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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  generally  relates  to  semiconductor  devices  having  thin  film  wiring  layers  and 
methods  of  forming  thin  film  wiring  layers,  and  more  particularly  to  a  semiconductor  device  having  a  thin 
film  wiring  layer  made  of  aluminum  containing  carbon  and  a  method  of  forming  a  thin  film  wiring  layer  made 
of  aluminum  containing  carbon. 

GB-A-2  041  983  discloses  a  semiconductor  device  and  a  method  of  manufacturing  it  according  to  the 
io  preambles  of  claims  1  and  10.  In  the  known  method  semiconductor  devices  are  metallized  with  a  silicon- 

aluminium  alloy  by  exposure  to  a  mixture  of  silane  and  an  aluminium  alkyl  vapour  at  an  elevated 
temperature  and  a  reduced  pressure. 

In  IEEE  Transactions  on  Magnetics,  Vol.  SC  20,  No.  1,  February  1985,  pages  94-103  the  investigation  of 
layer  structures  and  homogeneous  alloy  films  synthesized  by  sputter  deposition  for  use  in  a  VLSI  multilevel 

75  interconnect  technology  is  discussed.  The  major  areas  studied  therein  include  hillock  formation,  resistivity 
before  and  after  annealing,  film  composition  and  structure,  reproducibility,  interlevel  shorts,  and  dry  etching. 
It  has  been  demonstrated  in  this  work  that  aluminium  alloyed  with  silicon  and  titanium  and  layered  with 
titanium  offers  advantages  over  current  technological  materials  for  interconnections  in  integrated  circuits. 

An  integrated  circuit  is  produced  by  forming  elements  on  a  semiconductor  substrate  and  connecting  the 
20  elements  by  a  metal  thin  film  wiring  layer.  The  size  of  the  elements  and  the  wiring  layer  is  reduced  so  as  to 

increase  the  integration  density  of  the  integrated  circuit,  but  presently,  the  integration  density  of  the 
integrated-circuit  is  limited  by  the  limit  in  reducing  the  size  of  the  wiring  layer. 

When  the  film  thickness  of  the  wiring  layer  is  made  extremely  small,  a  disconnection  of  the  wiring  layer 
easily  occurs  at  a  stepped  portion  of  the  wiring  layer.  Furthermore,  aluminum  is  normally  used  for  the  wiring 

25  layer,  but  the  electromigration  in  the  aluminum  wiring  layer  increases  with  increasing  current  density  and 
void  is  easily  generated  in  a  portion  of  the  aluminum  wiring  layer  where  the  aluminum  atoms  lack.  A 
disconnection  occurs  at  such  a  portion  of  the  aluminum  wiring  layer  where  the  void  is  generated.  On  the 
other  hand,  hillock  is  generated  at  a  portion  of  the  aluminum  wiring  layer  where  there  are  excessive  the 
aluminum  atoms,  and  the  hillock  easily  causes  a  short-circuit  between  layers  on  the  semiconductor 

30  substrate.  In  addition,  when  the  aluminum  wiring  layer  is  formed  on  a  doped  region  of  a  silicon  layer,  for 
example,  the  aluminum  easily  diffuses  into  the  doped  region  in  the  form  of  a  spike  and  short-  circuits  a 
junction  between  the  silicon  layer  and  the  doped  region. 

The  above  described  problems  of  the  aluminum  wiring  layer  are  all  caused  by  the  fact  that  migrations 
easily  occur  in  the  case  of  aluminum  atoms.  The  migration  includes  the  electromigration  and  stress 

35  migration.  While  the  electromigration  is  dependent  on  the  current  density,  the  stress  migration  is  indepen- 
dent  of  the  current  density.  A  stress  acts  on  the  aluminum  wiring  layer  from  one  or  more  layers  in  contact 
with  the  aluminum  wiring  layer,  and  the  aluminum  atoms  are  easily  moved  by  this  stress  at  high 
temperatures.  Hence,  when  the  aluminum  wiring  layer  is  cooled  after  being  heated,  a  disconnection  easily 
occurs  in  the  aluminum  wiring  layer  due  to  the  stress.  When  a  semiconductor  device  is  produced,  the 

40  semiconductor  device  is  usually  subjected  to  processes  at  high  temperatures,  and  it  is  thus  extremely 
difficult  to  suppress  the  stress  migration  in  the  aluminum  wiring  layer. 

Accordingly,  attempts  have  been  made  to  eliminate  the  above  described  problems  by  using  an 
aluminum  alloy  for  the  wiring  layer,  such  as  aluminum  containing  copper  and  aluminum  containing  silicon. 
However,  when  the  aluminum  containing  copper  is  used  as  the  wiring  layer  and  this  wiring  layer  is  etched 

45  by  a  reactive  ion  etching  (RIE)  using  chlorine  gases,  it  has  been  found  that  copper  residue  remains  at  the 
surface  of  the  wiring  layer  after  the  RIE  and  there  is  a  problem  in  that  it  is  difficult  to  remove  this  copper 
residue. 

On  the  other  hand,  problems  also  occur  when  the  aluminum  containing  silicon  is  used  for  the  wiring 
layer,  although  silicon  is  prevented  from  diffusing  into  the  wiring  layer  when  the  wiring  layer  made  of  the 

50  aluminum  containing  silicon  is  formed  on  a  silicon  layer.  For  example,  when  a  silicon  layer  has  an  n  -type 
doped  region  and  the  wiring  layer  also  covers  a  contact  hole  located  above  and  exposing  the  n  -type 
doped  region,  a  solid  phase  epitaxial  growth  of  the  silicon  contained  in  the  wiring  layer  occurs  on  the  n  - 
type  doped  region  especially  in  a  vicinity  of  the  wall  of  the  contact  hole.  But  since  this  epitaxially  grown 
silicon  is  of  the  p-type,  a  p-n  junction  is  formed  at  the  contact  portion  between  the  n  -type  doped  region 

55  and  the  wiring  layer  thereon  and  increases  the  resistance  and  the  contact  portion. 
In  order  to  reduce  the  hillock  which  is  generated  in  the  aluminum  wiring  layer,  there  is  a  conventional 

semiconductor  device  having  a  plurality  of  aluminum  wiring  layers,  with  a  metal  layer  interposed  between 
two  adjacent  aluminum  wiring  layers.  However,  it  is  impossible  to  completely  eliminate  the  hillock  in  the 
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aluminum  wiring  layer,  and  the  problems  described  before  occur  due  to  the  generation  of  the  hillock. 
Therefore,  there  are  demands  for  a  wiring  layer  which  can  effectively  contribute  to  the  further  increase 

in  the  integration  density  of  the  integrated  circuit,  and  a  method  of  forming  such  a  wiring  layer. 

5  SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  general  object  of  the  present  invention  to  provide  a  novel  and  useful  semiconductor 
device  having  a  thin  film  wiring  layer  made  of  aluminum  containing  carbon  and  a  method  of  forming  a  thin 
film  wiring  layer  made  of  aluminum  containing  carbon. 

io  According  to  the  semiconductor  device  of  the  present  invention,  it  is  possible  to  effectively  prevent  the 
generation  of  hillock  and  also  suppress  the  generation  of  electromigration  and  stress  migration  in  the  wiring 
layer  which  has  an  extremely  small  film  thickness. 

Still  another  object  of  the  present  invention  is  to  provide  a  semiconductor  device  having  a  plurality  of 
thin  film  wiring  layers  which  are  made  of  aluminum  containing  carbon,  and  a  metal  layer  formed  on  top  and 

is  bottom  of  each  wiring  layer.  According  to  the  semiconductor  device  of  the  present  invention,  it  is  possible 
to  reduce  the  resistivity  of  the  wiring  layer  caused  by  the  carbon  contained  in  the  wiring  layer. 

A  further  object  of  the  present  invention  is  to  provide  a  method  of  forming  a  thin  film  wiring  layer,  in 
which  a  plasma-enhanced  chemical  vapor  deposition  (CVD)  is  used  to  form  the  wiring  layer  which  is  made 
of  aluminum  containing  carbon.  According  to  the  method  of  the  present  invention,  it  is  possible  to 

20  effectively  prevent  the  generation  of  hillock  and  also  suppress  the  generation  of  electromigration  and  stress 
migration  in  the  wiring  layer  which  has  an  extremely  small  film  thickness. 

Another  object  of  the  present  invention  is  to  provide  a  method  of  forming  a  thin  film  wiring  layer,  in 
which  a  magnetron-plasma  CVD  is  used  to  form  the  wiring  layer  which  is  made  of  aluminum  containing 
carbon.  According  to  the  method  of  the  present  invention,  it  is  possible  to  stably  control  the  film  thickness 

25  of  the  wiring  layer. 
Other  objects  and  further  features  of  the  present  invention  will  be  apparent  from  the  following  detailed 

description  when  read  in  conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
30 

FIG.1  is  a  cross  sectional  view  showing  an  essential  part  of  a  conventional  semiconductor  device  having 
a  plurality  of  aluminum  wiring  layers; 
FIG.2  is  a  cross  sectional  view  showing  an  essential  part  of  a  first  embodiment  of  the  semiconductor 
device  having  a  thin  film  wiring  layer  according  to  the  present  invention; 

35  FIG.3  shows  an  atomic  percent  of  carbon  versus  resistivity  characteristic  for  explaining  a  first  embodi- 
ment  of  the  method  of  forming  the  thin  film  wiring  layer  according  to  the  present  invention; 
FIG.4  generally  shows  a  plasma-enhanced  chemical  vapor  deposition  (CVD)  system  used  in  the  first 
embodiment  of  the  method; 
FIG.5  shows  an  argon  sputter  etching  time  versus  ion  intensity  characteristic  (1  Torr  =  133,3  Pa); 

40  FIG.6  shows  dilute  hydrogen  quantity  versus  deposition  rate  and  resistivity  characteristics; 
FIG.7  shows  magnetic  field  intensity  versus  resistivity  and  atomic  percent  of  carbon  characteristics  (1 
Gauss  =  10-+  T); 
FIG.8  shows  a  thermal  process  temperature  versus  resistivity  characteristic  (1  Gauss  =  10_+  T); 
FIG.9  shows  RF  power  versus  deposition  rate  and  resistivity  characteristics  (1  Torr  =  133,3  Pa); 

