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Description 

Background  of  the  Invention 

5  This  invention  relates  in  general  to  masking  techniques,  including  photoresist  masking  techniques,  for 
the  etching  of  silicon. 

FIG.  1  shows  a  widely  used,  low  pressure  ion-assisted  plasma  etching  reactor  system  10  which  is 
available  from  Applied  Materials,  Inc.  of  Santa  Clara,  California  as  the  8100  series  etching  system.  The 
particular  series  is  widely  used  within  the  industry  for  etching  dielectrics  such  as  oxides,  nitrides  and 

io  organic  materials,  for  polysilicon  and  single  crystal  silicon  etching,  and  for  the  etching  of  aluminum  and 
aluminum  alloys,  all  with  a  high  degree  of  anisotropy. 

The  ion-assisted  plasma  etching  reactor  system  10  utilizes  a  process  chamber  having  a  metal  wall  11 
which  serves  as  the  anode  in  the  RF  system.  Gas  from  a  module  12  enters  the  chamber  via  gas  inlet  13 
and  gas  distribution  ring  or  manifold  14  located  at  the  top  of  the  chamber.  Spent  etch  products  and  gases 

75  are  exhausted  via  ports  15  and  16.  The  exhaust  port  15  is  connected  to  a  variable  throttle  valve  17  which,  in 
response  to  the  pressure  sensing  by  a  capacitive  manometer  18,  controls  the  chamber  pressure  by  varying 
the  pumping  speed  according  to  process  requirements.  The  system  exhaust  port  15  is  connected  via  the 
variable  throttle  valve  17  to  a  turbo  molecular  pump  19  which  provides  process  pressures  of  about  0.31 
-39.9N/m2  (3  to  300  millitorr)  and  to  a  mechanical  roughing  pump  20.  A  nitrogen  purge  line  is  also  provided 

20  for  backfilling  the  process  chamber  with  nitrogen  to  atmospheric  pressure  at  the  end  of  the  etching  process 
cycle.  Exhaust  port  16  is  connected  to  a  high  speed  cryo  pump  22.  The  cryo  pump  22  is  used  to  provide 
very  rapid  pump-down  of  the  process  chamber  to  a  low  base  pressure  in  addition  to  removal  of  water  vapor 
from  the  chamber  and  residual  water  vapor  absorbed  in  photoresist.  The  wafers  23  are  vertically  mounted 
on  trays  which  are  mounted  on  a  rotatable  hexagonal  electrode  or  hexode  24  within  the  61cm  (24-inch) 

25  diameter  bell  jar  process  chamber.  The  system  is  asymmetrical  in  the  sense  that  the  area  of  the  cathode  or 
hexode  23  is  small  in  relation  to  the  area  of  the  bell  jar  wall  or  anode  1  1  .  This  feature,  in  combination  with 
low  pressure  operation,  provides  controlled  bombardment  to  achieve  the  desired  anisotropic  etch  reactions. 
RF  power  is  supplied  via  a  13.56  MHz  generator  25  which  is  coupled  by  a  RF  matching  network  26  to  the 
process  chamber  electrodes. 

30  The  ion-assisted  plasma  etch  reactor  system  10  shown  in  FIG.  1  has  become  a  workhorse  in  the 
semiconductor  industry  since  its  introduction  only  a  few  years  ago.  In  this  system,  the  asymmetrical 
electrode  arrangement  and  low  pressure  operation  provide  a  controlled  anisotropic  etch  reaction,  character- 
ized  by  excellent  line  width  and  etch  rate  uniformities  for  within-a-wafer,  wafer-to-wafer  and  run-to-run 
measurements.  The  low  pressure  and  controlled  gas  chemistry  and  process  chamber  temperatures  provide 

35  clean  etching  surfaces  and  a  clean  system.  In  addition,  the  combination  of  low  pressure  operation  at  low 
power  density  levels  provides  excellent  high  selectivity  to  base  layers.  The  system  also  is  capable  of 
sequential  etching  of  different  layers.  Systems  of  this  type  are  described  in  the  Applied  Materials  product 
brochure  entitled  'AME  8100  Etch  Systems",  published  in  1985. 

Despite  the  above-mentioned  improvements  made  in  the  lithography  and  etching  technologies  over  the 
40  last  several  years  and  despite  the  existence  of  excellent  reactors,  such  as  the  system  10,  FIG.  1,  which  are 

capable  of  reproducible,  anisotropic  etch  performance,  the  current  and  future  advanced  bipolar,  NMOS  and 
CMOS  technologies  increasingly  strain  the  capabilities  of  the  existing  mask  technologies.  In  order  to  provide 
the  very  small  minimum  feature  size  IC  chips  used  in  these  advanced  technologies,  it  is  necessary  to 
prevent  degradation  or  etching  of  the  mask  during  the  etch  process  and  to  very  precisely  maintain  both  the 

45  thickness  and  the  lateral  dimensions  of  the  mask,  both  to  provide  exact  replication  of  the  mask  in  the 
etched  layer  such  as  polysilicon  and  to  prevent  phenomena  such  as  punch-through  in  reduced  thickness 
mask  regions  over  stepped  IC  topographies.  The  result  is  the  requirement  of  a  very  high  layer-to-mask  etch 
selectivity. 

