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to  determine  and  timely  recognize  said  initial  end 
point. 

Other  advantageous  embodiments  of  the 
method  in  accordance  with  the  invention  are 

5  disclosed  in  the  subclaims. 
The  invention  will  become  more  apparent  from 

the  following  detailed  description  taken  in  con- 
junction  with  the  accompanying  drawings. 

Fig.  1  is  a  transverse  sectional  view  of  a  portion 
10  of  a  silicon  chip  masked  and  ready  for  etching; 

Fig.  2  is  a  view  similar  to  Fig.  1  showing  the 
progression  of  the  etch  according  to  this  inven- 
tion  through  the  first  step; 

Fig.  3  is  a  view  similar  to  Fig.  2  showing  the 
15  progression  of  the  etch  according  to  this  inven- 

tion  through  the  second  step  to  completion; 
Fig.  4  is  a  representation  of  the  emission 

spectra  of  a  mixture  of  CF4  and  02  between  610 
and  780  nanometers; 

20  Fig.  5  is  a  plot  of  the  intensity  of  the  703.7  F  and 
696.6  F  bands  during  plasma  etching; 

Fig.  6  shows  plots  of  the  relationship  of  the 
sensed  intensity  of  the  703.7  band  to  the  sensed 
intensity  of  the  696.6  band  for  several  batch  sizes 

25  of  wafers  during  etching; 
Fig.  7  shows  plots.of  the  relative  intensity  of  the 

sensed  intensity  at  a  given  time  of  the  703.7  band 
with  respect  to  the  immediately  preceding  sensed 
intensity  of  the  703.7  band  for  several  batch  sizes; 

30  and 
Fig.  8  is  a  plot  of  the  second  derivative  of  one  of 

the  curves  of  Fig.  7. 
According  to  the  present  invention,  an 

improved  method  is  provided  to  etch  openings  in 
35  a  material  wherein  the  openings  require  precisely 

controlled  size  and  side  contours.  This  technique 
finds  particular  application  in  the  processing  of 
silicon  wafers  for  integrated  circuit  chips,  and  the 
invention  will  be  described  for  this  particular 

40  application.  It  is  to  be  understood,  however,  that  it 
has  such  wider  application,  and  can  be  used 
whenever  such  close  tolerances  of  size  as  well  as 
contour  must  be  achieved  in  etching  patterns.  The 
invention  will  also  be  described  in  an  embodi- 

45  ment  of  etching  polysilicon  on  a  substrate  of  SiO2. 
However,  it  can  be  used  on  any  material  that  can 
be  selectively  etched  through  a  mask. 

Referring  now  to  the  drawing,  and  for  the 
present  to  Fig.  1,  a  section  through  a  particular 

so  silicon  wafer  during  a  step  in  the  processing  is 
shown.  The  silicon  wafer,  designated  by  the 
reference  character  10,  has  grown  thereon  a  thin 
film  of  silicon  dioxide  (SiO2)  12.  On  top  of  the  SiO2 
is  a  layer  of  polysilicon  14,  which  is  to  be  etched  in 

55  a  given  pattern.  Overlying  the  polysilicon  14  is  a 
mask  of  photoresist  16  which  has  been  exposed 
and  developed  to  define  a  pattern  corresponding 
to  the  pattern  to  be  etched  in  the  polysilicon  14. 
Two  of  the  openings  of  the  pattern  are  shown  and 

60  designated  by  the  reference  characters  18  and  20. 
Normally  there  are  a  great  number  of  openings 
on  each  wafer  but  only  two  are  shown  for  illus- 
tration. 

In  practice  it  is  desirable  that  the  thickness  of 
65  each  of  the  layers,  and  especially  the  polysilicon 

Description 

The  invention  relates  to  a  method  of  selectively 
etching  at  least  one  opening  in  a  given  material 
on  a  substrate  or  layer  of  a  different  material 
wherein  said  given  material  has  a  variable  thick- 
ness  at  the  locations  to  be  etched,  and  wherein  a 
mask  is  provided  overlying  said  given  material, 
said  mask  defining  the  at  least  one  opening  at  the 
locations  to  be  etched. 

In  the  etching  of  material  on  a  substrate,  par- 
ticularly  in  plasma  etching,  it  is  necessary  to  etch 
openings  through  certain  material  in  such  a  way 
as  to  accurately  control  the  opening  size  and  also 
accurately  control  the  edge  profiles  and  undercut- 
ting  of  the  etched  openings.  The  openings  are 
etched  through  a  mask  and  the  edge  contour 
should  terminate  at  the  substrate  in  vertical 
alignment  with  the  edge  of  the  mask.  One 
example  of  this  is  etching  polysilicon  on  an  SiO2 
base  in  the  manufacture  of  semiconductor  chips. 

