
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  3 2 0   0 4 5  

A 1  
©  Publication  number: 

EUROPEAN  PATENT  A P P L I C A T I O N  

©  m t C l * H 0 1 L   21/31  ,  H01J  37/32  , 
G03F  7 / 2 6  

©  Application  number:  88202710.5 

©  Date  of  filing:  28.11.88 

©  Applicant:  N.V.  Philips'  Gloeilampenfabrieken 
Groenewoudseweg  1 
NL-5621  BA  Eindhoven(NL) 

©  Inventor:  Visser,  Jan 
c/o  INT.  OCTROOIBUREAU  B.V.  Prof. 
Holstlaan  6 
NL-5656  AA  Eindhoven(NL) 
Inventor:  Oe  Boer,  Lukas 
c/o  INT.  OCTROOIBUREAU  B.V.  Prof. 
Holstlaan  6 
NL-5656  AA  Eindhoven(NL) 

©  Representative:  Rensen,  Jan  Geert  et  ai 
Internationaal  Octrooibureau  B.V.  Prof. 
Holstlaan  6 
NL-5656  AA  Eindhoven(NL) 

©  Priority:  01.12.87  NL  8702875 

©  Date  of  publication  of  application: 
14.06.89  Bulletin  89/24 

©  Designated  Contracting  States: 
DE  FR  GB  IT  NL 

Method  of  manufacturing  a  semiconductor  device,  in  which  pfotoresist  on  a  silicon  oxide  layer  on 
a  semiconductor  substrate  is  stripped. 

©  During  the  manufacture  of  a  semiconductor  device  in  a  semiconductor  substrate,  masks  of  photoresist  are 
used  for  selecting  given  regions  to  be  processed.  This  photoresist  is  stripped  in  that  the  semiconductor 
substrate  is  subjected  in  a  processing  chamber  to  an  oxygen-containing  plasma,  which  is  passed  over  the 

photoresist.  In  order  to  limit  the  penetration  of  inorganic  contaminations  released  from  the  photoresist  into  the 
silicon  oxide  layer  of  the  semiconductor  substrate,  according  to  the  invention  the  semiconductor  substrate  is 
connected  via  a  first  electrode  to  the  positive  terminal  and  via  a  second  electrode  arranged  at  a  certain  distance 
therefrom  inThe  processing  chamber  to  the  negative  terminal  of  an  electric  supply  source  in  such  a  manner  that 

—■an  electrical  field  is  adjusted  between  the  silicon  oxide  layer  and  the  plasma.  The  second  electrode  may  be  the 

^electrically  conducting  wall  of  the  processing  chamber. 
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Method  of  manufacturing  a  semiconductor  device,  in  which  photoresist  on  a  silicon  oxide  layer  on  a 
semiconductor  substrate  is  stripped. 

The  invention  relates  to  a  method  of  manufacturing  a  semiconductor  device,  in  which  photoresist  on  a 
silicon  oxide  layer  on  a  semiconductor  substrate  is  stripped  in  that  the  semiconductor  substrate  is  subjected 
in  a  processing  chamber  to  an  oxygen-containing  plasma,  which  is  passed  over  the  photoresist.  A  method 

5  of  this  kind  is  known  in  practice. 
For  the  manufacture  of  semiconductors,  for  example,  in  an  N-  or  a  P-doped  silicon  substrate,  as  is 

known,  a  comparatively  large  numler  of  different  processing  steps  are  necessary  in  practice,  among  which 
the  step  of  providing  one  or  more  oxide  layers  on  the  silicon  substrate,  the  step  of  forming  in  the  oxide 
layers  a  pattern  of  openings  at  which  the  individual  semiconductors  are  located,  the  step  of  providing  the 

w  desired  doping  layers,  the  step  of  contacting  and  interconnecting  the  various  semiconductors,  etc. 
Since  it  must  be  possible  to  provide  different  kinds  of  semiconductors  and/or  similar  semiconductors 

having  relatively  different  properties  in  the  same  substrate,  it  is  common  practice  to  select  by  means  of  a 
photoresist  mask  the  regions  of  the  substrate  to  be  subjected  to  a  given  processing  step.  For  this  purpose, 
the  substrate  is  coated  with  a  layer  of  photoresist,  which  is  prepared  by  illumination,  for  example,  with 

