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Description 

The  present  invention  relates  to  integrated  cir- 
cuits,  such  as  bipolar  devices  and  MOS  struc- 
tures,  and  to  processes  for  the  fabrication  thereof. 

Integrated  circuits  contain  a  plurality  of  electri- 
cal  contacts  at  preselected  locations  on  the 
device.  Also,  a  predetermined  number  of  the 
electrical  contacts  is  in  ohmic  electrical  contact 
with  preselected  regions  of  the  substrate  in  order 
to  provide  the  semiconductive  device.  The  pre- 
selected  regions  include  a  region  which  contains 
ion-implanted  or  thermally  diffused  impurities  of 
a  second  type  different  from  the  impurity  type  of 
the  semiconductor  substrate  in  general. 

For  instance,  when  a  bipolar  device  is  prepared, 
the  plurality  of  electrical  contacts  are  the  emitter, 
base,  and  collector,  all  of  which  are  in  ohmic 
electrical  contact  with  impurity  regions  of  the 
device.  The  emitter  and  collector  are  in  electrical 
contact  with  a  first  type  of  impurity,  while  the 
base  is  in  ohmic  electrical  contact  with  a  second 
type  of  impurity. 

When  preparing  a  MOS  device,  the  plurality  of 
electrical  contacts  include  a  source,  a  drain,  and  a 
gate,  whereby  the  source  and  drain  are  in  electri- 
cal  contact  with  a  region  containing  a  second  type 
of  impurity,  and  whereas  the  gate  is  not  in  ohmic 
contact  with  the  substrate. 

One  particular  problem  existent  in  bipolar 
device  is  the  resistance  in  sublayer  sheets,  such 
as  resistance  in  the  field  regions  between  the 
emitter  and  collector  contacts.  For  instance,  the 
sheet  resistance  in  the  sublayers  is  usually  at  least 
about  10  ohm/sq.  In  order  to  reduce  the  collector 
series  resistance,  heavily  doped  buried  sublayers, 
usually  called  subcollector  layers,  have  been 
used.  In  addition,  in  order  to  avoid  large  collector 
series  resistance  in  the  design  of  bipolar  circuits, 
the  collector  contact  is  generally  located 
extremely  close  to  the  emitter  contact.  However, 
this  is  an  important  layout  constraint  in  bipolar 
circuit  design. 

Moreover,  the  advent  of  the  self-aligned  "Inte- 
grated  Injection  Logic"  (IIL),  or  "Merge  Transistor 
Logic"  (MTL),  makes  it  possible  to  lay  out  such 
logic  arrays  in  the  Weinberger  image.  The  self- 
aligned  "Integrated  Injection  Logic",  or  "Merge 
Transistor  Logic",  is  very  attractive  for  very  large 
integrated  circuit  application  because  of  its  low 
power  dissipation  and  high  performance.  How- 
ever,  the  series  resistance  of  the  emitter  sublayer 
severely  limits  the  number  of  wiring  channels 
perpendicular  to  the  gate.  One  way  to  attempt  to 
overcome  the  emitter  sublayer  series  resistance 
problem  is  to  provide  multiple  emitter  sublayer 
contacts  per  gate.  This  attempted  solution,  how- 
ever,  adversely  affects  the  circuit  density  and 
wirability  significantly. 

With  respect  to  MOS  devices,  such  as  MOSFET 
and  MOS  Dynamic  RAM  structures,  the  circuits 
built  with  them  are  known  to  be  sensitive  to  the 
effect  of  alpha  particles.  It  is  known  that  if  a  p- 
epitaxial  substrate  on  an  n+-type  wafer  is  used 
instead  of  a  p-type  wafer,  sensitivity  to  the  effect 

of  alpha  particles  is  greatly  reduced,  since  the  n+- 
type  wafer  is  an  effective  sink  for  the  electrons 
generated  by  the  alpha  particles.  However,  to  be 
effective,  the  p-epitaxial  substrate  has  to  be  thin, 

5  as  compared  to  the  penetration  depth  of  alpha 
particles,  which  is  about  25  microns.  Such  a  thin 
and  lightly  doped  (e.g.  typically  greater  than 
about  10  ohm-cm)  epitaxial  layer  has  a  very  high 
sheet  resistance  which  causes  transient  local 

w  fluctuation  of  the  p-type  substrate  potential.  One 
way  to  correct  for  this  is  to  provide  a  substrate 
contact  to  every  device  or  to  every  few  devices.  In 
the  conventional  contact  methods,  such  a  proce- 
dure  consumes  a  large  amount  of  the  silicon  chip 

15  area  and  is,  therefore,  disadvantageous. 
An  integrated  circuit  containing  a  semiconduc- 

tive  substrate  having  field  isolation  regions  and 
electrically  conductive  regions  of  active  impurity 
dopants,  comprising  a  refractory  metallic  silicide 

20  entirely  located  beneath  field  isolation  regions,  is 
known  from  US—  A—  3659162. 

