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©  Fabrication  process  for  Schottky  barrier  diodes  on  a  substrate. 

@  A  method  for  fabricating  a  diode,  for  example, 
for  use  in  a  Schottky  clamped  transistor,  which  as  a 
process  step  disposes  a  layer  of  oxide  between  the 
substrate  and  the  overlying  layer  of  polysilicon  which 
must  ultimately  be  etched  away.  The  oxide  layer 
permits  use  of  an  end  point  dry  etch  process  which 
in  turn  allows  greater  miniaturization  of  the  circuit 
over  wet  etch  processes.  Use  of  the  end  point  pro- 
cess  made  feasible  by  the  oxide  layer  also  prevents 

overetch  of  the  silicon  material.  As  a  result,  a  more 
ideal  metal  silicide  anode-to-substrate  Schottky  bar- 
rier  is  formed  with  corresponding  improvements  in 
the  diode  ideality  factor.  In  addition  the  oxide  layer 
eliminates  Schottky  mask  alignment  problems  and 
further  improves  diode  performance  characteristics 
by  elimination  of  parasitic  diodes.  The  process  can 
be  implemented  with  minimal  deviation  from  other 
core  processes  used  to  fabricate  similar  circuits. 
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Transistor  saturation  occurs  when  excessive 
currents  are  applied  to  the  bases  of  bipolar  transis- 
tors,  driving  the  collector-base  diode  into  forward 
bias  and  thus  injecting  minority  carrier  into  the 
base  of  the  transistor.  Removal  of  this  charge  from 
the  base  results  in  slow  turnoff  characteristics  of 
the  transistor.  Saturation  can  thus  degrade  the  per- 
formance  of  high-speed  switching  circuits. 

In  semiconductor  circuits,  the  use  of  Schottky 
barrier  diodes  is  a  popular  means  of  preventing 
transistor  saturation.  The  Schottky  barrier  diode 
maintains  a  low  voltage  across  the  base-collector 
diode  thus  preventing  this  junction  from  becoming 
forward  biased  and  saturating  the  transistor.  The 
resulting  semiconductor  transistor  circuit  is  known 
as  a  Schottky  clamped  transistor. 

The  effectiveness  of  the  Schottky  clamp  is 
limited  by  the  ideality  factor  of  the  barrier  diode. 
The  typical  Schottky  diode  is  formed  by  depositing 
a  metal  layer  on  a  lightly  doped  N-  type  silicon 
material.  Irregularities  in  the  surface  of  the  N-  type 
material  cause  imperfections  in  the  metal  to  N- 
type  silicon  contact.  These  imperfections  in  the 
metal  to  N-  type  silicon  contact  contribute  to  non- 
ideality. 

In  typical  fabrication  processes,  a  polysilicon 
layer  which  has  been  deposited  over  the  surface  of 
the  semiconductor  is  etched  away  at  the  desired 
location  to  expose  the  N-  type  single  crystal  ma- 
terial.  Due  to  the  ever  decreasing  size  of  semicon- 
ductor  circuits,  the  area  of  the  barrier  diode  and 
thus  the  area  to  be  etched  away  continues  to 
decrease  in  size.  The  limited  area  to  be  etched  in 
present  day  circuits  precludes  the  use  of  a  wet 
etch  process  and  a  dry  etch  process  must  be 
used. 

Both  the  polysilicon  to  be  etched  away  and  the 
underlying  doped  silicon  material  have  the  same 
chemical  composition.  Thus,  there  is  no  way  in  the 
typical  etching  process  to  determine  by  end  point 
detection  where  the  polysilicon  material  ends  and 
the  underlying  single  crystal  N-  type  material  be- 
gins.  Therefore,  a  timed  etch  process  is  used 
whereby  the  etch  proceeds  for  the  period  required 
to  etch  away  the  polysilicon  material  as  calculated 
from  the  thickness  of  that  material. 

This  timed  etching  process  contributes  to  ir- 
regularities  in  the  surface  of  the  N-  type  silicon 
region  in  two  respects.  First,  the  timed  etch  pro- 
cess  is  somewhat  imprecise  and  the  etching  pro- 
cess  occasionally  extends  past  surface  of  the  sin- 
gle  crystal  N-  material.  Second,  the  dry  etch  pro- 
cess  is  associated  with  some  mechanical  sputter- 
ing  due  to  bombardment  by  gas  molecules  and 
this  action  can  cause  damage  to  the  N-  type  single 
crystal  silicon  structure  when  this  area  is  exposed 
to  the  gas.  The  resulting  surface  irregularities  nega- 
tively  impact  the  ideality  of  the  barrier  diode. 

