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Description 

This  invention  relates  generally  to  reactive  gas  chemistry  for  plasma  etching  of  layers  of  material  used 
in  fabrication  of  semiconductor  integrated  circuits  and  methods  for  plasma  etching  of  such  materials.  More 

5  specifically,  this  invention  relates  to  methods  for  plasma  etching  of  inorganic  insulating  materials  having 
silicon  as  their  principal  metallic  constituent  and  to  reactive  plasma  gas  chemistry  systems  for  use  in  such 
methods. 

Integrated  circuit  (IC)  technologies  for  manufacturing  conductor-insulator-semiconductor  field  effect 
transistor  (CISFET)  devices  and  bipolar  transistor  devices  involve  the  formation  of  a  large  number  of 

10  individual  transistors  and  related  circuit  elements  (such  as  diodes,  resistors  and  capacitors)  on  one  chip. 
Furthermore,  a  large  number  of  identical  chips  are  fabricated  simultaneously  on  a  semiconductor  wafer 
which  is  typically  processed  along  with  other  identical  wafers  through  a  sequence  of  individual  and  batch 
processing  operations.  Over  the  past  several  years,  the  level  of  integration  of  devices  on  individual  IC  chips 
has  increased  dramatically.  Important  contributors  to  achieving  increased  levels  of  device  integration  have 

is  been  improvements  in  lithography  technology  and  etching  technology  which  are  at  the  heart  of  all 
semiconductor  IC  fabrication. 

Over  the  past  several  years  improvements  in  photolithography  have  resulted  in  substantial  reduction 
in  minimum  photolithography  feature  size.  Development  of  positive  photoresist  materials,  high  resolution 
electron  beam  photomask  pattern  generation  equipment,  and  projection  mask  alignment  and  resist 

20  exposure  systems  have  reduced  minimum  photolithography  feature  size  to  the  1  —  2.5  micrometer  range. 
More  recently,  substantial  research  and  development  efforts  have  been  directed  to  developing  ion  beam 
and  x-ray  lithography  systems  which  show  promise  in  reducing  minimum  photolithography  feature  size  to 
the  submicrometer  region. 

While  IC  device  density  is  determined  principally  by  the  resolution  of  the  lithography  technology 
25  utilized,  i.e.  minimum  photolithography  feature  size,  improvements  in  resolution  of  lithography  cannot  be 

effectively  utilized  if  the  high  resolution  mask  pattern  formed  in  the  resist  layer  cannot  be  accurately  and 
reproducibly  replicated  into  the  underlying  layer  on  the  semiconductor  wafer  by  the  etching  technology 
utilized. 

Effective  utilization  of  the  resolution  of  currently  available  optical  photolithography  technology  is  not 
30  possible  with  wet  chemical  etching  systems  because  of  the  inherent  isotropic  nature  of  the  chemical  attack 

of  liquid  etchants  on  exposed  sections  of  material  layers  underlying  a  patterned  photoresist  layer.  In 
addition,  because  of  surface  tension  effects  in  liquids,  wet  chemical  etchants  have  difficulty  penetrating 
1  1.5  urn  apertures  in  a  photoresist  layer.  Furthermore,  some  of  the  wet  chemical  etchants  which  must  be 
employed  for  etch  selectivity  are  dangerous  due  to  high  toxicity  and  the  possibility  of  acid  burns  to 

35  personnel.  Consequently,  substantial  research  and  development  has  been  directed  toward  the 
development  of  plasma  etching  systems  (also  called  dry  etching  technology).  Plasma  etching  technology 
generally  holds  the  promise  of  providing  improvements  in  directional  etching  (i.e.  anisotropic  etching) 
together  with  greater  safety,  since  plasma  etching  equipment  generally  involves  a  closed  reaction  chamber 
and  thus  no  exposure  of  processing  personnel  to  dangerous-  chemicals. 

40  There  are  basically  two  types  of  plasma  etching  systems.  Referring  briefly  to  Figure  10  and  11A  the 
differences  between  the  structure  and  operation  of  a  parallel  plate  plasma  chemical  etching  system  as 
depicted  in  Figure  10  and  a  parallel  plate  reactive  ion  etching  system  as  depicted  in  Figure  11A  will  be 
discussed.  Each  of  the  systems  is  shown  in  a  highly  schematic  form  without  intending  to  represent  any 
commercially  available  or  commercially  useful  apparatus.  The  common  aspects  of  the  two  systems  are  that 

45  each  involves  a  substantially  closed  reaction  chamber  110,  210  with  a  connection  114,  214to  a  vacuum 
pump  for  partially  evacuating  the  interior  of  the  chamber,  and  a  gas  supply  116,  216  for  communicating  the 
reactive  gas  to  the  chamber  through  a  valve  conduit  arrangement  115,  215.  Furthermore  each  of  the 
systems  utilizes  an  rf  energy  supply  1  13,  213  supply  rf  energy  to  a  cathode  structure  1  1  1,  21  1.  Furthermore, 
each  of  the  systems  utilizes  a  grounded  anode  112,  212. 

so  However,  as  will  be  noted,  in  the  plasma  chemical  etching  system  100  the  wafers  120  are  mounted  on  the 
grounded  anode  112  which  extends  in  a  parallel  plate  configuration  with  the  cathode  111.  The  connection 
to  the  vacuum  pump  is  configured  to  draw  the  reactive  gases  into  the  region  between  the  anode  112  and 
the  cathode  1  1  1  for  confining  the  reactive  gas  plasma  formed  by  the  rf  energy  supplied  to  the  cathode  111. 
In  contrast,  the  reactive  ion  etching  system  200,  the  wafers  are  mounted  on  the  cathode  211  which  is 

55  shielded  from  and  separated  from  the  anode  212. 
The  parallel  plate  plasma  system  100  is  a  relatively  high  pressure  system,  operating  in  the  pressure  range 

of  13.3  Pa  to  several  hundreds  of  Pa  (100  millitorr  to  several  torr),  and  thus  involving  a  substantial  flow  rate 
of  reactive  gasses  into  the  system.  In  contrast,  the  reactive  ion  etching  system  200  is  operated  at  low 
pressures  in  the  range  of  0.13—13.3  Pa  (1  to  100  millitorr),  and  thus  substantially  lower  gas  flow  rates  into 

60  the  chamber  are  utilized.  In  the  reactive  ion  etching  system  200,  activated  ion  species  in  the  neighborhood 
of  the  cathode  have  high  inherent  directionality  normal  to  the  cathode  and  the  wafers  mounted  thereon, 
causing  the  high  anisotropy  in  the  etching  characteristics  of  the  system.  By  using  high  frequency  rf  energy 
at  fairly  substantial  power  levels  substantial  etch  rates  can  be  achieved  despite  the  low  concentrations  of 
activated  species  by  enhancing  the  chemical  reaction  between  the  activated  species  and  the  material  to  be 

65  etched  due  to  the  momentum  of  the  ions  bombarding  exposed  material  regions  on  the  wafer  surface. 



EP  0  078  161  B1 
'  Improved  directionality  of  the  activated  species  in  the  parallel  plate  plasma  system  100  can  be 

achieved  by  utilizing  lower  rf  frequencies  thereby  generating  electric  fields  in  the  region  of  the  anode  which 
enhance  ion  bombardment  of  the  wafers  120  and  directionality  of  the  etch.  However,  this  is  achieved  at 
increased  risk  of  metal  contamination  because  the  physical  bombardment  of  the  anode  releases  metal 

5  participates. 
Figure  11B  illustrates  schematically  a  reactive  ion  etching  system  250  which  is  available  commercially 

from  Applied  Materials,  Inc.  of  Santa  Clara,  California.  The  reactive  ion  etching  system  250  utilizes  a 
cylindrical  reaction  chamber  260  and  a  hexagonal  cathode  261  connected  to  an  rf  supply  263.  An  exahust 
port  264  communicates  between  the  interior  of  reaction  chamber  260  and  a  vacuum  pump.  The  walls  of  the 

w  reaction  chamber  260  and  the  base  plate  262  form  the  grounded  anode  of  the  system.  A  supply  of  reactive 
gas  from  gas  supply  266  is  communicated  to  the  interior  of  the  chamber  260  through  an  entrance  port  265 
and  through  a  conduit  arrangement  (not  shown)  to  a  gas  distribution  ring  267  at  the  top  of  the  chamber. 
This  type  of  reactive  ion  etching  system  forms  the  preferred  apparatus  for  carrying  out  the  method  of  this 
invention. 

w  The  limitations  of  wet  chemical  etching  and  improvements  potentially  offered  by  plasma  etching 
systems  are  illustrated  in  Figures  1  —  9  of  the  attached  drawings.  Figures  1  —  3  generally  illustrate  the 
isotropy  of  wet  chemical  etching  technology.  Figures  4—6  generally  illustrate  the  reduction  in  etch  isotropy 
which  have  been  achieved  in  the  parallel  plate  type  of  plasm  etching  systems.  Figures  7—9  generally 
illustrate  the  almost  completely  anisotropic  (directional)  etching  characteristic  which  is  the  goal  of  reactive 

20  ion  etching  systems  (also  called  reactive  sputter  etching  systems). 
Figure  1  illustrates  a  semiconductor  wafer  1  0  having  a  layer  of  insulating  material  1  5  formed  on  the  top 

surface  thereof  with  an  overlying  layer  of  photoresist  20  which  has  been  patterned  to  have  apertures  21  and 
22  therein  exposing  surface  regions  16  and  17  of  the  insulator  layer  15.  For  purposes  of  this  illustration,  it 
will  be  assumed  that  the  minimum  photolithography  feature  size  is  one  micrometer  and  that  the  insulator 

25  layer  15  and  the  photoresist  layer  20  are  both  about  one  micrometer  thick.  This  somewhat  artificial 
arrangement  is  used  for  comparative  illustration  etching  technology  and  does  not  necessarily  represent 
actual  IC  process  parameters.  It  will  be  noted  that  the  line  width  in  the  photoresist  layer  20  is  greater  than 
one  micrometer,  e.g.  about  two  |im.  As  will  be  seen,  this  increased  spacing  between  apertures  21  and  22 
and  photoresist  layer  20  is  required  to  take  into  account  the  isotropy  of  the  wet  chemical  etch  operation. 

30  While  the  example  given  here  is  somewhat  artifical,  it  is  illustrative  of  the  inability  of  wet  chemical  etching 
technology  to  take  advantage  of  the  minimum  photolithography  feature  size  available  with  todays  current 
high  resolution  lithography  systems. 

