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Description 

The  present  invention  relates  to  a  magnetron 
type  sputtering  apparatus  for  forming  a  thin  film  on  a 
substrate. 

A  magnetron  type  sputtering  apparatus  has  been 
widely  used  as  a  method  of  forming  a  thin  film  such 
as  a  transparent  conductive  film  a  metal  film  or  an  in- 
sulating  film  on  a  substrate  such  as  a  glass  substrate. 
A  conventional  magnetron  type  sputtering  apparatus 
is  constructed  as  shown  in  Fig.  1  and  Fig.  2.  More 
specifically,  in  a  pressure  resistant  vessel  1,  a  sub- 
strate  S  to  be  covered  with  a  desired  film,  a  target  T 
opposed  to  the  substrate  S  under  the  substrate  S,  a 
magnet  M  disposed  under  the  target  T,  and  an  anode 
A  between  the  target  T  and  the  substrate  S  are  dis- 
posed.  The  magnet  M  is  provided  to  seal  a  plasma  by 
a  magnetic  field,  and  provided  with  an  S  pole  around 
an  N  pole  which  is  laterally  long.  The  anode  A  is 
formed  in  a  loop  shape  of  a  conductive  wire  material 
and  disposed  to  surround  the  outer  periphery  of  the 
substrate  S. 

This  sputtering  apparatus  generates  a  plasma  by 
supplying  a  discharge  current  between  a  cathode 
electrode  of  the  target  T  and  the  anode  A  and  sputters 
with  the  plasma.  The  plasma  is  confined  in  the  sur- 
face  of  the  target  by  a  magnetic  field  indicated  bylines 
f  of  magnetic  force  of  the  magnet  M.  The  target  T  is 
sputtered  by  the  plasma  confined  in  the  magnetic 
field  of  the  magnet  M,  and  the  sputter  particles  thus 
sputtered  are  flown  toward  the  substrate  S,  and  de- 
posited  on  the  surface  of  the  substrate  S.  As  a  result, 
the  target  T  is  cut  more  on  the  surface  in  the  portion 
having  higher  density  of  the  plasma  to  form  an  ero- 
sion  Ta.  Since  the  erosion  Ta  becomes  high  in  the 
density  of  the  plasma  on  the  surface  of  the  target  cor- 
responding  to  an  intermediate  point  between  the  S 
pole  and  the  N  pole  of  the  magnet  M,  the  erosion  Ta 
is  formed  in  a  ring  shape  on  the  surface  of  the  target 
T  corresponding  to  the  intermediate  point  between 
the  S  pole  and  the  N  pole  of  the  magnet  M,  and  deep- 
ened  as  the  sputtering  time  is  elapsed.  When  the 
sputtering  time  becomes  long  so  that  the  depth  of  the 
erosion  Ta  becomes  deep  to  arrive  at  the  lower  sur- 
face  of  the  target,  the  target  is  replaced. 

There  is  also  known  an  in-line  type  sputtering  ap- 
paratus  for  continuously  depositing  films  on  a  number 
of  substrates  to  enhance  the  efficiency  of  depositing 
the  films  as  a  sputtering  apparatus.  The  in-line  type 
sputtering  apparatus  is  constructed  schematically  as 
shown  in  Fig.  3.  More  particularly,  in  a  sputtering 
chamber  10,  an  inlet  chamber  12  is  bonded  to  the 
front  side  of  the  sputtering  chamber  10,  and  an  outlet 
chamber  13  is  bonded  to  the  rear  side  of  the  sputter- 
ing  chamber  10  through  airtight  doors  (not  shown).  A 
substrate  1S  to  be  formed  with  a  film  is  mounted  on 
a  substrate  carrier  (not  shown),  and  introduced  into 
the  inlet  chamber  12.  The  inlet  chamber  12  is  reduced 

under  pressure,  the  airtight  door  (not  shown)  is  then 
opened,  and  the  substrate  1  S  is  carried  into  the  sput- 
tering  chamber  10,  and  formed  with  a  film  by  sputter- 
ing  while  the  substrate  1S  is  moved  in  the  sputtering 

5  chamber  10.  Then,  the  airtight  door  (not  shown)  is 
opened,  the  substrate  1S  is  carried  into  a  pressure- 
reduced  outlet  chamber  13,  the  outlet  chamber  13  is 
returned  to  the  atmospheric  pressure,  and  the  sub- 
strate  carrier  is  then  delivered. 

10  A  heater  14  for  heating  the  substrate  1S  carried 
into  the  sputtering  chamber  1  0  is  provided  in  the  sput- 
tering  chamber  10,  and  a  film  forming  portion  17  is 
provided  at  the  rear  of  the  heater  14  (at  the  front  of 
the  substrate  1S  in  the  moving  direction).  The  film 

15  forming  portion  17  is  composed  of  a  target  1T  op- 
posed  to  the  film  forming  surface  of  the  substrate  1  S 
moving  in  the  sputtering  chamber  10,  a  magnet  (per- 
manent  magnet)  1  M  disposed  behind  the  target  1Tfor 
generating  a  magnetic  field  for  confining  a  plasma, 

20  and  an  anode  1  Amade  of  a  conductive  metal  wire  ma- 
terial  disposed  opposed  to  the  target  1T. 

When  a  metal  oxide  film  such  as,  for  example,  an 
ITO  is  formed  by  this  sputtering  apparatus,  argon  gas 
(Ar)  and  oxygen  gas  (02)  are  introduced  as  sputtering 

25  gases  into  the  sputtering  chamber  10,  a  sputtering  is 
conducted  by  the  target  1T  made  of  ITO  in  the  sput- 
tering  gas  atmosphere  to  form  an  ITO  on  the  film 
forming  surface  of  the  substrate  1  S.  The  substrate  1  S 
carried  into  the  sputtering  chamber  10  is  heated  to  a 

30  predetermined  temperature  (a  temperature  capable 
of  forming  a  film  by  sputtering)  in  the  step  of  passing 
the  heater  14  while  moving  the  substrate  1S  by  a  sub- 
strate  carrier,  and  formed  with  a  film  by  sputtering 
while  passing  a  film  forming  portion.  The  sputtering 

35  is  conducted  by  supplying  a  discharge  current  be- 
tween  a  cathode  electrode  of  the  target  1T  and  an 
anode  1A.  A  plasma  generated  by  supplying  the  dis- 
charge  current  is  confined  in  the  vicinity  of  the  sur- 
face  of  the  target  1T  by  a  magnetic  field  of  the  magnet 

40  1  M.  Sputtering  particles  sputtered  from  the  target  1T 
by  the  plasma  are  flown  toward  the  substrate  1  S,  and 
deposited  on  the  substrate  1S.  In  the  in-line  type 
sputtering  apparatus,  the  target  1T  is  also  cut  more, 
similarly  to  the  above-mentioned  sputtering  appara- 

45  tus  of  Figs.  1  and  2,  on  the  surface  in  the  higher  den- 
sity  of  the  plasma  as  the  sputtering  time  is  elapsed  to 
form  a  ring-shaped  erosion  1Ta  on  the  surface  of  the 
target  1T  corresponding  to  the  intermediate  point  be- 
tween  the  S-pole  and  the  N-pole  of  the  magnet  1M. 

so  The  erosion  1Ta  becomes  deep  as  the  sputtering  time 
becomes  long.  When  the  depth  of  the  erosion  1Ta 
reaches  the  lower  surface  of  the  target,  the  target  is 
replaced. 

In  order  to  replaced  the  target,  as  shown  in  Fig. 
55  4,  an  opening  10a  is  formed  at  the  sidewall  of  the 

sputtering  chamber  10.  The  target  1T  is  attached  to 
the  inner  surface  of  an  openable  door  11  made  of  a 
copper  plate  for  sealing  the  opening,  and  the  door  11 
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is  opened  when  the  target  1T  is  consumed  to  its  avail- 
able  limit  to  replace  the  target  1T. 

The  magnet  1M  is  attached  to  the  outer  surface 
of  the  door  11,  and  the  anode  1A  is  attached  to  an 
anode  supporting  member  1  5  provided  in  the  sputter- 
ing  chamber  though  an  insulating  member  16. 

The  sputtering  rates  (film  depositing  efficiency 
on  the  substrate  S,  1S)  of  the  sputtering  apparatuses 
described  above  are  determined  by  the  discharge 
current  supplied  between  the  target  T,  1T  and  the 
anode  A,  1  A.  The  larger  the  discharge  current  is  sup- 
plied,  the  higher  the  sputtering  rate  becomes. 

However,  in  the  conventional  sputtering  appara- 
tuses  described  above,  there  arises  a  problem  that  if 
the  discharge  current  is  increased,  a  discharging 
state  becomes  unstable.  Therefore,  it  was  difficult  to 
raise  the  sputtering  rate  by  increasing  the  discharge 
current  value. 

In  the  conventional  sputtering  apparatuses  de- 
scribed  above,  the  linear  anodes  A,  1  A  are  disposed 
to  surround  the  substrates  S,  1S.  Since  a  difference 
in  the  discharging  states  occurs  above  and  below  the 
anodes  A,  1  A  and/or  at  the  right  and  left  sides  of  the 
peripheries  of  the  anodes  A,  1A,  the  degrees  of  the 
progresses  of  the  erosions  Ta,  1Ta  of  the  targets  T,  1T 
become  irregular  as  shown  in  Fig.  1  when  the  sput- 
tering  is  repeated.  If  the  erosions  Ta,  1Ta  of  the  tar- 
gets  T,  1T  are  proceeded  to  the  depth  arriving  at  the 
lower  surfaces  of  the  target  T,  1  T  even  only  at  the  por- 
tions  of  the  targets  T,  1T,  though  the  target  material 
having  a  thickness  sufficiently  available  for  use  re- 
mains  under  the  erosions  Ta,  1Ta  of  the  other  portion, 
the  targets  T,  1T  become  impossible  to  be  used  at  this 
time.  Therefore,  the  above-described  conventional 
sputtering  apparatus  has  a  problem  in  which  the  util- 
ity  efficiency  of  the  target  A  is  deteriorated. 

