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©  Apparatus  for  cleaning  silicon  wafers. 

©  A  silicon  wafer-cleaning  apparatus  enables  the 
two  sides  of  silicon  wafers  (35)  to  be  uniformly 
etched  with  a  high  degree  of  purity,  permits  rising 
processing  to  be  executed  in  the  same  chamber  as 
that  in  which  the  etching  is  executed,  prevents  par- 
ticles  of  contaminating  substance  from  adhering  to 
the  silicon  wafers  when  the  silicon  wafers  have  just 
been  etched,  and  further  prevents  an  oxide  film  from 

^-  being  excessively  formed  on  the  silicon  wafers.  The 
^   cleaning  apparatus  is  made  up  of  a  chamber  (1) 

which  is  vertically  divided  into  a  mist-generating 
©  chamber  (3)  and  a  processing  chamber  (4)  by  a 

partitioning  wall  having  a  communication  section,  a 
q   opening/closing  mechanism  (20)  including  a  shutter 
G)  (21)  for  closing  the  communication  section  of  the 

partitioning  wall,  a  high-frequency  oscillation  mem- 
©  ber  (8),  attached  to  the  chamber,  for  generating  mist 

Q_ 
LLI 

of  an  aqueous  hydrofluoric  acid  solution  in  the  mist- 
generating  chamber  (3),  a  high-frequency  oscillator 
(9)  for  supplying  high-frequency  power  to  the  high- 
frequency  oscillation  member  (8),  a  conveyance 
mechanism  (32)  for  conveying  a  cassette,  in  which  a 
plurality  of  silicon  wafers  (35)  are  held  in  an  upright 
state,  to  the  processing  chamber,  a  plurality  of  gas- 
ejecting  nozzle  members  (29,  38),  attached  to  the 
chamber  and  the  shutter,  for  ejecting  a  gas  toward 
regions  between  the  silicon  wafers  held  in  the  cas- 
sette,  pure  water-spraying  nozzle  members  (41),  at- 
tached  to  the  chamber,  for  spraying  pure  water 
toward  regions  between  the  silicon  wafers  (35)  held 
in  the  cassette,  and  a  gas  exhaust  member  (46) 
arranged  inside  the  processing  chamber  to  be  lower 
than  the  cassette  conveyed  by  the  conveyance 
mechanism. 

Rank  Xerox  (UK)  Business  Services 



EP  0  490  405  A1 

n 
r  

L  
n 

F I G .   I 

2 



1 EP  0  490  405  A1 2 

The  present  invention  relates  to  an  apparatus 
for  cleaning  silicon  wafers  by  use  of  the  mist  of  an 
aqueous  hydrofluoric  acid  solution. 

As  a  conventional  silicon  wafer-cleaning  meth- 
od  that  uses  an  aqueous  hydrofluoric  acid  solution, 
the  following  two  methods  are  known:  (1)  a  method 
in  which  silicon  wafers  are  immersed  in  a  tube 
filled  with  an  aqueous  hydrofluoric  acid  solution; 
and  (2)  a  method  in  which  silicon  wafers  are  ex- 
posed  to  jets  of  an  aqueous  hydrofluoric  acid  solu- 
tion  by  means  of  a  high-pressure  jet  pump. 

However,  these  methods  are  faced  with  the 
problems  below.  In  the  case  of  cleaning  method 
(1),  silicon  is  gradually  dissolved  in  the  aqueous 
hydrofluoric  acid  solution,  due  to  the  repeated  ex- 
ecution  of  a  cleaning  operation.  Since,  therefore, 
the  etching  speed  of  the  silicon  of  the  aqueous 
hydrofluoric  acid  solution  is  gradually  degraded  as 
the  cleaning  operations  are  repeated,  the  etching 
conditions  have  to  be  controlled  to  keep  the  speed 
constant  within  predetermined  allowable  limits  se- 
lecting  the  silicon  concentration  of  the  aqueous 
hydrofluoric  acid  solution  one  of  the  important  fac- 
tors  to  be  monitored  and  controlled.  This  control  is 
very  troublesome  in  practice.  In  the  case  of  clean- 
ing  method  (2),  silicon  wafers  are  exposed  to  jets 
of  an  aqueous  hydrofluoric  acid  solution,  so  that  it 
is  inevitable  that  part  of  the  silicon  wafers  are  not 
exposed  to  the  aqueous  hydrofluoric  acid  solution, 
resulting  in  ununiform  etching  of  the  wafers.  It 
should  be  noted  that  particles  of  a  certain  sub- 
stance  are  originally  contained  in  the  aqueous 
hydrofluoric  acid  solution.  Due  to  such  particles, 
the  silicon  wafers  are  liable  to  be  contaminated. 
The  contamination  of  the  silicon  wafers  is  serious 
particularly  in  cleaning  method  (1),  since  in  this 
method  the  amount  of  contaminating  substance 
contained  in  the  original  aqueous  hydrofluoric  acid 
solution  increases  each  time  the  aqueous 
hydrofluoric  acid  solution  is  used  for  etching  silicon 
wafers,  and  the  silicon  wafers  are  contaminated 
more  in  the  subsequent  etching  step. 

