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©  Anodization  apparatus  with  supporting  device  for  substrate  to  be  treated. 

©  A  supporting  device  for  a  treated  substrate  (1), 
applicable  to  a  formation  tank  in  which  a  chemical 

treatment  is  effected  on  said  treated  substrate  sup- 
ported  in  a  treating  solution  comprises: 
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a  sealing  member  (5)  with  elasticity  for  support- 
ing  said  treated  substrate  in  hermetic  fit  to  a  periph- 
eral  portion  thereof  except  for  a  surface  to  be  treat- 
ed; 

a  substrate  support  jig  (4)  for  supporting  said 
sealing  member; 

means  (7)  for  introducing  a  fluid  of  gas  or  liquid 
from  the  outside  into  a  hollow  portion  in  said  sub- 

strate  support  jig  so  that  a  pressure  of  said  fluid 
urges  said  sealing  member  against  said  peripheral 
portion  except  for  the  surface  to  be  treated  on  said 
substrate  to  achieve  hermetic  fit  therebetween;  and 

means  for  changing  said  pressure  to  control  a 
deformation  amount  of  said  sealing  member  and  an 
urging  force  thereon. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  supporting 
device  for  substrate  which  supports  a  substrate  to 
be  treated  (hereinafter  referred  to  simply  as  "treat- 
ed  substrate")  in  a  treating  solution,  and  an  anode 
formation  (anodization)  apparatus  provided  with  it. 

More  specifically,  the  present  invention  relates 
to  an  apparatus  for  anodization  of  a  crystalline 
silicon  layer  used  in  the  field  of  formation  tech- 
nique  of  Sol  (silicon  on  insulator)  which  is  utilized 
in  ULSI  including  Bi-CMOS  device  with  both  low 
dissipation  power  and  high-speed  operation,  three- 
dimensional  structure  device  including  layered 
functional  elements  such  as  a  sensor  device,  an 
arithmetical  element,  a  memory,  etc.,  or  a  high- 
voltage  device  such  as  a  power  transistor  for  elec- 
tronic  switching  system,  discharge  printer,  or  plas- 
ma  display,  and  in  the  field  of  micro  machining 
technique,  etc.  Particularly,  the  present  invention 
relates  to  an  anodization  apparatus  used  in  produc- 
ing  porous  silicon. 

Here,  "porous  silicon"  in  the  present  invention 
means  a  crystalline  silicon  having  a  single  crystal 
structure  and  at  the  same  time  having  many  pores 
therein. 

Further,  a  term  "crystalline  silicon  substrate"  in 
the  present  invention  means  a  silicon  single  crystal 
wafer  having  no  pores,  which  is  utilized  in  the  field 
of  semiconductor  industries. 

Related  Background  Art 

Recently,  semiconductor  devices  using  porous 
silicon  have  been  widely  researched. 

Formation  of  porous  silicon  was  found  by  A. 
Uhlir  and  D.  R.  Turner  in  the  course  of  study  for 
electrolytic  polishing  of  silicon  single  crystal  which 
was  biased  in  a  positive  potential  in  a  hydrofluoric 
acid  (hereinafter  referred  to  simply  as  "HF")  aque- 
ous  solution. 

Then,  an  attempt  was  made  to  utilize  the  high 
reactivity  of  porous  silicon  for  an  isolation  step  of 
elements,  which  requires  a  thick  insulator  formed 
between  elements,  in  producing  a  silicon  integrated 
circuit.  As  a  result,  application  techniques  were 
developed  to  FIPOS  (Full  Isolation  by  Porous  Ox- 
idized  Silicon),  which  is  a  complete  isolation  tech- 
nique  of  IC  by  a  porous  silicon  oxidized  film,  and  to 
a  silicon  direct  bonding  technique,  in  which  a  sili- 
con  epitaxial  layer  grown  on  a  porous  silicon  sub- 
strate  is  adhered  onto  an  amorphous  substrate  or 
onto  a  silicon  single  crystal  wafer  substrate  through 
an  oxidized  film. 

Inventors  of  the  present  invention  have  been 
already  proposed  an  anodization  apparatus  having 

the  structure  as  shown  in  a  cross  section  in  Fig.  8 
as  pore-etching  apparatus  for  crystalline  silicon  uti- 
lizing  an  anodization  reaction. 

In  Fig.  8,  reference  numeral  1  denotes  a  de- 
5  generated  crystalline  silicon  substrate  as  a  sub- 

strate  to  be  treated  (treated  substrate),  2  a  forma- 
tion  tank  made  of  a  tetrafluoroethylene  resin  (trade 
mane:  Teflon),  3a  and  3b  platinum  electrode  plates 
to  which  a  voltage  is  applied  from  an  external 

io  direct  current  (DC)  power  source  (not  shown)  to 
constitute  negative  and  positive  electrodes,  respec- 
tively,  4  a  substrate  support  jig  made  of  a 
tetrafluoroethylene  resin  (trade  name:  Teflon)  con- 
stituting  substrate  support  means,  5  a  sealing 

75  member  for  substrate  made  of  a  tetrafluoroethylene 
resin  (trade  name:  Goatex)  having  flexibility,  elas- 
ticity  and  hermetic  property,  11a  and  11b  bodies  of 
electrolyte,  which  is  a  hydrofluoric  acid  mixture 
solution,  and  15  a  Goatex  sealing  member  for  the 

20  substrate  support  jig,  which  maintains  a  hermetic 
contact  between  the  formation  tank  2  and  the  sub- 
strate  support  jig  4. 

Further,  Fig.  9A  is  a  perspective  view  to  illus- 
trate  constituent  elements  in  the  conventional  sub- 

25  strate  support  jig  4  shown  in  Fig.  8,  and  Fig.  9B  a 
perspective  view  to  show  an  assembled  state  of 
the  support  jig  4.  In  Figs.  9A  and  9B,  numerals  4a 
and  4b  represent  segments  of  the  substrate  sup- 
port  jig,  which  can  be  separated  from  each  other 

30  so  that  the  crystalline  silicon  substrate  1  can  be 
readily  mounted  to  or  dismounted  form  the  jig. 

Numerals  5a  and  5b  represent  segments  of  the 
substrate  sealing  member  made  of  Goatex,  which 
are  set  in  grooves  inside  the  substrate  support  jig 

35  segments  4a,  4b,  respectively,  to  maintain  the  her- 
metic  condition  between  the  substrate  support  jig 
segments  4a,  4b  and  the  crystalline  silicon  sub- 
strate  1.  They  are  divided  in  the  same  manner  as 
the  substrate  support  jig  segments  4a,  4b  are. 

40  Crystalline  silicon  substrates  used  in  semicon- 
ductor  industries  are  normally  subjected  to  the 
orientation  flatting  processing  to  indicate  the  direc- 
tion  of  crystallographic  axis.  Therefore,  the  seg- 
mented  substrate  sealing  member  (5a  and  5b)  and 

45  the  segmented  substrate  support  jig  (4a  and  4b) 
each  are  shaped  asymmetric. 