In  conventional  isotropic  etching,  such  as  by 
plasma  etching,  the  etch  takes  place  laterally  as 
well  as  vertically  leaving  an  opening  which  has 
curved  side  walls.  It  is  desirable  that  the  etch 
terminate  as  soon  as  the  material  has  been  etched 
through  to  the  substrate  so  that  the  edge  of  the 
bottom  part  of  the  wall  is  exactly  in  vertical 
alignment  with  the  opening  in  the  mask.  This  is 
no  particular  problem  if  the  material  is  of  uniform 
thickness  such  that  the  etching  at  all  locations  is 
completed  at  the  same  time.  However,  there  is 
normally  significant  variations  in  the  thickness  of 
the  material  being  etched.  Therefore,  if  the  etch  is 
continued  to  completion  at  the  thickness  part, 
there  will  be  significant  detrimental  undercutting 
or  etch  base  of  the  thinner  parts  where  the  vertical 
etching  terminates  sooner,  but  the  horizontal 
etching  continues.  Using  anisotropic  etching  to 
eliminate  any  undercutting  will  not  solve  the 
problem  since  the  walls  will  turn  out  vertical 
rather  than  with  the  desired  curvature. 

It  is  the  object  of  the  invention  to  provide  a 
method  for  etching  openings  in  a  material  having 
variable  thickness  where  these  openings  have 
curved  walls  and  the  bottom  part  of  the  walls  is 
exactly  in  vertical  alignment  with  the  corre- 
sponding  openings  in  the  etch  mask. 

This  object  is  achieved  by  a  method  as  defined 
in  claim  1. 

From  EP—  A—  30116  a  method  is  known  for 
selectively  etching  openings  in  a  layer  where  the 
etching  starts  isotropically  and  thereafter  con- 
tinues  anisotropically.  This  method  is  not  used  to 
etch  layers  having  a  variable  thickness  and  does 
not  teach  to  switch  from  isotropical  to  anisotropic 
etching  only  after  an  initial  end  point  is  detected. 

Preferably,  the  initial  end  point  of  remnoving 
the  given  material  at  the  said  location  thereof  to 
first  expose  the  substrate  is  detected  by  monitor- 
ing  the  emission  band,  or  peak,  of  a  reactive 
species  involved  in  said  etching  and  terminating 
the  etching  at  a  particular  location  on  the  plot  of 
the  intensity  of  said  band,  or  peak.  Preferably,  a 
second  derivative  of  the  plot  of  said  curve  is  used 
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changing  the  shape  of  the  walls  22  and  moving 
these  walls  back  to  the  position  shown  in  dotted 
lines  and  designated  24  in  Fig.  3.  Thus,  this 
opening  would  be  significantly  enlarged  and  the 

5  curvature  of  the  sides  would  be  substantially 
altered. 

To  maintain  the  same  opening  size  and  not 
enlarge  the  size  of  the  opening  generated  at  18 
but  still  remove  the  remaining  polysilicon 

10  material  at  the  opening  20,  after  the  initial  break- 
through  of  the  polysilicon  to  expose  the  SiO2 
therebelow  is  detected,  which  will  be  referred  to 
as  the  initial  or  first  end  point,  the  isotropic 
etching  is  discontinued. 

15  At  this  point  anisotropic  etching  is  commenced. 
Anisotropic  etching  will  etch  only  the  polysilicon 
directly  in  line  with  the  openings  18  or  20  and  will 
not  etch  laterally.  One  technique  for  anisotropic 
etching  employs  the  same  device  used  for  iso- 

20  tropic  etching  but  varies  the  etching  medium.  One 
medium  that  can  be  used  is  C2F5CI  and  O2  mixed. 
This  can  also  be  done  as  plasma  etching 
powering  only  the  upper  electrode.  Thus,  the 
work  pieces  can  be  left  in  the  same  tool  and  only 

25  the  atmosphere  charged,  and  then  anisotropic 
etching  can  be  performed  with  the  selection  of  the 
desired  power,  gas  pressure,  gas  mixture  and 
temperature  as  is  known  in  the  art. 