As  is  understood  from  the  above,  the  two  con- 
ventional  cleaning  methods  do  not  permit  the  two 
sides  of  a  silicon  wafer  to  be  uniformly  etched  with 
a  high  degree  of  purity.  Further,  the  methods  them- 
selves  introduce  secondary  contamination,  due  to 
the  particles  contained  in  the  aqueous  hydrofluoric 
acid  solution. 

Accordingly,  one  object  of  the  present  inven- 
tion  is  to  provide  a  silicon  wafer-cleaning  apparatus 
which  can  adhere  the  two  sides  of  a  silicon  wafer 
with  a  mist  of  an  aqueous  hydrofluoric  acid  solution 
free  of  particles  of  contaminating  substance  and 
which  permits  the  silicon  wafer  to  be  uniformly 
etched  with  a  high  degree  of  purity  on  the  surface. 

Another  object  of  the  present  invention  is  to 
provide  a  silicon  wafer-cleaning  apparatus  which 

etches  the  two  sides  of  a  silicon  wafer  and  can 
subsequently  rinse  the  silicon  wafer  in  the  same 
chamber  as  that  in  which  the  etching  treatment  is 
executed. 

5  Still  another  object  of  the  present  invention  is 
to  provide  a  silicon  wafer-cleaning  apparatus  which 
prevents  particles  of  contaminating  substance  from 
adhering  to  the  two  sides  of  a  silicon  wafer,  when 
the  silicon  wafer  has  just  been  etched  and  is  there- 

io  fore  highly  active,  and  further  prevents  an  oxide 
film  from  being  excessively  formed  on  the  two 
sides  of  that  silicon  wafer. 

To  achieve  these  objects,  the  present  invention 
provides  a  silicon  wafer-cleaning  apparatus  com- 

75  prising: 
a  chamber  which  is  divided  into  an  upper  re- 

gion  and  a  lower  region  by  a  partitioning  wall 
having  a  communication  section,  the  upper  region 
defining  a  mist-generating  chamber  and  the  lower 

20  region  defining  a  processing  chamber; 
opening/closing  means  including  a  shutter  for 

closing  the  communication  section  of  the  partition- 
ing  wall; 

a  high-frequency  oscillation  member,  attached 
25  to  the  chamber,  for  generating  mist  of  an  aqueous 

hydrofluoric  acid  solution  in  the  mist-generating 
chamber; 

a  high-frequency  oscillator  for  supplying  high- 
frequency  power  to  the  high-frequency  oscillation 

30  member; 
conveyance  means  for  conveying  a  storage 

member  in  which  a  plurality  of  silicon  wafers  are 
held  in  an  upright  state,  to  the  processing  chamber; 

a  plurality  of  gas-ejecting  means,  attached  to 
35  the  chamber  and  the  shutter,  for  ejecting  a  gas 

toward  regions  between  the  silicon  wafers  held  in 
the  storage  member; 

pure  water-spraying  means,  attached  to  the 
chamber,  for  spraying  pure  water  toward  regions 

40  between  the  silicon  wafers  held  in  the  storage 
member;  and 

gas  exhaust  means  arranged  inside  the  pro- 
cessing  chamber  to  be  lower  than  the  storage 
member. 

45  It  is  preferable  that  the  aqueous  hydrofluoric 
acid  solution  have  a  0.1  to  50%  hydrogen  fluoride 
concentration  with  reference  to  water. 

In  the  upper  region  of  the  chamber,  a 
vertically-extending  tubular  partitioning  plate  may 

50  be  arranged  such  that  a  reservoir  containing  an 
aqueous  hydrofluoric  acid  solution  is  formed  adja- 
cent  to  the  mist-generating  chamber. 

The  high-frequency  oscillation  member  is  at- 
tached  to  the  side  wall  of  the  mist-generating 

55  chamber  and/or  the  bottom  of  the  reservoir. 
The  high-frequency  oscillation  member  at- 

tached  to  the  side  wall  of  the  chamber  is  made  up 
of:  a  case  penetrating  the  side  wall  of  the  chamber 

3 
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and  having  a  nozzle  at  the  tip  end  thereof;  an 
oscillation  plate  located  in  the  case;  an  oscillation 
element  attached  to  the  oscillation  plate  and  lo- 
cated  opposite  to  the  nozzle;  and  a  pipe  for  sup- 
plying  an  aqueous  hydrofluoric  acid  solution  coup- 
led  to  that  portion  of  the  case  which  is  located 
outside  the  chamber  and  which  is  between  the 
nozzle  and  the  oscillation  plate. 

