  9,  or  claim 
11  except  when  appended  to  claim  10,  wherein 
said  insulating  layer  is  of  silicon  nitride. 

13.  A  device  according  to  claim  8,  wherein  said 
FET's  are  an  n-channel  type,  said  substrate  has  a 

35  surface  of  a  (1  1  1  )B  plane,  and  said  gate  electrode 
and  said  insulating  layer  induce  compressive 
stress  to  said  substrate  insulating  said  channel 
region,  whereby  the  concentration  of  n-type 
majority  carriers  is  reduced. 

40  1  4.  A  device  according  to  claim  1  3,  wherein  said 
insulating  layer  is  of  silicon  nitride. 

15.  A  device  according  to  claim  8,  wherein  said 
FET's  are  a  p-channel  type,  said  substrate  has  a 
surface  of  a  (111  )B  plane,  and  said  gate  electrode 

45  and  said  insulating  layer  induce  tensile  stress  to 
said  substrate  insulating  said  channel  region, 
whereby  the  concentration  of  p-type  majority 
carriers  is  reduced. 

1  6.  A  device  according  to  claim  1  5,  wherein  said 
so  insulating  layer  is  of  silicon  dioxide. 

17.  A  device  according  to  claim  8,  wherein  said 
FET's  are  complementary  n-  and  p-channel  type, 
said  substrate  has  a  surface  of  a  (1  1  1  )A  plane,  and 
said  gate  electrode  and  said  insulating  layer 

55  induce  tensile  stress  to  a  part  of  said  substrate 
including  said  n-type  channel  region  and  com- 
pressive  stress  to  a  part  of  said  substrate 
including  said  p-type  channel  region,  whereby  the 
concentrations  of  n-type  and  p-type  majority 

60  carriers  are  reduced. 
18.  A  device  according  to  claim  8,  wherein  said 

FET's  are  complementary  n-  and  p-channel  type, 
said  substrate  has  a  surface  of  a  (1  1  1  )B  plane,  and 
said  gate  electrode  and  said  insulating  layer 

65  induce  compressive  stress  to  a  part  of  said  sub- 

strate  35  using  the  gate  electrodes  38D1f  38D2, 
38E1f  and  38E2  as  masks  and  then  carrying  out 
heat  treatment  at  750°C  for  10  minutes  for  activa- 
tion. 

Referring  to  Figure  12D,  a  silicon  nitride  (SiNx) 
layer  (not  shown  in  the  Figure)  is  deposited 
entirely  over  the  substrate  35  and  the  gate  elec- 
trodes  38D,  38D2/  39E,  and  38E2  in  a  thickness  of 
about  500  nm  by,  e.g.,  PCVD.  Windows  are 
opened  in  the  SiNx  layer  on  the  n+-type  source 
and  drain  regions  39  and  gold  germanium/gold 
(AuGe/Au)  is  deposited  thereon  in  a  thickness  of 
aboiut  250  nm  by  evaporation  and  patterned  to 
form  source  and  drain  electrodes  40D1f  40DE,, 
40E1f  40D2,  40DE2,  and  40E2. 

In  this  inverter  device,  the  MESFET's  having  the 
gates  arranged  in  directions  perpendicular  to 
each  other  and  being  of  the  D  mode  and  E  mode 
have  similar  gate  threshold  voltages  within  some 
tens  of  millivolts  of  difference  while  the  gate 
length  thereof  is  about  1  urn.  These  MESFET's  can 
be  said  to  have  a  uniform  gate  threshold  voltage 
independent  of  the  directions  of  the  gate  thereof. 

Also,  in  a  memory  device,  X-  and  Y-decoders 
are  made  of  MESFET's  having  the  same  patterns 
while  they  have  uniform  and  good  characteristics. 
Thus,  various  kinds  of  IC  devices  can  be  made 
according  to  the  invention. 

Further,  although  the  above  descriptions  are 
made  with  reference  to  GaAs  MESFET's,  the 
invention  may  also  apply  to  other  compound 
semiconductors  such  as  InP  and  InGaAsP  or  to 
other  kinds  of  FET's  such  as  a  junction  FET  (JFET), 
a  metal-insulating-semiconductor  FET  (MISFET), 
and  an  FET  using  two-dimensional  carrier  gas 
(HEMT). 

