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Description 

The  present  invention  generally  relates  to  a  meth- 
od  of  producing  an  insulating  film  for  use  as  an  insu- 
lating  film  provided  on  a  semiconductor  substrate,  an 
interlayer  insulating  film  and  an  outermost  passiva- 
tion  film  of  a  semiconductor  device,  and  more  partic- 
ularly  to  a  method  of  producing  a  CVD  silicon  oxynitr- 
ide  (SiON)  film. 

In  semiconductor  devices,  various  kinds  of  insu- 
lating  films  are  used.  For  instance,  an  interlayer  insu- 
lating  film  is  arranged  between  metal  layers  and  a 
passivation  film  is  provided  on  an  outermost  surface 
of  the  semiconductor  device.  Usually  such  insulating 
films  are  formed  of  silicon  oxide  (Si02),  phosphosili- 
cate  glass  (PSG),  borophosphosilicate  glass  (BPSG), 
silicon  nitride  (Si3N4),  and  silicon  oxynitride  (SiON). 
Silicon  oxide,  phosphosilicate  glass  and  borophos- 
phosilicate  glass  have  small  dielectric  constants  and 
superior  insulating  properties,  but  have  poor  wetproof 
properties.  Silicon  nitride  has  a  superior  wetproof 
property,  but  its  dielectric  constant  is  high. 

Silicon  oxynitride  has  intermediate  characteris- 
tics  between  silicon  oxide  and  silicon  nitride,  so  that 
it  is  possible  to  obtain  an  insulating  film  which  has  su- 
perior  wet-proof  and  insulating  properties  as  well  as 
a  low  dielectric  constant  by  suitably  selecting  its  com- 
position.  Due  to  this,  many  attempts  and  proposals 
have  been  made  to  use  silicon  oxynitride  film  as  a 
protecting  passivation  film  and  an  insulating  interlay- 
er  film  in  semiconductor  devices. 

In  a  known  method  of  producing  the  silicon  oxy- 
nitride  film,  a  mixture  of  mono-silane  (SiH4),  nitrous 
oxide  (N20)  and  ammonia  (NH3)  is  introduced  into  a 
reaction  vessel  and  the  silicon  oxynitride  film  is  de- 
posited  on  a  semiconductor  wafer  by  plasma  CVD 
whereby  electrical  energy  is  supplied  to  the  reac- 
tants. 

In  this  known  method  of  forming  the  silicon  oxy- 
nitride  film,  a  main  composition  of  the  reaction  gas, 
i.e.  mono-silane,  is  poisonous,  so  that  its  treatment 
is  cumbersome  and  safety  precautions  are  required. 
Further,  in  plasma  CVD,  a  surface  of  a  semiconductor 
wafer  is  exposed  to  plasma  gas  and  thus  it  might  be 
damaged  by  high  energy  electrons  and  charged  par- 
ticles.  Due  to  this,  the  electrical  properties  of  the  sem- 
iconductor  device  might  be  deteriorated  and  dam- 
aged  and  the  manufacturing  yield  might  be  de- 
creased. 

In  Japanese  Patent  Publications  Kokai  Hei  Nos. 
1-152631  published  on  June  15,  1989,  1-238024  pub- 
lished  on  September  22,  1989,  1-239940  published 
on  September  25,  1989  and  1-260833  published  on 
October  18,  1989,  there  are  proposed  other  known 
methods,  in  which  a  silicon  oxynitride  film  is  produced 
without  using  the  poisonous  mono-silane. 

In  the  known  method  disclosed  in  Japanese  Pa- 
tent  Publication  Kokai  Hei  No.  1-152631,  it  is  possible 

to  form  a  silicon  oxynitride  film  at  a  relatively  low  tem- 
perature  such  as  350°C  by  using  a  reaction  gas  con- 
taining  an  organic  silane  gas,  ozone  gas  and  an  am- 
monia  gas.  In  this  known  method,  radiation  energy  is 

5  supplied  to  the  reactants  in  the  form  of  ultraviolet  ra- 
diation  having  a  wavelength  shorter  than  300  nm. 
This  requires  a  large  and  expensive  ultraviolet  radia- 
tion  exposing  device  and  the  reaction  vessel  must 
have  a  window  through  which  the  ultraviolet  radiation 

10  is  made  incident.  Further,  in  radiation  CVD,  the  de- 
position  rate  is  low,  for  example  10  to  20nm  (100  to 
200  A)  per  minute. 