In  the  conventional  sputtering  apparatuses  de- 
scribed  above,  the  target  1T  is  attached  to  the  inner 
surface  of  the  openable  door  11,  and  the  anode  1Ais 
mounted  in  the  sputtering  chamber  10.  Therefore,  it 
has  a  problem  that  regulation  of  the  position  of  the 
anode  1A  to  the  target  1T  is  very  difficult.  In  other 
words,  in  order  to  regulate  the  position  of  the  anode 
1Ato  the  target  1T,  the  steps  of  closing  the  openable 
door  11,  opposing  the  target  1T  on  the  inner  surface 
of  the  openable  door  11  to  the  anode  1  A  in  the  sput- 
tering  chamber  10,  opening  the  openable  door  of  the 
sidewall  of  opposite  side  to  the  sputtering  chamber 
10,  checking  the  position  of  the  anode  1A  from  the 
opening  of  the  opposite  side,  then  opening  the  open- 
able  door  11  ,  correcting  the  position  of  the  anode  1A, 
again  closing  the  openable  door  11  ,  and  checking  the 
position  of  the  anode  1A  after  correction  from  the 
opening  of  the  opposite  side  must  be  repeated.  Ac- 
cordingly,  the  above-mentioned  conventional  sput- 
tering  apparatus  has  a  problem  that  the  position  reg- 
ulating  work  of  the  anode  1  A  is  very  complicated  in  a 
low  efficiency. 

It  is  an  object  of  the  present  invention  to  provide 
a  sputtering  apparatus  which  can  solve  the  above- 
described  problems  and  produce  a  stable  and  uni- 
form  discharge  state  with  a  large  discharge  current, 

5  thereby  enhancing  a  sputtering  rate  and  forming  a 
film  in  high  efficiency. 

In  order  to  achieve  the  above-described  object, 
there  is  provided  according  to  the  present  invention  a 
sputtering  apparatus  comprising  a  pressure  resistant 

10  vessel;  means  connected  to  the  pressure  resistant 
vessel  for  discharging  gas  in  the  pressure  resistant 
vessel;  means  connected  to  the  pressure  resistant 
vessel  for  supplying  gas  for  sputtering  into  the  pres- 
sure  resistant  vessel;  a  substrate  disposed  in  the 

15  pressure  resistant  vessel  to  be  covered  with  a  film  at 
least  on  one  surface  thereof;  a  target  disposed  oppo- 
sitely  to  one  surface  of  the  substrate  in  the  pressure 
resistant  vessel  formed  of  a  substance  to  become  a 
material  of  the  film  to  be  coated  on  the  surface  of  the 

20  substrate;  a  magnet  provided  on  the  surface  of  said 
target  oppositely  to  the  substrate  for  generating  a 
magnetic  field  for  confining  a  plasma  in  the  vicinity  of 
the  surface  of  the  target  opposed  to  the  substrate;  a 
plate-shaped  anode  disposed  between  the  substrate 

25  and  the  target  to  be  formed  with  an  opening  of  the 
shape  in  which  at  least  one  side  is  larger  than  the  pro- 
file  of  the  substrate  at  a  position  opposed  to  the  sub- 
strate;  and  means  for  supplying  a  sputtering  current 
between  the  anode  and  the  target. 

30  According  to  the  sputtering  apparatus  of  the 
present  invention,  the  anode  is  formed  of  the  flat  plate 
made  of  the  conductive  material  having  the  opening 
larger  at  least  one  side  than  the  profile  of  the  sub- 
strate  to  be  formed  with  the  film.  Therefore,  even  if  a 

35  discharge  current  is  large,  a  stable  discharge  state  is 
obtained,  thereby  enhancing  the  sputtering  rate. 
Since  the  anode  has  the  opening  equal  to  the  plane 
which  is  perpendicular  to  the  target  and  passes 
through  the  intermediate  point  between  the  N-pole 

40  and  the  S-pole  of  the  magnet  or  at  the  outside  there- 
from  and/or  having  inner  edges  at  equal  distance 
from  the  plane,  the  discharge  states  of  the  portions 
of  the  target  become  substantially  equal  and  hence 
the  degrees  of  progress  of  the  erosions  of  the  target 

45  as  the  sputtering  time  is  elapsed  is  made  uniform, 
thereby  improving  the  utility  efficiency  of  the  target. 

This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

so  Fig.  1  is  a  sectional  view  showing  a  schematic  ar- 
rangement  of  a  conventional  batch  process  type 
sputtering  apparatus; 
Fig.  2  is  a  perspective  view  showing  an  essential 
arrangement  of  the  conventional  sputtering  ap- 

55  paratus  shown  in  Fig.  1  ; 
Fig.  3  is  a  perspective  view  showing  a  schematic 
arrangement  of  a  conventional  in-line  type  sput- 
tering  apparatus; 
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Fig.  4  is  a  perspective  view  showing  a  partial 
structure  of  a  conventional  sputtering  apparatus 
shown  in  Fig.  3; 
Fig.  5  is  a  sectional  view  showing  a  schematic  ar- 
rangement  of  a  first  embodiment  of  a  sputtering 
apparatus  according  to  the  present  invention; 
Fig.  6  is  a  perspective  view  showing  a  schematic 
arrangement  of  the  first  embodiment  shown  in 
Fig.  5; 
Fig.  7  is  a  perspective  view  showing  a  second 
embodiment  according  to  the  present  invention; 
Fig.  8  is  a  perspective  view  showing  an  essential 
portion  of  the  embodiment  shown  in  Fig.  7; 
Fig.  9  is  a  schematic  view  showing  the  arrange- 
ment  of  a  third  embodiment  of  a  sputtering  appa- 
ratus  according  to  the  present  invention; 
Fig.  10  is  a  perspective  view  showing  the  partial 
arrangement  of  the  third  embodiment  shown  in 
Fig.  9  in  detail; 
Fig.  11  is  a  sectional  view  showing  the  part  of  the 
structure  shown  in  Fig.  10; 
Fig.  12  is  a  sectional  view  taken  along  a  line  XII- 
XII  of  Fig.  11; 
Fig.  13  is  a  sectional  view  taken  along  a  line  XIII- 
XIII  of  Fig.  11; 
Fig.  14  is  a  perspective  view  showing  the  state 
that  the  anode  in  Fig.  10  is  released; 
Fig.  15  is  a  perspective  view  showing  the  part  of 
the  second  embodiment  shown  in  Fig.  10  in  de- 
tail; 
Fig.  16  is  a  perspective  view  showing  the  en- 
larged  essential  arrangement  of  Fig.  15;  and 
Fig.  17  is  a  perspective  view  showing  the  other 
embodiment  of  substrate  heating  means  shown 
in  Fig.  15. 
A  first  embodiment  of  the  present  invention  will 

now  be  described  in  detail  with  reference  to  Figs.  5 
and  6. 

In  Figs.  5  and  6,  a  magnet  (permanent  magnet) 
102  for  generating  a  magnetic  field  to  seal  a  plasma 
is  disposed  in  the  bottom  of  a  pressure  resistant  va- 
cuum  vessel  101.  A  loop-shaped  S-pole  surrounding 
an  N-pole  having  a  laterally  long  length  is  formed 
around  the  N-pole  in  the  magnet  102  in  such  a  man- 
ner  that  the  interval  between  the  N-pole  and  the  S-po- 
le  is  equal  in  the  entire  region.  A  target  1  03  is  disposed 
on  the  magnet  102.  A  substrate  104  is  made  of  glass 
or  the  like,  and  a  film  is  formed  on  the  substrate  104. 
The  substrate  1  04  is  disposed  oppositely  to  the  target 
103  above  the  target  103  in  the  upper  section  in  the 
vacuum  vessel  1  01  .  Adischarge  current  is  supplied  to 
an  anode  105,  which  is  formed  in  a  flat  plate  having 
an  opening  1  05a  for  passing  sputtering  particles.  The 
anode  105  is  disposed  horizontally  between  the  sub- 
strate  104  and  the  target  103.  The  opening  105a  of 
the  anode  105  is  larger  than  the  profile  of  the  sub- 
strate  104  and  has  an  inner  edge  coincident  with  or 
at  an  equal  distance  from  a  plane  x  perpendicular  to 

the  target  103  through  the  intermediate  point  be- 
tween  the  N-pole  and  the  S-pole  of  the  magnet  102 
(hereinafter  referred  to  as  "an  intermediate  point  of 
the  magnet").  In  this  embodiment,  the  area  of  the 

5  opening  1  05a  is  formed  to  be  slightly  larger  than  that 
of  the  region  surrounded  by  the  plane  x,  and  the 
anode  1  05  is  disposed  in  a  state  that  the  distance  be- 
tween  the  opening  edge  of  the  opening  105a  and  the 
plane  x  is  equal  over  the  entire  periphery  of  the  open- 

10  ing  105a.  In  other  words,  a  distance  6̂   between  the 
opening  edge  of  one  side  of  the  opening  105a  of  the 
anode  1  05  and  the  plane  1  and  a  distance  d2  between 
the  opening  edge  of  the  other  side  of  the  opening 
1  05a  and  the  plane  x  satisfies  6̂   =  d2.  In  this  embodi- 

15  ment,  the  opening  105a  of  the  anode  105  is  formed 
in  a  rectangular  shape  of  laterally  long  state,  while  the 
profile  of  the  magnet  102  is  formed  in  arcuate  shapes 
at  the  corners,  and  the  distances  between  the  four 
corners  of  the  opening  105a  and  the  plane  x  may  be 

20  formed  to  be  slightly  larger  than  the  distances  d  ̂ d2 
between  the  opening  edges  of  the  other  portions  and 
the  plane  x. 

The  sputtering  apparatus  holds  a  predetermined 
low  pressure  state  in  the  vacuum  vessel  by  evacuat- 

25  ing  the  vessel  from  a  discharge  valve  1  07  while  sup- 
plying  sputtering  gas  from  a  supply  valve  106  and  by 
supplying  a  discharge  current  from  a  power  source 
108  between  the  cathode  electrode  of  the  target  103 
and  the  anode  105  with  the  target  103  as  a  cathode 

30  electrode,  thereby  sputtering.  A  plasma  generated  by 
supplying  the  discharge  current  is  confined  on  the 
surface  of  the  target  1  03  by  the  magnetic  field  of  the 
magnet  102.  In  Fig.  5,  the  magnet  102  generates  lines 
f  of  magnetic  force.  Sputtering  particles  sputtered  by 

35  the  plasma  confined  by  the  magnetic  field  of  the  mag- 
net  102  are  flown  toward  the  substrate  104,  and  de- 
posited  on  the  substrate  104  through  the  opening 
1  05a  of  the  anode  1  05. 

