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©  APPARATUS  FOR  NEUTRALIZING  CHARGED  BODY. 

<  
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©  An  apparatus  which  can  neutralize  charged  bod- 
ies  such  as  processed  substrates  for  semiconductor 
devices  and  for  flat  display,  free  from  electromag- 
netic  noise,  impurity  contamination,  and  residual  po- 
tentials.  To  process  in  a  prescribed  way  a  wafer  (5) 
to  be  processed,  the  wafer  (5)  is,  for  example, 
moved  from  a  pretreatment  chamber  (2)  to  a  low 
pressure  reaction  chamber  (3).  In  this  case,  a  gas, 
which  does  not  react  on  the  wafer,  such  as  nitrogen 
and  argon,  is  introduced  into  the  pretreatment  cham- 
ber  (2),  and  is  kept  under  a  predetermined  pressure 
by  a  vacuum  pump  (15).  Then,  ultraviolet  rays  are 

projected  in  the  pretreatment  chamber  (2)  from  an 
ultraviolet  rays  lamp  (11)  constituting  a  means  for 
generating  neutralization  charges,  and  positive  and 
negative  floating  charged  particles  (electrons  and 
positive  ions)  are  generated  by  exciting  the  atmo- 
sphere  in  the  chamber  (2).  Since  the  charges  are 
removed  by  projecting  the  ultraviolet  rays  from  the 
outsides  of  a  case  (1)  and  the  case  (2)  and  moreover 
in  a  non-contact  way,  no  electromagnetic  noise  is 
generated  and  the  residual  potentials  are  vanished 
too. 
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Technical  Field 

The  present  invention  relates  to  an  apparatus 
for  neutralizing  charges  on  bodies  which  are  ex- 
tremely  easily  charged  and  for  which  it  is  neces- 
sary  to  avoid  a  charge,  such  as  processed  sub- 
strates  represented  by  substrates  (wafers)  in  manu- 
facturing  processes  of,  for  example,  semiconductor 
devices,  liquid  crystal  plates  in  manufacturing  pro- 
cesses  of  flat  display  apparatuses,  EL  glass  plates 
and  the  like. 

Background  Art 

In  the  manufacture  of  semiconductor  devices 
or  flat  plate  displays,  various  substrate  processing 
apparatuses  (thin  film  formation  apparatuses  for 
forming  prespecified  thin  films  on  the  processed 
substrate,  impurity  addition  apparatuses  for  con- 
ducting  the  addition  of  impurities  such  as  boron, 
phosphorous,  arsenic,  and  the  like)  are  employed; 
however,  a  composition  in  which  all  processing 
apparatuses  are  built  into  a  single  chamber  is  rare, 
and  it  is  generally  the  case  that  the  processing 
apparatuses  are  compartmentalized  through  the 
medium  of  a  conveyance  path  under  atmospheric 
pressure  or  a  conveyance  passage  (tunnel  cham- 
ber),  or  via  opening  and  closing  mechanisms,  from 
other  processing  chambers. 

However,  since  the  instances  of  various  types 
of  handling  of  the  processed  substrates,  such  as 
gripping,  moving,  and  the  like,  are  frequent,  and 
particularly  since  the  implements  and  the  like 
which  come  into  contact  with  the  processed  sub- 
strate  at  the  time  of  such  handling  are  normally 
formed  using  fluorine  resin  or  silica  insulating  film 
or  the  like  in  order  to  avoid  metallic  contamination 
of  or  damage  to  the  processed  substrates,  the 
processed  substrate  is  positively  (in  some  cases, 
negatively)  charged  as  a  result  of  the  electrification 
rank  relationship  thereof  with  respect  to  the  imple- 
ments  at  the  time  of  contact,  and  the  potential  of 
these  processed  substrates  easily  becomes  high. 

In  addition,  in  order  to  prevent  the  depositting 
of  dust  on  the  processed  substrate,  a  gas  flow 
which  has  been  passed  through  a  filter  is  normally 
caused  to  flow  in  the  vicinity  of  the  processed 
substrate,  and  because  floating  particles,  water, 
and  trace  amounts  of  gaseous  impurities  and  the 
like,  even  if  in  very  small  amounts,  are  contained  in 
this  gas  flow,  dust  is  actively  deposited  on  the 
charged  processed  substrate,  or  the  interior  of  the 
processing  apparatus  is  contaminated.  Further- 
more,  with  respect  to  the  conveyance  of  the  pro- 
cessed  substrate  between  apparatuses,  the  pro- 
cessed  substrate  is  commonly  first  transferred  to  a 
pretreatment  chamber  and  placed  on  a 
prespecified  installation  platform,  and  is  then  trans- 

ferred  to  a  reaction  chamber. 
In  this  case,  during  the  transfer  of  the  pro- 

cessed  substrates,  instances  in  which  the  gripping, 
rubbing,  or  the  like  of  the  processed  substrates  by 

5  means  of  the  handling  mechanisms  are  frequent, 
and  furthermore,  the  implements  comprising  the 
handling  mechanisms  are  normally  formed  using 
fluorine  resins,  silica,  or  the  like  in  order  to  avoid 
metallic  contamination  of  the  processed  substrates, 

io  so  that  as  a  result  of  the  electrification  rank  rela- 
tionship  of  the  processed  substrate  with  respect  to 
the  implements,  the  processed  substrate  is  posi- 
tively  charged,  and  easily  attains  a  high  potential. 