A  further  complication  resulting  from  the  typical 
fabrication  process  negatively  impacts  semicon- 
ductor  performance.  Due  to  misalignment  of  Schot- 
tky  contact  mask  the  typical  fabrication  process 

5  can  leave  an  amount  of  intrinsic  polysilicon  material 
(normally  etched  away)  adjacent  the  diode.  See 
Fig.  16.  A  parasitic  Schottky  diode  develops  where 
metal  comes  into  contact  with  intrinsic  polysilicon 
material  which  could  be  a  source  of  leakage  cur- 

io  rent. 
This  invention  as  defined  in  the  independent 

claims  relates  to  the  fabrication  of  semiconductor 
devices  and  in  particular  to  the  fabrication  of  Schot- 
tky  barrier  diodes.  In  the  preferred  embodiment,  a 

75  layer  of  oxide  material  is  placed  between  the  sur- 
face  of  the  N-  type  single  crystal  semiconductor 
region  and  the  polysilicon  material  during  the  fab- 
rication  process.  The  oxide  material  has  a  different 
chemical  composition  from  that  of  the  polysilicon 

20  layer  or  the  N-  type  single  crystal  silicon  region. 
This  fact  permits  the  timed  etch  process  to  be 
replaced  with  an  end  point  etch  process.  In  the  end 
point  etch  process,  the  concentration  of  gases 
comprising  the  plasma  gas  used  for  the  etch  is 

25  monitored  by  analyzing  spectrum  of  the  plasma.  In 
this  way,  one  can  tell  when  the  plasma  gas  has 
etched  through  one  material  and  contacted  another. 
By  placing  an  oxide  layer  between  the  chemically 
identical  materials  which  make  up  the  polysilicon 

30  material  and  the  N-  type  single  crystal  region,  one 
can  identify  the  points  at  which  etch  of  the  poly- 
silicon  begins  and  ends  and  at  which  etch  of  the 
oxide  begins.  A  wet  hydrofluoric  acid  process  can 
then  be  used  to  remove  the  oxide.  The  hydrofluoric 

35  acid  will  not  etch  the  underlying  N-  type  silicon 
region.  Overetch  of  the  N-  type  single  crystal  sili- 
con  is  thereby  prevented.  Furthermore,  damage  to 
the  surface  of  the  N-  type  single  crystal  silicon 
region  due  to  ion  bombardment  during  the  etch  is 

40  eliminated.  The  resulting  Schottky  barrier  diode  has 
an  improved  ideality  factor  which  in  turn  improves 
device  performance. 

This  method  also  removes  the  alignment  prob- 
lems  associated  with  other  fabrication  processes.  In 

45  the  device  of  the  present  invention,  the  oxide  pro- 
vides  a  barrier  to  boron  diffusion  from  P+  poly- 
silicon  hence  no  intrinsic  polysilicon  region  is  re- 
quired  above  the  intended  diode  region.  There  now 
remains  no  alignment  issue  between  Schottky  con- 

50  tact  and  intrinsic  polysilicon.  This  feature  eliminates 
the  parasitic  Schottky  diode  formed  with  the  intrin- 
sic  polysilicon  material. 

A  further  advantage  of  the  method  which  re- 
sults  from  the  elimination  of  alignment  problems 

55  and  the  improved  diode  performance  is  that  the 
semiconductor  device  can  now  be  further  miniatur- 
ized.  In  addition,  the  process  of  the  present  inven- 
tion  may  be  implemented  by  inserting  a  module  of 
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steps  into  the  core  processes  typically  used  to 
fabricate  such  devices.  Thus,  the  benefits  of  the 
present  invention  can  be  realized  without  the  need 
to  significantly  restructure  operations  and  are  had 
at  marginal  cost. 

Fig.  1  is  a  silicon  substrate  processed  accord- 
ing  to  conventional  methods  to  which  an  oxide 
layer  and  mask  have  been  applied,  according  to  an 
embodiment  of  the  present  invention. 

Fig.  2  is  a  silicon  substrate  in  which  the  oxide 
layer  has  been  selectively  etched  according  to  an 
embodiment  of  the  present  invention. 

Fig.  3  is  a  silicon  substrate  over  which  a  layer 
of  polysilicon  has  been  deposited  according  to  an 
embodiment  of  the  present  invention. 

Fig.  4  is  a  silicon  substrate  to  which  an  implant 
mask  has  been  applied  over  the  polysilicon  layer 
according  to  an  embodiment  of  the  present  inven- 
tion. 

Fig.  5  is  a  silicon  substrate  to  which  an  addi- 
tional  implant  mask  has  been  applied  over  the 
polysilicon  layer  according  to  an  embodiment  of 
the  present  invention. 