Numeral  14  denotes  bolts  made  of  Teflon, 
which  exert  an  urging  force  on  the  substrate  seal- 
ing  member  segments  5a,  5b  after  assembling  the 

50  substrate  support  jig  segments  4a,  4b  and  setting 
the  crystalline  silicone  substrate  1  thereto.  By 
screwing  the  bolts  14  completely,  the  entire  cir- 
cumference  of  the  crystalline  silicon  substrate  1 
and  junction  planes  between  the  substrate  support 

55  jig  segments  4a  and  4b  are  sealed  from  the  elec- 
trolyte  bodies  11a,  11b. 

After  the  substrate  support  jig  4  is  assembled, 
the  support  jig  sealing  member  15  made  of  Goatex 
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is  set  on  a  groove  in  the  circumference  of  the 
substrate  support  jig  4,  and  then  the  assembly  is 
inserted  into  the  formation  tank  2,  whereby  the 
electrolyte  bodies  11a,  11b  can  be  separated  from 
each  other  electrically  and  hermetically. 

Here,  the  anode-side  electrolyte  1  1  b  serves  as 
a  liquid  electrode.  Further,  electrical  barrier  is 
made  on  a  surface  of  the  crystalline  silicone  sub- 
strate  1  facing  the  cathode-side  electrolyte  11a  due 
to  the  difference  in  work  function  between  the 
electrolyte  and  the  crystalline  silicon  substrate.  Nu- 
meral  8  denotes  the  direction  of  a  formation  cur- 
rent. 

Then,  the  external  DC  power  source  (not 
shown)  supplies  a  current  to  form  a  cathode  of  the 
platinum  electrode  3a  and  an  anode  of  the  platinum 
electrode  3b,  whereby  fluorine  ions  (hereinafter  re- 
ferred  to  simply  as  "F~  ions")  are  generated  in  the 
electrolyte  11a  in  the  formation  tank  2.  The  F~  ions 
react  with  silicon  atoms  on  the  cathode-side  sur- 
face  of  the  silicon  wafer  1  to  form  tetrafluorosilicon 
(SiF+)  and  hydrogen  (H2),  whereby  the  silicon  wa- 
fer  1  is  dissolved  while  forming  pores. 

It  is  known  that  in  formation  of  pores  by  the 
anodization  reaction  of  crystalline  silicon,  presence 
of  holes  in  a  silicon  wafer  plays  an  important  role. 
The  mechanism  of  the  formation  is  considered  as 
follows. 

First,  when  holes  inside  a  degenerated  p-type 
silicon  reach  the  surface  of  silicon  single  crystal 
wafer,  a  F~  ion  starts  nucleophilic  attack  on  a  Si-H 
bond  compensating  for  a  dangling  bond  of  silicon 
on  the  surface,  to  form  a  Si-F  bond  instead  thereof. 

Since  a  F  atom  has  a  greater  electronegativity 
than  that  of  a  Si  atom,  polarization  induction  occurs 
due  to  the  thus  bonded  F~  ion.  Then,  another  Si-H 
bond  on  the  surface  is  attacked  by  another  F~  ion 
to  form  another  Si-F  bond,  whereby  a  H2  molecule 
is  produced  and  at  the  same  time  an  electron  is 
injected  into  the  anode.  By  the  polarization  in  the 
Si-H  bond,  an  electron  density  in  each  of  back 
bonds  is  lowered  to  make  Si-Si  bonds  weaker. 

These  weakened  bonds  are  attacked  by  HF  or 
H20,  so  that  the  Si  atom  on  the  crystal  surface 
forms  SiF+,  which  is  released  from  the  surface.  The 
crystal  surface  is  terminated  by  hydrogen  or  oxy- 
gen.  A  recess  formed  on  the  crystal  surface  by  the 
release  of  a  Si  atom  generates  an  electric  field 
distribution  which  predominantly  attracts  holes, 
whereby  the  surface  heterogeneity  becomes  en- 
hanced  thereby  to  form  a  pore  along  the  direction 
of  electric  field. 

Generally  speaking,  the  above-mentioned  elec- 
trolyte  is  usually  used  in  combination  with  alcohol. 
The  added  alcohol  prevents  hydrogen  gas  gen- 
erated  during  the  reaction  from  adhering  to  the 
surface,  then  interfering  supply  of  hydrofluoric  acid 
to  the  surface,  and  in  turn  impeding  the  reaction. 

The  above-mentioned  predominant  formation  of 
pores  also  occurs  in  a  degenerated  n-type  silicon 
in  which  holes  are  minority  carriers.  In  this  case, 
the  formation  of  electron-hole  pairs  upon  irradiation 

5  with  light  is  a  supply  source  of  holes. 
In  the  conventional  anodization  apparatus  as 

described  above,  the  crystalline  silicon  substrate  1 
is  arranged  to  effect  electrical  seal  of  the  elec- 
trolyte  throughout  the  entire  circumference  in  the 

io  peripheral  portion  of  the  beveled  side  surface,  so 
that  the  cathode-side  surface  of  the  crystalline  sili- 
con  substrate  1  can  be  uniformly  treated  to  form 
many  pores. 

Further,  since  the  cross  sectional  structure  of 
is  the  apparatus  is  electrically  symmetrical  with  re- 

spect  to  the  crystalline  silicon  substrate  1  ,  the  both 
surfaces  or  entire  region  of  the  crystalline  silicon 
substrate  1  can  be  subjected  to  the  pore-making 
treatment  by  inversion  of  the  polarity  of  the  voltage 

20  applied  to  the  platinum  electrodes  3a,  3b. 
Furthermore,  in  another  example  as  shown  in 

Fig.  10,  a  plurality  of  crystalline  silicon  substrates 
(1a-1d)  are  arranged  in  an  electrically  sealed  state 
at  certain  intervals  through  substrate  support  jigs 

25  (4a-4d)  as  described  above  along  the  electric  line 
force  of  the  formation  current  between  the  platinum 
electrodes  3a,3b,  whereby  the  plurality  of  crystal- 
line  silicon  substrates  can  be  subjected  to  the 
pore-making  treatment  at  the  same  time. 

30  In  the  conventional  anodization  apparatus,  the 
electrolyte  has  a  specific  resistance  of  about 
200  •  cm  and  serves  also  as  a  liquid  electrode. 
Further,  since  the  anodization  reaction  proceeds  by 
a  potential  difference  due  to  the  electric  barrier 

35  between  the  cathode-side  surface  and  the  anode- 
side  surface  of  the  crystalline  silicon  substrate,  it  is 
needless  to  say  that  the  formation  tank  and  the 
substrate  support  jig  except  for  the  crystalline  sili- 
con  substrate  should  be  made  of  materials  ex- 

40  cellent  in  electric  insulating  properties. 
Accordingly,  very  careful  attention  is  required 

in  assembling  the  substrate  support  jig  to  prevent 
the  electrolyte  from  leaking  through  between  the 
peripheral  portion  of  the  crystalline  silicon  substrate 

45  and  the  sealing  member,  or  through  the  junction  in 
the  substrate  support  jig. 