The  present  invention  provides  for  significantly 
reduced  sublayer  sheet  resistance  in  integrated 
circuits.  The  present  invention  also  provides  for 

25  substrate  contact  to  every  device  in  a  self-aligned 
manner  without  consuming  additional  substrate 
chip  area.  Accordingly,  the  problem  of  substrate 
potential  fluctuation  discussed  hereinabove  is 
overcome  by  the  present  invention. 

30  Moreover,  with  respect  to  bipolar  devices,  the 
present  invention  makes  it  possible  to  remotely 
locate  the  collector  region  with  respect  to  the 
emitter  region  and,  thereby,  improve  the  layout 
and  wirability  of  the  circuit.  For  instance,  in  the 

35  case  of  Integrated  Injection  Logic,  or  Merged 
Transistor  Logic  arrays  in  the  Weinberger  image, 
the  greatly  reduced  emitter  sublayer  series 
resistance  will  allow  proportionately  more  verti- 
cal  wiring  channels  to  be  used  without  providing 

40  multiple  emitter  sublayer  contact  per  gate.  This, 
in  turn,  greatly  improves  the  circuit  density  and 
wirability  thereof. 

The  present  invention  is  concerned  with  an 
integrated  circuit  which  contains  a  semiconduc- 

45  tive  substrate  having  field  isolation  regions  and 
having  electrical  conductive  regions  of  active 
impurity  dopants.  The  device  contains  a  refrac- 
tory  metallic  silicide  located  beneath  the  field 
isolation  regions  and  in  electrical  contact  with 

50  electrical  conductive  regions  of  active  impurity 
dopants  in  the  substrate. 

The  presence  of  the  silicide  layer  in  the  required 
location  of  the  present  invention  results  in  greatly 
reduced  sublayer  sheet  resistance  in  those 

55  regions  where  it  is  present.  Also,  this  reduction  in 
the  sublayer  sheet  resistance  makes  it  possible  to 
reduce  the  dopant  concentration  in  the  sublayer. 
This  reduction  in  sublayer  doping  concentration, 
in  turn,  can  result  in  reduced  defect  density 

60  associated  with  the  sublayer  and  in  a  reduction  of 
the  sublayer  thickness.  The  reduction  of  the  sub- 
layer  thickness  would  likewise  result  in  a  reduc- 
tion  of  the  depth  of  the  deep  isolation  trenches  in 
the  circuits. 

65  The  process  of  the  present  invention  is  con- 
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:erned  with  fabricating  the  above-defined  inte- 
jrated  circuits.  Moreover,  the  preferred  process 
aspects  do  not  require  any  additional  masking 
steps  and  yet  provide  for  a  self-aligned  silicide 
sublayer.  The  sublayer  is  self-aligned  with  respect 
:o  the  electrical  conductive  regions  to  which  it  is 
jlectrically  connected. 

The  process  includes  providing  a  semiconduc- 
:ive  substrate  of  a  first  conductive  type  containing 
sctive  impurities  of  a  first  conductive  type  and  then 
:hermally  diffusing  or  ion-implanting  active 
mpurities  either  of  the  first  conductive  type  or  of  a 
second  and  opposite  conductive  type  into  pre- 
determined  regions  of  the  semiconductive  sub- 
strate.  Next,  a  refractory  metal  is  deposited  at  and 
n  electrical  connection  with  these  predetermined 
■egions  of  the  semiconductive  substrate.  The 
netal  is  then  reacted  with  the  substrate  beneath 
tie  metal  in  order  to  form  a  layer  of  an  electrically 
:onductive  refractory  compound.  An  insulating 
ayer  is  then  provide  above  the  layer  of  the 
slectrically  conductive  refractory  compound. 

The  scope  of  the  invention  is  defined  by  the 
appended  claims;  and  how  it  can  be  carried  into 
3ffect  is  hereinafter  particularly  described  with 
reference  to  the  accompanying  drawings,  in 
which:- 

Figure  1.1  to  1.9  are  schematic  side  views  of 
various  stages  of  fabrication  of  an  integrated 
circuit  according  to  the  present  invention  in  the 
Form  of  a  bipolar  transistor;  and 

Figure  2.1  and  2.2  are  schematic  side  views  of 
various  stages  of  fabrication  of  an  integrated 
circuit  in  the  form  of  a  MOSFET  or  a  MOS  dynamic 
RAM  DEVICE. 