15  ultraviolet  light  in  such  a  manner  that  a  masking  layer  of  photoresist  corresponding  to  the  regions  to  be 
processed  is  obtained.  Subsequently,  the  photoresist  on  the  regions  of  the  substrate  to  be  processed  is 
removed  in  a  development  apparatus.  After  the  desired  processing  step,  for  example  the  step  of  etching  a 
pattern  of  openings  into  an  oxide  layer,  has  been  carried  out,  the  remaining  part  of  the  photoresist  still 
present  on  the  substrate  should  be  stripped  so  that,  for  example,  a  fresh  mask  of  photoresist  can  be 

20  provided  again. 
For  stripping  the  remaining  photoresist,  in  practice  the  method  mentioned  in  the  opening  paragraph  is 

used,  for  which  recently  so-called  "single  wafer"  apparatuses  have  been  marketed,  in  which  a  single 
semiconductor  wafer  is  subjected  in  a  processing  chamber  to  an  oxygen-containing  plasma  of  low  energy, 
which  reacts  with  the  photoresist  (oxidation  reaction).  The  ions  in  said  plasma  have  an  energy  of  about  1  to 

25  2  eV. 
!t  is  known  from  US-PS  3,951,843  that  with  a  similar  plasma  reaction  in  an  apparatus  of  the  so-called 

"Barrel"  type,  in  which  several  (fifty)  semiconductor  wafers  are  processed  at  a  time,  inorganic  elements 
present  in  the  photoresist  are  not  removed,  while  especially  the  released  very  mobile  alkali  metals  readily 
diffuse  into  the  silicon  oxide  layer  and  may  lead  to  an  erroneous  operation  of  the  ultimate  semiconductor 

30  device.  MOS  (Metal-Oxide-Silicon)  structures,  such  as  MOS  transistors  having  an  undesired  degree  of 
contamination  of  this  type,  will  operate  insufficiently  in  electric  circuits  because  their  transient  voltage  then 
exceeds  the  design  criteria. 

A  known  method  of  demonstrating  and  quantizing  the  degree  of  contamination  in  an  oxide  layer  on  a 
semiconductor  substrate  consists  in  determining  the  shift  in  the  so-called  flat  band  voltage  of  the 

35  capacitance  versus  voltage  curve  (C-V)  for  a  MOS  capacitor  of  the  kind  described  inter  alia  in  "Applications 
of  Reactive  Plasma  Practical  Microelectronic  Processing  Systems",  by  R.L  Maddox  "and  H.L.  Parker  in 
"Solid  State  Technology",  April  1978,  pp.  107-113. 

Contaminations  in  the  oxide  layer  in  fact  influence  the  capacitance  of  the  capacitor  as  a  function  of  the 
voltage  applied  across  it.  The  shift  of  the  flat  band  voltage,  also  designated  as  C-V  shift  value,  is  then 

40  defined  as  the  voltage  at  Which  the  contaminated  capacitor  attains  the  same  capacitance  value  as  a  non- 
contaminated  capacitor  at  0  V.  A  C-V  shift  value  high  in  the  absolute  sense  indicates  an  undesired  degree 
of  contamination. 

After  C-V  measurements  on  silicon  semiconductor  slices  provided  with  an  oxide  layer  where  the 
photoresist  was  stripped  in  a  "single  wafer"  apparatus,  it  was  found  that  an  undesired  degree  of 

45  contamination  had  occurred  in  the  oxide  layer.  In  order  to  reduce  the  degree  of  contamination  of  the 
semiconductor  wafer  due  to  the  processing  in  a  "single"  wafer"  apparatus,  a  series  of  measures  is 
conceivable. 

The  possibility  of  reducing  the  plasma  flow  rate  in  order  to  thus  diminish  any  damage  of  the 
semiconductor  wafer  due  to  particles  from  the  plasma  striking  it  is  limited  by  the  requirement  that  the 

so  processing  rate  of  the  apparatus  must  be  such  that  it  must  be  possible  to  use  this  apparatus  in  combination 
with  various  other  apparatuses  for  other  processing  steps.  Preferably,  this  processing  rate  should  be  of  the 
order  of  sixty  slices  per  hour.  The  screening  of  the  semiconductor  wafer  from  the  plasma  is  limited  by  the 
requirement  that  the  flow  of  plasma  should  be  directed  as  far  as  possible  over  the  surface  of  the 
semiconductor  slice  in  order  to  ensure  that  the  smallest  possible  quantity  of  oxygen-containing  plasma  is 
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lost  already  before  it  can  react  with  the  photoresist,  that  is  to  say  is  drained  from  the  processing  chamter. 
The  use  of  a  given  photoresist,  which  contains  only  a  very  small  degree  of  contamination,  is  disadvanta- 

geous  from  the  viewpoint  of  manufacturing  and  cost  because  it  involves  a  limitation  of  the  choice  of  the  kind 
of  photoresist. 

