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©  Selective  wet  etching  of  silicon  and  silicon  compounds. 

@  High  etch  selectivity  of  both  silicon  nitride 
and  silicon  with  respect  to  silicon  oxide  is 
obtained  using  an  etch  bath  of  phosphoric  acid, 
hydrofluoric  acid,  and  nitric  acid.  Minimal  load- 
ing  effects  are  observed  and  a  long  bath  life  is 
obtained  by  replenishing  the  hydroflouric  and 
nitric  acids. 
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Technical  Field 

This  invention  relates  generally  to  a  method  for 
integrated  circuit  fabrication  which  utilizes  the  selec- 
tive  etching  of  silicon  and  silicon  compounds  with  re- 
spect  to  silicon  oxides  and  particularly  to  a  method 
which  replenishes  and  enhances  the  performance  of 
the  etch  bath  used  in  such  selective  etching. 

Background  of  the  Invention 

Integrated  circuit  fabrications  processes  include 
steps  in  which  materials  must  be  selectively  removed 
with  respect  to  other  materials.  The  removal  process 
may  use  either  wet  or  dry  etching.  Regardless  of  the 
method  selected,  the  selectivity  of  the  etch  between 
the  materials  that  are  removed  and  those  that  are  not 
removed  should  be  high.  However,  selectivity  is  not 
the  only  consideration;  the  skilled  artisan  readily  ap- 
preciates  that  consistent  results  over  an  extended 
period  of  time  should  be  readily  achieved. 

Dielectric  regions,  termed  field  oxides,  are 
formed  in  integrated  circuit  fabrication  by  depositing 
a  dielectric  mask  layer  over  silicon  (likely  having  a  thin 
oxide,  termed  a  pad  oxide,  on  its  surface),  patterning 
the  dielectric  mask  layer  to  expose  the  silicon  or  ox- 
ide,  and  then  growing  a  thick  oxide  in  the  exposed  re- 
gion.  The  thick  oxide  is  the  field  oxide.  The  patterned 
dielectric  mask  layer  is  then  removed.  Atypical  choice 
of  dielectric  for  the  mask  layer  is  silicon  nitride.  This 
process  is  frequently  referred  to  as  LOCOS  which  is 
a  well  known  acronym  for  Localized  Oxidation  of  Sil- 
icon.  In  current  practice,  a  polysilicon  layer  is  fre- 
quently  present  underneath  the  nitride  layer.  The  pat- 
terned  structure  is  referred  to  as  a  Poly  Buffered  LO- 
COS  (PBL)  stack.  Thus,  both  silicon  nitride  and  poly- 
silicon  must  be  removed  without  significant  attack  on 
the  silicon  oxide  after  the  field  oxide  has  been  grown. 

Wet  etching  techniques  are  commonly  used  for 
blanket  stripping  of  oxides,  nitrides,  and  silicon.  For 
example,  silicon  nitrides  are  etched  in  boiling  phos- 
phoric  acid.  Minor  amounts  of  nitric  acid  may  also  be 
present  in  the  etch  bath.  However,  these  baths  are 
susceptible  to  aging  effects  and  high  particle  counts 
because  the  silicate  concentration  in  the  bath  in- 
creases  with  wafer  throughput.  PBL  stacks  may  be 
removed  wit  ha  phosphoric  acid/nitric  acid  bath.  How- 
ever,  this  bath  also  suffers  from  bath  aging,  presum- 
ably  due  to  silicate  buildup.  The  process  is  also  rela- 
tively  slow  with  140  minutes  being  a  representative 
time  for  etching  a  typical  PBL  stack.  Pitting  of  the  ox- 
ide  can  be  an  additional  problem  as  the  polysilicon 
etches  rapidly  along  its  grain  boundaries.  Some  pad 
oxide  may  be  exposed  to  the  etch  bath  and  may  etch 
(pit)  the  oxide  as  etch  selectivity  between  polysilicon 
and  the  oxide  does  not  prevent  all  etching  of  oxide. 
Yet  another  approach  strips  the  nitride  in  one  bath 
and  the  polysilicon  in  another  bath.  This  method  also 

yields  some  pitting  as  it  is  difficult  to  stop  the  nitride 
etch  without  pitting  the  polysilicon. 