The  following  methods  are  commonly  known 
75  for  the  prevention  of  the  charging  of  processed 

substrates  and  processed  substrate  carriers,  that  is 
to  say,  as  charge  removal  mechanisms;  first,  a 
method  employing  an  ionizer,  that  is  to  say,  a 
method  in  which  corona  discharge  is  generated  in 

20  an  ambient  atmosphere  in  which  a  processed  sub- 
strate  or  a  processed  substrate  carrier  is  placed, 
and  by  means  of  this,  the  generated  ions  and  the 
charges  are  neutralized, 

Secondly,  a  method  in  which  the  processed 
25  substrate  is  subjected  to  handling  by  means  of  a 

resin  material  in  which  a  grounded  metallic  body  or 
a  grounded  conductive  substance  (carbon,  metal, 
or  the  like)  is  included,  and  charges  are  thus  neu- 
tralized,  and  the  like. 

30  However,  in  the  first  conventional  method 
above,  corona  discharge  in  an  ambient  atmosphere 
is  employed,  so  that  the  generation  of  electromag- 
netic  noise  as  a  result  of  this  discharge  causes 
electrical  disturbance  of  instruments  around  the 

35  processing  apparatus,  and  the  remaining  potential 
of  the  processed  substrate  becomes  high,  so  that 
this  is  insufficient  as  a  charge  removal  apparatus. 
Furthermore,  among  the  ions  which  are  generated, 
the  positive  ions  are  mainly  the  water  ions  (H20)- 

40  nH+,  and  these  water  ions  (H20)nH+  contribute  to 
the  growth  of  a  natural  oxide  film  on,  for  example, 
the  surface  of  a  semiconductor  substrate,  while  the 
negative  ions  are  largely  CO3-,  NOx~,  and  SOx~ 
ions,  and  these  ions  are  all  strongly  oxidizing,  and 

45  cause  the  formation  of  a  natural  oxide  film,  in  the 
same  manner  as  the  positive  ions  described  above. 

On  the  other  hand,  in  the  second  conventional 
method  described  above,  the  metal  or  conductive 
material  is  in  direct  contact  with  the  processed 

50  substrate,  so  that  impurities  therefrom  contaminate 
the  processed  substrate,  and  this  causes  the  gen- 
eration  of  dark  currents  or  leak  currents. 

In  processing  apparatuses  in  which  a  pro- 
cessed  substrate  is  transferred  between  different 

55  atmospheres  as  described  above,  even  if  charged 
neutralization  of  the  processed  substrate  is  con- 
ducted  in  one  atmosphere  (for  example,  in  a  tunnel 
chamber),  there  are  cases  in  which  the  charging  of 

3 



3 EP  0  597  103  A1 4 

the  processed  substrate  occurs  again  as  a  result  of 
contact  with  other  materials  during  transfer  to  an- 
other  atmosphere  (within  a  pretreatment  chamber). 

In  such  cases,  there  are  cases  in  which  it  is 
structurally  difficult  to  conduct  charge  neutralization 
by  means  of  the  above  methods  in  the  latter  at- 
mosphere,  and  furthermore,  even  if  such  charge 
neutralization  is  conducted,  there  is  a  danger  that 
the  growth  of  natural  oxide  films,  operational  errors 
as  a  result  of  electromagnetic  noise,  impurity  con- 
tamination  as  a  result  of  conductive  substances, 
the  increase  in  the  remaining  potential,  and  the 
like,  will  disturb  or  render  impossible  the  desired 
processing. 

Furthermore,  in  many  processing  apparatuses, 
the  atmosphere  in  the  main  reaction  chamber  is  of 
reduced  pressure  when  compared  with  the  ambient 
air  pressure,  and  accordingly,  within  pretreatment 
chambers  coupled  thereto,  it  is  necessary  to  estab- 
lish  a  reduced  pressure  which  is  approximately 
equivalent  to  that  within  the  reaction  chamber  at 
least  prior  to  the  transfer  of  the  processed  sub- 
strate,  and  it  is  necessary  to  establish  a  method  for 
the  easy  removal  of  charges  even  in  such  reduced 
pressure  atmospheres. 