In  the  known  method  described  in  Japanese  Pa- 
tent  Publication  Kokai  Hei  No.  1-238024,  a  mixture  of 

15  an  organic  silane  gas  and  nitrogen  gas  is  introduced 
into  a  reaction  vessel  and  nitrogen  plasma  CVD  is 
carried  out  under  a  low  pressure  such  as  2  Torr.  In  this 
method,  the  substrate  is  subjected  to  the  nitrogen 
plasma  and  thus  the  electrical  property  of  the  semi- 

20  conductor  device  may  be  deteriorated. 
In  the  method  of  Japanese  Patent  Publication  Ko- 

kai  Hei  No.  1-239940,  a  mixture  of  an  organic  silane 
gas  and  ammonia  gas  is  introduced  into  a  reaction 
vessel  and  a  low  pressure  plasma  CVD  silicon  oxy- 

25  nitride  film  is  deposited  on  a  substrate.  This  method 
has  the  drawback  that  the  substrate  surface  is  dam- 
aged  by  the  bombardment  of  the  plasma  particles. 

In  the  method  disclosed  in  Japanese  Patent  Pub- 
lication  Kokai  Hei  No.  1-260833,  a  mixture  of  an  or- 

30  ganic  oxy  silane  gas  and  ammonia  gas  is  introduced 
into  a  reaction  vessel  which  is  kept  at  a  low  pressure 
such  as  70  to  200  Pa  (0.5  to  1.5  Torr),  while  a  semi- 
conductor  wafer  is  heated  at  a  relatively  high  temper- 
ature  such  as  750  to  800°C.  It  is  known  to  use  metal 

35  wiring  conductors  formed  of  aluminium  whose  soften- 
ing  temperature  is  about  450°C.  Thus  this  known 
method  could  not  be  applied  to  semiconductor  devic- 
es  comprising  an  aluminium  wiring  pattern.  Moreover, 
since  reduced  pressure  is  utilized,  the  step  coverage 

40  is  poor  and  it  is  rather  difficult  to  obtain  an  insulating 
film  having  a  flat  surface. 

In  the  above  mentioned  known  methods  which  do 
not  use  the  poisonous  mono-silane  gas,  a  mixture 
mainly  consisting  of  the  organic  silane  such  as  tetra 

45  ethoxy  silane  (TEOS)  and  the  ammonia  or  nitrogen 
gas  is  utilized,  so  that  the  deposited  silicon  oxynitride 
film  hardly  has  a  desired  composition. 

Freeman  and  Kern  (Journal  of  Vacuum  Science 
and  Technology  A  1446,  7(3),  1989)  disclose  the  use 

so  of  HMDS  (hexamethyldisilazane)  as  an  effective  sin- 
gle-source  reactant  of  Si,  N  and  C  for  low  pressure 
CVD  at  temperatures  of  around  800°C  to  produce  di- 
electric  films  suitable  for  electronics  applications. 
The  authors  investigated  the  pyrolytic  low  pressure 

55  CVD  of  HMDS  alone,  and  in  combination  with  oxygen, 
nitrous  oxide,  ammonia  and  ammonia-oxygen  atmos- 
pheres.  This  method  suffers  the  disadvantage  that 
substrates  bearing  low  temperature  melting  conduc- 
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tors  are  excluded  due  to  the  high  temperatures  re- 
quired  to  form  the  dielectric  film. 

The  present  invention  has  for  its  object  to  provide 
a  novel  and  useful  method  of  producing  a  silicon  oxy- 
nitride  film  having  a  desired  composition  safely  with- 
out  using  the  poisonous  mono-silane,  and  without 
heating  the  substrate  to  a  temperature  at  which  the 
aluminium  wiring  pattern  is  softened. 