Of  course,  etching  of  these  materials  in  other 
contexts  is  also  contemplated.  See,  Solid  State  Tech- 

5  nology,  "Spin  Etcher  for  Removal  of  Backside  Depos- 
itions,"  by  Ernst  Gaulhofer,  May  1991,  for  a  descrip- 
tion  of  etching  apparatus  and  etchants.  It  is  reported 
that  nitric,  hydrofluoric,  and  phosphoric  acids  are 
used  in  a  3:1:1  solution  to  etch  silicon,  apparently 

10  both  single  crystal  and  polycrystalline.  No  selectivity 
is  reported  nor  is  there  any  discussion  of  rejuvenating 
the  etch  solution  which  is  important  to  minimize 
chemical  usage. 

Wet  etching  techniques  with  high  selectivity  of 
15  nitride  and  polysilicon  with  respect  to  oxide  and  long 

bath  life  are  desirable.  It  will  be  appreciated  that  the 
high  selectivity  and  long  bath  life  should  result  in  high- 
er  throughput  and  lower  costs. 

20  Summary  of  the  Invention 

A  method  of  integrated  circuit  fabrication  etches 
structures  having  at  least  one  layer  of  material,  which 
is  silicon  nitride  or  silicon,  and  which  is  disposed  over 

25  silicon  oxide  in  a  wet  bath  having  phosphoric  acid,  hy- 
drofluoric  acid,  and  nitric  acid.  The  hydrofluoric  and 
nitric  acids  are  present  in  relatively  small  amounts, 
e.g.,  typically  less  than  500  parts  per  million  (ppm)  of 
the  bath.  The  structures  are  typically  patterned  and 

30  a  processing  step  is  performed  on  the  exposed  por- 
tions  of  the  oxide  surface  after  patterning.  The  pat- 
terned  structures  are  then  removed  by  etching  and 
processing  continued.  Bath  life  is  extended  by  replen- 
ishment  of  the  hydrofluoric  and  nitric  acid;  that  is,  by 

35  adding  hydrofluoric  and  nitric  acid. 
The  bath  exhibits  relatively  constant  etch  rates  as 

a  function  of  time.  It  is  hypothesized  that  this  feature 
can  be  attributed  to  a  reaction  between  the  hydrofluo- 
ric  acid  and  the  etch  products,  which  leads  to  reaction 

40  products  that  do  not  interfere  with  the  rates  of  the 
etch  chemistry.  It  is  believed  that  the  nitric  acid  is  re- 
quired  to  oxidize  the  silicon. 

Detailed  Description 
45 

The  invention  will  be  described  by  reference  to  an 
exemplary  embodiment  which  etches  a  silicon  nitr- 
ide/polysilicon  stack  on  an  oxide  covered  silicon  sur- 
face.  Such  a  stack  is  used  in  semiconductor  integrat- 

50  ed  circuit  fabrication  sequences  having  poly  buffered 
LOCOS  (Local  Oxidation  of  Silicon)  to  produce  a  field 
oxide.  This  sequence  is  frequently  referred  to  by  the 
acronym  PBL.  The  fabrication  of  such  a  stack  is  well 
known  to  the  skilled  artisan,  but  will  be  briefly  sum- 