5  The  problem  to  be  solved  by  the  invention  therefore  requires  to  provide  such  a  measure  that  the 
degree  of  undesired  contamination  of  silicon  oxide  with  inorganic  elements  when  stripping  photoresist  by 
means  of  an  oxygen-containing  plasma  in  a  "single  wafer"  apparatus  can  be  limited  and  that  the  overall 
processing  time  is  not  or  substantially  not  lengthened  thereby. 

It  has  been  found  that  the  degree  of  undesired  contamination  can  thus  be  effectively  limited  in  that  the 
w  semiconductor  substrate  is  connected  via  a  first  electrode  to  the  positive  terminal  and  a  second  electrode 

arranged  at  a  certain  distance  therefrorrTTn  the  processing  chamber  is  connected  to  the  negative  terminal  of 
an  electric  source  of  supply,  as  a  result  of  which  an  electric  field  is  adjusted  between  the  layer  of  silicon 
oxide  and  the  plasma. 

Measurements  of  the  C-V  shift  values  of  semiconductor  wafers,  which  are  processed  according  to  the 
75  invention  under  different  processing  conditions  (plasma  pressure,  plasma  density,  processing  time),  have 

shown  that  with  a  suitable  choice  of  the  strength  of  the  electric  field  the  voltage  shift  and  hence  the  degree 
of  undesired  contamination  can  be  reduced,  the  processing  rate  of  the  "single  wafer"  apparatus  being  not 
or  substantially  not  influenced  by  the  applied  electric  field. 

The  measure  according  to  the  invention  is  surprising  in  that  in  spite  of  the  low  energy  (1  to  2  eV)  of  the 
20  charged  particles  in  the  plasma  these  particles  nevertheless  probably  influence  the  incorporation  of 

contaminations  of  the  photoresist  into  the  silicon  oxide.  Although  the  mechanism  of  the  penetration  of 
contaminations  into  the  silicon  oxide  is  still  not  sufficiently  known,  it  is  believed  that  inter  alia  the  very 
mobile  sodium  atoms  penetrate  together  with  positive  plasma  particles  into  the  silicon  oxide.  The  influence 
of  electrons  and  negative  ions  of  the  plasma  seems  to  be  small. 

25  The  measure  according  to  the  invention  is  superior  to  the  measure  known  from  US-PS  3,951  ,843  to 
render  the  inorganic  contaminations  less  mobile  by  the  addition  of  a  gas  mixture  of  organic  halides,  such  as 
chlorine  and/or  fluorine  or  fluorine-bromine  combinations  not  only  due  to  its  simplicity,  but  also  due  to  the 
fact  that  this  known  measure  cannot  be  used  during  a  large  number  of  processing  steps  for  manufacturing  a 
semiconductor  device  because,  for  example,  fluorine  has  an  etching  effect  on  polysilicon. 

30  According  to  the  preferred  embodiment  of  the  invention,  the  electric  field  is  applied  in  that  the  first 
electrode  is  connected  to  the  side  of  the  semiconductor  substrate  not  coated  with  photoresist.  The  current 
consequently  flowing  in  the  semiconductor  substrate  or  in  the  semiconductor  layers  formed  therein  is  then 
limited  by  the  plasma  in  the  processing  chamber,  which  acts  as  a  current  limiter  due  to  the  low  energy  of 
the  charged  particles  (1  to  2  eV).  This  means  that  the  measure  according  to  the  invention  can  be  used 

35  during  each  processing  step  of  the  semiconductor  device,  in  which  photoresist  has  to  be  stripped,  without 
the  risk  of  breakdown  in  the  various  substrate  layers. 

In  "single  wafer"  apparatuses  known  in  practice,  the  substrate  is  arranged  within  an  electrically 
conducting  processing  chamber  so  as  to  be  supported  in  an  electrically  floating  manner.  An  advantageous 
embodiment  of  the  method  according  to  the  invention  is  characterized  in  that  the  second  electrode  is  the 

40  electrically  conducting  wall  of  the  processing  chamber,  to  which  the  negative  terminal  of  the  electric  supply 
source  is  connected. 

