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Description 

This  invention  relates  to  field-effect  transistors 
(FET's). 

Integrated  circuits  are  constructed  with  a  large 
number  of  semi-conductor  devices  including  field- 
effect  transistors  for  performing  various  functions 
such  as  logic,  memory,  and  signal-conditioning 
functions.  In  the  construction  of  electronic  circuits 
which  perform  the  foregoing  functions,  it  is  often 
advantageous  to  employ  both  depletion-mode 
FET's  and  enhancement  mode  FET's. 

In  an  n-channel  depletion-mode  FET,  current 
flows  in  the  presence  of  zero  volts  impressed  be- 
tween  the  gate  and  the  source  terminals,  the  cur- 
rent  being  terminated  upon  application  of  a  nega- 
tive  voltage  to  the  gate  terminal  relative  to  the 
source  terminal.  In  n-channel  enhancement  mode 
FET's,  there  is  no  current  flow  in  the  presence  of 
zero  volts  between  the  source  and  the  gate  termi- 
nals,  the  current  being  initiated  by  the  application 
of  a  positive  voltage  to  the  gate  terminal  relative  to 
the  source  terminal.  The  foregoing  two  gate  voltage 
relationships  permit  the  combination  of 
enhancement-mode  and  depletion-mode  FET's  in  a 
complementary  circuit  configuration. 

A  problem  arises  in  the  construction  of  large 
arrays  of  FET's  when  it  may  be  desired  to  con- 
struct  both  a  depletion-mode  FET  and  an 
enhancement-mode  FET  on  a  single  substrate  as 
part  of  an  integrated  circuit  (IC).  Both  forms  of 
FET's  can  be  built  with  the  same  physical  struc- 
ture,  the  differing  characteristics  of  the  two  types  of 
FET's  being  attained  by  differences  in  the  doping 
of  semiconductor  materials  employed  in  the  con- 
struction.  While  FET's  may  be  constructed  of  sili- 
con,  the  transistors  of  particular  interest  herein  are 
constructed  of  a  semiconductor  compound  of  ele- 
ments  taken  from  group  III  and  group  V  of  the 
periodic  table  because  the  lll-V  compounds  provide 
FET's  with  substantially  higher  frequency  charac- 
teristics  than  are  provided  by  silicon  transistors. 

The  problem  is  manifested  by  the  different 
doping  requirements  of  individual  ones  of  the 
FET's  in  the  array  of  FET's  to  provide  for  the 
desired  depletion  and  enhancement  characteristics. 
The  desired  characteristics  can  also  be  obtained 
by  altering  the  physical  structure  of  the  gate  region 
or  the  thickness  of  a  top  layer  of  semiconductor 
material.  In  both  cases,  the  attainment  of  the  de- 
sired  characteristics  is  accomplished  by  fabrication 
processes  operating  from  the  top  surface  inward  to 
provide  the  requisite  structure  and/or  doping.  How- 
ever,  as  a  practical  matter  in  the  construction  of 
large  arrays  of  FET's,  it  is  much  simpler  to  con- 
struct  all  of  the  transistors  with  the  same  physical 
structures  and  with  the  same  doping,  such  being 
the  case  whether  the  transistors  are  of  the  metal- 

oxide  semiconductor  type  formed  with  an  insulated 
gate,  or  a  metal  semiconductor  construction  with  a 
Schottky  barrier  or  an  FET  including  modulation 
doping  (MODFET),  or  a  semiconductor-insulator 

5  semiconductor  FET. 
EP-A-1  31111,  EP-A-1  15668,  US-A-4  193  079, 

MICROELECTRONICS  ENGINEERING,  vol.2,  no. 
1/3,  pages  34-43,  Amsterdam  1984,  C.  HAMGUCHI 
et  al.;  "Physics  of  monometre  structure  devices" 

io  and  EP-A-1  14962  describe  semiconductor  devices 
which  are  fabricated  to  operate  in  depletion  mode 
or  in  enhancement  mode.  The  operating  mode 
being  established  during  fabrication  of  the  device. 

Viewed  from  one  aspect  the  present  invention 
75  provides  a  field  effect  transistor  comprising  a 

source  region,  a  drain  region  and  a  gate  electrode 
located  between  said  source  region  and  said  drain 
region;  a  first  layer  of  semiconductor  material  for 
forming  a  charge  conduction  channel  between  said 

20  source  region  and  said  drain  region  upon  the  ap- 
plication  of  a  voltage  between  said  source  region 
and  said  drain  region;  a  second  doped  layer  of 
semiconductor  material,  said  gate  electrode  being 
deposited  upon  said  second  layer  to  form  therewith 

25  a  gate  terminal;  and  a  doped  pocket  region  dis- 
posed  within  said  first  layer  and  spaced  from  the 
channel  region,  characterised  in  that  a  back  side 
terminal  is  provided  on  the  opposite  side  of  said 
transistor  from  said  source  and  drain  regions 

30  whereby  the  operating  mode  of  said  transistor  can 
be  converted  from  depletion  mode  to  enhancement 
mode  or  from  enhancement  mode  to  depletion 
mode  by  the  application  of  a  voltage  to  said  back 
side  terminal. 