55  marized.  A  thin  oxide,  termed  a  pad  oxide,  is  formed 
on  the  surface  of  a  silicon  wafer  by  a  technique  such 
as  thermal  oxidation.  Polysilicon  and  silicon  nitride 
layers  are  now  sequentially  deposited.  Appropriate 
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layer  thicknesses  and  deposition  conditions  will  be 
readily  selected.  The  polysilicon  and  silicon  nitride 
layers  are  now  patterned,  using  well-known  litho- 
graphic  processes,  to  expose  selected  portions  of  the 
oxide  covered  silicon  surface  or  substrate.  The  pat-  5 
terning  leaves  structures  which  are  referred  to  as  PBL 
stacks.  The  exposed  portions  are  now  subjected  to 
further  processing  which  oxidizes  the  silicon  to  form 
field  oxides.  Conventional  field  oxidation  processes 
can  be  used.  10 

Comments  about  terminology  are  appropriate. 
Silicon  nitride  and  silicon  oxide  have  compositions 
which  are  nominally  represented  as  Si3N4  and  Si02, 
respectively.  The  terms  silicon  oxide  and  silicon  nitr- 
ide,  as  used  in  this  specification,  refer  to  not  only  the  15 
stoichiometric  compositions  but  also  oxide  and  nitride 
compositions  which  deviate  from  the  stoichiometric 
compositions.  Polysilicon,  as  used  in  this  specifica- 
tion,  may  include  small  regions  that  may  properly  be 
considered  amorphous.  20 

After  the  field  oxidation  has  been  completed,  the 
PBL  stack  must  be  removed.  The  wafer  having  the 
structures  (in  the  typical  integrated  circuit  fabrication 
process,  many  millions  of  such  structures  will  be  pres- 
ent)  is  now  immersed  in  the  etching  bath.  In  the  pre-  25 
ferred  embodiment,  the  etch  bath  has  phosphoric 
acid  as  its  primary  component  and  hydrofluoric  and 
nitric  acids  as  minor  components.  The  latter  compo- 
nents  are  desirably  present  in  amounts  less  than  ap- 
proximately  500  ppm.  At  these  concentrations,  selec-  30 
tivities  of  etching  silicon  to  silicon  oxide  vary  from 
about  13-50:1.  However,  higher  concentrations  of  ni- 
tric  and  hydrofluoric  acids  will  yield  high  silicon  etch 
rates,  oxide  etch  rates  will  also  increase  which  may 
make  the  process  difficult  to  control.  The  addition  of  35 
the  nitric  and  hydrofluoric  acids  increases  the  polysi- 
licon  and  silicon  nitride  etch  rates  by  as  much  as  sev- 
eral  orders  of  magnitude  and  1  00  percent,  respective- 
ly.  At  low  hydrofluoric  acid  concentrations,  the  silicon 
oxide  etch  rate  remains  below  5  angstroms/minute.  40 
These  results  greatly  improve  the  selectivity  and  de- 
crease  the  etching  time  and  improve  the  cycle  time. 
The  bath  also  has  minimal  loading  effects. 

The  bath  has  a  greatly  extended  lifetime  as  com- 
pared  to  baths  without  hydrofluoric  acid  due  to  re-  45 
plenishment  of  hydrofluoric  and  nitric  acids.  That  is, 
HF  and  HN03  are  added  after  the  bath  has  been 
used.  Replenishment  quantities  and  times  will  be 
readily  determined  by  the  skilled  artisan.  The  relevant 
factors,  such  as  amounts  of  materials  etched,  are  50 
known  to  the  skilled  artisan. 

The  etch  bath  desirably  has  nitric  acid  present  as 
a  minor  (compared  to  phosphoric  acid)  etch  compo- 
nent  for  etching  of  the  PBL  stack.  Its  highly  oxidizing 
properties  have  been  found  to  be  required  for  the  55 
bath's  etching  properties. 