45  FIGS.  1  0A  and  10B  are  cross  sectional  views  showing  films  formed  by  the  conventional  methods; 
FIG.1  OC  is  a  cross  sectional  view  showing  a  film  formed  by  the  method  of  the  present  invention 
employing  the  plasma-enhanced  CVD; 
FIG.1  1  is  a  cross  sectional  view  showing  an  essential  part  of  a  second  embodiment  of  the  semiconductor 
device  having  thin  film  wiring  layers  according  to  the  present  invention; 

50  FIG.1  2  is  a  cross  sectional  view  showing  a  third  embodiment  of  the  semiconductor  device  having  thin 
film  wiring  layers  according  to  the  present  invention; 
FIG.1  3  shows  an  annealing  temperature  versus  reaction  layer  thickness  characteristic; 
FIGS.14A  through  14C  are  cross  sectional  views  for  explaining  the  method  of  forming  the  thin  films  of 
the  third  embodiment  shown  in  FIG.1  2; 

55  FIGS.15A  and  15B  are  diagrams  for  explaining  electron  motion  in  the  plasma; 
FIG.1  6  generally  shows  a  magnetron  plasma  chemical  vapor  deposition  (MPCVD)  system  used  in  a 
second  embodiment  of  the  method  of  forming  the  thin  film  wiring  layer  according  to  the  present 
invention; 
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FIG.1  7  shows  a  magnetic  field  intensity  distribution  on  a  silicon  wafer  (1  Gauss  =  10_+  T); 
FIGS.18A  and  18B  are  diagrams  showing  the  kinds  of  electron  motion; 
FIG.1  9  shows  an  aluminum  film  thickness  distribution  on  a  silicon  wafer  (1  Gauss  =  10_+  T); 
FIG.20  shows  an  RF  power  density  versus  deposition  rate  characteristic  (1  Gauss  =  10_+  T); 

5  FIG.21  shows  a  trimethyl  aluminum  (TMA)  carrier  gas  flow  rate  versus  deposition  rate  characteristic; 
FIG.22  shows  magnetic  lines  of  force  generated  by  a  magnetic  field  applied  over  the  silicon  wafer; 
FIG.23  shows  an  RF  power  density  versus  deposition  rate  characteristic  (1  Torr  =  133,3  Pa) 
FIG.24  shows  a  magnetic  field  intensity  versus  resistivity  characteristic  (1  Gauss  =  10_+  T);  and 
FIGS.25A  and  25B  show  X-ray  diffraction  angle  versus  X-ray  intensity  characteristics  of  aluminum  films 

io  containing  carbon  formed  by  the  plasma-enhanced  CVD  and  the  MPCVD,  respectively,  after  an 
annealing  process  is  carried  out. 

DETAILED  DESCRIPTION 

75  FIG.1  shows  an  example  of  the  conventional  semiconductor  device  having  a  plurality  of  aluminum  wiring 
layers.  In  FIG.1,  a  plurality  of  aluminum  wiring  layers  1  are  formed  on  a  silicon  dioxide  (Si02)  oxide  layer  3, 
with  a  metal  layer  2  formed  on  top  and  bottom  of  each  aluminum  wiring  layer  1  .  The  generation  of  hillock  is 
reduced  to  a  certain  extent  compared  to  the  case  where  only  a  single  aluminum  wiring  layer  is  formed, 
however,  it  is  impossible  to  completely  eliminate  the  hillock  in  the  aluminum  wiring  layers  1,  and  the 

20  problems  described  before  occur  due  to  the  generation  of  the  hillock. 
The  present  invention  eliminates  the  problems  of  the  conventional  semiconductor  device  by  forming  a 

wiring  layer  made  of  aluminum  containing  carbon. 
FIG.2  shows  an  essential  part  of  a  first  embodiment  of  the  semiconductor  device  having  a  thin  film 

wiring  layer  according  to  the  present  invention.  In  FIG.2,  a  semiconductor  device  comprises  a  silicon 
25  substrate  11,  a  diffusion  layer  12,  an  Si02  oxide  layer  13,  and  a  wiring  layer  14.  The  wiring  layer  14 

constitutes  an  essential  part  of  the  present  invention,  and  this  wiring  layer  is  an  aluminum  film  containing 
carbon. 

A  description  will  now  be  given  on  the  method  of  mixing  carbon  to  aluminum.  When  an  aluminum  film  is 
doped  with  carbon  by  an  ion  implantation,  the  resistivity  of  the  aluminum  film  gradually  increases  when  0.1 

30  atomic  percent  or  more  of  carbon  is  implanted  into  the  aluminum  film,  but  the  carbon  precipitates  out  of  the 
aluminum  film  under  a  thermal  process  of  450°  C.  It  may  be  regarded  that  the  carbon  precipitates  out  of  the 
aluminum  film  because  there  is  no  chemical  bonding  between  the  carbon  and  aluminum,  and  the  carbon 
precipitates  out  of  the  aluminum  film  by  the  thermal  process  over  a  solubility  limit  of  0.1  atomic  percent  of 
carbon. 

35  Hence,  when  the  carbon  is  introduced  into  the  aluminum  film  so  that  there  is  chemical  bonding  between 
the  carbon  and  aluminum,  the  precipitation  of  carbon  does  not  occur  even  after  the  thermal  process.  In  this 
case,  however,  the  aluminum  film  containing  the  carbon  can  no  longer  be  used  as  a  wiring  layer  when  the 
atomic  percent  of  carbon  exceeds  a  predetermined  value,  because  the  resistivity  increases  exponentially 
when  the  atomic  percent  of  carbon  exceeds  the  predetermined  value. 

40  FIG.3  shows  the  atomic  percent  of  carbon  versus  resistivity  characteristic  before  and  after  the  thermal 
process,  where  the  atomic  percent  of  carbon  (C/(AI  +C))  is  varied.  As  may  be  seen  from  FIG.3,  there  is 
virtually  no  increase  in  the  resistivity  for  atomic  percent  of  carbon  of  20%  or  less.  It  is  also  seen  that  the 
resistivity  becomes  approximately  one-half  after  the  thermal  process  at  450  °  C  for  atomic  percent  of  carbon 
of  20%  or  less.  For  example,  the  predetermined  value  of  the  atomic  percent  of  carbon  is  30%  in  FIG.3. 

45  As  a  result  of  X-ray  measurements,  the  aluminum  film  containing  carbon  has  fine  oriented  crystal 
structure,  and  it  may  be  regarded  that  the  carbon  enters  into  the  grain  boundary.  The  grain  size  of  the 
aluminum  film  formed  by  a  plasma-enhanced  CVD  before  being  subjected  to  the  thermal  process  is  in  the 
order  of  20  nm.  For  this  reason,  it  is  possible  to  suppress  the  migration  of  the  aluminum  atoms  even  during 
the  thermal  process,  and  the  crystal  growth  does  not  occur  rapidly.  The  grain  size  of  the  aluminum  film 

50  containing  carbon  is  in  the  order  of  50  nm  even  after  being  subjected  to  a  thermal  process  at  600  °  C  for  30 
minutes.  In  addition,  the  electromigration  caused  by  the  increase  in  the  current  density  is  also  suppressed, 
and  there  is  no  generation  of  hillock.  When  the  effects  of  electromigration  are  observed  in  mean  time  to 
failure  (MTF),  it  is  found  that  the  serviceable  life  of  the  aluminum  film  containing  carbon  is  longer  when 
compared  with  that  of  the  conventional  aluminum  film.  The  MTF  is  0.65  eV  for  the  pure  aluminum  film, 

55  while  the  MTF  for  the  aluminum  film  containing  carbon  formed  by  a  magnetron  plasma  CVD  which  will  be 
described  later  is  0.73  eV,  and  the  reliability  of  the  aluminum  film  containing  carbon  is  improved  compared 
to  the  conventional  aluminum  film.  The  hillock  is  generated  after  a  thermal  process  at  400  °C  in  the  case  of 
the  conventional  aluminum  film  containing  no  carbon,  but  the  aluminum  film  containing  carbon  has  superior 
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characteristics  compared  to  those  of  the  conventional  aluminum  film  in  that  the  hillock  is  not  generated  even 
after  the  thermal  process  at  600  °  C. 

The  chemical  bonding  between  the  carbon  and  aluminum  atoms  were  measured  by  an  X-ray  optoelec- 
tronic  analyzer,  and  the  complete  chemical  bonding  between  the  carbon  and  aluminum  atoms  was 

5  confirmed.  In  the  present  invention,  the  aluminum  film  having  the  fine  crystal  structure  contains  therein  the 
carbon  in  a  state  where  the  carbon  atoms  are  chemically  bonded  to  the  aluminum  atoms.  Accordingly,  the 
fact  that  the  grain  size  of  the  aluminum  film  containing  carbon  is  100  nm  or  less  is  extremely  important  in 
realizing  an  extremely  fine  wiring  layer,  especially  because  the  width  of  the  wiring  layer  is  recently 
becoming  1  urn  or  less. 

io  Contacts  must  be  formed  when  electrically  connecting  elements  formed  on  a  silicon  substrate,  but  the 
conventional  devices  suffer  problems  in  that  the  silicon  easily  diffuses  into  the  aluminum  film  from  the 
silicon  substrate.  However,  in  the  present  invention,  it  is  possible  to  prevent  the  silicon  from  diffusing  into 
the  aluminum  film  containing  carbon  by  adding  silicon  to  the  aluminum  film  containing  carbon.  Furthermore, 
the  migration  of  the  silicon  atoms  is  also  restricted  by  the  aluminum  film  containing  carbon  and  silicon,  and 

is  there  is  very  little  solid  phase  epitaxial  growth  of  silicon  at  the  contact  portion.  As  a  result,  the  contact 
resistance  is  extremely  small.  In  this  case,  it  is  necessary  to  limit  the  atomic  percent  of  silicon  under  a 
solubility  limit  of  2%  since  the  silicon  will  precipitate  out  of  the  aluminum  film  containing  the  carbon  when 
this  solubility  limit  is  exceeded. 