US-A-446825  discloses  a  plasma  etching  composition  for  etching  a  masked  semi-conductor  wafer 
50  comprising  chlorine,  a  shape  modifier  species  and  an  oxygen  containing  etching  selectivity  enhancer  which 

renders  the  composition  more  effective  for  etching  the  wafer  than  the  masking  layer  on  the  wafer. 
This  invention  provides  a  process  for  conditioning  a  resist  etch  mask  on  a  silicon  layer  to  improve  the 

etch  resistance  of  said  mask,  comprising  exposing  the  silicon  layer  and  mask  to  a  chlorine  containing 
oxidixing  plasma;  characterised  in  that  the  D.C.  bias  voltage  is  low,  and  the  pressure  is  high  compared  to 

55  those  normally  used  when  etching  a  silicon  layer,  this  resulting  in  the  chlorine-containing  silicon  etch 
products  which  are  generated  from  the  first  step  of  etching  the  silicon  layer  in  a  chlorine  containing  plasma 
being  condensed  on  the  mask  to  form  a  layer  containing  a  silicon-chlorine  complex  on  said  mask  but  not  on 
the  silicon  layer,  the  resulting  composite  then  being  exposed  to  an  oxidizing  gas  mixture  containing  a 
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chlorine  etching  species  from  which  the  chlorine  containing  oxidising  plasma  is  formed  to  oxidize  the 
silicon-chlorine  complex  and  form  a  conformal,  etch  resistant  capping  layer  over  the  resist  layer  which 
capping  layer  increases  the  etch  resistance  of  the  mask. 

The  following  is  a  description  of  some  specific  embodiments  of  the  invention  reference  being  made  to 
5  the  accompanying  drawings  in  which:- 

FIG.  1  schematically  illustrates  a  commercially  available  etch  reactor;  and 
FIGS.  2-5  illustrate  the  process  sequence  for  forming  the  capping  layer  of,  and  according  to  the  method 
of,  the  present  invention  (FIGS.  2  and  3),  and  the  application  of  the  capping  layer  during  silicon  etching 
and  overetching  steps  (FIGS.  4  and  5). 

io  The  present  invention  involves  the  discovery  that  a  thin  protective  inorganic  capping  layer  can  be 
formed  on  a  resist  mask  disposed  on  a  silicon-containing  material,  in-situ  during  an  etch  procedure  in  a 
plasma  etching  reactor  such  as  the  reactor  10,  FIG.  1.  The  process  involves  first,  forming  an  inorganic  layer 
or  coating  on  the  resist,  then  oxidizing  that  coating  to  form  a  conformal  capping  layer  which  is  chemically 
inert  to  etching  gases,  such  as  the  chlorinated  etching  gases  which  are  used  for  plasma  etching.  As  a 

is  consequence,  the  capping  layer  provides  a  very  high  etch  selectivity  to  the  resist. 
The  cap  deposition  or  growth  step  involves  applying  one  or  a  combination  of  chlorinated  etching  gases, 

such  as  BCb  and/or  HCI  at  a  reactor  system  pressure  which  is  relatively  high  compared  to  the  usual 
system  polysilicon  etching  pressure  and  at  a  DC  bias  voltage  level  which  is  relatively  low  compared  to  the 
usual  system  bias  voltage  level  used  for  polysilicon  etching.  The  chlorine-containing  gas  generates  chlorine- 

20  containing  silicon  etch  products  from  the  etched  layer  which  evolve  to  the  resist  and,  thus,  condense  there 
as  a  conformal  coating  or  layer  of  the  unoxidized  capping  material.  Based  upon  the  use  of  a  chlorine- 
containing  etchant  and  the  silicon-containing  layer,  the  usual  silicon-  and  chlorine-containing  etch  products 
and  the  fact  that  the  coating  exhibits  silicon-like  oxidation,  it  is  believed  this  complex  is  a  silicon-chlorine 
containing  material,  quite  likely  of  the  form  SiClx.  It  is  believed  the  relatively  high  pressure  "conditions"  the 

25  resist  surface  by  forming  a  sponge-like  surface  which  is  receptive  to  the  formation  of  the  capping  material, 
and  also  facilitates  formation  of  the  silicon-chlorine  containing  material  on  the  resist.  The  relatively  low  bias 
voltage  is  believed  to  be  necessary  to  avoid  damage  to  the  growing  complex. 