The  chemistry  that  leads  to  the  improved  results 
is  not  known  with  certainty,  but  the  following  hypoth- 

esis  is  offered  in  explanation  of  the  results.  The  reac- 
tion  products  resulting  from  the  etching  of  both  silicon 
nitride  and  polysilicon  with  phosphoric  acid  are  likely 
to  include  silicates  which  remain  in  the  etch  bath.  The 
likely  reaction  for  silicon  nitride  has  a  relatively  high 
equilibrium  constant  and  is  not  practically  reversible. 
However,  the  likely  reactions  for  both  polysilicon  and 
silicon  oxide  have  relatively  low  equilibrium  constants 
and  are  practically  reversible.  The  buildup  of  silicates 
from  any  source  will  prevent  the  etching  of  polysilicon 
from  going  to  completion  and  result  in  a  significant 
loading  effect.  The  addition  of  the  hydrofluoric  acid  to 
the  bath  likely  results  in  the  effective  removal  of  the 
silicates  from  the  bath  due  to  a  reaction  that  removes 
the  silicates  from  the  etch  chemistry  by  forming  prod- 
ucts  that  do  not  interfere  with  the  etching  of  the  poly- 
silicon  and  the  silicon  nitride.  The  addition  of  hydro- 
fluoric  acid  to  the  etch  bath  is  directly  counter  to  con- 
ventional  thought  in  the  art  because  hydrofluoric  acid 
is  a  conventional  and  well-known  silicon  oxide  etch- 
ant.  It  would,  accordingly,  be  expected  to  increase  ox- 
ide  etching  faster  than  it  does  polysilicon  etching  and 
would  be  expected  to  have  extremely  deleterious  ef- 
fects. 

Additionally,  the  effective  removal  of  the  silicates 
from  the  etch  chemistry  means  that  they  cannot  form 
silicate  particles.  Such  particles,  as  is  well  known,  ad- 
versely  alter  the  quality  of  the  bath. 

Variations  of  the  embodiment  described  will  be 
readily  apparent  to  those  skilled  in  the  art.  For  exam- 
ple,  only  silicon  nitride  or  polysilicon  may  be  present. 
Also,  the  silicon  may  be  present  as  amorphous  sili- 
con.  Additionally,  structures  other  than  a  PBL  stack 
may  be  etched.  For  example,  the  silicon  in  the  struc- 
ture  may  be  single  crystal.  Furthermore,  the  struc- 
tures  may  be  unpatterned,  layered  structures. 

Claims 

1.  Amethod  of  semiconductor  integrated  circuitfab- 
rication  comprising  the  steps  of: 

forming  a  silicon  oxide  surface; 
forming  structures  on  said  surfaces,  said 

structures  comprising  at  least  one  layer  of  mate- 
rial  comprising  at  least  one  member  selected  from 
silicon  and  silicon  nitride; 

and  processing  the  exposed  oxide  sur- 
face, 

CHARACTERISED  IT  THAT 
said  structures  are  removed  by  etching  in 

an  etch  bath  comprising  phosphoric  acid,  hydro- 
fluoric  acid,  and  nitric  acid. 

2.  Amethod  as  recited  in  claim  1  comprising  the  fur- 
ther  steps  of: 

patterning  said  structures  to  expose  por- 
tions  of  said  oxide  surface  and  performing  at 
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least  one  processing  step  on  said  exposed  oxide 
surface. 

A  method  as  recited  in  claim  2  in  which  said  hy- 
drofluoric  acid  is  present  in  an  amount  less  than  5 
approximately  500  ppm. 

Amethod  as  recited  in  claim  2  in  which  said  nitric 
acid  is  present  in  an  amount  less  than  approxi- 
mately  500  ppm.  10 

Amethod  as  recited  in  claim  2  in  which  said  struc- 
tures  comprise  silicon  and  silicon  nitride. 

Amethod  as  recited  in  claim  1  comprising  the  fur-  15 
ther  step  of  replenishing  said  bath  by  adding  at 
least  one  member  selected  from  the  group  con- 
sisting  of  hydrofluoric  acid  and  nitric  acid. 

Amethod  as  recited  in  claim  6  comprising  the  fur-  20 
ther  step  of  replenishing  the  bath  by  adding  nitric 
acid. 

A  method  as  recited  in  claim  1  in  which  said  sili- 
con  comprises  polysilicon.  25 
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