Claims 

1.  A  semiconductor  device,  comprising: 
a  zincblende  type  compound  semiconductor 

substrate  having  a  surface  of  a  (111)  plane  and 
a  plurality  of  field  effect  transistors  (FET's) 

comprising  source  and  drain  regions  in  said 
substrate,  a  channel  region  in  said  substrate 
between  the  source  and  drain  regions,  and  a  gate 
electrode  over  the  channel  region, 

wherein  the  gates  of  said  FET's  are  arranged  in 
two  or  more  directions  on  the  surface  of  said 
substrate. 

2.  A  device  according  to  claim  1,  wherein  said 
substrate  is  of  a  Ill-V  compound  semiconductor. 

3.  A  device  according  to  claim  2,  wherein  said 
Ill-V  compound  semiconductor  is  selected  from 
the  group  consisting  of  GaAs,  InP,  InSb,  GaP, 
AlSb,  BN,  BP,  AlAs,  InGaAsP,  AIGaAsP, 
InGaAsSb,  AIGaAsSb,  AIGalnP,  and  AIGaAsSb. 

4.  A  device  according  to  claim  1,  wherein  said 
substrate  is  of  a  II-VI  compound  semiconductor. 

5.  A  device  according  to  any  preceding  claim, 
wherein  said  FET's  comprise  one  or  more  of  the 
group  consisting  of  a  MESFET,  a  JFET,  a  MISFET, 
and  a  two-dimensional  carrier  gas  channel  type 
FET. 

6.  A  device  according  to  any  preceding  claim, 
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schlieBlich  des  genannten  Kanalbereiches  indu- 
zieren,  wodurch  die  Konzentration  der  Majoritats- 
trager  vom  n-Typ  reduziert  wird. 

10.  Vorrichtung  nach  Anspruch  8  oder  9,  bei 
5  dem  die  genannte  isolierende  Schicht  aus  Sili- 

ciumdioxid  besteht. 
11.  Vorrichtung  nach  Anspruch  8,  9  oder  10,  bei 

der  die  genannten  FET's  vom  p-Kanal-Typ  sind, 
das  genannte  Substrat  eine  Oberflache  von  einer 

10  (111)A-Ebene  hat,  und  die  genannte  Gateelek- 
trode  und  die  genannte  isolierende  Schicht  eine 
Kompressionsbelastung  auf  das  genannte  Sub- 
strat  einschliefSlich  dem  Kanalbereich  induzieren, 
wodurch  die  Konzentration  der  Majoritatstrager 

15  vom  p-Typ  reduziert  wird. 
12.  Vorrichtung  nach  Anspruch  8  oder  9,  oder 

Anspruch  11  mit  Ausnahme  in  Verbindung  mit 
Anspruch  10,  bei  der  die  genannte  isolierende 
Schicht  aus  Siliciumnitrid  besteht. 

20  13.  Vorrichtung  nach  Anspruch  8,  bei  der  die 
genannten  FET's  vom  n-Kanal-Typ  sind,  das 
genannte  Substrat  eine  Oberflache  mit  einer 
(111)B-Ebene  hat,  und  die  genannte  Gateelek- 
trode  und  die  genannte  isolierende  Elektrode 

25  Kompressionsbeanspruchung  auf  das  Substrat 
induzieren,  welches  den  genannten  Kanalbereich 
isoliert,  wodurch  die  Konzentration  von  Majori- 
tatstragern  vom  n-Typ  reduziert  wird. 

14.  Vorrichtung  nach  Anspruch  13,  bei  der  die 
30  genannte  isolierende  Schicht  aus  Siliciumnitrid 

besteht. 
15.  Vorrichtung  nach  Anspruch  8,  bei  der  die 

genannten  FET's  vom  p-Kanal-Typ  sind,  das 
genannte  Substrat  eine  Oberflache  von  einer 

35  (111  )B-Ebene  hat  und  die  genannte  Gateelektrode 
und  die  genannte  isolierende  Schicht  Zugbean- 
spruchung  auf  das  genannte  Substrat,  das  den 
genannten  Kanalbereich  isoliert,  induziert, 
wodurch  die  Konzentration  von  p-Typ-Majoritats- 

40  tragem  reduziert  wird. 
16.  Vorrichtung  nach  Anspruch  15,  bei  der  die 

genannte  isolierende  Schicht  aus  Siliciumdioxid 
besteht. 