In  forming  this  silicon-chlorine  containing  capping  material,  other  chlorine-containing  gases  such  as  Cb 
itself  may  be  used.  The  process  is  applicable  to  silicon  layers,  including  polycrystalline  silicon  and 

30  monocrystalline  silicon,  and  to  silicon-containing  compounds  and  materials  such  as  the  silicides.  Also,  a 
capping  material  may  be  formed  when  the  mask  is  disposed  on  non-silicon-containing  materials,  by  the 
simple  expedient  of  incorporating  an  external  source  of  silicon  into  the  capping  complex-forming  step.  For 
example,  silicon-containing  gases  such  as  S\Ck  could  be  incorporated  into  the  process  gas  flow. 

In  short,  the  process  is  adaptable  to  substantially  any  fabrication  process  in  which  a  material  is  etched 
35  using  a  resist  material  for  pattern  transfer. 

The  second,  oxidation  step  involves  the  application  of  an  oxidizing  atmosphere  containing  O2  or  an 
oxygen-containing  species  such  as  CO2,  CO,  or  N20,  along  with  an  etching  species  such  as  HCI.  This  step 
typically  uses  relatively  normal  system  pressure  of  about  1.33  to  6.0  N/m2  (10-45  millitorr)  and  a  relatively 
normal  system  DC  bias  voltage  level  of  about  200-350  volts  to  oxidize  the  capping  layer  and  thereby 

40  complete  the  formation  of  the  inert,  etch-impervious  capping  layer.  Experimental  evidence  has  shown  that 
the  oxidizing  step  requires  this  combination  of  an  oxidizing  atmosphere  and  an  etching  species.  In  fact,  the 
step  will  not  proceed  without  a  small  amount  of  etching  species  in  the  gas  flow.  The  oxidation  may  require 
the  generation  of  a  silicon-chlorine  compound  to  react  with  the  existing  capping  material.  Also,  simultaneous 
etching  prevents  oxidation  of  the  silicon  or  silicon-containing  underlayer  which  would  form  a  silicon  oxide 

45  etch  mask  thereon. 
An  example  of  the  formation  and  use  of  the  capping  layer  is  shown  in  FIGS.  2  through  5.  There, 

polysilicon  layer  31  is  to  be  patterned  into  a  pair  of  lines  or  other  members  32-32,  FIG.  5.  The  exemplary 
MOS  integrated  circuit  comprises  a  substrate  33  having  a  locos  isolation  oxide  34  formed  therein  and  an 
oxide  layer  35  underlying  the  polysilicon  layer  31  .  Etch  masks  36-36  are  defined  over  the  polysilicon  in  the 

50  active  device  region  for  the  purpose  of  forming  the  lines  or  structures  32-32.  As  mentioned  previously, 
replicating  the  resist  mask  36  in  the  polysilicon  layer  31  at  very  small  line  widths,  w,  requires  a  very  high 
silicon:resist  etch  selectivity,  Spr,  which  is  not  inherent  to  the  resist.  In  accordance  with  the  present 
invention,  however,  a  capping  complex  37  is  formed  over  the  individual  resist  etch  masks  36,  as  shown  in 
FIG.  2,  in-situ  in  the  same  reactor  10  which  is  used  to  etch  the  polysilicon  layer  31.  Specifically,  and, 

55  typically,  after  applying  a  plasma  etching  step  to  remove  the  native  oxide  (not  shown)  over  the  polysilicon 
layer  31,  a  chlorinated  etching  gas  is  applied  as  described  above  to  react  the  etchant  gas  with  the 
polysilicon  layer  to  evolve  the  silicon-chlorine  containing  by-products  from  the  silicon  and  condense  the  by- 
products  onto  the  mask  as  the  conformal  layer  37.  As  mentioned,  it  is  believed  that  the  resist  surface  and 

3 
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the  growing  layer  37  are  made  sponge-like  by  this  process  and  that  this  characteristic  is  necessary  for 
completing  a  strong  etch-resistant  capping  layer  38,  FIG.  3.  Also,  this  sponge-like  characteristic  is  enhanced 
by  the  use  of  a  relatively  high  system  pressure. 

Referring  further  to  FIG.  3,  the  second,  oxidation  step  is  next  applied  to  complete  the  thin,  conformal 
5  inert  capping  layer  38  from  the  coating  37.  The  oxidation  step  requires  subjecting  the  complex  37  to  an 

oxidizing  atmosphere  containing  a  silicon-etching  species.  Experience  suggests  the  silicon-etching  species 
is  required  for  several  reasons.  First,  it  is  necessary  to  etch  the  surrounding  silicon  to  maintain  it  free  from 
oxide  growth.  Such  an  oxide  could  form  an  unwanted  mask  over  the  silicon,  thereby  preventing  etching  of 
the  polysilicon  layer  and,  perhaps,  preventing  the  formation  of  a  strong,  oxidized  capping  layer  38. 

io  Secondly,  the  oxide  could  form  locally  over  random  silicon  locations,  thereby  forming  micromasks  which 
would  prevent  polysilicon  etching  during  the  subsequent  polysilicon  etch  step.  Third,  the  etching  species  is 
believed  necessary  to  continue  the  formation  of  the  silicon-chlorine  containing  complex  during  oxidation. 