It  is  to  be  understood  that  when  the  discussion  of 
the  fabrication  steps  refers  to  an  n-type  substrate 
and  p-type  diffused  or  implanted  dopant 
impurities,  p-type  substrate  and  n-type  impurities 
can  be  employed  just  as  well.  It  is  also  to  be 
understood  that  when  the  discussion  refers  to  n- 
type  impurities,  the  process  steps  are  applicable  to 
p-type  impurities  and  vice  versa.  Also,  the  present 
invention  is  applicable  to  substrates  other  than 
silicon  which  are  known  in  the  art.  Moreover,  as 
used  herein,  the  terms  "metallic  type  interconnec- 
tion  lines"  or  "high-conductivity  interconnection 
lines"  refer  to  metal  lines  such  as  aluminum,  as 
well  as  to  nonmetallic  materials  (e.g.  higly  doped 
polysilicon  or  intermetallic  silicides)  which, 
nevertheless,  can  have  conductivities  of  the  mag- 
nitude  generally  possessed  by  conductive  metals. 
Also,  when  the  reference  is  made  to  impurities  of  a 
"first  type"  and  to  impurities  of  a  "second  type",  it 
is  understood  that  the  "first  type"  refers  to  the 
opposite  conductivity  type  than  the  "second 
type".  That  is,  if  the  "first  type"  is  p,  then  the 
"second  type"  is  n.  If  the  "first  type"  is  n,  then  the 
"second  type"  is  p. 

Also,  for  convenience,  the  discussion  of  fabrica- 
tion  steps  refers  to  photolithography.  However, 
other  lithographic  techniques,  such  as  electron 
beam  systems,  can  be  employed  when  desired. 
Moreover,  although  the  discussion  which  follows 
employs  the  preferred  material,  polycrystalline 

silicon,  as,  tor  instance,  a  gate  material,  otner 
materials  can  be  employed  to  provide  various 
conductive  layers,  such  as  the  gates.  In  particular, 
such  can  be  fabricated  from  a  refractory  metal  or 

5  silicide  thereof.  A  refractory  metal,  as  will  be 
discussed  herein,  is  understood  within  the  context 
of  the  present  invention  to  be  a  metal  which  can 
withstand  the  high  temperatures  experienced  dur- 
ing  the  fabrication  without  degrading  to  an  unde- 

w  sired  extent.  Examples  of  some  refractory  metals 
include  tunnsten,  tantalum,  hafnium,  molyb- 
denum,  vanadium,  niobium,  rhodium,  and  cobalt. 

Referring  to  Fig.  1.1,  there  is  shown  a  p-type 
silicon  substrate  2  having  any  desired  crystal 

ts  orientation  (e.g.  <100>)  which  can  be  prepared  by 
slicing  and  polishing  a  p-type  silicon  boule  grown 
in  the  presence  of  a  p-type  dopant,  such  as  boron, 
following  conventional  crystal  growth  techniques. 
Other  p-dopants  for  silicon  include  aluminium, 

?o  gallium,  and  indium.  Atypical  dosage  of  the  p-type 
dopants  is  about  1  015  atoms/cm3.  Located  on  the  p- 
substrate  is  a  n-type  impurity  sublayer  3  contain- 
ing  an  enhanced  concentration  of  n-type  dopant 
impurities,  such  as  phosphorus,  arsenic,  or  anti- 

?5  mony  usually  present  in  a  concentration  of  about 
1020  atoms/cm3.  Located  on  top  of  the  n+  sublayer 
3  is  a  n-epitaxially  grown  silicon  layer  4  containing 
n-type  impurities,  such  as  phosphorus,  arsenic,  or 
antimony.  A  typical  concentration  of  the  n-type 

30  impurities  is  about  1016  atoms/cm3. 
An  oxide  layer  5,  such  as  silicon  oxide,  is 

provided  on  the  n-epitaxial  silicon  layer  by,  for 
instance,  thermal  oxidation  of  the  silicon  layer,  or 
by  well-known  vacuum  or  chemical  vapor  deposi- 

ts  tion  techniques.  Typically,  the  thickness  of  this 
layer  5  is  about  100  to  about  100  nm  (1000  A). 

An  adherent  oxidation  barrier  layer  6  or  a 
nonoxidizing  material,  such  as  silicon  nitride, 
aluminum  nitride,  boron  nitride,  aluminium  oxide, 

40  or  silicon  carbide  is  then  deposited.  Preferably,  the 
layer  6  is  a  nitride  such  as  silicon  nitride  and  is 
approximately  50  to  about  300  nm  (500  to  about 
3000  A)  thick.  The  layer  6  may  be  deposited  by 
conventional  chemical-vapour  deposition  tech- 

45  niques.  An  additional  layer  of  silicon  dioxide  7  is 
then  deposited.  The  silicon  dioxide  layer  7  is 
approximately  10  to  about  100  nm  (100  to  about 
1000  A)  thick  and  may  be  formed  by  chemical- 
vapour  deposition. 

50  The  oxidation  barrier  layer  material  should  not 
oxidize,  or  at  most  only  oxidize  extremely  slowly 
relative  to  the  oxidation  rate  of  silicon  and  polyc- 
rystalline  silicon.  The  oxidation  barrier  layer 
material  is  considered  to  be  a  nonoxidizing 

55  material  under  the  conditions  to  which  it  is  sub- 
jected  in  the  method  of  the  present  invention. 