The  present  invention  solves  the  problems 
present  in  the  conventional  technology  described 
above;  it  has  as  an  object  thereof  to  provide  a 
neutralizing  apparatus  which  is  capable,  with  re- 
spect  to  charged  bodies  such  as  processed  sub- 
strates  or  processed  substrate  carriers,  to  prevent 
the  generation  of  electromagnetic  noise,  to  com- 
pletely  eliminate  remaining  potential,  to  realize  an 
impurity  contamination-free  state,  and  to  prevent 
the  formation  of  natural  oxide  films,  the  generation 
of  dark  currents  or  leak  currents,  and  emission 
irregularities  in  flat  plate  displays,  and  which  is 
furthermore  capable  of  conducting  the  easy  neu- 
tralization  of  charges  even  in  the  process  of  trans- 
fer  between  differing  atmospheres. 

Disclosure  of  the  Invention 

In  order  to  attain  the  above  object,  the  inven- 
tion  as  stated  in  Claim  1  is  provided  with:  a  cham- 
ber  which  is  capable  of  storing  charged  bodies 
which  have  been  subjected  to  a  prespecified 
charge,  a  gas  input  mechanism  for  inputting  gas 
which  is  non-reactive  at  least  with  respect  to  these 
charged  bodies  into  an  interior  of  said  chamber,  a 
neutralization  charge  generating  mechanism  for 
generating  ions  and  electrons  capable  of  selec- 
tively  neutralizing  prespecified  charges  in  an  inte- 
rior  of  the  chamber,  and  a  pressure  reduction 
mechanism  for  reducing  pressure  in  an  interior  of 
the  chamber  to  a  level  lower  than  atmospheric 
pressure. 

In  the  invention  as  stated  in  Claim  2,  in  the 
invention  stated  in  Claim  1,  the  neutralization 
charge  generating  mechanism  is  comprising  a  light 
source  for  projecting,  into  the  chamber,  ultraviolet 

5  rays  capable  of  exciting  at  least  the  non-reactive 
gas  within  the  chamber. 

In  the  invention  as  stated  in  Claim  3,  in  the 
invention  stated  in  Claim  1,  the  pressure  reduction 
mechanism  is  comprising  a  pressure  reduction 

io  mechanism  for  expelling  the  non-reactive  gas  intro- 
duced  into  the  chamber  along  with  the  interior  of 
the  chamber. 

In  the  invention  as  stated  in  Claim  4,  in  the 
invention  stated  in  Claims  1  through  3,  the  cham- 

15  ber  communicates,  via  an  opening  and  closing 
mechanism,  with  a  reaction  chamber  for  conduct- 
ing  prespecified  processes  under  reduced  pressure 
with  respect  to  the  charged  bodies. 

In  the  invention  as  stated  in  Claim  5,  in  the 
20  invention  stated  in  Claim  4,  the  pressure  reduction 

mechanism  operates  so  as  to  set  a  pressure  within 
the  reaction  chamber  to  a  level  equivalent  to  that  of 
the  pressure  within  the  chamber. 

In  the  invention  as  stated  in  Claims  6  or  7,  in 
25  the  invention  stated  in  one  of  Claims  1  through  5, 

the  non-reactive  gas  is  comprising  nitrogen  gas  or 
argon  gas. 

In  the  invention  as  stated  in  Claim  8,  in  the 
invention  stated  in  one  of  Claims  1  through  5,  the 

30  non-reactive  gas  is  comprising  a  mixed  gas  of 
nitrogen  gas  and  argon  gas. 

In  the  invention  as  stated  in  Claim  9  or  10,  in 
the  invention  stated  in  one  of  Claims  1  through  5, 
the  non-reactive  gas  is  comprising  a  mixed  gas  in 

35  which  xenon  gas  is  added  to  nitrogen  gas. 
In  the  invention  as  stated  in  Claim  11,  in  the 

invention  stated  in  one  of  Claims  1  through  5,  the 
non-reactive  gas  is  comprising  a  mixed  gas  in 
which  xenon  gas  is  added  to  a  mixed  gas  of 

40  nitrogen  gas  and  argon  gas. 

Function 

In  order  to  easily  conduct  prespecified  pro- 
45  cesses  (for  example,  epitaxial  growth)  with  respect 

to  charged  bodies,  for  example  processed  sub- 
strates,  such  as  those,  for  example,  in  which  pro- 
cessed  substrates  are  transferred  from  a  tunnel 
chamber  via  a  pretreatment  chamber  to  a  reduced 

50  pressure  epitaxial  reaction  chamber,  a  gas  which 
does  not  react  with  respect  to  the  processed  sub- 
strate  (for  example,  nitrogen,  argon,  xenon,  and  the 
like)  is  introduced  into  the  pretreatment  chamber, 
the  interior  thereof  is  set  to  a  prespecified  pressure 

55  (a  pressure  approximately  identical  to  that  within 
the  reaction  chamber)  by  means  of  a  pressure 
reduction  mechanism,  ultraviolet  rays  are  projected 
into  the  pretreatment  chamber  from  a  light  source 

4 
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constituting  a  neutralization  charge  generating 
mechanism,  the  atmosphere  within  the  chamber  is 
excited,  and  positive  and  negative  floating  charged 
particles  (including  positive  ions  and  electrons)  are 
generated,  and  when  the  processed  substrate  is 
charged  positively,  this  positive  charge  is  neutral- 
ized  by  the  electrons  among  the  floating  charged 
particles.  Furthermore,  in  the  case  in  which  the 
processed  substrate  is  negatively  charged,  this 
negative  charge  is  neutralized  by  the  positive  ions 
among  the  floating  charged  particles. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  perspective  view  showing  an  em- 
bodiment  of  the  present  invention.  Fig.  2  is  a  cross- 
sectional  view  of  the  pretreatment  chamber  of  Fig. 
1.  Fig.  3  is  a  graph  showing  the  decline  over  time 
in  electric  potential  of  a  charged  body  with  respect 
to  the  atmospheric  pressure  within  the  chamber. 