In  the  sputtering  apparatus  as  described  above, 
40  the  anode  105  is  formed  in  a  flat  plate  shape  having 

the  opening  105a  for  passing  the  sputtering  particles. 
Therefore,  even  if  the  discharge  current  is  increased, 
the  discharge  state  is  stably  held.  Accordingly,  ac- 
cording  to  the  sputtering  apparatus,  the  sputtering 

45  rate  can  be  raised  by  increasing  the  discharge  current 
value.  Since  the  opening  105a  of  the  anode  105  is 
formed  in  the  area  larger  than  that  of  the  region  sur- 
rounded  by  the  perpendicular  plane  x  passing  the  in- 
termediate  point  of  the  magnet  and  the  distances  d^ 

so  d2  between  the  opening  edges  and  the  plane  x  are 
equal  over  the  entire  periphery  of  the  opening  105a 
as  described  above,  the  discharge  states  of  the  por- 
tions  of  the  target  103  become  substantially  equal. 
Therefore,  according  to  the  sputtering  apparatus  de- 

55  scribed  above,  the  degree  of  the  progress  of  the  ero- 
sion  103a  of  the  target  103  becomes  uniform  as  the 
sputtering  time  is  elapsed,  thereby  improving  the  util- 
ity  efficiency  of  the  target  1  03.  In  the  embodiment  de- 

4 
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scribed  above,  since  the  distances  between  the  four 
corners  of  the  opening  150a  of  the  anode  105  and  the 
perpendicular  plane  x  are  slightly  larger  than  the  dis- 
tances  di,  d2  between  the  opening  edges  of  the  other 
portions  and  the  plane  x,  the  degree  of  the  progress 
of  the  erosion  103a  of  the  target  portion  correspond- 
ing  to  the  portion  is  slightly  different  from  the  other 
portion,  but  the  progress  of  the  erosion  103a  of  this 
target  portion  is  delayed  from  that  of  the  erosion  1  03a 
of  the  other  portion  due  to  the  large  distance  between 
the  opening  edge  of  the  anode  105  and  the  plane  x 
passing  the  intermediate  point  of  the  magnet,  there 
arises  no  problem. 

In  the  first  embodiment  described  above,  the  S- 
pole  of  the  loop  shape  surrounding  the  N-pole  is 
formed  around  the  one  N-pole  in  the  magnet  102. 
However,  the  present  invention  is  not  limited  to  the 
particular  embodiment.  For  example,  when  the  num- 
bers  of  the  N-poles  and  S-poles  are  increased  and  a 
plurality  of  openings  105a  are  formed  corresponding- 
ly  at  the  anode  105,  the  sputtering  rate  can  be  raised 
with  the  same  discharge  current  value. 

Figs.  7  and  8  show  a  second  embodiment  of  the 
present  invention.  In  this  embodiment,  a  magnet  112 
for  confining  a  plasma  is  formed  with  two  parallel 
rows  of  N-poles  each  having  a  laterally  long  length 
and  with  8-shaped  S-poles  of  loop  shape  surrounding 
the  respective  N-poles  around  the  respective  N-poles 
in  such  a  manner  that  the  intervals  between  the  N-po- 
les  and  the  S-poles  are  equal  in  all  region.  Aflat  plate- 
shaped  anode  115  disposed  horizontally  between  a 
substrate  114  and  a  target  113  is  formed  with  two 
openings  115a  and  115b  corresponding  to  regions 
surrounded  by  a  plane  x2  perpendicular  to  the  target 
113  through  a  region  surrounded  by  a  plane  x̂   per- 
pendicular  to  the  target  113  through  the  intermediate 
point  (of  the  magnet)  between  the  one  N-pole  and  the 
S-pole  around  the  N-pole  of  the  magnet  112  and 
through  a  region  surrounded  by  a  plane  x2  perpendic- 
ular  to  the  target  113  through  the  intermediate  point 
(of  the  magnet)  between  the  other  N-pole  and  the  S- 
pole  around  the  N-pole  of  the  magnet  112.  The  two 
openings  115a  and  115b  respectively  coincide  with 
the  planes  x̂   and  x2,  or  have  inner  edges  at  the  pos- 
itions  of  equal  distance  from  the  planes  x̂   and  x2  to- 
ward  the  outside.  These  two  openings  11  5a  and  115b 
form  a  substantially  larger  one  opening  than  the  pro- 
file  of  the  substrate  114.  In  this  embodiment,  the  si- 
zes  of  the  openings  115a  and  115b  are  formed  to  be 
slightly  larger  than  those  of  the  regions  surrounded  by 
the  planes  x̂   and  x2.  The  anode  115  is  disposed  in  a 
state  that  the  distances  between  the  opening  edges 
of  the  openings  115a  and  115b  and  the  planes  x̂   x2 
are  equal  over  the  entire  peripheries  of  the  openings 
115a  and  115b.  In  other  words,  distances  d  ̂ d3  be- 
tween  the  opening  edges  of  one  sides  of  the  openings 
115a  and  115b  of  the  anode  115  and  the  planes  x  ̂ x2 
as  well  as  distances  d2,  d4  between  the  opening 

edges  of  the  other  sides  and  the  planes  x̂   ,  x2  satisfy 
di  =  d2  =  d3  =d4.  As  in  this  embodiment,  the  openings 
1  1  5a,  1  1  5b  of  the  anode  115  are  formed  in  rectangular 
shapes  each  having  a  laterally  long  length,  the  mag- 

5  net  112  is  formed  in  an  arcuate  shape  at  the  corners 
so  that  distances  between  the  four  corners  of  the 
openings  115a  and  115b  and  the  planes  x̂   x2  may  be 
formed  to  be  slightly  larger  than  the  distances  d  ̂ d2, 
d3,  d4  between  the  opening  edges  of  the  other  portion 

10  and  the  planes  x̂   x2.  In  Figs.  7  and  8,  the  members 
corresponding  to  those  in  Figs.  5  and  6  are  denoted 
by  the  same  reference  numerals,  and  the  description 
thereof  will  be  omitted. 

As  in  this  embodiment,  when  the  magnet  112  for 
15  confining  the  plasma  is  formed  with  two  rows  of  N-po- 

les  and  with  S-poles  around  the  respective  N-poles 
and  the  anode  115  is  formed  with  two  openings  115a 
and  115b  corresponding  to  two  regions  surrounded 
by  the  planes  x̂   x2  perpendicular  to  the  target 

20  through  the  two  intermediate  point  of  the  magnets 
112,  the  sputtering  rate  can  be  increased  by  about 
three  times  as  large  as  that  of  the  sputtering  appara- 
tus  shown  in  Figs.  5  and  6  by  the  same  discharge  cur- 
rent  value. 

25  Even  in  this  embodiment,  since  the  openings 
11  5a  and  11  5b  of  the  anode  11  5  are  formed  in  an  area 
larger  than  that  of  the  respective  regions  surrounded 
by  the  planes  x  ̂ x2  passing  the  two  intermediate 
points  of  the  magnet  112  and  the  distances  between 

30  the  opening  edges  of  the  openings  115a,  115b  and 
the  planes  x  ̂ x2  are  equal  over  the  entire  peripheries 
of  the  openings  115a  and  115b,  the  discharge  state 
can  be  stably  held  even  if  the  discharge  current  is  in- 
creased,  and  hence  the  sputtering  rate  can  be  raised 

35  by  increasing  the  discharge  current  value  similarly  to 
the  embodiment  described  above.  Further,  the  de- 
gree  of  progress  of  the  erosion  1  1  3a  of  the  target  113 
can  be  made  uniform  even  in  the  two  erosions  corre- 
sponding  to  the  two  poles  as  the  sputtering  time  is 

40  elapsed,  thereby  improving  the  utility  efficiency  of  the 
target  113. 

As  in  the  first  and  second  embodiments  descri- 
bed  above,  the  areas  of  the  openings  105a,  115a, 
1  1  5b  of  the  anodes  1  05,  1  1  5  may  be  formed  to  be  the 

45  same  as  those  of  the  regions  surrounded  by  the 
planes  x  ̂ x2.  In  summary,  the  openings  105a,  115a, 
115b  of  the  anodes  105,  115  may  be  formed  in  area 
larger  than  those  of  the  regions  surrounded  by  the 
planes  x  ̂ x2  and  the  distances  between  the  opening 

so  edges  and  the  planes  x,  x  ̂ x2  may  be  formed  to  be 
substantially  equal  over  the  entire  peripheries  of  the 
openings  105a,  115a,  115b.  When  the  areas  of  the 
openings  105a,  115a,  1  1  5b  are  formed  to  be  the  same 
as  those  of  the  regions  surrounded  by  the  planes  x, 

55  xl  x2,  the  distances  d1,d2,  d3,  d4  between  the  opening 
edges  and  the  planes  x,  x̂   x2  satisfy  6̂   =  d2  =  d3  = 
d4  =  0. 

In  the  first  and  second  embodiments  described 
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above,  the  openings  105a,  115a,  115b  of  the  anode 
115  are  formed  in  rectangular  shapes  each  having  a 
laterally  long  length.  However,  the  invention  is  not  lim- 
ited  to  the  particular  embodiments.  For  example,  the 
openings  105a,  115a,  115b  may  be  formed  to  be  sim- 
ilar  to  the  regions  surrounded  by  the  planes  x,  x  ̂ x2 
through  the  intermediate  point  of  the  magnets.  Thus, 
the  distances  between  the  opening  edges  of  the 
openings  105a,  115a,  115b  and  the  planes  x,  x̂   x2 
may  be  formed  to  be  equal  over  the  entire  peripheries 
of  the  openings,  and  the  degree  of  progress  of  the 
erosion  103a  of  the  target  103  may  be  uniform  in  the 
entire  region. 

A  third  embodiment  of  the  present  invention  ap- 
plied  to  an  in-line  type  sputtering  apparatus  will  be 
described  with  reference  to  Figs.  9  to  16. 