A  pattern-determining  layer,  such  as  a  layer  of 
resist  material  (not  shown)  of  the  type  employed  in 
known  lithographic  masking  and  etching  tech- 

60  niques  is  placed  overthe  surface  of  the  upper  oxiie 
layer  7.  Any  of  the  well-known  photosensitive 
polymerizable  resist  materials  known  in  the  art 
may  be  used.  The  resist  material  is  applied,  such  as 
by  spinning  on  or  by  spraying. 

65  The  layer  of  photoresist  material  is  dried  and 
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then  selectively  exposed  to  ultraviolet  radiation 
using  a  photolithographic  mask.  The  mask  is  of  a 
transparent  material  having  opaque  portions  in  a 
predetermined  pattern.  The  masked  wafer  is  sub- 
ject  to  ultraviolet  light  which  polymerizes  the 
portions  of  the  resist  material  underlying  the 
transparent  regions  of  the  mask.  After  removing 
the  mask,  the  wafer  is  rinsed  in  a  suitable 
developing  solution  which  washes  away  the  por- 
tions  of  the  resist  material  which  were  not  under 
the  opaque  portions  of  the  mask  and,  thus, 
exposed  to  the  ultraviolet  light. 

Next,  the  structure  is  treated  to  remove  the 
portions  of  the  silicon  dioxide  layers  5  and  7  and 
the  silicon  nitride  layer  6  not  protected  by  the 
resist  material  (Fig.  1.2).  The  portions  removed  of 
such  layers  are  regions  wherein  recessed  field 
oxide  is  to  be  subsequently  formed.  The  silicon 
dioxide  and  silicon  nitride  layer  can  be  removed 
by  standard  wet  chemical  etching  or  by  reactive  - 
ion  etching,  such  as  using  CF4  plus  hydrogen. 
Also,  a  portion  of  the  epitaxial  silicon  is  removed 
by  reactive  ion  etching,  such  as  using  CF4  or 
CCI2CF2  plus  oxygen,  in  those  regions  wherein 
recessed  field  oxide  is  subsequently  formed. 
Approximately  200  nm  (2000  A)  to  about  1 
micrometer,  and  most  preferably  about  one-half 
micrometer,  of  the  n-epitaxial  silicon  layer  is 
removed.  The  n-epitaxial  silicon  layer  4  initially  is 
about  0.5  micrometer  to  about  2  micrometers, 
and  preferably  about  1  micrometer. 

The  photoresist  material  above  the  pattern 
etched  is  then  removed  by  dissolving  in  a  suitable 
solvent.  Next,  a  layer  of  silicon  dioxide  8  is 
thermally  grown  (Fig.  1.3).  Such  is  approximately 
100  nm  (1000  A)  to  about  1  micrometer  thick,  and 
preferably  about  200  nm  (2000  A).  It  can  be  grown 
by  thermal  oxidation  of  the  assembly  at  about 
1000°C  in  the  presence  of  dry  oxygen.  If  desired, 
this  oxide  layer  can  be  provided  by  a  combination 
of  thermally  grown  silicon  dioxide  and  chemical 
vapour  deposited  dioxide. 

Next,  the  silicon  dioxide  layer  is  removed  by 
reactive  ion  etching  employing,  for  instance,  a 
gaseous  fluorocarbon,  such  as  CF4  and  H2 
supplying  gas  in  order  to  provide  selective  etch- 
ing  of  the  silicon  dioxide  as  opposed  to  etching  of 
the  silicon  beneath  the  oxide  layer.  A  discussion 
of  such  reactive  etching  can  be  found  in  Ephrath, 
"Selective  Etching  of  Silicon  Dioxide  Using  Reac- 
tive  Ion  Etching  with  CF4-H2",  Journal  of  the 
Electrochemical  Society,  Vol.  128,  No.  8,  Aug. 
1979,  pages  1419  and  1421,  US  4,283,249  and  EP- 
0001538. 

The  reactive  ion  etching  removes  all  of  the 
exposed  silicon  dioxide  layer  except  for  that 
silicon  dioxide  on  the  side  wall  on  the  silicon  as 
shown  in  Fig.  1.3.  A  discussion  on  using  reactive 
ion  etching  to  remove  silicon  dioxide  everywhere 
except  on  vertical  side-walls  can  be  found  in  U.S 
4,234,362. 

Next,  an  n-type  dopant  is  introduced  such  as  by 
ion-implantation,  to  provide  enhanced  doping  in 
the  recessed  region.  An  example  of  an  n-type 
dopant  is  an  arsenic  implant  of  about  100  to  about 

300  keV  energy  and  about  1015  atoms/cm2  dose 
and  resulting  in  a  1020  atom/cm3  concentrrtion. 

A  refractory  metal  is  then  deposited,  such  as  by 
sputtering  or  preferably  by  evaporation. 