Particularly,  in  the  case  that  the  electrolyte 
leaks  in  the  vicinity  of  the  crystalline  silicon  sub- 
strate,  a  current  path  is  formed  through  the  elec- 

50  trolyte  so  as  to  lower  the  potential  difference, 
whereby  the  anodization  reaction  does  not  proceed 
near  the  leakage  portion  to  form  a  local  nonporous 
region  around  the  leakage  portion. 

Such  an  unevenness  of  the  thickness  of  the 
55  porous  silicon  layer  formed  on  the  surface  of  the 

crystalline  silicon  substrate  cannot  be  permissible 
in  its  applications  to  products  and  is  a  serious 
problem. 
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In  addition,  from  the  industrial  viewpoint,  when 
a  plurality  of  crystalline  silicon  substrates  are  sub- 
jected  to  the  pore-making  treatment  at  the  same 
time,  it  is  important  to  assure  certain  and  easy 
support  of  the  substrate  and  leakage  prevention  of 
the  electrolyte. 

However,  since  the  conventional  sealing  mem- 
ber  does  not  have  a  structure  to  seal  the  entire 
circumference  in  the  peripheral  portion  on  the  side 
surface  of  the  crystalline  silicon  substrate  without  a 
cut  or  parting,  there  is  a  possibility  to  leak  the 
electrolyte  through  the  junction  portion  in  the  sub- 
strate  support  jig  in  addition  to  such  a  problem  that 
labor  and  time  are  required  for  mounting  and  dis- 
mounting  the  crystalline  silicon  substrate. 

In  summary,  a  problem  to  be  solved  is  that 
there  is  no  conventionally  available  supporting  de- 
vice  for  substrate,  which  fully  meets  the  desires  to 
surely  prevent  the  leakage  of  electrolyte  by  the 
treated  substrate,  to  easily  mount  or  dismount  the 
treated  substrate,  to  reduce  a  production  cost,  and 
to  simplify  the  structure. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  supporting  device  for  substrate  having  a 
simple  structure,  which  can  surely  prevent  the  leak- 
age  of  electrolyte  by  the  treated  substrate,  to  which 
the  treated  substrate  can  be  easily  mounted  or 
dismounted,  and  which  can  be  produced  in  a  re- 
duced  production  cost. 

It  is  another  object  of  the  present  invention  to 
provide  a  supporting  device  for  a  treated  substrate, 
applicable  to  a  formation  tank  in  which  a  chemical 
treatment  is  effected  on  a  treated  substrate  sup- 
ported  in  a  treating  solution,  comprising: 

a  sealing  member  with  elasticity  for  supporting 
said  treated  substrate  in  hermetic  fit  to  a  peripheral 
portion  thereof  except  for  a  surface  to  be  treated; 

a  substrate  support  jig  for  supporting  said  seal- 
ing  member; 

means  for  introducing  a  fluid  of  gas  or  liquid 
from  the  outside  into  a  hollow  portion  in  said  sub- 
strate  support  jig  so  that  a  pressure  of  said  fluid 
urges  said  sealing  member  against  said  peripheral 
portion  except  for  the  surface  to  be  treated  on  said 
substrate  to  achieve  hermetic  fit  therebetween;  and 

means  for  changing  said  pressure  to  control  a 
deformation  amount  of  said  sealing  member  and  an 
urging  force  thereon. 

It  is  another  object  of  the  present  invention  to 
provide  an  improved  anodization  apparatus  pro- 
vided  with  the  above-mentioned  supporting  device. 

It  is  a  further  object  of  the  present  invention  to 
further  improve  members  used  in  the  supporting 
device  for  substrate  or  in  the  anodization  appara- 
tus. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  drawing  to  show  an  exam- 
ple  of  anodization  apparatus  according  to  the 

5  present  invention; 
Figs.  2A  and  2B  are  schematic  drawings  to 
illustrate  a  method  for  supporting  a  substrate  in 
the  anodization  apparatus  shown  in  Fig.  1; 
Fig.  3  is  a  schematic  drawing  to  show  another 

io  example  of  anodization  apparatus; 
Fig.  4  is  a  schematic  drawing  to  show  a  heat- 
shrinkable  tube  used  in  the  apparatus  shown  in 
Fig.  3; 
Fig.  5  is  a  schematic  drawing  to  illustrate  a  state 

is  that  a  treated  substrate  and  the  electrodes  are 
supported  in  the  apparatus  shown  in  Fig.  3; 
Fig.  6  is  a  schematic  drawing  to  show  another 
example  of  anodization  apparatus; 
Fig.  7  is  a  schematic  drawing  to  illustrate  a  state 

20  that  a  treated  substrate  and  the  electrodes  are 
supported  in  the  apparatus  shown  in  Fig.  6; 
Fig.  8  is  a  schematic  drawing  to  show  the  struc- 
ture  of  a  conventional  anodization  apparatus; 
Fig.  9A  is  a  perspective  view  to  show  constitu- 

25  ent  elements  in  a  conventional  substrate  support 
jig; 
Fig.  9B  is  a  perspective  view  to  show  an  assem- 
bled  state  of  the  conventional  substrate  support 
jig  shown  in  Fig.  9A; 

30  Fig.  10  is  a  schematic  drawing  to  show  a  con- 
ventional  anodization  apparatus  for  treating  a 
plurality  of  substrates; 
Fig.  11  is  a  schematic  drawing  to  show  another 
example  of  anodization  apparatus;  and 

35  Fig.  12  is  a  schematic  drawing  to  show  a  carry- 
ing  cassette  for  treated  substrate. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

40 
A  supporting  device  for  treated  substrate  ac- 

cording  to  the  present  invention  is  applicable  to  a 
formation  tank  in  which  a  chemical  treatment  is 
effected  on  a  treated  substrate  supported  in  a 

45  treating  solution,  which  comprises: 
a  sealing  member  with  elasticity  for  supporting 

said  treated  substrate  in  hermetic  fit  to  a  peripheral 
portion  thereof  except  for  a  surface  to  be  treated; 

a  substrate  support  jig  for  supporting  said  seal- 
so  ing  member; 

means  for  introducing  a  fluid  of  gas  or  liquid 
from  the  outside  into  a  hollow  portion  in  said  sub- 
strate  support  jig  so  that  a  pressure  of  said  fluid 
urges  said  sealing  member  against  said  peripheral 

55  portion  except  for  the  surface  to  be  treated  on  said 
substrate  to  achieve  hermetic  fit  therebetween;  and 

means  for  changing  said  pressure  to  control  a 
deformation  amount  of  said  sealing  member  and 

5 
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the  urging  force  thereon.  An  anodization  apparatus 
according  to  the  present  invention  is  provided  with 
the  supporting  device  for  treated  substrate  as  de- 
scribed  above. 