The  intrinsic  breakdown  value  of,  for  example,  a  pure  non-crystailine  silicon  oxide  layer  is  of  the  order 
of  7  -  9  MV/cm.  When  the  field  strength  in  the  oxide  layer  exceeds  its  breakdown  value,  the  electric  current 
through  the  substrate  and  the  oxide  layer  strongly  increases.  It  has  been  found  that  satisfactory  results  are 

45  obtained  if  in  accordance  with  the  method  of  the  invention  a  field  strength  of  4  -  8  MV/cm  is  established  in 
the  oxide  layer,  which  means  that  the  electric  field  across  the  oxide  may  be  lower  than  the  intrinsinc 
breakdown  value  thereof. 

In  the  known  "single  wafer"  apparatuses,  the  photoresist  is  not  stripped  uniformly.  In  order  to  be  sure 
that  the  photoresist  is  stripped  at  all  desired  areas  on  the  semiconductor  wafer,  in  practice  a  given 

so  overprocessing  time  is  taken  into  account,  for  which  the  electric  field  according  to  the  invention  should  be 
maintained.  Since  the  inorganic  contaminations  in  the  photoresist  are  not  removed,  as  already  indicated 
above,  by  the  plasma  and  consequently  remain  in  part  on  the  semiconductor  substrate,  a  still  further 
embodiment  of  the  invention  is  characterized  in  that  the  electric  supply  source  is  only  switched  off  after  all 
plasma  particles  have  been  removed  from  the  processing  chamber  at  the  end  of  the  manufacture.  Thus,  it 

55  is  prevented  that  any  plasma  particles  still  present  in  the  processing  chamber  can  lead  as  yet  to 
contamination  of  the  semiconductor  substrate  after  the  supply  of  plasma  has  been  stopped. 

It  should  be  noted  that  it  is  known  per  se  to  apply  an  electric  potential  to  the  semiconductor  substrate, 
for  example,  in  order  to  bring  about  in  "etching  processes  an  increase  of  the  etching  rate.  It  is  further  also 
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known  to  apply  a  voltage  to  a  semiconductor  substrate,  which  is  subjected  to  a  plasma,  in  which  the 
particles  have  a  comparatively  high  energy,  in  order  to  decrease  the  speed  of  the  ions  striking  the 
semiconductor  substrate,  for  example,  so  as  to  permit  of  controlling  the  rate  at  which  the  substrate  is 
etched. 

5  The  invention  will  now  be  described  more  fully,  by  way  of  example,  with  reference  to  test  results 
obtained  by  processing  silicon  semiconductor  wafers  in  "single  wafer"  apparatuses  and  with  reference  to 
the  drawings.  In  the  drawings: 

Figures  1  to  3  show  diagrammatically  embodiments  of  commercially  available  "single  wafer" 
apparatuses; 

?o  Figure  4  shows  a  graph  of  the  current  flowing  through  a  silicon  substrate  not  coated  with  photoresist 
and  through  the  plasma  at  different  plasma  densities  as  a  function  of  an  electric  voltage  applied  between 
the  unprocessed  side  of  the  silicon  substrate  and  the  processing  chamber  of  a  "single  wafer"  apparatus, 
and 

Figure  5  shows  diagrammatically  a  possible  embodiment  of  the  method  according  to  the  invention  in 
75  a  "singie  wafer"  apparatus  as  shown  in  Figure  1. 

The  embodiment  of  a  "single  wafer"  apparatus  shown  in  Figure  1  comprises  a  processing  chamber  1  , 
an  inlet  2,  a  focusing  element  3  and  a  heating  element  4.  The  focusing  element  3  consists  of  a  short 
cylinder,  which  is  vertically  secured  to  the  upper  wall  of  the  processing  chamber  1  and  extends  therein  to 

20  just  above  the  area  at  which  a  semiconductor  wafer  5  is  arranged  above  the  heating  element  4.  On  the  side 
of  the  inlet  2,  the  focusing  element  3  is  open  so  that  the  oxygen-containing  plasma  supplied  through  the 
inlet  2  to  the  evacuated  processing  chamber  1  via  the  focusing  element  3  is  passed  over  the  side  of  the 
semiconductor  wafer  5  to  be  processed.  The  arrow  6  diagrammatically  indicates  the  direction  in  which  the 
plasma  flows  over  the  semiconductor  wafer.  The  arrows  7  indicate  the  direction  in  which  the  consumed 

25  plasma  used  is  removed  from  the  processing  chamber  1.  For  the  sake  of  simplicity,  the  means  for 
producing  the  plasma,  for  removing  the  consumed  plasma  and  the'  means  for  establishing  a  vacuum  in  the 
processing  chamber  are  not  shown. 

