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©  Method  of  manufacturing  a  semi-conductor  device. 

©  A  method  of  manufacturing  a  semiconductor  device,  in  which  a  layer  of  a  radiation-sensitive  material  is 
provided  on  a  substrate,  which  layer  is  irradiated  in  accordance  with  a  pattern,  after  which  the  layer  is  treated 

using  a  organosiiicon  compound  such  that  a  silylation  reaction  takes  place  in  accordance  with  a  desired  patern, 
after  which  the  layer  is  developed  using  a  plasma,  the  resolution  being  improved  owing  to  an  increased 
selectivity  of  the  silylation  reaction  on  account  of  the  addition  of  ammonia  or  vapourous  amine  to  the 

organosiiicon  compound. 
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Method  of  manufacturing  a  semi-conductor  device. 

The  invention  relates  to  a  method  of  manufacturing  a  semi-conductor  device,  in  which  a  layer  of  a 
radiation-sensitive  material  is  provided  on  a  substrate,  which  layer  is  irradiated  in  accordance  with  a  pattern, 
after  which  the  layer  is  treated  using  an  organosiiicon  compound  causing  a  silylation  reaction  to  take  place 
in  accordance  with  a  desired  pattern,  after  which  the  layer  is  developed  by  means  of  a  plasma. 

5  Such  a  method  is  described  in  European  Patent  Application  EP  184567,  in  which  a  mixture  of  a  novolak 
and  a  diazonaphtoquinone  compound  is  described  as  an  example  of  a  radiation-sensitive  material  (resist). 
The  selectivity  of  the  silylation  reaction,  which  is  carried  out  by  means  of  a  gaseous  organosiiicon 
compound,  is  based  on  an  increased  permeability  in  the  irradiated  areas.  As  a  consequence  of  a  reaction  of 
the  organosiiicon  compound  with  phenolic  hydroxyl  groups,  silicon-containing  organic  groups  are  incor- 

70  porated  in  the  novolak  polymer.  On  developing  the  resist  material  in  an  oxygen-containing  plasma  a  layer  of 
silicon  oxide  is  formed  which  protects  the  underlying  layers  against  etching.  Consequently,  the  areas  which 
are  irradiated  in  accordance  with  a  pattern  are  not  etched  (negative  process). 

A  disadvantage  of  the  known  method  is  that  the  phenolic  hydroxyl  groups  which  are  subjected  to 
silylation  are  present  both  in  the  exposed  and  the  unexposed  areas.  The  selectivity  is  relatively  low  because 

75  it  is  based  only  on  a  difference  in  velocity  caused  by  the  raised  permeability  in  the  irradiated  areas. 
It  is  an  object  of  the  invention  to  provide  a  method  of  manufacturing  a  semiconductor  device  as 

described  in  the  opening  paragraph,  having  an  improved  selectivity  (better  contrast)  so  that  also  small 
details  can  be  etched  accurately,  i.e.  a  high  resolution. 

This  object  is  achieved  in  accordance  with  the  invention  by  a  method  as  described  in  the  opening 
20  paragraph  which  is  further  characterized  by  an  improved  selectivity  of  the  silylation  reaction  because 

ammonia  or  vapourous  amine  is  added  to  the  organosiiicon  compound.  Surprisingly  it  has  been  found  that 
the  said  addition  substantially  enhances  the  incorporation  of  silicon-containing  organic  groups  in  exposed 
areas,  whereas  in  the  unexposed  areas  the  incorporation  remains  small.  Owing  to  the  improved  selectivity 
an  improved  pattern  definition  or  resolution  is  obtained. 

25  The  silylation  reaction  can  be  carried  out  using  hexamethyl  disilazane  (HMDS),  trimethyl  silyl 
dimethylamine,  tetrachlorosilane,  trimethylchlorosilane  or  one  or  more  of  the  organosiiicon  compounds 
mentioned  for  this  purpose  in  European  Patent  Application  EP  1  84567. 

An  embodiment  of  the  method  in  accordance  with  the  invention  is  characterized  in  that  dimethylamine 
is  used  as  an  amine.  Also  other  amines  can  be  used  provided  that  the  vapour  pressure  of  the  amine  used  is 

30  such  under  the  process  conditions  that  the  desired  effect  is  obtained.  Suitable  amines  are,  for  example, 
monomethylamine,  trimethylamine,  monoethylamine  and  diethylamine. 

It  has  been  found  that  the  percentage  by  volume  of  ammonia  or  amine  during  the  silylation  reaction  is 
not  critical. 

In  a  suitable  embodiment  of  the  method  in  accordance  with  the  invention  the  radiation-sensitive  material 
35  comprises  novolak  and  a  diazonaphtoquinone  compound. 

In  another  embodiment  of  the  method  in  accordance  with  the  invention  the  radiation-sensitive  material 
comprises  polyhydroxy  styrene  (polyvinyl  phenol)  and  a  diazonaphtoquinone  compound. 