35  The  separation  of  the  buried  region  or  pocket 
and  the  channel  is  particularly  important  in  devices 
such  as  the  MODFET,  where  preservation  of  a 
large  carrier  mobility  in  the  channel  is  highly  desir- 
able.  Furthermore,  the  method  of  altering  the 

40  threshold  voltage  is  well  suited  to  insulated-gate 
structures,  such  as  the  gallium-arsenide  gate  FET. 

A  preferred  embodiment  of  the  transistor  of  the 
invention  contains  all  of  the  physical  features  of  a 
conventional  field-effect  transistor,  and  further  com- 

45  prises  the  foregoing  pocket  layer  disposed  beneath 
and  spaced  from  the  source  and  drain  regions  of 
the  transistor.  A  preferred  embodiment  employs  a 
n-channel  MODFET  in  which  a  first,  or  top,  layer  is 
composed  of  group  lll-V  compounds  such  as  a 

50  layer  of  gallium-aluminium  arsenide.  A  second  lay- 
er,  this  layer  underlying  the  first  layer,  is  composed 
of  a  compound  from  the  same  group  of  elements 
such  as  gallium  arsenide.  The  pocket  layer  is 
formed  within  the  second  layer  by  doping  the  gal- 

55  Hum  arsenide,  and  on  a  substrate  of  p-type  con- 
ductivity  of  the  same  semiconductor  as  the  second 
layer. 

The  doping  of  the  pocket  layer  depends  on  the 

2 
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role  which  is  played  by  the  layer.  For  example,  in 
the  case  wherein  the  pocket  layer  is  to  change  an 
enhancement-mode  FET  to  become  a  depletion- 
mode  FET,  the  pocket  layer  is  doped  with  a  donor 
dopant  such  as  silicon.  Such  doping  provides  elec- 
trons,  which  under  the  conditions  of  voltages  ap- 
plied  to  terminals  of  the  device  including  a  terminal 
on  the  back  side  of  the  device,  migrate  towards  the 
charge  conduction  channel  of  the  FET  while  deplet- 
ing  the  pocket  layer.  By  filling  the  conductor  chan- 
nel  with  electrons,  the  pocket  layer  alters  the  char- 
acteristic  of  the  FET  from  the  enhancement  mode 
(in  which  the  conduction  channel  is  substantially 
void  of  electrons)  to  the  depletion  mode  (wherein 
the  conduction  band  is  substantially  full  of  elec- 
trons).  With  the  foregoing  arrangement,  all  of  the 
transistors  in  an  array  of  transistors  on  an  IC  can 
be  constructed  identically  as  enhancement-mode 
FET's  with  specific  ones  of  the  transistors  being 
singled  out  to  be  converted  to  depletion-mode 
FET's  by  installation  of  the  pocket  layer. 

In  the  construction  of  the  composite  transistor 
structure  of  the  invention  in  which  both  the  pocket 
layer  and  the  FET  are  constructed  together,  the 
pocket  layer  is  built  before  the  construction  of  the 
top  layer  and  the  terminals.  Typically,  the  construc- 
tion  would  begin  by  providing  a  substrate  which 
would  serve  as  a  bottom  support  for  the  transistor, 
and  the  foregoing  second  layer  would  be  grown 
upon  the  substrate.  Use  of  a  p-type  material  in  the 
substrate  provides  a  well-defined  electric  field 
which  improves  carrier  confinement  in  the  conduc- 
tion  channel.  The  process  would  be  altered  for 
construction  of  the  pocket  as  by  epitaxial  deposi- 
tion  of  the  pocket  layer,  after  which  construction  of 
the  second  layer  would  be  resumed  by  further 
epitaxial  growth  upon  the  underlying  material  of  the 
second  layer.  Alternatively,  the  second  layer  can 
be  completed  in  its  entirety  after  which  the  doping 
of  the  pocket  region  can  be  accomplished  by  ion 
implantation.  Thereafter,  the  first,  or  top,  layer  is 
grown  epitaxially  upon  the  second  layer,  and  the 
source  and  drain  regions  are  provided  as  by  ion 
implantation  or  diffusion  of  a  suitable  dopant  such 
as  silicon  for  n-type  substrates  or  beryllium  for  p- 
type  substrates.  The  gate  metal  is  then  deposited 
upon  the  first  layer  to  form  the  gate  electrode  and 
thereby  complete  the  gate  terminal.  The  source 
and  drain  terminals  are  formed,  typically,  of  metal 
alloy  and  thus  serve  as  ohmic  contacts  to  the 
source  and  drain  regions  of  the  transistor. 