Thus  as  shown  in  Figure  2,  the  step  of  wet  chemical  etching  the  insulator  layer  15  using  the  patterned 
photoresist  layer  as  an  etchant  mask,  results  in  general  replication  of  the  photoresist  mask  pattern  into  the 

35  insulator  layer  15  but  with  substantially  enlarged  apertures  18  and  19.  This  is  due  to  the  isotropic  attack  of 
the  wet  chemical  etchant  on  the  insulator  layer  15  and  the  general  need  to  perform  at  least  some 
overstretch  to  be  sure  to  clear  the  surface  of  the  semi-conductor  wafer  10  in  the  exposed  regions  10  and  12. 
In  general,  wet  chemical  etching  will  produce  an  enlargement  in  the  aperture  size  at  least  equal  to  the 
thickness  of  the  layer  being  etched  with  overstretching  producing  an  even  greater  enlargement  of  the 

40  replicated  aperture  size. 
The  structure  shown  in  Figure  3  where  doped  regions  13  and  14  have  been  formed  in  regions  of 

substrate  10  generally  corresponding  to  the  exposed  surface  regions  11  and  12  depicted  in  Figure  2,  is 
produced  by  relatively  shallow  ion  implantation  of  conductivity  modifying  impurities  into  the  surface 
regions  of  substrate  10. 

45  Figures  4  through  6  illustrate  that,  due  to  the  improved  directional  etching  capability  of  some  parallel 
plate  plasma  reactive  etching  systems,  improvements  in  device  density  can  be  achieved  by  allowing 
adjacent  photoresist  apertures  to  be  located  closer  together.  As  illustrated  in  Figure  4,  the  apertures  41  and 
42  in  photoresist  layer  40  are  separated  by  a  more  narrow  line  width  of  photoresist  material.  Figure  5 
illustrates  the  reduction  in  isotropy  of  the  parallel  plate  plasma  etching  of  the  insulator  layer  35  to  create  the 

so  apertures  38  and  39.  Although  parallel  plate  plasma  etchers  still  produce  some  undercutting  of  the 
insulator  layer  in  the  surface  regions  underlying  the  photoresist  aperture,  this  undercutting  is  substantially 
less  than  that  produced  by  the  wet  chemical  etching  system  as  depicted  in  Figure  2.  Overetch  conditions  to 
ensure  clearing  the  material  from  the  substrate  regions  31  and  32  to  be  exposed  in  the  etching  process 
results  in  further  enlargement  of  the  effective  aperture  size  at  the  interface  between  the  insulator  layer  35 

55  and  the  substrate  30. 
As  depicted  in  Figure  6,  the  end  result  of  the  parallel  plate  plasma  etching  of  the  insulator  35  is  that 

implanted  regions  33  and  34  occupy  a  substantially  smaller  area  of  the  wafer  30  than  doped  regions  13  and 
14  in  Figure  3.  This  reduction  in  chip  "real  estate"  utilized  provides  higher  device  density  and  thus  higher 
levels  of  device  integration  in  IC  fabrication. 

60  Figures  7  —  9  illustrate  the  further  improvement  in  replicating  the  photoresist  pattern  in  photoresist  layer 
60  into  the  insulator  layer  55  which  is  the  goal  of  highly  directional  reactive  ion  etching  systems  currently 
available  on  the  market,  for  example  the  AME  8100  series  of  plasma  etching  systems  available  from 
Applied  Materials,  Inc.,  of  Santa  Clara,  California.  As  shown  in  Figure  8,  replication  of  the  photoresist 
apertures  61  and  62  in  photoresist  layer  60  is  accomplished  with  very  high  resolution  in  that  apertures  58 

65  and  59  in  insulator  layer  55  have  almost  vertical  side  walls.  The  size  of  the  exposed  regions  51  and  52  of 

4 
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substrate  50  correspond  almost  identically  with  the  sizes  of  the  photoresist  apertures  61  and  62.  The  area  of 
the  substrate  50  occupied  by  the  adjacent  doped  regions  53  and  54  is  substantially  less  than  the 
corresponding  area  of  doped  regions  33  and  34  in  Figure  6  and  dramatically  less  than  the  doped  regions  13 
and  14  in  Figure  3.  Thus,  higher  device  density  and  greater  levels  of  device  integration  should  be 

5  achievable  with  reactive  ion  etching.  Full  realization  of  the  capabilities  of  ion  assisted  plasma  etching  will 
be  imperative  for  fabrication  of  very  large  scale  integrated  circuit  devices. 

While  Figures  4—6  and  Figures  7  —  9  generally  illustrate  the  promise  of  substantial  improvement  in 
replicating  the  photoresist  pattern  into  underlying  layers  of  material  which  should  be  achievable  using 
parallel  plate  plasma  and  reactive  ion  etching  systems,  a  number  of  problems  have  been  encountered  in 

10  the  practical  application  of  this  technology  to  IC  fabrication  especially  in  high  volume  production 
environments.  In  particular,  severe  problems  have  been  encountered  in  applying  dry  etching  technology  to 
the  patterning  of  silicon  oxide  and  silicon  nitride  layers  which  are  used  in  various  ways  in  the  processing  of 
semiconductor  wafers  into  integrated  circuit  chips. 

One  of  the  applications  of  such  patterned  layers  is  illustrated  in  Figures  7—9,  i.e.  as  an  ion  implantation 
15  or  diffusion  mask  to  define  isolated  regions  of  a  semiconductor  substrate  to  be  doped  with  conductivity 

modifying  impurities.  For  this  application  of  dry  etching  technology,  it  is  important  to  achieve 
simultaneously  a  number  of  etching  system  characteristics.  Both  high  etch  anisotropy  and  high  etch 
selectivity  for  the  oxide  or  nitride  layer  relative  to  the  overlying  patterned  photoresist  layer  are  required  for 
high  resolution  replication  of  the  photoresist  mask  pattern  into  the  underlying  oxide  or  nitride  layer.  High 

20  uniformity  of  etching  across  the  wafer  with  uniform  etch  rate  independent  of  feature  size  is  important  for 
high  fabrication  yield  especially  in  situations  where  the  photolithography  pattern  feature  size  may  vary 
from  a  one  micrometer  feature  to  a  10  or  20  urn  feature  at  the  same  mask  level  because  different  sizes  of 
transistor  devices  are  being  fabricated  on  the  same  chip.  In  addition,  high  etch  selectivity  for  the  underlying 
silicon  substrate  is  necessary  to  avoid  substrate  removal  which  could  adversely  affect  the  operation  of  the 

25  transistors  being  fabricated. 

Figure  12  illustrates  another  application  of  dry  etching  of  oxide  and  nitride  layers,  in  this  case  the 
patterning  of  a  thin  gate  insulator  layer  331  utilizing  an  overlying  region  332  of  doped  or  undoped 
polysilicon  us  an  etching  mask  as  part  of  the  process  for  fabricating  self-aligned  silicon  gate  CISFET 
devices.  In  this  fabrication  technology,  the  gate  insulator  331  is  generally  a  thin,  thermally  grown  silicon 

30  dioxide  layer,  but  in  some  technologies  it  may  be  a  composite  layer  of  grown  silicon  dioxide  and  deposited 
silicon  nitride.  Steps  leading  up  to  the  wafer  topology  shown  in  Figure  12  are  well  known  in  the  CISFET 
processing  art,  and  briefly,  involve  first  forming  the  gate  insulator  layer  331  on  the  wafer  followed  by 
deposition  of  a  uniform  layer  of  polysilicon,  and  then  patterning  of  the  polysilicon  layer  using 
photolithography  and  etching  to  create  the  polysilicon  gate  electrode  region  332.  This  gate  electrode  region 
332  is  then  utilized  as  an  etching  mask  for  dry  etching  the  gate  insulator  layer  331  down  to  the  surface  of  the 
silicon  substrate  320,  after  which  the  doped  regions  321  and  322  shown  in  dashed  lines  may  be  created  by 
ion  implantation  or  furnace  diffusion  operations.  In  this  dry  etching  application,  a  highly  anisotropic  etch 
characteristic  is  required  to  avoid  undercutting  the  gate  insulator  layer  331  under  the  silicon  gate  region 
332.  Furthermore,  high  etch  selectivity  for  the  gate  insulator  331  with  respect  to  both  the  overlying 
polysilicon  region  332  and  the  silicon  substrate  is  required  to  avoid  substantial  changes  in  the  dimensions 
of  the  polysilicon  gate  region  332  and  to  avoid  removal  of  the  surface  of  the  silicon  substrate  near  the 
completion  of  the  etching  operation.  High  uniformity  of  etching  across  the  wafer  with  uniform  etch  rate 
independent  of  feature  size  is  important  because  substantial  feature  size  variations  are  typical  in  this 

4S  processing  technology  and  minimization  of  overetch  requirements  is  important  to  avoid  substrate  removal. 

Figure  13  illustrates  another  application  of  dry  etching  of  silicon  dioxide  layers.  In  this  case  the 
patterning  of  a  chemical  vapor  deposition  (CVD)  oxide  layer  313  is  requried  to  provide  contact  windows  314 
and  315  to  respective  doped  substrate  region  311  and  doped  polysilicon  region  312.  Here  photoresist 
pattern  of  the  CVD  oxide  layer  313  is  utilized.  In  this  case,  isotropic  etching  of  the  silicon  dioxide  layer  is 

so  preferred  to  produce  sloped  contact  window  edge  profiles  to  reduce  the  steepness  of  the  angle  of  the  step 
in  the  metal  layer  316  which  is  formed  over  the  oxide  layer  313  after  the  windows  314  and  315  have  been 
formed.  For  application,  high  etch  selectivity  with  respect  to  overlying  photoresist  is  not  important,  but 
high  etch  selectivity  for  the  underlying  silicon  and  polysilicon  layers  is  important  especially  since 
substantial  overstretch  is  required  to  assure  clearing  the  contact  window  of  oxide  material  for  purposes  of 

55  assuring  low  resistance  contact  of  the  subsequently  formed  metal  layer  on  the  exposed  silicon  and 
polysilicon  surfaces.  Overetching  may  also  be  required  due  to  layer  thickness  variation  and  the  substantial 
variations  in  wafer  topology  at  this  stage  of  the  process. 

Figures  14  and  15  illustrate  another  application  of  dry  etching  of  silicon  oxide  layers.  The  particular 
application  here  involves  a  dielectric  device  isolation,  wafer  planarization  technique  described  in  a  paper  by 

so  H.  G.  Pogge  entitled  "Advanced  Device  Isolation  for  Very  Large  Scale  Integration"  presented  at  the 
American  Institute  of  Chemical  Engineers  1981  National  Meeting  on  August  18,  1981.  In  this  application,  a 
layer  of  CVD  oxide  360  has  been  formed  over  the  wafer  350  after  a  deep  groove  351  has  been  etched 
anisotropically  into  the  wafer  surface,  followed  by  a  thermal  oxidation  to  form  a  thin  silicon  dioxide  surface 
layer  355.  Because  of  the  depth  of  the  groove  351  a  recess  or  cusp  362  exists  in  the  deposited  oxide  layer 

65  360.  A  spin-on  polymer  layer  365,  e.g.,  photoresist  or  polyimide  is  then  utilized  to  planarize  the  top  surface 
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of  the  wafer.  Thereafter,  the  polymer  layer  365  and  the  deposited  oxide  layer  360  are  etched  back  to  the 
surface  of  the  semiconductor  wafer  creating  the  topology  shown  in  Figure  15. 