The  high-frequency  oscillation  member  at- 
tached  to  the  bottom  of  the  reservoir  is  made  up 
of:  a  case  attached  to  the  bottom  of  the  reservoir; 
an  oscillation  plate  contained  in  the  case  and  kept 
in  contact  with  the  aqueous  hydrofluoric  acid  solu- 
tion;  and  an  oscillation  element  attached  to  the 
oscillation  plate  and  located  opposite  to  the  aque- 
ous  hydrofluoric  acid  solution. 

Each  of  the  two  high-frequency  oscillation 
member  is  preferably  designed  such  that  the  os- 
cillation  plate  produces  high-frequency  oscillations 
in  the  range  of  1  to  4  MHz  when  the  oscillation 
element  is  supplied  with  high-frequency  power 
from  the  high-frequency  oscillator. 

The  gas  ejected  from  the  gas-ejecting  means 
is  preferably  an  inert  gas,  such  as  nitrogen,  argon 
or  helium. 

The  silicon  wafer-cleaning  apparatus  men- 
tioned  above  enables  the  two  sides  of  silicon  wa- 
fers  to  be  uniformly  etched  with  a  high  degree  of 
purity  on  their  surfaces,  and  further  permits  rising 
processing  to  be  executed  in  the  same  chamber  as 
that  in  which  the  etching  treatment  is  executed.  In 
addition,  the  apparatus  prevents  particles  of  con- 
taminating  substance  from  adhering  to  the  silicon 
wafers  when  the  silicon  wafers  have  just  been 
etched,  and  further  prevents  an  oxide  film  from 
being  excessively  formed  on  the  silicon  wafers. 

According  to  the  present  invention,  the  high- 
frequency  oscillation  member  attached  to  the 
chamber  (e.g.,  a  high-frequency  oscillation  nozzle 
member  which  is  made  up  of  a  case,  a  nozzle 
located  at  the  tip  end  of  the  case,  and  an  oscilla- 
tion  plate  and  an  oscillator  both  contained  in  the 
case,  and  to  which  the  pipe  used  for  supplying  an 
aqueous  hydrofluoric  acid  solution  is  connected)  is 
supplied  with  high-frequency  power  from  the  high- 
frequency  oscillator.  Simultaneously,  the  high-fre- 
quency  oscillation  member  is  supplied  with  the 
aqueous  hydrofluoric  acid  solution.  As  a  result,  the 
high-frequency  oscillation  member  produces  mist 
of  the  aqueous  hydrofluoric  acid  solution.  The  mist 
is  of  the  order  of  microns  to  submicrons,  and  is 
directed  toward  the  interior  of  the  mist-generating 
chamber.  Since  the  mist  stays  in  the  mist-generat- 
ing  chamber  for  a  certain  time,  particles  which  are 
originally  contained  in  the  aqueous  hydrofluoric 
acid  solution  and  which  result  in  secondary  con- 
tamination  are  removed.  After  the  mist  of  the  aque- 
ous  hydrofluoric  acid  solution  is  produced  in  the 

mist-generating  chamber  in  a  sufficient  amount,  the 
shutter  is  driven  to  open  the  communication  sec- 
tion  of  the  partitioning  wall.  Thus,  the  mist  enters 
the  processing  chamber  through  the  communica- 

5  tion  section.  The  storage  member,  in  which  a  plu- 
rality  of  silicon  wafers  are  held  in  an  upright  state, 
is  conveyed  into  the  processing  chamber  before- 
hand.  From  the  gas-ejecting  means  attached  to  the 
shutter  and  the  chamber,  an  inert  gas  (e.g.,  a 

io  nitrogen  gas)  is  ejected  toward  regions  between 
the  wafers,  while  simultaneously  exhausting  gas 
from  the  processing  chamber  by  the  gas  exhaust 
means  which  is  arranged  inside  the  processing 
chamber  to  be  lower  than  the  storage  member.  By 

is  the  stream  of  the  inert  gas,  the  mist  of  the  aqueous 
hydrofluoric  acid  solution  is  carried  to  the  silicon 
wafers,  and  adheres  uniformly  to  the  two  sides  of 
the  silicon  wafers.  To  be  more  specific,  the  mist 
adheres  to  the  sides  of  the  silicon  wafers  when  it 

20  flows  downward  along  the  silicon  wafers  held  in  the 
storage  member.  As  a  result,  the  two  sides  of  each 
wafer  is  etched  by  the  highly-pure  aqueous 
hydrofluoric  acid  solution. 