Next,  a  description  will  be  given  on  the  plasma-enhanced  CVD  (hereinafter  simply  referred  to  as  a 
20  plasma  CVD)  which  is  employed  in  forming  the  aluminum  film  containing  carbon.  Generally,  when  the 

aluminum  film  is  formed  by  the  thermal  CVD  which  subjects  the  source  gas  to  pyrolysis,  substantial  surface 
irregularities  are  generated  on  the  aluminum  film.  Even  in  the  case  of  the  plasma  CVD  which  is  employed  in 
the  present  invention,  the  surface  irregularities  are  generated  on  the  aluminum  film  when  the  aluminum  film 
is  formed  at  a  temperature  over  a  temperature  at  which  the  pyrolysis  occurs.  It  may  be  regarded  that  the 

25  surface  irregularities  are  generated  due  to  the  large  cohesion  of  aluminum,  and  this  phenomenon  is 
inevitable  in  the  thermal  CVD. 

Accordingly,  in  the  present  invention,  the  plasma  CVD  is  employed  to  excite  the  organic  metal  gas  so 
as  to  enhance  the  chemical  bonding,  and  the  aluminum  film  is  formed  at  a  temperature  under  the  pyrolysis 
temperature.  The  plasma  CVD  is  advantageous  in  that  the  chemical  bonding  between  the  carbon  and 

30  aluminum  becomes  complete  by  the  use  of  the  plasma. 
FIG.4  generally  shows  a  plasma  CVD  system  used  in  the  first  embodiment  of  the  method  of  forming  the 

thin  film  wiring  layer  according  to  the  present  invention.  As  shown  in  FIG.4,  a  silicon  (Si)  wafer  21  is  placed 
within  a  parallel  plate  type  plasma  chamber  20.  An  RF  generator  22  generates  a  signal  of  13.56  MHz,  and  a 
heater  23  is  provided  outside  the  chamber  20  at  a  position  below  the  Si  wafer  21  .  An  organic  metal  gas 

35  such  as  trimethyl  aluminum  (AI(CH3)3,  TMA)  gas  is  diluted  by  hydrogen  gas  and  introduced  into  the 
chamber  20  through  shower  nozzles  24  of  the  upper  electrode.  In  this  case,  the  TMA  gas  is  cooled  to  a 
temperature  below  the  fusing  point  of  15°  C,  that  is,  to  5°  C,  for  example. 

The  argon  sputter  etching  time  versus  ion  intensity  characteristic  is  shown  in  FIG.5.  The  deposition  is 
carried  out  under  an  RF  power  of  1  kW,  a  gas  pressure  of  600  Pa  (4.5  Torr),  and  a  thermal  process 

40  temperature  of  450  °C  for  30  minutes.  It  can  be  seen  from  the  analyzed  results  shown  in  FIG.5  that  before 
the  thermal  process,  hydrogen  is  observed  in  the  film  as  indicated  by  a  solid  line  H(b)  in  addition  to  carbon 
indicated  by  a  phantom  line  C(b).  But  after  the  thermal  process  at  450  °  C,  the  hydrogen  decreases  as 
indicated  by  a  two-dot  chain  line  H(a),  while  the  carbon  is  indicated  by  a  one-dot  chain  line  C(a).  It  may  be 
regarded  that  the  decrease  in  the  hydrogen  is  caused  by  the  thermal  process  which  eliminates  CH3  base 

45  which  is  not  decomposed  and  is  included  in  the  film  before  the  thermal  process.  For  this  reason,  it  is 
necessary  to  carry  out  a  thermal  process  after  the  deposition  of  the  film.  In  FIG.5,  the  ordinate  indicates  the 
intensity  in  arbitrary  units,  and  a  range  indicated  by  a  phantom  line  in  the  vicinity  of  the  unit  103 
corresponds  to  the  measuring  limit. 

The  atomic  percent  of  carbon  contained  in  the  aluminum  film  can  be  controlled  by  varying  the  RF 
50  power  and  the  dilute  hydrogen  quantity.  FIG.6  shows  the  dilute  hydrogen  quantity  versus  deposition  rate 

and  resistivity  characteristics.  It  is  seen  from  FIG.6  that  the  resistivity  is  high  and  the  deposition  rate  is 
small  when  the  dilute  hydrogen  quantity  is  not  over  a  predetermined  value.  In  other  words,  the  dilute 
hydrogen  quantity  must  be  over  approximately  60  times  that  of  the  carrier  gas  (or  source  gas).  The  carrier 
gas  may  be  other  than  the  organic  metal  gas  (TMA  gas),  such  as  a  gas  mixture  of  organic  metal  gas  and 

55  silane  (SiH+)  gas. 
It  is  possible  to  apply  a  magnetic  field  during  the  plasma  CVD  and  carry  out  a  magnetron-plasma  CVD 

so  as  to  magnetically  enhance  the  plasma  reaction  and  accordingly  form  a  film  having  an  extremely  small 
resistivity.  A  detailed  description  on  the  magnetron-plasma  CVD  will  be  given  later  on  in  the  present 
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specification  in  conjunction  with  a  second  embodiment  of  the  method  according  to  the  present  invention. 
The  following  Table  compares  the  gas  pressure,  film  thickness,  resistivity  and  atomic  percent  of  carbon  of 
the  films  formed  by  the  plasma  CVD  (PCVD)  and  the  magnetron-plasma  CVD  (MPCVD),  where  the  values 
in  brackets  indicate  values  obtained  after  a  thermal  process  at  450  °  C  for  25  minutes. 

5 
Table 

Deposition  Method  PCVD  MPCVD 

Pressure  (Pa)  307  533  307  533 

Film  thickness  (nm)  100  (75)  135  (120)  120  (120)  110  (105) 

Resistivity  (Q-cm)  63  (15)  23  (9.2)  15  (6.8)  9.0  (5.2) 

Atomic  percent  of  carbon  (%)  22  (22)  14  5.7  (5.2)  4.1 

As  may  be  seen  from  the  Table,  it  is  desirable  that  the  gas  pressure  is  high  within  such  a  range  that  the 
generation  of  plasma  is  stable,  and  the  resistivity  becomes  smaller  as  the  magnetic  field  intensity  increases 
as  shown  in  FIG.7.  As  may  be  seen  from  FIG.7,  the  atomic  percent  of  carbon  and  the  resistivity  can  be 

20  made  small  by  controlling  the  magnetic  field  intensity,  and  the  atomic  percent  of  carbon  and  the  resistivity 
can  be  made  small  especially  for  the  magnetic  field  intensity  of  2*10-2  T  (200  Gauss)  or  more. 

FIG.8  shows  a  thermal  process  temperature  versus  resistivity  characteristic.  As  may  be  seen  from 
FIG.8,  the  thermal  process  at  300  °C  or  higher  and  the  magnetron-  plasma  CVD  with  a  magnetic  field 
intensity  of  0,78  T  (780  Gauss)  are  effectively  in  reducing  the  resistivity. 

25  FIG.9  shows  RF  power  versus  deposition  rate  and  resistivity  characteristics.  The  deposition  rate 
increases  with  the  increase  in  the  RF  power,  but  the  resistivity  undergoes  a  peculiar  variation.  In  other 
words,  when  the  deposition  takes  place  at  a  low  RF  power,  there  is  a  problem  in  that  the  deposition  rate 
becomes  slow  and  the  relative  intake  of  oxygen  increases  to  increase  the  resistivity.  On  the  other  hand, 
when  the  RF  power  is  excessively  high,  it  is  inconvenient  in  that  a  polymer  is  formed  (that  is,  the  atomic 

30  percent  of  carbon  is  too  large).  Accordingly,  it  is  desirable  that  the  RF  power  is  in  a  range  of  300  W  to  800 
W. 

FIGS.  1  0A  and  10B  are  cross  sectional  views  showing  films  formed  by  the  conventional  method 
employing  the  thermal  CVD  and  the  conventional  method  employing  vapor  deposition  or  sputtering, 
respectively.  When  an  aluminum  film  30  is  formed  on  a  Si02  oxide  layer  29  which  is  provided  on  top  of  a  Si 

35  layer  (or  substrate)  28  by  the  thermal  CVD,  there  are  substantial  surface  irregularities  on  the  aluminum  film 
30  as  shown  in  FIG.1  OA.  When  an  aluminum  film  31  is  formed  on  the  Si02  oxide  layer  29  by  a  vapor 
deposition  or  sputtering  and  thereafter  subjected  to  a  thermal  process  at  450  °  C,  a  hillock  32  is  generated 
on  the  aluminum  film  31  as  shown  in  FIG.1  0B. 

On  the  other  hand,  FIG.1  0C  is  a  cross  sectional  view  showing  a  film  formed  by  the  first  embodiment  of 
40  the  method  of  the  present  invention  employing  the  plasma  CVD.  When  an  aluminum  film  33  containing 

carbon  is  formed  on  the  Si02  oxide  layer  29  by  the  plasma  CVD  and  preferably  by  the  magnetron-plasma 
CVD  with  a  magnetic  field  intensity  of  0,78  T  (780  Gauss),  no  hillock  is  generated  on  the  aluminum  film  33 
containing  carbon,  and  it  is  seen  that  the  film  33  is  less  affected  by  the  migration  of  the  aluminum  atoms. 

FIG.1  1  shows  an  essential  part  of  a  second  embodiment  of  the  semiconductor  device  having  thin  film 
45  wiring  layers  according  to  the  present  invention.  In  FIG.1  1,  a  plurality  of  wiring  layers  41  made  of  aluminum 

containing  carbon  are  formed  on  a  silicon  dioxide  (Si02)  oxide  layer  43,  with  a  metal  layer  42  formed  on  top 
and  bottom  of  each  wiring  layer  41.  For  example,  the  atomic  percent  of  carbon  contained  in  the  wiring 
layers  41  is  set  in  a  range  of  10%  to  30%.  The  metal  layer  42  may  be  made  of  aluminum  containing  a 
small  atomic  percent  of  carbon  in  the  order  of  0.1%  or  less,  or  other  metals  such  as  titanium  (Ti)  and 

50  tungsten  (W).  According  to  the  present  embodiment,  it  is  possible  to  further  reduce  the  resistivity  of  the 
wiring  layers  41  as  a  whole  and  also  reduce  undesirable  effects  of  stress  on  the  wiring  layers  41  ,  in  addition 
to  the  effects  obtainable  in  the  first  embodiment  described  before. 

