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Apparatus  and  method  for  generating  plasma. 
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©  Under  a  reduced  pressure,  an  RF  electric  field  is 
applied  at  a  right  angle  to  a  main  face  of  an  article- 
to-be-treated  such  (4)  as  a  semiconductor  wafer 
placed  on  a  cathode  in  a  treatment  chamber  (1).  At 
the  same  time,  a  magnetic  field  (12)  is  applied 
thereto  by  a  magnetic  field  applying  device  (8)  to 
generate  a  plasma  by  a  magnetron  discharge.  The 
magnetic  field  is  formed  in  such  a  fashion  that 
adjacent  magnetic  lines  of  flux  are  not  in  parallel 
with  one  another  on  the  main  face  of  the  article-to- 
be-treated.  Charged  particles  in  the  plasma  drift  in  a 
diverging  direction  (D)  with  Lorenz  force  so  as  to 
prevent  electrification  of  the  article-to-be-treated. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  apparatus  and  method 
for  generating  a  plasma  employed  to  thin  film  de- 
position,  etching  and  the  like. 

Recently,  a  plasma  treatment  is  widely  used  in 
semiconductor  manufacturing  processes  which  re- 
quire  micro-fabrication.  In  general,  a  cylindrical 
plasma  etching  apparatus,  parallel  plate  plasma 
etching  apparatus,  microwave  plasma  etching  ap- 
paratus  and  the  like  is  well  known  as  those  for 
plasma  treatment.  A  magnetron  etching  system  is 
also  developed  for  generating  a  magneto-exited 
plasma  from  a  treatment  gas  by  magnetron  dis- 
charge  with  an  RF  electric  field  and  a  magnetic 
field.  In  the  magnetron  etching  system,  an  effi- 
ciency  of  plasma  generation  is  made  high  by  ap- 
plying  the  magnetic  field  to  the  plasma. 

An  example  of  conventional  plasma  treatment 
apparatus  and  method  is  described  with  reference 
to  the  drawings. 

Fig.  17  is  a  sectional  front  view  of  the  conven- 
tional  plasma  treatment  apparatus,  and  Fig.  18  is  a 
sectional  plan  view  thereof.  In  the  figures,  a  refer- 
ence  numeral  1  indicates  a  treatment  chamber.  2  is 
a  cathode.  3  is  an  anode.  4  is  an  article-to-be- 
treated.  5  is  a  power  source.  6  is  a  gas  inlet.  7  is  a 
pumping  port.  8  is  a  magnetic  field  applying  de- 
vice. 

As  shown  in  Fig.  17,  the  article-to-be-treated  4 
is  placed  on  the  cathode  2  which  is  connected  to 
the  power  source  5.  The  anode  3  is  grounded.  A 
treatment  gas  is  introduced  to  the  treatment  cham- 
ber  1  from  the  gas  inlet  6.  The  treatment  gas  is,  for 
example,  50sccm  CHF3.  The  pressure  in  the  treat- 
ment  chamber  1  is  controlled  to  a  desired  pressure 
of,  for  example,  5Pa  by  pumping  through  the 
pumping  port  7.  Thereafter,  an  RF  electric  power 
of,  for  example,  13.56MHz  and  800W  is  applied  to 
a  space  between  the  cathode  2  and  the  anode  3 
from  the  power  source  5  to  generate  a  plasma.  A 
direction  of  an  electric  field  9  between  the  cathode 
2  and  the  anode  3  is  indicated  by  arrows  in  Fig.  17. 

As  shown  in  Fig.  18,  a  magnetic  field  10  whose 
magnetic  lines  of  flux  are  uniformly  in  parallel  with 
one  another  at  least  on  the  article-to-be-treated  4  is 
applied  by  the  magnetic  field  applying  device  8  to 
the  space  between  the  cathode  2  and  the  anode  3 
concurrently  with  the  application  of  the  electric 
field.  The  electric  field  9  in  Fig.  17  (not  shown  in 
Fig.  18)  is  applied  at  a  right  angle  to  the  paper  of 
Fig.18. 

In  the  presence  of  the  electric  field  9  and  the 
magnetic  field  10  which  intersect  with  each  other, 
Lorenz  force  acts  on  each  of  charged  particles  in 
the  plasma.  Therefore,  the  charged  particles  drift  in 
cycloid  motion  in  a  direction  of  arrows  D  in  Fig.18. 
This  drift  increases  the  number  of  collision  of  the 

charged  particles.  Further,  a  degree  of  ionization  of 
the  gas  is  increased,  thus  obtaining  the  plasma 
efficiently.  The  article-to-be-treated  4  is  exposed  to 
the  plasma  to  carry  out  the  plasma  treatment  such 

5  as  etching. 
With  the  above  conventional  construction  in 

Figs.  17  and  18,  however,  the  magnetic  field  10  is 
applied  in  parallel  on  the  article-to-be-treated  4, 
which  causes  nonuniformity  of  plasma  density  due 

io  to  drift  of  charged  particles.  In  detail,  the  charged 
particles  move  in  the  direction  indicated  by  the 
arrows  D  in  Fig.18  (upward  in  the  paper).  There- 
fore,  electrified  regions  which  are  polarized  to  a 
positive  region  and  a  negative  region  are  generated 

75  at  both  ends  of  the  article-to-be-treated  4  (upper 
and  lower  parts  of  the  paper).  Such  charge-up 
damages  the  article-to-be-treated  4  owing  to  static 
electricity.  For  example,  in  a  process  of  manufac- 
turing  a  semiconductor  device,  this  means  break- 

20  down  or  degradation  of  the  semiconductor  device. 
At  a  manufacturing  process  of  highly  integrated 
semiconductor  device,  the  yield  is  lowered. 

To  solve  the  above  problem,  a  method  for 
contemplating  a  uniformed  plasma  density  by  rotat- 

25  ing  a  magnet  is  employed.  Fig.  19  is  a  sectional 
front  view  of  a  conventional  magnetron  etching 
system  having  a  rotary  magnet.  The  magnetron 
etching  system  30  is  essentially  composed  of  a 
sealed  treatment  chamber  21,  a  pair  of  upper  and 

30  lower  electrodes  22,  23  opposed  to  each  other  with 
a  space  left  between  them  in  the  treatment  cham- 
ber  21  ,  a  magnet  29,  as  a  magnetic  field  applying 
device,  rotatably  arranged  outside  of  the  treatment 
chamber  21  and  above  the  upper  electrode  22,  and 

35  an  RF  power  source  32  for  supplying  an  RF  elec- 
tric  power  to  a  space  between  upper  and  lower 
electrodes  22,  23. 