In  the  present  invention,  an  integral  sealing 
member  without  a  cut  or  parting  throughout  the 
entire  circumference  is  used  for  hermetically  seal- 
ing  the  peripheral  portion  of  substrate  around  the 
entire  circumference  in  close  fit  to  the  substrate,  so 
that  the  treating  solution  can  be  surely  prevented 
from  leaking. 

When  the  pressure  is  released,  the  inner  diam- 
eter  of  the  sealing  member  is  slightly  larger  than 
the  outer  diameter  of  the  treated  substrate  such  as 
a  crystalline  silicon  substrate;  when  the  pressure  is 
exerted,  the  inner  size  of  the  sealing  member  be- 
comes  perfectly  coincident  with  or  slightly  smaller 
than  the  size  of  crystalline  silicon  substrate.  Fur- 
ther,  a  deformation  amount  of  the  sealing  member 
and  an  urging  force  thereon  can  be  finely  adjusted 
by  the  air  or  liquid  pressure.  Then  the  treated 
substrate  can  be  supported  without  damage  while 
surely  preventing  the  solution  from  leaking. 

Such  a  stretchable  sealing  member  is  set  on 
the  inner  circumferential  surface  of  the  substrate 
support  jig,  which  keeps  its  shape  unchanged  upon 
exertion  of  the  pressure,  so  that  the  sealing  mem- 
ber  can  be  repetitively  used  as  setting,  sealing  and 
releasing  crystalline  silicon  substrates  one  by  one. 

Another  sealing  means  in  the  present  invention 
employs  a  sealing  member  of  thin  tube,  which  is 
reversibly  or  irreversibly  heat-shrinkable. 

The  tubular  sealing  member  has  an  inner  diam- 
eter  slightly  larger  than  the  outer  diameter  of  cry- 
stalline  silicon  substrate.  After  the  crystalline  silicon 
substrate  is  inserted  inside  the  tubular  sealing 
member,  it  is  heated  to  shrink  in  the  normal  direc- 
tion  to  the  crystalline  silicon  substrate  thereby  to 
achieve  sealing  therebetween. 

In  this  case,  the  urging  force  of  the  sealing 
member  can  be  finely  adjusted  by  controlling  an 
amount  of  shrinkage  of  the  tubular  sealing  member 
depending  upon  the  heating  temperature  and  the 
heating  time  duration. 

In  case  that  a  plurality  of  crystalline  silicon 
substrates  having  the  same  shape  are  set  in  a 
tubular  sealing  member,  they  are  set  and  heated  to 
shrink  one  by  one  in  the  sealing  member  as  each 
heated  to  shrink  after  set. 

Further,  employing  a  stretchable  sealing  mem- 
ber,  which  is  similarly  tubular  but  has  an  inner 
diameter  slightly  smaller  than  the  outer  diameter  of 
crystalline  silicon  substrate,  the  crystalline  silicon 
substrate  can  be  inserted  inside  the  sealing  mem- 
ber  as  expanded,  whereby  sealing  can  be  achieved 
in  action  of  shrinking  force  as  a  mechanical  urging 
force  without  relying  on  heat  shrinkage. 

Since  the  sealing  members  can  seal  the  entire 
circumference  of  crystalline  silicon  substrate  with- 
out  a  cut  or  junction,  they  are  free  of  leakage  of 
electrolyte  as  observed  from  a  junction  in  a  sub- 

5  strate  support  jig  in  the  conventional  sealing  mem- 
ber,  and  the  crystalline  silicon  substrate  can  be 
readily  mounted  to  or  dismounted  from  either  of 
the  sealing  members. 

The  present  invention  will  be  described  in 
io  more  detail  with  reference  to  the  accompanying 

drawings. 

Embodiment  1 

is  Fig.  1  is  a  schematic  cross  section  of  an  ap- 
paratus  I  in  Embodiment  1  of  the  present  invention. 
In  Fig.  1,  reference  numeral  1  designates  a  cry- 
stalline  silicon  substrate  as  a  substrate  to  be  treat- 
ed  (treated  substrate),  21a  and  21b  electrode  sup- 

20  port  jigs  made  of  a  tetrafluoroethylene  resin  (trade 
name:  Teflon),  3a  and  3b  platinum  electrode  plates 
to  which  a  voltage  is  applied  from  an  unrepresen- 
ted  external  DC  power  source  to  constitute  nega- 
tive  and  positive  electrodes,  4  a  substrate  support 

25  jig  made  of  a  tetrafluoroethylene  resin  (trade  name: 
Teflon),  constituting  substrate  supporting  means,  5 
a  substrate  sealing  member  made  of  a  perfluoro 
elastomer  rubber  (trade  name:  Kemraz  or  Kalrez) 
similarly  having  flexibility,  elasticity,  hermetic  prop- 

30  erty  and  chemical  resistance,  6  a  groove,  in  which 
the  substrate  sealing  member  5  is  set,  for  uni- 
formly  transmitting  an  air  pressure  or  a  liquid  pres- 
sure  onto  the  sealing  member  5,  using  a  space 
between  them,  and  7  a  pressure  supply  port  for 

35  supplying  the  air  or  liquid  pressure  from  an  exter- 
nal  pressure  supply  system  40  into  the  space 
(hollow  portion)  formed  between  the  groove  6  and 
the  substrate  sealing  member  5.  Numeral  8  de- 
notes  outlets  for  discharging  gas  generating  during 

40  formation.  Numeral  9  denotes  formation  tank  seal- 
ing  members  made  of  a  tetrafluoroethylene  resin 
(trade  name:  Goatex)  having  flexibility,  elasticity, 
chemical  resistance  and  hermetic  property  for  pre- 
venting  an  electrolyte  from  leaking  through  joint 

45  planes  between  the  electrode  support  jigs  21a,  21b 
and  the  substrate  support  jig  4,  and  10  bolts  for 
fixing  the  electrode  support  jigs  21a,  21b  and  the 
substrate  support  jig  4  to  each  other.  Numerals  11a 
and  11b  represent  the  electrolyte,  which  is  a 

50  hydrofluoric  acid  mixture  solution. 
Fig.  2A  is  a  cross  section  to  illustrate  a  posi- 

tional  relation  immediately  before  the  crystalline 
silicon  substrate  1  is  set  in  the  substrate  support  jig 
4  of  the  present  invention  as  shown  in  Fig.  1  or 

55  immediately  after  the  setting  condition  is  released. 
Since  Fig.  2A  shows  a  state  that  the  air  or  liquid 
pressure  is  released,  the  inner  diameter  of  sub- 
strate  sealing  member  5  is  larger  than  the  outer 

6 
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diameter  of  crystalline  silicon  substrate  1.  In  this 
state  the  crystalline  silicon  substrate  can  freely 
pass  inside  the  substrate  sealing  member. 