The  second,  oxidizing  and  etching  step  completes  the  formation  of  the  protective  capping  layer  38.  This 
layer  is  inert  to  etching  and  therefore  substantially  greatly  enhances  the  resistance  of  the  resist  to  etching, 

is  that  is,  increases  Spr.  In  fact,  after  formation  of  the  capping  layer,  the  resist  is  immune  to  attack  by  the 
etchant  for  even  very  long  etch  and  overetch  times. 

As  is  evident  from  FIG.  3,  the  capping  layer  38  is  conformal  to  the  resist  (as  well  as  being  selectively 
formed  on  the  resist).  As  a  consequence,  the  capping  layer  protects  both  the  top  and  sides  of  the  resist 
from  all  aspects  or  components  of  the  etching  gas,  including  ion  bombardment-type  vertical  components 

20  and  chemically-dominated  lateral  components.  The  resulting  benefits  include  preservation  of  the  lateral 
dimensions  and  line  width  of  the  resist  and,  as  a  result,  enhancement  of  the  ability  to  precisely  replicate  the 
photoresist  pattern  in  the  underlying  etched  layer(s).  Also,  the  resist  preservation  eliminates  or  very 
substantially  decreases  the  tendency  to  punch-through  relatively  thin  photoresist  regions,  such  as  those 
formed  over  stepped  topographical  features. 

25  The  beneficial  characteristics  of  the  capping  layer  38  are  illustrated  schematically  in  FIG.  4,  wherein  a 
chlorinated  etching  gas  such  as  HCI  is  applied  during  the  main,  polysilicon  etch  step,  as  well  as  in  the 
overetch  step  illustrated  in  FIG.  5,  wherein  the  etching  is  continued  to  completely  remove  the  polysilicon 
from  the  steps,  and  scavenge  the  silicon-chlorine  by-products. 

Table  1  shows  an  operative  set  of  process  gases  and  parameters  for  the  complex-forming  step,  FIG.  2, 
30  and  the  complex  oxidation  step,  FIG.  3,  using  the  reactor  10,  FIG.  1.  Here,  HCI  and/or  BCb  provide  the 

chlorine  etch  species  during  the  complex-forming  step  (FIG.  2).  During  the  oxidizing  step  (FIG.  3),  the 
oxygen  and  HCI  provide  the  required,  combined  oxidizing  and  etching  ambient.  In  both  steps,  a  carrier  gas 
of  He  or  Ar  was  used,  but  any  standard  carrier  gas  can  be  used.  In  the  oxidation  step,  FIG.  3,  increasing  the 
oxygen  flow  within  the  range  2-20  seem  enhances  the  cap  oxidation,  whereas  increasing  the  HCI  within  the 

35  stated  range  10-75  seem  slows  the  cap  oxidation.  The  cap  formation  and  oxidation  steps  are  somewhat 
temperature  sensitive  in  that  the  normal 
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10 

20 

PARAMETER 

T a b l e   1  ( U s e f u l )  

RANGE 

CaD  F o r m a t i o n   O x i d a t i o n  

T o t a l   Flow  Rate   (SCCM)  5 0 - 1 7 5   5 0 - 1 0 0  

C h a m b e r   P r e s s u r e   (N/m2)  6 . 6 5 - 1 3 . 3   1 . 3 3 - 6 . 0  

DC  B i a s   ( v o l t s )   1 0 0 - 2 0 0   2 0 0 - 3 5 0  

RF  Power   S e t t i n g   2 0 0 - 1 0 0 0   2 5 0 - 5 0 0  

75  ( w a t t s )  

Hexode   T e m p e r a t u r e   (°C)  5 0 - 7 0   5 0 - 7 0  

20  GAS  FLOW  RATES 

02  
0  2 - 2 0  

HC1  <50  1 0 - 7 5  

° 2  

BC1.  <100  o 

30  c a r r i e r   I 1 0 0   i 5 0  

system  etch  temperature  is  about  45  °  C  (measured  at  the  pedestal)  and  a  good  cap  formation  presently 
requires  a  minimum  temperature  of  about  50  °C.  Experience  indicates  that  good  cap  formation  is  obtained 

35  up  to  at  least  the  system  maximum  temperature  of  70-75  °  C.  Furthermore,  as  mentioned  previously  during 
the  complex-forming  step,  FIG.  2,  the  chamber  pressure  range  of  6.65-13.3  N/m2  (50-100  millitorr)  is  high 
relative  to  the  usual  system  chamber  pressure  for  the  purpose  of  conditioning  the  resist  to  accept  the 
complex,  whereas  the  DC  bias  voltage  range  of  100  -  200  volts  is  relatively  lower  than  the  usual  etching 
range  of  200  -  350  volts,  to  preserve  the  integrity  of  the  capping  layer  37  as  it  is  being  formed.  Present 

40  experience  is  that  the  capping  layer  is  readily  formed  on  any  resist.  To  date,  it  has  been  formed  on  IBM 
proprietary  resist,  on  positive  AZ1470,  positive  Kodak  809  and  PMMA  (polymethylmethacrylate)  electron 
beam  resist. 