For  this  etch  back  operation,  it  is  important  to  have  highly  anisotropic  etching  with  substantially  no 
etch  selectivity  between  the  polymer  layer  365  and  the  oxide  layer  360  so  that  a  uniform  rate  of  etchback 

5  will  be  produced  especially  when  the  etch  back  has  reached  the  level  marked  A—  A  in  Figure  14  so  that  the 
cusp  filling  region  366  of  the  polymer  layer  365  is  etched  at  the  same  rate  as  the  surface  regions  of  the 
deposited  oxide  layer  360.  If  this  requirement  is  not  substantially  met,  the  final  topography  will  not  have  the 
planar  surface  shown  in  Figure  15.  If  the  polymer  etches  at  a  faster  rate  than  the  oxide,  the  polymer  region 
366  will  be  etched  back  faster  than  the  surface  regions  of  the  silicon  dioxide  layer  360,  replicating  the  cusp 

10  in  the  wafer  surface  after  etchback  shown  by  the  dashed  line  363  in  Figure  15. 
In  addition  to  the  above  discussed,  varying  requirements  or  demands  placed  on  the  dry  etching 

technology  in  etching  of  silicon  oxide  and  nitride  layers,  it  is  extremely  important  for  the  process 
technology  and  accompanying  plasma  chemistry  to  minimize  metallic  or  other  partial  contamination  and 
to  achieve  rerproducibility  of  etch  results  from  batch-to-batch.  In  addition  the  required  characteristics  need 

is  to  be  achieved  at  high  wafer  throughput,  thus  requiring  substantial  etch  rates.  Finally,  the  etching  process 
technology  and  accompanying  plasma  chemistry  should  have  a  minimum  deleterious  effect  on  the  etching 
system  and  the  maintenance  of  that  system. 

While  it  has  been  known  in  the  art  for  several  years  that  certain  activated  species  of  various 
fluorocarbon  gasses  will  etch  silicon  dioxide  and  silicon  nitride  at  substantial  rates,  a  number  of  problems 

20  have  been  encountered  in  applying  fluorocarbon  gas  plasma  chemistry  to  the  etching  of  silicon  nitride  and 
oxideiayers.  The  more  serious  of  the  problems  that  have  been  encountered  are  the  tendency  for  the 
activated  ion  species  to  form  nonvolatile  fluorocarbon  polymers  which  tend  to  deposit  on  the  surfaces  of 
the  wafers  being  etched  and  on  other  surfaces  of  the  reactor.  Such  polymer  formation  tends  to  adversely 
affect  the  rate  of  etching  of  silicon  oxide  and  nitride  layers,  to  cause  problems  in  reproducibility  of  etching 

25  results,  to  generate  particulate  contamination  which  can  produce  device  defects,  to  require  increases  in 
plasma  energy  requirements  which  can  lower  etch  rate  differentials  between  photoresist  layers  and  silicon 
oxide  and  nitride  layers  to  be  patterned,  and  to  increase  system  down  time  for  removal  of  deposited 
polymer  films  on  reactor  surfaces. 

The  prior  art  has  developed  fluorocarbon  plasma  chemistry  systems  which  have  high  etch  selectivity 
30  for  the  silicon  oxide  and  silicon  nitride  layers  relative  to  polymer  photoresist  and  silicon  (cf.  e.g. 

US  —  E—  30505).  An  enhancement  of  the  etch  rate  of  silicon  by  adding  CO2  to  halocarbon  plasmas  has  been 
reported  in  extended  abstracts  of  the  Journal  of  the  Electrochemical  Society,  Vol.  80-1,  May  1980,  p. 
280  —  282,  Abstract  No.  106.  However,  thus  far,  there  have  been  no  developments  of  a  plasma  chemistry 
system  and  accompanying  plasma  etching  process  which  achieve  such  etch  selectivity  along  with  low 

35  polymer  formation  and  also  have  the  capability  of  meeting  all  of  the  other  requirements  for  use  of  dry 
etching  in  the  various  IC  fabrication  requirements  outlined  above. 

The  present  invention  accordingly  provides  a  method  for  anisotropically  etching  a  masked  layer  of 
inorganic  insulating  material  formed  on  a  silicon  semiconductor  wafer  and  containing  silicon  as  the 
principal  metallic  element,  with  high  selectivity  relative  to  the  wafer  and,  when  required,  to  the  mark,  the 

40  method  comprising  the  steps  of: 
disposing  said  masked  wafer  on  one  of  a  pair  of  electrode  structures  in  a  closed  vacuum  chamber; 
communicating  into  said  chamber  a  reactive  gas  mixture  comprising  principally  a  fluorocarbon  gas 

doped  with  a  preselected  quantity  of  carbon  dioxide  in  the  range  of  about  1  —  50  percent  by  volume;  and 
supplying  radio  frequency  electrical  energy  to  one  of  said  electrode  structures  to  create  a  plasma  of 

45  said  reactive  gas  mixture  for  chemically  attacking  said  insulating  material. 
In  accordance  with  a  preferred  aspect  of  the  present  invention,  there  is  provided  a  method  for  etching  a 

layer  of  inorgaic  insulating  material  formed  on  a  semiconductor  wafer  and  containing  silicon  as  the 
principal  metallic  element  therein  which  generally  includes  the  following  steps.  First,  the  wafer  on  which 
the  layer  of  insulating  material  is  formed  is  disposed  on  one  of  a  pair  of  electrode  structures  in  a  closed 

so  reaction  chamber.  The  next  step  is  to  communicate  into  the  chamber  a  reactive  gas  mixture  comprising 
principally  a  fluorocarbon  gas  doped  with  a  preselected  quantity  of  carbon  dioxide;  radio  frequency 
electrical  energy  is  supplied  to  one  of  the  electrode  structures  to  create  a  plasma  of  the  reactive  gas  mixture 
for  chemically  attacking  the  insulating  material. 

For  reactive  ion  etching,  this  process  is  preferably  carried  out  by  disposing  the  wafer  on  the  cathode 
55  within  the  closed  chamber.  Fluorocarbon  gas  is  doped  with  carbon  dioxide  preferably  in  the  range  of  about 

1  to  50  percent  by  volume  and  is  supplied  to  the  chamber.  The  actual  doping  level  selected  is  determined 
by  the  particular  requirements  of  the  etching  system  in  the  IC  fabrication  operation  to  which  it  is  applied. 
The  chamber  of  the  reactive  ion  etching  system  is  preferably  maintained  at  a  pressure  in  the  range  of  about 
2.6  —  13.3  Pa  (20)  to  100  millitorr)  and  the  rf  electrical  energy  is  preferably  supplied  at  a  power  level  which 

eo  creates  a  power  density  in  the  range  of  about  0.10  to  0.30  watts/cm2.  The  reactive  gas  mixture  is  preferably 
supplied  at  a  total  flow  rate  which  produces  a  residence  time  of  activated  species  in  the  range  of  about 
1  —  60  seconds. 

For  adapting  the  general  process  of  this  invention  to  etching  substantial  vertical  side  wall  patterns  into 
a  layer  of  the  insulating  material  in  the  presence  of  an  overlying  patterned  layer  of  organic  photoresist 

65  material,  thereby  to  expose  corresponding  regions  of  one  or  more  layers  of  silicon  on  the  wafer,  the 
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preferred  fluorocarbon  gas  to  be  utilized  in  the  process  is  CHF3  and  the  preferred  carbon  dioxide  doping 
level  is  in  the  range  of  about  5  to  1  5  percent  by  volume.  Furthermore,  the  chamber  is  maintained  preferably 
at  a  pressure  in  the  range  of  5.2  —  10.6  Pa  (40  to  80  millitorr).  The  rf  electrical  energy  is  preferably  supplied  at 
a  power  level  which  creates  a  power  density  in  the  range  of  about  0.18  to  0.26  watts/cm2.  The  reactive  gas 

5  mixture  is  preferably  supplied  as  a  total  flow  rate  which  produces  a  residence  time  of  activated  species  in 
the  range  of  about  6—30  seconds. 

While  highly  anisotropic  etching  of  oxide  and  nitride  layers  can  be  achieved  utilizing  these  process 
parameters  and  simultaneously  good  etch  selectivity  with  respect  to  photoresist  and  silicon  is  realized,  it 
has  been  found  preferable  to  optimize  the  etching  process  parameters  by  utilizing  CHF3  with  carbon 

10  dioxide  doping  at  a  level  of  about  10  percent.  The  optimum  pressure  in  the  chamber  is  about  9.3  Pa  (70 
millitorr)  and  the  optimum  power  density  is  about  0.22  watts/cm2.  The  optimum  residence  time  is  about  20 
seconds. 

To  adapt  the  general  method  of  this  invention  for  either  etching  back  a  composite  layer  of  inorganic 
insulating  material  and  an  organic  insulating  material  or  for  etching  highly  sloped  side  wall  patterns  into 

15  the  layer  of  inorganic  insulating  material  in  the  presence  of  an  overlying  patterned  layer  of  organic 
photoresist  material,  it  is  preferable  to  maintain  carbon  dioxide  doping  in  the  reactive  gas  mixture  in  the 
range  of  about  30  to  50  percent  by  volume. 

A  principal  advantage  of  the  plasma  gas  chemistry  system  and  method  of  preferred  embodiments  of 
this  invention  is  that  the  use  of  carbon  dioxide  as  a  dopant  for  the  fluorocarbon  etching  gas  substantially 

20  reduces  the  rate  of  polymer  formation  on  reactor  surfaces,  eliminates  the  adverse  effect  of  polymer 
formation  on  etching  of  the  insulator  materials  while  also  simultaneously  achieving  relatively  high  etch 
rates,  high  selectivity  of  etching  of  silicon  oxide  and  silicon  nitride  over  silicon  and  sufficient  selectivity 
over  photoresist.  Furthermore,  by  controlling  the  doping  level  of  the  carbon  dioxide,  the  etch  aperture 
profile  can  be  controlled  from  vertical  to  a  substantial  angle  which  is  especially  useful  in  patterning  silicon 

25  dioxide  layers  before  metal  deposition  to  avoid  yield  loss  due  to  metal  fracturing  which  can  occur  in  a  metal 
layer  deposited  over  oxide  aperture  edges  which  are  too  sharp  and  steep.  Furthermore,  the  gas  chemistry 
system  and  method  of  preferred  embodiments  of  this  invention  achieve  highly  uniform  etch  rate  across  the 
surface  of  the  wafer  and  highly  uniform  etch  rates  which  are  independent  of  feature  size. 