17.  Vorrichtung  nach  Anspruch  8,  bei  der  die 
45  genannten  FET's  vom  komplementaren  n-  und  p- 

Kanal-Typ  sind,  das  genannte  Substrat  eine  Ober- 
flache  von  einer  (111)A-Ebene  hat  und  die 
genannte  Gateelektrode  und  die  genannte  isolie- 
rende  Schicht  Zugbeanspruchungen  auf  einen 

so  Teil  des  genannten  Substrats,  der  den  genannten 
n-Typ-Kanalbereich  umfalSt,  und  eine  Kompres- 
sionsbelastung  auf  einen  Teil  des  genannten  Sub- 
strats,  das  den  genannten  p-Typ-Kanalbereich 
enthalt,  induzieren,  wodurch  die  Konzentrationen 

55  der  n-Typ-  und  der  p-Typ-Majoritatstrager  redu- 
ziert  werden. 

18.  Vorrichtung  nach  Anspruch  8,  bei  der  die 
genannten  FET's  vom  komplementaren  n-  und  p- 
Kanal-Typ  sind,  das  genannte  Substrat  eine  Ober- 

60  flache  von  einer  (111)B-Ebene  hat  und  die 
genannte  Gateelektrode  und  die  genannte  isolie- 
rende  Schicht  Kompressionsbelastungen  auf 
einen  Teil  des  genannten  Substrats,  der  den 
genannten  n-Typ-Kanalbereich  umfafct,  und  Zug- 

65  beanspruchung  auf  einen  Teil  des  genannten 

strate  including  said  n-type  channel  region  and 
tensile  stress  to  a  part  of  said  substrate  including 
said  p-type  channel  region,  whereby  the  concen- 
trations  of  n-type  and  p-type  majority  carriers  are 
reduced. 

19.  A  device  according  to  any  preceding  claim, 
wherein  the  length  of  said  gate  of  said  FET's  is  2 
urn  or  less. 

Patentanspriiche 

1*  Halbleitervorrichtung  mit: 
einem  Verbindungshalbleitersubstrat  vom 

Zinkblendetyp  mit  einer  Oberflache  einer  (111) 
Ebene  und 

einer  Vielzahl  von  Feldeffekttransistoren 
(FET's),  die  Source-  und  Drainbereiche  in  dem 
genannten  Substrat,  einen  Kanalbereich  in  dem 
genanten  Substrat  zwischen  den  Source-  und 
Drainbereichen,  und  eine  Gateelektrode  uber  dem 
genannten  Kanalbereich  aufweisen, 

bei  welcher  die  Gates  der  FET's  in  zwei  oder 
mehreren  Richtungen  auf  der  Oberflache  des 
genannten  Substrats  angeordnet  sind. 

2.  Vorrichtung  nach  Anspruch  1,  bei  der  das 
genannte  Substrat  aus  einem  Ill-V-Verbindungs- 
halbleiter  besteht. 

3.  Vorrichtung  nach  Anspruch  2,  bei  der  der 
genannte  Ill-V-Verbindungshalbleiter  ausgewahlt 
ist  aus  der  Gruppe  bestehend  aus  GaAs,  InP,  InSb, 
GaP,  AlSb,  BN,  BP,  AlAs,  InGaAsP,  AIGaAsP, 
InGaAsSb,  AIGaAsSb,  AIGalnP,  und  AIGaAsSb. 

4.  Vorrichtung  nach  Anspruch  1,  bei  der  das 
genannte  Substrat  ein  ll-VI-Verbindungshalbleiter 
ist. 

5.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspriiche,  bei  der  die  genannten  FET's  einen 
oder  mehrere  der  Gruppe,  die  aus  einem  MES- 
FET,  einem  JFET,  einem  MISFET  und  einem  Kan- 
altyp-FET  mit  einem  zweidimensionalen  Trager- 
gas  besteht,  umfassen. 

6.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  bei  der  die  genannte  Vorrichtung 
FET's  umfafSt,  deren  Gates  rechtwinklig  zuein- 
ander  angeordnet  sind. 

7.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  bei  der  die  genannten  Gates  langs 
[112]-  und  [110]-Achsen  in  der  (111)-Ebene  ange- 
ordnet  sind. 