Fig.  6  is  a  silicon  substrate  to  which  a  layer  of 
silicon  nitride  is  grown  as  an  oxidation  mask  ap- 
plied  according  to  an  embodiment  of  the  present 
invention. 

Fig.  7  is  a  silicon  substrate  undergoing  a  P- 
type  implant  after  selective  etching  of  the  nitride 
and  polysilicon  layers  according  to  an  embodiment 
of  the  present  invention. 

Fig.  8  is  a  silicon  substrate  after  P  implantation 
and  mask  removal  according  to  an  embodiment  of 
the  present  invention. 

Fig.  9  is  a  silicon  substrate  showing  masked 
nitride  layer  etch  and  subsequent  anneal  and  ther- 
mal  oxidation.  Note:  Layer  of  oxide  over  polysilicon 
region  where  Schottky  contact  will  be  etched.  Re- 
maining  nitride  is  then  stripped. 

Fig.  10  is  a  silicon  substrate  showing  deposi- 
tion  and  formation  of  titanium  silicide  according  to 
an  embodiment  of  the  present  invention. 

Fig.  11  is  a  silicon  substrate  showing  deposi- 
tion  of  low  temperature  oxide  and  etch  of  LTO 
using  contact  mask.  Indicated  is  the  region  in 
which  the  diode  will  be  formed  according  to  an 
embodiment  of  the  present  invention. 

Fig.  12  is  a  silicon  substrate  showing  dry  etch 
of  the  polysilicon  layer  according  to  an  embodi- 
ment  of  the  present  invention. 

Fig.  13  is  a  silicon  substrate  including  a  plati- 
num  silicide  Schottky  barrier  diode  formed  accord- 
ing  to  an  embodiment  of  the  present  invention  and 
also  showing  a  circuit  equivalent. 

Fig.  14  depicts  an  end  point  process. 
Fig.  15  is  a  silicon  substrate  undergoing  a 

mask  step  included  in  typical  processes  not  incor- 
porating  the  present  invention. 

Fig.  16  is  a  silicon  substrate  with  intrinsic  poly- 
silicon  layer  as  in  typical  processes  not  incorporat- 
ing  the  present  invention. 

Fig.  17  is  a  silicon  substrate  with  barrier  diode 
5  formed  using  a  typical  process  not  incorporating 

the  present  invention. 
Fabrication  of  NPN  Schottky  clamped  transistor 

will  be  described  as  an  example  of  the  preferred 
embodiment  of  the  method  of  the  present  inven- 

io  tion. 
Figure  1  shows  a  silicon  substrate  having  un- 

dergone  preliminary  processing  according  to  con- 
ventional  methods.  Silicon  substrate  2  is  composed 
of  a  P-  type  material.  In  this  figure,  silicon  substrate 

is  2  has  been  processed  to  form  a  N  +  buried  layer  4 
which  serves  as  the  transistor  collector  and  diode 
cathode.  N  +  buried  layer  4  has  a  sheet  resistance 
of  24-30  n/square  and  a  thickness  of  1.2m.  An 
epitaxial  layer  6  is  grown  on  the  substrate  using 

20  well-known  techniques.  Epitaxial  layer  6  is  about 
1.3  microns  thick  and  has  an  impurity  concentra- 
tion  density  of  1  x  101G  atoms/cm3.  P  region  8 
forms  the  base  of  the  transistor.  P  region  8  is  about 
1000A  deep  and  is  doped  with  boron  to  a  con- 

25  centration  of  2  x  1017.  Oxide  regions  10a-c  provide 
isolation  between  devices,  typically  by  encircling 
each  transistor.  Regions  4  through  10  are  formed 
using  well  known  semiconductor  process  technol- 
ogy,  for  example,  as  set  forth  in  the  US  Patent 

30  3,648,125. 
A  thin  oxide  layer  12  is  shown  on  the  surface 

of  substrate  2.  Oxide  layer  12  is  thermally  grown 
by  placing  substrate  2  in  an  oxygen  environment  at 
a  temperature  of  900°  for  a  period  of  one  hour. 

35  Oxide  layer  12  has  a  thickness  of  300  to  400A. 
After  growth  of  oxide  layer  12  a  layer  of 

photoresist  material  is  applied  and  patterned  using 
methods  well  known  in  the  art  over  oxide  layer  12. 
The  controlled  pattern  of  photoresist  permits  oxide 

40  layer  12  to  be  etched  away  using  well-known  tech- 
niques  only  at  those  locations  not  covered  by 
photoresist  14a  and  14b.  After  etch  of  the  exposed 
portions  of  oxide  layer  12  has  been  accomplished, 
photoresist  14a-b  is  removed.  An  oxide  layer  12a-b 

45  remains  on  the  surface  of  substrate  2  as  shown  in 
Figure  2.  Note  that  oxide  region  12a  extends  over 
the  entire  surface  area  of  region  6. 