The  anisotropic  etching  continues  until  all  of 
30  the  remaining  polysilicon  in  all  of  the  openings  is 

removed.  This  condition  is  represented  in  Fig.  3 
by  the  solid  lines.  As  can  be  seen  in  Fig.  3,  the 
curvature  of  sides  of  the  polysilicon  in  the  open- 
ing  20  has  been  changed  slightly  at  the  lower  end 

35  as  shown  at  26,  but  this  slight  change  is  perfectly 
acceptable.  The  anisotropic  etch  will  not  have  any 
effect  on  the  polysilicon  adjacent  the  opening  18 
since  it  does  not  etch  laterally  nor  does  it  etch  the 
SiO2  underlayer;  hence,  there  will  be  no  undercut- 

40  ting  as  would  have  occurred  with  continuation  of 
isotropic  etching. 

Thus,  by  this  two  step  method  of  isotropic 
etching  through  openings  until  the  polysilicon 
has  been  completely  removed  at  a  first  given 

45  location,  and  thereafter  anisotropically  etching 
until  all  of  the  polysilicon  is  removed  will  provide 
openings  with  precisely  controlled  size  and  wall 
shape. 

Of  course,  in  practicing  the  two  step  isotropic/ 
so  anisotropic  etching  on  a  commercial  basis,  it  is 

necessary  to  accurately  and  consistently  deter- 
mine  the  first  or  initial  end  point,  i.e.,  when  the 
initial  etch  has  first  broken  through  the  polysilicon 
and  exposed  the  substrate  and  also  when  the 

55  second  end  point  occurs,  i.e.,  when  all  of  the 
polysilicon  exposed  at  all  the  openings  is 
removed.  It  is  necessary  that  these  determina- 
tions  be  made  irrespective  of  the  total  volume  of 
product  being  processed,  i.e.,  that  various  con- 

eo  figured  wafers  and  various  numbers  of  wafers 
can  be  processed  with  the  same  accuracy  of 
control.  It  is  also  necessary  that  the  first  and 
second  end  point  be  clearly  determined  for  auto- 
matic  control  of  any  apparatus,  and  this  is 

65  especially  critical  for  the  first  end  point  detection 

layer  14,  be  as  uniform  as  possible.  However,  due 
to  process  limitation  precise  thickness  control 
cannot  be  obtained,  and  this  variation  in  thickness 
is  depicted  in  Figs.  1  —  3  by  showing  the  polysili- 
con  layer  as  being  significantly  thinner  at  the 
opening  18  than  it  is  at  opening  20.  It  is  also 
possible  that  even  at  a  given  opening  the  thick- 
ness  may  vary  from  one  side  to  the  other.  It  is  this 
variation  in  thickness  of  the  polysilicon  that 
makes  it  difficult  to  uniformly  etch  completely 
through  the  polysilicon  at  each  opening  and  still 
maintain  proper  size  and  side  contour  control. 
This  is  because  when  the  etching  has  been  com- 
pleted  at  one  opening,  i.e.,  18,  it  is  not  completed 
at  another  opening,  i.e.,  20.  If  the  etching  con- 
tinues,  then  the  polysilicon  at  opening  18  will  be 
over  etched  resulting  in  lateral  undercutting  and 
change  in  wall  contour. 

The  two  step  process  of  this  invention  assures  a 
complete  etch  at  all  locations  without  any  signifi- 
cant  etch  bias  or  over  etch  resulting  in  undercut- 
ting  with  resultant  loss  of  shape  and  dimension  at 
the  thinner  locations  of  the  material. 

According  to  the  present  invention,  a  first 
plasma  etch  step  which  is  isotropic  in  character  is 
performed  on  the  polysilicon  14.  This  can  be  done 
in  radial  flow  parallel  plate  reactor  such  as  a 
Model  PK  24  manufactured  by  Plasma  Therm 
Corporation  of  Kresson,  New  Jersey.  The  reactor 
can  be  operated  with  a  mixture  of  CF4  and  O2  gas 
with  the  upper  plate  powered  to  operate  in  a 
plasma  etch  mode.  This  will  result  in  the  perform- 
ance  of  isotropic  etching  and  will  result  in  the 
polysilicon  being  removed. 

The  pattern  of  removal  of  the  polysilicon  is 
shown  in  Fig.  2.  As  can  be  seen,  the  polysilicon  14 
is  removed  both  directly  under  the  openings  18 
and  20  and  curved  sides  22  are  formed  under  the 
photoresist.  This  is  the  result  of  the  isotropic 