How  the  invention  can  be  carried  out  will  now 
be  described  by  way  of  example,  with  reference  to 
the  accompanying  drawings,  in  which:- 

Figure  1  is  a  simplified  vertical  sectional  view, 
partially  diagrammatic,  of  a  portion  of  an  array 
of  field-effect  transistors  disposed  on  a  common 
substrate  wherein  one  of  the  transistors  is  pro- 

vided  with  a  pocket  layer  for  conversion  of  the 
transistor  characteristics  from  enhancement- 
mode  to  depletion-mode; 
Figure  2  shows  two  energy-band  diagrams  for  a 

5  MODFET  wherein  the  diagram  on  the  left  hand 
side  corresponds  to  the  enhancement-mode 
FET  shown  above  the  diagram  in  Figure  1,  and 
the  diagram  on  the  right  hand  side  of  Figure  2 
shows  the  corresponding  energy  band  diagram 

io  for  the  depletion-mode  FET  above  the  diagram 
in  Figure  1  ;  and 
Figure  3  shows  a  more  detailed  vertical  sec- 
tional  view  of  the  depletion-mode  FET  of  Figure 
1. 

is  With  reference  to  Figures  1  and  2,  there  is 
shown  an  array  10  of  field-effect  transistors  12 
disposed  on  a  common  substate  14.  Each  transis- 
tor  12  is  constructed  with  the  same  physical  fea- 
tures  and  the  same  doping,  and  may  be  either  of 

20  the  enhancement-mode  or  of  the  depletion-mode. 
By  way  of  example,  Figure  1  shows  the  transistors 
12  constructed  with  the  characteristic  of  the 
enhancement-mode  with  certain  ones  of  the  tran- 
sistors  12,  such  as  the  transistor  on  the  right  side 

25  of  the  figure,  having  its  characteristics  altered  to  a 
depletion  mode  by  implacement  of  a  pocket  layer 
16  beneath  it. 

Each  of  the  transistors  12  comprises  an  upper 
layer  18  and  a  lower  layer  20,  both  of  which 

30  comprise  semiconductor  compounds  of  elements 
of  groups  III  and  V  of  the  periodic  table.  The  upper 
layer  18  is  grown  epitaxially  upon  the  lower  layer 
20.  The  pocket  layer  16  is  located  within  the  lower 
layer  20.  Each  of  the  transistors  12  further  com- 

35  prises  a  source  terminal  22,  a  drain  terminal  24  and 
a  gate  electrode  26  which  are  shown  disposed 
upon  the  upper  layer  18.  A  source  region  22'  and  a 
drain  region  24'  underly  the  source  terminal  22  and 
the  drain  terminal  24,  respectively.  While  various 

40  semiconductor  materials  may  be  employed  in  the 
construction  of  the  array  10,  the  exemplary  em- 
bodiment  of  Figure  1  employs  n+A1GaAs  in  the 
upper  layer  18,  intrinsic  GaAs  in  the  lower  layer  20 
and  p+GaAs  in  the  substrate  14. 

45  With  respect  to  the  construction  of  the  pocket 
layer  16,  the  layer  16  is  doped  with  a  suitable 
dopant  which  is  either  a  donor  or  an  acceptor 
depending  on  the  desired  conversion  of  the  transis- 
tor  characteristic.  Thus,  by  way  of  example,  in  the 

50  event  that  all  of  the  transistors  12  were  constructed 
and  doped  for  depletion-mode  operation,  and  it  is 
desired  to  convert  some  of  the  transistors  to  op- 
erate  in  the  enhancement  mode,  then  the  pocket 
layer  16  is  doped  with  an  acceptor  dopant  which 

55  receives  electrons  from  the  charge  conduction 
band  so  as  to  convert  the  conduction  band  to  that 
of  an  enhancement-mode  transistor. 

Alternatively,  and  as  has  been  described  above 

3 
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with  respect  to  Figure  1,  the  transistors  12  may  be 
constructed  of  identical  physical  structure  and  dop- 
ing  for  enhancement-mode  operation,  in  which 
case  the  pocket  layer  16  is  doped  with  a  donor 
dopant  which  provides  electrons  for  the  conduction 
channel  to  provide  the  characteristics  of  a 
depletion-mode  channel.  In  the  embodiment  of  Fig- 
ure  1  silicon  is  employed  as  the  dopant  for  the 
pocket  layer  16.  The  pocket  layer  16  is  spaced 
from  the  source  region,  drain  region  and  gate  ter- 
minal  of  its  transistor  12.  The  pocket  layer  16  is 
located  beneath  a  charge  conduction  channel  (to 
be  described  with  reference  to  Figure  3)  at  a  depth 
which  is  greater  than  approximately  three 
wavelengths  of  the  electron  wave  function,  but  less 
than  the  spacing  between  the  source  and  the  drain 
regions,  to  alter  a  threshold  voltage  while  preserv- 
ing  a  high  carrier  mobility  in  a  transistor  located 
above  the  pocket  layer. 