8.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  bei  der  die  genannten  FET's  ferner 
eine  isolierende  Schicht  uber  dem  Substrat 
umfassen,  bei  der  die  genannte  Gateelektrode 
und  die  genannte  isolierende  Schicht  in  solch 
einer  Art  gemach  sind,  daB  die  genannte  Gatee- 
lektrode  und  die  genannte  isolierende  Schicht 
piezoelektrische  Ladung  in  dem  genannten  Sub- 
strat  induzieren,  welche  einen  Leckstrom  durch 
das  Substrat  reduziert. 

9.  Vorrichtung  nach  Anspruch  8,  bei  der  die 
genannten  FET's  ein  n-Kanal-Typ  sind,  das 
genannte  Substrat  eine  Oberflache  mit  einer 
(111)A-Ebene  hat,  und  die  genannte  Gateelek- 
trode  und  die  genannte  isolierende  Schicht  eine 
Zugbelastung  auf  das  genannte  Substrat  ein- 
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tration  en  porteurs  majoritaires  de  type  n  subit  une 
reduction. 

10.  Dispositif  selon  la  revendication  8  ou  9,  ou 
ladite  couche  isolante  est  faite  de  dioxyde  de 

5  silicium. 
11.  Dispositif  seion  la  revendication  8,  9  ou  10, 

ou  lesdits  FET  sont  d'un  type  a  canal  p,  ledit 
substrat  possede  une  surface  d'un  plan  (111)A,  et 
ladite  electrode  de  grille  et  ladite  couche  isolante 

m  induisent  des  contraintes  de  compression  dans 
ledit  substrat  comportant  ladite  region  de  canal,  si 
bien  que  la  concentration  en  porteurs  majoritaires 
de  type  p  subit  une  reduction. 

12.  Dispositif  selon  la  revendication  8  ou  9,  ou 
is  bien  la  revendication  11,  sauf  lorsque  cette  der- 

niere  est  reliee  a  la  revendication  10,  ou  ladite 
couche  isolante  est  faite  de  nitrure  de  silicium. 

13.  Dispositif  selon  la  revendication  8,  ou  lesdits 
FET  sont  d'un  type  a  canal  n,  ledit  substrat  possede 

20  une  surface  d'un  plan  (111)B,  et  ladite  electrode 
grille  et  ladite  couche  isolante  induisent  des 
contraintes  de  compression  dans  ledit  substrat 
isolant  ladite  region  de  canal,  si  bien  que  la 
concentration  en  porteurs  majoritaires  de  type  n 

25  subit  une  reduction. 
14.  Dispositif  selon  la  revendication  13,  ou  ladite 

couche  isolante  est  faite  de  nitrure  de  silicium. 
15.  Dispositif  selon  la  revendication  8,  ou  lesdits 

FET  sont  d'un  type  a  canal  p,  ledit  substrat  possede 
30  une  surface  d'un  plan  (1  1  1  )B,  et  ladite  electrode  de 

grille  et  ladite  couche  isolante  induisent  des 
contraintes  de  traction  dans  ledit  substrat  isolant 
ladite  region  de  canal,  si  bien  que  la  concentration 
en  porteurs  majoritaires  de  type  p  subit  une 

35  reduction. 
16.  Dispositif  selon  la  revendication  15,  ou  ladite 

couche  isolante  est  faite  de  dioxyde  de  silicium. 
17.  Dispositif  selon  la  revendication  8,  ou  lesdits 

FET  sont  du  type  a  canal  n  et  a  canal  p  complemen- 
40  taires,  ledit  substrat  possede  une  surface  d'un  plan 

(1  1  1  )A,  et  ladite  electrode  de  grille  et  ladite  couche 
isolante  induisent  des  contraintes  detraction  a  une 
partie  dudit  substrat  comportant  ladite  region  a 
canal  de  type  n  et  des  contraintes  de  compression 

45  a  une  partie  dudit  substrat  comportant  ladite 
region  a  canal  de  type  p,  si  bien  que  les  concentra- 
tions  en  porteurs  majoritaires  de  type  n  et  de  type 
p  subissent  une  reduction. 