■character  of  the  etch.  The  exact  contour  of  the 
sides  and  the  etch  rate  is  a  function  of  the  power, 
gas  mixture,  gas  pressure  and  temperature  all  of 
which  can  be  varied  and  regulated  to  control 
these  characteristics  as  is  well  known  in  the  art. 
This  first  step  of  isotropically  etching  is  continued 
until  all  of  the  polysilicon  is  removed  from  a  first 
region,  which  is  shown  at  the  opening  18. 
Expressed  another  way,  the  isotropic  etching 
continues  until  it  first  breaks  through  the  polysili- 
con  and  exposes  the  silicon  dioxide  below  at 
some  opening.  At  this  point  the  curved  sides  22 
terminate  at  a  point  directly  below  the  edge  of  the 
photoresist  16  forming  the  opening  18.  This  same 
curved  configuration  of  the  sides  22  is  also 
present  at  the  opening  20,  with  the  curve  ter- 
minating  directly  below  the  edge  of  the  photo- 
resist  defining  the  opening  20.  However,  at  the 
opening  20  the  polysilicon  has  not  been  com- 
pletely  removed,  there  still  being  an  appreciable 
thickness  left  on  the  SiO2  within  the  opening  20. 

If  the  isotropic  etch  were  to  continue  to  remove 
the  polysilicon  remaining  at  opening  20,  then 
undercutting  or  an  etch  bias  would  be  introduced 
to  the  polysilicon  at  the  opening  18.  This  simply 
means  that  the  etch  would  continue  laterally, 
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remove  these  variations  cannot  accurately  be 
accomplished  to  provide  an  early  enough  aware- 
ness  that  this  first  or  initial  end  point  has  been 
reached. 

5  To  overcome  these  difficulties,  curves  can  be 
generated  by  utilizing  the  ratio  of  certain  peak 
intensities,  for  example,  the  ratio  of  the  703.7 
peak  intensity  to  the  696.6  peak  intensity.  Since 
the  703.7  peak  intensity  changes  when  the  first 

jo  end  point  is  being  reached  and  continues  to 
change  until  the  second  end  point,  and  the  696.6 
peak  intensity  remains  constant,  a  plot  of  one 
divided  by  the  other  will  remove  any  variations 
that  are  constant  to  the  system  as  a  whole.  Three 

15  such  curves  are  shown  in  Fig.  6.  One  curve  34  is 
plotted  for  11  wafers  as  a  batch,  one  curve  36  for 
9  wafers,  and  one  curve  38  for  7  wafers.  While 
this  removes  the  system  variations  and  also 
provides  a  more  precise  shape  of  the  curves,  it 

20  still  is  sensitive  to  the  amount  of  material  being 
etched  in  the  lot,  and,  hence,  a  specific  intensity 
level  would  not  be  a  proper  indication  in  all 
cases. 

Another  way  of  plotting  the  curve  of  the 
25  changing  intensity  is  by  sampling  the  intensity  of 

the  band  which  changes  at  designated  intervals 
and  dividing  each  sensed  value  by  the  imme- 
diately  previously  sensed  value.  Such  a  plot  of 
curves  40,  42,  and  44  of  the  703.7  band  intensity 

30  for  wafer  lot  sizes  of  eight,  six  and  four  wafers, 
respectively,  is  shown  in  Fig.  7.  While  this 
removes  the  error  due  to  size  of  the  lot  or 
volume  of  material  being  etched,  it  still  shows  a 
wide  variant  of  the  change  in  intensity  with 

35  various  lot  sizes  and  volumes  of  material  being 
etched.  There  are  also  several  other  problems  in 
using  curves  in  this  form  to  control  the  actual 
stopping  of  the  etching  process  at  the  proper 
point. 

40  First,  while  theoretically  the  first  or  initial  end 
point  is  exactly  at  the  location  when  the  curve 
starts  to  change,  it  has  been  found  in  practice 
that  to  assure  that  this  first  end  point  is  actually  a 
complete  break  through  of  a  significant  area  of 

45  polysilicon  to  the  substrate  that  the  end  point  is 
slightly  up  the  slope  of  the  curve,  approximately 
at  the  point  A  on  curve  40,  point  A'  on  curve  42 
and  point  A"  on  curve  44,  as  shown  in  Fig.  7. 
This  is  where  the  curve  is  starting  to  again 

so  change  slope,  about  1/4  of  the  way  up.  Second, 
to  actually  control  the  process,  it  is  necessary  to 
have  a  very  sharp,  or  clear,  delineation,  of  this 
point,  and  this  delineation  must  be  recognized 
when  it  occurs,  not  after  the  whole  curve  has 

55  been  traced.  Expressed,  another  way,  this  point 
on  the  curve  must  be  recognized  when  it  occurs, 
though  the  rest  of  the  curve  has  not  yet  been 
traced. 

It  has  been  found  that  this  point  can  be  defi- 
60  nitely  established  and  recognized  when  it  occurs 

by  taking  a  second  derivative  or  second  differen- 
tial  of  the  curve: 

which  must  be  quickly  and  accurately  recognized 
as  it  occurs  to  prevent  etch  bias  or  undercutting 
from  occurring. 