FIG.1  2  shows  an  essential  part  of  a  third  embodiment  of  the  semiconductor  device  having  thin  film 
wiring  layers  according  to  the  present  invention.  In  FIG.1  2,  a  semiconductor  device  comprises  a  silicon  (Si) 

55  substrate  46,  a  Si02  oxide  layer  47  formed  on  the  Si  substrate  46,  a  contact  hole  47a  in  the  Si02  oxide 
layer  47,  first  and  second  wiring  layers  48  made  of  aluminum  containing  carbon,  a  metal  layer  49  provided 
between  the  first  and  second  wiring  layers  48,  and  a  diffusion  layer  50  under  the  contact  hole  47a.  The  first 
wiring  layer  48  formed  directly  on  the  Si02  oxide  layer  47  is  in  contact  with  the  diffusion  layer  50  through 
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the  contact  hole  47a.  The  first  wiring  layer  48  also  contains  silicon  (Si)  so  as  to  prevent  the  silicon  in  the  Si 
substrate  46  from  diffusing  into  the  first  wiring  layer  48  which  is  made  primarily  of  aluminum.  For  example, 
when  the  metal  layer  49  is  made  of  aluminum  containing  carbon,  the  atomic  percent  of  carbon  contained  in 
the  first  wiring  layer  48  is  made  large  compared  to  that  of  the  metal  layer  49. 

5  FIG.1  3  shows  an  annealing  temperature  versus  reaction  layer  thickness  characteristic.  When  a  film 
made  of  pure  aluminum  is  formed  on  a  Si  layer,  for  example,  and  is  then  subjected  to  an  annealing  process 
(30  min),  a  reaction  layer  is  formed  on  the  Si  layer  at  annealing  temperatures  over  approximately  400  °  C  as 
shown  in  FIG.1  3.  However,  when  a  film  made  of  aluminum  containing  carbon  is  formed  on  the  Si  layer  and 
then  subjected  to  the  annealing  process  (30  min),  the  reaction  layer  is  only  formed  at  annealing 

io  temperatures  of  approximately  500  °C  or  over  as  shown  in  FIG.1  3.  Accordingly,  when  the  first  wiring  layer 
48  made  of  aluminum  containing  carbon  contains  an  atomic  percent  of  carbon  greater  than  that  contained  in 
the  second  wiring  layer  48,  it  is  possible  to  prevent  the  formation  of  the  reaction  layer  on  the  diffusion  layer 
50  and  also  minimize  the  resistivity  of  the  first  and  second  wiring  layers  48  as  a  whole,  in  addition  to  the 
effects  obtainable  in  the  first  embodiment  described  before.  In  the  present  embodiment,  it  is  of  course 

is  possible  to  provide  more  than  two  wiring  layers  as  in  the  case  of  the  second  embodiment  shown  in  FIG.1  1. 
Next,  a  description  will  be  given  on  the  method  of  forming  the  thin  film  wiring  layers  in  the 

semiconductor  device  shown  in  FIG.1  2,  by  referring  to  FIGS.14A  through  14C.  In  FIGS.14A  through  14C, 
those  parts  which  are  the  same  as  those  corresponding  parts  in  FIG.1  2  are  designated  by  the  same 
reference  numerals,  and  a  description  thereof  will  be  omitted. 

20  Firstly,  in  FIG.1  4A,  the  SiCfe  oxide  layer  47  is  formed  on  the  Si  substrate  46  to  a  film  thickness  of 
7*10-7  m  (7000  A),  by  a  thermal  oxidation  or  CVD. 

Secondly,  in  FIG.1  4B,  the  contact  hole  47a  is  formed  in  the  SiCfe  oxide  layer  47  by  a  known  patterning 
process,  and  impurities  are  implanted  into  the  Si  substrate  46  through  the  contact  hole  47a  and  activated  so 
as  to  form  the  diffusion  layer  50.  In  addition,  the  first  wiring  layer  48  is  formed  on  the  SiCfe  oxide  layer  47 

25  by  a  plasma  CVD  to  a  thickness  of  2*10-7  m  (2000A),  where  the  first  wiring  layer  48  is  made  of  aluminum 
containing  15  atomic  percent  of  carbon  in  a  state  where  the  carbon  is  chemically  bonded  to  the  aluminum. 
The  plasma  CVD  is  carried  out  by  a  parallel  plate  type  plasma  CVD  system  at  a  gas  pressure  of  307  Pa 
(2.3  Torr)  in  an  RF  plasma  of  13.56  MHz,  so  as  to  deposit  aluminum  by  introducing  a  gas  mixture  of  TMA 
gas  and  dilute  hydrogen  into  the  plasma.  It  is  necessary  to  keep  the  substrate  temperature  relatively  low 

30  within  a  range  of  50°  C  to  100°  C  in  order  to  keep  the  grain  size  small. 
It  is  desirable  that  the  first  wiring  layer  48  making  direct  contact  with  the  diffusion  layer  50  (that  is,  the 

51  substrate  46)  additionally  contains  1  to  2  atomic  percent  of  silicon  so  as  to  prevent  the  silicon  in  the  Si 
substrate  46  from  diffusing  into  the  first  wiring  layer  48  which  is  made  primarily  of  aluminum.  The  silicon 
may  be  introduced  into  the  first  wiring  layer  48  by  carrying  out  the  plasma  CVD  with  a  gas  mixture  of  TMA 

35  gas,  hydrogen  gas  and  silane  (SiH+)  gas. 
Thirdly,  the  metal  layer  49  is  formed  on  the  first  wiring  layer  48  to  a  film  thickness  of  6*10-7  m  (6000 

A)  by  a  CVD  or  sputtering,  and  the  second  wiring  layer  48  is  formed  on  the  metal  layer  49  to  a  thickness  of 
2*10-7  m  (2000  A)  similarly  as  in  the  case  of  the  first  wiring  layer.  It  is  not  essential  that  the  second  wiring 
layer  48  contains  silicon  in  addition  to  carbon. 

40  The  first  embodiment  of  the  method  of  forming  thin  film  wiring  layer  according  to  the  present  invention 
described  before  especially  with  reference  to  FIG.4  employs  the  plasma  CVD.  However,  the  plasma  CVD 
requires  a  large  RF  power  in  order  to  obtain  the  high  gas  pressure  that  would  result  in  the  decomposition. 
However,  when  a  large  RF  power  is  used,  the  silicon  wafer  is  easily  damaged.  Therefore,  it  is  difficult  to 
stably  control  the  film  thickness  of  the  film  which  is  formed  by  the  plasma  CVD. 

45  FIGS.15A  and  15B  are  diagrams  for  explaining  electron  motion  in  the  plasma,  where  FIG.1  5A  shows  the 
electron  motion  for  the  case  where  no  magnetic  field  is  applied  and  FIG.1  5B  shows  the  electron  motion  for 
the  case  where  a  magnetic  field  is  applied.  In  the  case  shown  in  FIG.1  5A,  an  electron  e  in  the  plasma 
moves  in  a  direction  opposite  to  that  of  an  electric  field  E  while  colliding  with  particles  A. 

On  the  other  hand,  in  the  case  shown  in  FIG.1  5B,  the  electron  e  undergoes  a  circular  motion.  Hence,  a 
50  traveling  distance  (mean  free  path)  Xe  of  the  electron  e  becomes  long,  and  the  electron  e  undergoes  more 

collisions  with  the  particles  A.  As  a  result,  there  is  more  excitation  of  the  gas  particles,  and  the  plasma 
reaction  is  enhanced. 

According  to  the  conventional  etching,  the  gas  pressure  is  in  the  order  of  1,33  Pa  (10-2  Torr).  For  this 
reason,  the  condition  Xe  »   re  is  satisfied,  and  no  peculiar  dependencies  exist  among  the  gas  pressure,  the 

55  power  and  the  source  (carrier)  gas  quantity. 
But  the  present  inventors  have  found  that  in  the  case  of  the  MPCVD,  the  gas  pressure  is  in  a  range  of 

67  Pa  (0.5  Torr)  to  667  Pa  (5  Torr)  and  is  relatively  high  compared  to  the  above  described  value  of  1  ,33  Pa 
(10-2  Torr),  and  that  because  of  this  relatively  high  gas  pressure,  it  is  possible  to  stably  control  the  film 
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thickness  of  the  film  which  is  formed  by  the  MPCVD  when  a  predetermined  condition  is  satisfied  among  the 
gas  pressure,  the  RF  power  and  the  magnetic  field  intensity. 

Accordingly,  a  description  will  now  be  given  with  respect  to  the  second  embodiment  of  the  method  of 
forming  thin  film  wiring  layer  according  to  the  present  invention  employing  the  MPCVD.  FIG.1  6  generally 

5  shows  an  MPCVD  system  used  in  this  second  embodiment  of  the  method.  As  shown  in  FIG.1  6,  a  silicon 
(Si)  wafer  61  is  placed  within  a  parallel  plate  type  plasma  chamber  60.  An  RF  generator  62  generates  a 
signal  of  13.56  MHz,  and  a  heater  63  is  provided  outside  the  chamber  60  at  a  position  below  the  silicon 
wafer  61  .  A  magnet  65  is  located  outside  the  chamber  60  below  the  heater  63.  An  organic  metal  gas  such 
as  trimethyl  aluminum  (AI(CH3)3,  TMA)  gas  is  diluted  by  hydrogen  gas  and  introduced  into  the  chamber  60 

io  through  shower  nozzles  64  of  the  upper  electrode.  In  this  case,  the  TMA  gas  is  cooled  to  a  temperature 
below  the  fusing  point  of  15°  C,  that  is,  to  5°C,  for  example. 