Table  2  illustrates  a  presently  preferred  range  of  parameters  and  gas  flow  rates.  The  effect  of  varying 
parameters  and  flow  rates  is  precisely  as  described  previously,  for  example,  with  regard  to  Table  1  above. 

45  The  presently  preferred  ranges  routinely  provide  a  silicon:photoresist  etch  selectivity,  Spr  =  k  7:1,  using 
standard  positive  organic  photoresist  over  polycrystalline  silicon  layers.  It  should  be  emphasized  that  this 
etch  selectivity  ratio,  high  though  it  may  be,  is  not  indicative  of  the  true  value  of  the  capping  layer  38.  This 
etch  selectivity  ratio  represents  the  selectivity  at  the  time  layer  38  is  formed.  After  formation  of  the  cap  38, 
the  resist  is 

50 
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T a b l e   2  ( P r e f e r r e d )  

PARAMETER RANGE 

Car>  F o r m a t i o n  O x i d a t i o n  

10 

15 

T o t a l   F low  Rate   (SCCM)  5 Q - 1 7 5  

C h a m b e r   P r e s s u r e   (N/m2)  7 . 9 8 - 1 0 . 6  

D.C.   B i a s   ( v o l t s )   1 4 0 - 1 8 0  

RF  Power   S e t t i n g   ( w a t t s )   3 0 0 - 8 0 0  

H e x o d e   T e m p e r a t u r e   (°C)  55  

5 0 - 1 0 0  

1 . 3 3 - 2 . 6 6  
2 0 0 - 3 0 0  

2 5 0 - 3 5 0  

55  

20 
GAS  FLOW  RATES 

4 - 1 0  

25 HCI 

BC1. 

1 0 - 2 0  

< 1 0 0  

2 5 - 5 0  

0 

30 
C a r r i e r  4 0 - 7 0  < 5 0  

35 

40 

45 

impervious  to  the  etchant,  as  mentioned,  for  even  very  long  etch  and  over  etch  sequences. 
Table  3  lists  the  parameters  and  gas  flow  rates  for  a  specific,  cap  formation  and  polysilicon  etching 

process  using  the  present  invention  and  reactor  10,  FIG.  1.  Here,  the  resist  36  was  PMMA  approximately  13 
x  10_7m  (13,000  Angstroms)  thick,  the  polysilicon  layer  31  was  undoped,  about  2.2  x  10_7m  (2200 
Angstroms)  thick,  and  the  silicon  dioxide  layer  35  was  about  0.95  x  10_7m  (950  Angstroms)  thick.  The  five- 
step  sequence  described  in  Table  3  corresponds  to  FIGS.  2  through  5  as  follows:  clean  (not  shown);  cap 
formation  (FIG.  2);  oxidation  (FIG.3);  main  poly  etchy  (FIG.  4);  and  overetch  (FIG.  5).  The  Table  3  sequence 
was  employed  to  completely  remove  the  exemplary  2.2  x  10_7m  (2200  Angstrom)  thick  undoped  poly  layer 
31  at  an  etch  rate  of  about  0.525  x  10_7m  (525  Angstroms)  per  minute.  After  the  poly  etch  and  overetch, 
the  original  13  x  10_7m  (13,000  Angstrom)  PMMA  mask  thickness  was  reduced  only  approximately  0.4  x 
10_7m  (400  Angstroms),  at  an  average  etch  rate  of  0.070  x  10_7m  (70  Angstroms)  per  minute  and  giving  a 
selectivity  Spr  =  7.5.  The  original  0.95  x  10_7m  (950  Angstroms)  thickness  of  the  oxide  base  layer  was 
reduced  approximately  0.020  x  10_7m  (20  Angstroms)  per  minute,  and  a  selectivity  of  Sox  =  26. 
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Table  3  is  self-explanatory.  Thus,  the  individual  steps  will  be  described  here  by  way  of  a  summary  and 
55  expansion  of  the  various  features  of  the  inventive  process  and  the  application  of  that  process. 

The  cleaning  step  is  a  conventional  step  used  in  the  reactor  10  for  the  removal  of  chamber  moisture 
and  the  native  oxide  on  the  polysilicon  surface  prior  to  cap  formation  and  polyetch.  The  primary  purpose  of 
the  step  is  process  reproducibility.  It  is  entirely  conceivable  that  the  cap  formation  step  may  be  used  to 
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accomplish  the  same  purpose,  thus  obviating  the  need  for  a  separate  cleaning  step. 
The  parameters  and  gas  flow  rates  for  the  cap  formation  step  are  very  well  established  for  the  particular 

process  and  provide  excellent  reproducible  formation  of  the  chemical  complex  37,  FIG.  2,  without  variation. 
The  particular  parametric  values,  of  course,  reflect  the  considerations  described  previously. 