An  object,  e.g.,  a  semiconductor  wafer  A 
(hereinafter  referred  to  it  as  wafer)  which  is  a 

40  substrate  to  be  treated  is  etched  in  the  treatment 
chamber  21  .  Inside  of  the  treatment  chamber  21  is 
kept  vacuum  by  pumping  means  (vacuum  pump) 
25  connected  to  a  pumping  port  31  provided  at  a 
lower  side  part  of  the  treatment  chamber  21.  A 

45  bottom  wall  composed  of  the  lower  electrode  23 
and  a  side  wall  of  the  treatment  chamber  21  are 
insulated  from  each  other  by  an  insulating  member 
34.  The  lower  electrode  23  has  at  its  center  a  disk- 
shaped  susceptor  24  and  the  wafer  A  is  supported 

50  on  the  susceptor  24.  For  supporting  the  wafer  A  on 
the  susceptor  firmly,  a  chuck  mechanism  such  as 
an  electrostatic  chuck  26  is  provided  on  the 
susceptor  24  to  attract  and  hold  the  wafer  A. 

A  disk-shaped  space  27  is  formed  inside  of  the 
55  upper  electrode  22  so  as  to  oppose  to  the  suscep- 

tor  24,  and  a  plurality  of  gas  diffusing  pores  28 
communicate  with  the  space  27  so  as  to  let  the 
treatment  gas  through  into  the  treatment  chamber 

2 



3 EP  0  566  143  A1 4 

21.  A  treatment  gas  supplying  source  37  is  con- 
nected  via  a  massflow  controller  36  to  a  gas  in- 
troducing  pipe  35  which  is  connected  with  a  gas 
supplying  passage  39  communicating  with  the 
space  27,  so  that  the  treatment  gas  (100sccm 
CHF3,  for  example)  supplied  from  the  treatment 
gas  supplying  source  37  is  introduced  into  the 
treatment  chamber  21  via  the  space  27  and  the 
diffusing  pores  28.  Heating  means  for  heating  the 
treatment  gas  over  an  air  temperature  as  needed 
may  be  provided  to  supply  the  treatment  gas 
through  the  heating  means. 

A  temperature  adjusting  mechanism  (not 
shown)  capable  of  setting  the  temperature  of  the 
wafer  A  to  a  desired  temperature  (-100°C  to 
+  200°C,  for  example)  is  provided  at  the  lower 
electrode  23.  The  RF  power  source  32  whose  one 
end  is  grounded  is  connected  via  a  capacitor  33  to 
the  lower  electrode  23.  The  RF  power  source  32 
supplies  an  RF  electric  power  of,  for  example, 
13.56MHz  to  the  space  between  upper  and  lower 
electrodes  22,  23.  Thus,  an  electric  field  is  applied 
to  the  wafer  A. 

The  magnet  29  provided  outside  of  the  treat- 
ment  chamber  21  and  above  the  upper  electrode 
22  forms  a  magnetic  field  in  a  direction  in  parallel 
with  a  surface  of  the  wafer  A.  The  magnet  29  is 
rotated  at  a  desired  speed  by  a  driving  mechanism 
(not  shown)  such  as  a  motor  to  form  the  magnetic 
field  in  a  direction  intersecting  with  the  electric  field 
applied  to  the  wafer  A. 

For  etching  the  wafer  A  by  a  system  with  the 
above  construction,  the  wafer  A  is  conveyed  from  a 
spare  room  (not  shown)  into  the  treatment  chamber 
21  via  a  load-lock  chamber,  and  is  positioned  and 
attracted  on  the  electrostatic  chuck  26.  Thereafter, 
the  vacuum  pump  25  pumps  up  the  air  in  the 
treatment  chamber  21  from  the  pumping  port  31  to 
be  5Pa. 

Then,  the  treatment  gas  is  supplied  from  the 
space  27  via  the  diffusing  pores  28.  When  the  RF 
power  source  32  supplies  the  electric  power  to  the 
space  between  upper  and  lower  electrodes  22,  23, 
the  electric  field  is  generated  at  a  right  angle  to  the 
surface  of  the  wafer  A.  Concurrently,  since  the 
magnetic  field  is  applied  by  the  magnet  29  to  the 
space  between  upper  and  lower  electrodes  22,  23, 
the  magnetic  field  38  in  parallel  with  the  surface  of 
the  wafer  A  and  the  electric  field  intersecting  with 
the  magnetic  field  38  are  formed  and  a  magneto- 
excited  plasma  is  generated  by  magnetron  dis- 
charge.  With  the  plasma  the  wafer  A  is  etched. 

According  to  the  conventional  magnetron  etch- 
ing  system  with  the  rotary  magnet,  the  local  non- 
uniformity  of  plasma  density  is  averaged  with  its 
passage  of  time,  but  momentary  plasma  densities 
are  still  not  uniform. 

Fig.20  is  a  schematic  plan  view  showing  a 
relation  between  the  wafer  A  as  a  substrate  to  be 
treated  and  the  magnetic  field  38  at  a  moment  in 
the  magnetron  etching  system  in  Fig.  19.  Fig.21 

5  shows  distributions  of  a  plasma  density,  an  etch 
rate  E/R  and  an  electric  potential  VDC  at  a  section 
(X-X  section  on  a  P-Q  plane)  intersecting  at  right 
angle  with  the  magnetic  field  38  in  Fig.20.  Since 
the  charged  particles  drift  in  a  direction  of  an  arrow 

io  D  in  Fig.20  owing  to  Lorenz  force,  the  plasma 
density  and  the  etch  rate  on  the  P-Q  plane  of  the 
wafer  A  are  decreased  from  P  toward  Q  and  the 
potential  VDC  is  increased  inversely.  Accordingly, 
the  plasma  density  and  the  potential  VDC  are  non- 

75  uniform,  so  that  the  electrified  regions  polarized  to 
a  negative  region  and  a  positive  region  are  caused 
at  both  ends  of  the  wafer  A.  Such  charge-up  may 
cause  dielectric  breakdown  of  a  gate  oxide  layer  of 
the  wafer  A  and  degradation  of  property  thereof.  It 

20  may  be  considered  that  ion  sheath  has  a  gradient 
in  the  surface  of  the  wafer  A  because  of  a  gradient 
of  the  potential  VDC  therein,  therefore  etching  for- 
mation  shall  be  deflected  because  ion  travels  in  a 
direction  intersecting  at  a  right  angle  with  the 

25  sheath. 
A  method  that  a  plasma  density  is  decreased 

to  a  degree  not  to  damage  a  wafer  is  proposed  as 
another  etching  method.  However,  the  etch  rate 
and  throughput  are  lowered. 