FIG.1  7  shows  a  magnetic  field  intensity  distribution  on  the  Si  wafer  61,  separately  for  the  horizontal 
component  and  the  vertical  component.  The  horizontal  component  is  taken  along  a  direction  parallel  to  the 
top  surface  of  the  Si  wafer  61  ,  and  the  vertical  direction  is  taken  along  a  direction  perpendicular  to  the  top 

is  surface  of  the  Si  wafer  61  .  The  motion  of  the  electron  e  in  the  plasma  due  to  the  magnetic  field  can  roughly 
be  divided  into  a  helical  motion  shown  in  FIG.1  8A  and  a  cycloidal  motion  shown  in  FIG.1  8B.  The  helical 
motion  is  caused  by  the  vertical  magnetic  field  component,  while  the  cycloidal  motion  is  caused  by  the 
horizontal  magnetic  field  component  when  the  electron  bent  by  the  horizontal  magnetic  field  component  is 
reflected  by  the  cathode  and  drifts  by  itself.  In  the  case  of  the  magnetic  field  which  is  applied  so  that  the 

20  magnetic  lines  of  force  do  not  penetrate  the  Si  wafer  61  as  will  be  described  later  in  conjunction  with 
FIG.22,  the  magnetic  field  intensity  distribution  becomes  as  shown  in  FIG.1  7,  and  thus,  there  is  mainly 
cycloidal  motion  at  the  central  portion  of  the  Si  wafer  61  and  there  is  mainly  helical  motion  in  portions  on 
the  right  and  left  of  the  central  portion  of  the  Si  wafer  61  . 

FIG.1  9  shows  an  aluminum  film  thickness  distribution  on  the  Si  wafer  61.  As  may  be  seen  from  FIG.1  9, 
25  the  deposition  rate  at  the  central  portion  of  the  Si  wafer  61  decreases  as  the  RF  power  density  decreases, 

because  the  radius  of  the  cycloidal  motion  of  electron  increases  due  to  the  decrease  in  the  RF  power 
density  and  there  is  essentially  no  effect  of  the  magnetic  field. 

At  an  RF  power  density  of  1.0  W/cm2,  the  effects  of  the  cycloidal  motion  and  the  helical  motion  of 
electrons  on  the  deposition  become  approximately  the  same,  and  it  is  possible  to  form  a  film  having  a 

30  uniform  film  thickness.  Furthermore,  when  the  RF  power  density  is  increased  to  1.3  W/cm2,  for  example, 
there  is  mainly  cycloidal  motion  of  the  electrons,  and  the  plasma  reaction  is  enhanced  at  the  central  portion 
of  the  Si  wafer  61  thereby  increasing  the  deposition  rate  only  at  the  central  portion  of  the  Si  wafer  61  .  As  a 
result,  the  RF  power  density  must  be  set  within  a  predetermined  range  in  order  to  form  a  film  having  a 
uniform  thickness. 

35  FIG.20  shows  an  RF  power  density  versus  deposition  rate  characteristic.  The  decrease  in  the  deposition 
rate  in  the  high  RF  power  density  region  is  peculiar  to  the  present  embodiment  in  which  the  magnetic  field 
is  applied  to  magnetically  enhance  the  plasma  reaction.  In  a  most  desirable  embodiment,  the  RF  power 
density  is  set  within  a  range  of  0.5  W/cm2  to  2.0  W/cm2,  and  an  optimum  range  for  the  deposition  of  an 
aluminum  film  by  use  of  TMA  gas  is  1  .0  W/cm2  to  1  .5  W/cm2. 

40  FIG.21  shows  a  TMA  carrier  gas  flow  rate  versus  deposition  rate  characteristic.  This  characteristic 
shown  in  FIG.21  is  obtained  when  the  TMA  gas  is  used  as  the  source  gas,  dilute  hydrogen  quantity  is  1.5 
I/min,  RF  power  density  is  1  W/cm2,  the  magnetic  field  intensity  is  0,78  T  (780  Gauss)  and  the  gas 
pressure  is  307  Pa  (2.3  Torr).  It  may  be  regarded  that  the  deposition  rate  decreases  at  the  central  portion  of 
the  Si  wafer  61  for  TMA  carrier  gas  flow  rate  of  15  ml  /min  or  more,  because  the  mean  free  path  of  the 

45  electrons  undergoing  the  cycloidal  motion  decreases  due  to  the  large  molecules  of  the  TMA  and  the 
excitation  of  the  TMA  gas  is  insufficient.  In  other  words,  in  order  to  draw  out  the  desired  effects  of  the 
applied  magnetic  field,  the  RF  power  density  or  the  magnetic  field  intensity  must  be  increased  so  that  the 
mean  free  path  Xe  and  the  Larmor  radius  re  become  approximately  the  same. 

FIG.22  shows  magnetic  lines  of  force  generated  by  a  magnetic  field  applied  over  the  Si  wafer  61,  and 
50  the  so-called  planar  magnetron  is  used  to  apply  the  magnetic  field.  As  shown  in  FIG.22,  the  TMA  gas  is 

introduced  into  a  magnetic  field  indicated  by  magnetic  lines  of  force  70,  along  the  vertical  direction  as 
indicated  by  arrows  71,  and  the  magnetic  lines  of  force  70  do  not  penetrate  the  Si  wafer  61  but  are 
distributed  above  the  Si  wafer  61  in  a  loop.  In  addition,  it  is  important  that  the  magnetic  field  intensity  is 
weaker  toward  the  shower  nozzles  (not  shown)  through  which  the  TMA  gas  is  introduced.  By  taking  these 

55  measures,  the  deposition  occurs  on  the  surface  of  the  Si  wafer  61  due  to  the  TMA  gas  which  is  excited 
solely  by  the  cycloidal  motion  of  electrons  in  the  vicinity  of  the  surface  of  the  Si  wafer  61  .  In  other  words, 
the  plasma  chemical  reaction  is  confined  locally  on  the  surface  of  the  Si  wafer  61  by  the  applied  magnetic 
field.  In  this  case,  since  the  deposition  takes  place  mainly  in  the  vicinity  of  the  surface  of  the  Si  wafer  61,  it 
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is  possible  to  satisfactorily  form  a  stepped  portion  of  the  wiring  layer.  On  the  other  hand,  since  the  magnetic 
field  intensity  is  weaker  toward  the  shower  nozzles,  it  is  possible  to  delicately  excite  the  TMA  gas  by  the 
cycloidal  motion  of  electrons  in  a  first  stage  and  then  enhance  the  reaction  in  a  latter  stage. 

FIG.23  shows  an  RF  power  density  versus  deposition  rate  characteristic.  Because  the  mean  free  path  of 
5  electrons  decreases  when  the  gas  pressure  is  increased,  it  is  impossible  to  enhance  the  decomposition  of 

the  gas  unless  the  magnetic  field  intensity  and  the  RF  power  density  are  respectively  set  to  high  values.  As 
may  be  seen  from  FIG.23,  in  the  case  where  the  magnetic  field  intensity  is  constant,  the  RF  power  density 
must  be  increased  by  an  amount  corresponding  to  an  amount  of  increase  of  the  gas  pressure. 

Therefore,  it  is  seen  that  the  magnetic  field  intensity  or  the  RF  power  density  must  be  set  to  a  value 
io  greater  than  a  predetermined  value  depending  on  the  gas  pressure,  since  the  gas  molecules  must  be 

excited  to  an  energy  level  greater  than  or  equal  to  an  activation  energy  level  at  which  the  film  deposition 
occurs.  In  other  words,  it  is  necessary  to  set  a  value  P  determined  by  (magnetic  field  intensity)x(RF  power 
density)/(gas  pressure)  to  a  value  which  is  proportional  to  the  activation  energy  level  at  which  the  deposition 
occurs  and  is  within  a  predetermined  range.  Concretely  speaking,  it  is  desirable  that  the  magnetic  field 

is  intensity  is  in  a  range  of  0,2  T  (200  Gauss)  to  1,5  T  (1500  Gauss),  the  RF  power  density  is  in  a  range  of  0.5 
W/cm2  to  2.0  W/cm2  and  the  gas  pressure  is  in  a  range  of  133  Pa  (1  Torr)  to  667  Pa  (5  Torr),  and  in  this 
case,  the  above  described  value  P  determined  from  the  magnetic  field  intensity,  the  RF  power  density  and 
the  gas  pressure  falls  in  a  range  of  20*10_+  T*  W/cm2*  133,3  Pa  to  3000*  10_+  T*  W/cm2*  133,3  Pa.  FIG.24 
shows  a  magnetic  field  intensity  versus  resistivity  characteristic,  and  as  may  be  seen  from  FIG.24,  the 

20  resistivity  is  small  and  is  in  the  order  of  20  u.n-cm  when  the  magnetic  field  intensity  is  set  to  a  value  over 
0.  2  T  (200  Gauss). 

Therefore,  according  to  the  present  embodiment  of  the  method,  it  is  possible  to  stably  control  the  film 
thickness  of  the  wiring  layer  which  is  formed  by  the  MPCVD,  and  form  an  extremely  thin  wiring  layer  having 
a  uniform  film  thickness. 

25  Next,  a  description  will  be  given  on  the  X-ray  diffraction  angle  versus  X-ray  intensity  characteristics  of 
aluminum  films  containing  carbon  formed  by  the  plasma  CVD  and  the  MPCVD,  respectively,  after  an 
annealing  process  is  carried  out.  FIGS.25A  and  25B  show  the  X-ray  diffraction  angle  versus  X-ray  intensity 
characteristics  of  aluminum  films  containing  carbon  formed  by  the  plasma  CVD  and  the  MPCVD,  respec- 
tively,  after  an  annealing  process  is  carried  out  at  500  °C  for  25  minutes.  The  intensity  of  the  magnetic  field 

30  applied  in  the  MPCVD  is  set  to  0,78  T  (780  Gauss)  for  the  case  shown  in  FIG.25B,  but  the  magnetic  field 
intensity  may  be  set  to  an  arbitrary  value  over  0,2  T  (200  Gauss). 