Fig.  9  shows  an  in-line  type  transparent  conduc- 
tive  film  forming  apparatus.  In  Fig.  9,  a  pressure  re- 
sistant  vessel  300  of  a  gastight  structure  is  parti- 
tioned  into  a  substrate  inlet  chamber  201a,  a  sputter- 
ing  chamber  201b,  and  a  substrate  outlet  chamber 
201c.  Door  valves  202a,  202b,  202c  and  202d  of  gas- 
tight  structures  are  respectively  provided  in  the  sub- 
strate  inlet  of  the  inlet  chamber  201  a,  the  boundaries 
of  the  chambers  201a,  201b  and  201c  and  the  sub- 
strate  outlet  of  the  outlet  chamber  201c.  Substrate 
conveyors  203a,  203b,  203c  are  respectively  provid- 
ed  in  the  chambers  201a,  201b  and  201  d.  Discharge 
units  204  are  respectively  connected  to  the  chambers 
201a,  201b  and  201c.  The  discharge  unit  204  has  a 
main  discharge  pump  104  such  as  a  turbo  pump,  a 
cryo-pump,  an  oil  diffusion  pump,  etc.  and  an  auxili- 
ary  pump  206  such  as  an  oil  rotary  pump,  etc.  Nitro- 
gen  gas  supply  tubes  207  and  208  for  supplying  nitro- 
gen  gas  N2  into  the  inlet  chamber  201a  and  the  outlet 
chamber  201c  are  respectively  connected  to  the 
chambers  201a  and  201c.  An  argon  gas  supply  tube 
209  for  supplying  gas  in  VIII  group  elements  of  the 
periodic  table  such  as  argon  gas  Ar  into  the  sputtering 
chamber  201  b  and  an  oxygen  gas  supply  tube  21  0  for 
supplying  oxygen  gas  are  connected  to  the  sputtering 
chamber  201b.  In  addition  to  the  argon  gas,  xenon 
gas,  neon  gas,  etc.  may  be  used  as  for  sputtering  a 
transparent  conductive  material.  A  flow  rate  controller 
211  for  controlling  the  supplying  flow  rate  of  the  argon 
gas  to  the  sputtering  chamber  201b  to  a  predeter- 
mined  value  is  provided  in  the  argon  gas  supply  tube 
209.  the  supplying  flow  rate  of  the  argon  gas  Arto  be 
supplied  from  the  argon  gas  supply  tube  209  to  the 
sputtering  chamber  201  b  is  always  held  at  a  predeter- 
mined  flow  rate  by  the  flow  rate  controller  21  1  .  Af  low 
rate  control  valve  212  is  provided  in  the  oxygen  gas 
supply  tube  210,  and  the  supplying  flow  rate  of  the 
oxygen  gas  02  to  be  supplied  from  the  oxygen  gas 
supply  tube  210  to  the  sputtering  chamber  201b  is 
controlled  by  the  flow  rate  control  valve  212. 

On  the  other  hand,  a  sampling  tube  213  for  intak- 
ing  atmospheric  gas  (mixture  gas  of  argon  gas  and 

oxygen  gas)  in  the  sputtering  chamber  201b  is  con- 
nected  to  the  sputtering  chamber  201  b,  and  an  ana- 
lyzer  214  for  analyzing  the  state  of  sputtering  gas 
such  as  oxygen  partial  pressure,  etc.,  in  the  sputter- 

5  ing  chamber  201  b  is  connected  to  the  sampling  tube 
213.  The  output  of  the  analyzer  214  is  input  to  a  con- 
troller  215,  thereby  controlling  a  flow  rate  control 
valve  212  provided  in  the  oxygen  gas  supply  tube  210 
to  supply  predetermined  amount  of  oxygen  gas. 

10  In  Fig.  9,  substrate  heaters  216a,  216b  and  a 
heater  217  shown  in  Figs.  15  and  16  are  provided  in 
the  inlet  chamber  201a  and  the  sputtering  chamber 
201  b.  A  target  218  formed  of  a  transparent  conductive 
material  such  as  ITO,  etc.,  made  of  oxide  and  an 

15  anode  219  disposed  at  a  position  opposed  to  the  tar- 
get  218  are  arranged  in  the  sputtering  chamber  201  b, 
and  a  power  source  220  for  supplying  a  sputtering 
current  is  connected  to  the  target  218  and  the  anode 
219. 

20  A  method  of  forming  a  transparent  conductive 
film  by  the  above-described  in-line  type  transparent 
conductive  film  forming  apparatus  will  be  described 
in  the  case  where  an  ITO  film  is  formed  on  the  surface 
of  a  glass  substrate  for  a  liquid  crystal  display  device. 

25  Before  a  process  for  forming  the  ITO  film,  a  target  21  8 
made  of  ITO  is  first  set  in  the  sputtering  chamber 
201b,  all  the  door  valves  202a,  202b,  202c  and  202d 
are  then  closed,  the  airs  in  the  chambers  201a,  201b 
and  201c  are  discharged  by  the  discharge  units  204 

30  to  evacuate  in  high  vacuum  the  respective  chambers 
201a,  201b,  and  210c.  Then,  nitrogen  gas  N2  is  then 
supplied  from  the  nitrogen  gas  supply  tube  207  into 
the  inlet  chamber  201  a,  the  internal  pressure  in  the  in- 
let  chamber  201a  is  set  to  the  same  pressure  as  the 

35  atmospheric  pressure,  the  door  valve  202a  of  the  inlet 
of  the  chamber  201a  is  then  opened,  and  the  glass 
substrate  222  secured  to  a  carrier  221  is  set  on  the 
substrate  conveyor  203a  in  the  inlet  chamber  201a. 
In  order  to  hold  in  the  inlet  chamber  201  a  with  the  ni- 

40  trogen  gas  atmosphere  during  the  conveying  work  of 
the  substrate  222  into  the  inlet  chamber  201a,  nitro- 
gen  gas  supply  from  the  nitrogen  gas  supply  tube  207 
is  continued.  Then,  after  the  door  valve  202a  is 
closed,  the  inlet  chamber  201a  is  evacuated  in  high 

45  vacuum  state  by  the  discharge  unit  204.  While  the  in- 
let  chamber  201a  is  evacuated  in  high  vacuum,  the 
substrate  222  is  heated  by  the  heater  21  6a.  When  the 
chamber  201a  becomes  a  predetermined  pressure 
(to  approx.  5x1  0"6Torr),  the  door  valve  202b  between 

so  the  inlet  chamber  201a  and  the  sputtering  chamber 
201b  is  opened,  the  substrate  222  in  the  chamber 
201a  is  fed  onto  the  substrate  conveyor  203  in  the 
sputtering  chamber  201  b,  and  the  door  valve  202b  is 
then  closed.  When  the  door  valve  201  b  is  closed,  next 

55  substrate  is  inserted  into  the  inlet  chamber  201a  sim- 
ilarly  to  the  above. 

On  the  other  hand,  when  the  substrate  222  is  fed 
into  the  sputtering  chamber  201b  and  the  door  valve 
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202b  is  closed,  the  argon  gas  Ar  and  the  oxygen  gas 
02  are  supplied  from  the  argon  gas  supply  tube  209 
and  the  oxygen  gas  supply  tube  210  into  the  sputter- 
ing  chamber  201b,  and  sputtering  atmospheric  gas  of 
the  mixture  gas  of  the  argon  gas  Ar  and  the  oxygen 
gas  02  is  filled  in  the  sputtering  chamber  201b.  The 
gas  pressure  of  the  sputtering  atmospheric  gas  is 
controlled  so  that  the  entire  pressure  becomes  1  to  20 
mTorr  by  continuing  the  gas  supply  from  the  argon 
gas  supply  tube  209  and  the  oxygen  gas  supply  tube 
210  and  continuously  discharging  the  atmospheric 
gas  in  the  sputtering  chamber  201  b  by  the  discharge 
unit  204.  In  the  meantime,  the  substrate  222  is  heated 
by  the  heater  216b.  When  the  atmospheric  gas  pres- 
sure  is  stabilized,  the  substrate  222  is  conveyed  at  a 
predetermined  speed  by  the  substrate  conveyor 
203b,  a  sputtering  current  is  simultaneously  supplied 
to  the  target  21  8,  thereby  starting  a  sputterdischarge. 

When  the  target  21  8  is  sputter  discharged  by  sup- 
plying  electric  energy  thereto,  the  ITO  sputtered  from 
the  target  218  is  sequentially  deposited  on  the  sur- 
face  of  the  substrate  222  passing  at  a  predetermined 
speed  underthetarget218toforman  ITO  film  having 
a  predetermined  thickness  on  the  substrate  222. 
When  the  substrate  222  completely  passes  under  the 
target  21  8,  the  sputter  discharge  is  stopped,  and  the 
supplies  of  the  argon  gas  Ar  and  the  oxygen  gas  02 
are  stopped  as  well.  Thereafter,  the  door  valve  202c 
between  the  sputtering  chamber  201b  and  the  outlet 
chamber  202c  is  opened,  the  ITO  film  forming  sub- 
strate  222  in  the  sputtering  chamber  201c  is  fed  on 
the  substrate  conveyor  203c  in  the  chamber  201c, 
and  the  door  valve  202c  is  closed.  On  the  other  hand, 
the  substrate  222  in  the  inlet  chamber  201a  is  fed  into 
the  sputtering  chamber  201b  by  opening  the  door 
valve  202b  between  the  inlet  chamber  201a  and  the 
sputtering  chamber  201b,  and  the  door  vale  202b  is 
then  closed.  When  the  door  valves  202b,  202c  are 
closed,  the  sputtering  chamber  201b  is  processed  to 
form  an  ITO  film  similarly  to  the  above,  the  ITO  film 
forming  substrate  222  fed  to  the  outlet  chamber  201c 
is  conveyed  out  by  supplying  the  nitrogen  gas  N2from 
the  nitrogen  gas  supply  tube  208  into  the  outlet  cham- 
ber  201c,  setting  the  internal  pressure  in  the  outlet 
chamber  201c  to  the  same  as  the  atmospheric  pres- 
sure,  and  then  opening  the  door  valve  202d.  The  door 
valve  202d  is  closed  after  the  substrate  222  is  re- 
moved,  and  then  the  outlet  chamber  201c  is  again 
evacuated  in  high  vacuum. 