After  the  etching  treatment  mentioned  above, 
25  the  communication  section  of  the  partitioning  wall 

is  closed  with  the  shutter,  and  the  mist  in  the 
processing  chamber  is  exhausted  by  the  exhaust 
means,  while  causing  the  gas-ejecting  means  to 
ceaselessly  eject  the  inert  gas  toward  regions  be- 

30  tween  the  silicon  wafers.  As  a  result,  the  mist  is 
completely  exhausted  from  the  processing  cham- 
ber,  and  the  processing  chamber  is  filled  with  the 
inert  gas.  Thus,  particles  of  contaminating  sub- 
stance  are  prevented  from  adhering  to  the  two 

35  sides  of  the  silicon  wafers  even  though  the  etched 
silicon  wafers  are  active,  and  an  oxide  film  is 
prevented  from  being  excessively  formed  on  the 
two  sides  of  the  silicon  wafers.  Under  this  con- 
dition,  the  pure  water-spraying  means  sprays  pure 

40  water  toward  regions  between  the  silicon  wafers, 
for  rinsing  the  silicon  wafers.  Accordingly,  the  two 
sides  of  the  silicon  wafers  are  cleared  of  the  aque- 
ous  hydrofluoric  acid  solution. 

As  mentioned  above,  the  silicon  wafer-cleaning 
45  apparatus  of  the  present  invention  enables  the  two 

sides  of  silicon  wafers  to  be  uniformly  etched  with 
a  high  degree  of  purity  on  their  surfaces,  and 
further  permits  rising  processing  to  be  executed 
immediately  after  the  etching  treatment  in  the 

50  same  chamber  as  that  in  which  the  etching  treat- 
ment  is  executed.  In  addition,  the  apparatus  pre- 
vents  particles  of  contaminating  substance  from 
adhering  to  the  silicon  wafers  when  the  silicon 
wafers  have  just  been  etched,  and  further  prevents 

55  an  oxide  film  from  being  excessively  formed  on  the 
silicon  wafers.  Since  the  silicon  wafers  are  sub- 
jected  to  the  rinsing  processing  immediately  after 
the  etching  treatment,  they  can  be  cleaned  with  a 

4 
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high  degree  of  purity  on  their  surfaces. 
Where  two  high-frequency  oscillation  members 

are  employed  (one  being  attached  to  the  side  wall 
of  the  mist-generating  chamber,  and  the  other  be- 
ing  attached  to  the  bottom  of  the  reservoir),  the 
mist-generating  chamber  can  be  swiftly  filled  with 
mist  of  the  aqueous  hydrofluoric  acid  solution.  In 
this  case,  the  silicon  wafers  can  be  etched  in  a 
time  shorter  than  that  required  where  only  one 
high-frequency  oscillation  member  is  employed. 

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

Fig.  1  is  a  schematic  sectional  view  showing  a 
cleaning  apparatus  according  to  one  embodi- 
ment  of  the  present  invention;  and 
Fig.  2  is  a  sectional  view  taken  along  line  ll-ll  in 
Fig.  1. 
A  preferred  embodiment  of  the  present  inven- 

tion  will  now  be  described,  with  reference  to  Figs.  1 
and  2. 

Fig.  1  is  a  schematic  sectional  view  showing  a 
cleaning  apparatus  according  to  one  embodiment 
of  the  present  invention,  while  Fig.  2  is  a  sectional 
view  taken  along  line  ll-ll  in  Fig.  1.  As  is  shown  in 
Figs.  1  and  2,  a  chamber  1,  made  of  poly- 
tetrafluoroethylene,  is  divided  into  an  upper  region 
and  a  lower  region  by  a  partitioning  wall  2.  The 
upper  region  serves  as  a  mist-generating  chamber 
3,  while  the  lower  region  serves  as  a  processing 
chamber  4.  A  rectangular  wall  5,  which  constitutes 
a  communication  section,  projects  from  the  parti- 
tioning  wall  2  into  the  mist-generating  chamber  3. 