The  lateral  extent  of  the  pocket  layer  16  (in 
directions  parallel  to  the  interface  between  the  low- 
er  layer  20  and  substrate  14)  is  commensurate  with 
the  spacing  between  the  transistor  and  the  pocket 
layer.  The  pocket  layer  should  extend  laterally  at 
least  an  amount  equal  to  the  extent  of  the  gate 
region  of  the  transistor  and,  preferably,  extends  still 
further  under  the  source  and  the  drain  regions  so 
as  to  adequately  define  the  electric  potential  sur- 
face  which  alter  the  characteristics  of  the  transistor. 
If  the  pocket  layer  is  brought  in  more  closely  to  its 
transistor,  the  lateral  extent  of  the  layer  may  be 
reduced,  and  if  the  pocket  layer  is  located  at  a 
greater  distance  from  its  transistor,  then  the  lateral 
extent  of  the  layer  should  be  enlarged  so  as  to 
provide  protection  from  fringing  fields  of  other  tran- 
sistors  12  of  the  array  10.  A  typical  spacing  of  the 
pocket  from  the  transistor  is  approximately  equal  to 
the  distance  between  the  source  and  the  drain 
terminals. 

The  operation  of  the  pocket  layer  16  in  con- 
verting  a  transistor  12  from  the  enhancement  mode 
to  the  depletion  mode  is  explained  in  Figure  2. 
Both  of  the  graphs  show  electron  energy  levels  for 
a  MODFET  as  a  function  of  depth  into  the  semi- 
conductor  layers,  the  left  hand  side  of  each  graph 
being  the  top  surface  of  the  upper  layer  18  at  the 
gate  electrode,  while  the  right  hand  side  of  each 
graph  represents  a  back  surface  of  the  substrate 
14.  A  terminal  28  is  located  on  the  back  surface  of 
the  substrate  14  and,  in  operation  of  the  device  of 
Figure  1,  is  connected  to  a  negative  voltage  rela- 
tive  to  a  source  terminal  in  each  of  the  transistors 
12,  the  source  terminal  being  grounded,  typically. 
The  doping  of  the  substrate  14  enables  the  sub- 
strate  14  to  serve  as  a  plane  of  uniform  potential  so 
that  the  energy  band  diagrams  of  Figure  2  apply  to 
each  of  the  transistors  12  of  the  array  10.  The 
structure  of  Figure  1  may  be  regarded  as  a  portion 

of  an  integrated-circuit  chip  30. 
The  right  hand  side  of  each  of  the  graphs  of 

Figure  2  are  of  constant  energy  levels  correspond- 
ing  to  the  electrically  conducting  characteristics  of 

5  the  substrate  14  on  the  back  side  of  the  chip  30. 
For  convenience  in  portraying  the  energy  dia- 
grams,  the  right  hand  side  of  each  of  the  graphs 
has  been  broken  away  to  conserve  space  in  the 
figure.  Both  graphs  show  a  discontinuity  in  the 

io  conduction  band  and  in  the  valence  band  at  the 
site  of  a  charge  conduction  channel  shown  in  Fig- 
ure  3.  The  graph  on  the  left  represents  the  energy 
band  format  of  the  enhancement-mode  FET's  on 
the  left  side  of  Figure  1,  while  the  graph  on  the 

is  right  side  of  Figure  2  represents  the  band  levels  of 
the  depletion-mode  FET  on  the  right  side  of  Figure 
1. 

Both  graphs  show  the  lowest  energy  levels  at  a 
point  beneath  the  gate  terminal  in  each  of  the 

20  transistors.  In  the  right  hand  graph,  both  the  con- 
duction  band  (Ec)  and  the  valence  band  (Ev)  drop 
to  lower  energy  levels  than  the  corresponding 
bands  in  the  left  graph.  The  change  in  band  shape, 
including  the  discontinuity  at  the  site  of  the  pocket 

25  (right  hand  graph)  are  brought  about  by  the  effect 
of  the  pocket  on  electric  potential  surfaces  within 
the  chip  30  developed  by  voltages  applied  to  the 
various  terminals.  In  particular,  it  is  noted  that  the 
pocket  lies  sufficiently  close  to  the  terminals  of  the 

30  transistor  such  that  a  significant  part  of  the  electric 
fields  associated  with  each  of  the  terminals  inter- 
cept  the  pocket  layer  16. 

The  feature  wherein  the  characteristics  of  tran- 
sistors  are  interchanged,  namely  that  an  enhance- 

35  ment  mode  is  converted  to  a  depletion-mode  or 
vice  versa,  is  accomplished  by  the  reduction  of  the 
potential  of  the  conduction  band.  The  reduction  is  a 
sufficient  amount  to  allow  the  band  to  fill  with 
electrons,  this  occurring  in  the  chip  30  at  the  site  of 

40  the  conduction  channel  of  the  FET  being  modified 
by  the  pocket  layer  16. 

As  a  result,  the  depleted  channel  of  an 
enhancement-mode  FET  becomes  a  full  channel  in 
a  depletion-mode.  The  effect  of  the  negative  volt- 

45  age  applied  to  the  back  terminal  28  is  identified  in 
the  left  hand  graph  by  VB,  wherein  the  back  voltage 
is  measured  relative  to  the  reference  level 
(horizontal  axis)  in  each  of  the  graphs  of  Figure  2. 
It  is  noted  that  in  the  operation  of  the  pocket  layer 

50  16,  the  electrons  thereof  migrate  to  the  conduction 
channel  to  a  sufficient  extent  to  leave  the  pocket 
layer  16  fully  depleted. 