5  The  critical  cap  oxidation  step,  FIG.  3,  involves  several  parameters  which  highly  influence  the  cap 
formation.  The  Ar/02  gas  mixture  was  a  mixture  of  20  percent  oxygen  in  argon.  The  cap  formation  and  cap 
strength  are  directly  proportional  to  the  amount  of  the  oxygen.  In  contrast,  the  cap  formation  and  strength 
are  inversely  proportional  to  the  HCI  flow.  Of  course,  HCI  flow  is  needed  to  keep  the  polysilicon  etching 
during  the  cap  formation  and  to  avoid  surface  oxidation.  Finally,  increasing  the  pressure  strengthens  the 

io  cap,  but  at  some  high  level  of  pressure,  the  process  may  be  subject  to  residue  formation  and  non- 
uniformity. 

In  the  main  polysilicon  etch  step,  FIG.  4,  an  Ar/02  flow  rate  of  about  15  seem  is  used  to  etch  the 
polysilicon  without  damaging  the  photoresist  cap  38  (the  oxygen  protects  the  cap).  Increasing  the  Ar/02  rate 
will  also  increase  the  polysilicon  etch  rate,  but  too  high  a  flow  rate  can  cause  residue  formation.  Again,  as 

is  mentioned  previously,  the  low  pressure  used  prevents  residue  formation.  Also,  the  relatively  high  bias  level 
provides  an  anisotropy  and  eliminates  residue,  but  too  high  a  bias  can  damage  or  break  the  cap  38. 

The  overetch  step,  of  course,  requires  high  oxide  selectivity  as  well  as  high  polysilicon  selectivity.  In 
this  step,  the  Ar/02  flow  is  directly  proportional  to  the  oxide  selectivity. 

The  hexode  temperature  of  about  55  °  C  not  only  permits  effective  formation  of  the  capping  complex  37, 
20  but  also  aids  in  maintaining  a  clean  reactor  chamber.  Low  HCI  flow  rates  reduce  end  point  loading  effects 

while  still  maintaining  significant  etch  rates.  The  He  acts  as  a  carrier  gas  at  low  etch  gas  flow  rates,  and  also 
helps  improve  oxide  selectivity  and  uniformity.  The  low  bias  protects  the  oxide  35  and  the  cap  38.  Finally, 
the  low  pressure  enhances  oxide  selectivity  and  uniformity,  although  too  low  a  pressure  (about  1  .96  N/m2  or 
15  millitorr)  may  result  in  the  power  being  too  low. 

25  Removal  of  the  capping  layer  38  requires  an  oxide-removing  component  in  the  strip.  This  can  be  done, 
for  example,  using  a  barrel  ash  containing  20  percent  CF+  in  O2  followed  by  a  standard  barrel  ash  using  O2 
alone.  Also,  a  wet  chemical  etch  dip  could  be  used  in  combination  with  the  standard  oxygen  ash  treatment. 

In  the  above  description,  it  should  be  apparent  that  the  cap  formation  method  of  the  present  invention 
provides  a  number  of  advantages  over  prior  art  resist-only  masks  and  prior  art  mask  enhancement 

30  techniques.  As  mentioned,  the  resist  cap  makes  the  resist  impervious  to  the  etch  process.  In  addition,  the 
use  of  oxygen,  e.g.,  in  the  overetch  step  or  in  a  combined  main  etch-overetch  increases  the  polysilicon  to 
oxide  selectivity.  These  results  are  achieved  along  with  excellent  resulting  replication  of  the  protected  mask 
in  underlying  layer(s)  by  the  selection  of  conventionally  available  process  gases  and  reactor  operating 
parameters  using  commercially  available  reactors  such  as  reactor  10,  FIG.  1. 

35 
Claims 

1.  A  process  for  conditioning  a  resist  etch  mask  on  a  silicon  layer  to  improve  the  etch  resistance  of  said 
mask,  comprising  exposing  the  silicon  layer  and  mask  to  a  chlorine  containing  oxidixing  plasma; 

40  characterised  in  that  the  D.C.  bias  voltage  is  low,  and  the  pressure  is  high  compared  to  those  normally 
used  when  etching  a  silicon  layer,  this  resulting  in  the  chlorine-containing  silicon  etch  products  which 
are  generated  from  the  first  step  of  etching  the  silicon  layer  in  a  chlorine  containing  plasma  being 
condensed  on  the  mask  to  form  a  layer  containing  a  silicon-chlorine  complex  on  said  mask  but  not  on 
the  silicon  layer,  the  resulting  composite  then  being  exposed  to  an  oxidizing  gas  mixture  containing  a 

45  chlorine  etching  species  from  which  the  chlorine  containing  oxidising  plasma  is  formed  to  oxidize  the 
silicon-chlorine  complex  and  form  a  conformal,  etch  resistant  capping  layer  over  the  resist  layer  which 
capping  layer  increases  the  etch  resistance  of  the  mask. 

2.  The  process  of  Claim  1,  characterised  in  that  the  chlorine-containing  gas  used  when  forming  the 
50  chlorine  containing  plasma  is  selected  from  at  least  one  of  HCI  and  BCI3. 