Embodiments  of  the  present  invention  will  now  be  described  by  way  of  example  with  reference  to  the 
30  accompanying  drawings,  in  which:  — 

Figures  1  —  3  illustrate  examples  of  the  isotropic  etch  characteristics  of  wet  chemical  etchants; 
Figures  4  —  6  illustrate  examples  of  improvements  in  etch  anisotropy  achievable  in  parallel  plate 

plasma  reactors; 
Figures  7—9  illustrate  examples  of  the  vertical  etching  characteristics  of  ion  assisted  (reactive  ion) 

35  etching  systems; 
Figure  10  is  a  schematic  illustration  of  a  parallel  plate  plasma  reactor  system; 
Figure  11A  is  schematic  illustration  of  a  parallel  plate  reactive  ion  etching  system; 
Figure  11B  is  a  schematic  illustration  of  reactive  ion  etching  system  employing  a  hexagonal  cathode 

structure  which  is  the  preferable  apparatus  for  carrying  out  the  method  of  this  invention; 
40  Figure  12  is  a  fragmented  sectional  view  illustrating  the  partial  topology  of  a  CISFET  device  showing 

one  application  for  reactive  ion  etching; 
Figure  13  is  a  fragmented  sectional  view  of  a  portion  of  the  topology  of  a  CISFET  device  showing 

another  application  of  dry  etching  technology; 
Figures  14  and  15  are  fragmented  sectional  views  of  a  portion  of  a  semiconductor  wafer  illustrating  the 

45  application  of  plasma  etching  to  a  method  for  forming  planar  oxide  isolation  wells  in  a  semiconductor 
substrate;  and 

Figures  16—  18  are  graphs  useful  in  illustrating  the  performance  of  the  dry  etching  method  and  reactive 
plasma  gas  chemistry  system  in  accordance  with  embodiments  of  this  invention. 

Figures  1  —  15  have  been  generally  described  in  connection  with  the  introductory  section  of  this 
50  specification  and  need  not  be  discussed  again  in  detail  here.  At  appropriate  places,  reference  back  to  these 

figures  will  be  made  for  purposes  of  illustration. 
The  dry  etching  methodology  and  the  plasma  gas  chemistry  of  this  invention  are  based  on  the 

discovery  that  relatively  small  percentage  amounts  of  carbon  dioxide  added  as  a  dopant  gas  to 
fluorocarbon  gas  compositions  which  are  known  to  have  substantial  etch  rate  selectivity  for  silicon  oxide 

55  and  silicon  nitride  over  silicon  greatly  reduces  the  rate  of  polymer  formation  in  the  activated  gas  species 
without  drastically  affecting  the  etch  selectivity  for  silicon  oxide  and  silicon  nitride  relative  to  silicon. 
Moreover,  it  was  also  discovered  that,  while  the  addition  of  carbon  dioxide  as  a  dopant  to  the  reactive  gas 
does  result  in  activated  oxygen  species  in  the  plasma  and  thus  increases  the  etch  rate  for  photoresist, 
acceptable  etch  selectivity  for  silicon  oxide  and  silicon  nitride  over  photoresist  can  be  maintained  when 

60~  required. 
Figure  16  shows  the  polymer  deposition  rate  (in  ran  per  minute)  on  the  anode  of  a  reactive  ion  etching 

system  as  a  function  of  the  percentage  volume  concentration  of  dopant  gasses  O2  and  CO2.  Superimposed 
on  the  graph  of  polymer  deposition  rate  versus  dopant  concentration  is  a  graph  of  etch  selectivity  for 

65  thermal  oxide  over  single  crystal  silicon  for  the  same  two  dopant  gasses.  These  results  are  for  CHF3  as  the 
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primary  etchant  gas  with  the  gas  mixture  supplied  at  100  SCCM,  while  maintaining  reactor  pressure  at  10.6 
Pa  (80  millitorr),  and  applying  rf  energy  at  a  power  level  of  1400  watts.  An  AME  8100  Etching  System  as 
depicted  schematically  in  Figure  11  B  was  used. 

It  has  been  known  for  some  time  that  the  addition  of  oxygen  to  fluorocarbon  gasses  will  reduce 
5  polymer  formation.  However,  addition  of  oxygen  also  produces  an  unnacceptable  reduction  in  etch 

selectivity  for  silicon  oxide  over  silicon.  Thus,  as  shown  in  Figure  16  although  about  five  percent  by  volume 
of  oxygen  in  CHF3  reduces  polymer  formation  on  the  anode  by  fifty  percent,  it  also  reduces  etch  selectivity 
for  silicon  oxide  over  silicon  by  about  seventy-five  percent.  In  contrast,  the  addition  of  eight  to  ten  percent 
by  volume  of  carbon  dioxide  to  CHF3  reduces  polymer  formation  by  almost  fifty  percent  but  etch  selectivity 

io  for  silicon  oxide  over  silicon  is  only  reduced  by  about  fifteen  or  twenty  percent.  The  reduction  in  etch  rate 
selectivity  of  silicon  oxide  over  photoresist  was  also  in  the  range  of  fifteen  to  twenty-five  percent  at  this  C02 
dopant  concentration. 

Furthermore,  it  has  been  discovered  that,  because  the  addition  of  COZ  dopant  gas  to  the  CHF3  reactive 
gas  actually  increases  silicon  oxide  etch  rates,  acceptable  etch  rates  of  silicon  dioxide  can  be  achieved  at 

is  sufficiently  low  rf  power  settings  that  improved  photoresist  integrity  is  achieved.  This  makes  it  possible  to 
etch  silicon  dioxide  with  an  overlying  photoresist  mask  without  postbaking  the  photoresist  mask  after  it  has 
been  exposed  and  developed.  Elimination  of  this  postbaking  step  which  is  otherwise  required  for  good 
resist  stability  is  especially  important  for  high  density  IC  devices  since  the  high  temperature  postbake  tends 
to  cause  flow  of  the  resist  and  corresponding  changes  in  resist  pattern  dimensions  before  the  etching 

20  operation  is  carried  out.  Elimination  of  the  high  temperature  postbake  step  also  constitutes  a  savings  in 
wafer  processing  time  and  thus  achieves  greater  wafer  throughput  in  an  IC  fabrication  operation. 

Figure  17  illustrates  the  etch  rates  for  phosphosilicate  glass  (PSG)  having  an  8  weight  percent  doping 
of  phosphorus,  thermal  silicon  dioxide,  positive  resist  and  silicon  at  various  rf  power  settings  in  the  AME 
8100  Series  Plasma  Etching  System  referred  to  above.  The  system  was  operated  at  a  total  flow  rate  of  100 

25  SCCM  using  10%  CO2  by  volume  in  CHF3.  The  chamber  pressure  was  maintained  at  9.3  Pa  (70  millitorr). 
This  graph  shows  that  the  etch  rates  for  thermal  oxide,  doped  glass  (PSG)  positive  photoresist  and  silicon 
all  show  increases  for  increases  in  rf  power  setting.  Figure  17  thus  illustrates  that  useful  etch  rate 
differentials  for  thermal  oxides  and  deposited  oxides  with  respect  to  both  photoresist  and  single  crystal 
silicon  can  be  achieved  over  a  broad  range  of  rf  power  settings. 

30  Figure  18  illustrates  the  impact  on  etch  rates  of  thermal  oxides  and  doped  oxides  on  increases  in 
reactor  pressure.  This  graph  illustrates  that  useful  etch  rate  selectivity  can  be  maintained  for  oxide  layers 
over  photoresist  and  silicon  over  a  wide  range  of  reactor  pressures.  This  data  was  taken  on  an  AME  8100 
Series  Plasma  Etching  System  using  a  total  flow  rate  of  80  SCCM,  a  power  setting  of  1  150  watts  and  10% 
C02  by  volume  in  CHF3.  Accordingly,  it  is  seen  that  reactor  pressure  can  be  kept  at  a  relatively  low  setting  to 

35  assist  in  minimizing  polymer  film  formation  in  the  activated  gas  species  and  thus  reducing  polymer 
formation  on  the  walls  of  the  reactor. 

Other  experiments  have  been  performed  which  demonstrate  that  silicon  oxide  etch  rates  actually 
increase  with  increased  percentages  by  volume  of  the  dopant  carbon  dioxide  gas.  Other  experiments  show 
that  total  reactive  gas  flow  into  the  reaction  chamber  does  not  dramatically  affect  the  silicon  dioxide  etch 

40  rate  although  etch  selectivity  over  silicon  is  somewhat  increased  at  higher  gas  flow  rates.  Furthermore  total 
gas  flow  does  not  have  any  substantial  effect  on  polymer  deposition  rates. 

To  develop  the  data  shown  in  the  graphs  of  Figures  16  —  18  and  to  characterize  the  fluorocarbon  CO2 
plasma  technology,  experiments  using  various  CO2  dopant  concentrations,  reactor  pressure  settings,  rf 

45  power  settings,  and  reactive  "gas  flow  rates  were  performed.  Out  of  these  experiments,  it  was  determined 
that  useful  results  could  be  achieved  in  at  least  some  of  the  silicon  dioxide  etching  applications  described 
above  over  the  ranges  of  operating  parameters  shown  in  Table  I  below. 

TABLE  I 
50 

Operating  parameter  Range 

RF  power  500  —  1500  watts 

55  Reactor  chamber  pressure  2.6—20  Pa  (20  —  150  millitorr) 

Total  flow  rate  20—200  SCCM 

Volume  %  CO2  1  —  50  percent 
60 

These  ranges  of  operating  parameters  are  for  the  AME  8100  System.  The  rf  Power  range  corresponds 
to  power  densities  in  the  range  of  about  0.10  to  0.30  watts/cm2.  The  pressure  and  flow  rate  ranges 
correspond  to  residence  times  for  activated  species  in  the  range  of  about  1—60  seconds.  The  residence 
time  is  a  function  of  chamber  volume,  chamber  pressure  and  total  gas  flow  rate  and  can  be  calculated  using 

65  the  following  formula: 

8 
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Volume  (liters)xPressure  (torr) 
Residence  time  (min)= 

Flow  (liters/min)x760  (torr) 

5  It  has  also  been  determined  that  addition  of  other  dopant  gasses  such  as  nitrogen,  oxygen,  hydrogen 
and  various  other  gasses  in  quantities  less  than  about  five  percent  will  not  diminish  the  advantages  which 
are  achieved  by  COZ  dopants  in  the  reactive  gas  mixture.  While  it  is  preferable  to  use  CHF3  as  the  principal 
reactive  gas  because  of  its  relatively  low  ionization  potential,  other  fluorocarbons  which  are  diffident  in 
fluorine  and  thus  have  substantial  etch  rate  differentials  for  silicon  dioxide  over  silicon,  such  as  C2F6  and 

10  C3F8  could  also  be  used  with  appropriate  doping  of  CO2.  In  addition,  CF4  which  by  itself  etches  silicon  at  a 
faster  rate  than  silicon  dioxide  could  be  utilized  with  CO2  doping  provided  sufficient  hydrogen  is  also  added 
to  scavenge  free  fluorine  radicals  and  increases  the  etch  rate  for  silicon  dioxide  to  a  value  substantially 
greater  than  that  for  s i l i c o n . .  