5  Examples  of  suitable  refractory  metals  include 
tungsten,  tantalum,  niobium,  molybdenum,  haf- 
nium,  cobalt,  and  vanadium,  and  preferably 
tungsten  and  tantalum.  Mixtures  can  be 
employed  if  desired.  The  electrically  conductive 

10  compound  of  the  refractory  metal  9  is  formed  by 
reacting  the  metal  with  the  substrate  (Fig.  1.4).  In 
the  case  of  silicon,  the  compound  formed  is  a 
silicide.  The  compound  or  silicide  can  be  formed 
by  either  reacting  the  metal  at  elevated  tempera- 

15  tures,  such  as  at  about  700°C  to  about  1  100°C,  or 
by  implanting  certain  ions  through  the  metal 
layer,  such  as  inert  gas  ions,  such  as  argon, 
krypton,  and  xenon,  or  other  ions,  such  as  anti- 
mony  or  silicon.  Discussions  on  employing  ion 

20  implantation  to  achieve  reaction  between  a 
refractory  metal  and  an  underlying  layer  of  silicon 
can  be  found  in  Tsai  et  al,  "Refractory  Metal 
Silicide  Formation  Induced  by  As+  Implantation", 
Applied  Physics  Letters,  37(3),  1  August  1980, 

25  pages  295  to  298;  and  Chapman  et  al,  "Silicide 
Formation  by  High  Dose  si+-lon  Implantation  of 
Pd",  Journal  of  Applied  Physics,  50(10),  October 
1979,  pp.  6321—6327. 

During  the  formation  of  the  silicide,  the  silicon 
30  nitride  layer  6  prevents  refractory  metal  located 

above  it  from  reacting  with  any  silicon.  The  metal 
which  does  not  react  is  then  removed  by  dissolv- 
ing  in  a  suitable  composition.  For  instance,  tan- 
talum  can  be  removed  by  employing  a  KOH 

35  solution. 
The  thickness  of  the  metal  layer  is  usually  about 

50  nm  (500  A)  to  about  200  nm  (2000  A). 
Recess  oxide  10  (Fig.  1.5)  is  next  formed  by 

thermal  oxidation  at  about  800  to  about  1000°C  in 
40  dry  oxygen.  During  oxidation,  silicon  diffuses 

upward  through  the  silicide  layer  to  form  the 
oxide.  Next,  the  oxidation  mask,  silicon  nitride  6, 
is  removed  by  employing  a  suitable  etchant 
which  does  not  attack  the  oxide  present  or  other 

45  components  of  the  already  formed  device.  For 
instance,  silicon  nitride  can  be  removed  by  phos- 
phoric  acid  solution  at  about  180°C.  It  is  noted  that 
instead  of  thermal  oxidation,  the  recessed  oxide 
layer  can  be  formed  by  depositing,  such  as  by 

so  chemical  vapour  deposition,  a  layer  of  silicon 
oxide  and  then  planarizing  the  surface  with  a 
photoresist  and  then  etching  back  by  use  of 
reactive  ion  etching,  such  as  in  CF4  or  mixture  or 
CF4  and  H2  as  discussed  hereinabove. 

55  The  fabrication  steps  which  follow  are  merely 
presented  as  illustrative  of  the  many  different 
types  of  procedures  that  can  be  employed  to  form 
the  desired  bipolar  transistor  and  circuit. 

For  instance,  deep  dielectric  or  deep  trench 
60  isolation  is  next  formed.  One  convenient  way  to 

do  such  is  to  deposit  a  layer  of  polysilicon  1  1  (Fig. 
1.6).  The  polysilicon  layer  is  approximately  150  to 
about  500  nm  (1500  to  about  5000  A)  thick  and 
may  be  formed  by  chemical  vapour  deposition. 

65  Next,  a  silicon  dioxide  layer  12  is  formed  over  the 
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>olysilicon  layer  11.  The  silicon  dioxide  layer  12  is 
ibout  150  to  about  500  nm  (1500  to  about  5000  A) 
hick  and  can  be  formed  by  chemical  vapour 
Jeposition.  The  polysilicon  layer  12  serves  as  a 
eactive  ion  etching  stop  when  silicon  dioxide  is 
o  be  etched.  A  photoresist  mask  (not  shown)  is 
ipplied  to  the  assembly  and  preselected  portions 
hereof  are  removed  by  use  of  a  photolithog- 
raphic  mask.  Those  portions  not  protected  by  the 
jhotoresist  are  removed  by  reactive  ion  etching, 
["he  silicon  dioxide  is  etched  by  reactive  ion 
itching  employing  CF4  and  H2,  as  discussed 
lereinabove.  The  polysilicon  and  silicon  are 
itched  by  employing  Cl2  plus  Ar,  CF4/  or  CCI2F2 
slus  02.  After  all  of  the  photoresist  is  removed, 
:he  trenches  13  in  the  silicon  are  removed  by 
selective  reactive  ion  etching  in  Cl2  plus  Ar  or 
2CI2F2  plus  02.  Next,  channel  stops  are  formed  in 
:he  bottoms  of  the  trench  by  ion  implantation  of  a 
D-type  dopant. 