The  mist-generating  chamber  3  (i.e.,  that  re- 
gion  of  chamber  1  which  is  located  upper  than  the 
partitioning  wall  2)  is  made  up  of:  a  vertically- 
extending  hollow  rectangular  box  1a;  a  rectangular 
casing  1b  being  integral  with  the  upper  end  of  the 
hollow  rectangular  box  1a  and  having  a  cross  sec- 
tion  wider  than  that  of  the  hollow  rectangular  box 
1a;  and  a  vertically-extending  rectangular  partition- 
ing  plate  1c  integrally  connected  to  the  upper  end 
of  the  hollow  rectangular  box  1a.  The  hollow  rec- 
tangular  box  1a  and  the  rectangular  casing  1b 
jointly  define  the  mist-generating  chamber  3  men- 
tioned  above.  The  rectangular  partitioning  plate  1c 
partitions  the  interior  of  the  hollow  rectangular  box 
1a  in  such  a  manner  that  a  reservoir  6  is  defined 
adjacent  to  the  mist-generating  chamber  3.  This 
reservoir  6  contains  an  aqueous  hydrofluoric  acid 
solution  7,  whose  hydrogen  fluoride  concentration 
in  the  solution  is  20%,  for  example.  The  processing 
chamber  4  (i.e.,  that  region  of  chamber  1  which  is 
located  lower  than  the  partitioning  wall  2)  is  defined 
by  a  casing  1d  having  a  heptagonal  cross  section. 

A  cylindrical  high-frequency  oscillation  nozzle 
member  8,  used  for  spraying  an  aqueous 

hydrofluoric  acid  solution,  is  attached  to  the  side 
wall  of  the  rectangular  casing  1b  of  the  chamber  1. 
The  high-frequency  oscillation  nozzle  member  8 
comprises  a  case  8b  having  a  bullet-shaped  nozzle 

5  8a.  This  nozzle  8  is  fitted  in  a  hole  formed  in  the 
side  wall  of  the  rectangular  casing  1b.  The  high- 
frequency  oscillation  nozzle  member  8  also  com- 
prises  an  oscillation  plate  (not  shown)  contained 
therein  and  formed  of  tantalum,  for  example.  The 

io  high-frequency  oscillation  nozzle  member  8  further 
comprises  an  oscillation  element  (not  shown)  which 
is  attached  to  the  oscillation  plate  and  located  on 
the  opposite  side  to  that  of  the  nozzle  8a.  A  high- 
frequency  oscillator  9  is  connected  to  the  oscilla- 

15  tion  element  of  the  high-frequency  oscillation  noz- 
zle  member  8  by  means  of  a  cable  10.  When  high- 
frequency  power  is  supplied  from  the  high-frequen- 
cy  oscillator  9  to  the  oscillation  element  of  the 
oscillation  nozzle  member  8,  the  oscillation  plate 

20  connected  to  the  oscillation  element  produces 
high-frequency  oscillation  in  the  range  of  1  to  4 
MHz.  One  end  of  a  supply  pipe  11,  used  for 
supplying  an  aqueous  hydrofluoric  acid  solution,  is 
coupled  to  that  portion  of  the  case  8b  which  is 

25  located  between  the  nozzle  8a  and  the  oscillation 
plate.  Through  the  supply  pipe  11,  an  aqueous 
hydrofluoric  acid  solution  12,  whose  hydrogen  flu- 
oride  concentration  in  the  solution  is  20%,  for  ex- 
ample,  is  supplied  into  the  case  8b  of  the  high- 

30  frequency  oscillation  nozzle  member  8.  The  other 
end  of  the  supply  pipe  11  is  coupled  to  a  tub  13  in 
which  an  aqueous  hydrofluoric  acid  solution  12  is 
contained.  A  filter  14,  whose  pores  are  less  than 
0.2  urn,  and  a  pump  15  are  provided  for  the  supply 

35  pipe  11,  such  that  the  filter  14  is  located  closer  to 
the  high-frequency  oscillation  nozzle  member  8 
than  the  pump  15.  One  end  of  a  drain  pipe  16  is 
connected  to  the  side  wall  of  the  rectangular  casing 
1b,  such  that  the  connected  end  is  close  to  the 

40  surface  level  of  the  aqueous  hydrofluoric  acid  solu- 
tion  7  contained  in  the  reservoir  6.  The  other  end  of 
the  drain  pipe  16  is  inserted  into  the  tub  13. 

A  high-frequency  oscillation  member  17  is  con- 
nected  to  the  rectangular  casing  1b  such  that  it  is 

45  located  at  the  bottom  of  the  reservoir  6.  The  high- 
frequency  oscillation  member  17  comprises  a  case 
18  attached  to  the  bottom  of  the  reservoir  6.  It  also 
comprises  an  oscillation  plate  (not  shown)  con- 
tained  therein  and  formed  of  tantalum,  for  example. 

50  The  oscillation  member  is  kept  in  contact  with  the 
aqueous  hydrofluoric  acid  solution  7.  The  high- 
frequency  oscillation  member  17  further  comprises 
an  oscillation  element  (not  shown)  attached  to  the 
oscillation  plate  and  located  opposite  to  the  aque- 

55  ous  hydrofluoric  acid  solution  7.  The  high-frequen- 
cy  oscillator  9  mentioned  above  is  connected  to 
the  oscillation  element  of  the  high-frequency  os- 
cillation  member  17  by  means  of  a  cable  19.  When 

5 
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high-frequency  power  is  supplied  from  the  high- 
frequency  oscillator  9  to  the  oscillation  element  of 
the  oscillation  member  17,  the  oscillation  plate  con- 
nected  to  the  oscillation  element  produces  high- 
frequency  oscillation  in  the  range  of  1  to  4  MHz. 