Figure  2  shows  another  type  of  "single  wafer"  apparatus  comprising  a  bell-shaped  processing  chamber 
8  widening  towards  the  end,  an  inlet  9  provided  at  the  narrow  upper  side  thereof  and  an  electrical  coil  10.  In 

30  the  lower  wide  part  of  the  processing  chamber  8  is  arranged  a  heating  element  11  for  heating  a 
semiconductor  wafer  5  arranged  above  it.  Respective  screening  means  12,  13  for  screening  the  side  of  the 
semiconductor  Wafer  5  to  be  processed  from  the  oxygen-containing  plasma  are  arranged  above  the 
semiconductor  wafer  5  in  the  widened  part  of  the  processing  chamber  8.  The  plasma  is  produced  by 
subjecting  oxygen  gas  flowing  from  the  inlet  9  into  the  processing  chamber  by  means  of  the  coil  10  to  a 

35  high-frequency  (HF)  electrical  field  (10-20  MHz).  The  distance  between  the  semiconductor  wafer  5  and  the 
narrow  part  of  the  processing  chamber  8,  in  which  the  H.F.  coil  10  is  provided,  is  such  that  the 
semiconductor  wafer  is  located  in  the  so-called  after-glow  of  the  H.F.  oxygen  gas  discharge,  in  which  the 
ions  have  an  energy  of  1  to  2  eV.  The  flow  of  plasma  over  the  surface  of  the  semiconductor  wafer  to  be 
processed  is  indicated  by  arrows  14.  Like  in  the  apparatus  shown  in  Figure  1,  also  in  this  case  the  means 

40  for  draining  the  consumed  plasma  and  the  means  for  establishing  a  vacuum  in  the  processing  chamber  are 
not  shown  for  the  sake  of  clarity. 

Figure  3  shows  diagrammatically  a  still  further  embodiment  of  a  "single  wafer"  apparatus  comprising  a 
processing  chamber  15,  on  whose  upper  side  the  plasma  produced  in  the  discharge  space  17  by  H.F. 
oxygen  gas  discharge  is  supplied  via  an  inlet  16  to  the  semiconductor  wafer  5  arranged  on  a  heating  table 

45  18.  As  shown,  screening  means  19~~can  also  be  arranged  in  the  processing  chamber  15  in  front  of  the  inlet 
16.  In  contrast  with  the  apparatuses  shown  in  Figures  1  and  2,  in  this  embodiment  the  plasma  arrives, 
substantially  perpendicularly  on  the  side  of  the  semiconductor  wafer  5  to  be  processed,  as  indicated  by  the 
arrows  of  flow  20. 

Suitable  materials  for  the  manufacture  of  the  processing  chambers,  screening  means  and/or  focusing 
so  means  are  inter  alia  quartz  and  aluminium  oxide,  which  have  a  very  low  recombination  coefficient  for  atomic 

oxygen. 
With  the  apparatuses  shown  in  Figures  1  and  2,  a  large  number  of  experiments  were  carried  out  with  N- 

doped  silicon  slices  with  a  thermal  oxide  layer  formed  on  one  side  thereof  and  having  a  thickness  of  55  nm. 
Taking  into  account  the  parameter  adjustments  recommended  by  the  respective  manufacturers,  different 

55  silicon  wafers  coated  with  a  3  urn  thick  layer  of  photoresist  of  the  type  Waycoat  710  were  subjected  to  the 
plasma  for  different  periods  of  time.  The  measured  C-V  shift  values  at  the  centre  of  the  semiconductor 
Wafer  are  stated  in  Table  1  .  The  percentages  of  overetching  und  underetching,  respectively,  are  related  to 
the  terminal  point,  i.e.  the  etching  time,  after  which  the  whole  quantity  of  photoresist  has  been  removed. 
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Table  1 

C-V  shift  in  Apparatus  of  Apparatus  of 
Volt  ■  Figure  1  Figure  2 

Terminal  point  -  2.56  -  2.93 

%  overetching 

20  -  1  .79 
30  -  3.24 
100  -  3.4 
120  -3.23 
200  -2.88  -2.3 

% 
underetching: 