A  layer  of  intrinsic  polysilicon  16  is  then  depos- 
ited  on  the  surface  of  substrate  2  and  an  oxide 

50  layer  17  grown  on  top  of  the  polysilicon.  See 
Figure  3.  Polysilicon  layer  16  is  deposited  using 
chemical  vapor  deposition  techniques  well-known 
in  the  art  and  has  a  thickness  of  4250A  (425  nm). 

A  blanket  implant  of  P  material  is  then  made. 
55  Although  this  step  is  not  required  to  effect  the 

present  invention  and  therefore  can  be  omitted,  it  is 
shown  here  because  this  step  would  typically  be 
part  of  fabrication  processes  which  create  resistive 
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devices  elsewhere  on  the  substrate.  An  additional 
benefit  of  retaining  this  step  is  that  processes 
which  contain  this  step  can  incorporate  the  present 
invention  with  minimal  deviation  from  the  core  pro- 
cess. 

A  mask  18  is  then  applied  on  the  surface  of 
polysilicon  layer  16  in  the  same  manner  as  de- 
scribed  above,  resulting  in  a  controlled  pattern  of 
photoresist  18a  and  18b  as  shown  in  Figure  4.  A  N- 
type  implant  is  then  introduced  into  the  exposed 
areas  of  polysilicon  layer  16.  A  N+  poly  material 
16a  and  16b  is  formed  at  the  exposed  locations. 
See  Figure  5. 

In  Figure  5,  another  mask  process  is  used  to 
form  photoresist  areas  20a  and  20b.  A  P-type 
implant  is  then  applied  to  create  P+  poly  regions 
16c  and  16d  in  those  areas  not  covered  by  resist. 

Oxide  layer  17  remains  after  creation  of  P  + 
poly  regions  16c-d  and  N+  poly  regions  16a-c. 
Atop  oxide  layer  17,  a  silicon  nitride  layer  22  is 
deposited  to  provide  an  oxidation  mask.  See  Figure 
6.  In  the  preferred  embodiment,  nitride  layer  22  is 
deposited  using  chemical  vapor  deposition  to  a 
thickness  of  1100A. 

Next,  the  structure  is  annealed  to  remove  ex- 
cessive  damage  and  redistribute  dopants  through- 
out  the  polysilicon  region.  The  length  and  tempera- 
ture  of  the  anneal  process  is  set  up  to  produce 
uniform  etching  of  doped  polysilicon.  In  this  em- 
bodiment,  a  temperature  of  920  °  C  for  a  period  of 
30  minutes  proves  satisfactory. 

The  structure  is  then  masked  using  well-known 
photolithography  techniques  as  described  above  to 
prevent  etching  of  the  areas  contained  under  24a, 
b  and  c.  The  exposed  nitride  is  then  dry  etched 
using  fluorinated  plasma,  followed  by  etch  of  ex- 
posed  portions  of  oxide  layer  17  and  polysilicon 
layer  16c  and  16d  (in  Fig.  6)  to  form  the  structure 
shown  in  Figure  7. 

An  additional  implant  of  P-type  material  is  then 
made  to  form  regions  8a  and  8b.  See  Figure  8. 
These  heavily  doped  P  +  regions  have  a  final  sheet 
resistance  of  280  n/square  and  serve  to  reduce 
base  resistance  of  the  transistor. 

The  structure  is  again  masked  using  well- 
known  techniques  to  form  the  structure  as  shown  in 
Figure  9.  The  silicon  nitride  is  etched  using  well- 
known  techniques.  One  available  method  is  to  use 
C2FG  and  helium  plasma  in  a  Sigma  80  reactor. 
Following  removal  of  the  mask,  and  as  also  shown 
in  Figure  9,  the  structure  is  annealed  at  1000°C  for 
30  minutes  to  activate  dopants,  remove  crystal 
damage  and  then  is  thermally  oxidized  to  form  a 
layer  of  silicon  dioxide  26a,  26b,  26c  and  26d. 

Next,  a  relatively  thin  layer  of  a  refractory  met- 
al  such  as  titanium,  molybdenum  or  tungsten  is 
deposited.  The  metal  is  deposited  in  a  substantially 
pure  form  at  a  relatively  low  temperature,  for  exam- 

ple,  using  RF  sputtering.  In  the  preferred  embodi- 
ment  approximately  700A  of  titanium  are  deposited 
and  reacted  in  a  rapid  thermal  anneal  system;  a 
method  well  known  in  the  art. 