In  Figs.  1  and  2,  reference  numeral  20  denotes 
an  opening/closing  mechanism.  This  mechanism 
20  comprises  a  vertically-movable  shutter  21  ar- 
ranged  in  the  mist-generating  chamber  3.  The  shut- 
ter  21  is  shaped  like  a  box  which  is  open  at  the 
bottom  thereof.  A  frame-like  seal  22,  made  of  a 
fluorine-contained  resin,  for  example,  is  attached  to 
the  lower  end  of  the  shutter  21  ,  and  is  brought  into 
contact  with  that  portion  of  the  partitioning  wall  2 
which  is  in  the  vicinity  of  the  rectangular  wall  5.  As 
is  shown  in  Fig.  2,  the  opening/closing  mechanism 
20  comprises  two  movable  pins  23.  The  lower  ends 
of  these  movable  pins  23  are  fixed  to  the  upper 
surface  of  the  shutter  21,  while  the  upper  ends 
thereof  extend  through  the  upper  wall  of  the  rectan- 
gular  casing  1  b  and  are  located  outside  of  the  mist- 
generating  chamber  3.  Two  bushes  24  are  respec- 
tively  fitted  in  two  holes  formed  in  the  upper  wall  of 
casing  1b,  and  the  pins  23  are  inserted  in  the 
respective  bushes  24.  An  O-ring  (not  shown)  is 
located  on  the  inner  circumferential  surface  of  each 
bush  24.  A  movable  plate  25  is  fixed  to  the  upper 
ends  of  the  pins  23.  An  air  cylinder  27  comprising 
a  piston  rod  26  is  fixed  to  the  movable  plate  25. 
The  lower  end  of  the  piston  rod  26  penetrates  the 
movable  plate  25  and  is  fixed  to  the  upper  wall  of 
the  rectangular  casing  1b. 

The  operation  of  the  opening/closing  mecha- 
nism  20  mentioned  above  will  be  described.  When 
the  air  cylinder  27  is  driven,  it  moves  upward  by 
the  reaction  produced  thereby,  since,  as  mentioned 
above,  the  piston  rod  26  is  fixed  to  the  upper  wall 
of  casing  1  b.  With  the  upward  movement  of  the  air 
cylinder  27,  the  movable  plate  25,  to  which  the  air 
cylinder  27  is  fixed,  also  moves  upward.  Since  the 
two  movable  pins  23  to  which  the  movable  plate  25 
is  fixed  also  move  upward,  the  shutter  21  fixed  to 
the  lower  ends  of  the  movable  pins  23  moves 
upward.  As  a  result,  the  rectangular  wall  5,  con- 
stituting  the  communication  section,  is  opened. 
When  the  driving  of  the  air  cylinder  27  is  stopped, 
the  reaction  produced  by  the  driving  is  canceled, 
thus  moving  the  air  cylinder  27  downward.  Since, 
therefore,  the  movable  plate  25,  the  two  movable 
pins  23  and  the  shutter  21  also  move  downward, 
the  shutter  21  contacts  the  upper  surface  of  the 
partitioning  wall  2,  thus  closing  the  rectangular  tu- 
bular  wall  5. 

Gas-ejecting  nozzle  members  29,  the  number 
of  which  is  two,  for  example,  are  arranged  on  that 
portion  of  the  shutter  21  which  is  located  above  the 
opening  defined  by  the  rectangular  wall  5.  Each 
gas-ejecting  nozzle  29  is  made  up  of:  a  cylindrical 

screw  portion  30  threadably  fitted  in  a  hole  formed 
in  the  shutter  21,  and  a  nozzle  31  integrally  coup- 
led  to  the  cylindrical  screw  portion  30  and  projec- 
ted  downward  from  the  shutter  21.  Gas-supply 

5  pipes  (not  shown),  the  number  of  which  is  equal  to 
that  of  the  gas-ejecting  nozzle  members  29,  are 
connected  at  one  end  to  the  respective  cylindrical 
screw  portions  30.  The  other  ends  of  the  gas- 
supply  pipes  penetrate  the  upper  wall  of  the  rec- 

io  tangular  casing  1b  and  are  connected  to  a  nitrogen 
gas  bomb  (not  shown),  for  example. 