20  -  1  .8  -  3.0 
40  -  0.089 
60  -  0.067 

10 

15 

20 

In  order  to  examine  the  influence  of  any  contaminations  in  the  plasma  or  the  processing  chamber,  also 
a  silicon  wafer  without  photoresist  was  etched  for  a  time  corresponding  to  a  20%  overetching,  the  measured 
C-V  shift  values  for  the  apparatuses  of  Figures  1  and  2  being  -  0.03  V  and  -  0.04  V,  respectively.  Stripping 
of  the  photosensitive  material  in  an  apparatus  of  the  "Barrel"  type  with  20%  overetching  yielded  C-V  shift 
values  of  -  0.04  and  -  0.27  V,  respectively. 

The  results  in  Table  1  show  a  considerable  C-V  shift  for  all  silicon  wafers  from  20%  underetching  when 
being  processed  in  the  examined  "single  wafer"  apparatuses.  Acceptably  low  values  (±  0.5  V)  were 
measured  only  for  processing  times  considerably  below  the  terminal  point  time.  Since  the  wafers  without 
photoresist  do  not  exhibit  high  C-V  shift  values,  it  may  be  concluded  that  the  plasma  and  the  processing 
chamber  are  "clean"  and  that  the  instability  effects  found  are  therefore  connected  with  the  photoresist. 
Since  the  various  tests  were  of  course  carried  out  with  different  semiconductor  wafers,  the  measuring 
results  inevitably  show  a  certain  extent  of  spread. 

It  should  be  noted  that  in  the  "single  wafer"  apparatus  shown  in  Figures  1  and  2  the  photoresist  is 
stripped  non-uniformly.  Since  on  certain  regions  of  the  photosensitive  wafer  the  photoresist  is  stripped  more 
rapidly,  these  regions  are  overetched  more  strongly  than  other  regions  on  the  semiconductor  Wafer. 
Measurements  have  shown  that  in  the  apparatus  shown  in  Figure  1  C-V  shift  values  varying  from  -  2.09  to  - 
6.56  V  occurred  on  the  same  wafer. 

Experiments  carried  out  with  lower  parameter  adjustments  than  the  adjustment  values  recommended  by 
the  manufacturers  of  the  "single  wafer"  apparatuses  also  resulted  in  comparatively  high  C-V  shift  values  of 
the  order  of  -  3  V.  Experiments  With  different  kinds  of  photoresist  yielded  different  C-V  shift  values,  it  is 
true,  but  all  these  values  were  also  not  usable  for  practical  applications. 

The  C-V  measurements  were  carried  out  in  the  same  test  procedure,  in  which,  after  suitable  aluminium 
electrodes  had  been  provided  on  either  side  of  the  semiconductor  substrate,  an  alternating  voltage  having  a 
frequency  of  1  MHz  and  an  increase  in  inclination  of  560  mV  per  second  with  a  pre-adjustment  direct 
voltage  of  ±  20  V  was  applied.  Beforehand,  two  respective  voltage  gradients  having  different  polarities, 
which  caused  a  field  strength  of  1  MV/cm  in  the  oxide,  were  applied  for  3  minutes  at  a  substrate 
temperature  of  300  °  C. 

In  order  to  examine  the  influence  of  the  electrical  field  to  be  applied  according  to  the  invention,  the 
positive  terminal  of  a  direct  voltage  source  was  connected  to  the  side  not  to  be  processed  (back  side)  of  a 
silicon  substrate  coated  on  the  side  to  be  processed  entirely  with  a  layer  of  photoresist  of  1.8  urn  and  the 
negative  terminal  of  said  source  was  connected  to  the  processing  chamber,  while  the  voltage  of  this  source 
lying  between  ±  100  V  could  be  varied.  For  the  time  in  which  the  55  nm  thick  oxide  layer  on  the  silicon 
substrate  was  still  entirely  coated  with  photoresist,  no  passage  of  current  through  the  substrate  was 
measured  (measuring  range  1  -  500  urn).  According  as  a  larger  quantity  of  photoresist  was  stripped  as  a 
result  of  the  plasma  reaction,  the  electron  current  strength  increased  with  a  sufficiently  high  voltage  and  this 
strength  remained  from  the  terminal  point  at  a  substantially  constant  value.  Since  with  a  substrate  coated 
with  photoresist  no  current  was  measured,  it  may  be  concluded  that  only  the  front  side  of  the  semiconduc- 
tor  wafer  is  subjected  to  the  plasma  afterglow  and  that  its  back  side  is  situated  in  a  region  with  substantially 
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stationary  flow. 
The  current-voltage  characteristic  curve  of  a  silicon  substrate  with  oxide  layer  without  photoresist  is 

shown  in  Figure  4  for  H.  F.  powers  of  850,  600  and  400  W.  The  higher  the  H.F.  power,  the  higher  is  the 
density  of  the  plasma  (a  larger  number  of  charged  particles  per  unit  volume).  A  reduction  of  the  H.F.  power 