According  to  the  present  invention  there  is  provid- 
ed  a  method  of  producing  a  CVD  film  on  a  semicon- 
ductor  substrate  comprising  the  steps  of: 

placing  the  semiconductor  substrate  in  a  reac- 
tion  vessel; 

heating  the  semiconductor  substrate  at  a  tem- 
perature  of  from  150  to  450°C;  and 

introducing  a  mixture  of  a  nitrogen-containing 
organic  silane  gas  and  ozone  gas  into  the  reaction 
vessel  to  deposit  an  insulating  silicon  oxynitride  film 
on  the  semiconductor  substrate  by  chemical  vapour 
deposition  wherein  said  nitrogen-containing  organic 
silane  gas  is  formed  of  (CH3)3SiNHSi(CH3)3  or 
(CH3)3SiN(C2H5)2  or  (CH3)3SiNHCOCH3  or 
(CH3)3SiN(CH3)2  or  (CH2=CH)(CH3)2SiN(CH3)2  and 
the  method  is  carried  out  without  supplying  electric  or 
radiation  energy  to  the  reactants. 

In  a  preferred  embodiment  of  the  method  accord- 
ing  to  the  invention,  the  reaction  vessel  is  kept  at  at- 
mospheric  pressure. 

In  the  method  according  to  the  invention,  a  mix- 
ture  of  nitrogen  containing  silane  gas  and  ozone  gas 
is  used  as  the  reaction  gas  and  it  is  not  necessary  to 
use  the  poisonous  mono-silane  so  that  the  method 
can  be  performed  safely.  Furthermore,  the  silicon 
oxynitride  film  is  formed  at  a  temperature  not  higher 
than  450°C,  and  therefore  the  metal  wiring  pattern 
formed  on  the  substrate  is  not  damaged.  Therefore, 
the  silicon  oxynitride  film  formed  by  the  method  ac- 
cording  to  the  invention  can  be  advantageously  used 
as  an  interlayer  insulating  film  as  well  as  an  outer- 
most  protecting  passivation  film  of  a  semiconductor 
wafer. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  invention  may  be  carried  into  effect, 
reference  will  now  be  made,  by  way  of  example,  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  schematic  view  showing  an  embodiment 
of  an  apparatus  for  carrying  out  the  method  ac- 
cording  to  the  invention; 
Fig.  2  is  a  cross  sectional  view  illustrating  a  tran- 
sistor  including  an  insulating  film  formed  by  the 
method  according  to  the  invention;  and 
Fig.  3  is  a  graph  representing  the  variation  of  the 
mutual  conductance  of  the  transistor  shown  in 
Fig.  2. 
Fig.  1  is  a  schematic  view  showing  an  embodi- 

ment  of  an  apparatus  for  carrying  out  the  method  of 
producing  the  silicon  oxynitride  film  according  to  the 
invention.  The  apparatus  comprises  a  reaction  vessel 

1  and  an  electric  heater  3  provided  in  the  reaction 
vessel  1.  A  silicon  wafer  2  is  installed  in  the  reaction 
vessel  1  and  is  heated  at  a  desired  temperature.  The 
apparatus  further  comprises  an  ozone  generating  de- 

5  vice  4  and  a  thermostat  5.  In  the  thermostat  5,  there 
is  arranged  a  gas  bubbler  5a  which  contains  a  nitro- 
gen-containing  organic  silane  material  and  through 
which  nitrogen  gas  is  supplied  to  generate  a  nitrogen- 
containing  organic  silane  gas.  The  nitrogen  gas  is 

10  also  used  as  a  carrier  gas.  It  should  be  noted  that  the 
carrier  gas  may  consist  of  other  inert  gases  such  as 
Ar  and  He.  The  ozone  gas  generated  by  the  ozone 
generating  device  4,  the  nitrogen-containing  organic 
silane  gas  generated  by  the  gas  bubbler  5a  in  the 

15  thermostat  5  and  the  nitrogen  carrier  gas  are  supplied 
to  the  reaction  vessel  1  .  In  the  reaction  vessel  1  there 
are  further  arranged  vanes  6  for  regulating  the  mix- 
ture  gas  so  that  a  laminated  gas  stream  can  be  pro- 
jected  against  the  silicon  wafer  2. 