A  conveyance  mechanism  32  is  arranged  on 
the  side  wall  of  the  casing  1d.  The  conveyance 
mechanism  32  comprises  a  hatch  33  formed  in  the 

is  side  wall  of  the  casing  1d.  A  guide  plate  (not 
shown)  is  arranged  such  that  it  can  be  slanted  with 
reference  to  the  hatch  33.  A  frame-like  support 
member  34  engages  with  the  guide  plate,  and  is 
moved  into  the  processing  chamber  4  or  moved 

20  out  therefrom  in  association  with  the  slanting  of  the 
guide  plate.  The  frame-like  support  member  34 
engages  with  the  flanges  37  of  a  cassette  36,  in 
which  a  plurality  of  silicon  wafers  35  are  held  in  an 
upright  state.  The  cassette  36  is  conveyed  into  the 

25  processing  chamber  4  while  being  suspended  by 
the  frame-like  support  member.  The  rear  portion  of 
the  support  member  34  and  the  guide  plate  jointly 
serve  as  a  cover  with  which  to  close  the  hatch  33. 

Gas-ejecting  nozzle  members  38  are  located 
30  on  two  of  the  slanted  upper  walls  of  the  casing  1d. 

Where  four  gas-ejecting  nozzle  members  38  are 
employed,  two  nozzles  38  are  provided  for  each  of 
the  two  slanted  upper  walls.  Each  nozzle  member 
38  comprises  a  cylindrical  screw  portion  39 

35  threadably  fitted  in  a  hole  formed  in  the  slanted 
upper  wall,  and  a  nozzle  40  integrally  attached  to 
the  screw  portion  39  and  located  in  the  processing 
chamber  4.  The  nozzle  40  is  projected  toward  the 
wafers  35  conveyed  into  the  processing  chamber  4 

40  by  means  of  the  conveyance  mechanism  32.  Al- 
though  not  shown,  a  plurality  of  gas  supply  pipes 
(the  number  of  which  is  equal  to  the  number  of 
gas-ejecting  nozzle  members  38)  is  provided.  One 
end  of  each  gas  supply  pipe  is  coupled  to  the 

45  cylindrical  screw  portion  39  of  the  corresponding 
gas-ejecting  nozzle  member  38,  while  the  other 
end  thereof  is  coupled  to  a  nitrogen  gas  bomb  (not 
shown),  for  example. 

A  plurality  of  pure  water-spraying  nozzle  mem- 
50  bers  41  (the  number  of  which  is  two,  for  example) 

are  arranged  in  the  processing  chamber  4  such 
that  they  are  in  the  vicinity  of  the  lower  portion  of 
the  partitioning  wall  2.  The  pure  water-spraying 
nozzle  members  41  extend  in  parallel  to  each 

55  other.  Each  nozzle  member  41  comprises  a  hollow 
cylinder  42  which  extends  in  the  same  direction  as 
that  in  which  the  wafers  35  are  arranged  in  the 
cassette  36.  One  end  of  the  hollow  cylinder  42  is 
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closed,  while  the  other  end  thereof  is  open.  A 
plurality  of  apertures  43  are  formed  in  the  lower 
portion  of  the  hollow  cylinder  42  throughout  the 
whole  length  thereof.  A  joint  44  is  attached  to  the 
open  end  of  the  hollow  cylinder  42.  One  end  of  a 
pure  water  supply  pipe  45  is  coupled  to  the  joint 
44,  while  the  other  end  thereof  extends  through  the 
side  wall  of  the  casing  1d  and  is  coupled  to  a  pure 
water  supply  (not  shown).  When  pure  water  is 
supplied  to  the  cylinder  42  through  the  supply  pipe 
45  and  the  joint  44,  the  wafers  35  held  in  the 
cassette  36  are  sprinkled  with  the  pure  water  out- 
put  from  the  apertures  43. 

A  plurality  of  gas-exhausting  members  46  (the 
number  of  which  is  two,  for  example)  are  arranged 
in  the  processing  chamber  4  such  that  they  are 
located  under  the  cassette  36.  The  gas-exhausting 
members  46  extend  in  parallel  to  each  other.  Each 
gas-exhausting  member  46  comprises  a  hollow  cyl- 
inder  47  which  extends  in  the  same  direction  as 
that  in  which  the  wafers  35  are  arranged  in  the 
cassette  36.  One  end  of  the  hollow  cylinder  47  is 
closed,  while  the  other  end  thereof  is  open.  A 
plurality  of  gas-suction  apertures  48  are  formed  in 
the  lower  portion  of  the  hollow  cylinder  47  through- 
out  the  whole  length  thereof.  A  joint  49  is  attached 
to  the  open  end  of  the  hollow  cylinder  47.  One  end 
of  a  communication  pipe  50  is  coupled  to  the  joint 
49,  while  the  other  end  thereof  is  fitted  in  a  hole 
formed  in  the  side  wall  of  the  casing  1d.  A  box  51, 
which  defines  a  gas-exhaust  chamber,  is  attached 
to  the  outer  portion  of  the  side  wall  of  the  casing 
1d  in  such  a  manner  that  the  box  51  surrounds  the 
hole  in  which  the  communication  pipe  50  is  fitted. 
One  end  of  a  gas-exhaust  pipe  (not  shown)  is 
coupled  to  the  box  51  ,  while  the  other  end  thereof 
is  coupled  to  a  gas-exhaust  fan  (not  shown).  When 
the  gas-exhaust  fan  is  driven,  the  gas  in  the  pro- 
cessing  chamber  4  is  sucked  through  the  gas- 
suction  apertures  48  and  is  exhausted  by  way  of 
the  hollow  cylinder  47,  the  joint  49,  the  commu- 
nication  pipe  50,  and  the  gas-exhaust  pipe. 