In  the  sputtering  apparatus  of  Fig.  9  described 
above,  the  target,  the  anode,  etc.  to  be  disposed  in 
the  sputtering  chamber  201b  are  attached  as  below. 

In  Figs.  10  and  14,  an  opening  223  is  formed  at 
the  sidewall  of  the  sputtering  chamber  201b,  and  an 
openable  door  224  made  of  a  copper  plate  for  sealing 
the  opening  223  is  provided  at  the  sidewall.  The  target 
218  is  attached  to  the  inner  surface  of  the  openable 
door  224,  and  a  magnet  (permanent  magnet)  225  for 

generating  a  magnetic  field  for  confining  a  plasma  is 
attached  to  the  outer  surface  of  the  door  224.  An 
anode  21  9  of  a  frame  plate  shape  made  of  a  conduc- 
tive  metal  plate  is  disposed  oppositely  to  the  target 

5  218.  This  anode  219  is  supported  to  the  door  224  to 
be  adjustably  at  the  position  to  the  target  218  of  the 
inner  surface  of  the  door  224. 

The  supporting  structure  of  the  anode  219  to  the 
door  224  will  be  described.  A  pair  of  upper  and  lower 

10  hinge  members  225  are  attached  to  the  inner  surface 
of  the  door  224  so  as  to  be  capable  of  rotatably  attach- 
ing  the  anode  219,  the  hinge  members  226  are  dis- 
posed  so  that  its  hinge  shaft  sides  are  directed  toward 
the  sputtering  chamber  201  b,  and  the  stationary  side 

15  hinge  pieces  226a  are  clamped  at  the  door  224.  An 
anode  supporting  member  made  of  an  L-shaped  steel 
plate  (hereinafter  referred  to  as  "a  hinge  side  anode 
supporting  member")  227  is  attached  movably  in  up- 
ward  and  downward  directions  (longitudinal  direc- 

20  tions  of  the  target  218)  Y  and  in  rightward  and  left- 
ward  directions  (lateral  directions  of  the  target  215)  X 
to  the  outer  surface  of  the  movable  side  hinge  piece 
226b  of  the  hinge  member  226.  In  other  words,  the 
hinge  side  anode  supporting  member  227  is  clamped 

25  at  the  vertical  plate  portion  to  the  movable  side  hinge 
piece  226n  of  the  hinge  member  226  with  a  bolt  228, 
and  attached  to  the  movable  side  hinge  piece  226b. 
A  bolt  insertion  hole  229  opened  at  the  vertical  plate 
portion  of  the  hinge  side  anode  supporting  member 

30  2  27  is  formed,  as  shown  in  Figs.  11  and  12,  in  a  cir- 
cular  hole  having  a  diameter  sufficiently  larger  than 
that  of  the  shaft  portion  of  the  bolt  228,  and  the  hinge 
side  anode  supporting  member  227  is  regulated  mov- 
ably  in  the  upward  and  downward  directions  Y  and  the 

35  rightward  and  leftward  directions  X  at  a  gap  between 
the  bolt  insertion  hole  229  and  the  bolt  shaft  portion 
by  loosening  the  bolt  228. 

On  the  other  hand,  horizontally  bent  pieces  219a 
and  219b  bent  perpendicularly  to  the  surface  of  the 

40  anode  21  9  are  formed  at  the  upper  and  lower  edges 
of  one  side  of  the  anode  219  and  at  the  upper  and  low- 
er  edges  of  the  other  side  of  the  anode  219.  Bent 
pieces  230a  formed  at  the  upper  and  lower  edges  of 
one  side  of  the  anode  219  are  supported,  as  shown 

45  in  Fig.  11,  to  the  horizontal  plate  portion  of  the  hinge 
side  anode  supporting  member  227  through  an  insu- 
lation  porcelain  231,  and  clamped  fixedly  by  bolts 
232a,  232b.  In  other  words,  the  insulation  porcelains 
231  are  buried  with  nuts  231a,  231b  in  a  state  insu- 

50  lated  from  each  other  at  both  ends.  One  end  side  of 
the  porcelain  231  is  clamped  fixedly  at  the  horizontal 
plate  portion  of  the  hinge  side  anode  supporting 
member  227  with  a  bolt  232a,  and  the  bent  piece  21  9a 
of  the  anode  219  is  clamped  fixedly  at  the  other  end 

55  side  of  the  porcelain  231  with  a  bolt  232b.  A  bolt  in- 
sertion  hole  230  opened  at  the  bent  piece  219a  is 
formed  in  a  long  hole  as  shown  in  Figs.  1  1  and  1  3,  and 
the  anode  219  is  regulated  movably  in  the  forward 

7 
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and  reverse  directions  (in  a  direction  separate  from  or 
contact  with  the  target  218)  by  loosening  the  bolt 
232b.  In  this  embodiment  described  above,  a  bolt  in- 
sertion  hole  233  opened  at  the  horizontal  plate  por- 
tion  of  the  hinge  side  anode  supporting  member  227 
is  also  formed  in  along  hole  as  shown  in  Fig.  11.  Thus, 
the  anode  219  can  be  regulated  movably  in  forward 
and  reverse  directions  by  loosening  the  bolt  232a 
clamped  at  the  porcelain  231  to  the  hinge  side  anode 
supporting  member  227. 

Stationary  side  anode  supporting  members  235 
made  of  L-shaped  steel  plates  are  attached  movably 
in  forward  and  reverse  directions  to  the  bent  pieces 
219b  formed  at  the  upper  and  lower  edges  of  the  other 
side  of  the  anode  219  through  insulation  porcelains 
234.  The  porcelains  234  are  buried  similarly  to  the 
porcelains  231  described  above  in  a  state  insulated 
from  each  other  at  both  ends.  The  one  end  side  of  the 
porcelain  234  is  clamped  at  the  horizontal  plate  por- 
tion  of  the  stationary  side  anode  supporting  member 
235  with  a  bolt  236a,  and  the  bent  piece  219b  of  the 
anode  21  9  is  clamped  at  the  other  end  side  of  the  por- 
celain  234  with  a  bolt  236b.  The  stationary  side  anode 
supporting  member  235  is  clamped  at  the  openable 
door  224  at  the  vertical  plate  portion  with  a  bolt  237 
to  be  detachably  attached  to  the  openable  door  224, 
and  the  anode  21  9  is  supported  to  the  door  224  by  the 
stationary  side  anode  supporting  member  235,  the 
hinge  side  anode  supporting  member  227  and  a  hinge 
member  226.  In  Fig.  14,  an  engaging  hole  238  of  the 
bolt  237  for  clamping  the  vertical  plate  portion  of  the 
stationary  side  anode  supporting  member  235,  is  pro- 
vided  at  the  door  224  is  formed  at  the  door  224.  Bolt 
insertion  holes  (not  shown)  opened  at  the  horizontal 
plate  portions  of  the  bent  piece  219b  and  the  station- 
ary  side  anode  supporting  member  227  are  both 
formed  in  long  holes,  and  the  stationary  side  anode 
supporting  member  235  is  regulated  movably  in  for- 
ward  and  reverse  directions  Z  to  the  anode  219  by 
loosening  any  of  the  bolts  236a,  237a.  A  bolt  insertion 
hole  239  (Fig.  5)  opened  at  the  vertical  plate  portion 
of  the  stationary  side  anode  supporting  member  235 
is  formed  in  a  circular  shape  having  a  diameter  suffi- 
ciently  larger  than  that  of  the  shaft  portion  of  the  bolt 
237,  and  the  stationary  side  anode  supporting  mem- 
ber  235  is  regulated  movably  in  upward  and  down- 
ward  directions  Y  and  rightward  and  leftward  direc- 
tions  X  by  loosening  the  bolt  237. 

More  specifically,  the  anode  219  is  attached 
movably  in  upward  and  downward  directions  Y  and 
rightward  and  leftward  directions  X  to  the  movable 
side  hinge  piece  226b  of  the  hinge  member  226  for  se- 
curing  the  hinge  side  anode  supporting  member  227 
to  the  openable  door  224,  and  attached  movably  in 
the  upward  and  downward  directions  Y  and  rightward 
and  leftward  directions  X  at  the  stationary  side  anode 
supporting  member  235  to  the  door  224  to  regulate 
the  target  218  longitudinally  and  laterally.  Further,  the 

gap  to  the  target  218  can  be  regulated  by  relatively 
movably  regulating  the  hinge  side  anode  supporting 
member  227  and  the  stationary  side  anode  support- 
ing  member  235  relative  to  the  anode  219  in  forward 

5  and  reverse  directions  Z.  The  anode  219  can  be  ro- 
tated  separately  from  or  contact  with  the  door  224  as 
shown  in  Fig.  14  by  removing  the  bolt  237  for  clamp- 
ing  the  stationary  side  anode  supporting  member  235 
at  the  door  224  since  the  hinge  side  anode  supporting 

10  member  235  for  supporting  one  side  of  the  anode  219 
is  attached  to  the  door  224  through  the  hinge  member 
226. 

In  the  sputtering  apparatus  of  the  embodiment 
described  above,  the  anode  219  is  supported  to  be 

15  regulated  at  the  position  to  the  door  224  for  attaching 
the  target  218.  Accordingly,  the  position  of  the  anode 
219  can  be  regulated  in  longitudinal  directions  (Y  di- 
rections)  and  lateral  directions  (X  directions)  of  the 
target  218  in  directions  (Z  directions)  for  separating 

20  from  or  contact  with  the  target  21  8  in  the  state  that  the 
door  224  is  opened  as  shown  in  Fig.  10  while  directly 
checking  the  position  of  the  anode  219  to  the  target 
218.  Therefore,  the  position  of  the  anode  219  can  be 
readily  regulated  with  satisfactory  operability. 

25  In  the  sputtering  apparatus,  the  anode  219  is  ro- 
tated  to  be  separated  from  or  contact  with  the  door 
224.  Accordingly,  when  the  target  21  8  is  replaced,  the 
anode  219  can  be  retracted  to  the  position  not  for  dis- 
turbing  the  replacement  of  the  target  as  shown  in  Fig. 