The  experimental  investigation  carried  out  in  connection  with  this  invention  utilized  various  oxide  films 
is  of  one  urn  thickness  on  silicon  substrates  with  patterned  layers  of  HPR-204  photoresist  overlying  the  oxide 

films  The  oxide  films  included  thermally  growth  silicon  dioxide  and  phosphosilicate  glass  deposited  on  the 
silicon  wafer  surface.  The  phosphosilicate  glass  used  constituted  both  undensified  glass  and  glass  layers 
densified  in  steam  at  930°C  for  thirty  minutes.  In  addition  various  phosphorus  doping  levels  of  the 
deposited  glass  were  utilized.  Etch  rate  determinations  were  made  using  three  different  instruments:  a 

20  Tencor  Alpha-Step  surface  profiler,  and  a  Nanometrics  Nano-Spec,  and  a  laser  interferometer.  The  silicon 
etch  rates  were  determined  by  overetching  wafers  into  the  silicon  base  layer,  using  laser  interferometry  to 
determine  the  end  point  of  oxide  etching.  A  laser  interferometer  operating  at  a  wavelength  of  632.8 
nonometers  was  used  to  monitor  etch  rates  of  various  oxide  films  as  a  function  of  the  process  parameters 
of  power  and  p r e s s u r e . .   ,iU  „ ,  25  As  a  result  of  the  investigations  made  in  connection  with  this  invention,  it  has  been  determined  that  the 
best  results  for  patterned  etching  of  silicon  oxides  on  silicon  substrates  using  overlying  patterned  resist 

layers  were  achieved  by  utilizing  the  ranges  of  process  parameters  set  forth  in  Table  II  below  (R.F.  Power, 
Total  Flow  Rate  and  Pressure  being  settings  for  the  AME  8100  System). 

30  TABLE  II 

Operating  parameter  Range 

RF  power  950—1350  watts 
35 

Power  density  0.18—0.26  watts/cm2 

Reactor  chamber  pressure  5.2—10.6  Pa  (40—80  millitorr) 

40  Total  gas  flow  rate  40—100  SCCM 

Residence  time  6—30  seconds 

Volume  %  CO,  -  5—15  percent 
45 

It  was  also  determined  that  the  best  overall  etch  results  in  pattern  etching  of  oxide  layers  over  silicon 
with  overlying  resist  were  achieved  in  an  AME  8100  System  using  an  rf  power  setting  of  about  1  150  watts 
(equal  to  about  0.22  watts/cm2),  a  reactor  chamber  pressure  of  about  9.3  Pa  (70  millitorr),  a  total  gas  flow 
rate  of  about  83  SCCM  (giving  a  residence  time  of  about  20  seconds)  and  a  10  volume  percent  CO2  dopant 
concentration  in  the  CHF3  gas.  However,  as  previously  indicated  variations  of  10  to  20  percent  in  some  of 
these  parameters  and  variations  of  20  to  40  percent  in  other  parameters  does  not  substantially  affect  the 
overall  etch  results  in  many  applications.  Table  III  below  gives  typical  etch  results  uchieved  using  the 
optimum  conditions  stated  above  in  the  AME  8100  System. 
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TABLE  III 

Selectivity  Selectivity 
Etch  rate  over  over 

Layer  material  (nm/min/)  silicon  resist 

Thermal  oxide  50  17:1  7:1 

Phosphosilicate  glass  75  25:1  11:1 
(4  wt.%  p)  undensified 10  (4  vvt.%  p)  undensified 

Phosphosilicate  glass  100  33:1  14:1 
(8  wt.%  p)  densified 

is  Phosphosilicate  glass  140  47:1  20:1 
(8  wt.%  p)  undensified 

While  the  investigations  carried  out  in  connection  with  this  invention  primarily  involved  the  etching  of 
silicon  oxide  layers,  generally  comparable  results  would  be  achieved  on  deposited  silicon  nitride  layers 

20  with  generally  a  forty  percent  reduction  in  etch  performance.  However,  even  with  lower  etch  rates  and  etch 
selectivities  for  silicon  nitride,  the  plasma  etching  method  and  gas  chemistry  of  this  invention  can  be 
usefully  applied  to  the  patterning  of  silicon  nitride  layers  on  semiconductor  substrates. 

The  plasma  etching  method  and  reactive  gas  chemistry  of  this  invention  can  also  be  applied  with 
advantage  in  parallel  plate  plasma  reactors  of  the  type  shown  in  Figure  11  A.  A  single  wafer  parallel  plate 

25  reactive  ion  etching  system  was  operated  using  a  reactive  gas  mixture  comprising  about  17  percent  by 
weight  of  CO2  in  CHF3.  The  chamber  was  operated  at  a  pressure  of  about  4  Pa  (30  millitorr).  The  total  gas 
flow  rate  was  30  SCCM.  The  reactor  was  operated  at  300  watts  of  rf  power  giving  a  power  density  on  the  20 
cm  (eight  inch)  diameter  cathode  of  about  0.9  watts/cm2.  Using  these  process  conditions,  an  etch  rate  for 
thermal  oxide  of  about  60  nm  (600  Angstroms)  per  minute  was  observed.  The  etch  selectivity  for  thermal 

30  oxide  over  single  crystal  silicon  was  about  15:1  and  the  etch  selectivity  for  thermal  oxide  over  positive 
photoresist  was  about  6:1.  When  the  same  single  wafer  parallel  plate  system  was  operated  without  the  CO2 
dopant  gas  in  the  CHF3,  an  etch  rate  of  only  40  nm  (400  Angstroms)  per  minute  was  observed  because  of 
polymer  formation  on  the  wafer. 

Utilizing  the  reactive  gas  chemistry  of  this  invention  and  a  reactive  ion  etching  system  such  as  the  AME 
35  8100  Series  System  available  from  Applied  Materials,  it  is  possible  to  achieve  controlled  profile  etching,  i.e. 

the  side  wall  profile  of  the  etched  aperture  in  the  oxide  or  nitride  layer  can  be  varied  from  an  almost 
completely  vertical  edge  to  a  substantially  tapered  wall.  By  maintaining  the  CO2  dopant  concentration  at 
the  level  of  5—15  volume  percent,  etch  rates  of  the  resist  are  low  and  the  resulting  edge  profile  of  the 
aperture  etched  in  the  oxide  layer  is  vertical.  This  has  been  substantiated  by  scanning  electron  microscope 

40  studies  of  actual  etching  results  on  semiconductor  wafers.  Furthermore,  such  vertical  edge  profiles  are 
achieved  for  both  thermal  oxides  and  phosphosilicate  glasses  using  resist  masks  which  have  not  been 
subjected  to  a  high  temperature  postbaking  process. 

In  some  cases,  as  illustrated  in  Figure  13  for  contact  window  etching,  it  is  preferred  to  have  a  tapered 
wall  so  that  complete  coverage  by  the  metal  film  over  the  step  in  the  insulating  layer  can  be  achieved. 
When  a  metal  film  is  deposited  over  a  contact  window  having  a  vertical  side  wall,  it  is  very  difficult  to 
maintain  continuity  bewteen  the  region  of  the  metal  film  in  the  contact  window  and  the  region  overlying 
the  oxide  layer,  because  fractures  in  the  metal  film  can  easily  occur  at  the  sharp  edge  of  the  contact 
window.  A  reduction  in  the  steepness  of  the  step  profile  can  be  accomplished  using  a  high  temperature 
reflow  of  the  doped  phosphosilicate  glass  after  the  contact  window  has  been  etched.  However,  this 
technique  is  often  undesirable,  and  definitely  cannot  be  used  when  the  oxide  is  used  as  an  insulation 
between  two  layers  of  aluminum  in  a  multilevel  conductor  interconnect  system. 

In  accordance  with  one  aspect  of  this  invention,  a  tapered  edge  wall  profile  of  a  contact  window  is 
achieved  by  reducing  the  oxide  to  resist  etch  rate  selectivity  and  this  is  accomplished  by  adjustment  of  the 
C02  doping  level  in  the  reactive  gas  mixture.  Tapering  of  the  side  walls  can  be  achieved  up  to  an  angle  of 
about  sixty  degrees  by  increasing  the  CO2  volume  percent  doping  concentration  to  fifty  percent.  Other 
profiles  can  be  achieved  between  vertical  and  sixty  degrees  by  using  intermediate  concentrations  of  CO2 
dopant  gas.  One  of  the  additional  benefits  of  this  invention  is  that,  although  the  window  edge  profile  angle 
can  be  controlled  by  CO2  dopant  levels,  critical  device  dimensions  are  still  maintained.  Scanning  electron 
microscope  studies  of  contact  openings  etched  in  oxide  layers  utilizing  the  technique  of  this  invention  have 
shown  that  the  bottom  of  the  contact  opening  is  of  substantially  identical  size  for  both  vertical  and  tapered 
edge  profiles. 

The  same  type  of  adjustment  in  etch  rate  selectivity  between  photoresist  or  organic  polymer  layers  and 
silicon  dioxide  enables  the  reactive  plasma  gas  chemistry  and  method  of  this  invention  to  be  usefully 

65  applied  in  the  oxide  well  isolation,  wafer  planarization  method  depicted  in  Figures  14  and  15  of  the 
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drawings  and  described  in  the  above-referenced  Pogge  paper.  The  CO2  reactive  gas  doping  concentration 
can  readily  be  adjusted  to  equalize  the  etch  rates  of  a  deposited  oxide  and  an  organic  photoresist  or 
polyimide  layer.  Another  important  advantage  of  this  invention,  especially  as  applied  to  etch-back 
applications  as  depicted  in  Figures  1  and  15  and  in  semiconductor  process  steps  where  the  oxide  film  is 

5  only  thinned  rather  than  completely  etched  away,  is  etch  rate  uniformity. 
The  oxide  etch  rate  uniformity  achieved  using  the  plasma  etching  method  and  reactive  gas  chemistry 

of  this  invention  was  investigated  by  using  an  optical  technique  employing  an  IBM  film  thickness  analyzer. 
Unpatterned  thermal  oxide  films  approximately  one  urn  thick  were  measured  at  1  1  8  different  sites  on  each 
of  a  number  of  silicon  wafers.  These  wafers  were  then  etched  under  the  optimum  oxide  etching  conditions 

10  set  forth  above  for  a  time  period  which  would  remove  about  800  nm  (8000  Angstroms)  of  oxide,  leaving 
approximately  200  nm  (2000  Angstroms)  remaining  on  the  wafer.  Then  the  remaining  oxide  films  were 
measured  for  film  thickness  at  the  same  118  locations.  The  etch  rate  at  each  site  was  then  calculated  using 
the  two  sets  of  thickness  measurements.  The  variations  in  etch  rate  were  determined  to  be  less  than  ±5% 
(2  a)  in  all  cases.  This  demonstrates  that  the  etch  rate  uniformity  using  the  etching  process  and  gas 

is  chemistry  of  this  invention  is  within  the  requirements  for  most  film  thinning  process  applications. 
Another  critical  parameter  in  characterizing  etch  performance,  and  one  of  utmost  importance  in 

pattern  replication,  is  line  width  uniformity.  The  performance  of  the  etching  method  and  reactive  gas 
chemistry  of  this  invention  with  respect  to  this  parameter  investigated  using  a  specially  designed  test 
pattern  that  contains  a  number  of  electrically  sensitive  line  width  structures  consisting  of  a  van  de  Pauw 

20  resistor  and  two  or  more  bridge-type  resistors.  These  structures  are  etched  into  the  oxide  film  as  openings 
to  the  silicon  substrate  followed  by  doping  of  the  exposed  silicon  substrate  by  ion  implantation.  The 
resistor  structures  are  then  electrically  probed  in  each  of  1  18  locations  over  the  wafer  and  the  width  of  the 
opening  is  determined  using  an  automatic  DC  parametric  test  system  controlled  by  a  minicomputer.  The 
118  data  points  on  each  wafer  are  then  used  to  generate  a  line  width  contour  map. 