(Description  of  the  References) 

2  pretreatment  chamber, 
5  wafer  (processed  substrate,  charged 

body), 
11  ultraviolet  lamp  (neutralization  charge 

generating  mechanism), 
15  exhaust  pump  (vacuum  pump). 

Best  Mode  for  the  Execution  of  the  Invention 

Fig.  1  shows  an  embodiment  in  the  case  in 
which  a  neutralization  apparatus  in  accordance  with 
the  present  invention  is  applied  to  a  wafer  process- 
ing  apparatus  (epitaxial  apparatus)  in  a  semicon- 
ductor  manufacturing  process.  The  present  pro- 
cessing  apparatus  essentially  comprises  a  tunnel 
chamber  1,  which  has,  longitudinally,  an  angled- 
pipe  tank  shape,  a  pretreatment  chamber  2  having 
a  cubical  shape,  and  a  reaction  chamber  3  having 
a  longitudinally  cylindrical  shape. 

In  the  interior  of  tunnel  chamber  1,  a  transfer 
conveyer  4  is  disposed,  and  wafers  5  which  com- 
prise  charged  bodies  are  placed  on  the  transfer 
conveyor  4.  Furthermore  ultraviolet  lamp  6,  such  as 
a  deuterium  lamp  or  the  like,  comprising  a  first 
neutralization  charge  generating  mechanism,  is  at- 
tached  to  one  side  wall  1A  of  the  tunnel  chamber 
1  ,  and  the  projection  side  of  the  ultraviolet  lamp  6 
faces  a  transparent  window  7  which  permits  the 
passage  of  ultraviolet  rays  and  is  formed  in  this 
side  wall  1  A. 

In  pretreatment  chamber  2,  input  port  2a  and 
output  port  2b  are  formed  so  as  to  be  in  mutual 
opposition,  and  opening  and  closing  mechanisms 
(gate  valves)  8  and  9,  respectively,  are  provided  at 
input  port  2a  and  output  port  2b,  and  accordingly, 

pretreatment  chamber  2  is  in  communication  with 
tunnel  chamber  1  via  input  port  2a,  and  is  in 
communication  with  reaction  chamber  3  via  output 
port  2b. 

5  Furthermore,  as  shown  in  Fig.  2,  ultraviolet  ray 
lamps  11  comprising  second  neutralization  charge 
generating  mechanisms  are  attached  to  side  walls 
2A  and  2B  of  pretreatment  chamber  2,  and  the 
projection  sides  of  these  ultraviolet  ray  lamps  11 

io  face  transparent  windows  12  which  permit  the  pas- 
sage  of  ultraviolet  rays  within  a  pre-specified  range 
and  are  formed  in  the  side  walls  2A  and  2B. 
Transparent  windows  12  (and  transparent  window  7 
as  well)  are  formed  from  materials  which  permit  the 

is  passage  of  ultraviolet  rays  within  a  broad  range;  for 
example,  synthetic  silica,  CuF2,  NgF2,  LiF,  and  the 
like. 

Within  pretreatment  chamber  2,  installation 
platforms  10  for  the  placement  of  wafers  5  are 

20  provided,  and  via  handling  mechanisms  which  are 
not  depicted  in  the  diagram,  wafers  5  can  be 
moved  from  transfer  conveyer  4  onto  installation 
platforms  10.  Furthermore,  a  gas  input  tube  13  is 
provided  in  the  upper  surface  portion  of  pretreat- 

25  ment  chamber  2,  and  in  the  lower  surface  portion 
thereof,  a  gas  output  tube  14  is  provided. 

A  gas  supply  source  of  a  gas  which  is  non- 
reactive  at  least  with  respect  to  wafers  5,  such  as, 
for  example,  argon  gas,  nitrogen  gas,  or  a  mixture 

30  of  xenon  gas  with  these  gasses,  is  connected  to 
gas  input  tube  13,  and  an  exhaust  pump  15  is 
connected  to  gas  output  tube  14  as  a  pressure 
reducing  mechanism.  Permissible  non-reactive 
gasses  include  nitrogen  gas,  argon  gas,  or  xenon 

35  gas,  used  exclusively,  a  mixed  gas  in  which  a  trace 
amount  of  xenon  gas  is  added  to  nitrogen  gas  or 
argon  gas,  or  a  mixed  gas  in  which  a  trace  amount 
of  xenon  gas  is  added  to  a  mixed  gas  of  nitrogen 
gas  and  argon  gas.  However,  when  nitrogen  gas 

40  and  argon  gas  are  compared,  argon  gas  is  more 
easily  excited,  so  that  under  identical  ultraviolet  ray 
projection  conditions,  the  neutralization  efficiency  is 
higher  in  the  case  in  which  argon  gas  is  used. 