20 
Example  1 

A  silicon  wafer  2  in  which  an  MOS  transistor  hav- 
ing  a  gate  having  a  length  of  1  urn  and  a  width  of  20 

25  urn  was  formed,  was  placed  in  the  reaction  vessel  1  . 
A  mixture  containing  the  ozone  gas  and  the  nitrogen- 
containing  organic  silane  gas  (CH3)3SiNHSi(CH3)3 
was  introduced  into  the  reaction  vessel  1  and  the 
pressure  inside  the  reaction  vessel  was  maintained  at 

30  atmospheric  pressure.  The  nitrogen-containing  or- 
ganic  silane  gas  and  the  ozone  gas  were  supplied  at 
rates  of  1  00  cc/min  and  3  cc/min,  respectively.  The  sil- 
icon  wafer  2  was  heated  by  the  heater  3  at  a  temper- 
ature  of  400°C.  The  deposition  was  performed  for  ten 

35  minutes.  The  temperature  inside  the  reaction  vessel 
1  was  about  370°C  and  the  gas  bubbler  5a  arranged 
in  the  thermostat  5  was  kept  at  a  temperature  of 
1  00°C.  The  flow  rate  of  02  gas  into  the  ozone  gener- 
ating  device  4  was  set  to  4  liters  per  minute,  the  flow 

40  rate  of  the  nitrogen  gas  into  the  gas  bubbler  5a  in  the 
thermostat  5  was  set  to  1  liter  per  minute,  and  the  ni- 
trogen  gas  flow  rate  into  the  reaction  vessel  1  was  set 
to  20  liters  per  minute.  The  ozone  gas  generating  fac- 
tor  in  the  ozone  generating  device  4  was  5%.  In  this 

45  manner,  on  the  silicon  wafer  surface  there  was 
formed  a  silicon  oxynitride  film  having  a  thickness  of 
about  700nm  (7000  A). 

Comparative  Example  1 
50 

Similar  to  the  above  mentioned  example  1  ,  a  sil- 
icon  wafer  in  which  an  MOS  transistor  including  a  gate 
having  a  length  of  1  urn  and  a  width  of  20  was 
formed,  was  placed  in  a  low  pressure  CVD  device  and 

55  a  mixture  of  a  mono-silane  gas  and  ammonia  gas  was 
introduced  into  the  reaction  vessel.  A  high  frequency 
electric  power  was  supplied  to  the  reaction  space  and 
the  plasma  vapour  deposition  was  carried  out  to  pro- 
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duce  a  silicon  oxynitride  film  serving  as  a  passivation 
film. 

In  order  to  estimate  the  property  of  the  silicon 
oxynitride  films  formed  by  the  method  according  to 
the  invention,  the  variation  in  the  mutual  conductance  5 
gm  under  stress  was  measured. 

The  N-channel  MOS  transistors  including  the  sil- 
icon  oxynitride  films  formed  by  the  method  according 
to  the  invention  and  by  the  known  method  were  con- 
nected  to  bias  voltage  sources  Ê   and  E2  as  shown  in  10 
Fig.  2.  The  transistor  comprised  a  silicon  substrate 
11,  source  and  drain  regions  12  and  13  formed  in  the 
surface  of  the  substrate  11,  a  gate  oxide  film  14,  a 
polysilicon  gate  electrode  15,  a  BPSGfilm  16,  alumi- 
num  electrodes  17,  18  and  an  insulating  silicon  oxy-  15 
nitride  film  19.  The  gate  had  a  W/L  value  of  20  p.ml~\ 
urn. 

The  source  electrode  17  was  connected  to  the 
ground  potential  and  the  drain  electrode  18  was  con- 
nected  to  a  drain  bias  voltage  source  Ê   of  7.5  V.  The  20 
gate  electrode  15  was  connected  to  a  gate  bias  vol- 
tage  source  E2  and  the  silicon  substrate  11  was  con- 
nected  to  the  ground  potential.  After  the  above  men- 
tioned  accelerating  test  using  7.5  V,  the  gate  bias  vol- 
tage  source  E2  was  set  to  such  a  value  that  the  sub-  25 
strate  current  lsub  became  a  maximum  under  the  drain 
voltage  of  2.0  V.  The  above  mentioned  bias  condition 
was  continued  for  14  hours  and  the  variation  of  the 
mutual  conductance  gm  calculated  from  drain  current 
(lD)/gate  voltage  (VG)  was  monitored.  30 

Fig.  3  is  a  graph  showing  the  results  of  the  above 
experiments.  The  horizontal  axis  denotes  stress  time 
and  the  vertical  represents  the  relative  variation  in  the 
mutual  conductance  gm  (Agm/gm0).  gm0  is  the  initial 
mutual  conductance  and  Agm  is  the  difference  be-  35 
tween  the  current  mutual  conductance  and  the  initial 
mutual  conductance.  The  curve  A  denotes  the  varia- 
tion  of  the  mutual  conductance  of  the  silicon  oxynitr- 
ide  formed  by  the  method  according  to  the  invention 
and  the  curve  B  represents  the  variation  of  the  mutual  40 
conductance  of  the  silicon  oxynitride  film  formed  by 
the  known  method. 