25  Before  the  investigations  in  connection  with  this  invention,  wafers  having  both  600  nm  (6000 
Angstroms)  of  thermal  oxide  and  600  nm  (6000  Angstroms)  of  phosphorus  doped  glass  were  utilized.  A  1  .2 
urn  HPR-204  photoresist  film  was  utilized  and  the  openings  in  this  photoresist  film  for  the  test  structure  of 
interest  were  measured  at  5  points  on  every  wafer  in  each  bath  by  a  Vickers  Shearing  microscope  to 
determine  the  mean  nominal  opening  within  standard  deviation  for  each  bath.  These  values  were 

30  determined  to  be  3.28±0.19  and  3.16±0.2  urn  for  the  thermal  oxide  and  phosphorus  doped  glass  layers, 
respectively.  The  wafers  were  then  etched  to  end  point  plus  to  a  ten  percent  or  fifty  percent  over  etch  in  four 
runs  of  four  wafers  each.  The  mean  opening  width  in  standard  deviation  for  each  wafer  was  determined  by 
the  described  technique  and  the  results  are  given  in  Table  IV  below. 

Of  primary  interest  in  the  results  of  the  investigation  is  the  uniformity  of  the  etch  opening.  The  value 
35  reported  in  Table  IV  is  the  standard  deviation  due  to  both  the  photolithography  and  the  etch  process.  In 

every  case,  the  standard  deviation  is  less  than  or  equal  to  that  of  the  photolithography  alone  which 
indicates  a  high  degree  of  pattern  replication  fidelity  in  the  plasma  etching  process  of  this  invention.  The 
results  also  show  that  the  mean  opening  widths  are  nearly  equal  in  both  the  ten  percent  and  fifty  percent 
overetch  process  runs.  This  indicates  that  substantially  complete  etch  anisotropy  with  minimal  attack  of  the 

40  photoresist  mask  was  achieved  using  the  process  parameters  and  gas  chemistry  of  this  invention. 
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TABLE  IV 
Etched  layer:  600  nm  Thermal  oxide 

Wafer  Mean  opening  width 
Degree  of  etch  No.  ±2o  dim) 

Unetched  Mean  of  25  3.28±0.19 

10%  overetch  8  3.26+0.20 

9  3.37±0.18 

10  3.33±0.17 

18  3.36+0.18 

50%  overetch  13  3.36±0.16 

14  3.34±0.14 

15  3.31+0.18 

17  3.27±0.19 

Etched  layer:  600  nm  PSG  (8  wt.%  phosphorous) 

Wafer  Mean  opening  width 
Degree  of  etch  No.  ±2  (|im) 

Unetched  Mean  of  25  3.16±0.20 

10%  overetch  13  3.22±0.18 

14  3.13±0.15 

16  3.18±0.19 

17  3.11±0.18 

50%  overetch  8  3.22±0.18 

9  3.24+0.19 

10  3.17±0.20 

12  3.15±0.14 

10 

15 

20 

25 

30 

35 

40 

45 

In  addition  to  the  high  degree  of  etch  rate  uniformity  and  line  width  achieved  utilizing  the  plasma 
etching  process  and  gas  chemistry  of  this  invention,  it  has  also  been  demonstrated  that  this  invention 
enables  the  pattern  replication  of  photolithography  features  of  widely  varying  sizes  a  the  substantial  etch 
rate  uniformity.  In  other  words,  it  has  been  demonstrated  that  a  one  urn  feature  size  is  cleared  from  the 
wafer  at  the  same  rate  as  ten  to  twenty  urn  features.  This  is  important  since  it  is  undesirable  to  expose  large 
areas  of  the  wafer  corresponding  to  large  photolithography  features  before  small  areas  have  cleared.  In 
other  etching  technologies  it  is  common  to  encounter  a  much  lower  etch  rate  (e.g.  thirty  percent  less)  in  the 
smaller  features  because  of  the  larger  aspect  ratio  between  the  small  feature  size  and  the  oxide  film 
thickness.  This  improvement  is  achievable  only  in  the  use  of  this  invention  in  a  reactive  ion  etching  system 
since  feature  independent  etch  rate  uniformity  cannot  be  achieved  in  a  high  pressure  parallel  plate  plasma 
system.  In  other  respects,  the  major  advantages  of  this  invention  are  achieved  both  in  parallel  plate  plasma 
reactors  operating  at  relatively  higher  pressures  and  lower  frequencies  and  in  reactive  ion  etching  systems 
generally  operating  at  lower  pressures  and  higher  frequencies.  Of  course,  the  degree  of  performance 
advantage  is  substantially  greater  in  the  reactive  ion  etching  system. 

From  the  above  description,  it  should  be  apparent  that  the  Plasma  etching  method  and  the  reactive  gas 
chemistry  system  of  this  invention  provides  a  number  of  advantages  over  prior  art  systems.  The 
substantial  reduction  in  polymer  formation  results  in  higher  etch  rates,  less  system  down  time  for  cleaning 
and  reduced  paniculate  contamination.  This  invention  permits  etching  to  be  performed  at  higher  pressures 
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with  lower  power  densities  to  achieve  less  resist  damage.  This  enables  the  invention  to  be  applied  with 
positive  photoresists  without  requiring  a  hard,  high  temperature  postbake  after  developing  the  pattern 
written  into  the  photoresist  layer.  This  is  an  important  advantage  in  avoiding  any  possible  change  in  resist 
aperture  dimension  due  to  flow  of  the  resist  which  tends  to  exist  during  a  high  temperature  bake.  The 

5  system  and  gas  chemistry  of  this  invention  provide  reproducible  high  etching  uniformity  and  resolution, 
easily  achieving  one  \im  windows  in  one  um  thick  oxide  layers. 

As  those  familiar  with  this  art  are  well  aware,  the  physical  and  chemical  mechanisms  involved  in 
plasma  etching  are  not  well  or  completely  understood  despite  the  extensive  investigative  research  which 
has  been  conducted  in  this  area.  Accordingly,  the  reasons  for  the  performance  achieved  using  carbon 

10  dioxide  dopant  in  fluorocabron  gasses  in  accordance  with  this  invention  are  also  not  well  understood. 
However,  reduction  in  polymer  formation  is  probably  achieved  by  providing  free  oxygen  radials  (from 
disassociation  of  CO2)  which  can  react  with  polymer  formers  to  produce  water  vapor  and  either  carbon 
monoxide  or  carbon  dioxide,  both  of  which  are  volatile  compounds  and  are  swept  out  of  the  system.  In 
addition,  free  carbon  radicals  may  react  with  free  fluorine  radicals  to  produce  volatile  fluorocarbons  such 

15  as  CF4  which  are  pumped  out  of  the  system  and  reduce  the  availability  of  carbon  and  fluorine  radicals  to 
form  nonvolatile  polymeric  compounds.  While  the  reasons  for  the  improvements  generated  by  this 
invention  are  not  well  understood,  the  improvemens  have  been  thoroughly  demonstrated  and  validated  in 
the  development  work  generally  reported  above. 

Preferred  embodiments  of  the  present  invention  provide  an  improved  process  for  plasma  etching  of 
20  inorganic  insulating  materials  having  silicon  as  their  principal  metallic  constituent. 

Preferred  embodiments  of  the  present  invention  further  provide  improved  reactive  plasma  gas 
chemistry  systems  for  use  in  procesess  for  plasma  etching  of  inorganic  insulating  materials  having  silicon 
as  their  principal  metallic  constituent. 

25  Claims 

1.  A  method  for  anisotropically  etching  a  masked  layer  of  inorganic  insulating  material  formed  on  a 
silicon  semiconductor  wafer  and  containing  silicon  as  the  principal  metallic  element,  with  high  selectivity 
relative  to  the  wafer  and,  when  required,  to  the  mark,  the  method  comprising  the  steps  of: 

30  disposing  said  masked  wafer  on  one  of  a  pair  of  electrode  structures  in  a  closed  vacuum  chamber; 
communicating  into  said  chamber  a  reactive  gas  mixture  comprising  principally  a  fluorocarbon  gas 

doped  with  a  preselected  quantity  of  carbon  dioxide  in  the  range  of  about  1—50  percent  by  volume;  and 
supply  radio  frequency  electrical  energy  to  one  of  said  electrode  structures  to  create  a  plasma  of  said 

reactive  gas  mixture  for  chemically  attacking  said  insulating  material. 
35  2.  The  method  of  Claim  1  wherein  said  chamber  is  maintained  at  a  pressure  in  the  range  of  about 

2.6—13.3  Pa  (20—100  millitorr);  and  said  radio  frequency  electrical  energy  is  supplied  at  a  power  level 
which  creates  a  power  density  in  the  range  of  about  0.10  —  0.30  watts/cm2. 

3.  The  metmod  of  Claim  2  wherein  said  reactive  gas  mixture  is  supplied  to  said  chamber  at  a  flow  rate 
sufficient  to  provide  a  residence  time  of  said  reactive  gas  mixture  in  the  range  of  about  1—60  seconds. 

40  4.  The  method  of  Claim  1  adapted  for  etching  substantially  vertical  sidewall  patterns  into  said  layer  of 
insulating  material  in  the  presence  of  an  overlying  patterned  mask  layer  of  organic  photoresist  material  to 
expose  corresponding  regions  of  a  layer  of  silicon  on  said  wafer,  wherein  said  fluorocarbon  gas  is  CHF3  and 
said  carbon  dioxide  doping  is  in  the  range  of  about  8—12  percent  by  volume;  said  chamber  is  maintained 
at  a  pressure  in  the  range  of  about  5.2—12.0  Pa  (40—90  millitorr);  said  gas  mixture  is  supplied  to*  said 

45  chamber  at  a  flow  rate  which  produces  a  residence  time  of  activated  species  in  the  range  of  about  6—30 
seconds;  and  said  radio  frequency  electrical  energy  is  supplied  at  a  power  level  which  creates  a  power 
density  in  the  range  of  about  0.18—0.26  watts/cm2. 

5.  The  method  of  Claim  1  adapted  for  either  etching  back  a  composite  layer  of  said  inorganic  insulating 
material  and  an  organic  insulating  material  or  for  etching  slanted  side  wall  patterns  into  said  layer  of 

so  inorganic  insulating  material  in  the  presence  of  an  overlying  patterned  mask  layer  of  organic  photoresist 
material,  wherein  said  carbon  dioxide  doping  in  said  reactive  gas  mixture  is  in  the  range  of  about  30—50 
percent  by  volume. 