30 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  its  object  of  provid- 
ing  apparatus  and  method  for  generating  a  plasma 

35  in  which  nonuniformity  of  plasma  density  is  mini- 
mized  and  charge-up  of  the  article-to-be-treated  is 
prevented. 

To  attain  the  above  objects,  in  the  present 
invention,  an  electric  field  and  a  magnetic  field  are 

40  applied  to  a  plasma  space  so  as  to  realize  a 
divergent  drifting  direction  of  charged  particles  in 
the  plasma.  The  charged  particles  drift  in  the  di- 
verging  direction  (not  in  a  parallel  direction  as  in 
the  conventional  one)  so  as  to  obtain  a  uniform 

45  plasma  density.  The  uniform  plasma  density  les- 
sens  the  charge-up  of  the  article-to-be-treated  and 
reduces  damage  due  to  static  electricity. 

When  the  present  invention  is  employed,  for 
example,  to  a  manufacturing  process  of  a  semicon- 

50  ductor  device,  plasma  treatment  with  high  efficien- 
cy  and  less  breakdown  is  performed,  with  improve- 
ment  in  yield  and  reliability  of  the  semiconductor 
device. 

55  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.1  is  a  schematic  sectional  plan  view  of  a 
plasma  treatment  system  for  explaining  a  magnetic 

3 
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field  distribution  in  a  plasma  treatment  method 
according  to  an  embodiment  of  the  present  inven- 
tion. 

Fig.2  is  a  equivalent  view  to  Fig.1  for  explain- 
ing  another  magnetic  field  distribution  in  the  plas- 
ma  treatment  method  according  to  the  embodiment 
of  the  present  invention. 

Fig.3(a)  is  a  schematic  perspective  view  show- 
ing  a  first  example  of  a  magnetic  field  applying 
device  for  forming  a  gradient  of  magnetic  field  in  a 
magnetron  etching  system  according  to  the  em- 
bodiment  of  the  present  invention,  and  Fig.3(b)  is  a 
schematic  plan  view  thereof. 

Fig.4(a)  is  a  schematic  plan  view  showing  a 
second  example  of  the  magnetic  field  applying 
device,  and  Fig.4(b)  is  a  schematic  perspective 
view  thereof. 

Fig.5  is  a  schematic  perspective  view  showing 
a  third  example  of  the  magnetic  field  applying 
device. 

Fig.6  is  a  schematic  perspective  view  showing 
a  fourth  example  of  the  magnetic  field  applying 
device. 

Fig.7  is  a  schematic  perspective  view  showing 
a  fifth  example  of  the  magnetic  field  applying  de- 
vice. 

Fig.8  is  a  schematic  perspective  view  showing 
a  sixth  example  of  the  magnetic  field  applying 
device. 

Fig.9(a)  is  a  schematic  plan  view  showing  a 
seventh  example  of  the  magnetic  field  applying 
device,  and  Fig.9(b)  is  an  explanatory  drawing  of  a 
gradient  of  magnetic  field  thereof. 

Fig.  10(a)  is  a  schematic  plan  view  showing  an 
eighth  example  of  the  magnetic  field  applying  de- 
vice  at  a  moment,  and  Fig.  10(b)  is  an  equivalent 
drawing  to  Fig.  10(a)  at  another  moment. 

Fig.  11  is  a  graph  showing  distributions  of  a 
plasma  density,  an  etch  rate  and  an  electric  poten- 
tial  in  the  magnetron  etching  system  according  to 
the  embodiment  of  the  present  invention. 

Fig.  12  is  a  schematic  sectional  front  view  of  a 
magnetron  etching  system  which  shows  a  mag- 
netic  field  distribution  in  a  plasma  treatment  meth- 
od  according  to  a  comparable  example  with  the 
present  invention. 

Fig.  13  is  an  equivalent  drawing  to  Fig.  12  show- 
ing  a  magnetic  field  distribution  in  a  plasma  treat- 
ment  method  according  to  the  embodiment  of  the 
present  invention. 

Fig.  14  is  a  plan  view  for  explaining  a  definition 
of  divergence  angle  6  relating  to  a  magnetic  field 
distribution  on  a  surface  of  a  wafer. 

Fig.  15  is  a  plan  view  of  the  magnetic  field 
distribution  in  a  plasma  treatment  method  accord- 
ing  to  a  comparable  example  with  the  present 
invention. 

Fig.  16  is  an  equivalent  drawing  to  Fig.  15  ac- 
cording  to  the  embodiment  of  the  present  inven- 
tion. 

Fig.  17  is  a  schematic  sectional  front  view  of  a 
5  conventional  plasma  treatment  system. 

Fig.18  is  a  schematic  sectional  plan  view  of  the 
plasma  treatment  system  in  Fig.  17. 

Fig.  19  is  a  sectional  front  view  of  a  conven- 
tional  magnetron  etching  system. 

io  Fig.20  is  a  schematic  plan  view  showing  a 
relation  between  a  wafer  as  a  substrate  to  be 
treated  and  a  magnetic  field  in  the  magnetron 
etching  system  in  Fig.  19. 

Fig.21  is  a  graph  showing  distributions  of  the 
is  plasma  density,  the  etch  rate  and  the  electric  po- 

tential  at  a  section  X-X  in  Fig.20. 