As  can  be  understood  by  comparing  the  curves 
A  and  B  illustrated  in  Fig.  3,  the  decrease  of  the  mu- 
tual  conductance  of  the  passivation  film  produced  by  45 
the  method  according  to  the  invention  is  smaller  than 
that  of  the  film  formed  by  the  known  method.  In  the 
plasma  CVD  silicon  oxynitride  film  produced  by  the 
known  method,  the  substrate  surface  just  below  the 
gate  is  damaged  by  the  ion  bombardment  and  the  50 
substrate  is  charged  up.  The  mutual  conductance  gm 
is  calculated  from  lo/VG  ,  and  in  the  comparative  ex- 
ample  1  ,  the  drain  current  lD  is  reduced  due  to  the  ion 
bombardment  and  charge-up  of  the  substrate,  so  that 
the  mutual  conductance  is  decreased.  In  the  method  55 
according  to  the  invention,  the  silicon  oxynitride  film 
is  formed  without  using  the  plasma,  and  therefore  the 
above  explained  damage  and  charge-up  do  not  occur 

and  the  mutual  conductance  is  not  hardly  decreased. 
In  the  above  embodiment,  (CH3)3SiNHSi(CH3)3  is 

used  as  the  nitrogen-containing  organic  silane  mate- 
rial,  but  according  to  the  invention  it  is  also  possible 
to  use  (CH3)3SiN(C2H5)2,  (CH3)3SiNHCOCH3, 
(CH3)3SiN(CH3)2  and  (CH2=CH)  (CH3)2SiN(CH3)2. 

In  the  above  embodiment,  the  CVD  is  carried  out 
under  atmospheric  pressure,  but  according  to  the  in- 
vention,  it  is  also  possible  to  produce  the  silicon  oxy- 
nitride  film  by  high  pressure  CVD.  In  high  pressure 
CVD  the  reaction  vessel  may  be  kept  at  a  pressure 
such  as  1  .5  to  5  bar.  Under  such  a  high  pressure,  the 
life  time  of  the  ozone  is  prolonged,  and  thus  the  de- 
position  rate  is  increased  and  the  flatness  of  the  sili- 
con  oxynitride  film  is  improved.  Also  in  the  high  pres- 
sure  CVD  method  according  to  the  invention,  since 
the  mixture  gas  includes  the  nitrogen-containing  or- 
ganic  silane,  the  desired  composition  of  the  deposited 
silicon  oxynitride  film  can  be  obtained. 

Furthermore,  in  order  to  make  the  silicon  oxynitr- 
ide  film  as  uniform  as  possible,  the  silicon  wafer  may 
be  vibrated  in  the  reaction  vessel. 

As  explained  above  in  detail,  in  the  method  of 
producing  the  silicon  oxynitride  film  according  to  the 
invention,  it  is  not  necessary  to  use  poisonous  mono- 
silane,  so  that  the  process  can  be  performed  safely, 
Further,  since  the  reaction  is  performed  at  a  temper- 
ature  not  higher  than  450°C,  aluminum  wiring  con- 
ductors  are  not  damaged  during  the  CVD  process,  so 
that  the  silicon  oxynitride  is  advantageously  utilized 
as  the  outermost  protecting  passivation  film  of  the 
semiconductor  device.  Moreover,  when  atmospheric 
pressure  CVD  is  carried  out,  the  process  can  be  con- 
ducted  easily  by  means  of  a  simple  apparatus.  In  the 
atmospheric  pressure  CVD  and  high  pressure  CVD, 
the  substrate  surface  is  not  damaged  by  plasma,  and 
therefore  the  property  of  the  semiconductor  device  is 
not  deteriorated.  Moreover,  in  the  high  pressure  CVD, 
the  deposition  rate  can  be  increased. 