A  reaction  processing  platform  16  is  provided 
45  within  reaction  chamber  3,  and  via  handling  mecha- 

nisms  which  are  not  depicted  in  the  diagram,  wa- 
fers  5  can  be  moved  from  installation  platforms  10 
onto  reaction  processing  platform  16.  An  atmo- 
spheric  gas  (nitrogen  gas,  or  the  like)  input  tube  17 

50  is  provided  in  reaction  chamber  3,  an  atmospheric 
gas  output  tube  18  is  also  provided,  and  output 
tube  18  is  connected  to  an  exhaust  mechanism 
which  is  not  depicted  in  the  diagram. 

Next,  the  operation  of  the  present  embodiment 
55  having  the  construction  described  above  will  be 

explained. 
Normally,  a  prespecified  flow  amount  of  nitro- 

gen  gas  is  caused  to  flow  within  tunnel  chamber  1  , 

5 
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and  nitrogen  gas  is  strongly  directed  onto  wafers  5 
on  transfer  conveyer  4.  Accordingly,  wafers  5  are 
negatively  charged,  and  reach  a  considerably  high 
potential,  so  that  ultraviolet  ray  lamp  6  is  lit,  ul- 
traviolet  rays  having  a  pre-specified  wavelength 
band  are  projected,  and  the  charge  on  wafers  5  is 
neutralized. 

That  is  to  say,  at  normal  temperatures,  when 
ultraviolet  rays  from  a  deuterium  lamp  or  the  like 
are  projected  in  a  state  in  which  nitrogen  gas  has 
been  introduced  into  tunnel  chamber  1,  the  nitro- 
gen  gas  molecules  introduced  into  chamber  1  are 
excited  and  become  ionized,  and  these  positively 
ionized  molecules  and  the  negative  charge  present 
on  wafers  5  are  electrically  neutralized,  and  the 
potential  of  wafers  5  is  lowered  (to  a  level  of  tens 
of  [V]  or  less). 

Next,  when  gate  valve  8  is  opened  and  tunnel 
chamber  1  and  pretreatment  chamber  2  commu- 
nicate,  the  operation  of  the  handling  mechanisms 
becomes  possible,  and  desired  wafers  5  within 
tunnel  chamber  1  are  moved  to  the  interior  of 
pretreatment  chamber  2. 

When  wafers  5  are  moved  within  pretreatment 
chamber  2  as  a  result  of  the  operation  of  the 
handling  mechanisms,  gate  valve  8  is  closed,  and 
ultraviolet  ray  lamp  11  is  lit.  At  this  time,  a  non- 
reactive  gas  (a  gas  in  which  trace  amounts  of 
xenon  gas  are  mixed  with  nitrogen  gas  or  the  like) 
is  introduced  into  pretreatment  chamber  2  via  gas 
input  tube  13,  and  exhaust  pump  15  is  put  into 
operation,  so  that  the  interior  of  pretreatment  cham- 
ber  2  is  set  to  a  pressure  which  is  approximately 
equivalent  to  that  within  reaction  chamber  3  (for 
example,  14  [Torr]). 

In  the  same  manner  as  in  the  case  of  the 
interior  of  tunnel  chamber  1,  by  means  of  the 
projecting  of  ultraviolet  ray  lamp  11,  the  electrons 
generated  as  a  result  of  the  excitation  of  the  gas 
molecules  introduced  into  pretreatment  chamber  2 
and  the  positive  charge  on  wafers  5  are  electrically 
neutralized,  and  the  potential  of  wafers  5  is  re- 
duced  in  an  extremely  short  period  of  time  to  a  low 
level  (less  than  50[V]). 

Fig.  3  shows  the  relationship  of  the  substrate 
potential  decrease  time  Tw  (the  time  required  for  a 
substrate  charged  to  a  potential  of  ±500  [V]  to 
reach  a  potential  of  ±50  [V])  with  respect  to  the 
atmospheric  pressure  Pk  [Torr]  of  the  freely  se- 
lected  chamber. 

In  Fig.  3,  curve  Ki  shows  an  example  of  mea- 
surement  in  the  case  in  which  the  processed  sub- 
strate  is  negatively  charged,  while  K2  shows  an 
example  of  measurement  in  the  case  in  which  the 
processed  substrate  is  positively  charged.  The 
above  decrease  time  Tw  has  a  value  which  is 
displayed  in  terms  of  [sec/1  OpF],  showing  the  case 
in  which  the  processed  substrate  has  a  capacitance 

of  10  [pF],  since  the  charge  of  the  processed 
substrate  depends  on  the  capacitance  of  the  sub- 
strate  itself.  Accordingly,  in  the  case  in  which  the 
processed  substrate  has  a  capacitance  of,  for  ex- 

5  ample,  20  [pF],  the  value  of  Tw  corresponding  to 
the  same  value  of  Pk  would  be  doubled. 