PREFERRED  EMBODIMENT  OF  THE  PRESENT 
INVENTION 

20 
Description  is  made  below  about  apparatus  and 

method  for  plasma  treatment  according  to  an  em- 
bodiment  of  the  present  invention,  with  reference  to 
accompanying  drawings. 

25  Figs.1  and  2  show  a  principle  of  a  plasma 
treatment  method  according  to  the  embodiment  of 
the  present  invention,  and  correspond  to  Fig.18 
showing  a  conventional  example. 

In  Fig.1,  a  magnetic  field  applying  device  8 
30  applies  a  magnetic  field  12  so  that  adjacent  mag- 

netic  lines  of  flux  are  not  in  parallel  with  one 
another  on  a  surface  of  an  article-to-be-treated  4.  In 
other  words,  the  magnetic  lines  of  flux  of  the  mag- 
netic  field  12  are  generated  radially  from  one  end 

35  of  the  article-to-be-treated  4  (lower  part  of  the 
paper  of  Fig.1).  When  a  magnet  is  placed  at  the 
lower  part  of  the  paper,  such  magnetic  lines  of  flux 
in  Fig.1  are  formed.  The  magnet  has  an  N-pole  at  a 
right  hand  and  an  S-pole  at  a  left  hand  at  the  lower 

40  part  of  the  paper.  Accordingly,  the  magnetic  lines 
of  flux  are  never  in  parallel  with  one  another  on  the 
article-to-be-treated  4.  Concurrently  with  the  ap- 
plication  of  the  magnetic  field,  an  electric  field  (not 
shown)  is  applied  at  a  right  angle  to  the  paper. 

45  Owing  to  the  electric  field  and  the  magnetic 
field  12  intersecting  with  each  other,  Lorenz  force 
acts  on  each  of  charged  particles  in  a  plasma.  The 
charged  particles  with  Lorenz  force  drift  in  a  direc- 
tion  of  arrows  D  in  cycloid  motion.  At  this  time,  the 

50  magnetic  field  12  is  applied  so  that  the  charged 
particles  drift  to  diverge  from  one  end  to  an  op- 
posed  end  of  the  article-to-be-treated  4.  This  drift 
increases  a  number  of  collision  of  the  charged 
particles  and  a  degree  of  ionization  of  a  treatment 

55  gas,  thus  obtaining  the  plasma  efficiently.  The 
article-to-be-treated  4  is  exposed  in  the  plasma  for 
plasma  treatment  such  as  etching.  Since  a  drifting 
direction  of  the  charged  particles  is  diverged  as 

4 
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shown  by  the  arrows  D  in  Fig.1,  a  plasma  density 
is  uniformed,  compared  with  a  conventional  case 
(Fig.18)  in  which  a  parallel  magnetic  field  is  ap- 
plied.  Thereby,  a  semiconductor  device  and  the 
like  are  prevented  from  breakdown  due  to  charge- 
up. 

In  Fig.2,  a  magnetic  field  14  generated  by  the 
magnetic  field  applying  device  8  has  magnetic 
lines  of  flux  which  gradually  curve  from  a  straight 
line  substantially  passing  through  a  center  of  the 
article-to-be-treated  4  toward  both  sides  thereof. 
The  line  passing  through  the  center  of  the  article- 
to-be-treated  4  is  in  a  right-left  direction  of  the 
paper.  When  a  magnet  is  placed  so  that  an  N-pole 
thereof  is  on  a  right  side  and  an  S-pole  thereof  is 
on  a  left  side  of  the  paper,  such  magnetic  lines  of 
flux  in  Fig.2  are  formed.  Accordingly,  the  charged 
particles  at  a  lower  part  than  the  center  of  the 
article-to-be-treated  4  is  diverged  toward  the  end  of 
the  article-to-be-treated  4  (upper  part  in  the  paper) 
as  shown  by  the  arrows  D.  Wherein,  the  magnetic 
field  14  is  applied  so  that  a  distribution  thereof  in 
the  treatment  chamber  1  is  symmetrical  with  re- 
spect  to  up  and  down  and  right  and  left  on  a  plane 
shown  in  Fig.2. 

In  this  case,  also,  the  drifting  direction  of  the 
charged  particles  is  diverged  as  shown  by  the 
arrows  D  in  Fig.2.  Therefore,  the  plasma  density  is 
made  uniform  compared  with  the  conventional  case 
(Fig.18)  in  which  the  parallel  magnetic  field  is  ap- 
plied,  thus  preventing  the  breakdown  of  semicon- 
ductor  due  to  the  charge-up.  Further,  since  the 
distribution  of  the  magnetic  field  14  is  symmetrical 
with  respect  to  up  and  down  and  right  and  left  on 
the  plane  shown  in  Fig.2,  the  plasma  treatment  to 
the  article-to-be-treated  4  in  disk  shape  is  per- 
formed  more  uniformly  by  rotating  an  applying 
direction  of  the  magnetic  field  14. 

Next,  description  is  made  below  about  con- 
crete  examples  of  magnetron  etching  system  em- 
ploying  the  above  principle.  When  a  magnetic  field 
applying  device  with  a  below-mentioned  construc- 
tion  is  employed  instead  of  the  magnet  29  in  a 
conventional  magnetron  etching  system  30  in 
Fig.1  9,  a  flux  density  of  a  magnetic  field  38,  i.e., 
the  magnetic  field  distribution  has  a  desired  gra- 
dient  to  diverge  the  drifting  direction  of  the  charged 
particles  in  the  plasma,  thus  obtaining  a  uniform 
plasma  density.  Namely,  the  charge-up  on  a  wafer 
A  is  prevented  or  restricted  as  described  later  by 
placing  the  wafer  A  at  a  space  with  the  gradient  of 
magnetic  field. 

Eight  concrete  means  for  forming  a  gradient  of 
magnetic  field  are  described.  Wherein,  an  RF  elec- 
tric  field  is  applied  at  a  right  angle  to  the  surface  of 
the  wafer  A  concurrently  with  the  application  of  the 
magnetic  field  by  each  means. 