5  As  a  result  of  the  heating,  titanium  silicide  will 
be  formed  everywhere  titanium  has  been  deposited 
on  polysilicon,  but  will  not  be  formed  anywhere  the 
metal  has  been  deposited  on  silicon  dioxide.  Thus, 
the  fabrication  of  titanium  silicide  regions  on  the 

10  semiconductor  structure  is  self-aligned  to  the  poly- 
crystalline  regions  underlying  the  silicide  as  in  re- 
gions  30a,  b,  c,  d  in  Fig.  10.  The  structure  shown 
in  Figure  10  results. 

Following  fabrication  of  the  titanium  silicide,  the 
15  remaining  titanium  is  selectively  etched  away  in  a 

solution  of  ammonium  hydroxide  (NhUOH)  and  hy- 
drogen  peroxide  (H2O2).  The  solution  dissolves 
titanium  but  does  not  dissolve  titanium  silicide.  The 
same  solution  can  be  used  to  remove  unreacted 

20  tungsten  if  tungsten  silicide  is  to  be  formed  instead 
of  titanium  silicide.  For  a  molybdenum  silicide  pro- 
cess,  phosphoric  acid  (H3PO4)  is  used  to  dissolve 
unreacted  molybdenum  on  oxide  regions  but  not 
the  molybdenum  silicide.  Following  removal  of  the 

25  unreacted  refractory  metal,  the  structure  is  again 
heated  to  lower  the  sheet  resistance  of  the  silicide. 
In  the  preferred  embodiment  this  is  achieved  by 
heating  the  structure  to  900°-1000°C  for  10  sec- 
onds.  As  shown  in  Figure  6,  silicide  regions  30a 

30  and  30b  are  deposited  upon  base  contact  electrode 
16c  to  provide  a  low  resistance  connection  to  base 
8  and  to  provide  electrical  connections  to  the  diode 
to  be  formed.  Silicide  30c  on  emitter  contact  16a 
provides  a  connection  to  the  emitter  region.  Silicide 

35  region  30d  on  16b  provides  a  collector  contact. 
The  Schottky  barrier  diode  is  to  be  formed  in 

the  region  A  shown  in  Figure  1  1  .  A  low-temperature 
oxide  insulation  layer  32  is  deposited  as  shown  in 
Figure  11  masked  with  photoresist  and  contacts 

40  are  then  etched  through  this  layer.  On  top  of  layer 
32  and  all  surface  areas  of  the  structure  except  for 
region  A,  photoresist  34  is  placed.  A  dry  plasma 
etch  (anisotropic)  is  then  used  to  etch  through  the 
exposed  area  of  polysilicon  layer  16c,  resulting  in 

45  the  structure  of  Figure  12.  The  exposed  portion  of 
oxide  layer  12a  preferably  is  removed  via  an  oxide 
dip:  a  short  wet  etch  in  dilute  hydrofluoric  acid 
(HF).  Resist  34a  and  34b  are  removed  after  this 
step.  Formation  of  the  barrier  diode  is  completed 

50  by  deposition  of  platinum  and  subsequent  platinum 
silicide  formation  in  region  36.  The  completed 
structure  is  as  shown  in  Figure  13(a).  The  circuit 
equivalent  is  shown  in  Figure  13(b). 

Use  of  a  dry  plasma  etch  to  produce  Figure  12 
55  from  Figure  1  1  permits  miniaturization  of  the  struc- 

ture  not  possible  with  a  wet  etch  process.  Control 
of  the  dry  etch  process  may  be  achieved  by  using 
either  a  timed  etch  or  an  end  point  process.  In  an 

4 
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end  point  process,  the  composition  of  gases  con- 
tained  in  the  plasma  gas  can  be  monitored  to 
determine  what  material  is  presently  being  etched 
by  the  plasma  gas.  Monitoring  of  the  plasma  gas 
composition  can  be  accomplished  using  either  a 
laser,  a  spectrograph,  or  gas  concentration  moni- 
toring.  The  end  point  process  is  most  effective 
when  the  material  to  be  etched  is  chemically  dis- 
similar  from  the  underlying  material  not  to  be 
etched.  Thus,  when  etch  of  desired  material  is 
complete,  composition  of  the  gases  in  the  plasma 
changes.  The  change  in  gas  composition,  known 
as  an  end  point,  signals  a  halt  to  the  etching 
process.  The  end  point  principle  is  illustrated 
graphically  in  Figure  14.  Item  38  denotes  the  end 
point. 