6.  The  method  of  Claim  1  adapted  for  forming  a  pattern  of  apertures  with  substantially  straight  side 
walls  in  a  layer  of  inorganic  insulating  material  formed  on  a  silicon  semiconductor  wafer  and  comprising 

55  silicon  as  the  principal  metallic  element  therein,  the  method  comprising  the  steps  of: 
forming  a  layer  of  photoresist  on  said  insulating  material  layer; 
exposing  preselected  regions  of  said  photoresist  layer  to  preselect  electromagnetic  radiation  to  write  a 

mask  pattern  therein; 
developing  said  written  photoresist  layer  with  a  preselected  developing  solution; 

60  disposing  said  substrate  on  the  cathode  structure  of  a  reactive  ion  etching  chamber  without  postbaking 
said  developed  photoresist  layer;  and 

simultaneously  supplying  radio  frequency  electrical  energy  to  said  cathode  structure  at  a  power  level 
which  creates  a  power  density  in  the  range  of  about  0.18—0.26  watts/cm2  and  supplying  to  said  chamber  a 
reactive  gas  mixture  comprising  principally  CHF3  doped  with  carbon  dioxide  in  the  range  of  about  5  —  15 

65  percent  by  volume  while  maintaining  said  chamber  at  a  pressure  in  the  range  of  about  5.2  —  10.6  Pa  (40—80 
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millitorr),  said  reactive  gas  mixture  being  supplied  at  a  total  gas  flow  rate  which  produces  a  residence  time 
of  activated  species  in  the  range  of  6—30  seconds,  to  thereby  etch  the  insulating  material  with  high 
selectivity  relative  to  the  photoresist. 

7.  The  method  of  Claim  1  adapted  for  forming  a  pattern  of  apertures  with  substantially  sloping  side 
s  walls  in  a  layer  of  inorganic  insulating  material  formed  on  a  silicon  semiconductor  wafer  and  comprising 

silicon  as  the  principal  metallic  element  therein,  the  metod  comprising  the  steps  of: 
forming  a  layer  of  photoresist  on  said  insulating  material  layer;  exposing  preselected  regions  of  said 

photoresist  layer  to  preselected  electromagnetic  radiation  to  write  a  mask  pattern  therein; 
developing  said  written  photoresist  layer  with  a  preselected  developing  solution  to  produce  apertures 

10  therein  corresponding  to  said  written  mask  pattern; 
disposing  said  substrate  on  the  cathode  structure  of  a  reactive  ion  etching  chamber  without  postbaking 

said  developed  photoresist  layer;  and  simultaneously  applying  radio  frequency  electrical  energy  to  said 
cathode  structure  at  a  power  level  which  creates  a  power  density  in  the  range  of  about  0.18—0.26  watts/cm2 
and  supplying  to  said  chamber  a  reactive  gas  mixture  comprising  principally  a  fluorocarbon  gas  heavily 

15  doped  with  carbon  dioxide,  the  concentration  of  said  carbon  dioxide  being  selected  at  a  value  in  the  range 
of  20—  50  percent  to  produce  a  predetermined  etch  rate  ratio  of  said  insulating  material  to  said  photoresist 
thereby  to  control  the  angle  of  said  sloping  side  wall  formed  in  said  insulating  material. 

8.  The  method  of  any  of  Claims  1  to  4  and  6,  wherein  said  fluorocarbon  gas  is  doped  with  about  10 
percent  by  volume  of  CO2;  said  chamber  pressure  is  maintained  at  about  9.3  Pa  (70  millitorr);  said  radio 

20  frequency  power  level  creates  a  power  density  of  about  0.22  watts/cm2;  and  said  reactive  gas  mixture  is 
supplied  at  a  total  gas  flow  rate  which  produces  a  residence  time  of  activated  species  of  about  20  seconds. 

Patentanspruche 

25  1.  Verfahren  zum  anisotropen  Atzen  einer  maskierten  Schicht  aus  auf  einem  Silizium- 
Halbleiterplattchen  ausgebildetem  anorganischem  Isoliermaterial,  das  als  hauptsachliches  metallisches 
Element  Silizium  enthalt,  mit  hoher  Selektivitat  beztiglich  des  Plattchens  und,  falls  notwendig,  der  Maske, 
wobei  das  Verfahren  folgende  Schritte  enthalt: 

Anordnen  des  maskierten  Plattchens  auf  einer  von  zwei  Elektrodenanordnungen  in  einer 
30  geschlossenen  Vakuumkammer; 

Einleiten  eines  reaktiven  Gasgemisches  in  die  Kammer,  des  hauptsachlich  ein  mit  einer  vorgewahlten 
Menge  von  Kohlendioxyd  im  Bereich  von  etwa  1  —  50  Vol.-%  dotiertes  Fluorkohlenstoffgas  enthalt;  und 

Zufuhren  hochfrequenter  elektrischer  Energie  an  eine  der  Elektrodenanordnungen  zur  Erzeugung 
eines  Plasmas  des  reaktiven  Gasgemisches  zum  chemischen  Angreifen  des  Isoliermaterials. 

35  2.  Verfahren  nach  Anspruch  1,  wobei  die  Kammer  auf  einem  Druck  im  Bereich  von  etwa  2,6—13,3  Pa 
(20  —  100  Militorr)  gehalten  wird,  und  wobei  die  hochfrequente  elektrische  Energie  mit  einer  Leistung 
zugefuhrt  wird,  bei  der  eine  Leistungsdichte  im  Bereich  von  etwa  0,10—0,30  W/cm2  entsteht. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  das  reaktive  Gasgemisch  der  Kammer  mit  einem  Durchsatz 
zugefiihrt  wird,  der  ausreicht,  eine  Verweilzeit  des  reaktiven  Gasgemisches  im  Bereich  von  etwa  1—60  s  zu 

40  erreichen. 
4.  Verfahren  nach  Anspruch  1,  das  geeignet  ist  zum  Atzen  im  wesentlichen  vertikaler 

Seitenwandmuster  in  die  Schicht  aus  Isoliermaterial  bei  Gegenwart  einer  dariiberliegenden  gemusterten 
Maskierschicht  aus  organischem  Photoresistmaterial  zum  Freilegen  entsprechender  Bereiche  einer 
Siliziumshicht  auf  dem  Plattchen,  wobei  das  Fluorkohlenstoffgas  CHF3  ist  und  das  Dotieren  mit 

45  Kohlendioxid  im  Bereich  von  etwa  8  —  12  Vol.-%  erfolgt;  wobei  die  Kammer  auf  einem  Druck  im  Bereich 
von  5,2—12,0  Pa  (40—90  Millitorr)  gehalten  wird;  wobei  das  Gasgemisch  der  Kammer  mit  einem  Durchsatz 
zugefuhrt  wird,  bei  dem  eine  Verweilzeit  der  aktivierten  Spezies  im  Bereich  von  etwa  6—30  s  erreicht  wird; 
und  wobei  die  hochfrequente  elektrische  Energie  mit  einer  Leistung  zugefuhrt  wird,  bei  der  eine 
Leistungsdichte  im  Bereich  von  etwa  0,18  —  0,26  W/cm2  entsteht. 

so  5.  Verfahren  nach  Anspruch  1,  geeignet  entweder  zum  Ruckatzen  einer  zusammengesetzten  Schicht 
des  anorganischen  Isoliermaterials  und  eines  organischen  Isoliermaterials  oder  zum  Atzen  geneigter 
Seitenwandmuster  in  die  Schicht  aus  anorganischem  Isoliermaterial  in  Gegenwart  einer  daruberliegenden 
gemusterten  Maskierschicht  aus  organischem  Photoresistmaterial,  wobei  die  Kohlendioxiddotierung  im 
reaktiven  Gasgemisch  im  Bereich  von  etwa  30—50  Vol.-%  Hegt. 

55  6.  Verfahren  nach  Anspruch  1,  geeignet  zum  Bilden  eines  Musters  von  Offnungen  mit  im  wesentlichen 
geraden  Seitenwanden  in  einer  Schicht  aus  auf  einem  Silizium-Halbleiterplattchen  ausgebildetem 
anorganischem  Isoliermaterial,  das  als  hauptsachliches  metallisches  Element  Silizium  enthalt,  wobei  das 
Verfahren  folgende  Schritte  umfaBt: 

Ausbilden  einer  Photoresistschicht  auf  dem  Isoliermaterial; 
60  Aussetzen  vorgewahlter  Bereiche  der  Photoresistschicht  einer  vorgewahlten  elektromagnetischen 

Strahlung  zum  Schreiben  eines  Maskenmusters  darin; 
Entwickeln  der  geschreibenen  Photoresistschicht  mit  einer  vorgewahlten  Entwicklungslosung; 
Anordnen  des  Substrats  auf  der  Kathodenanordnung  einer  reaktiven  lonen-Atzkammer  ohne 

Nachtrocknen  der  entwickelten  Photoresistschicht;  und 
65  gleichzeitiges  Zufuhren  hochfrequenter  elektrischer  Energie  zur  Kathodenanordnung  mit  einer 
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Leistung,  bei  der  eine  Leistungsdichte  im  Bereich  von  etwa  0,18—0,26  W/cm2  entsteht  und  Zufiihren  eines 
reaktiven  Gasgemisches  in  die  Kammer,  das  hauptsachliche  CHF3  enthalt,  das  mit  Kohlendioxid  im  Bereich 
von  etwa  5  —  15  Vol.-%  dotiert  ist,  wahrend  die  Kammer  auf  einem  Druck  im  Bereich  von  etwa  5,2  —  10,6  Pa 
(40—80  Millitorr)  gehalten  wird,  wobei  das  reaktive  Gasgemisch  mit  einem  Gesamtgasdurchsatz  zugefuhrt 

5  wird,  bei  dem  die  Verweilzeit  der  aktivierten  Spezies  im  Bereich  von  6  —  30  s  liegt,  so  da(5  das  Isoliermaterial 
gegenuber  dem  Photoresist  mit  hoher  Selektivitat  geatzt  wird. 