It  has  been  found  that  by  monitoring  the  emis- 
sion  spectra  either  of  certain  reactants  or  pro- 
ducts,  then  plotting  the  intensity  of  these  emis- 
sions  and  then  taking  the  second  derivative  of 
the  curves  generated,  a  precise  first  or  initial  end 
point  indication  can  be  reliably  and  accurately 
determined  and  the  process  controlled  to 
repeatedly  terminate  when  the  first  or  initial  end 
point  is  reached  irrespective  of  volume  or  batch 
size. 

Referring  now  to  Fig.  4,  a  representation  of  the 
emission  spectrum  of  a  mixture  of  CF4  and  O2 
plasma  between  610  and  780  nanometers  is 
shown.  In  this  spectrum  various  fluorine, 
oxygen,  and  nitrogen  peaks  are  indicated.  It  has 
been  observed  that  during  etching  the  intensity 
of  some  of  these  peaks  will  vary  in  intensity,  and 
some  will  not.  With  those  peaks  that  do  vary,  the 
intensity  stays  relatively  constant  as  long  as  the 
SiO2  substrate  is  completely  covered  with  poly- 
silicon.  As  soon  as  the  etch  first  breaks  through 
polysilicon  to  expose  the  SiO2  the  intensity  starts 
to  change  and  this  change  continues  until  the 
polysilicon  has  been  completely  removed,  at 
which  time  the  intensity  stabilizes. 

A  plot  of  two  of  the  peaks  shown  in  Fig.  4,  i.e., 
the  703.7  fluorine  peak  and  696.6  fluorine  peak  is 
shown  in  Fig.  5,  designated  as  lines  30  and  32, 
respectively,  wherein  the  intensity  is  plotted  on 
the  Y  axis  and  etch  time  on  the  X  axis.  As  can  be 
seen  the  703.7  peak  starts  out  at  a  given  level 
and  as  etching  starts  drops  to  a  level  of  about 
half  the  initial  value.  This  lower  level  continues 
for  a  period  of  time  after  which  the  curve  starts 
to  rise  and  then  levels  off  at  about  the  initial 
value.  At  the  point  where  this  703.7  curve  starts 
to  rise  significantly,  the  first,  or  initial  level,  is 
just  being  reached,  and  where  the  curve  levels 
off  would  be  that  point  wherein  all  the  polysili- 
con  had  been  removed  from  the  openings  had 
the  isotropic  etching  continued  to  the  second 
end  point.  This  indicates  that  the  intensity  of  this 
peak  is  sensitive  to  the  reaction. 

However,  the  intensity  of  696.6  fluorine  peak 
remains  essentially  constant  both  during  the 
earlier  etch  period  and  thereafter.  Hence,  this 
peak  is  non-sensitive  to  the  reaction.  Thus,  it 
would  be  good  if  the  point  at  which  the  703.7 
peak  makes  a  definite  change  upward  could  be 
reliably  and  accurately  detected  and  used  to 
control  the  termination  of  the  isotropic  etch. 
However,  merely  monitoring  this  curve  does  not 
provide  the  prerequisite  precision  and  reliability 
for  determining  this  initial  end  point  for  several 
reasons.  First,  while  the  intensity  may  be  rela- 
tively  constant  during  the  etching  cycle  before 
the  start  of  the  change,  the  actual  intensity  of  this 
may  vary  from  sample  to  sample.  Also,  while  the 
curve  is  relatively  flat  there  still  are  variations  of 
the  readings  and  the  processing  of  the  signal  to 

65 
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Claims 
7 

(d2l) 

1.  A  method  of  selectively  etching  at  least  one 
opening  in  a  given  material  (14)  on  a  substrate  or 

5  layer  of  different  material  (12)  wherein  said  given 
material  has  a  variable  thickness  at  the  locations 
to  be  etched,  comprising  the  steps  of: 

providing  a  mask  (16)  overlying  said  given 
material  (14),  said  mask  (16)  defining  the  at  least 

10  one  opening  (18,  20)  at  the  locations  to  be  etched, 
first  isotropically  etching  the  regions  to  be 

etched, 
detecting  the  initial  end  point  at  which  a  portion 

of  said  material  (14)  is  completely  etched  away  at 
is  some  location  to  expose  the  surface  of  said 

different  material  (12)  at  said  location,  and 
thereafter  anisotropically  etching  the  remainder 

of  said  given  material  (14)  until  it  has  been 
completely  removed  from  all  etch  locations. 