30  14,  and  hence  the  anode  219  is  supported  to  the  door 
224  attached  with  the  target  21  8,  but  the  replacement 
of  the  target  218  can  be  also  facilitated. 

In  the  embodiment  described  above,  the  anode 
219  can  be  regulated  not  only  in  the  longitudinal  di- 

35  rections  (Y  directions)  and  the  lateral  directions  (X  di- 
rections)  of  the  target  21  8  but  in  the  direction  for  sep- 
arating  from  or  contact  with  the  target  218  (Z  direc- 
tions).  However,  the  factors  for  affecting  influences 
largely  to  the  discharge  state  are  the  positional  rela- 

40  tionship  between  the  erosion  239  generated  particu- 
larly  at  the  target  218  and  the  opening  edges  of  the 
anode  21  9,  and  the  change  of  the  discharge  state  due 
to  the  interval  between  the  target  218  and  the  anode 
21  9  can  be  regulated  by  controlling  the  discharge  cur- 

45  rent  flowing  between  the  target  218  to  become  the 
cathode  electrode  and  the  anode  219.  Therefore,  the 
anode  219  may  not  be  regulated  at  the  position  in  the 
directions  (Z  directions)  for  separating  from  or  con- 
tacting  with  the  target  218. 

so  In  the  embodiment  described  above,  the  anode 
219  is  supported  to  the  door  224  through  the  hinge 
side  anode  supporting  member  227  and  the  hinge 
member  226,  the  stationary  side  anode  supporting 
member  235.  However,  the  structure  in  which  the 

55  anode  21  9  is  supported  to  be  regulated  at  the  position 
to  the  door  224  is  not  limited  to  the  particular  embodi- 
ment,  but  an  arbitrary  mechanism  may  also  be  em- 
ployed. 

8 
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A  substrate  heater  is  provided  in  addition  to  the 
heater  in  the  sputtering  chamber  201  b  shown  in  Fig. 
9  described  above.  In  other  words,  as  shown  in  Figs. 
16  and  16,  the  sputtering  apparatus  has  means  for 
heating  the  substrate  222  during  film  forming  to  a  pre- 
determined  temperature.  More  specifically,  a  sub- 
strate  heater  241  for  heating  a  substrate  222  to  be 
formed  with  a  film  while  passing  a  film  forming  por- 
tion  240  is  provided  in  the  vicinity  of  the  anode  218  of 
the  film  forming  portion  240  in  the  sputtering  chamber 
201  b.  The  substrate  heater241  is  provided  around  an 
opening  for  passing  sputtering  particles  of  the  anode 
218  at  the  surface  of  the  anode  218  opposed  to  the 
substrate  222.  The  substrate  heater  241  may  be,  for 
example,  an  infrared  ray  heater,  and  is  connected  to 
a  heater  controller  (not  shown). 

The  sputtering  apparatus  is  provided  to  heat  the 
substrate  222  conveyed  in  the  sputtering  chamber 
201a  by  the  substrate  carrier  221  to  a  predetermined 
temperature  in  the  step  of  passing  the  heater  216a 
and  to  heat  the  substrate  222  to  the  predetermined 
temperature  in  case  of  passing  the  film  forming  por- 
tion  240.  Accordingly,  the  substrate  222  passing  the 
film  forming  portion  240  is  formed  with  a  film  by  sput- 
tering  while  heating  by  the  radiation  heat  from  the 
substrate  heater  241  provided  at  the  anode  21  9  of  the 
film  forming  portion  240. 

Therefore,  according  to  the  sputtering  apparatus 
described  above,  even  if  the  substrate  222  heated  by 
the  heater  216b  is  lowered  at  its  temperature  by  the 
radiation  of  the  heat  during  moving  to  the  film  forming 
portion  240,  the  substrate  222  can  be  heated  to  be 
raised  at  its  temperature  by  heating  it  by  the  substrate 
heater  241  at  the  film  forming  portion  240.  According- 
ly,  the  substrate  temperature  during  film  forming 
while  passing  the  film  forming  portion  240  can  be 
maintained  at  the  temperature  for  preferably  deposit- 
ing  sputtering  particles  to  form  a  film  of  high  quality 
on  the  substrate  by  controlling  the  temperature  of  the 
substrate  heater  241  . 

In  the  embodiment  described  above,  the  sub- 
strate  heater  241  of  the  film  forming  portion  240  is 
provided  on  the  surface  of  the  anode  219  opposed  to 
the  substrate  222.  However,  the  invention  is  not  lim- 
ited  to  the  particular  embodiment.  For  example,  the 
substrate  heater  241  may  be  provided  between  the 
anode  219  and  the  substrate  222. 

In  the  embodiment  described  above,  the  sub- 
strate  heater  241  for  heating  the  substrate  222  during 
film  forming  is  provided  in  the  film  forming  portion 
240.  However,  the  substrate  heater  241  may  also  be 
provided  to  be  moved  together  with  the  substrate  222, 
and  the  structure  will  be  shown  in  Fig.  17. 

This  substrate  heating  means  has  a  substrate 
heater  242  provided  on  a  substrate  carrier  221  for 
conveying  a  substrate  222  for  heating  a  substrate  222 
during  film  forming.  The  substrate  carrier  221  is 
formed  with  a  substrate  holding  recess  245  for  hold- 

ing  to  contain  the  substrate  222  in  a  carrier  body  244 
having  wheels  243  running  on  rails  (not  shown),  and 
the  two  substrate  242  is  provided  in  the  deep  bottom 
of  the  recess  245.  In  this  embodiment,  two  film  form- 

5  ing  substrates  A  are  held  back-to-back  on  the  sub- 
strate  carrier  221  and  films  are  simultaneously 
formed  on  the  two  substrates  222  in  a  sputtering  ap- 
paratus.  The  substrate  carrier  221  is  formed  with  the 
substrate  holding  recesses  345  on  both  side  surfaces 

10  of  the  carrier  body  224,  and  the  substrate  heaters  242 
are  respectively  provided  in  the  deep  bottoms  of  both 
the  recesses  245,  or  buried  in  the  bottom  walls  of  both 
the  recesses  245  (in  the  partition  walls  for  partitioning 
the  recesses  245)  to  be  held  in  the  recesses  245  to 

15  commonly  heat  the  two  substrate  222  held  in  the  re- 
cesses  245.  The  substrate  heater  242  is  connected, 
for  example,  to  a  heater  controller  through  a  reel- 
wound  cable  (not  shown)  fed  out  or  wound  as  the  sub- 
strate  carrier  221  is  moved. 

20  More  specifically,  in  the  embodiment  described 
above,  the  substrate  heater  242  is  provided  in  the 
substrate  carrier  221  for  conveying  the  substrate  222 
to  heat  the  substrate  221  during  film  forming.  Accord- 
ing  to  the  embodiment,  since  the  substrate  222  con- 

25  veyed  by  the  substrate  carrier  221  can  be  always 
heated  to  a  predetermined  temperature  during  con- 
veying,  the  substrate  temperature  can  be  maintained 
at  the  temperature  for  preferably  depositing  the  sput- 
tering  particles  on  the  substrate  during  film  forming  to 

30  form  a  film  of  high  quality.  According  to  the  substrate 
heating  means  of  Fig.  17,  the  heater  21  6b  provided  in 
the  sputtering  chamber  201b  of  the  sputtering  appa- 
ratus  shown  in  Fig.  15  can  be  eliminated. 

35 
Claims 

1.  A  sputtering  apparatus,  comprising:  a  pressure 
resistant  vessel  (101,  201);  means  (107,  204), 

40  connected  to  said  pressure  resistant  vessel,  for 
discharging  gas  in  said  pressure  resistant  vessel; 
means  (106,  209  and  210),  connected  to  said 
pressure  resistant  vessel,  for  supplying  gas  for 
sputtering  into  said  pressure  resistant  vessel;  a 

45  substrate  (104,  114,  222)  disposed  in  said  pres- 
sure  resistant  vessel  to  be  covered  with  a  film  at 
least  on  one  surface  thereof;  a  target  (103,  113, 
218)  disposed  oppositely  to  one  surface  of  said 
substrate  in  said  pressure  resistant  vessel 

so  formed  of  a  substance  to  become  a  material  of  the 
film  to  be  coated  on  the  surface  of  said  substrate; 
a  magnet  (102,  112)  provided  on  the  surface  of 
said  target  oppositely  to  said  substrate  for  gener- 
ating  a  magnetic  field  for  confining  a  plasma  in 

55  the  vicinity  of  the  surface  of  said  target  opposed 
to  said  substrate;  an  anode  (105,  115,  219)  dis- 
posed  between  said  substrate  and  said  target  at 
a  position  opposed  to  said  substrate;  and  means 

9 
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(108,  220)  for  supplying  a  sputtering  current  be- 
tween  said  anode  and  said  target;  characterized 
in  that 

said  anode  (105,  115,  214)  is  a  plate  of  a 
conductor  formed  with  an  opening  (105a,  115a 
and  115b)  of  a  shape  in  which  at  least  one  side 
thereof  is  larger  than  the  profile  of  said  substrate 
(104,  114,  222)  at  a  position  opposed  to  said  sub- 
strate. 

2.  A  sputtering  apparatus  according  to  claim  1, 
characterized  in  that  said  anode  (105)  is  formed 
with  an  opening  (105a)  having  an  inner  edge  dis- 
posed  to  be  coincident  with  a  plane  which  is  per- 
pendicular  to  said  target  (103)  and  passes 
through  an  intermediate  point  between  the  S-po- 
le  and  the  N-pole  of  said  magnet  (102)  or  at  the 
outside  therefrom. 

3.  A  sputtering  apparatus  according  to  claim  2, 
characterized  in  that  said  anode  (105,  115,  219) 
is  formed  with  an  opening  (105a,  115a  and  115b) 
having  inner  edges  disposed  substantially  at 
equal  distances  from  a  plane  which  is  perpendic- 
ular  to  said  target  (103,  113,  218)  and  passes 
through  an  intermediate  point  between  the  S-po- 
le  and  the  N-pole  of  said  magnet. 