In  the  process  of  the  present  invention,  oxide 
layer  12a  has  been  formed  between  polysilicon 
layer  16c  and  region  6  of  the  substrate.  Oxide  layer 
12a  is  chemically  dissimilar  from  layer  16  and  layer 
6.  Thus,  in  the  fabrication  process  of  the  present 
invention,  the  end  point  process  can  be  used  to 
etch  through  polysilicon  16  in  the  contact  area  for 
the  barrier  diode.  A  dilute  hydrofluoric  acid  etch 
can  then  be  used  to  remove  oxide  layer  12a  and 
expose  the  contact  area. 

Use  of  this  process  made  possible  by  inclusion 
of  oxide  layer  12a  of  the  present  invention  has 
several  advantages  over  use  of  alternate  timed  etch 
processes.  In  a  timed  etch  process,  the  duration  of 
the  plasma  etch  is  calculated  from  the  thickness  of 
the  material  to  be  etched.  This  method  is  less 
precise  than  the  end  point  method  and  frequently 
results  in  overetch  of  the  material. 

Because  some  ion  bombardment  is  associated 
with  plasma  etch  process,  overetch  can  cause 
physical  damage  to  the  underlying  material  and 
also  impregnation  of  reactive  species  into  the  sub- 
strate.  In  the  formation  of  the  barrier  diode,  over- 
etch  would  damage  layer  6  of  the  substrate  which 
contacts  the  anode  of  the  diode.  Damage  to  layer  6 
results  in  an  imperfect  Schottky  barrier  between 
platinum  silicide  anode  36  of  the  diode  and  layer  6. 
Imperfections  in  the  silicide  to  substrate  contact 
negatively  impact  diode  performance  and  ideality. 

Other  Schottky  barrier  diode  fabrication  pro- 
cesses  are  forced  to  use  the  timed  etch  method  or 
forego  the  miniaturization  advantages  of  the  dry 
etch  process.  Such  processes  do  not  include  the 
chemically  dissimilar  oxide  layer  12a  of  the  present 
invention  which  separates  the  to-be-etched  poly- 
silicon  layer  from  the  underlying  substrate  and  per- 
mits  use  of  the  end  point  process.  The  process  of 
the  present  invention  therefore  prevents  overetch  of 
the  silicon  and  associated  complications.  Diodes 
fabricated  with  processes  not  incorporating  the 
present  invention  are  less  ideal  and  result  in  circuit 
performance  inferior  to  that  obtained  with  diodes  of 

the  present  invention. 
Other  advantages  of  the  method  of  the  present 

invention  are  apparent  in  Figures  15  through  17. 
Figure  15  shows  a  step  in  a  fabrication  process  not 

5  incorporating  the  present  invention.  In  this  fabrica- 
tion  process,  an  intrinsic  polysilicon  region  42  must 
be  etched  away  to  form  the  barrier  diode.  This 
intrinsic  polysilicon  layer  requires  an  additional 
mask  40  as  shown  in  Figure  15  be  included  in  such 

io  a  process.  This  mask  would  not  be  necessary  in 
the  process  of  the  present  invention.  Figure  15 
corresponds  to  the  step  of  the  present  invention 
depicted  in  Figure  5. 

The  inclusion  of  additional  mask  40  also  cre- 
15  ates  alignment  problems  which  ultimately  affect 

diode  performance.  Resist  40  as  shown  in  Figure 
15  must  be  perfectly  aligned  with  the  portion  of  N- 
epitaxial  region  6  which  contacts  polysilicon  region 
16.  This  requirement  stems  from  the  fact  that  the 

20  diode  must  be  a  metal  to  N-  region  contact.  If 
mask  40  is  not  perfectly  aligned,  a  region  of  intrin- 
sic  polysilicon  material  44  will  remain  on  one  side 
of  the  masked  area  as  shown  in  Fig.  17.  This 
region  will  become  doped  with  P-type  material 

25  during  the  step  shown  in  Figure  15.  The  P-type 
material  can  diffuse  into  layer  6  altering  the  N-  type 
characteristics  of  this  layer  and  negatively  affecting 
diode  performance.  Specifically,  the  diffusion  of 
this  material  increases  the  potential  barrier  height 

30  of  the  diode.  Alternatively,  even  if  intrinsic  poly- 
silicon  region  44  remains  undoped,  a  parasitic  di- 
ode  will  form  in  the  regions  where  44  contacts  the 
platinum  silicide  anode.  These  parasitic  diodes  are 
a  source  of  leakage  currents  which  impair  perfor- 