The  invention  will  now  be  explained  in  greater  detail  by  means  of  exemplary  embodiments  and  with 
reference  to  drawings,  in  which 

40  Fig.  1a-c  schematically  shows  a  number  of  steps  of  a  method  in  accordance  with  the  invention, 
Fig.  2  is  the  structural  formula  of  the  repeating  unit  of  a  novolak  polymer,  wherein  n  has  a  value 

between  6  and  1  00, 
Fig.  3  is  the  structural  formula  of  the  repeating  unit  of  polyparahydroxy  styrene  (polyparavinyl 

phenol),  wherein  n  has  a  value  between  200  and  600, 
45  Fig.  4  is  the  structural  formula  of  a  diazonaphtoquinone  compound, 

Fig.  5  is  the  structural  formula  of  hexamethyl  disilazane  (HMDS), 
Fig.  6  is  the  structural  formula  of  a  benzophenone  compound. 

50 
Example  1  : 

Fig.  1a  shows  a  silicon  wafer  1  which  is  covered  by  means  of  spinning  with  a  radiation-sensitive  layer  2 
having  a  thickness  of  1.7  urn.  In  accordance  with  this  example,  the  resist  material  Plasmask  which  is 
marketed  by  the  firm  of  UCB  is  used.  This  material  contains  a  novolak  polymer,  see  Fig.  2,  wherein  n  is  % 

2 
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approximately  75  and  the  group  R  is  an  alky!  group,  and  a  triester  or  a  oenzopnenone  compouna  as  a 
radiation-sensitive  component,  see  Fig.  6,  to  which  three  diazonaphtoquinone  molecules  Ri  ,  see  Fig.  4,  are 
coupled.  After  the  spin-coating  of  this  material  the  layer  is  kept  at  a  temperature  of  90°  C  in  an  air 
circulation  oven  for  30  minutes.  The  method  in  accordance  with  the  invention  can  also  be  used,  for 

5  example,  in  a  bilevel  system  in  which  the  radiation-sensitive  layer  is  not  directly  applied  to  a  silicon 
substrate  but  to  another  polymer  layer,  for  example,  a  planarization  layer. 

The  resist  material  is  irradiated  through  a  mask  3  by  a  high-pressure  mercury  discharge  lamp  (total 
dose  approximately  150  mJ/cm2,  wavelength  300-500  nm).  The  radiation  is  indicated  by  arrows  4.  In  this 

way  areas  5  are  formed  which  are  irradiated  in  accordance  with  a  pattern. 
o  Subsequently,  the  layer  is  heated  to  a  temperature  of  140°  C  in  the  reactor.  After  evacuation  to  a 

pressure  of  10-3  Pa  the  silylation  step  is  carried  out,  see  Fig.  1b,  by  leading  hexamethyl  disilazane  (HMDS, 
Fig.  5)  from  a  liquid  reservoir  into  the  reactor  until  a  pressure  of  1842  Pa  (=  saturated  vapour  pressure  of 
HMDS)  is  obtained.  Subsequently,  ammonia  gas  is  introduced  into  the  reactor  until  a  total  pressure  of  2148 
Pa  (then  the  partial  pressure  of  ammonia  gas  is  306  Pa)  is  obtained.  Silicon-containing  molecular  groups 

5  are  incorporated  at  the  locations  6  of  the  radiation-sensitive  layer. 
Fig.  1c  shows  the  result  after  developing  using  an  oxygen  plasma  in  a  parallel-plate  reactive  ion  etching 

device.  The  silicon-containing  material  is  converted  into  a  layer  of  silicon  oxide  7  which  protects  the 
underlying  material  against  etching.  In  plasma  etching  no  underetching  takes  place. 

The  selectivity  between  the  unexposed  and  the  exposed  parts  of  the  resist  is  measured  by  measuring 
>.o  the  infrared  absorption  at  918  cm"1  after  the  silylation  reaction.  This  frequency  corresponds  to  the 

absorption  band  of  the  phenyi-oxygen-silicon  bond.  The  absorption  measured  is  directly  proportional  to  the 
quantity  of  silicon  incorporated  in  the  radiation-sensitive  layer.  The  absorption  is  measured  after  30  minutes 
of  silylation  which  is  preceded  by  an  exposure  dose  of  approximately  150  mJ/cm2.  The  absorption  is  also 
measured  on  an  unexposed  part  of  the  resist,  also  after  a  silylation  time  of  30  minutes.  The  selectivity  is  the 

is  quotient  of  the  absorption  of  the  exposed  and  the  unexposed  part  of  the  resist. 
The  results  of  the  measurements  on  the  silylated  novolak  are  listed  in  column  1  of  Table  1. 