4.  A  sputtering  apparatus  according  to  claim  1, 
characterized  in  that  said  magnet  (112)  is  formed 
with  a  plurality  of  pairs  of  poles  of  S-poles  and  N- 
poles;  and 

said  anode  (115)  is  formed  with  a  plurality 
of  openings  (115a,  115b)  corresponding  to  the 
number  of  the  pairs  of  said  poles. 

5.  A  sputtering  apparatus  according  to  claim  4, 
characterized  in  that  said  magnet  (112)  has  two 
pairs  of  poles;  and 

said  anode  (115)  has  two  openings  (115a, 
115b). 

6.  A  sputtering  apparatus  according  to  claim  1, 
characterized  by  further  comprising: 

an  inlet  chamber  (201a)  connected  with  an 
inert  gas  supply  source  (207)  and  a  vacuum 
pump  (205,  206)  for  discharging  gas  in  a  vessel 
to  reduce  pressure  thereof,  formed  of  a  pressure 
resistant  vessel  (201)  provided  with  a  sealable  in- 
let  door  (202a)  and  a  door  (202b)  between  inlet 
chambers  (201a)  to  be  connected  to  said  film 
forming  chamber  (201b)  for  conveying  a  sub- 
strate  (222)  to  be  covered  with  a  predetermined 
film  on  a  surface  thereof  through  said  inlet  door; 

an  outlet  chamber  (201c)  connected  to 
said  film  forming  chamber  (201  b)  through  a  door 
(202c)  between  said  film  forming  chamber  (201  b) 
and  sealable  with  said  outlet  side  chamber 

(201c),  connected  with  an  inert  gas  supply  source 
(208)  and  a  vacuum  pump  (205,  206)  for  dis- 
charging  gas  in  said  vessel  to  reduce  pressure 
thereof,  formed  of  a  pressure  resistant  vessel 

5  (201)  provided  with  a  sealable  outlet  door  (202d) 
for  conveying  out  the  substrate  (222)  coated  with 
the  predetermined  film  by  returning  the  pressure 
in  said  vessel  to  the  normal  pressure  through  the 
outlet  door;  and 

10  conveying  means  (203a,  203b,  203c)  for 
moving  said  substrate  (222)  from  said  inlet  cham- 
ber  (201a)  through  said  film  forming  chamber 
(201b)  to  said  outlet  chamber  (201c). 

15  7.  A  sputtering  apparatus  according  to  claim  6, 
characterized  in  that  said  conveying  means 
(203a,  203b,  203c)  has  a  holder  (221)  for  holding 
two  substrates  (222)  on  opposed  surfaces;  and 

said  target  (21  8)  and  said  anode  (21  9)  are 
20  respectively  disposed  at  both  sides  of  said  holder 

(221)  to  oppose  to  the  respective  substrates. 

8.  A  sputtering  apparatus  according  to  claim  6, 
characterized  by  further  comprising: 

25  a  door  (224)  provided  on  said  film  forming 
chamber  (201  b)  for  shutting  off  said  film  forming 
chamber  from  the  atmosphere  and  attached  with 
said  target  (218);  and 

clamping  means  (226,  235)  for  clamping 
30  said  anode  (219)  at  said  door  (224)  to  be  regulat- 

ed  at  the  position  thereof. 

9.  A  sputtering  apparatus  according  to  claim  6, 
characterized  by  further  comprising: 

35  means  (241)  for  heating  said  substrate 
(222)  during  film  forming. 

10.  A  sputtering  apparatus  according  to  claim  6, 
characterized  in  that  said  heating  means  (241)  is 

40  a  heater  disposed  in  the  vicinity  of  the  surface  of 
said  anode  (219)  provided  in  said  film  forming 
chamber  (201b)  oppositely  to  said  substrate 
(222). 

45 
Patentanspruche 

1.  Ein  Zerstaubungsgerat,  enthaltend:  einen  druck- 
festen  Behalter  (101,  201);  mit  dem  druckfesten 

so  Behalter  verbundene  Einrichtungen  (107,  204), 
urn  Gas  in  den  druckfesten  Behalter  abzugeben; 
mit  dem  druckfesten  Behalter  verbundene  Ein- 
richtungen  (106,  109  und  210),  urn  Gas  fur  die 
Zerstaubung  in  den  druckfesten  Behalter  zu  lei- 

55  ten;  ein  im  druckfesten  Behalter  angebrachtes 
Substrat  (104,  114,  222),  urn  mit  einem  Film  zu- 
mindest  auf  einer  Seite  beschichtet  zu  werden; 
ein  Target  (103,  113,  218),  das  entgegengesetzt 

10 
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zu  einer  Oberflache  des  Substrates  im  druckfe- 
sten  Behalter  angebracht  1st  und  aus  elner  Sub- 
stanz  besteht,  die  zum  Material  des  Filmes  wird, 
mit  dem  die  Oberflache  des  Substrates  uberzo- 
gen  werden  soil;  einen  Magneten  (102,  112),  an  5 
der  Oberflache  des  Targets  gegenuber  dem  Sub- 
strat  zur  Erzeugung  eines  Magnetfeldes  zum 
Einschlielien  eines  Plasmas  in  Nahe  derOberfla- 
che  des  Targets  gegenuber  dem  Substrat;  eine 
Anode  (105,  115,  219),  die  zwischen  dem  Sub-  10 
strat  und  dem  Target  an  einer  Stelle  angeordnet 
ist,  die  dem  Substrat  gegenuberliegt;  und  Ein- 
richtungen  (108,  220),  urn  einen  Zerstaubungs- 
strom  zwischen  der  Anode  und  dem  Target  anzu- 
legen;  dadurch  gekennzeichnet,  dali  die  Anode  15 
(105,  115,  214)  eine  Leiterplatte  ist,  an  einer  Stel- 
le,  die  sich  gegenuber  dem  Substrat  bef  indet,  die 
eine  Offnung  (105a,  115a,  115b)  aufweist,  von 
derwenigstens  eine  Seite  grolier  ist  als  das  Prof  il 
des  Substrates  (104,  114,  222).  20 

2.  Ein  Zerstaubungsgerat  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  dali  in  der  Anode  (1  05)  ei- 
ne  Offnung  (105a)  ausgebildet  ist,  die  einen  In- 
nenrand  hat,  der  so  angebracht  ist,  dali  er  mit  ei-  25 
ner  Ebene  ubereinstimmt,  die  senkrecht  zum  Tar- 
get  (103)  steht  und  durch  einen  intermediaren 
Punkt  zwischen  Sudpol  und  Nordpol  des  Magne- 
ten  (102)  lauft,  oder  aulierhalb  davon  liegt. 

30 
3.  Ein  Zerstaubungsgerat  nach  Anspruch  2,  da- 

durch  gekennzeichnet,  dali  in  der  Anode  (105, 
115,  219)  eine  Offnung  (105a,  115a,  115b)  aus- 
gebildet  ist,  die  Innenrander  hat,  die  im  wesent- 
lichen  in  gleichen  Abstanden  von  einer  Ebene  an-  35 
geordnet  sind,  die  senkrecht  zum  Target  (103, 
113,  218)  steht  und  einen  intermediaren  Punkt 
zwischen  dem  Sudpol  und  dem  Nordpol  des  Ma- 
gneten  schneidet. 

40 
4.  Ein  Zerstaubungsgerat  nach  Anspruch  1,  da- 

durch  gekennzeichnet,  dali  der  Magnet  (112)  aus 
einer  Vielzahl  von  Polpaaren  aus  Sud-  und  Nord- 
polen  ausgebildet  ist  und  in  der  Anode  (115)  eine 
Vielzahl  von  Offnungen  (115a,  115b)  ausgebildet  45 
sind,  die  der  Anzahl  der  Polpaare  entsprechen. 

5.  Ein  Zerstaubungsgerat  nach  Anspruch  4,  da- 
durch  gekennzeichnet,  dali  der  Magnet  (112) 
zwei  Polpaare  hat,  und  die  Anode  (115)  zwei  Off-  so 
nungen  (115a,  115b)  hat. 

6.  Ein  Zerstaubungsgerat  nach  Anspruch  1,  ge- 
kennzeichnet  dadurch,  dali  es  weiterhin  enthalt: 

eine  Einlalikammer  (201a),  verbunden  mit 
einer  Inertgas-Versorgungsquelle  (207)  und  ei- 
ner  Vakuumpumpe  (205,  206),  urn  Gas  in  einem 
Behalter  zu  entladen  und  dadurch  den  Druck  zu 

reduzieren,  bestehend  aus  einem  druckfesten 
Behalter  (201),  der  mit  einer  verschlielibaren  Ein- 
lalitur  (202a)  ausgestattet  ist,  und  einer  Tur 
(202b)  zwischen  den  Einlalikammern  (201a),  die 

5  mit  der  Filmaufbringungskammer  (201  b)  verbun- 
den  sind,  urn  ein  Substrat  (222),  das  mit  einem 
vorgegebenen  Film  auf  der  Oberflache  beschich- 
tet  werden  soil,  durch  die  Einlalitur  zu  transpor- 
tieren; 

10  eine  Auslalikammer  (201c),  verbunden  mit 
der  Filmaufbringungskammer  (201b)  durch  eine 
Tur  (202c)  zwischen  der  Filmaufbringungskam- 
mer  (201  b)  und  verschlielibar  mit  der  Auslalikam- 
mer  (201  c),  verbunden  mit  einer  Inertgas-Versor- 

15  gungsquelle  (208)  und  einer  Vakuumpumpe  (205, 
206),  urn  Gas  im  Behalter  zu  entladen  und  da- 
durch  den  Druck  zu  reduzieren,  bestehend  aus 
einem  druckfesten  Behalter  (201),  der  mit  einer 
verschlielibaren  Auslalitur  (202d)  versehen  ist, 

20  urn  das  Substrat  (222),  das  mit  dem  vorgegebe- 
nen  Film  beschichtet  ist,  durch  Wiederherstellen 
des  Druckes  im  Behalter  auf  Normaldruck,  durch 
die  Auslalitur  herauszutranportieren;  und  Trans- 
porteinrichtungen  (203a,  203b,  203c),  urn  das 

25  Substrat  (222)  von  der  Einlalikammer  (201a) 
durch  die  Filmaufbringungskammer  (201b)  zur 
Auslalikammer  (201c)  zu  bewegen. 