As  can  be  understood  from  the  Figure,  in  the 
case  in  which  the  processed  substrate  is  negatively 
charged,  for  example,  when  the  pressure  Pk  within 

io  the  chamber  has  a  value  of  760  [Torr],  then  the 
value  of  Tw  is  approximately  3  [sec/1  OpF],  whereas 
when  pressure  Pk  is  reduced  to  14  [Torr]  than  the 
value  of  Tw  becomes  approximately  0.2 
[sec/1  OpF],  and  the  reduction  of  charge  can  be 

is  conducted  roughly  15  times  as  fast  as  a  result  of 
the  reduction  of  pressure.  Furthermore,  in  the  case 
in  which  the  processed  substrate  is  positively 
charged,  for  example,  when  the  pressure  Pk  has  a 
value  of  760  [Torr],  than  Tw  has  a  value  of  approxi- 

20  mately  1.6  [sec/1  OpF],  whereas  when  pressure  Pk 
is  reduced  to  14  [Torr],  than  the  value  of  Tw 
becomes  approximately  0.008  [sec/1  OpF],  and  the 
reduction  of  charge  can  be  conducted  approxi- 
mately  200  times  as  fast  as  a  result  of  the  reduc- 

25  tion  of  pressure.  The  reason  for  this  is  that  when 
the  particles  contributing  to  neutralization  are  elec- 
trons,  the  speed  of  movement  is  faster  than  when 
these  particles  are  ions. 

The  mechanism  of  the  charge  reduction  de- 
30  scribed  above  is  thought  to  be  such  that,  in  the 

case  in  which  ultraviolet  rays  are  projected  into  the 
non-reactive  gas  atmosphere  within  the  chamber, 
the  gas  molecules  in  the  vicinity  of  processed 
substrate  5  are  ionized  to  positive  and  negative 

35  charged  particles  pi  and  ni  (positive  ions  of  the 
non-reactive  gas  molecules,  and  electrons)  (see 
Fig.  2),  and  since  the  degree  of  this  ionization  is 
affected  by  the  atmosphere  within  the  chamber,  in 
the  case  in  which  processed  substrate  5  is  charged 

40  to  a  positive  or  negative  high  potential  on  the  level 
of  several  [kV],  for  example,  if  a  low  pressure 
atmosphere  is  present,  it  is  possible  to  reduce  the 
remaining  potential  to  a  low  potential  in  an  ex- 
tremely  short  period  of  time.  However,  the  speed  of 

45  the  reduction  of  potential  differs,  depending  on 
whether  the  initial  charge  polarity  of  processed 
substrate  5  is  positive  or  negative.  Furthermore,  the 
speed  of  neutralization  becomes  higher  as  the  ul- 
traviolet  ray  projecting  unit  is  moved  closer  to  the 

50  wafer. 
In  Fig.  3,  results  were  shown  with  respect  to  a 

case  in  which  the  atmospheric  pressure  Pk  of  the 
chamber  was  reduced  to  a  level  of  14  [Torr];  how- 
ever,  it  is  possible  to  reduce  pressure  Pk  to  a 

55  pressure  at  which  floating  charged  particles  which 
are  capable  of  the  selective  neutralization  of  pro- 
cessed  substrate  charge  can  be  generated;  con- 
cretely,  Pk  can  be  reduced  to  a  pressure  of  at  least 

6 
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1  0-3-1  0-5  [Torr]. 
When  the  above  wafer  5  is  moved  from  pro- 

cessing  chamber  2  to  reaction  chamber  3  by 
means  of  handling  mechanisms,  as  a  result  of 
contact  with  these  handling  mechanisms,  the  po- 
tential  of  the  substrate  is  raised  slightly;  however, 
at  this  time,  the  interior  of  reaction  chamber  3  has 
already  been  reduced  to  an  atmospheric  pressure 
which  is  roughly  equivalent  to  that  within  pretreat- 
ment  chamber  2,  so  that  there  is  no  danger  that 
the  floating  particles  will  be  deposited  thereon.  In 
addition,  in  cases  in  which  the  increase  in  potential 
of  wafer  5  within  reaction  chamber  3  is  a  problem, 
it  is  desirable  to  employ  a  structure  in  which  the 
projecting  of  ultraviolet  rays  is  conducted  from  the 
exterior  of  reaction  chamber  3. 

Furthermore,  under  pressures  less  than  200 
Torr,  the  atmospheric  gas  (ionized  gas)  is  not  limit- 
ed  to  a  non-reactive  gas  (N2,  Ar,  and  the  like),  but 
rather,  a  reactive  gas  (oxygen,  chlorine  gas,  or  the 
like)  may  be  employed. 