A  thin  layer  of  silicon  dioxide  (not  shown)  of 
about  20  to  about  100  nm  (200  to  about  1000  A) 
thick  is  grown  on  the  exposed  silicon  surface. 
Next,  silicon  dioxide  14  (Fig.  1.7)  is  chemically 
/apour  deposited  to  fill  up  the  trenches.  The 
surface  is  then  planarized  using  a  photoresist  and 
stching  process.  All  of  the  photoresist  can  be 
removed  by  reactive  ion  etching  in  CF4.  The 
silicon  oxide  on  top  of  the  polysilicon  is  removed 
by  reactive  ion  etching  in  CF4  and  hydrogen  as 
discussed  hereinabove.  The  polysilicon  layer  is 
removed,  for  instance,  by  etching  in  a  solution  of 
pyrocatechol.  Next,  the  silicon  oxide  layer  is 
removed  from  those  areas  on  top  of  the  active 
device  regions. 

The  deep  trench  isolation  process  is  thus  com- 
plete  and  the  refractory  metal  silicide  layer  9  is  in 
place.  The  usual  process  steps  can  be  followed  to 
fabricate  the  desired  bipolar  device  and  circuit. 
The  following  fabrication  steps  are  merely 
presented  as  illustrative  of  the  procedure  that  can 
be  employed  to  form  an  npn  bipolar  transistor 
having  its  emitter  self-aligned  to  its  polysilicon 
base  contact.  A  discussion  of  such  self-alignment 
bipolar  transistors  can  be  found  in  U.S. 

4,157,269  and  EP—  0005721  and  in  Ning  et  al, 
"Self-Aligned  NPN  Bipolar  Transistors",  1980, 
International  Electron  Devices  Meeting  Technical 
Digest,  pp.  823—824. 

A  layer  15  of  polycrystalline  silicon  is  then 
deposited  (Fig.  1.8).  The  polycrystalline  silicon  is 
approximately  150  to  500  nm  (1500  to  5000  A) 
thick,  and  may  be  formed  by  chemical-vapour 
deposition.  Layer  16  of  silicon  dioxide  is  then 
deposited.  The  silicon  dioxide  layer  16  is  approxi- 
mately  200  to  500  nm  (2000  to  5000  A)  thick  and 
may  be  formed  by  chemical  vapour  deposition.  A 
pattern  determining  layer  (not  shown),  such  as  a 
layer  of  resist  material  of  the  type  employed  in 
known  lithographic  masking  and  etching  tech- 
niques,  is  placed  over  the  entire  surface  of  the 
upper  oxide  16.  Any  of  the  well-known  polymeriz- 
able  resist  materials  known  in  the  art  may  be 
used.  The  resist  material  is  applied,  such  as  by 
spinning  on  or  by  spraying.  The  layer  of  photo- 

resist  material  is  anea  ana  tnen  seiecxiveiy 
exposed  to  ultraviolet  radiation  using  a  photo- 
lithographic  mask.  With  the  patterned  photoresist 
as  mask,  the  silicon  dioxide  16  is  reactive  ion 

5  etched  in  CF4  and  H2,  and  the  polysilicon  layer  15 
is  partially  reactive  ion  etched  in  CF4.  Etching  of 
the  polysilicon  layer  15  is  then  completed  by 
using  a  solution  of  HF:HN03:CH3COOH=1  :3:8 
which  preferentially  etches  heavily  doped  silicon 

<o  but  does  not  etch  the  lightly  doped  n-type  silicon 
layer  4. 

The  photoresist  material  is  then  removed.  A 
thin  silicon  dioxide  layer  is  then  formed  on  the 
exposed  silicon  and  polysilicon  surfaces  by 

15  thermal  oxidation.  This  layer  is  approximately  10 
to  about  100  nm  (100  to  about  1000  A)  thick. 
Another  layer  of  silicon  dioxide  approximately 
100  to  about  300  nm  (1000  to  about  3000  A)  thick 
is  then  put  down  by  chemical  vapour  deposition. 

io  This  combined  layer  of  thermal  silicon  dioxide 
and  chemical-vapor  deposited  silicon  dioxide  is 
then  reactive  ion  etched  in  CF4  and  H2,  removing  it 
everywhere  except  on  the  sidewalls  of  polysilicon 
layer  15.  Thus,  the  polysilicon  layer  is  insulated 

is  on  the  top  by  silicon  dioxide  16  and  on  the  vertical 
sides  by  silicon  dioxide  19  (Fig.  1.9). 

N-type  impurities,  such  as  arsenic,  are  now 
introduced  by  ion  implantation  or  thermal  diffu- 
sion  to  form  the  emitter.  P-type  impurities,  such 

30  as  boron,  are  then  introduced  by  ion  implantation 
to  form  the  intrinsic  base  region.  The  polysilicon 
layer  15  and  the  silicon  dioxide  19  together  act  as 
the  mask  in  the  emitter  and  intrinsic  base  forma- 
tion  process.  Thus,  the  emitter  region  is  self- 

35  aligned  to  the  polysilicon  15  which  contacts  the 
base  region. 