5  results  in  lower  currents.  The  measuring  results  clearly  show  that  the  afterglow  comprises  such  a  number  of 
charged  particles  that  an  ion  and  electron  current  of  resonable  stength  can  flow  through  the  substrate.  The 
kink  in  the  curves  at  about  30  V  is  not  caused  by  the  plasma,  but  is  due  to  a  change  of  the  conduction 
mechanism  through  the  oxide  layer.  At  +  30  V,  the  electrical  field  in  the  oxide  layer  is  approximately'  6 
MV/cm.  This  electrical  field  strength  very  closely  approaches  the  intrinsinc  breakdown  value  of  pure  non- 

70  crystalline  silicon. 
The  measuring  results  shown  in  Figure  4  are  surprising  because  in  spite  of  the  fact  that  the 

semiconductor  wafer  is  subjected  to  a  plasma  of  low  energy  nevertheless  a  high  ion/electron  flux  was 
measured  in  the  plasma.  It  is  assumed  that  the  ions  striking  the  oxide  layer  may  lead  to  defects  in  the  form 
of  channels,  as  a  result  of  which  mobile  ions  can  penetrate  very  rapidly.  The  saturation  in  the  C-V  shift 

75  values  ensuing  from  Table  1  is  not  in  contrast  with  this  conclusion.  With  lower  overetching  times,  the 
numler  of  defects  will  exceed  the  number  of  sodium  atoms  available,  but  because  the  quantity  of  sodium  in 
the  photoresist  is  limited,  a  given  saturation  level  will  occur.  In  fact,  the  saturation  in  the  C-V  shift  values  is  a 
measure  for  the  quality  of  the  photoresist. 

According  to  the  invention,  where  the  electrical  field  is  applied  by  connecting  the  back  side  of  the 
20  silicon  substrate  the  positive  terminal  and  to  the  processing  chamber  the  negative  terminal  of  a  continuous 

direct  voltage  source,  a  numler  of  N-doped  silicon  substrates  with  a  55  nm  thick  oxide  layer  coated  with  a  3 
urn  thick  layer  of  waycoat  710  resist  are  processed  in  a  "single  wafer"  apparatus.  The  C-V  shift  values 
found  for  different  voltage  values  and  relatively  different  gas  flow  densities  are  indicated  in  Table  2. 

25  T a b l e   2 

A p p l i e d   v o l t a g e   C-V  s h i f t   v a l u e   in   v o l t  

30  in   v o l t  

o x i d e   o x i d e  

s u b j e c t e d   to   h i g h e r   s u b j e c t e d   to   l o w e r  

gas  f l o w   r a t e s   gas   f l o w   r a t e s  
- 1 0   -  10  -  10  
+ 1 0   -  10  +  0 . 1 1  
+  40  0 . 1 2   0 . 1 9  
+  100  0 .43   0 . 0 5  

35 

40 

A  comparison  of  the  C-V  shift  values  indicated  in  Table  2  after  stripping  of  the  photoresist  by  means  of 
the  method  according  to  the  invention  and  the  photoresist  layer  stripped  by  means  of  the  known  method  in 

45  a  "single  wafer"  apparatus  as  indicated  in  Table  1  shows  that  by  means  of  the  method  according  to  the 
invention  considerably  better  C-V  shift  values  are  obtained  with  an  applied  voltage  of  +  40  V,  which 
corresponds  to  a  field  strength  of  about  7  MV/cm  in  the  oxide  layer.  The  results  both  for  the  higher  and  the 
lower  gas  flow  rates  lie  within  the  acceptable  level  of  ±  0.5  V.  Besides  the  small  incorporation  of 
contaminations,  the  method  according  to  the  invention  has  the  advantage  that  the  processing  rate  of  the 