Fig.  2B  is  a  cross  section  to  illustrate  a  state 
that  the  crystalline  silicon  substrate  1  is  set.  In  Fig. 
2B,  when  the  air  or  liquid  pressure  is  supplied  from 
the  pressure  supply  port  7,  the  pressure  urges  the 
substrate  sealing  member  5  along  a  taper  of 
groove  6  in  the  normal  direction  to  the  crystalline 
silicon  substrate  1  to  project  it  out  of  the  groove  6. 
In  Fig.  2B,  arrows  represent  a  direction  of  deforma- 
tion  of  the  substrate  sealing  member  5.  The  taper 
formation  in  the  substrate  sealing  member  5  and 
the  groove  6  is  preferable  for  hermetically  keeping 
the  air  or  liquid  pressure  or  for  preventing  a  posi- 
tional  deviation  of  the  substrate  sealing  member  5 
relative  to  the  crystalline  silicon  substrate  upon 
projecting  out  of  the  groove.  The  substrate  sealing 
member  is  made  of  a  perfluoro  elastomer  rubber 
(trade  name:  Kemraz)  having  an  elongation  of  200 
%  at  the  room  temperature. 

In  the  present  apparatus  I  of  the  invention  the 
pore-making  treatment  is  carried  out  as  follows  on 
the  crystalline  silicon  substrate.  First,  a  p-type 
(100)  crystalline  silicon  is  produced  by  the  CZ 
(Czochralski)  method  as  doped  with  boron  (B)  to 
provide  a  resistivity  of  0.01  to  0.02  Ocm.  Then  a 
wafer  is  obtained  by  orientation-flat  processing  of 
the  thus  produced  p-type  crystalline  silicon  in  di- 
ameter  125  mm  and  thickness  0.6  mm.  The  wafer 
is  used  as  the  crystalline  silicon  substrate  1  . 

Pressure  applying  means  is  compressed  air  in 
pressure  of  2  kgf/cm2  from  a  compressor  (not 
shown)  in  the  pressure  supply  adjuster  40  in  Fig.  1. 
The  substrate  sealing  member  5  has  the  shape 
similar  to  that  of  the  used  crystalline  silicon  sub- 
strate  1  ,  but  the  sealing  member  5  has  an  aperture 
with  inner  diameter  in  a  state  free  of  the  pressure 
of  compressed  air,  2  mm  larger  than  the  outer 
diameter  of  silicon  substrate  1  so  that  the  cry- 
stalline  silicon  substrate  1  may  pass  freely  through 
the  sealing  member  5.  The  sealing  member  5  has 
a  straight  portion  corresponding  to  the  orientation 
flat  portion  of  crystalline  silicon  substrate  1  ,  and  the 
straight  portion  has  the  same  length  of  42.5  mm  as 
that  of  substrate. 

When  the  crystalline  silicon  substrate  1  is  set 
in  the  substrate  support  jig  4,  an  unrepresented 
vacuum  chuck  jig  first  sucks  and  supports  a  flat 
surface  of  crystalline  silicon  substrate  1  in  the  state 
that  the  pressure  of  compressed  air  is  released, 
and  then  locates  it  in  the  center  of  substrate  seal- 
ing  member  5. 

Then  the  compressed  air  is  applied  to  the 
substrate  sealing  member  5  to  deform  it  in  the 
normal  direction  to  the  substrate.  The  pressure 
supply  adjuster  40  adjusts  the  pressure  to  keep  the 
substrate  sealing  member  5  in  hermetic  fit  to  the 

entire  circumference  of  crystalline  silicon  substrate 
1.  While  the  pressure  is  maintained,  the  vacuum  of 
the  vacuum  chuck  jig  is  removed. 

In  this  state,  the  substrate  support  jig  4  un- 
5  itedly  supports  the  crystalline  silicon  substrate  1  to 

assure  hermetic  seal  for  electrolyte. 
The  electrode  support  jigs  21a  and  21b  are 

connected  to  the  both  ends  of  substrate  support  jig 
4  through  the  formation  tank  sealing  members  9 

io  and  the  assembly  is  secured  by  the  bolts  10. 
Two  electrically  independent  formation  cells 

are  formed  by  the  substrate  support  jig  4,  the 
crystalline  silicon  substrate  1,  and  the  electrode 
support  jigs  21a,  21b. 

is  A  hydrofluoric  acid  mixture  solution,  in  which 
48  wt%  (%  by  weight)  pure-water-diluted 
hydrofluoric  acid,  pure  water  and  alcohol  are  mixed 
at  a  ratio  of  1:1:1,  is  poured  into  the  cells  through 
the  outlets  8  to  form  a  body  of  cathode-side  elec- 

20  trolyte  11a  and  a  body  of  anode-side  electrolyte 
11b.  The  hydrofluoric  acid  mixture  solution  has  a 
resistivity  of  23.6  Ocm. 

A  DC  constant-current  source  (not  shown)  sup- 
plies  a  current  at  current  density  of  8  mA/cm2  to 

25  each  of  platinum  electrodes  3a  and  3b. 
The  formation  reaction  starts  with  the  current 

flow  to  form  pores  on  the  crystalline  silicon  sub- 
strate  1  from  the  cathode  electrode  3a  side  surface 
to  the  anode-side  surface.  Gas  such  as  hydrogen 

30  produced  in  the  pore-making  treatment  is  dis- 
charged  out  of  the  formation  cells  through  the 
outlets  8. 

After  a  porous  silicon  layer  is  formed  in  a 
desired  thickness,  the  direct  current  is  stopped  and 

35  the  electrolyte  is  discharged  through  the  outlets  8. 
Then  pure  water  is  poured  into  the  formation  cells 
to  wash  the  crystalline  silicon  substrate  1  . 

The  pure  water  is  then  discharged  and  there- 
after  the  bolts  10  are  unscrewed  to  separate  the 

40  electrode  support  jigs  21a,  21b  and  the  substrate 
support  jig  4,  disassembling  the  formation  tank. 

The  crystalline  silicon  substrate  1  is  then  sup- 
ported  by  the  vacuum  chuck  (not  shown)  and  the 
compressed  air  applied  onto  the  substrate  sealing 

45  member  5  is  released.  The  substrate  sealing  mem- 
ber  5  having  elasticity  restores  its  original  shape  to 
free  the  crystalline  silicon  substrate  1  . 