With  reference  to  Figure  3,  there  is  provided  a 
further  explanation  of  the  construction  of  the  right 

55  hand  transistor  12  of  Figure  1.  Figure  3  shows  only 
the  portion  of  the  chip  30  relating  to  the  transistor 
12  on  the  right  side  of  Figure  1.  Figure  3  shows  the 
source  and  drain  terminals  22  and  24  and  regions 

4 
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22'  and  24'  of  Figure  1,  as  well  as  the  gate  elec- 
trode  26  and  the  back  terminal  28.  The  gate  elec- 
trode  26,  in  combination  with  the  upper  layer  18 
contiguous  thereto,  form  a  gate  terminal  32. 

The  upper  layer  18  has  a  thickness  of  approxi- 
mately  50  nm.  The  thickness  of  the  pocket  layer  16 
is  less  than  approximately  100  nm  and  is  spaced 
approximately  300  nm  from  the  upper  layer  18. 
The  lower  layer  20  has  a  thickness  of  approxi- 
mately  3  micrometers,  and  the  substrate  14  has  a 
thickness  of  approximately  500  micrometers.  It  is 
noted  that  the  substrate  14  plays  no  specific  role  in 
the  operation  of  the  transistors  other  than  providing 
a  continuous  electric  potential  surface  along  the 
backside  of  the  chip. 

A  charge  conduction  channel  34  is  disposed  in 
the  layer  20  alongside  the  interface  between  the 
layers  18  and  20,  and  conducts  electrons  between 
the  source  region  22'  and  the  drain  region  24'. 
Typically,  the  drain  region  24'  is  operated  at  a 
voltage  which  is  positive  relative  to  the  source 
region  22'  so  as  to  attract  the  electrons  from  the 
source  region  22'.  The  gate  voltage  VG  may  be 
either  positive  or  negative  depending  on  whether 
the  transistor  operates  in  the  enhancement-mode 
or  in  the  depletion-mode.  The  transistor  depicted  in 
Figure  3  operates  in  the  depletion-mode  and,  ac- 
cordingly,  the  gate  voltage  may  be  zero  or  nega- 
tive.  The  substrate  14  may  employ  zinc  as  a  suit- 
able  dopant  for  providing  the  p+  characteristic. 

In  the  construction  of  Figure  3,  the  gallium 
arsenide  of  the  lower  layer  20  serves  as  an  intrinsic 
buffer  layer.  A  silicon  dopant  in  the  pocket  layer 
acts  as  a  donor  and  is  applied  from  a  suitable 
source  of  ion  implantation  or  diffusion  with  a  dose 
of  approximately  5  x  1011  atoms  per  square  cen- 
timetre.  While  the  teachings  of  the  figures  apply  to 
different  forms  of  FET's,  a  MODFET  has  been 
disclosed  as  the  preferred  embodiment,  and  the 
band  diagrams  of  Figure  2  are  drawn  for  the  MOD- 
FET  energy  levels.  Metal  of  the  gate  electrode  26 
in  contact  with  the  semiconductor  material  of  the 
upper  layer  18  forms  a  Schottky  barrier  at  the  gate 
terminal  32. 

The  technique  can  also  be  applied  to  p-chan- 
nel  FET's,  which  FET's  can  be  operated  in  either 
the  depletion-mode  or  the  enhancement-mode. 
With  either  the  p-type  or  n-type  FET's,  the  basic 
concept  in  the  operation  of  the  pocket  layer  is  the 
same,  namely,  that  the  dopants  in  the  pocket  layer 
become  depleted  of  either  electrons  or  holes  as 
may  be  required  to  impart  the  desired  characteris- 
tics  to  the  conduction  channel  34. 

Accordingly,  in  the  construction  of  a  p-channel 
FET,  the  physical  arrangement  of  the  components 
would  be  the  same  as  that  shown  in  the  drawing 
figures  for  the  n-channel  device.  However,  the  roles 
of  the  dopants  in  the  pockets  of  the  two  devices 

would  be  reversed.  Thus,  in  the  p-channel  FET,  an 
acceptor  dopant  in  the  pocket  converts  the  operat- 
ing  mode  from  enhancement  mode  to  depletion 
mode,  and  a  donor  dopant  in  the  pocket  converts 

5  the  operating  mode  from  depletion  mode  to  en- 
hancement  mode.  The  upper  layer  18  is  construct- 
ed  of  the  same  material  in  both  the  p-channel  and 
the  n-channel  FET's  and  the  lower  level  20  is 
constructed  of  the  same  material  in  both  the  p- 

io  channel  and  the  n-channel  FET's.  In  a  preferred 
embodiment  of  the  p-channel  FET,  silicon  is  ad- 
vantageously  utilised  as  the  donor  dopant,  and 
berillium  is  advantageously  utilised  as  the  acceptor 
dopant.  The  upper  layer  18  comprises  p  +  A1GaAs 

is  and  the  lower  layer  20  comprises  intrinsic  GaAs. 
p  GaAs  is  preferred  for  the  substrate  14  in 

view  of  the  fact  that  the  electrically  conducting 
properties  thereof  establish  well-defined  electric 
filed  lines  between  the  front  and  back  surfaces  of 