50  known  "single  wafer"  apparatuses  is  not  or  substantially  not  influenced  thereby. 
Instead  of  by  applying  a  voltage  between  the  semiconductor  substrate  and  the  processing  chamber,  the 

electrical  field  according  to  the  invention  may  of  course  also  be  obtained  by  applying  a  voltage  between  the 
semiconductor  substrate  and  one  or  more  electrodes  arranged-  in  the  processing  chamber.  In  Figure  5, 
starting  from  the  apparatus  shown  in  Figure  1,  electrodes  21  are  arranged  in  the  processing  chamber  above 

55  the  side  of  the  semiconductor  wafer  5  to  be  processed.  A  direct  voltage  source  22  is  connected  between 
these  electrodes  21  and  the  side  of  the  semiconductor  wafer  5  not  to  be  processed.  The  electrodes  21  may 
take  a  great  variety  of  forms  and  may  be,  for  example,  one  or  more  electrically  conducting  plates,  an 
electrically  conducting  cylinder,  etc.  As  a  matter  of  course,  the  direct  voltage  source  22  may  also  be 

6 
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connected  between  the  semiconductor  wafer  5  and  the  focusing  element  3  (Figure  1)  or  the  screening 
means  12,  13  (Figure  2),  the  screening  means  19  (Figure  3)  or  the  processing  chamber. 

Since  the  semiconductor  wafers  will  generally  be  processed  in  an  automatized  procedure,  it  is 

necessary  to  apply  the  electrical  field  according  to  the  invention  at  least  from  the  instant  at  which  the  oxide 

5  layer  or  the  semiconductor  substrate  is  subjected  to  action  by  the  plasma.  It  is  then  recommendable  to 

apply  the  field  already  before  the  plasma  is  supplied  and  to  maintain  it  at  least  until  all  the  charged  plasma 
particles  are  removed  from  the  processing  chamber  in  order  to  be  sure  that  no  remaining  charged  particles 
can  reach  the  semiconductor  substrate  and  it  is  excluded  that  as  yet  undesired  contaminations  can 
penetrate  into  the  silicon  oxide. 

10  As  a  matter  of  course,  the  invention  is  not  limited  to  the  application  of  an  electrical  field  of  constant 
value,  but,  for  example,  use  may  also  be  made  of  an  electrical  field  increasing  towards  the  end  of  the 
processing  or  an  electrical  field  may  be  produced  by  the  application  of  a  direct  voltage  with  an  alternating 
voltage  component  superimposed  on  it. 

It  stands  to  reason  that  the  invention  is  not  limited  to  the  embodiment  described,  but  that  many 
75  variations  are  possible  for  a  person  skilled  in  the  art  without  departing  from  the  scope  of  the  invention. 

Claims 

20  1  .  A  method  of  manufacturing  a  semiconductor  device,  in  which  photoresist  on  a  silicon  oxide  layer  on 
a  semiconductor  substrate  is  stripped  in  that  the  semiconductor  substrate  is  subjected  in  a  processing 
chamber  to  an  oxygen-containing  plasma,  which  is  passed  over  the  photoresist,  characterized  in  that  the 
semiconductor  substrate  is  connected  via  a  first  electrode  to  the  positive  terminal  and  via  a  second 
electrode  arranged  at  a  certain  distance  therefrom  in  the  processing  chamber  to  the  negative  terminal  of  an 

25  electric  supply  source,  as  a  result  of  which  an  electrical  field  is  adjusted  between  the  silicon  oxide  layer  and 
the  plasma. 

2.  A  method  as  claimed  in  Claim  1  ,  characterized  in  that  the  first  electrode  is  connected  to  the  side  of 
the  semiconductor  substrate  not  coated  with  photoresist. 

3.  A  method  as  claimed  in  Claim  1  or  2,  characterized  in  that  the  second  electrode  is  the  electrically 
30  conducting  wall  of  the  processing  chamber,  to  which  the  negative  terminal  of  the  electric  supply  source  is 

connected. 
4.  A  method  as  claimed  in  Claim  1  ,  2  or  3,  characterized  in  that  the  electric  supply  source  has  such  a 

strength  that  a  field  strength  of  the  order  of  4  ■  8  MV/cm  is  produced  in  the  oxide  layer. 
5.  A  method  as  claimed  in  Claim  1,  2,  3  or  4,  characterized  in  that  the  electric  supply  source  is  only 

35  switched  off  after  all  plasma  particles  are  removed  from  the  processing  chamber  at  the  end  of  the 
manufacture. 
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