It  is  seen  from  FIG.25A  that  the  grains  of  the  aluminum  film  containing  carbon  formed  by  the  plasma 
CVD  are  oriented  generally  on  the  (111)  plane,  while  it  is  seen  from  FIG.25B  that  the  grains  of  the  aluminum 
film  containing  carbon  formed  by  the  MPCVD  are  generally  oriented  on  the  (200)  plane.  The  grain  size  of 

35  the  aluminum  film  containing  carbon  formed  by  the  MPCVD  is  60  nm  or  less  even  after  the  annealing 
process  is  carried  out,  and  is  considerably  small  compared  to  that  of  the  conventional  aluminum  film. 

As  described  before,  the  resistivity  of  the  aluminum  film  containing  carbon  formed  by  the  MPCVD  is 
small  compared  to  that  formed  by  the  plasma  CVD.  In  addition,  the  texture  of  the  aluminum  film  containing 
carbon  formed  by  the  MPCVD  is  fine  (dense)  compared  to  that  formed  by  the  plasma  CVD.  As  a  result,  the 

40  reliability  of  the  aluminum  film  containing  carbon  formed  by  the  MPCVD  is  high  compared  to  that  formed  by 
the  plasma  CVD. 

By  comparing  FIGS.25A  and  25B,  it  may  be  regarded  that  the  above  described  advantages  of  the 
aluminum  film  containing  carbon  formed  by  the  MPCVD  over  that  formed  by  the  plasma  CVD  are  brought 
about  by  the  grain  orientation  on  the  (200)  plane,  in  addition  to  the  fact  that  the  aluminum  film  contains 

45  carbon. 
Further,  the  present  invention  is  not  limited  to  these  embodiments,  but  various  variations  and  modifica- 

tions  may  be  made  without  departing  from  the  scope  of  the  present  invention  as  defined  by  the  claims. 

Claims 
50 

1.  A  semiconductor  device  comprising  a  first  layer  (11,  13;  28,  29;  42,  43;  46,  47,  49),  and  a  second  layer 
(14;33;41;48)  formed  on  said  first  layer  (11,  13;  28,  29;  42,  43;  46,  47,  49),  said  second  layer  (14;  33; 
41;  48)  being  a  thin  film  wiring  layer  made  of  aluminium  containing  at  least  carbon,  characterized  in  that 
in  said  second  layer  (14;  33;  41;  48)  the  grain  size  of  the  aluminium  containing  carbon  is  less  than  or 

55  equal  to  100  nm,  and  in  that  said  second  layer  (14;  33;  41;  48)  contains  30  atomic  percent  or  less  of 
carbon  in  a  state  where  carbon  is  chemically  bonded  to  aluminium. 

2.  A  semiconductor  device  as  claimed  in  claim  1  ,  characterized  in  that  said  first  layer  (1  1  ,46)  is  made  of 
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silicon  and  said  second  layer  (14;  48)  further  contains  silicon. 

3.  A  semiconductor  device  as  claimed  in  anyone  of  claims  1  and  2,  characterized  in  that  said  second 
layer  (14;  33;  41;  48)  contains  2  atomic  percent  or  less  of  silicon. 

5 
4.  A  semiconductor  device  as  claimed  in  anyone  of  claims  1  to  3,  characterized  in  that  there  are  further 

provided  a  third  layer  (42;  49)  made  of  a  metal  and  formed  on  said  second  layer  (41  ;  48),  and  a  fourth 
layer  (41  ;  48)  formed  on  said  third  layer  (42;  49),  said  fourth  layer  (41  ;  48)  being  a  thin  film  made  of 
aluminium  containing  carbon. 

10 
5.  A  semiconductor  device  as  claimed  in  claim  4,  characterized  in  that  said  third  layer  (42;  49)  is  made  of 

either  tungsten  or  titanium. 

6.  A  semiconductor  device  as  claimed  in  claim  4,  characterized  in  that  said  third  layer  (42;  49)  is  made  of 
is  aluminium  containing  carbon,  said  third  layer  (42;  49)  containing  an  atomic  percentage  of  carbon  small 

compared  to  atomic  percentages  of  carbon  contained  in  said  second  (41  ;  48)  and  fourth  layers  (41  ;  48). 

7.  A  semiconductor  device  as  claimed  in  anyone  of  claims  4  to  6,  characterized  in  that  said  second  layer 
(41;  48)  contains  an  atomic  percentage  of  carbon  greater  than  an  atomic  percentage  of  carbon 

20  contained  in  said  fourth  layer  (41  ;  48). 

8.  A  semiconductor  device  as  claimed  in  anyone  of  claims  4  to  7,  characterized  in  that  a  plurality  of  pairs 
of  said  third  layer  type  and  said  fourth  layer  type  are  provided  on  said  fourth  layer  (41)  in  alternate 
succession  so  that  each  third  layer  type  is  sandwiched  between  two  fourth  layer  types. 

25 
9.  A  semiconductor  device  as  claimed  in  anyone  of  claims  1  to  8,  characterized  in  that  the  grains  in  said 

second  layer  (14;  33;  41;  48)  are  generally  oriented  on  the  (200)  plane. 

10.  A  method  of  manufacturing  a  semiconductor  device  according  to  anyone  of  claims  1  to  9  by  forming  on 
30  a  first  layer  (11,  13;  28,  29;  42,  43;  46,  47,  49)  a  thin  film  second  layer  (14;  33;  41;  48),  said  method 

comprising  the  step  of  depositing  the  aluminium  containing  at  least  carbon  on  said  first  layer  (11,  13; 
28,  29;  42,  43;  46,  47,  49)  using  an  organometallic  gas  as  a  source  gas  said  organometallic  gas 
including  aluminium  as  the  metallic  component,  characterized  in  that  said  deposition  is  carried  out  by 
plasma-enhanced  chemical  vapor  deposition  at  a  temperature  less  than  a  pyrolysis  temperature  of  the 

35  organometallic  gas  so  as  to  form  the  thin  film  second  layer  (14;  33;  41;  48)  in  which  the  grain  size  of 
the  aluminium  containing  carbon  is  less  than  or  equal  to  100  nm;  and  in  that  the  method  further 
comprises  the  step  of  subjecting  said  first  (11,  13;  28,  29;  42,  43;  46,  47,  49)  and  second  (14;  33;  41; 
48)  layers  to  a  thermal  process  at  a  temperature  greater  than  or  equal  to  300  °  C. 

40  11.  A  method  as  claimed  in  claim  10,  characterized  in  that  said  step  of  depositing  aluminium  deposits 
aluminium  containing  silicon  in  addition  to  the  carbon. 

12.  A  method  as  claimed  in  claim  11,  characterzied  in  that  said  plasma-enhanced  chemical  vapor 
deposition  uses  a  gas  mixture  of  said  organometallic  gas  and  silane  gas. 

45 
13.  A  method  as  claimed  in  claim  12,  characterized  in  that  said  organometallic  gas  is  trimethyl  aluminium 

gas. 

14.  A  method  as  claimed  in  claim  12,  characterized  in  that  said  organometallic  gas  used  for  said  plasma- 
50  enhanced  chemical  vapor  deposition  is  diluted  by  hydrogen  gas  of  a  quantity  which  is  approximately  60 

times  that  of  said  organometallic  gas. 

15.  A  method  as  claimed  in  claim  13,  characterized  in  that  the  temperature  of  said  trimethyl  aluminium  gas 
is  below  15°  C. 

55 
16.  A  method  as  claimed  in  claim  10,  characterized  in  that  said  step  of  depositing  aluminium  employs  a 

magnetron-plasma  chemical  vapor  deposition  wherein  the  plasma-enhanced  chemical  vapor  deposition 
is  carried  out  on  said  first  layer  (11,  13;  28,  29;  42,  43;  46,  47,  49)  with  plasma  chemical  reaction 
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confined  locally  on  a  surface  of  said  first  layer  (11,  13;  28,  29;  42,  43;  46,  47,  49)  by  applying  a 
magnetic  field  (70). 

17.  A  method  as  claimed  in  claim  16,  characterized  in  that  magnetic  field  intensity  and/or  the  RF  power 
5  denisty  and/or  the  gas  pressure  are  selected  such  that  the  mean  free  path  of  electrons  in  the  plasma 

under  no  applied  magnetic  field  is  approximately  the  same  as  a  Lamor  radius  (re)  of  electrons  in  the 
plasma  under  the  applied  magnetic  field  (70). 

18.  A  method  as  claimed  in  claims  16  or  17,  characterized  in  that  the  magnetic  field  intensity  is  in  a  range 
w  of  2*10-2  T  (200  Gauss)  to  1  .5*  10_1  T  (1,500  Gauss),  the  RF  power  density  is  in  a  range  of  0.5*  10+ 

W/m2  to  2.0*  10+  W/m2  and  the  gas  pressure  is  in  a  range  of  133,3Pa  (1  Torr)  to  666,6  Pa  (5  Torr). 

19.  A  method  as  claimed  in  anyone  of  claims  16  to  18,  characterized  in  that  a  value  P  which  is  described 
as 

15 

20 

30 

35 

P  =  magnetic  field  intensitv(T)x  RF  power  density  CW/m2) 

gas  pressure  (Pa l )  

is  in  a  range  of 

T . W  

25  w  

(20  Gauss  *  W/cm2*  Torr)  to 

22.5 
T  «  W  

(3000  Gauss  'W/cm2*  Torr). 

20.  A  method  as  claimed  in  anyone  of  claims  16  to  19,  characterized  in  that  the  magnetic  field  (70)  is 
applied  over  said  first  layer  by  a  planar  magnetron  so  that  magnetic  lines  of  force  generated  thereby 
are  distributed  in  a  loop  above  said  first  layer  without  penetrating  said  first  layer. 