18.  Dispositif  selon  la  revendication  8,  ou  lesdits 
so  FET  sont  du  type  a  canal  n  et  a  canal  p  complemen- 

taires,  ledit  substrat  possede  une  surface  d'un  plan 
(111  )B,  et  ladite  electrode  de  grille  et  ladite  couche 
isolante  induisent  des  contraintes  de  compression 
a  une  partie  dudit  substrat  comportant  ladite 

55  region  a  canal  n  et  des  contraintes  de  traction  a  une 
partie  dudit  substrat  comportant  ladite  region  a 
canal  de  type  p,  si  bien  que  les  concentrations  en 
porteurs  majoritaires  de  type  n  et  de  type  p 
subissent  une  reduction. 

60  19.  Dispositif  selon  I'une  quelconque  des  reven- 
dications  precedentes,  ou  la  longueur  de  ladite 
grille  desdits  FET  est  de  2  urn  ou  moins. 

Substrats,  derden  genannten  p-Typ-Kanalbereich 
umfaSt,  induzieren,  wodurch  die  Konzentrationen 
der  n-Typ-  und  p-Typ-Majoritatstrager  reduziert 
werden. 

19.  Vorrichtung  nach  einem  der  vorhergehen- 
den  Anspruche,  bei  der  die  Lange  des  genannten 
Gate  der  FET's  2  urn  oder  kleiner  ist. 

Revendications 

1.  Dispositif  semiconducteur,  comprenant: 
un  substrat  semiconducteur  compose  du  type 

blinde  de  zinc  possedant  une  surface  ayant  un  plan 
(111),  et 

plusieurs  transistors  a  effet  de  champ  (FET) 
comprenant  des  regions  de  source  et  de  drain 
situees  dans  ledit  substrat,  une  region  de  canal 
situee  dans  ledit  substrat  entre  les  regions  de 
source  et  de  drain,  et  une  electrode  de  grille  situee 
au-dessus  de  la  region  de  canal, 

ou  les  grilles  desdits  FET  sont  disposees  suivant 
deux  directions,  ou  plus,  a  la  surface  dudit  subs- 
trat. 

2.  Dispositif  selon  la  revendication  1,  ou  ledit 
substrat  est  fait  d'un  semiconducteur  compose  III- 
V. 

3.  Dispositif  selon  la  revendication  2,  ou  ledit 
semiconducteur  compose  Ill-V  est  choisi  dans  le 
groupe  constitue  par  GaAs,  InP,  InSb,  GaP,  AlSb, 
BN,  BP,  AlAs,  InGaAsP,  AIGaAsP,  InGaAsSb, 
AIGaAsSb,  AIGalnP,  et  AIGaAsSb. 

4.  Dispositif  selon  la  revendication  1,  ou  ledit 
substrat  est  fait  d'un  semiconducteur  compose  II- 
VI. 

5.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  ou  lesdits  FET  comprennent 
un  ou  plusieurs  elements  du  groupe  d'elements 
constitue  par  un  MESFET,  un  JFET,  un  MISFET,  et 
un  FET  du  type  a  canal  a  gaz  porteur  bidimension- 
nel. 

6.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  ou  ledit  dispositif  comporte 
des  FET  ayant  des  grilles  disposees  perpendiculai- 
rement  entre  elles. 

7.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  ou  lesdites  griHes  sont  dispo- 
sees  suivant  des  axes  [112]  et  [110]  sur  le  plan 
(111). 

8.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  ou  lesdits  FET  comprennent 
en  outre  une  couche  isolante  situee  au-dessus  du 
substrat,  ou  ladite  electrode  de  grille  et  ladite 
couche  isolante  sont  faites  de  telle  maniere  que 
ladite  electrode  de  grille  et  ladite  couche  isolante 
induisent  dans  ledit  substrat  une  charge  piezoelec- 
trique  qui  reduit  le  courant  de  fuite  dans  le 
substrat. 

9.  Dispositif  selon  la  revendication  8,  ou  lesdits 
FET  sont  d'un  type  a  canal  n,  ledit  substrat  possede 
une  surface  d'un  plan  (1  1  1  )A,  et  ladite  electrode  de 
grille  et  ladite  couche  isolante  induisent  des 
contraintes  detraction  dans  ledit  substrat  compor- 
tant  ladite  region  du  canal,  si  bien  que  la  concen- 
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