According  to  the  above  process,  a  reaction  for 
about  twelve  minutes  formed  a  porous  silicon  layer 

50  in  thickness  of  10  urn.  In  a  surface  of  crystalline 
silicon  substrate  with  diameter  125  mm,  the  thick- 
ness  distribution  of  porous  silicon  layer  was  such 
that  the  thickness  was  10  urn  at  the  center  of 
substrate  and  11  to  12  urn  in  the  peripheral  portion 

55  of  substrate. 
The  thus  produced  porous  silicon  had  a  per- 

centage  of  pores  P  (Porosity)  of  55  %. 

7 
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In  a  comparative  example  using  the  conven- 
tional  sealing  method,  if  leakage  of  electrolyte  took 
place  due  to  imperfect  seal,  the  porous  silicon 
layer  was  not  formed  in  the  leaking  portion  at  all, 
though  the  formation  reaction  occurred  at  a  certain 
distance  from  the  leaking  portion.  The  porous  sili- 
con  layer  was  first  formed  in  thickness  of  10  urn  in 
the  region  outside  a  circle  with  radius  40  mm  about 
the  leaking  portion. 

The  anodization  apparatus  of  the  present  in- 
vention  may  be  so  arranged  that  the  electrolyte 
overflows  the  formation  cells.  Fig.  11  shows  an 
example  of  such  anodization  apparatus. 

In  Fig.  11,  reference  numerals  1a,  1b  designate 
formation  cells  which  can  keep  the  liquid  surface  of 
electrolyte  above  the  highest  portion  of  treated 
substrate,  2a,  2b  platinum  electrodes,  3  a  silicon 
wafer  as  a  treated  substrate,  5a,  5b  HF  aqueous 
solution  as  electrolyte,  6  a  wafer  holder  made  of 
Teflon,  and  40  an  adjuster  for  supplying  a  pressure 
to  the  wafer  holder.  Numerals  7a,  7b  are  overflow 
tanks  for  receiving  the  overflowing  solution,  and  8a, 
8b  pumps  as  electrolyte  supply  means. 

In  this  apparatus,  the  pumps  8a,  8b  circulate 
the  electrolyte  in  the  formation  cells. 

The  electrolyte  in  the  formation  cell  1a  on  the 
treated  surface  side  of  treated  substrate  overflows 
the  upper  wall  of  formation  cell  1a  into  the  overflow 
tanks  7a,  7b.  The  overflow  tanks  7a,  7b  formed 
around  the  formation  cell  1a  are  arranged  to  be 
connected  to  each  other,  and  the  overflowing  solu- 
tion  thereinto  is  circulated  by  the  pump  8a  to  the 
formation  cell  1a.  In  this  occasion,  bubbles  in  the 
electrolyte  are  discharged  from  the  upper  surface 
of  solution  and  particles  are  efficiently  discharged 
into  the  overflow  tanks  upon  overflow  to  be  then 
removed  by  a  filter  9a  set  in  a  pipe  in  the  circula- 
tion  system. 

In  the  apparatus  shown  in  Fig.  11,  the  elec- 
trolyte  is  supplied  to  overflow  and  then  to  be 
cleaned,  so  that  attachment  of  particles  or  bubbles 
may  be  reduced  to  the  porous  surface  of  treated 
substrate,  enabling  more  uniform  chemical  treat- 
ment. 

In  the  present  invention,  a  conductive  bulkhead 
(such  as  a  wafer)  for  preventing  metal  contamina- 
tion  may  be  provided  between  the  treated  sub- 
strate  and  the  positive  metal  electrode  to  avoid 
direct  contact  between  the  electrolyte  and  the  posi- 
tive  metal  electrode.  In  such  an  arrangement,  the 
metal  is  prevented  from  dissolving  into  the  elec- 
trolyte,  thus  preventing  metal  contamination  on  the 
treated  substrate. 

Also,  such  an  arrangement  can  be  employed  in 
the  present  invention  that  the  hermetic  contact  be- 
tween  the  treated  substrate  and  the  sealing  mem- 
ber  is  achieved  by  a  sealing  member  arranged 
oblique  to  the  main  surface  of  treated  substrate 

and  urged  against  the  peripheral  portion  thereof. 
Further,  the  present  invention  permits  one  of 

electrodes  to  be  set  on  the  back  surface  of  treated 
substrate. 

5  In  addition,  the  treated  substrate  (such  as  wa- 
fer)  can  be  effectively  transported  in  the  present 
invention,  using  a  cassette  for  carrying  the  treated 
substrate  as  shown  in  Fig.  12. 

In  Fig.  12,  a  wafer  cassette  108  is  formed  as  a 
io  plane-plate  member,  in  which  an  aperture  108a 

shaped  to  fit  the  contour  of  wafer  as  the  treated 
substrate  is  formed  in  the  central  portion.  A  step 
108b  is  formed  on  the  lower  portion  of  inner  wall  in 
the  aperture  108a  as  a  support  portion  for  support- 

15  ing  the  peripheral  edge  of  wafer  set  in  the  aperture 
108a.  The  step  108b  is  integrally  formed  through- 
out  the  entire  circumference  of  inner  wall  in  the 
aperture  108a.  A  wafer  seal  107  is  provided  as  a 
sealing  member  on  the  upper  surface  of  the  step 

20  108b  throughout  the  entire  circumference  thereof, 
and  a  wafer  is  mounted  on  this  wafer  seal  107. 

In  the  present  invention,  using  the  treated  sub- 
strate  carrying  cassette  shown  in  Fig.  12,  the  treat- 
ed  substrate  can  be  efficiently  transported  or 

25  mounted  to  the  anodization  apparatus  or  to  a  semi- 
conductor  process  system. 

Embodiment  2 

30  Five  sets  of  substrate  support  jigs  4  as  used  in 
Embodiment  1  of  the  present  invention  are  pro- 
vided  and  intervals  of  the  crystalline  silicon  sub- 
strates  1  are  arranged  to  be  50  mm.  Then,  a 
plurality  of  substrates  are  subjected  to  anodization 

35  treatment  at  the  same  time.  Such  formation  tank 
has  the  same  structure  as  in  Embodiment  1  of  the 
present  invention  except  that  the  substrates  are 
arranged  along  the  formation  current  between  the 
platinum  electrodes. 

40  The  formation  conditions  are  the  same  as  in 
Embodiment  1  except  that  the  applied  voltage  is 
increased  in  order  to  allow  the  same  amount  of 
formation  current  to  flow. 

The  thickness  of  the  porous  silicon  layer  was 
45  from  10  to  11  urn  in  the  center  of  the  five  cry- 

stalline  silicon  substrates  after  anodization. 

Embodiment  3 

50  In  Embodiments  1  and  2  of  the  present  inven- 
tion  as  described,  the  substrate  support  jig  4  uti- 
lized  deformation  of  the  substrate  sealing  member 
5  by  compressed  air.  However,  if  there  is  no  need 
to  reuse  the  substrate  support  jig,  the  structure  can 

55  be  further  simplified. 
Fig.  3  is  a  schematic  cross  section  of  an  ap- 

paratus  II  in  Embodiment  3  of  the  present  inven- 
tion. 
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In  Fig.  3,  reference  numeral  1  denotes  a  cry- 
stalline  silicon  substrate,  and  3a,  3b  platinum  elec- 
trode  plates.  Numeral  12  denotes  a  heat-shrinkable 
tube  made  of  a  tetrafluoroethylene  resin  (Trade 
name:  Teflon)  and  8  outlets. 