3.  The  process  of  Claim  2,  characterised  in  that  the  chlorine-containing  gas  used  when  forming  the 
chlorine  containing  plasma  comprises  a  mixture  of  HCI  and  BCI3. 

55  4.  The  process  of  any  of  Claims  1  to  3,  characterised  in  that  oxygen  is  the  dominant  oxidizing  component 
of  the  oxidizing  gas  mixture. 

5.  The  process  of  any  of  Claims  1  to  4,  characterised  in  that  the  dominant  etching  component  of  the 
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oxidizing  gas  mixture  is  HCI. 

6.  The  process  of  any  of  Claims  1  to  5  wherein  the  silicon  layer  is  etched  in  a  closed  plasma  etching 
chamber,  the  process  further  comprising:  disposing  the  resist  mask  on  the  silicon  layer,  which  is 

5  disposed  on  one  of  a  pair  of  electrode  structures  in  the  chamber;  as  a  first  conditioning  step,  admitting 
into  said  chamber  a  reactive  gas  mixture  comprising  a  chlorinated  gas  selected  from  at  least  one  of 
BCb  and  HCI;  supplying  RF  electrical  energy  to  one  of  said  electrodes  to  create  the  chlorine  containing 
plasma  for  etching  the  silicon  layer  and  forming  the  silicon-chlorine  complex  on  the  resist;  and  as  a 
second  conditioning  step,  admitting  into  said  chamber  the  oxidising  gas  mixture  comprising  an  oxygen- 

10  containing  species  for  oxidizing  the  silicon-chlorine  complex  and  the  chlorine  etching  species  for 
etching  the  silicon  layer  and  creating  the  chlorine  containing  oxidising  plasma  to  achieve  said  reactions. 

Revendicatlons 

15  1.  Procede  pour  conditionner  un  masque  de  gravure  a  reserve  sur  une  couche  de  silicium  afin  d'ameliorer 
la  resistance  dudit  masque  a  la  gravure,  consistant  a  exposer  la  couche  de  silicium  et  le  masque  a  un 
plasma  oxydant  contenant  du  chlore  ;  caracterise  en  ce  que  la  tension  continue  de  polarisation  est 
basse  et  la  pression  est  elevee  en  comparaison  avec  celles  normalement  utilisees  lors  de  la  gravure 
d'une  couche  de  silicium,  ceci  ayant  pour  resultat  que  les  produits  de  gravure  du  silicium  contenant  du 

20  chlore,  qui  sont  generes  a  partir  de  la  premiere  etape  de  gravure  de  la  couche  de  silicium  dans  un 
plasma  contenant  du  chlore,  sont  condenses  sur  le  masque  pour  former  une  couche  contenant  un 
complexe  silicium-chlore  sur  ledit  masque,  mais  non  sur  la  couche  de  silicium,  le  compose  resultant 
etant  ensuite  expose  a  un  melange  gazeux  oxydant  contenant  une  espece  pour  gravure  au  chlore  a 
partir  de  laquelle  le  plasma  oxydant  contenant  du  chlore  est  forme  pour  oxyder  le  complexe  silicium- 

25  chlore  et  former  une  couche  de  recouvrement,  resistant  a  la  gravure,  sur  la  couche  de  reserve  dont  elle 
epouse  la  forme,  laquelle  couche  de  recouvrement  augmente  la  resistance  du  masque  a  la  gravure. 

2.  Procede  selon  la  revendication  1,  caracterise  en  ce  que  le  gaz  contenant  du  chlore  utilise  lors  de  la 
formation  du  plasma  contenant  du  chlore  est  choisi  entre  au  moins  I'un  des  HCI  et  BCI3. 

30 
3.  Procede  selon  la  revendication  2,  caracterise  en  ce  le  gaz  contenant  du  chlore,  utilise  lors  de  la 

formation  du  plasma  contenant  du  chlore,  comprend  un  melange  de  HCI  et  de  BCI3. 

4.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  caracterise  en  ce  que  I'oxygene  est  le 
35  constituant  oxydant  dominant  du  melange  gazeux  oxydant. 

5.  Procede  selon  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  le  constituant  de 
gravure  dominant  du  melange  gazeux  oxydant  est  le  HCI. 