20  the  chip  30.  This  greatly  facilitates  the  selection  of 
the  spacing  and  size  of  the  pocket  layer  16  to 
provide  the  desired  electrical  characteristics  for  the 
transistor  12  of  the  array  10.  The  dimensions  of 
size  and  placement  shown  in  Figure  3  provide 

25  good  operation  of  the  device.  If  desired,  further 
adjustment  of  the  dimensions  of  sizes  and  spacing 
may  be  applied  to  provide  a  desired  set  of  current- 
voltage  characteristics  for  the  transistor  12. 

30  Claims 

1.  A  field  effect  transistor  comprising; 
a  source  region  (22),  a  drain  region  (24) 

and  a  gate  electrode  (32)  located  between  said 
35  source  region  and  said  drain  region; 

a  first  layer  (20)  of  semiconductor  material 
for  forming  a  charge  conduction  channel  (34) 
between  said  source  region  and  said  drain 
region  upon  the  application  of  a  voltage  be- 

40  tween  said  source  region  and  said  drain  re- 
gion; 

a  second  doped  layer  (18)  of  semiconduc- 
tor  material,  said  gate  electrode  being  depos- 
ited  upon  said  second  layer  to  form  therewith  a 

45  gate  terminal;  and 
a  doped  pocket  region  (16)  disposed  with- 

in  said  first  layer  and  spaced  from  the  channel 
region, 
characterised  in  that  a  back  side  terminal  (28) 

50  is  provided  on  the  opposite  side  of  said  tran- 
sistor  from  said  source  and  drain  regions 
whereby  the  operating  mode  of  said  transistor 
can  be  converted  from  depletion  mode  to  en- 
hancement  mode  or  from  enhancement  mode 

55  to  depletion  mode  by  the  application  of  a  volt- 
age  to  said  backside  terminal. 

2.  A  transistor  as  claimed  in  Claim  1  wherein  said 

5 
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pocket  region  includes  a  donor  dopant  for 
changing  the  operating  mode  of  said  transistor 
from  enhancement  mode  to  depletion  mode, 
said  transistor  being  an  n-channel  device. 

5.  An  array  of  fied  effect  transistors  disposed  on 
a  common  substrate,  each  of  said  transistors 
comprising: 

a  source  region  (22),  a  drain  region  (24) 
and  a  gate  electrode  (32)  located  between  said 
source  region  and  said  drain  region; 

a  first  layer  (20)  of  semiconductor  material 
for  forming  a  charge  conduction  channel  (34) 
between  said  source  region  and  said  drain 
region  upon  the  application  of  a  voltage  be- 
tween  said  source  region  and  said  drain  re- 
gion;  and 

a  second  doped  layer  (18)  of  semiconduc- 
tor  material,  said  gate  electrode  being  depos- 
ited  upon  said  second  layer  to  form  therewith  a 
gate  terminal; 
characterised  in  that  a  selection  of  said  field 
effect  transistors  further  comprise 

a  doped  pocket  region  (16)  disposed  with- 
in  said  first  layer  and  spaced  from  the  channel 
region  and  a  back  side  terminal  (28)  asso- 
ciated  with  said  pocket  region:  and  provided 
on  the  opposite  side  of  said  transistor  from 

ladite  region  de  drain, 
une  seconde  couche  dopee  (18)  de  materiau 
semiconducteur,  ladite  electrode  de  porte  etant 
deposee  sur  ladite  seconde  couche  pour  for- 

5  mer  avec  celle  ci  une  borne  de  porte,  et 
une  region  de  poche  dopee  (16)  disposee 
dans  ladite  premiere  couche  et  separee  de  la 
region  de  canal, 
caracterise  en  ce  qu'une  borne  arriere  (28)  est 

io  prevue  sur  le  cote  oppose  dudit  transistor  par 
rapport  auxdites  regions  de  source  et  de  drain, 
ce  qui  permet  au  mode  de  fonctionnement 
dudit  transistor  de  pouvoir  etre  passe  du  mode 
d'appauvrissement  au  mode  d'enrichissement 

is  ou  du  mode  d'enrichissement  au  mode  d'ap- 
pauvrissement  par  I'application  d'une  tension  a 
ladite  borne  arriere. 

2.  Un  transistor  selon  la  revendication  1  dans 
20  lequel  ladite  region  de  poche  comprend  un 

dopant  donneur  pour  passer  le  mode  de  fonc- 
tionnement  dudit  transistor  du  mode  d'enrichis- 
sement  au  mode  d'appauvrissement,  ledit  tran- 
sistor  etant  un  dispositif  a  canal  n. 

25 
3.  Un  transistor  selon  la  revendication  1  dans 

lequel  ladite  region  de  poche  comprend  un 
dopant  accepteur  pour  passer  le  mode  de 
fonctionnement  dudit  transistor  du  mode  d'en- 

30  richissement  au  mode  d'appauvrissement,  ledit 
transistor  etant  un  dispositif  a  canal  p. 