The  outer  diameter  of  the  crystalline  silicon 
substrate  1  used  is  125  mm  as  in  Embodiment  1. 
The  thickness  of  the  heat-shrinkable  tube  12  is  0.2 
mm.  Its  cross-sectional  shape  is  shown  in  Fig.  4 
and  the  tube  has  an  inner  diameter  2  mm  lager 
than  the  outer  diameter  of  the  used  crystalline 
silicon  substrate  and  a  straight  portion  with  the 
same  length  as  that  of  the  orientation  flat  portion, 
as  in  Embodiments  1  and  2  of  the  present  inven- 
tion.  The  shape  and  the  size  of  the  platinum  elec- 
trode  plates  3a,  3b  are  the  same  as  those  of  the 
crystalline  silicone  substrate  1.  Namely,  the  plati- 
num  electrode  plates  and  the  crystalline  silicon 
substrate  have  such  sizes  that  they  are  movable 
inside  the  heat-shrinkable  tube  12. 

The  platinum  electrode  plates  3a,  3b  and  the 
crystalline  silicon  substrate  1  are  inserted  one  by 
one  into  the  heat-shrinkable  tube  12  to  be  set  at  50 
mm  intervals.  After  the  platinum  electrode  plates 
and  the  crystalline  silicon  substrate  are  supported 
by  an  unrepresented  fixing  jig  through  the  wall  of 
the  heat-shrinkable  tube  12,  the  heat-shrinkable 
tube  12  is  heated  to  177°  C  to  shrink  thereby.  The 
heat-shrinkable  tube  used  in  the  present  apparatus 
II  of  the  invention  has  a  heat  shrinkage  factor  of 
77%  at  the  heating  temperature,  which  is  full 
enough  to  cover  the  size  difference  between  the 
tube  and  the  crystalline  silicone  substrate. 

The  heating  is  continued  until  the  heat-shrink- 
able  tube  12  is  hermetically  fitted  to  around  the 
entire  circumference  of  the  crystalline  silicon  sub- 
strate  1  and  platinum  electrode  plates  3a,  3b.  After 
completion  of  the  heat  shrinkage,  the  unrepresen- 
ted  fixing  jig  is  removed. 

By  the  above  operation,  two  formation  cells, 
which  are  electrically  separated  from  each  other, 
are  formed  in  the  heat-shrinkable  tube  12  in  a 
simple  structure. 

Then,  an  electrolyte  is  poured  into  the  cells 
through  the  outlets  8  and  a  direct  current  is  made 
to  flow  through  the  platinum  electrode  plates  3a, 
3b,  to  start  the  pore-making  treatment  on  the  cry- 
stalline  silicon  substrate.  Since  the  heat-shrinkable 
tube  is  high  in  electric  insulating  properties  and  the 
outside  of  the  heat-shrinkable  tube  is  insulated  by 
air,  there  is  no  leakage  of  direct  current  caused  as 
long  as  the  sealing  is  complete. 

Further,  the  whole  heat-shrinkable  tube  may  be 
immersed  in  a  liquid  having  high  electric  insulating 
properties,  for  example  in  pure  water.  This  is  par- 
ticularly  useful  as  measure  for  safety  to  prevent  the 
platinum  electrode  plates  3a,  3b  from  being  taken 
off  due  to  the  water  pressure  of  the  electrolyte. 

However,  attention  should  be  paid  to  prevent 
the  pure  water  from  flowing  through  the  outlets  8 
into  the  formation  cells  and  thereby  to  keep  the 
mixture  ratio  of  the  electrolyte  unchanged. 

5  Since  the  heat-shrinkable  tube  is  transparent, 
one  can  confirm  or  observe  not  only  the  supporting 
and  sealing  conditions  of  the  crystalline  silicon 
substrate  but  also  states  of  the  substrate  surface 
and  inside  the  formation  cells  during  anodization. 

io  After  completion  of  the  treatment,  the  elec- 
trolyte  is  discharged  as  in  the  above  embodiments. 

Here,  the  shrinkage  of  the  heat-shrinkable  tube 
utilizes  an  irreversible  deformation  with  heat.  It  is 
thus  difficult  to  utilize  the  heat  deformation  again 

is  for  taking  the  crystalline  silicon  substrate  and  the 
platinum  electrode  plates  out  of  the  tube.  There- 
fore,  the  heat-shrinkable  tube  must  be  cut  to  take 
them  out. 

20  Embodiment  4 

Next  described  is  a  method  for  supporting  a 
substrate  using  a  shrinking  force  of  an  elastic  tube 
after  expanded,  which  is  opposite  to  Embodiment 

25  3. 
Fig.  6  shows  a  schematic  cross  section  of  an 

apparatus  III  in  Embodiment  4  of  the  present  inven- 
tion. 

In  Fig.  6,  reference  numeral  1  denotes  a  same 
30  crystalline  silicon  substrate  as  used  in  Embodi- 

ments  1-3  of  the  present  invention,  and  13  an 
elastic  tube  made  of  a  perfluoro  elastomer  rubber 
(trade  name:  Kemraz)  having  an  inner  diameter 
slightly  smaller  than  the  outer  diameter  of  the  cry- 

35  stalline  silicon  substrate  1.  The  elongation  of  the 
tube  is  200%  and  the  thickness  is  2  mm. 

Since  the  tube  can  change  its  shape  freely,  the 
cross-sectional  shape  may  be  circular. 

The  inner  diameter  of  the  both  end  apertures 
40  of  elastic  tube  13  is  made  larger  than  the  outer 

diameter  of  the  crystalline  silicon  substrate  in  order 
to  facilitate  insertion  of  the  crystalline  silicon  sub- 
strate  1  into  the  tube.  Numeral  8  denotes  outlets. 

Further,  Fig.  7  is  a  schematic  cross  section  to 
45  show  a  state  that  the  platinum  electrodes  3a,  3b 

and  the  crystalline  silicon  substrate  1  are  set  and 
supported  inside  the  elastic  tube  12  in  the  present 
apparatus  III  of  the  invention. 

The  platinum  electrodes  3a,  3b  and  the  cry- 
50  stalline  silicon  substrate  1  are  supported  one  by 

one  by  a  vacuum  chuck  (not  shown)  and  then 
consecutively  inserted  into  the  elastic  tube  13  as 
expanded. 