40  6.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  la  couche  de  silicium  est  gravee 
dans  une  chambre  fermee  de  gravure  au  plasma,  le  procede  consistant  en  outre  :  a  deposer  le  masque 
de  reserve  sur  la  couche  de  silicium,  qui  est  disposee  sur  I'une  de  deux  structures  d'electrodes  dans  la 
chambre  ;  en  tant  que  premiere  etape  de  conditionnement,  a  admettre  dans  ladite  chambre  un 
melange  gazeux  reactif  comprenant  un  gaz  chlore  choisi  entre  au  moins  I'un  des  BCI3  et  HCI  ;  a 

45  appliquer  de  I'energie  electrique  RF  a  I'une  desdites  electrodes  pour  engendrer  le  plasma  contenant  du 
chlore  afin  de  graver  la  couche  de  silicium  et  former  le  complexe  silicium-chlore  sur  la  reserve  ;  et,  en 
tant  que  seconde  etape  de  conditionnement,  a  admettre  dans  ladite  chambre  le  melange  gazeux 
oxydant  comprenant  une  espece  contenant  de  I'oxygene  pour  oxyder  le  complexe  silicium-chlore  et 
I'espece  pour  gravure  au  chlore  afin  de  graver  la  couche  de  silicium  et  engendrer  le  plasma  oxydant 

50  contenant  du  chlore  pour  produire  lesdites  reactions. 

Patentanspruche 

1.  Verfahren  zum  Konditionieren  einer  Resistatzmaske  auf  einer  Siliziumschicht,  urn  den  Atzwiderstand 
55  der  Maske  zu  verbessern,  bei  welchem  die  Siliziumschicht  und  die  Maske  einem  Chlor  enthaltenden 

oxidierenden  Plasma  ausgesetzt  werden, 
dadurch  gekennzeichnet,  da/S  die  Gleichstrom-Vorspannung  niedrig  und  der  Druck  verglichen  mit  dem 
normalerweise  beim  Atzen  einer  Siliziumschicht  verwendeten  hoch  ist,  was  Chlor  enthaltende  Siliziu- 
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matzprodukte  ergibt,  die  aus  dem  ersten  Schritt  des  Atzens  der  Siliziumschicht  in  einem  Chlor 
enthaltenden  Plasma,  das  auf  der  Maske  kondensiert,  entstehen,  urn  eine  Schicht  zu  bilden,  die  eine 
Silizium-Chlor-Komplexverbindung  auf  der  Maske,  nicht  jedoch  auf  der  Siliziumschicht  enthalt,  wobei 
das  sich  ergebende  Kompositmaterial  einem  oxidierenden  Gasgemisch  ausgesetzt  wird,  das  eine 

5  Chlor-Atzverbindung  enthalt,  aus  der  das  Chlor  enthaltende  oxidierende  Plasma  gebildet  wird,  urn  die 
Silizium-Chlor-Komplexverbindung  zu  oxidieren  und  urn  eine  konforme,  dem  Atzen  widerstehende 
Abdeckschicht  uber  der  Resistschicht  zu  bilden,  wobei  die  abdeckende  Schicht  den  Atzwiderstand  der 
Maske  erhoht. 

io  2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  das  Chlor  enthaltende  Gas,  das  bei  der 
Bildung  des  Chlor  enthaltenden  Plasmas  verwendet  wird,  aus  wenigstens  einem  der  Stoffe  HCI  und 
BCb  ausgewahlt  wird. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  da/S  das  Chlor  enthaltende  Gas,  das  bei  der 
15  Bildung  des  Chlor  enthaltenden  Plasmas  verwendet  wird,  eine  Mischung  aus  HCI  und  BCI3  aufweist. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  da/S  Sauerstoff  die  dominieren- 
de  oxidierende  Komponente  des  oxidierenden  Gasgemisches  ist. 

20  5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  da/S  die  dominierende 
Atzkomponente  des  oxidierenden  Gasgemisches  HCI  ist. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  bei  welchem  die  Siliziumschicht  in  einer  geschlossenen 
Plasmaatzkammer  geatzt  wird,  wobei  das  Verfahren  weiterhin 

25  -  das  Anordnen  der  Resistmaske  auf  der  Siliziumschicht,  welche  auf  einem  Paar  von  Elektrodenauf- 
bauten  in  der  Kammer  angeordnet  ist, 

-  als  erster  Konditionierungsschritt  die  Zugabe  eines  reaktiven  Gasgemisches  in  die  Kammer, 
welches  ein  Chlor  enthaltendes  Gas  aufweist,  das  aus  wenigstens  einem  der  Stoffe  BCI3  und  HCI 
ausgewahlt  wird, 

30  -  das  Einspeisen  von  elektrischer  Hochfrequenzenergie  an  einer  der  Elektroden,  urn  das  Chlor 
enthaltende  Plasma  zum  Atzen  der  Siliziumschicht  und  zum  Bilden  der  Silizium-Chlor-Komplex- 
verbindung  auf  dem  Resist  zu  erzeugen,  und 

-  als  ein  zweiter  Konditionierungsschritt  die  Zugabe  des  oxidierenden  Gasgemisches  in  die  Kam- 
mer,  das  eine  Sauerstoff  enthaltende  Verbindung  zum  Oxidieren  der  Silizium-Chlor-Komplexver- 

35  bindung  und  die  Chlor-Atzverbindung  zum  Atzen  der  Siliziumschicht  enthalt,  und 
-  die  Erzeugung  des  Chlor  enthaltenden  oxidierenden  Plasmas  zur  Erzielung  der  genannten 

Reaktionen  aufweist. 
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