7.  Ein  Zerstaubungsgerat  nach  Anspruch  6,  da- 
30  durch  gekennzeichnet,  dali  die  Transporteinrich- 

tung  (203a,  203b,  203c)  einen  Halter  (221)  hat, 
urn  zwei  Substrate  (222)  auf  gegenuberliegen- 
den  Seiten  zu  halten;  und 

dali  das  Target  (218)  und  die  Anode  (219) 
35  jeweils  an  beiden  Seiten  des  Halters  (221)  befe- 

stigt  sind,  urn  den  jeweiligen  Substraten  gegen- 
uberzuliegen. 

8.  Ein  Zerstaubungsgerat  nach  Anspruch  6,  da- 
40  durch  gekennzeichnet,  dali  es  weiterhin  enthalt: 

eine  Tur  (224),  an  der  das  Target  (21  8)  be- 
festigt  ist,  und  die  an  der  Filmaufbringungskam- 
mer  (201b)  vorgesehen  ist,  urn  die  Filmaufbrin- 
gungskammer  von  der  Atmosphare  abzuschlie- 

45  lien;  und 
Spanneinrichtungen  (226,  235),  urn  die 

Anode  (219)  an  derTur(224)festzuspannen,  urn 
dadurch  in  ihrer  Position  reguliert  zu  werden. 

so  9.  Ein  Zerstaubungsgerat  nach  Anspruch  6,  da- 
durch  gekennzeichnet,  dali  es  weiterhin  enthalt: 

eine  Einrichtung  (241)  zum  Erhitzen  des 
Substrates  (222)  wahrend  der  Filmaufbringung. 

55  10.  Ein  Zerstaubungsgerat  nach  Anspruch  6,  da- 
durch  gekennzeichnet,  dali  die  Erhitzeinrichtung 
(241)  ein  Erhitzer  ist,  der  in  Nahe  der  Oberflache 
der  Anode  (219)  in  der  Filmaufbringungskammer 

11 
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(201  b)  dem  Substrat  gegenuberliegend  vorgese- 
hen  ist. 

Revendications 

1.  Appareil  de  pulverisation  comprenant  :  un  reci- 
pient  resistant  a  la  pression  (101,  201)  ;  un 
moyen  (107,  204)  connecte  audit  recipient  resis- 
tant  a  la  pression  pour  decharger  un  gaz  dans  le- 
dit  recipient  resistant  a  la  pression  ;  un  moyen 
(106,  209  et  210)  connecte  audit  recipient  resis- 
tant  a  la  pression  pour  appliquer  un  gaz  en  vue 
d'une  pulverisation  dans  ledit  recipient  resistant  a 
la  pression  ;  un  substrat  (104,  114,  222)  dispose 
dans  ledit  recipient  resistant  a  la  pression  pour 
etre  recouvert  d'un  film  sur  au  moins  I'une  de  ses 
surfaces  ;  une  cible  (103,  113,  218)  disposee  de 
maniere  a  faire  face  a  une  surface  dudit  substrat 
dans  ledit  recipient  resistant  a  la  pression,  reali- 
see  en  une  substance  destinee  a  devenir  un  ma- 
teriau  du  film  qui  doit  etre  depose  sur  la  surface 
dudit  substrat  ;  un  aimant  (102,  112)  prevu  sur  la 
surface  de  ladite  cible  de  maniere  a  faire  face  au- 
dit  substrat  pour  generer  un  champ  magnetique 
permettant  de  confiner  un  plasma  au  voisinage 
de  la  surface  de  ladite  cible  a  I'oppose  dudit  subs- 
trat  ;  une  anode  (105,  115,  219)  disposee  entre 
ledit  substrat  et  ladite  cible  en  une  position  oppo- 
see  audit  substrat  ;  et  un  moyen  (108,  220)  per- 
mettant  d'appliquer  un  courant  de  pulverisation 
entre  ladite  anode  et  ladite  cible,  caracterise  en 
ce  que  : 

ladite  anode  (105,  115,  214)  est  une  pla- 
que  en  un  conducteur  munie  d'une  ouverture 
(105a,  115a  et  115b)  ayant  une  forme  dont  au 
moins  un  de  ses  cotes  est  plus  grand  que  le  prof  il 
dudit  substrat  (104,  114,  222)  en  une  position  op- 
posee  audit  substrat. 

2.  Appareil  de  pulverisation  selon  la  revendication 
1,  caracterise  en  ce  que  ladite  anode  (105)  est 
munie  d'une  ouverture  (105a)  comportant  un 
bord  interne  dispose  de  maniere  a  coTncideravec 
un  plan  qui  est  perpend  iculaire  a  ladite  cible  (103) 
et  qui  passe  par  un  point  intermediaire  entre  le 
pole  S  et  le  pole  N  dudit  aimant  (102)  ou  au  ni- 
veau  de  son  exterieur. 

3.  Appareil  de  pulverisation  selon  la  revendication 
2,  caracterise  en  ce  que  ladite  anode  (105,  115, 
219)  est  munie  d'une  ouverture  (105a,  115a  et 
115b)  comportant  des  bords  internes  disposes 
sensiblement  a  egale  distance  d'un  plan  qui  est 
perpendiculaire  a  ladite  cible  (103,  113,  218)  et 
qui  passe  par  un  point  intermediaire  entre  le  pole 
S  et  le  pole  N  dudit  aimant. 

4.  Appareil  de  pulverisation  selon  la  revendication 
1,  caracterise  en  ce  que  ledit  aimant  (112)  est 
muni  d'une  pluralite  de  paires  de  poles  consti- 
tutes  par  des  poles  S  et  par  des  poles  N  ;  et 

5  ladite  anode  (115)  est  munie  d'une  plurali- 
te  d'ouvertures  (115a,  115b)  en  un  nombre 
correspondant  au  nombre  de  paires  desdits  po- 
les. 

10  5.  Appareil  de  pulverisation  selon  la  revendication 
4,  caracterise  en  ce  que  ledit  aimant  (112) 
comporte  deux  paires  de  poles  ;  et 

ladite  anode  (115)  comporte  deux  ouver- 
tures  (115a,  115b). 

15 
6.  Appareil  de  pulverisation  selon  la  revendication 

1  ,  caracterise  en  ce  qu'il  comprend  en  outre  : 
une  chambre  d'entree  (201a)  connectee  a 

une  source  d'alimentation  en  gaz  inerte  (207)  et 
20  une  pompe  a  vide  (205,  206)  permettant  de  de- 

charger  un  gaz  dans  un  recipient  afin  de  reduire 
sa  pression,  constitute  par  un  recipient  resistant 
a  la  pression  (201)  muni  d'une  porte  d'entree 
etanchable  (202a)  et  d'une  porte  (202b)  entre 

25  des  chambres  d'entree  (201a)  destinees  a  etre 
connectees  a  ladite  chambre  de  formation  de  f  ilm 
(201  b)  pour  convoyer  un  substrat  (222)  destine  a 
etre  recouvert  d'un  film  predetermine  sur  I'une  de 
ses  surfaces  au  travers  de  ladite  porte  d'entree  ; 

30  une  chambre  de  sortie  (201c)  connectee  a 
ladite  chambre  de  formation  de  film  (201b)  par 
I'  intermedia  ire  d'une  porte  (201c)  entre  ladite 
chambre  de  formation  de  film  (201  b)  et  etancha- 
ble  avec  ladite  chambre  de  cote  de  sortie  (201c), 

35  connectee  a  une  source  d'alimentation  en  gaz 
inerte  (208)  et  a  une  pompe  a  vide  (205,  206)  pour 
decharger  un  gaz  dans  ledit  recipient  afin  de  re- 
duire  sa  pression,  constitute  par  un  recipient  re- 
sistant  a  la  pression  (201)  muni  d'une  porte  de 

40  sortie  etanchable  (202d)  pour  convoyer  le  subs- 
trat  (222)  recouvert  du  film  predetermine  en  ra- 
menant  la  pression  dans  ledit  recipient  a  la  pres- 
sion  normale  au  travers  de  la  porte  de  sortie  ;  et 

un  moyen  de  convoyage  (203a,  203b, 
45  203c)  permettant  de  deplacer  ledit  substrat  (222) 

depuis  ladite  chambre  d'entree  (201a)  au  travers 
de  ladite  chambre  de  formation  de  film  (201b) 
jusqu'a  ladite  chambre  de  sortie  (201c). 

so  7.  Appareil  de  pulverisation  selon  la  revendication 
6,  caracterise  en  ce  que  ledit  moyen  de  convoya- 
ge  (203a,  203b,  203c)  comporte  un  support  (221) 
permettant  de  supporter  deux  substrats  (222)  sur 
des  surfaces  opposees  ;  et 

55  ladite  cible  (21  8)  et  ladite  anode  (21  9)  sont 
respectivement  disposees  au  niveau  des  deux 
cotes  dudit  support  (221)  de  maniere  a  faire  face 
aux  substrats  respectifs. 

12 
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8.  Appareil  de  pulverisation  selon  la  revendication 
6,  caracterise  en  ce  qu'il  comprend  en  outre  : 

une  porte  (224)  prevue  sur  ladite  chambre 
de  formation  de  film  (201b)  pour  obturer  ladite 
chambre  de  formation  de  film  vis-a-vis  de  I'at-  5 
mosphere  etfixee  a  ladite  cible  (218)  ;  et 

un  moyen  de  fixation  (226,  235)  pour  fixer 
ladite  anode  (219)  au  niveau  de  ladite  porte  (224) 
pour  qu'elle  soit  reglee  a  sa  position. 

10 
9.  Appareil  de  pulverisation  selon  la  revendication 

6,  caracterise  en  ce  qu'il  comprend  en  outre  : 
un  moyen  (241)  pour  chauffer  ledit  subs- 

trat  (222)  pendant  la  formation  de  film. 
15 

10.  Appareil  de  pulverisation  selon  la  revendication 
6,  caracterise  en  ce  que  ledit  moyen  de  chauffage 
(241)  est  un  dispositif  de  chauffage  dispose  au 
voisinage  de  la  surface  de  ladite  anode  (21  9)  pre- 
vue  dans  ladite  chambre  de  formation  de  film  20 
(201b)  de  maniere  a  faire  face  audit  substrat 
(222). 
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