7.  Verfahren  nach  Anspruch  1,  geeignet  zum  Ausbilden  eines  Musters  auf  Offnungen  mit  im 
wesentlichen  geneigten  Seitenwanden  in  einer  Schicht  aus  auf  einem  Silizium-Halbleiterplattchen 
ausgebildetem  anorganischem  Isoliermaterial,  das  Silizium  als  hauptsachliches  metallisches  Element 

w  enthalt,  wobei  das  Verfahren  folgende  Schritte  umfaBt: 
Ausbilden  einer  Photoresistschicht  auf  dem  Isoliermaterial; 
Aussetzen  vorgewahlter  Bereiche  der  Photoresistschicht  einer  vorgewahlten  elektromagnetischen 

Strahlung  zum  Schreiben  eines  Maskenmusters  darin; 
Entwickeln  der  geschriebenen  Photoresistschicht  mit  einer  vorgewahlten  Entwicklungsiosung; 

15  Anordnen  des  Substrats  auf  der  Kathodenanordnung  einer  reaktiven  lonen-Atzkammer  ohne 
Nachtrocknen  der  entwickelten  Photoresistschicht;  und 

gleichzeitig  Zufiihren  hochfrequenter  elektrischer  Energie  an  die  Kathodenanordnung  mit  einer 
Leistung,  bei  der  eine  Leistungsdichte  im  bereich  von  etwa  0,18  —  0,26  W/cm2  entsteht  und  Zufiihren  eines 
reaktiven  Gasgemisches  in  die  Kammer,  das  haptsachiich  ein  stark  mit  Kohlendioxid  dotiertes 

20  Fluorkohlenstoffgas  enthalt,  wobei  die  Konzentration  des  Kohlendioxids  mit  einem  Wert  im  Bereich  von 
20—50%  gewahlt  wird,  so  dalS  ein  vorbestimmtes  Atzgeschwindigkeitsverhaltnis  des  Isoliermaterials  zum 
Photoresist  entsteht  und  dadurch  der  Winkel  der  im  Isoliermaterial  gebildeten  geneigten  Seitenwand 
gesteuert  wird. 

8.  Verfahren  nach  einem  der  Anspriiche  1  bis  4  und  6,  wobei  das  Fluorkohlenstoffgas  mit  etwa  10  Vol.-% 
25  CO2  dotiert  wird,  wobei  der  Kammerdruck  bei  etwa  9,3  Pa  (70  Militorr)  gehalten  wird;  wobei  bei  der  Hone 

der  hochfrequenten  Leistung  eine  Leistungsdichte  von  etwa  0,22  W/cm2  entsteht,  und  wobei  das  reaktive 
Gasgemisch  mit  einem  Gesamt-Gasdurchsatz  zugefuhrt  wird,  bei  dem  eine  Verweilzeit  der  aktivierten 
Spezies  von  etwa  20  s  entsteht. 

30  Revendications 

1.  Procede  pour  I'attaque  anisotrope  d'une  couche  masquee  d'une  matiere  isolante  inorganique 
formee  sur  une  tranche  semiconductrice  de  silicium  et  contenant  du  silicium  comme  principal  element 
metallique,  avec  une  haute  selectivity  par  rapport  a  la  trenche  et,  lorsque  cela  est  requis,  par  rapport  au 

35  masque,  le  procede  comprenant  les  etapes  consistant: 
a  deposer  ladite  tranche  masquee  sur  I'une  des  structures  d'une  paire  de  structures  d'electrodes  dans 

une  enceinte  close  sous  vide; 
a  mettre  en  communication  dans  ladite  enceinte  un  melange  de  gaz  reactifs  comprenant 

principalement  un  gaz  fluorocarbone  dope  avec  une  quantite  choisie  prealablement  d'anhydride 
40  carbonique,  comprise  dans  I'intervalle  d'environ  1  a  50%  en  volume;  et 

a  alimenter  I'une  desdites  structures  d'electrodes  avec  une  energie  electrique  radiofrequence  pour 
creer  un  plasma  dudit  melange  de  gaz  reactifs  pour  I'attaque  chimique  de  ladite  matiere  isolante. 

2.  Procede  suivant  la  revendication  1,  dans  lequel  I'enceinte  est  maintenue  sous  une  pression  comprise 
dans  I'intervalle  d'environ  2,6  a  13,3  Pa  (20  a  100  millitorrs)  et  ladite  energie  electrique  radiofrequence  est 

45  fournie  a  un  niveau  de  puissance  qui  engendre  une  densite  de  puissance  comprise  dans  l'intervalle 
d'environ  0,10  a  0,30  watt/cm2. 

3.  Procede  suivant  la  revendication  2,  dans  lequel  le  melange  de  gaz  reactifs  alimente  ladite  enciente  a 
un  d6bit  suffisant  pourfournir  un  temps  de  contact  dudit  melange  de  gaz  reactifs  compris  dans  I'intervalle 
d'environ  1  a  60  secondes. 

so  4.  Procede  suivant  la  revendication  1,  adapte  a  I'attaque  de  motifs  de  parois  laterales  pratiquement 
verticales  dans  ladite  couche  de  matiere  isolante  en  presence  d'une  couche  de  masquage  sus-jacente, 
presentant  des  motifs,  constitue  d'une  photoresine  organique,  pour  mettre  a  nu  des  regions 
correspondantes  d'une  couche  de  silicium  sur  la  tranche,  dans  lequel  le  gaz  fluorocarbone  est  CHF3  et  le 
dopage  est  effectue  avec  une  quantite  d'anhydride  carbonique  comprise  dans  I'intervalle  d'environ  8  a  1  2% 

55  en  volume;  ladite  enceinte  est  maintenue  sous  une  pression  comprise  dans  I'intervalle  d'environ  5,2  a  12,0 
Pa  (40  a  90  millitorrs);  le  melange  gazeux  alimente  ladite  chambre  a  un  debit  qui  donne  un  temps  de 
contact  du  compose  active  allant  d'environ  6  a  30  secondes;  et  I'energie  electrique  radiofrequence  est 
fournie  a  un  niveau  de  puissance  qui  engendre  une  densite  de  puissance  comprise  dans  I'intervalle 
d'environ  0,18  a  0,26  watt/cm2. 

60  5.  Procede  suivant  la  revendication  1,  adapte  a  I'attaque  en  retrait  d'une  couche  composite  de  la 
matiere  isolante  inorganique  et  d'une  matiere  isolante  organique  ou  bien  a  I'attaque  de  motifs  de  parois 
laterales  inclinees  dans  ladite  couche  de  matiere  inorganique  isolante  en  presence  d'une  couche  de 
masquage  sus-jacente,  presentant  des  motifs,  constitute  d'une  photoresine  organique,  dans  lequel  le 
dopage  a  I'anhydride  carbonique  dans  le  melange  de  gaz  reactifs  est  effectue  au  moyen  d'une  quantite 

65  comprise  dans  I'intervalle  d'environ  30  a  50%  en  volume. 
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6.  Procede  suivant  la  revendication  1,  adapte  a  la  formation  d'un  motif  d'orifices  ayant  des  parois 
laterales  pratiquement  droites  dans  une  couche  d'une  matiere  isolante  inorganique  formee  sur  une  tranche 
semiconductrice  de  silicium  et  renfermant  du  silicium  comme  principal  element  metallique,  procede 
comprenant  les  etapes  consistant: 

5  a  former  une  couche  de  photoresine  sur  ladite  couche  de  matiere  isolante; 
a  mettre  a  nu  des  regions  choisies  prealablement  de  ladite  couche  de  photoresine  a  une  radiation 

electromagnetique  choisie  prealablement  pour  y  tracer  un  motif  de  masquage; 
a  developper  ladite  couche  de  photoresine  munie  d'un  motif  trace,  au  moyen  d'une  solution  de 

developpement  choisi  prealablement; 
10  a  disposer  ledit  substrat  sur  la  structure  de  cathode  d'une  enceinte  d'attaque  par  ions  reactifs  sans 

soumettre  a  une  post-maturation  ladite  couche  de  photoresine  developpee;  et 
a  foumir  simultanement  une  energie  electrique  radiofrequence  a  ladite  structure  de  cathode  a  un 

niveau  de  puissance  qui  engendre  une  densite  de  puissance  comprise  dans  I'intervalle  d'environ  0,18  a 
0,26  watt/cm2,  et  a  alimenter  ladite  enceinte  avec  un  melange  de  gaz  reactifs  comprenant  principalement 

15  du  CHF3  dope  avec  de  I'anhydride  carbonique  en  une  quantite  comprise  dans  I'intervalle  d'environ  5  a  15% 
en  volume  tout  en  maintenant  ladite  enceinte  sous  une  pression  comprise  dans  I'intervalle  d'environ  5,2  a 
10,6  Pa  (40  a  80  millitorrs),  ledit  melange  de  gaz  reactifs  etant  fourni  a  un  debit  total  de  gaz  qui  produit  un 
temps  de  contact  de  compose  active  allant  de  6  a  30  secondes,  pour  attaquer  ainsi  la  matiere  isolante  avec 
une  haute  selectivity  par  rapport  a  la  photoresine. 

20  7.  Procede  suivant  la  revendication  1,  adapte  a  la  formation  d'un  motif  d'orifices  ayant  des  parois 
laterales  nettement  obliques  dans  une  couche  d'une  matiere  isolante  inorganique  formee  sur  une  tranche 
semiconductrice  de  silicium  et  renfermant  du  silicium  comme  principal  element  metallique,  procede 
comprenant  les  etapes  consistant: 

a  former  une  couche  de  photoresine  sur  ladite  couche  de  matiere  isolante;  a  exposer  des  zones 
25  prealablement  choisies  de  ladite  couche  de  photoresine  a  une  radiation  electromagnetique  choisie 

prealablement  pour  y  tracer  un  motif  de  masquage; 
a  developper  ladite  couche  de  photoresine,  portant  un  motif  trace,  au  moyen  d'une  solution  de 

developpement  choisie  prealablement  pour  y  produire  des  orifices  correspondant  audit  motif  de 
masquage  trace; 

30  a  disposer  ledit  substrat  sur  la  structure  de  cathode  d'une  enceinte  d'attaque  par  ions  reactifs  sans 
soumettre  a  une  post-maturation  ladite  couche  de  photoresine  developpee;  et  a  appliquer  simultanement 
une  energie  electrique  radiofrequence  a  ladite  structure  de  cathode  a  un  niveau  de  puissance  qui  engendre 
une  densite  de  puissance  comprise  dans  I'intervalle  d'environ  0,18  0,26  watt/cm2  et  a  alimenter  ladite 
chambre  avec  un  melange  de  gaz  reactifs  comprenant  principalement  un  gaz  fluorocarbone  fortement 

35  dope  avec  de  I'anhydride  carbonique,  la  concentration  dudit  anhydride  carbonique  etant  choisie  a  une 
valeur  comprise  dans  I'intervalle  de  20  a  50%  pour  produire  un  rapport  de  vitesse  d'attaque  predeterminee 
de  ladite  matiere  isolante  a  ladite  photoresine,  ce  qui  permet  ainsi  d'ajuster  Tangle  de  ladite  paroi  laterale 
oblique  formee  dans  ladite  matiere  isolante. 

8.  Procede  suivant  I'une  quelconque  des  revendications  1  a  4  et  6,  dans  lequel  le  gaz  fluorocarbone  est 
40  dope  avec  environ  10%  en  volume  de  CO2;  la  pression  de  I'enceinte  est  maintenue  a  environ  9,3  Pa  (70 

millitorrs);  le  niveau  de  puissance  de  I'energie  radiofrequence  engendre  une  densite  de  puissance 
d'environ  0,22  watt/cm2;  et  le  melange  de  gaz  reactifs  est  fourni  a  un  debit  total  de  gaz  qui  produit  un  temps 
de  contact  de  compose  active  d'environ  20  secondes. 
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