35  mance. 
As  may  be  seen  in  Figure  13(a),  a  Schottky 

clamped  transistor  completed  according  to  the  pro- 
cess  of  the  present  invention  presents  no  align- 
ment  problems.  The  need  to  keep  region  42  intrin- 

40  sic  polysilicon  (see  Fig.  16)  to  prevent  diffusion  of 
the  P-type  dopant  into  region  6  has  been  elimi- 
nated  by  the  inclusion  of  oxide  layer  12a  (see  Fig. 
12).  Oxide  layer  12a  prevents  diffusion  of  the  P 
material  into  region  6  during  the  step  shown  in 

45  Figure  5  of  the  process  of  the  present  invention. 
Thus,  the  need  for  mask  40  has  been  eliminated. 
As  a  result,  there  exist  no  sidewalls  of  intrinsic 
polysilicon  surrounding  the  diode;  and  the  platinum 
silicide  anode  contacts  the  entire  length  of  region  6 

50  as  shown  in  Figure  13(a).  The  parasitic  diodes  of 
typical  processes  are  eliminated. 

The  aforementioned  advantages  of  the  method 
of  the  present  invention  may  be  realized  with  mini- 
mal  deviation  from  other  core  processes  used  to 

55  fabricate  similar  devices.  The  steps  depicted  in 
Figures  1  and  2  are  the  only  additional  steps 
required.  In  addition,  the  mask  (40)  step  of  other 
processes  as  shown  in  Figure  15  is  removed. 

5 
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Elimination  of  this  step  not  only  saves  costs  but 
avoids  the  previously  described  derivative  prob- 
lems  associated  with  misalignment  of  this  step.  A 
greater  manufacturing  yield  rate  should  result.  Fi- 
nally,  the  blanket  P-  implant  described  in  Figure  5 
may  be  optionally  retained  or  removed.  The  mini- 
mal  deviation  from  other  core  processes  required 
to  implement  the  present  invention  means  the  ad- 
vantages  and  improvements  of  the  present  inven- 
tion  may  be  had  with  only  marginal  effort  and  cost. 

The  preferred  embodiments  of  the  invention 
have  now  been  described.  Other  variations  will  now 
be  readily  apparent  to  those  skilled  in  the  art.  For 
example,  although  the  invention  was  explained  in 
terms  of  fabricating  a  Schottky  clamped  transistor, 
the  principle  of  using  an  oxide  layer  disposed  be- 
tween  the  device  surface  and  the  polysilicon  layer 
may  be  incorporated  into  any  fabrication  scheme 
where  manufacture  of  a  Schottky  barrier  diode  is 
required  and  corresponding  improvements  as  dis- 
closed  herein  achieved.  For  this  reason,  the  inven- 
tion  should  be  construed  in  light  of  the  claims. 

Claims 

1.  A  process  for  forming  a  diode  on  an  integrated 
circuit  substrate  having  a  top  surface,  in  which 
there  has  been  formed  at  a  selected  location 
an  N  conductivity  type  region,  the  process 
comprising  the  steps  of: 

(a)  forming  an  oxide  layer  over  the  top 
surface  of  the  substrate; 
(b)  removing  portions  of  the  oxide  layer 
using  a  mask  such  that  said  oxide  layer 
remains  at  least  along  a  width  of  said  N 
region  where  said  N  region  adjoins  the  top 
surface  of  said  substrate; 
(c)  depositing  a  layer  of  material  over  the 
top  surface  of  said  substrate  and  said  oxide 
layer; 
(d)  removing  said  material  at  least  in  a 
selected  region  where  a  diode  anode  is  to 
be  formed  and  wherein  the  removal  of  said 
material  is  halted  on  said  oxide  layer; 
(e)  removing  said  oxide  with  a  nonplasma 
process  to  expose  said  N  region  at  least 
over  a  given  portion  of  said  N  region  which 
contacts  the  surface  of  said  substrate;  and 
(f)  depositing  a  metal  on  said  exposed  por- 
tion  of  said  N  region  to  form  a  diode  anode. 

2.  The  invention  of  claim  1  wherein  the  step  of 
removing  in  step  (d)  comprises  etching  an- 
isotropically. 

3.  The  invention  of  claim  2  wherein  said  an- 
isotropic  etch  comprises  a  dry  etch  having  an 
end  point  process. 

4.  The  invention  of  claim  1  wherein  said  metal 
comprises  platinum  and  wherein  platinum  sili- 
cide  is  formed. 