Table  1 

35 

with  ammonia  without 
ammonia 

IR-absorption  exposed  part  0.252  0.151 

IR-absorption  unexposed  part  0.008  0.007 

selectivity  31  21 

An  analogous  experiment  is  carried  out  by  way  of  comparative  example,  witn  tnis  ainerence  inai  aurmg 
the  silylation  reaction  no  ammonia  is  added.  The  results  of  this  comparative  example  are  listed  in  column  II 
of  Tabel  1.  Table  1  shows  that  the  addition  of  ammonia  during  the  silylation  reaction  improves  the 
selectivity  with  approximately  50%. 

45  Example  2: 

In  the  same  way  as  described  in  example  1,  a  silicon  wafer  is  covered  with  resist  material  Shipley 
N42306.  This  material  contains  polyhydroxy  styrene  (polyvinyl  phenol),  see  Fig.  3,  wherein  n  has  a  value  of 
approximately  400,  and  a  triester  of  a  benzophenone  compound  as  a  radiation-sensitive  component,  see 
Fig.  6,  to  which  three  diazonaphtoquinone  molecules  Ri,  see  Fig.  4,  are  coupled.  Subsequently,  this 

50  polymer  layer  is  subjected  to  the  same  treatments  as  described  in  example  1  .  An  analogous  experiment  is 
carried  out  by  way  of  comparative  example,  with  this  difference  that  during  the  silylation  reaction  no 
ammonia  is  added.  The  results  of  the  IR-absorption  measurements  on  the  silylated  polyhydroxy  styrene  are 
listed  in  Table  2. 

55 
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Fable  2 

with  ammonia  without 
ammonia 

IR-absorption  exposed  part  0.431  0.040 

IR-absorption  unexposed  part  0.013  0.013 

selectivity  32  3 

Table  2  shows  that  in  the  case  of  polyhydroxy  styrene  the  selectivity  improvement  owing  to  the  addition 
Df  ammonia  during  the  silylation  reaction  is  even  larger  than  in  the  case  of  novolak,  i.e.  approximately  a 
factor  of  10.  If  no  ammonia  is  added  the  selectivity  of  the  silylation  reaction  is  unsatisfactory  when  this 
resist  is  used. 

Example  3: 

Example  1  is  repeated,  with  this  difference  that  dimethylamine  (DMA)  is  introduced  into  the  reactor 
instead  of  ammonia  gas.  The  exposure  dose  is  approximately  150  mJ/cm2  and  the  silylation  time  is  20 
minutes. 

The  results  of  the  IR-absorption  measurements  on  the  silylated  novolak  are  listed  in  column  I  of  Table 
3. 

Table  3 

with  DMA  without  with 
DMA  ammonia 

IR-absorption  exposed  part  0.227  0.145  0.226 

IR-absorption  unexposed  part  0.007  0.007  0.007 

selectivity  32  21  32 

35 
By  way  of  comparative  example  an  analogous  experiment  is  carried  out,  with  this  difference  that  during 

the  silylation  reaction  no  DMA  is  added.  The  results  of  this  comparative  example  are  listed  in  column  II  of 
Table  3.  Table  3  shows  that  the  addition  of  DMA  during  the  silylation  reaction  leads  to  an  improvement  of 
the  selectivity  with  approximately  50%. 

40  In  a  second  comparative  example,  under  the  same  conditions,  DMA  is  replaced  by  ammonia  gas.  The 
results  of  this  experiment  are  listed  in  column  III  of  Table  3.  Also  in  this  case  the  selectivity  is  improved 
with  approximately  50%. 

It  has  been  found  that  the  method  in  accordance  with  the  invention  permits  semiconductor  devices 
having  a  high  resolution  to  be  manufactured  very  accurately,  the  formation  of  tracks  in  accordance  with  a 

45  descired  pattern  having  a  width  of  0.4  urn  being  possible. 

Claims 

so  1  .  A  method  of  manufacturing  a  semiconductor  device,  in  which  a  layer  of  a  radiation-sensitive  material 
is  provided  on  a  substrate,  which  layer  is  irradiated  in  accordance  with  a  pattern,  after  which  the  layer  is 
treated  with  an  organosiiicon  compound  such  that  a  silylation  reaction  takes  place  in  accordance  with  a 
desired  pattern,  after  which  the  layer  is  developed  using  a  plasma,  characterized  in  that  the  selectivity  of 
the  silylation  reaction  is  increased  by  adding  ammonia  or  vapourous  amine  to  the  organosiiicon  compound. 

55  2.  A  method  as  claimed  in  Claim  1  ,  characterized  in  that  dimethylamine  is  used  as  an  amine. 
3.  A  method  as  claimed  in  Claim  1  or  2,  characterized  in  that  the  radiation-sensitive  material  comprises 

novolak  and  a  diazonaphtoquinone  compound. 

4 
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4.  A  method  as  claimed  in  Claim  1  or  2,  characterized  in  that  the  radiation-sensitive  material  comprises 
polyhydroxy  styrene  and  a  diazonaphtoquinone  compound. 
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