4.  Un  transistor  selon  I'une  quelconque  des  re- 
vendications  precedentes  comprenant  en  outre 

35  un  substrat  semiconducteur  interpose  entre  la- 
dite  premiere  couche  et  ladite  borne  arriere. 

5.  Un  reseau  de  transistors  a  effet  de  champ 
disposes  sur  un  substrat  commun,  chacun 

40  desdits  transistors  comprenant  : 
une  region  de  source  (22),  une  region  de  drain 
(24)  et  une  electrode  de  porte  (32)  disposee 
entre  ladite  region  de  source  et  ladite  region 
de  drain, 

45  une  premiere  couche  (20)  de  materiau  semi- 
conducteur  pour  former  un  canal  de  conduc- 
tion  de  charge  (34)  entre  ladite  region  de  sour- 
ce  et  ladite  region  de  drain  a  I'application 
d'une  tension  entre  ladite  region  de  source  et 

50  ladite  region  de  drain,  et 
une  seconde  couche  dopee  (18)  de  materiau 
semiconducteur,  ladite  electrode  de  porte  etant 
deposee  sur  ladite  seconde  couche  pour  for- 
mer  avec  celle  ci  une  borne  de  porte, 

55  caracterise  en  ce  qu'une  selection  desdits 
transistors  a  effet  de  champ  comprend  en  ou- 
tre  : 
une  region  de  poche  dopee  (16)  disposee 

said  source  and  drain  regions  whereby  the  40 
operating  modes  of  each  of  said  selection  of 
transistors  can  be  converted  from  depletion 
mode  to  enhancement  mode  or  from  enhance- 
ment  mode  to  depletion  mode  by  the  applica- 
tion  of  a  voltage  to  said  back  side  terminal.  45 

Revendicatlons 

1.  Un  transistor  a  effet  de  champ  comprenant: 
une  region  de  source  (22),  une  region  de  drain  50 
(24)  et  une  electrode  de  porte  (32)  disposee 
entre  ladite  region  de  source  et  ladite  region 
de  drain, 
une  premiere  couche  (20)  de  materiau  semi- 
conducteur  pour  former  un  canal  de  conduc-  55 
tion  de  charge  (34)  entre  ladite  region  de  sour- 
ce  et  ladite  region  de  drain  a  I'application 
d'une  tension  entre  ladite  region  de  source  et 

3.  A  transistor  as  claimed  in  Claim  1  wherein  said 
pocket  region  includes  an  acceptor  dopant  for 
changing  the  operating  mode  of  said  transistor 
from  enhancement  mode  to  depletion  mode, 
said  transistor  being  a  p-channel  device.  10 

4.  A  transistor  as  claimed  in  any  preceding  claim 
further  comprising  a  semiconductor  substrate 
interposed  between  said  first  layer  and  said 
back  side  terminal.  75 

6 
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dans  ladite  premiere  couche  et  separee  de  la  legtes  Halbleitersubstrat  enthalt. 
region  de  canal  et  une  borne  arriere  (28)  asso- 
ciee  a  ladite  region  de  poche  et  prevue  sur  le  5.  Anordnung  von  auf  einem  gemeinsamen  Sub- 
cote  oppose  dudit  transistor  par  rapport  aux  strat  verteilten  Feldeffekttransistoren,  wobei  je- 
regions  de  source  et  de  drain,  ce  qui  permet  5  der  der  Transistoren  besitzt: 
aux  modes  de  fonctionnement  de  chaque  tran-  eine  erste  Schicht  (20)  aus  Halbleitermaterial 
sistor  de  ladite  selection  de  transistors  d'etre  zur  Bildung  eines  Ladungsleiterkanals  (34)  zwi- 
passes  du  mode  d'appauvrissement  au  mode  schen  der  Sourceregion  und  der  Drainregion 
d'enrichissement  ou  du  mode  d'enrichissement  bei  Anlegen  einer  Spannung  zwischen  der 
au  mode  d'appauvrissement  par  I'application  10  Sourceregion  und  der  Drainregion; 
d'une  tension  a  ladite  borne  arriere.  eine  zweite  dotierte  Schicht  (18)  aus  Halbleiter- 

material,  wobei  die  Gateelektrode  auf  dieser 
Patentanspruche  zweiten  Schicht  abgelagert  ist,  urn  darauf  ei- 

nen  Gateanschlu/S  zu  bilden, 
1.  Feldeffekttransistor  mit:  is  dadurch  gekennzeichnet,  da/S  eine  ausgewahl- 