20  2.  Method  according  to  claim  1  wherein  the 
etching  is  performed  in  a  gas  atmosphere. 

3.  Method  according  to  claim  2  wherein  the 
etching  is  done  by  plasma  etching. 

4.  Method  according  to  claim  3  wherein  the 
25  initial  end  point  is  determined  by: 

a)  selecting  at  least  one  emission  band  of  one  of 
the  species  involved  in  the  etching  reaction  which 
changes  in  intensity  responsive  to  the  reaction  at 
the  initial  end  point; 

30  b)  monitoring  the  intensity  of  said  band  during 
etching  to  produce  a  curve  of  said  monitor  result; 

c)  utilizing  the  monitor  intensity  to  provide  a 
recognizable  point  on  said  curve  where  said  initial 
end  point  occurs  as  it  occurs;  and 

35  d)  terminating  said  isotropic  etch  process 
responsive  to  said  recognizable  change  in  inten- 
sity  of  said  emission  band. 

5.  Method  according  to  claim  4  wherein  the 
intensities  of  at  least  two  emission  bands  are 

40  monitored  and  wherein  said  change  is  monitored 
as  a  function  of  said  at  least  two  bands. 

6.  Method  according  to  claim  4  wherein  said 
given  material  (14)  consists  of  polysilicon  and 
wherein  the  etching  is  done  in  an  atmosphere 

45  which  produces  an  active  fluorine  species,  and 
the  change  in  at  least  one  fluorine  band  is  said 
monitored  band. 

7.  Method  according  to  claim  6  wherein  the 
band  is  the  703.7  nm  band. 

so  8.  Method  according  to  claim  4  wherein  the 
utilizing  of  said  monitored  intensity  includes 
successive  monitoring  of  values  and  comparison 
with  previously  monitored  values  to  establish  that 
curve. 

55  9.  Method  according  to  any  one  of  claims  4  to  8 
wherein  said  recognizable  point  is  defined  by 
taking  the  second  derivative  of  the  curve  of  the 
monitored  intensity  with  respect  to  time  to  iden- 
tify  the  initial  end  point. 

60 
Patentanspriiche 

1.  Verfahren  zum  selektiven  Atzen  von  minde- 
stens  einer  Oeffnung  in  einem  gegebenen  Mate- 

65  rial  (14)  auf  einem  Substrat  oder  einer  Schicht  aus 

(dt2 

A  plot  of  the  second  derivative  of  wafer  curve 
40  of  Fig.  7  is  shown  in  Fig.  8  as  curve  46.  The 
point  labeled  A  in  Fig.  8  corresponds  to  the  point 
A  on  the  eight  wafer  curve  40  in  Fig.  7. 

It  can  be  seen  that  the  point  A  of  the  curve  in 
Fig.  8  is  a  very  sharp  peak.  As  can  be  seen  in  Fig. 
8,  this  point  A  is  represented  by  a  very  abrupt 
change  from  a  very  positive  slope  to  a  very 
negative  slope  in  the  curve.  (This  is  actually  a 
change  in  direction  of  the  first  derivative  of  this 
curve.)  This  is  a  readily  observable  point,  clearly 
defined  and  can  easily  be  recognized  by  either  a 
machine  or  an  operator;  and  it  is  easy  to  utilize  as 
a  machine  or  operator  recognizable  point  to 
terminate  the  isotropic  etching.  Also,  this  point 
expressed  as  a  second  derivative  can  be  easily 
recognized  as  it  occurs  and  is  not  dependent  upon 
the  rest  of  the  curve  to  be  traced  to  be  recogniz- 
able.  Also,  it  will  be  apparent  that  point  A  on  the 
curve  in  Fig.  8  not  only  corresponds  to  point  A  of 
the  eight  wafer  curve  of  Fig.  7,  but  similar  peaks, 
not  so  high  and  displaced  to  the  left,  are  genera- 
ted  by  taking  the  second  derivative  of  curves  42 
and  44  and  correspond  to  points  A'  and  A"  of  the 
six  and  four  wafer  curves,  respectively,  of  Fig.  7. 
Thus,  by  using  the  second  derivative  of  the  curves 
of  Fig.  7,  the  initial  end  point  can  be  easily 
determined.  Similar  results  can  be  obtained  by 
taking  a  second  derivative  of  the  curves  of  Fig.  6, 
but  the  peaks  are  not  quite  so  precise  and  do  not 
have  quite  the  same  correspondence.  A  second 
derivative  of  the  703.7  curves  of  Fig.  5  would  also 
show  a  similar  characteristic,  but  would  be  even 
less  precise  and  exacting.  Thus,  it  is  preferred  that 
the  curve  of  Fig.  7  be  used  for  the  second 
derivative. 