This  indicates  that  even  when  the  processing 
chamber  is  placed  in  a  reactive  gas  atmosphere, 
insofar  as  pressure  is  reduced,  it  is  possible  to 
reduce  charge. 

When  the  amount  of  ions  reaching  the  charge- 
removal  wafer  per  unit  time  period  in  a  reduced 
pressure  atmosphere  in  the  case  in  which  the  oxy- 
gen  concentration  was  20  percent  and  100  percent 
was  compared  with  that  in  a  100  percent  N2  gas 
atmosphere,  it  was  found  that  when  an  oxygen 
concentration  of  20  percent  was  employed,  at  a 
pressure  of  approximately  10  Torr,  roughly  the 
same  amount  of  ions  reached  the  substrate  as  was 
the  case  in  a  pure  N2  atmosphere.  In  an  atmo- 
sphere  of  100  percent  oxygen,  equivalence  was 
reached  at  a  pressure  of  approximately  1  Torr. 
Furthermore,  the  amount  of  ions  reaching  the  sub- 
strate  in  a  pure  N2  atmosphere  at  atmospheric 
pressure  was  equivalent  to  that  in  a  20  percent 
oxygen  atmosphere  at  a  pressure  of  approximately 
200  Torr  (the  amount  of  ions  reaching  the  substrate 
per  charge-removable  unit  time  period  was  at  a 
minimum  109  or  more). 

Industrial  Applicability 

As  explained  above,  in  accordance  with  the 
invention  as  stated  in  Claim  1,  the  following  are 
provided:  a  chamber  which  is  capable  of  storing 
charged  bodies  which  have  been  subjected  to  a 
prespecified  charge,  a  gas  input  mechanism  for 
inputting  gas  which  is  non-reactive  at  least  with 
respect  to  the  charged  bodies  into  an  interior  of  the 
chamber,  a  neutralization  charge  generating 
mechanism  for  generating  ions  and  electrons  ca- 
pable  of  selectively  neutralizing  prespecified 
charges  in  an  interior  of  the  chamber,  and  a  pres- 

sure  reduction  mechanism  for  reducing  pressure  in 
an  interior  of  the  chamber  to  a  level  lower  than 
atmospheric  pressure,  so  that  it  is  possible  to  rap- 
idly  overcome  the  charging  of  easily  charged  ma- 

5  terials  within  a  chamber,  and  it  is  possible  to  con- 
duct  the  neutralization  of  easily  charged  materials 
in  a  non-reactive  gas  atmosphere,  so  that  this 
process  is  free  from  electromagnetic  noise  and 
impurity  contamination,  and  residual  potentials  can 

io  be  completely  eliminated,  while  undesirable  occur- 
rences  such  as  the  formation  of  a  natural  oxide  film 
on  the  charged  substance,  or  the  generation  of 
dark  currents  or  leak  currents,  or  the  like,  can  be 
prevented  in  advance. 

is  In  accordance  with  the  invention  as  stated  in 
Claim  2,  in  the  invention  stated  in  Claim  1,  the 
neutralization  charge  generating  mechanism  is 
comprising  a  light  source  for  projecting,  into  the 
chamber,  ultraviolet  rays  capable  of  exciting  at 

20  least  the  non-reactive  gas  within  the  chamber,  so 
that  charge  removal  can  be  conducted  with  a  sim- 
ple  structure,  and  in  comparison  with  conventional 
charge  removal  by  means  of  an  ionizer  or  the  like, 
it  is  possible  to  reduce  the  remaining  potential  to  a 

25  level  of  0,  so  that  this  method  is  clearly  superior, 
and  it  is  possible  to  eliminate  charge  at  at  least  an 
approximately  equivalent  speed. 

In  accordance  with  the  invention  stated  in 
Claim  3,  in  the  invention  stated  in  Claim  1,  the 

30  pressure  reduction  mechanism  is  comprising  a 
pressure  reduction  mechanism  for  expelling  the 
non-reactive  gas  introduced  into  the  chamber  along 
with  the  interior  of  the  chamber,  so  that,  in  the 
state  in  which  a  non-reactive  gas  is  being  passed, 

35  it  is  easily  possible  to  maintain  the  interior  of  the 
chamber  in  a  continuously  fresh  state. 

In  accordance  with  the  invention  as  stated  in 
Claim  4,  in  the  invention  stated  in  one  of  Claims  1 
through  3,  the  chamber  communicates,  via  an 

40  opening  and  closing  mechanism,  with  a  reaction 
chamber  for  conducting  prespecified  processes  un- 
der  reduced  pressure  with  respect  to  the  charged 
bodies,  so  that  the  invention  is  useful  in  applica- 
tions  to  various  types  of  processing  apparatuses  in 

45  cases  in  which  the  charged  bodies  are  processed 
substrates  such  as  semiconductor  substrates,  glass 
plates  for  liquid  crystal  displays,  plastic  substrates, 
disc  substrates,  and  the  like. 