einer  Sourceregion  (22),  einer  Drainregion  (24)  te  Anzahl  dieser  Feldeffekttransistoren  weiters 
und  einer  zwischen  der  Sourceregion  und  der  besitzt: 
Drainregion  gelegenen  Gateelektrode  (32);  eine  dotierte  Taschenregion  (16)  die  innerhalb 
einer  ersten  Schicht  (20)  aus  Halbleitermaterial  der  ersten  Schicht  und  in  Abstand  von  der 
zur  Bildung  eines  Ladungsleiterkanals  (34)  zwi-  20  Kanalregion  angeordnet  ist  und  einen  Hinter- 
schen  der  Sourceregion  und  der  Drainregion  seitenanschlu/S  (28),  welcher  der  Taschenre- 
bei  Anlegen  einer  Spannung  zwischen  der  gion  zugeordnet  und  an  der  der  Source-  und 
Sourceregion  und  der  Drainregion;  Drainregion  gegenuberliegenden  Seite  des 
einer  zweiten,  dotierten  Schicht  (18)  aus  Halb-  Transistors  vorgesehen  ist,  wodurch  die  Be- 
leitermaterial,  wobei  die  Gateelektrode  auf  die-  25  triebsart  jedes  aus  der  ausgewahlten  Anzahl 
ser  zweiten  Schicht  abgelagert  ist,  urn  darauf  von  Transistoren  von  einem  Verarmungsbe- 
einen  Gateanschlu/S  zu  bilden;  und  trieb  in  einen  Anreicherungsbetrieb  oder  von 
mit  einer  dotierten  Taschenregion  (16),  die  in-  einem  Anreicherungsbetrieb  in  einen  Verar- 
nerhalb  der  ersten  Schicht  und  in  Abstand  von  mungsbetrieb  durch  Anlegen  einer  Spannung 
der  Kanalregion  angeordnet  ist,  30  an  den  Hinterseitenanschlu/S  umgewandelt  wer- 
dadurch  gekennzeichnet,  da/S  an  der  der  den  kann. 
Source-  und  Drainregion  gegenuberliegenden 
Seite  des  Transistors  ein  Hinterseitenanschlu/S 
(28)  vorgesehen  ist,  wodurch  die  Betriebsart 
des  Transistors  von  einem  Verarmungsbetrieb  35 
in  einen  Anreicherungsbetrieb  oder  von  einem 
Anreicherungsbetrieb  in  einen  Verarmungsbe- 
trieb  durch  Anlegen  einer  Spannung  an  den 
Hinterseitenanschlu/S  umgewandelt  werden 
kann.  40 

2.  Transistor  nach  Anspruch  1,  bei  welchem  die 
Taschenregion  einen  Donor-  Dotierstoff  zur  An- 
derung  der  Betriebsart  des  Transistors  von 
dem  Anreicherungsbetrieb  in  den  Verarmungs-  45 
betrieb  enthalt,  wobei  der  Transistor  ein  n- 
Kanal  Element  ist. 

3.  Transistor  nach  Anspruch  1,  bei  welchem  die 
Taschenregion  einen  Akzeptor  -  Dotierstoff  zur  so 
Anderung  der  Betriebsart  des  Transistors  von 
dem  Anreicherungsbetrieb  in  den  Verarmungs- 
betrieb  enthalt,  wobei  der  Transistor  ein  p- 
Kanal  Element  ist. 

55 
4.  Transistor  nach  einem  der  vorgehenden  An- 

spruche,  welcher  weiters  ein  zwischen  die  er- 
ste  Schicht  und  den  Hinterseitenanschlu/S  ge- 

7 

dans  ladite  premiere  couche  et  separee  de  la 
region  de  canal  et  une  borne  arriere  (28)  asso- 
ciee  a  ladite  region  de  poche  et  prevue  sur  le 
cote  oppose  dudit  transistor  par  rapport  aux 
regions  de  source  et  de  drain,  ce  qui  permet  5 
aux  modes  de  fonctionnement  de  chaque  tran- 
sistor  de  ladite  selection  de  transistors  d'etre 
passes  du  mode  d'appauvrissement  au  mode 
d'enrichissement  ou  du  mode  d'enrichissement 
au  mode  d'appauvrissement  par  I'application  io 
d'une  tension  a  ladite  borne  arriere. 

Patentanspruche 

1.  Feldeffekttransistor  mit:  is 
einer  Sourceregion  (22),  einer  Drainregion  (24) 
und  einer  zwischen  der  Sourceregion  und  der 
Drainregion  gelegenen  Gateelektrode  (32); 
einer  ersten  Schicht  (20)  aus  Halbleitermaterial 
zur  Bildung  eines  Ladungsleiterkanals  (34)  zwi-  20 
schen  der  Sourceregion  und  der  Drainregion 
bei  Anlegen  einer  Spannung  zwischen  der 
Sourceregion  und  der  Drainregion; 
einer  zweiten,  dotierten  Schicht  (18)  aus  Halb- 
leitermaterial,  wobei  die  Gateelektrode  auf  die-  25 
ser  zweiten  Schicht  abgelagert  ist,  urn  darauf 
einen  Gateanschlu/S  zu  bilden;  und 
mit  einer  dotierten  Taschenregion  (16),  die  in- 
nerhalb  der  ersten  Schicht  und  in  Abstand  von 
der  Kanalregion  angeordnet  ist,  30 
dadurch  aekennzeichnet.  daC  an  der  der 
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