Claims 

1  .  A  method  of  producing  a  CVD  film  on  a  semicon- 
ductor  substrate  comprising  the  steps  of: 

placing  the  semiconductor  substrate  in  a 
reaction  vessel; 

heating  the  semiconductor  substrate  at  a 
temperature  of  from  150  to  450°C;  and 

introducing  a  mixture  of  a  nitrogen-con- 
taining  organic  silane  gas  and  ozone  gas  into  the 
reaction  vessel  to  deposit  an  insulating  silicon 
oxynitride  film  on  the  semiconductor  substrate  by 
chemical  vapour  deposition  wherein  said  nitro- 
gen-containing  organic  silane  gas  is  formed  of 
(CH3)3SiNHSi(CH3)3  or  (CH3)3  N(C2H5)2  or 
(CH3)3SiNHCOCH3  or  (CH3)3SiN(CH3)2  or 
(CH2=CH)(CH3)2SiN(CH3)2  and  the  method  is 

4 
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carried  out  without  supplying  electric  or  radiation 
energy  to  the  reactants. 

2.  A  method  according  to  claim  1,  wherein  said  re- 
action  vessel  is  kept  at  atmospheric  pressure. 

3.  A  method  according  to  claim  1,  wherein  said  re- 
action  vessel  is  kept  at  a  pressure  higher  than  at- 
mospheric  pressure. 

4.  A  method  according  to  claim  3,  wherein  said  re- 
action  vessel  is  kept  at  a  pressure  of  from  1  .5  to 
5  bar. 

5.  A  method  according  to  any  of  claims  1  ,  2,  3  or  4 
wherein  said  mixture  of  the  nitrogen-containing 
organic  silane  gas  and  ozone  gas  is  introduced 
into  said  reaction  vessel  using  a  carrier  gas. 

7.  A  method  according  to  claim  6,  wherein  said  ni- 
trogen-containing  organic  silane  gas  is  formed  by 
flowing  the  nitrogen  gas  through  a  gas  bubbling 
device  which  contains  the  nitrogen-containing  or- 
ganic  silane. 

3.  Verfahren  nach  Anspruch  1,  wobei  der  Reaktor 
auf  einem  Druck  gehalten  wird,  der  uber  Atmo- 
spharendruck  liegt. 

5  4.  Verfahren  nach  Anspruch  3,  wobei  der  Reaktor 
auf  einem  Druck  zwischen  1,5  und  3  bar  gehalten 
wird. 

5.  Verfahren  nach  einem  der  Anspruche  1,2,3  oder 
10  4,  wobei  die  Mischung  aus  einem  stickstoffhalti- 

gen  gasformigen  Organylsilan  und  Ozon  mit  ei- 
nem  Tragergas  in  den  Reaktor  eingeleitet  wird. 

6.  Verfahren  nach  Anspruch  5,  wobei  als  Tragergas 
15  Stickstoff  verwendet  wird. 

7.  Verfahren  nach  Anspruch  6,  wobei  das  stickstoff- 
haltige  gasformige  Organylsilan  durch  Leiten  von 
gasformigen  Stickstoff  durch  eine  Gasblasen-Ein- 

20  richtung,  die  das  stickstoff  haltige  Organylsilan  ent- 
halt,  erzeugt  wird. 

8.  Verfahren  nach  einem  der  vorangehenden  An- 
spruche,  wobei  die  Mischung  stickstoffhaltiges 

25  gasformiges  Organylsilan  und  Ozongas  im  Ver- 
haltnis  100  Vol.-Teile  gasformiges  Organylsilan 
zu  3  Vol.-Teile  Ozongas  enthalt. 

6.  A  method  according  to  claim  5,  wherein  said  car-  20 
rier  gas  is  nitrogen  gas. 

8.  A  method  according  to  any  preceding  claim 
wherein  said  mixture  contains  the  nitrogen-con- 
taining  organic  silane  gas  and  ozone  gas  in  the 
ratio  of  100  parts  by  volume  of  organic  silane 
gase  to  3  parts  by  volume  of  ozone  gas. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  CVD-Schicht  auf 
einem  Halbleitersubstrat,  umfassend  die  Schrit- 
te:  Bereitstellen  von  einem  Halbleitersubstrat  in 
einem  Reaktor; 

Erwarmen  des  Halbleitersubstrats  auf  ei- 
ne  Temperatur  zwischen  150  und  450°C;  und 