Figs.3(a)  and  (b)  show  a  first  example  of  the 
magnetic  field  applying  device  for  forming  the  gra- 
dient  of  magnetic  field.  In  the  first  example,  the 
magnet  29  is  arranged  aside  the  wafer  A,  namely 

5  aside  the  treatment  chamber  21.  Accordingly,  the 
magnetic  field  38  has  such  a  gradient  that  a  flux 
density  of  the  magnetic  field  38  is  gradually  weak- 
ened  in  the  drifting  direction  D  of  charged  particles 
in  the  plasma,  thus  obtaining  a  uniform  plasma 

io  density. 
Figs.4(a)  and  (b)  show  a  second  example  of 

the  magnetic  field  applying  device.  In  the  second 
example,  the  magnet  29  with  inside-magnet  type 
configuration  is  employed  in  which  an  N-pole  and 

is  an  S-pole  are  obliquely  opposed  at  right  and  left 
sides  of  the  wafer  A  in  the  treatment  chamber  21  . 
In  detail,  the  N-pole  and  the  S-pole  of  the  magnet 
29  having  an  analogous  curve  to  an  outer  periphery 
of  the  wafer  A  is  provided  at  an  inner  periphery  of 

20  a  side  wall  of  the  treatment  chamber  21  which  has 
a  substantially  analogous  curve  thereto,  and  the  N- 
pole  and  the  S-pole  of  the  magnet  29  are  arranged 
on  an  opposed  side  to  the  drifting  direction  D.  Thus 
the  plasma  density  is  uniformed. 

25  Fig.5  shows  a  third  example  of  the  magnetic 
field  applying  device.  In  the  third  example,  the 
magnet  29  is  arranged  above  the  wafer  A  and  off 
the  center  of  the  wafer  A  on  the  opposed  side  to 
the  drifting  direction  D.  Since  the  magnet  29  is 

30  arranged  off  the  center  of  the  wafer  A,  a  weak 
magnetic  field  38a  is  applied  to  a  portion  with  high 
plasma  density  and  a  strong  magnetic  field  38b  is 
applied  to  a  portion  with  low  plasma  density,  which 
leads  to  a  uniform  plasma  density  on  the  surface  of 

35  the  wafer  A. 
Fig.6  shows  a  fourth  example  of  the  magnetic 

field  applying  device.  In  this  example,  the  magnet 
29  is  made  changed  in  its  magnetic  force  to  form 
the  gradient  of  magnetic  field.  In  detail,  on  a  mag- 

40  net  body  29a  provided  above  the  wafer  A,  a  plural- 
ity  of  bar  magnets  29b  for  controlling  the  magnetic 
field  which  has  a  same  magnetizing  direction  as 
and  an  inverse  magnetizing  direction  to  that  of  the 
magnet  body  29a  are  provided  to  give  the  gradient 

45  to  the  magnetic  field  of  the  entire  magnet  29.  As 
shown  in  Fig.6,  for  example,  on  the  magnet  body 
29a,  three  bar  magnets  29b  having  the  inverse 
magnetizing  direction  to  that  of  the  magnet  body 
29a  are  arranged  at  an  end  part  on  a  side  of  the 

50  drifting  direction  D,  two  bar  magnets  29b  having 
the  same  magnetizing  direction  are  arranged  adja- 
cent  to  the  three  bar  magnets,  two  bar  magnets 
29b  having  the  inverse  magnetizing  direction  are 
arranged  adjacent  to  the  two  bar  magnets,  and 

55  three  bar  magnets  29b  having  the  same  magnetiz- 
ing  direction  are  arranged  adjacent  to  the  two  bar 
magnets.  As  a  result,  a  weak  magnetic  field  38a  is 
applied  to  the  side  of  the  drifting  direction  D  and  a 

5 
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strong  magnetic  field  38b  is  applied  to  the  opposite 
side,  thus  obtaining  a  uniform  plasma  density.  The 
number  of  the  bar  magnets  29b  is  optional  when 
the  bar  magnets  29b  are  arranged  such  a  fashion 
that  the  magnetizing  directions  are  inverse  to  one 
another  from  a  center  of  the  magnet  body  29a. 

Fig.7  shows  a  fifth  example  of  the  magnetic 
field  applying  device,  in  which  the  magnet  29  is 
inclined  at  a  set  angle  a  with  respect  to  a  parallel 
plane  of  the  surface  of  the  wafer  A  to  form  the 
gradient  of  magnetic  field  by  lifting  up  the  magnet 
29  on  the  side  of  the  drifting  direction  D.  By 
inclining  the  magnet  29  with  respect  to  the  parallel 
plane  of  the  surface  of  the  wafer  A,  the  magnetic 
lines  is  curved  toward  the  direction  D  on  the  sur- 
face  of  the  wafer  A.  Accordingly,  the  drifting  direc- 
tion  D  of  the  charged  particles  is  diverged  on  the 
surface  of  the  wafer  A.  In  detail,  a  weak  magnetic 
field  38a  is  applied  to  a  portion  with  high  plasma 
density  and  a  strong  magnetic  field  38b  is  applied 
to  a  portion  with  low  plasma  density,  thus  obtaining 
a  uniform  plasma  density. 

Fig.8  shows  a  sixth  example  of  the  magnetic 
field  applying  device  in  which  the  magnet  29  is 
changed  in  its  volume  to  form  the  gradient  of 
magnetic  field.  The  magnet  29  decreasing  in  its 
thickness  toward  the  side  of  the  drifting  direction  D 
is  provided  above  the  wafer  A  so  that  a  weak 
magnetic  field  38a  is  applied  to  a  portion  with  high 
plasma  density  and  a  strong  magnetic  field  38b  is 
applied  to  a  portion  with  low  plasma  density.  This 
leads  to  a  uniform  plasma  density. 

Figs.9(a)  and  (b)  show  a  seventh  example  of 
the  magnetic  field  applying  device  and  the  gradient 
of  magnetic  field  thereof.  In  the  seventh  example, 
the  gradient  of  magnetic  field  is  formed  by  means 
of  electromagnets.  Two  pairs  of  electromagnets 
29c  are  respectively  provided  aside  the  wafer  A  in 
four  peripheral  directions,  and  a  sub-electromagnet 
29d  is  provided  at  a  rear  face  of  the  end  part  of 
each  electromagnet  29c  so  that  the  magnet  field  is 
made  strong  due  to  the  sub-electromagnets  29d  to 
have  the  gradient  of  magnetic  field  (see  Fig.9(b)). 
In  this  case,  the  electromagnets  29c  and  the  sub- 
electromagnets  29d  may  be  fixed,  but  the  plasma 
density  is  further  uniformized  by  rotating  them. 