In  fabricating  any  integrated  circuit,  it  is 
necessary  to  connect  high-electrical  conductivity 
lines  to  the  various  active  elements  of  the  device. 

40  The  electrical  connections  are  fabricated  by 
applying  a  photoresist  layer  (not  shown)  to  the 
assembly.  The  resist  is  exposed  to  ultraviolet 
radiation  using  a  lithographic  masking  pattern, 
and  the  exposed  regions  of  the  resist  are  dis- 

45  solved  away.  Next,  the  structure  is  treated  to 
remove  the  portions  of  the  silicon  dioxide  not 
protected  by  the  resist  material.  For  instance,  the 
wafer  is  immersed  in  a  solution  of  buffered 
hydrofluoric  acid  to  provide  contact  holes  or  vias 

so  through  the  oxide  layer  to  allow  electrical  connec- 
tion  to  be  made.  The  remaining  photoresist  above 
the  etched  silicon  dioxide  is  then  removed  by 
dissolving  a  suitable  solvent. 

Next,  the  metallic  type  higher  electrical  conduc- 
es  tivity  interconnection  line  material  20,  preferably 

a  metal,  is  deposited  and  the  interconnection 
pattern  is  delineated.  An  example  of  a  highly 
conductive  material  commonly  used  for  inter- 
connection  is  aluminium.  The  high-electrical 

60  conductivity  material,  such  as  aluminium,  may  be 
deposited  by  sputtering  or,  preferably,  by  evap- 
oration. 

Next,  a  photoresist  layer  (not  shown)  is  applied 
to  the  assembly.  The  resist  material  is  exposed 

65  with  ultraviolet  radiation  using  a  predetermined 
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mask  pattern.  Then  the  structure  is  treated  to 
remove  portions  of  the  conductive  material  not 
protected  by  the  resist.  Finally,  the  resist  material 
over  the  pattern  conductive  material  is  removed 
by  dissolving  in  suitable  solvent. 

Reference  to  Fig.  2.1  illustrates  a  partially  fabri- 
cated  MOSFET  which  is  achieved  by  the  same 
sequence  steps  as  is  the  structure  shown  in  Fig. 
1.5,  except  that  the  starting  substrate  is  a  p- 
epitaxially  grown  silicon  substrate  21  on  an  n+ 
silicon  wafer  22  and  the  implantation  is  p-type 
whereas  the  process  discussed  with  respect  to 
Fig.  1  employs  n-type. 

Subsequent  to  this,  a  device  along  the  lines  of 
Fig.  2.2  can  be  prepared  by  employing  conven- 
tional  or  known  processing  techniques.  In  Fig.  2.2, 
numeral  23  represents  n+  source  and/or  drain 
regions,  24  represents  silicon  dioxide  isolation 
areas,  25,  26  and  27  represent  polycrystalline 
silicon  gates,  and  28  represents  metallic  inter- 
connections.  In  addition,  gates  26  and  27  can  be 
formed  by  self-aligning  technique  as  described 
in  U.S.  4282540  published  04.08.1981,  and 
EP—  0002997. 

Claims 

1.  An  integrated  circuit  containing  a  semicon- 
ductive  substrate  (2,  3,  4)  having  field  isolation 
regions  (10)  and  electrically  conductive  regions  of 
active  impurity  dopants,  comprising  a  refractory 
metallic  silicide  (9)  entirely  located  beneath  field 
isolation  regions,  characterized  in  that  the  refrac- 
tory  metallic  silicide  (9)  has  its  entire  lower  sur- 
face  in  direct  electrical  contact  with  electrically 
conductive  regions  of  active  impurity  dopants. 

2.  Integrated  circuit  according  to  claim  1, 
characterized  in  that  said  refractory  metallic  sili- 
cide  is  selected  form  the  group  of  silicides  of 
tungsten,  tantalum,  niobium,  molybdenum,  haf- 
nium,  cobalt,  vanadium,  or  mixtures  thereof. 

3.  Integrated  circuit  according  to  claim  1, 
characterized  in  that  said  refractory  metallic  sili- 
cide  is  selected  from  the  group  of  silicides  of 
tungsten,  tantalum,  or  mixtures  thereof. 

4.  Integrated  circuit  according  to  claim  1, 
characterized  in  that  said  silicide  is  tungsten 
silicide. 

5.  Integrated  circuit  according  to  claim  1, 
characterized  in  that  said  silicide  is  tantalum 
silicide. 

6.  Integrated  circuit  according  to  any  preceding 
claim,  characterized  in  that  said  field  isolation  is 
of  silicon  dioxide. 

7.  Integrated  circuit  according  to  any  preceding 
claim,  characterized  in  that  the  circuit  is  a  bipolar 
device. 

8.  Integrated  circuit  according  to  any  of  the 
claims  1  to  6,  characterized  in  that  the  circuit  is  a 
MOS  device. 