Once  the  initial  end  point  is  detected,  as  by 
monitoring  the  curve  of  Fig.  7  and  taking  the 
second  derivative,  the  first  or  isotropic  etch  pro- 
cess  is  stopped,  which  operation  preferably  is 
performed  responsive  to  a  signal  generated  by 
the  monitoring  device  when  the  peak  A  is  sensed 
and  the  slope  changes  from  positive  to  negative. 
One  very  suitable  device  for  monitoring  the  inten- 
sity,  plotting  the  curves,  performing  the  second 
derivative  calculation  and  initiating  the  stop  pro- 
cess  signal  is  an  optical  multichannel  analyzer, 
such  as  the  OMA  2  manufactured  by  Princeton 
Applied  Research  Co.,  Princeton,  New  Jersey. 

After  the  first  end  point  is  reached  and  the 
isotropic  etch  is  terminated,  the  etch  process  is 
completed,  as  indicated  above,  by  anisotropic 
etching.  The  second  or  final  end  point  of  this 
operation  is  not  particularly  critical,  since  over 
etching  or  damage  to  the  substrate  cannot  occur 
during  the  anisotropic  etch,  and  similar  tech- 
niques  of  measuring  optical  emission  can  be  used 
to  determine  this  final  end  point  as  is  well  known 
in  the  art. 
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einem  anderen  Material  (12),  bei  dem  das  gege- 
bene  Material  an  den  zu  atzenden  Stellen  eine 
variable  Dicke  aufweist,  folgende  Schritte  umfas- 
send: 

Vorsehen  einer  Maske  (16)  iiber  dem  gegebe- 
nen  Material  (14),  wobei  diese  Maske  (16)  minde- 
stens  eine  Offnung  (18,  20)  en  den  zu  atzenden 
Stellen  definiert, 

zunachst  isotropes  Atzen  der  zu  atzenden  Berei- 
che, 

Feststellen  des  ersten  Endpunktes,  an  dem  ein 
Bereich  des  Materials  (14)  an  einer  Stelle  vollig 
weggeatzt  wird,  wobei  dort  die  Oberflache  des 
anderen  Materials  (12)  freigelegt  wird,  und 

anschlieSendes  anisotropes  Atzen  des  verblie- 
benen  gegebenen  Materials  (14)  bis  zu  dessen 
volliger  Entfernung  von  alien  Atzstellen. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das 
Atzen  in  einer  Gasatmosphare  stattfindet. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  das 
Atzen  durch  Plasma-Atzen  erfolgt. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  der 
erste  Endpunkt  wie  folgt  bestimmt  wird: 

a)  Auswahlen  mindestens  Emissionsbandes 
einer  der  an  der  Atzreaktion  beteiligten  Spezies, 
dessen  Intensitat  sich  entsprechend  der  Reaktion 
am  ersten  Endpunkt  andert; 

b)  Oberwachen  der  Intensitat  des  Bandes  wah- 
rend  des  Atzens  und  Erstellung  einer  Kurve  der 
Oberwachungsresultate; 

c)  Benutzen  der  bei  der  Uberwachung  festge- 
stellten  Intensitatswerte  zur  Ermittlung  eines 
erkennbaren  Punktes  auf  der  Kurve  fur  den  ersten 
Endpunkt  bei  dessen  Auftreten;  und 

d)  Beenden  des  isotropen  Atzprozesses  ent- 
sprechend  der  erkennbaren  Veranderung  der 
Intensitat  des  genannten  Emissionsbandes. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  die 
Intensitaten  von  mindestens  zwei  Emissionsban- 
dern  Oberwacht  und  eine  solche  Veranderung  als 
Funktion  der  mindestens  zwei  Bander  iiberwacht 
wird. 

6.  Verfahren  nach  Anspruch  4,  bei  dem  das 
gegebene  Material  (14)  aus  Polysilizium  besteht 
und  das  Atzen  in  einer  eine  aktive  Fluorspezies 
erzeugenden  Atmosphare  stattfindet,  und  bei 
dem  es  sich  bei  dem  Band,  dessen  Veranderung 
uberwacht  wird,  zumindesten  um  ein  Fluorband 
handelt. 

7.  Verfahren  nach  Anspruch  6,  bei  dem  das 
Band  das  703,7  nm-Band  ist. 

8.  Verfahren  nach  Anspruch  4,  bei  dem  das 
Benutzen  der  iiberwachten  Intensitat  das  sukzes- 
sive  Ueberwachen  von  Werten  und  den  Vergleich 
mit  zuvor  iiberwachten  Werten  zum  Erstellen  der 
Kurve  einschlieSt. 