Figs.  10(a)  and  (b)  show  an  eighth  example  of 
the  magnetic  field  applying  device,  which  uses 
electromagnets  for  forming  the  gradient  of  mag- 
netic  field  as  well  as  in  the  seventh  example.  In  the 
eight  example  electromagnets  29c  are  provided 
aside  the  wafer  A  in  four  peripheral  directions  and 
an  electric  current  in  a  reverse  direction  is  made 
flow  into  two  adjacent  electromagnets  29c  to  form 
the  gradient  of  magnetic  field.  Further,  the  elec- 
tromagnets  29c  are  electrically  switched  (Fig.1  0(b)) 
so  that  two  adjacent  electromagnets  29c  are  in 
OFF  state  when  the  other  two  electromagnets  29c 

are  in  ON  state.  Thus,  the  plasma  density  is  made 
uniform. 

When  the  wafer  A  is  placed  in  a  space  in 
which  the  gradient  of  magnetic  field  is  formed  as 

5  above,  the  plasma  density,  the  etch  rate  E/R  and 
the  electric  potential  VDC  are  made  almost  uniform 
on  a  P-Q  plane  of  the  wafer  A,  as  shown  in  Fig.1  1, 
which  leads  to  prevention  or  restriction  of  the 
charge-up  on  the  surface  of  the  wafer  A.  Fig.  11 

io  shows  each  distribution  in  this  embodiment  which 
corresponds  to  Fig.  21  for  a  conventional  mag- 
netron  etching  system.  According  to  this  embodi- 
ment,  ion  sheath  is  also  made  uniform,  with  a  result 
that  an  etched  pattern  is  hardly  curved  to  one  side. 

is  Consequently,  the  etched  pattern  is  uniformized 
within  the  surface  of  not  only  an  8-inch  wafer  but 
also  a  larger-diameter  wafer  which  is  being  devel- 
oped  in  future. 

According  to  the  magnetron  etching  system  as 
20  described  above,  when  the  wafer  A  is  etched  in 

such  a  manner  that  the  plasma  is  generated  from 
the  treatment  gas  by  magnetron  discharge  with  the 
RF  electric  field  and  the  magnetic  field  38,  the 
magnetic  field  38  which  is  applied  in  a  direction 

25  intersecting  with  the  RF  electric  field  has  such  a 
gradient  that  a  flux  density  of  the  magnetic  field  38 
is  gradually  weakened  in  the  drifting  direction  D. 
This  results  in  uniform  plasma  density  and  uniform 
etching  treatment  without  the  etch  rate  lowered. 

30  The  magnet  29  may  be  provided  at  a  rear  face  of 
the  wafer  A,  or  at  both  front  and  rear  faces  thereof 
to  form  the  gradient  of  magnetic  field  in  the  plasma 
space.  In  consequent,  the  wafer  A  may  be  placed 
obliquely  or  at  another  place,  as  well  as  the  mag- 

35  net  29.  In  other  words,  the  respective  positions  of 
the  wafer  A  and  the  magnet  29  are  set  relatively. 

Optimum  conditions  for  magnetic  field  distribu- 
tion  in  the  above  magnetron  etching  system  is 
described  next.  The  optimized  conditions  to  be 

40  fulfilled  at  the  same  time  are  that:  (1)  the  magnetic 
lines  of  flux  are  in  parallel  with  the  surface  of  the 
wafer  A,  and  do  not  intersect  therewith;  (2)  the 
magnetic  flux  density  at  a  center  part  of  the  wafer 
A  is  the  same  as  that  at  a  peripheral  part  thereof; 

45  and  (3)  the  magnetic  field  has  such  a  gradient  that 
a  flux  density  thereof  is  gradually  weakened  in  the 
drifting  direction  of  the  charged  particles  in  the 
plasma. 

Figs.  12  and  13  are  respectively  sectional  front 
50  views  of  magnetron  etching  systems  in  a  com- 

parable  example  and  in  the  embodiment  which 
fulfills  the  optimum  conditions.  In  the  figures,  ar- 
rows  indicate  a  direction  of  the  magnetic  field  38 
and  each  length  thereof  expresses  the  degree  of 

55  the  magnetic  flux  density.  The  magnetic  lines  of 
flux  of  the  magnetic  field  38  in  Fig.1  2  is  almost  in 
parallel  with  the  surface  of  the  wafer  A  near  the 
center  thereof  and  the  magnetic  flux  density  there- 

6 
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of  is  low.  The  magnetic  flux  density  is  high  at  a  left 
end  part  of  the  wafer  A  and  the  magnetic  lines  of 
flux  are  curved  in  a  diverging  direction  as  the 
magnetic  lines  are  far  from  the  surface  of  the  wafer 
A.  Inversely,  at  a  right  end  part  of  the  wafer  A,  the 
magnetic  lines  of  flux  are  curved  in  a  converging 
direction.  On  the  other  hand,  in  Fig.1  3,  entire  mag- 
netic  lines  of  flux  of  the  magnetic  field  38  are  in 
parallel  with  the  surface  of  the  wafer  A  and  ar- 
ranged  with  almost  equal  magnetic  flux  density. 

As  to  the  component  of  the  magnetic  field  38 
in  a  parallel  direction  (horizontal  direction)  with  the 
wafer  A,  suppose  that  a  ratio  of  a  magnetic  flux 
density  B2  at  the  peripheral  part  of  the  wafer  A  to  a 
magnetic  flux  density  B1  at  the  center  part  thereof 
is  R  (  =  B2/B1).  In  Fig.  12,  R>1,  and  R  =  1  (minimum 
and  ideal  value)  in  Fig.  13. 