In  accordance  with  the  invention  as  stated  in 
50  Claim  5,  in  the  invention  stated  in  Claim  4,  the 

pressure  reduction  mechanism  operates  so  as  to 
set  a  pressure  within  the  reaction  chamber  to  a 
level  equivalent  to  that  of  the  pressure  within  the 
chamber,  so  that  it  is  possible  to  coordinate  the 

55  above  chamber  and  the  reaction  chamber,  and  this 
is  particularly  advantageous  in  the  case  in  which 
the  invention  is  applied  to  the  processing  apparatus 
described  above. 
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In  accordance  with  the  invention  as  stated  in 
Claims  6  through  8,  in  the  invention  stated  in 
Claims  1  through  5,  the  non-reactive  gas  comprises 
nitrogen  gas  or  argon  gas  or  a  mixed  gas  thereof, 
so  that  handling  is  easy,  and  in  particular  in  the 
case  in  which  this  gas  comprises  nitrogen  gas,  the 
costs  are  low  and  the  gas  can  be  easily  obtained, 
so  that  this  is  preferable. 

In  accordance  with  the  invention  as  stated  in 
claims  9  through  1  1  ,  in  the  invention  stated  in  one 
of  claims  1  through  5,  the  non-reactive  gas  com- 
prises  nitrogen  gas  or  argon  gas,  or  a  mixed  gas 
thereof,  to  which  trace  amounts  of  xenon  gas  are 
added,  so  that  it  is  possible  to  effectively  use 
xenon  gas,  which  increases  the  excitation  efficien- 
cy  of  the  chamber  atmosphere,  but  is  expensive 
and  difficult  to  obtain. 

Claims 

1.  An  apparatus  for  neutralizing  charged  bodies, 
wherein  are  provided:  a  chamber  which  is  ca- 
pable  of  storing  charged  bodies  which  have 
been  subjected  to  a  prespecified  charge,  a  gas 
input  means  for  inputting  gas  which  is  non- 
reactive  at  least  with  respect  to  said  charged 
bodies  into  an  interior  of  the  chamber,  a  neu- 
tralization  charge  generating  means  for  gen- 
erating  ions  and  electrons  capable  of  selec- 
tively  neutralizing  prespecified  charges  in  an 
interior  of  said  chamber,  and  a  pressure  reduc- 
tion  means  for  reducing  pressure  in  an  interior 
of  said  chamber  to  a  level  lower  than  atmo- 
spheric  pressure. 

2.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  claim  1,  wherein  said  neu- 
tralization  charge  generating  means  is  com- 
prising  a  light  source  for  projecting,  into  said 
chamber,  ultraviolet  rays  capable  of  exciting  at 
least  the  non-reactive  gas  within  said  chamber. 

5.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  claim  4,  wherein  said  pres- 
sure  reduction  means  operates  so  as  to  set  a 
pressure  within  said  reaction  chamber  to  a 

5  level  equivalent  to  that  of  a  pressure  within 
said  chamber. 

6.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  one  of  claims  1  through  5, 

io  wherein  said  non-reactive  gas  is  comprising 
nitrogen  gas. 

7.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  one  of  claims  1  through  5, 

is  wherein  said  non-reactive  gas  is  comprising 
argon  gas. 

8.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  one  of  claims  1  through  5, 

20  wherein  said  non-reactive  gas  is  comprising  a 
mixed  gas  of  nitrogen  gas  and  argon  gas. 

9.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  one  of  claims  1  through  5, 

25  wherein  said  non-reactive  gas  is  comprising  a 
mixed  gas  in  which  xenon  gas  is  added  to 
nitrogen  gas. 

10.  An  apparatus  for  neutralizing  charged  bodies  in 
30  accordance  with  one  of  claims  1  through  5, 

wherein  said  non-reactive  gas  is  comprising  a 
mixed  gas  in  which  xenon  gas  is  added  to 
argon  gas. 

35  11.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  one  of  claims  1  through  5, 
wherein  said  non-reactive  gas  is  comprising  a 
mixed  gas  in  which  xenon  gas  is  added  to  a 
mixed  gas  of  nitrogen  gas  and  argon  gas. 

40 

3.  An  apparatus  for  neutralizing  charged  bodies  in 
accordance  with  claim  1,  wherein  said  pres- 
sure  reduction  means  is  comprising  a  pressure  45 
reduction  mechanism  for  expelling  the  non- 
reactive  gas  introduced  into  said  chamber 
along  with  the  interior  of  said  chamber. 

4.  An  apparatus  for  neutralizing  charged  bodies  in  50 
accordance  with  one  of  claims  1  through  3, 
wherein  said  chamber  communicates,  via  an 
opening  and  closing  mechanism,  with  a  reac- 
tion  chamber  for  conducting  prespecified  pro- 
cesses  under  reduced  pressure  with  respect  to  55 
said  charged  bodies. 
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