Patentanspriiche 

1.  Integrierte  Schaltung  mit  einem  Halbleiter- 
substrat  (2,  3,  4)  mit  Feldisolationszonen  (10)  und 

elektrisch  leitenden  Zonen  mit  Verunreinigungen 
aktiver  Dotierungsstoffe,  mit  einer  feuerbestandi- 
gen  metallischen  Siliziumverbindung  (9),  welche 
vollstandig  unter  Feldisolationszonen  angeordnet 

5  ist,  dadurch  gekennzeichnet,  dalS  die  gesamte 
Unterflache  der  feuerbestandigen  metallischen 
Siliziumverbindung  (9)  in  direktem  elektrischem 
Kontakt  mit  elektrisch  leitenden  Zonen  mit  Verun- 
reinigungen  aktiver  Dotierungsstoffe  steht. 

10  2.  Integrierte  Schaltung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dalS  die  feuerbestandige 
metallische  Siliziumverbindung  aus  der  Gruppe 
von  Siliziumverbindungen  aus  Wolfram,  Tantal, 
Niobium,  Molybdan,  Hafnium,  Kobalt,  Vanadium 

15  oder  Gemischen  daraus  besteht. 
.  3.  Integrierte  Schaltung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da  IS  die  feuerbestandige 
metallische  Siliziumverbindung  aus  der  Gruppe 
von  siliziumverbindungen  aus  Wolfram,  Tantal 

20  oder  Gemischen  daraus  besteht. 
4.  Integrierte  Schaltung  nach  Anspruch  1, 

dadurch  gekennzeichnet,  dalS  die  Siliziumverbin- 
dung  aus  Wolfram  besteht. 

5.  Integrierte  Schaltung  nach  Anspruch  1, 
25  dadurch  gekennzeichnet,  dalS  die  Siliziumverbin- 

dung  aus  Tantal  besteht. 
6.  Integrierte  Schaltung  nach  einem  der  Vorher- 

gehenden  Anspriiche, 
dadurch  gekennzeichnet,  da  IS  die  Feldisolation 

30  aus  Siliziumdioxid  besteht. 
7.  Integrierte  Schaltung  nach  einem  der  vorher- 

gehenden  Anspriiche,  dadurch  gekennzeichnet, 
dafi  die  Schaltung  ein  bipolares  Bauelement  ist. 

8.  Integrierte  Schaltung  nach  einem  der  Ansr* 
35  piiche  1  —  6,  dadurch  gekennziechnet,  dalS  die 

Schaltung  ein  MOS-Bauelement  ist. 

Revendications 

40  1.  Circuit  integre  contenant  un  substrat  semi- 
conducteur  (2,  3,  4)  ayant  des  regions  d'isolement 
de  champs  (10)  et  des  regions  electriquement 
conductrices  a  dopants  a  impuretes  actives,  com- 
portant  un  siliciure  metallique  refractaire  (9) 

45  entierement  situe  en  dessous  des  regions  d'isole- 
ment  de  champs,  caracterise  en  ce  que  le  siliciure 
metallique  refractaire  (9)  a  la  totalite  de  sa  surface 
inferieure  en  contact  electrique  direct  avec  les 
regions  electriquement  conductrices  a  dopants  a 

so  impuretes  actives. 
2.  Circuit  integre  selon  la  revendication  1, 

caracterise  en  ce  que  ledit  siliciure  metallique 
refractaire  est  choisi  parmi  le  groupe  des  sili- 
ciures  de  tungstene,  de  tantale,  de  niobium,  de 

55  molybdene,  de  hafnium,  de  cobalt,  de  vanadium, 
ou  des  melanges  de  ceux-ci. 

3.  Circuit  integre  selon  la  revendication  1, 
caracterise  en  ce  que  ledit  siliciure  metallique 
refractaire  est  choisi  parmi  le  groupe  des  sili- 

60  ciures  de  tungstene,  de  tantale,  ou  des  melanges 
de  ceux-ci. 

4.  Circuit  integre  selon  la  revendication  1, 
caracterise  en  ce  que  ledit  siliciure  est  du  siliciure 
de  tungstene. 

65  5.  Circuit  integre  selon  la  revendication  1, 

6 



1 EP  0  0 6 8 1 5 4   B1 

:aracterise  en  ce  que  ledit  siliciure  est  du  siliciure 
ie  tantale. 

6.  Circuit  integre  selon  I'une  quelconque  des 
evendications  precedentes,  caracterise  en  ce  que 
edit  isolement  de  champs  est  en  dioxyde  de  5 
silicium. 

7.  Circuit  integre  selon  I'une  quelconque  des 
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evenaicaiions  preceaenxes,  caracxerise  en  ce  que 
e  circuit  est  un  dispositif  bipolaire. 

8.  Circuit  integre  selon  I'une  quelconque  des 
■evendications  1  a  6,  caracterise  en  ce  que  le 
;ircuit  est  un  dispositif  MOS  (a  grilles  isolees  par 
ixyde  metallique). 
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