5  5.  A  process  for  forming  a  Schottky  clamped 
transistor  on  an  integrated  circuit  substrate 
having  a  top  surface,  in  which  there  have  been 
formed  in  selected  locations,  an  N-  epitaxial 
region,  a  P  base  region,  a  N  +  buried  layer  to 

io  serve  as  diode  cathode  and  transistor  collector 
and  a  field  oxide  region  to  isolate  the  transis- 
tor,  the  process  comprising  the  steps  of: 

(a)  forming  an  oxide  layer  over  the  top 
surface  of  the  substrate; 

is  (b)  removing  the  oxide  layer  using  a  mask 
such  that  said  oxide  layer  remains  at  least 
along  a  width  of  said  N-  epitaxial  region 
where  said  N-  epitaxial  region  forms  the  top 
surface  of  said  substrate; 

20  (c)  depositing  a  layer  of  polysilicon  over  the 
top  surface  of  said  substrate  and  said  oxide 
layer; 
(d)  removing  the  doped  polysilicon  areas 
using  a  mask  to  form  emitter,  base,  collec- 

25  tor,  interconnect  and  diode  contacts  wherein 
said  polysilicon  region  located  over  said  ox- 
ide  layer  removed  to  form  said  diode  con- 
tact  is  halted  on  said  oxide  layer; 
(e)  removing  said  oxide  layer  with  a  non- 

30  plasma  process  to  expose  said  N-  epitaxial 
region;  and 
(f)  depositing  a  metal  on  said  width  of  the 
N-  epitaxial  epitaxial  region  where  said  N- 
region  contacts  the  surface  of  said  substrate 

35  to  form  a  diode  anode; 

6.  A  process  for  forming  a  Schottky  clamped 
transistor  on  an  integrated  circuit  substrate 
having  a  top  surface,  in  which  there  have  been 

40  formed  in  selected  locations,  an  N-  epitaxial 
region,  a  P  base  region,  a  N  +  buried  layer  to 
serve  as  diode  cathode  and  transistor  collector 
and  a  field  oxide  region  to  isolate  the  transistor 
comprising  the  steps  of: 

45  (a)  forming  an  oxide  layer  over  the  top 
surface  of  the  substrate; 
(b)  etching  the  oxide  layer  using  a  mask 
such  that  said  oxide  layer  remains  at  least 
along  a  width  of  said  N-  epitaxial  region 

50  where  said  N-  epitaxial  region  forms  the  top 
surface  of  said  substrate; 
(c)  depositing  a  layer  of  polysilicon  over  the 
top  surface  of  said  substrate  and  said  oxide 
layer; 

55  (d)  doping  selected  areas  of  said  polysilicon 
with  N-type  impurities  and  selected  areas  of 
said  polysilicon  with  P-type  impurities; 
(e)  etching  the  doped  polysilicon  areas  us- 
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ing  a  mask  to  form  emitter,  base,  collector, 
interconnect  and  diode  contacts  wherein 
said  polysilicon  region  located  over  said  ox- 
ide  layer  etched  to  form  said  diode  contact 
is  halted  on  said  oxide  layer;  5 
(f)  removing  said  oxide  layer  with  an  acid  to 
expose  said  N-  epitaxial  region;  and 
(g)  depositing  a  metal  on  said  width  of  the 
N-  region  where  said  N-  region  contacts  the 
surface  of  the  substrate  to  form  a  diode  10 
anode. 

7.  The  invention  of  claim  5  or  6  further  compris- 
ing  the  step  of: 

heating  said  substrate  to  remove  crystal-  is 
line  lattice  damage  and  make  said  doped  re- 
gions  electrically  active. 

8.  The  invention  of  claim  5  or  6  wherein  said 
polysilicon  etching  step  further  comprises  a  20 
dry  etch  end  point  process  to  etch  said  poly- 
silicon  region  located  over  said  oxide  layer 
where  said  diode  anode  is  to  be  formed. 

9.  The  invention  of  claim  5  or  6  wherein  said  25 
polysilicon  etching  step  further  comprises  the 
steps  of  forming  a  refractory  metal-silicide  lay- 
er  over  selected  portions  of  said  polysilicon 
layer. 

30 

35 

10.  The  invention  of  claim  5  or  6  wherein  said 
metal  used  to  form  said  diode  anode  com- 
prises  platinum  and  wherein  platinum  silicide  is 
formed. 

11.  The  invention  of  claim  5  or  6  further  compris- 
ing  the  step  of  doping  selected  regions  of  said 
P  regions  with  a  P-type  impurity. 

12.  The  invention  of  claim  5  or  6  further  compris-  40 
ing: 

depositing  a  low-temperature  oxide  insulat- 
ing  layer  over  selected  regions  of  said  poly- 
silicon  layer. 

45 

50 

55 
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