In  a  wafer  on  which  an  EEPROM  element,  for 
example,  is  formed,  the  flat  band  voltage  of  the 
element  shifts  owing  to  charge-up  of  an  insulating 
layer  during  an  etching  treatment.  A  rate  that  the 
flat  band  voltage  shifts  owing  to  a  change  of  R  out 
of  a  range  from  -0.5V  to  +0.5V,  namely  a  defect 
occurrence  rate  due  to  charge-up  (hereinafter  re- 
ferred  to  it  as  defect  rate)  is  researched  by  an 
experiment.  The  etching  treatment  is  carried  out 
under  conditions  of  5Pa  pressure,  1000W  RF  pow- 
er,  CHF3  gas  and  50sccm  gas  flow  amount.  The 
magnetic  flux  density  at  the  center  part  of  the 
wafer  A  is  set  to  1  2-24mT. 

As  a  result  of  the  experiment,  the  defect  rate  is 
about  70%  when  R  =  2.4  and  is  decreased  to  about 
28%  when  R  =  1  .85.  It  is  confirmed  that  charge-up 
of  the  wafer  A  in  an  opposed  direction  (N-S  direc- 
tion)  of  N-pole  and  S-pole  of  the  magnet  29  is 
prevented  when  R  is  set  between  about  1.0  and 
1  .5.  This  is  because  when  R  nears  1  ,  the  shape  of 
the  magnetic  field  38  in  a  space  of  plasma  dis- 
charge  approximates  to  a  horizon  as  well  as  the 
magnetic  field  38  on  the  wafer  A,  so  that  a  uniform 
plasma  is  generated. 

A  divergence  angle  0  for  the  magnetic  distribu- 
tion  on  the  wafer  A  is  defined  with  reference  to 
Fig.1  4.  Arrows  in  Fig.1  4  indicate  a  direction  of  the 
magnetic  field  38  and  each  length  thereof  ex- 
presses  the  degree  of  the  magnetic  flux  density. 
The  electric  field  (not  shown)  is  applied  at  a  right 
angle  to  the  paper.  Suppose  that  the  opposed 
direction  (N-S  direction)  is  an  X-axis  and  a  direc- 
tion  at  a  right  angle  to  the  X-axis  (E-W  direction)  is 
a  Y-axis.  When  a  projection  length  of  the  arrow  of 
the  magnetic  field  38  having  an  effect  at  the  right 
end  part  of  the  wafer  A  to  the  X-axis  is  Bx  and  that 
to  the  Y-axis  is  By,  the  divergence  angle  0  is  tan- 
1(By/Bx). 

Figs.  15  and  16  are  plan  views  respectively 
showing  the  magnetic  field  distributions  in  case  of 
0<O  (comparable  example)  and  in  case  of  0>O 

(embodiment).  In  Fig.1  5,  the  magnetic  field  38  is 
distributed  so  as  to  be  curved  toward  E  side,  and 
has  such  a  gradient  that  a  flux  density  thereof  is 
gradually  strengthened  in  drifting  directions  D0-D2 

5  of  charged  particles  in  the  plasma,  i.e.,  from  E 
toward  W.  Therefore,  the  drifting  directions  D0-D2 
are  converged  and  the  charge-up  amount  in  E-W 
direction  is  increased  more  than  conventional  one 
(Fig.18).  On  the  other  hand,  in  Fig.1  6,  the  magnetic 

io  field  38  is  distributed  so  as  to  be  curved  toward  W 
side,  and  has  such  a  gradient  that  a  flux  density 
thereof  is  gradually  weakened  from  E  toward  W. 
Thus,  the  drifting  directions  D0-D2  are  diverged  to 
decrease  the  charge-up  amount  in  E-W  direction. 

is  Studying  a  0  dependency  of  defect  rate  in  the 
same  etching  conditions  as  in  the  case  of  the 
above  R  dependency,  the  defect  rate  is  58%  when 
0  =  0,  and  is  worse  than  58%  when  0<O.  When 
0=  +  3.8°  ,  the  defect  rate  is  decreased  to  5%.  It 

20  is  confirmed  that  the  charge-up  of  the  wafer  A  in  E- 
W  direction  is  prevented  when  0  is  set  in  a  range 
between  about  +  1  °  and  +  89  °  . 

In  the  above  embodiment,  the  present  inven- 
tion  is  applied  to  the  plasma  etching.  However,  the 

25  present  invention  is  applicable  to  every  case  for 
generating  magnetron  plasma,  for  example,  to  a 
sputtering  system,  a  plasma  CVD  system,  an  ion 
source,  an  electron  beam  source,  an  X-ray  source, 
an  ashing  system,  and  the  like. 

30  Also,  in  the  above  embodiment,  the  magnetic 
field  has  the  gradient,  but  the  drifting  direction  of 
charged  particles  in  the  plasma  may  be  controlled 
by  giving  a  gradient  to  the  electric  field.  This 
results  in  the  same  effect  as  in  the  case  where  the 

35  magnetic  field  has  a  gradient. 
While  the  present  invention  is  described  ac- 

cording  to  drawings  and  examples  for  the  sake  of 
well  understanding,  it  is  to  be  understood  that 
modifications  will  occur  to  those  skilled  in  the  art 

40  without  departing  from  the  scope  of  claims. 

Claims 

1.  An  apparatus  for  generating  a  plasma  from  a 
45  gas  in  a  chamber,  in  which  a  reduced  pressure 

is  maintained,  by  a  magnetron  discharge  with 
an  electric  field  and  a  magnetic  field,  compris- 
ing: 

at  least  two  electrodes  provided  in  said 
50  chamber  for  applying  an  electric  field  to  a 

space  between  said  electrodes  so  as  to  ionize 
a  gas  in  said  space;  and 

a  magnetic  field  applying  device  for  apply- 
ing  a  magnetic  field  in  a  direction  intersecting 

55  with  the  electric  field  applied  by  said  elec- 
trodes  to  said  space  so  that  charged  particles 
generated  from  the  gas  in  said  space  drift  and 
diverge  owing  to  Lorenz  force  acting  on  each 

7 
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of  the  charged  particles  by  means  of  the  elec- 
tric  field  applied  by  said  electrodes  and  the 
magnetic  field  applied  by  said  magnetic  field 
applying  device. 

and  the  applied  magnetic  field,  the  magnetic 
field  having  such  a  gradient  that  a  flux  density 
of  the  magnetic  field  is  gradually  weakened  in 
a  drifting  direction  of  the  charged  particles. 