40  Patentanspruche 

1.  Halbleitervorrichtung  mit  einer  ersten  Schicht  (1  1  ,12;28,29;42,43;46,47,49)  und  einer  zweiten  Schicht 
(14;33;41  ;48),  die  auf  der  ersten  Schicht  ausgebildet  ist,  wobei  diese  zweite  Schicht  eine  Dunnfilm- 
Verdrahtungsschicht  aus  Aluminium  ist  und  wenigstens  Kohlenstoff  enthalt, 

45  gekennzeichnet  dadurch, 
da/S  in  dieser  zweiten  Schicht  (14;33;41  ;48)  die  Korngro/Se  des  Aluminiums,  das  Kohlenstoff  enthalt, 
kleiner  oder  gleich  100  nm  ist  und  da/S  in  dieser  zweiten  Schicht  (14;33;41  ;48)  30  Atom-%  oder  weniger 
Kohlenstoff  in  einem  solchen  Zustand  enthalten  ist,  in  dem  der  Kohlenstoff  chemisch  an  das  Aluminium 
gebunden  ist. 

50 
2.  Halbleitervorrichtung  nach  Anspruch  1  , 

gekennzeichnet  dadurch, 
da/S  die  erste  Schicht  (11,46)  aus  Silizium  besteht  und  die  zweite  Schicht  (14;48)  au/Serdem  Silizium 
enthalt. 

55 
3.  Halbleitervorrichtung  nach  einem  der  Anspruche  1  und  2, 

gekennzeichnet  dadurch, 
da/S  die  zweite  Schicht  (14;33;41  ;48)  2  Atom-%  oder  weniger  Silizium  enthalt. 

11 
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.  Halbleitervorrichtung  nach  einem  der  Anspruche  1  bis  3, 
gekennzeichnet  dadurch, 
da/S  desweiteren  eine  dritte  Schicht  (42;49)  vorgesehen  ist,  die  aus  Metall  besteht  und  auf  der  zweiten 
Schicht  (41;48)  ausgebildet  ist  und  daS  eine  vierte  Schicht  (41;48)  auf  dieser  dritten  Schicht  (42;49) 
ausgebildet  ist,  wobei  diese  vierte  Schicht  (41;48)  ein  Dunnfilm  aus  Aluminium  ist,  das  Kohlenstoff 
enthalt. 

.  Halbleitervorrichtung  nach  Anspruch  4, 
gekennzeichnet  dadurch, 
da/S  die  dritte  Schicht  (42;49)  aus  entweder  Wolfram  oder  Titan  besteht. 

.  Halbleitervorrichtung  nach  Anspruch  4, 
gekennzeichnet  dadurch, 
da/S  die  dritte  Schicht  (42;49)  aus  Aluminium  besteht,  das  Kohlenstoff  enthalt,  wobei  die  dritte  Schicht 
(42;49)  einen  Kohlenstoff-Atomprozentanteil  enthalt,  der  klein  gegenuber  den  Kohlenstoff-Atomprozent- 
anteilen  ist,  die  in  der  zweiten  Schicht  (41;48)  und  der  vierten  Schicht  (41;48)  enthalten  sind. 

.  Halbleitervorrichtung  nach  einem  der  Anspruche  1  bis  4, 
gekennzeichnet  dadurch, 
da/S  die  zweite  Schicht  (41;48)  einen  Kohlenstoff-Atomprozentanteil  enthalt,  der  gro/Ser  ist  als  der 
Kohlenstoff-Atomprozentanteil,  der  in  der  vierten  Schicht  (41;48)  enthalten  ist. 

.  Halbleitervorrichtung  nach  einem  der  Anspruche  4  bis  7, 
gekennzeichnet  dadurch, 
da/S  eine  Vielzahl  von  Paaren  des  Typs  der  dritten  Schicht  und  des  Typs  der  vierten  Schicht  auf  der 
vierten  Schicht  (41)  in  abwechselnder  Folge  vorgesehen  sind,  so  da/S  jede  Schicht  des  dritten  Typs 
sich  sandwichartig  zwischen  zwei  Schichten  des  vierten  Typs  befindet. 

.  Halbleitervorrichtung  nach  einem  der  Anspruche  1  bis  8, 
gekennzeichnet  dadurch, 
da/S  die  Korner  in  der  zweiten  Schicht  (14;33;41  ;48)  allgemein  auf  der  (200)  Ebene  orientiert  sind. 

0.  Verfahren  zur  Herstellung  einer  Halbleitervorrichtung  nach  einem  der  Anspruche  1  bis  9,  bei  dem  auf 
einer  ersten  Schicht  (1  1  ,13;28,29;42,43;46,47,49)  eine  zweite  Dunnfilmschicht  (14;33;41  ;48)  ausgebildet 
wird  und  dieses  Verfahren  den  Verfahrensschritt  umfa/St,  Aluminium,  das  wenigstens  Kohlenstoff 
enthalt,  auf  dieser  ersten  Schicht  (1  1  ,13;28,29;42,43;46,47,49)  abzuscheiden,  wobei  ein  organometalli- 
sches  Gas  als  Gasquelle  verwendet  wird  und  das  organometallische  Gas  Aluminium  als  metallische 
Komponente  enthalt, 
gekennzeichnet  dadurch, 
da/S  diese  Abscheidung  als  Plasma-unterstutzte  chemische  Dampfabscheidung  bei  einer  Temperatur 
unterhalb  der  Pyrolyse-Temperatur  des  organometallischen  Gases  derart  ausgefuhrt  wird,  da/S  sich  die 
zweite  Dunnfilmschicht  (14;33;41  ;48)  bildet,  in  der  die  Korngro/Se  des  Kohlenstoff-enthaltenden  Alumi- 
niums  kleiner  oder  gleich  100  nm  ist,  und  da/S  dieses  Verfahren  desweiteren  den  Verfahrensschritt 
einschlie/3t,  die  erste  Schicht  (1  1  ,13;28,29;42,43;46,47,49)  und  die  zweite  Schicht  (14;33;41  ;48)  einem 
thermischen  Proze/S  bei  einer  Temperatur  gro/Ser  oder  gleich  300  °C  zu  unterwerfen. 

1.  Verfahren  nach  Anspruch  10, 
gekennzeichnet  dadurch, 
da/S  der  Verfahrensschritt  des  Abscheidens  des  Aluminiums  einschlie/St,  Aluminium  abzuscheiden,  das 
Silizium  zusatzlich  zu  dem  Kohlenstoff  enthalt. 

2.  Verfahren  nach  Anspruch  1  1  , 
gekennzeichnet  dadurch, 
da/S  fur  die  Plasma-unterstutzte  chemische  Dampfabscheidung  eine  Gasmischung  aus  dem  organome- 
tallischen  Gas  und  Silan-Gas  verwendet  wird. 

3.  Verfahren  nach  Anspruch  12, 
gekennzeichnet  dadurch, 
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da/S  das  organometallische  Gas  Trimethylaluminium-Gas  ist. 

4.  Verfahren  nach  Anspruch  12, 
gekennzeichnet  dadurch, 
da/S  das  fur  die  Plasma-unterstutzte  chemische  Dampfabscheidung  verwendete  organometallische  Gas 
mit  Wasserstoffgas  in  einer  Menge  verdunnt  ist,  die  ungefahr  das  60-fache  des  organometallischen 
Gases  ist. 

5.  Verfahren  nach  Anspruch  13, 
gekennzeichnet  dadurch, 
da/S  die  Temperatur  des  Trimethylaluminium-Gases  unterhalb  15°  C  liegt. 

6.  Verfahren  nach  Anspruch  10, 
gekennzeichnet  dadurch, 
da/S  der  Verfahrensschritt  der  Plasma-unterstutzten  chemischen  Dampfabscheidung  des  Aluminiums 
mit  einem  Magnetron-Plasma  durchgefuhrt  wird,  wobei  die  Plasma-unterstutzte  chemische  Dampfab- 
scheidung  auf  der  ersten  Schicht  (1  1  ,13;28,29;42,43;46,47,49)  mit  Plasma-chemischer  Reaktion  ausge- 
fuhrt  wird,  wobei  mittels  eines  magnetischen  Feldes  (70)  eine  ortliche  Konzentrierung  auf  der  Oberfla- 
che  der  ersten  Schicht  (1  1  ,13;28,29;42,43;46,47,49)  bewirkt  wird. 

7.  Verfahren  nach  Anspruch  16, 
gekennzeichnet  dadurch, 
da/S  die  Intensitat  des  magnetischen  Feldes  und/oder  die  RF-Leitungsdichte  und/oder  der  Gasdruck 
derart  ausgewahlt  ist  (sind),  da/S  die  mittlere  freie  Weglange  der  Elektronen  in  dem  Plasma  unter 
magnetfeldfreier  Bedingung  ungefahr  die  gleiche  ist,  wie  der  Lamor-Radius  (re)  der  Elektronen  in  dem 
Plasma  unter  Einwirkung  des  uberlagerten  Magnetfeldes. 

8.  Verfahren  nach  Anspruch  16  oder  17, 
gekennzeichnet  dadurch, 
da/3  die  Intensitat  des  Magnetfeldes  im  Bereich  von  2  *  10-2  T  (200  Gauss)  bis  1,5  *  10_1  T  (1  500 
Gauss),  die  RF-Leistungsdichte  im  Bereich  von  0,5  *  10+  W/m2  bis  2,0  *  10+  W/m2  und  der  Gasdruck 
im  Bereich  von  133,3  Pa  (1  Torr)  bis  666,6  Pa  (5  Torr)  liegen. 

9.  Verfahren  nach  einem  der  Anspruche  16  bis  18, 
gekennzeichnet  dadurch, 
da/S  ein  Wert  P,  der  definiert  ist  als: 

M a g n e t f e l   d i n t e n s i   t a t   (T)  x  R F - L e i s t u n g s d i c h t e   (W/m2)  
P  =  - - -  

G a s d r u c k   ( P a )  

in  einem  Bereich  von 

T'W 
0 , 1 5  

P a ' m 2  

(20  Gauss  'W/cm2*  Torr)  bis 

T'W 
2 2 , 5  

Pa  'm2 

(3000  Gauss  'W/cm2*  Torr)  liegt. 

13 
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20.  Verfahren  nach  einem  der  Anspruche  16  bis  19, 
gekennzeichnet  dadurch, 
da/S  das  Magnetfeld  (70)  mittels  eines  Planar-Magnetrons  derart  uber  der  ersten  Schicht  erzeugt  wird, 
da/S  die  Kraftlinien  des  Magnetfeldes  in  einer  Schleife  uber  dieser  ersten  Schicht  verteilt  sind,  ohne  in 

5  die  erste  Schicht  einzudringen. 