In  this  occasion,  the  elastic  tube  13  is  likely  to 
55  shrink  as  to  restore  its  original  shape,  whereby  it 

hermetically  fits  to  the  entire  circumferences  of  the 
platinum  electrodes  and  the  crystalline  silicon  sub- 
strate  to  thereby  support  them. 

9 
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Then,  as  in  the  present  apparatus  II  of  the 
invention,  the  electrolyte  is  poured  into  the  cells 
through  the  outlets  8  and  a  direct  current  is  made 
to  flow  through  the  platinum  electrodes  to  start  the 
anodization  reaction. 

After  completion  of  the  pore-making  treatment 
on  the  crystalline  silicon  substrate  1  ,  the  electrolyte 
is  discharged. 

Next,  in  the  reverse  order  to  the  above  inser- 
tion  operation,  the  platinum  electrodes  3a,  3b  and 
the  crystalline  silicon  substrate  1  are  supported 
one  by  one  by  the  vacuum  chuck  (not  shown)  and 
then  consecutively  pulled  out  from  the  end  of  the 
elastic  tube  13  to  the  outside. 

After  taking  the  crystalline  silicon  substrate  1 
and  the  platinum  electrodes  3a,  3b  out,  the  elastic 
tube  13  restores  its  original  size  before  the  inser- 
tion.  Thus,  it  can  be  used  again. 

Also  in  case  of  the  present  apparatus  III  of  the 
invention,  the  apparatus  may  be  immersed  in  pure 
water  during  the  anodization  in  order  to  cancel  the 
liquid  pressure  of  the  electrolyte,  as  described  in 
the  present  apparatus  II. 

Instead  of  the  elastic  tube  as  used  in  present 
apparatus  III  of  the  invention,  an  elastic  plate  hav- 
ing  the  same  opening  can  be  used  in  the  present 
invention,  though  such  an  embodiment  is  not 
shown  in  a  drawing.  In  this  case,  the  elastic  plate  is 
closely  sandwiched  and  supported  between  Teflon 
plates  having  the  same  opening. 

In  the  above  embodiments,  there  is  no  limita- 
tion  of  the  size  of  the  crystalline  silicon  substrate 
as  long  as  the  size  matches  the  deformation 
amount  of  substrate  support  jig  and  a  substrate 
support  jig  for  exclusive  use  is  provided.  Thus,  the 
shape  of  substrate  is  not  limited  to  disk. 

Further,  the  shape  of  the  treated  substrate  is 
not  limited  to  plate,  but  the  substrate  may  be 
spherical  or  cubic  with  anodization  area  limited 
thereon. 

Furthermore,  the  apparatus  of  the  present  in- 
vention  can  be  used  for  formation  reactions  other 
than  the  pore-making  treatment  on  the  crystalline 
silicon  substrate  as  long  as  the  type  and  the  mix- 
ture  ratio  of  electrolyte  are  properly  selected. 

Yet  furthermore,  a  part  of  the  sealing  methods 
in  the  present  invention  can  be  readily  used  for 
sealing  other  liquid  or  gas  materials  than  the  elec- 
trolyte  of  the  present  invention. 

As  detailed  above,  the  present  invention  can 
provide  a  supporting  device  for  substrate  having  a 
simple  structure,  which  can  certainly  prevent  the 
leakage  of  the  treating  solution,  which  is  easy  in 
mounting  or  dismounting  the  treated  substrate  and 
which  can  be  produced  in  low  cost,  because  the 
device  is  so  arranged  that  the  treated  substrate  is 
hermetically  sealed  and  supported  under  pressure 
throughout  the  entire  circumference.  Particularly, 

the  anodization  apparatus  of  the  invention  enjoys 
an  effect  of  uniform  treatment  on  the  treated  sub- 
strate. 

A  supporting  device  for  a  treated  substrate, 
5  applicable  to  a  formation  tank  in  which  a  chemical 

treatment  is  effected  on  said  treated  substrate  sup- 
ported  in  a  treating  solution  comprises: 

a  sealing  member  with  elasticity  for  supporting 
said  treated  substrate  in  hermetic  fit  to  a  peripheral 

io  portion  thereof  except  for  a  surface  to  be  treated; 
a  substrate  support  jig  for  supporting  said  seal- 

ing  member; 
means  for  introducing  a  fluid  of  gas  or  liquid 

from  the  outside  into  a  hollow  portion  in  said  sub- 
15  strate  support  jig  so  that  a  pressure  of  said  fluid 

urges  said  sealing  member  against  said  peripheral 
portion  except  for  the  surface  to  be  treated  on  said 
substrate  to  achieve  hermetic  fit  therebetween;  and 

means  for  changing  said  pressure  to  control  a 
20  deformation  amount  of  said  sealing  member  and  an 

urging  force  thereon. 

Claims 

25  1.  A  supporting  device  for  a  treated  substrate, 
applicable  to  a  formation  tank  in  which  a 
chemical  treatment  is  effected  on  said  treated 
substrate  supported  in  a  treating  solution,  com- 
prising: 

30  a  sealing  member  with  elasticity  for  sup- 
porting  said  treated  substrate  in  hermetic  fit  to 
a  peripheral  portion  thereof  except  for  a  sur- 
face  to  be  treated; 

a  substrate  support  jig  for  supporting  said 
35  sealing  member; 

means  for  introducing  a  fluid  of  gas  or 
liquid  from  the  outside  into  a  hollow  portion  in 
said  substrate  support  jig  so  that  a  pressure  of 
said  fluid  urges  said  sealing  member  against 

40  said  peripheral  portion  except  for  the  surface 
to  be  treated  on  said  substrate  to  achieve 
hermetic  fit  therebetween;  and 

means  for  changing  said  pressure  to  con- 
trol  a  deformation  amount  of  said  sealing 

45  member  and  an  urging  force  thereon. 

2.  A  supporting  device  for  a  treated  substrate 
according  to  Claim  1  ,  wherein  at  least  one  set 
of  said  treated  substrate  and  substrate  support 

50  jig  is  combined  with  a  couple  of  support  jigs 
for  electrodes  as  set  in  said  solution  to  form 
formation  cells  keeping  said  solution  in  a  sepa- 
rate  state  therein. 

55  3.  A  supporting  device  for  a  treated  substrate 
according  to  Claim  1,  wherein  said  sealing 
member  is  an  integral  member  without  a  cut 
throughout  the  entire  circumference  thereof. 

10 
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4.  An  anodization  apparatus  comprising: 
a  supporting  device  as  set  forth  in  Claim  1  ; 

and 
electrodes. 

5 
5.  An  anodization  apparatus  according  to  Claim  4, 

wherein  said  treating  solution  is  made  circula- 
tive. 

6.  An  anodization  apparatus  according  to  Claim  5,  10 
wherein  said  treating  solution  is  circulated  by  a 
pump. 

7.  An  anodization  apparatus  according  to  Claim  5, 
wherein  said  treating  solution  is  arranged  to  is 
overflow  the  formation  tank. 
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