An  apparatus  for  generating  a  plasma  from  a 
gas  in  a  chamber,  in  which  a  reduced  pressure 
is  maintained,  by  a  magnetron  discharge  with 
an  electric  field  and  a  magnetic  field,  compris- 
ing:  10 

at  least  two  electrodes  provided  in  said 
chamber  for  applying  an  electric  field  to  a 
space  between  said  electrodes  so  as  to  ionize 
a  gas  in  said  space;  and 

a  magnetic  field  applying  device  for  apply-  is 
ing  a  magnetic  field  in  a  direction  intersecting 
with  the  electric  field  applied  by  said  elec- 
trodes  to  said  space  so  that  charged  particles 
generated  from  the  gas  in  said  space  drift 
owing  to  Lorenz  force  acting  on  each  of  the  20 
charged  particles  by  means  of  the  electric  field 
applied  by  said  electrodes  and  the  magnetic 
field  applied  by  said  magnetic  field  applying 
device,  the  magnetic  field  having  such  a  gra- 
dient  that  a  flux  density  of  the  magnetic  field  is  25 
gradually  weakened  in  a  drifting  direction  of 
the  charged  particles. 

3.  A  method  of  generating  a  plasma  from  a  gas  in 
a  space  with  reduced  pressure  by  a  magnetron  30 
discharge  with  an  electric  field  and  a  magnetic 
field,  comprising  the  steps  of: 

introducing  a  gas  into  said  space; 
applying  an  electric  field  to  said  space  so 

as  to  ionize  the  gas  introduced  into  said  space;  35 
and 

applying  a  magnetic  field  in  a  direction 
intersecting  with  the  applied  electric  field  to 
said  space  so  that  charged  particles  generated 
from  the  gas  in  said  space  drift  and  diverge  40 
owing  to  Lorenz  force  acting  on  each  of  the 
charged  particles  by  means  of  the  applied 
electric  field  and  the  applied  magnetic  field. 

4.  A  method  of  generating  a  plasma  from  a  gas  in  45 
a  space  with  reduced  pressure  by  a  magnetron 
discharge  with  an  electric  field  and  a  magnetic 
field,  comprising  the  steps  of: 

introducing  a  gas  into  said  space; 
applying  an  electric  field  to  said  space  so  50 

as  to  ionize  the  gas  introduced  into  said  space; 
and 

applying  a  magnetic  field  in  a  direction 
intersecting  with  the  applied  electric  field  to 
said  space  so  that  charged  particles  generated  55 
from  the  gas  in  said  space  drift  owing  to 
Lorenz  force  acting  on  each  of  the  charged 
particles  by  means  of  the  applied  electric  field 

8 



EP  0  566  143  A1 

F I G . 1  

4 ( 2 )   D  



EP  0  566  143  A1 

F I   G . 2  

10 



EP  0  566  143  A1 

F  I  G . 3   ( a )  

11 



EP  0  566  143  A1 

F  I  G.  A  (  a   ) 

29  2 9  

21  

F I   G .   A  ( b )  

12 



EP  0  566  143  A1 

F I   G . 5  

13 



EP  0  566  143  A1 

F   I  G . 6  

14 



EP  0  566  143  A1 

F  I  G . 7  

15 



EP  0  566  143  A1 

F I   G . 8  

16 



EP  0  566  143  A1 

F  I  G . 9   (  a )  

F  I  G . 9   (  b )  

G R A D I E N T   O F  

M A G N E T I C   F I E L D  

17 



EP  0  566  143  A1 

F  I  G . 1 0   ( a )  

18 



EP  0  566  143  A1 

h  I  0 . 1   1 

P L A S M A   D E N S I T Y  
VDC  r  

I  ^ E / R  
E / R   ^ V n r  

a 



EP  0  566  143  A1 

h  I  C 3 . 1 2  

N 

2 9  2 9  

F I   G . 1 3  

21 3 8  

N 

2 9  2 9  

!0 



EP  0  566  143  A1 

F  I  G . K  

21 



EP  0  566  143  A1 

F  I  G . I   5  

A  E  

F  I  G . 1 6  

22 



EP  0  566  143  A1 

h  1  0 . 1 7  

P R I O R   A R T  



EP  0  566  143  A1 

F I   G . 1 8  

P R I O R   A R T  

24 



*  U  ODD  14J  Al 

■  I  G . 1 9  

P R I O R   A R T  



tp  u  bbb  143  Al 

-  1  b . Z l  

P R I O R   A R T  



J )  European  Patent  EUROPEAN  SEARCH  REPORT  APP'iClti°n  ^  
Office 

EP  93  10  6240 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  daim 

CLASSIFICATION  Or  THE 
APPUCATION  Gnt.  C1.5  ) 

EP-A-0  223  975  (MATERIALS  RESEARCH  CORP) 
*  column  1,  paragraph  1  * 
*  column  4,  line  8  -  line  14  * 
*  column  5,  line  49  -  line  57  * 
*  column  6,  line  46  -  column  8,  line  11; 

1-4 H01J37/32 

*  column  4, 
*  column  5, 
*  column  6, 
f igures  1-3 

EP-A-0  479  189  (TOKYO  ELECTRON  LIMITED) 
*  abs t rac t   * 
*  page  6,  line  44  -  line  53  * 
*  page  7,  line  34  -  line  41;  figure  2  * 

US-A-5  079  481  (MOSLEHI) 
*  column  1,  paragraph  1  * 
*  column  4,  line  23  -  line  37  * 
*  column  8,  line  33  -  line  52  * 
*  column  9,  line  33  -  line  60;  figure  4  * 

US-A-4  950  956  (ASAMAKI  ET  AL.) 
*  column  1,  paragraph  1  * 
*  column  2,  line  49  -  column  3,  line  14; 
figures  1-3  * 

TECHNICAL  FIELDS 
SEARCHED  ant.  CI.S  ) 

H01J 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  March 

THE  HAGUE 
Date  of  conpletioa  of  the  search 

02  AUGUST  1993 
Exanaer 

GREISER  N. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  Tiling  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