Revendications 

1.  Dispositif  a  semiconducteur  comprenant  une  premiere  couche  (11,  13  ;  28,  29  ;  42,  43  ;  46,  47,  49)  et 
w  une  seconde  couche  (14  ;  33  ;  41  ;  48)  formee  sur  ladite  premiere  couche  (1  1  ,  13  ;  28,  29  ;  42,  43  ;  46, 

47,  49),  ladite  seconde  couche  (14  ;  33  ;  41  ;  48)  etant  une  couche  de  cablage  en  film  mince  constitute 
par  de  I'aluminium  qui  contient  au  moins  du  carbone,  caracterise  en  ce  que  dans  ladite  seconde 
couche  (14  ;  33  ;  41  ;  48)  la  taille  des  grains  de  I'aluminium  qui  contient  du  carbone  est  inferieure  ou 
egale  a  100  nm  et  en  ce  que  ladite  seconde  couche  (14  ;  33  ;  41  ;  48)  contient  un  pourcentage 

is  atomique  de  30  pour  cent  ou  moins  de  carbone  dans  un  etat  ou  le  carbone  est  chimiquement  lie  a 
I'aluminium. 

2.  Dispositif  a  semiconducteur  selon  la  revendication  1  ,  caracterise  en  ce  que  ladite  premiere  couche  (1  1  , 
46)  est  realisee  en  silicium  et  ladite  seconde  couche  (14  ;  48)  contient  en  outre  du  silicium. 

20 
3.  Dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  1  et  2,  caracterise  en  ce  que 

ladite  seconde  couche  (14  ;  33  ;  41  ;  48)  contient  en  pourcentage  atomique  de  2  pour  cent  ou  moins 
de  silicium. 

25  4.  Dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  1  a  3,  caracterise  en  ce  que 
sont  en  outre  prevues  une  troisieme  couche  (42  ;  49)  realisee  en  un  metal  et  formee  sur  ladite  seconde 
couche  (41  ;  48)  et  une  quatrieme  couche  (41  ;  48)  formee  sur  ladite  troisieme  couche  (42  ;  49),  ladite 
quatrieme  couche  (41  ;  48)  etant  un  film  mince  realise  en  un  aluminium  qui  contient  du  carbone. 

30  5.  Dispositif  a  semiconducteur  selon  la  revendication  4,  caracterise  en  ce  que  ladite  troisieme  couche  (42 
;  49)  est  realisee  soit  en  tungstene  soit  en  titane. 

6.  Dispositif  a  semiconducteur  selon  la  revendication  4,  caracterise  en  ce  que  ladite  troisieme  couche  (42 
;  49)  est  realisee  en  un  aluminium  qui  contient  du  carbone,  ladite  troisieme  couche  (42  ;  49)  contenant 

35  un  pourcentage  atomique  de  carbone  faible  par  comparaison  a  des  pourcentages  atomiques  de 
carbone  contenus  dans  lesdites  seconde  (41  ;  48)  et  quatrieme  (41  ;  48)  couches. 

7.  Dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  4  a  6,  caracterise  en  ce  que 
ladite  seconde  couche  (41  ;  48)  contient  un  pourcentage  atomique  de  carbone  superieur  a  un 

40  pourcentage  atomique  de  carbone  contenu  dans  ladite  quatrieme  couche  (41  ;  48). 

8.  Dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  4  a  7,  caracterise  en  ce  qu'une 
pluralite  de  paires  de  couches  du  type  troisieme  couche  et  du  type  quatrieme  couche  sont  prevues  sur 
ladite  quatrieme  couche  (41)  selon  une  succession  alternee  de  telle  sorte  que  chaque  type  troisieme 

45  couche  soit  pris  en  sandwich  entre  deux  types  quatrieme  couche. 

9.  Dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  1  a  8,  caracterise  en  ce  que  les 
grains  contenus  dans  ladite  seconde  couche  (14  ;  33  ;  41  ;  48)  sont  de  fagon  generale  orientes  suivant 
le  plan  (200). 

50 
10.  Procede  de  fabrication  d'un  dispositif  a  semiconducteur  selon  I'une  quelconque  des  revendications  1  a 

9  par  formation  sur  une  premiere  couche  (11,  13  ;  28,  29  ;  42,  43  ;  46,  47,  49)  d'une  seconde  couche 
en  film  mince  (14  ;  33  ;  41  ;  48),  ledit  procede  comprenant  I'etape  de  depot  de  I'aluminium  qui  contient 
au  moins  du  carbone  sur  ladite  premiere  couche  (11,  13  ;  28,  29  ;  42,  43  ;  46,  47,  49)  en  utilisant  un 

55  gaz  organometallique  en  tant  que  gaz  source,  ledit  gaz  organometallique  incluant  de  I'aluminium  en 
tant  que  composant  metallique,  caracterise  en  ce  que  ledit  depot  est  mis  en  oeuvre  au  moyen  d'un 
depot  chimique  en  phase  vapeur  assiste  plasma  a  une  temperature  inferieure  a  une  temperature  de 
pyrolyse  du  gaz  organometallique  de  maniere  a  former  la  seconde  couche  en  film  mince  (14  ;  33  ;  41  ; 

14 
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48)  dans  laquelle  la  taille  des  grains  de  I'aluminium  qui  contient  du  carbone  est  inferieure  ou  egale  a 
100  nm  ;  et  en  ce  que  le  procede  comprend  en  outre  I'etape  de  soumission  de  ladite  premiere  couche 
(11,  13  ;  28,  29  ;  42,  43  ;  46,  47,  49)  et  de  ladite  seconde  couche  (14  ;  31  ;  41  ;  48)  a  un  processus 
thermique  a  une  temperature  superieure  ou  egale  a  300°  C. 

5 
11.  Procede  selon  la  revendication  10,  caracterise  en  ce  que  ladite  etape  de  depot  d'aluminium  depose  de 

I'aluminium  qui  contient  du  silicium  en  plus  du  carbone. 

12.  Procede  selon  la  revendication  11,  caracterise  en  ce  que  ledit  depot  chimique  en  phase  vapeur  assiste 
io  plasma  utilise  un  melange  de  gaz  constitue  par  ledit  gaz  organometallique  et  par  du  gaz  silane. 

13.  Procede  selon  la  revendication  12,  caracterise  en  ce  que  ledit  gaz  organometallique  est  du  gaz 
trimethyl-aluminium. 

75  14.  Procede  selon  la  revendication  12,  caracterise  en  ce  que  ledit  gaz  organometallique  qui  est  utilise  pour 
ledit  depot  chimique  en  phase  vapeur  assiste  plasma  est  dilue  avec  du  gaz  hydrogene  selon  une 
quantite  qui  vaut  approximativement  60  fois  la  quantite  dudit  gaz  organometallique. 

15.  Procede  selon  la  revendication  13,  caracterise  en  ce  que  la  temperature  dudit  gaz  trimethyl-aluminium 
20  est  inferieure  a  15°  C. 

16.  Procede  selon  la  revendication  10,  caracterise  en  ce  que  ladite  etape  de  depot  d'aluminium  utilise  un 
depot  chimique  en  phase  vapeur  magnetron-plasma  dans  lequel  le  depot  chimique  en  phase  vapeur 
assiste  plasma  est  mis  en  oeuvre  sur  ladite  premiere  couche  (1  1  ,  13  ;  28,  29  ;  42,  43  ;  46,  47,  49)  avec 

25  une  reaction  chimique  plasma  confinee  localement  sur  une  surface  de  ladite  premiere  couche  (11,  13  ; 
28,  29  ;  42,  43  ;  46,  47,  49)  au  moyen  de  I'application  d'un  champ  magnetique  (70). 

17.  Procede  selon  la  revendication  16,  caracterise  en  ce  que  I'intensite  du  champ  magnetique  et/ou  la 
densite  de  puissance  radiofrequence  (RF)  et/ou  la  pression  du  gaz  sont  choisies  de  telle  sorte  que  le 

30  libre  parcours  moyen  des  electrons  dans  le  plasma  lorsqu'aucun  champ  magnetique  n'est  applique  soit 
approximativement  egal  a  un  rayon  Larmor  (re)  des  electrons  dans  le  plasma  lorsque  le  champ 
magnetique  (70)  est  applique. 

18.  Procede  selon  la  revendication  16  ou  17,  caracterise  en  ce  que  I'intensite  du  champ  magnetique 
35  s'inscrit  dans  une  plage  qui  va  de  2  x  10-2  T  (200  Gauss)  a  1,5  x  10_1  T  (1500  Gauss),  la  densite  de 

puissance  RF  s'inscrit  dans  une  plage  qui  va  de  0,5  x  10+  W/m2  a  2,0  x  10+  W/m2  et  la  pression  du 
gaz  s'inscrit  dans  une  plage  qui  va  de  133,3  Pa  (1  Torr)  a  666,6  Pa  (5  Torr). 

19.  Procede  selon  I'une  quelconque  des  revendications  16  a  18,  caracterise  en  ce  qu'une  valeur  P  qui  est 
40  decrite  comme  etant  definie  par  : 

intensity  du  champ  magnetique  (T)  x  densite  de  puissance  RF  (W/m2) 
P  =  _  

45 
pression  du  gaz  (Pa) 

s'inscrit  dans  une  plage  qui  va  de  0,15  T.W/Pa.m2  (20  Gauss.W/cm2.Torr)  a  22,5  T.W/Pa.m2  (3000 
Gauss.W/cm2.Torr). 

50 
20.  Procede  selon  I'une  quelconque  des  revendications  16  a  19,  caracterise  en  ce  que  le  champ 

magnetique  (70)  est  applique  sur  ladite  premiere  couche  au  moyen  d'un  magnetron  planar  de  telle 
sorte  que  des  lignes  de  force  magnetiques  ainsi  generees  soient  distributes  selon  une  boucle  au- 
dessus  de  ladite  premiere  couche  sans  penetrer  ladite  premiere  couche. 

55 
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