9.  Verfahren  nach  einem  der  Anspruche  4  bis  8, 
bei  dem  der  erkennbare  Punkt  dadurch  definiert 
wird,  daS  die  zweite  zeitliche  Ableitung  der  Kurve 
der  uberwachten  Intensitat  zur  Identifizierung  des 
ersten  Endpunktes  beniitzt  wird. 

Revendications 

1.  Procede  de  formation  selective  par  attaque 
ou  gravure  chimique  d'au  moins  une  ouverture 

5  dans  une  matiere  donnee  (14)  placee  sur  un 
substrat  ou  une  couche  de  matiere  differente  (12), 
dans  lequel  ladite  matiere  donnee  a  une  epais- 
seur  variable  aux  endroits  a  attaquer,  comprenant 
les  operations  de: 

io  formation  d'un  masque  (16)  superpose  a  ladite 
matiere  donnee  (14),  ledit  masque  (16)  definissant 
ladite  au  moins  une  ouverture  (18,  20)  aux 
endroits  a  attaquer, 

attaque  d'abord  de  fagon  isotrope  des  regions  a 
is  attaquer, 

detection  du  premier  point  de  traversee,  ou  une 
partie  de  ladite  matiere  (14)  est  completement 
eliminee  par  I'attaque  a  un  certain  endroit,  de 
maniere  a  decouvrir  la  surface  de  ladite  matiere 

20  differente  (12)  a  cet  endroit,  et 
attaque  ensuite  de  fagon  anisotrope  du  reste  de 

ladite  matiere  donnee  (14),  jusqu'a  ce  qu'elle  soit 
completement  eliminee  de  tous  les  endroits  d'at- 
taque. 

25  2.  Procede  suivant  la  revendication  1,  dans 
lequel  I'attaque  ou  gravure  chimique  est  effectuee 
en  atmosphere  gazeuse. 

3.  Procede  suivant  la  revendication  2,  dans 
lequel  I'attaque  ou  gravure  chimique  est  effectuee 

30  par  attaque  au  plasma. 
4.  Procede  suivant  la  revendication  3,  dans 

lequel  le  premier  point  de  traversee  est  determi- 
nee  par: 

a)  selection  d'au  moins  une  bande  d'emission 
35  d'un  des  elements  intervenant  dans  la  reaction 

d'attaque,  dont  I'intensite  change  en  reponse  a  la 
reaction  au  premier  point  de  traversee; 

b)  mesure  de  I'intensite  de  ladite  bande  pen- 
dant  I'attaque,  pour  produire  une  courbe  dudit 

40  resultat  de  mesure; 
c)  utilisation  de  I'intensite  mesuree,  pour  definir 

un  point  reconnaissable  sur  ladite  courbe  ou  le  dit 
premier  point  de  traversee  se  produit,  lorsqu'il  se 
produit;  et 

45  d)  arret  dudit  traitement  d'attaque  isotrope,  en 
reponse  audit  changement  reconnaissable  d'in- 
tensite  de  ladite  bande  d'emission. 

5.  Procede  suivant  la  revendication  4,  dans 
lequel  les  intensites  d'au  moins  deux  bandes 

so  d'emission  sont  mesurees  et  dans  lequel  ledit 
changement  est  detecte  en  fonction  desdites  au 
moins  deux  bandes. 

6.  Procede  suivant  la  revendication  4,  dans 
lequel  ladite  matiere  donnee  (14)  est  du  polysili- 

55  cium  et  dans  lequel  I'attaque  est  effectuee  dans 
une  atmosphere  qui  produit  un  element  a  fluor 
actif,  et  le  changement  dans  au  moins  une  bande 
du  fluor  est  ladite  bande  mesuree. 

7.  Procede  suivant  la  revendication  6,  dans 
60  lequel  la  bande  est  la  bande  de  703,7  nm. 

8.  Procede  suivant  la  revendication  4,  dans 
lequel  l'utilisation  de  ladite  intensite  mesuree 
comprend  la  mesure  successive  de  valeurs  et  la 
comparaison  avec  des  valeurs  precedemment 

65  mesurees  pour  etablir  cette  courbe. 
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9  Procede  suivant  I'une  quelconque  des  reven-  seconde  de  la  courbe  de  I'intensite  mesuree  en 
dications  4  a  8,  dans  lequel  ledit  point  reconnais-  fonction  de  temps,  pour  identifier  le  premier  point 
sable  est  defini  par  etablissement  de  la  derivee  du  traversee. 
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