Einfuhren  einer  Mischung  aus  stickstoff- 
haltigem  gasformigem  Organylsilan  und  gasfor- 
migem  Ozon  in  den  Reaktor,  urn  auf  dem  Halblei- 
tersubstrat  durch  chemische  Dampfphasenabschei- 
dung  (CVD)  eine  isolierende  Siliciumoxidnitrid- 
schicht  aufzubringen,  wobei  das  stickstoffhaltige 
gasformige  Organylsilan  aus  (CH3)3SiNHSi(CH3)3, 
(CH^SiN^HsJz,  (CH3)3SiNHCOCH3,  (CH^SiN^H^ 
Oder  (CH2=CH)(CH3)2SiN(CH3)2  besteht;  wobei 
das  Verfahren,  ohne  dali  den  Reaktanten  elektri- 
sche  oder  Strahlungsenergie  zugefuhrt  wird, 
durchgefuhrtwird. 

2.  Verfahren  nach  Anspruch  1  ,  wobei  der  Reaktor 
bei  Atmospharendruck  gehalten  wird. 

30  Revendications 

1.  Procede  de  preparation  d'un  film  par  depot  chi- 
mique  en  phase  vapeur  sur  un  substrat  semi- 
conducteur  comprenant  les  etapes  consistant 

35  -  a  placer  le  substrat  semi-conducteur  dans 
un  recipient  de  reaction, 

-  a  chauffer  le  substrat  semi-conducteur  a 
une  temperature  comprise  entre  1  50  et  450 
°C,  et 

40  -  a  introduire  un  melange  d'un  silane  organi- 
que  gazeux  contenant  de  I'azote  et  de  I'ozo- 
ne  gazeux  dans  le  recipient  de  reaction 
pour  deposer  par  depot  chimique  en  phase 
vapeur  un  film  isolant  en  oxynitrure  de  si- 

45  licium  sur  le  substrat  semi-conducteur, 
dans  lequel  ledit  silane  organique  gazeux 
contenant  de  I'azote  est  compose  de 
(CH3)3SiNHSi(CH3)3  ou  (CH3)3SiN(C2H5)2 
ou  (CH3)3SiNHCOCH3  ou  (CH3)3SiN(CH3)2 

50  ou  (CH2CH)  (CH3)2SiN(CH3)2  et  le  procede 
est  effectue  sans  fournir  aux  reactifs  de 
I'energie  electrique  ou  de  I'energie  sous  for- 
me  de  radiations. 

55  2.  Procede  conforme  a  la  revendication  1  dans  le- 
quel  ledit  recipient  de  reaction  est  maintenu  a 
pression  atmospherique. 

5 
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3.  Procede  conforme  a  la  revendication  1  dans  le- 
quel  ledit  recipient  de  reaction  est  malntenu  a  une 
pression  superieure  a  la  pression  atomospheri- 
que. 

5 
4.  Procede  conforme  a  la  revendication  3  dans  le- 

quel  ledit  recipient  de  reaction  est  maintenu  a  une 
pression  comprise  entre  1,5  et  5  bar. 

5.  Procede  conforme  a  une  quelconque  des  reven-  10 
dications  1,  2,  3  ou  4  dans  lequel  ledit  melange 
de  silane  organique  gazeux  contenant  de  I'azote 
et  d'ozone  gazeux  est  introduit  dans  le  recipient 
de  reaction  a  I'aide  d'un  gaz  d'entraTnement. 

15 
6.  Procede  conforme  a  la  revendication  5  dans  le- 

quel  ledit  gaz  d'entraTnement  est  de  I'azote  ga- 
zeux. 

7.  Procede  conforme  a  la  revendication  6  dans  le-  20 
quel  on  forme  ledit  silane  organique  gazeux 
contenant  de  I'azote  en  faisant  passer  I'azote  ga- 
zeux  par  un  dispositif  de  bullage  contenant  le  si- 
lane  organique  contenant  de  I'azote. 

25 
8.  Procede  conforme  a  une  quelconque  des  reven- 

dications  precedentes  dans  lequel  ledit  melange 
contient  le  silane  organique  gazeux  contenant  de 
I'azote  et  de  I'ozone  gazeux  en  un  rapport  de  1  00 
parties  par  volume  de  silane  organique  gazeux  30 
pour  3  parties  en  volume  d'ozone  gazeux. 

35 
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