A  drain  pipe  52  for  draining  the  aqueous 
hydrofluoric  acid  solution  is  located  in  the  bottom 
of  the  casing  1d.  Moreover,  in  the  vicinity  of  the 
partitioning  wall  2,  one  end  of  a  drain  tube  (not 
shown)  is  attached  to  the  side  wall  of  the  hollow 
rectangular  box  1a.  The  other  end  of  the  drain  tube 
is  led  out  of  the  chamber  1.  Through  this  drain 
tube,  the  aqueous  hydrofluoric  acid  solution  which 
collects  on  the  partitioning  wall  2  is  drained  to  the 
outside  of  the  chamber  1  . 

A  description  will  now  be  given  of  the  operation 
of  the  cleaning  apparatus  mentioned  above. 

First  of  all,  the  seal  22  at  the  lower  end  of  the 
shutter  21  of  the  opening/closing  mechanism  20  is 
brought  into  contact  with  the  upper  surface  of  the 
partitioning  wall  2.  As  a  result,  the  rectangular  wall 

5  is  closed,  thereby  prohibiting  the  communication 
between  the  mist-generating  chamber  3  and  the 
processing  chamber  4.  The  guide  plate  (not  shown) 
of  the  hatch  33  is  slanted  toward  the  outside  of  the 

5  chamber  1.  The  cassette  36,  which  contains  a 
plurality  of  wafers  35  held  in  an  upright  position 
and  has  flanges  37,  is  inserted  along  the  inner 
surface  of  the  guide  plate.  As  a  result,  the  flanges 
37  of  the  cassette  36  engage  with  the  frame-like 

io  support  member  34,  which  is  movable  in  associ- 
ation  with  the  slanting  of  the  guide  plate,  and  the 
cassette  36  is  suspended  by  the  frame-like  support 
member  34.  When  the  guide  plate  is  returned  to 
the  original  position  and  the  support  member  34 

is  pushed  into  the  processing  chamber  4,  the  cas- 
sette  36  is  conveyed  into  the  center  of  the  interior 
of  the  processing  chamber  4,  as  is  shown  in  Figs. 
1  and  2.  Simultaneous  with  this,  the  hatch  33  is 
closed  with  the  rear  portion  of  the  support  member 

20  34  and  the  guide  plate. 
After  the  conveyance  mechanism  32  has  con- 

veyed  the  cassette  36  into  the  processing  chamber 
4,  a  nitrogen  gas  is  supplied  from  the  nitrogen  gas 
bomb  to  the  gas-ejecting  nozzle  members  38  lo- 

25  cated  on  the  two  slanted  upper  walls  of  the  casing 
1d.  As  a  result,  the  nitrogen  gas  is  ejected  over  the 
cassette  36  inside  the  processing  chamber  4  from 
the  nozzle  40  of  each  nozzle  member  38.  Simulta- 
neous  with  this,  the  gas-exhaust  fan  is  driven. 

30  Therefore,  the  gas  in  the  processing  chamber  4  is 
exhausted  through  the  gas-exhausting  members 
46,  and  the  processing  chamber  4  is  filled  with  the 
nitrogen  gas. 

When  the  gas  in  the  processing  chamber  is 
35  being  replaced  with  the  nitrogen  gas,  the  pump  15 

is  driven.  Therefore,  the  aqueous  hydrofluoric  acid 
solution  12  contained  in  the  tub  13  is  supplied  to 
the  cylindrical  high-frequency  oscillation  nozzle 
member  8  via  the  supply  pipe  1  1  provided  with  the 

40  filter  14.  Further,  high-frequency  power  is  supplied 
from  the  high-frequency  oscillator  9  to  the  oscilla- 
tion  element  of  the  high-frequency  oscillation  noz- 
zle  member  8.  As  a  result,  the  oscillation  element 
starts  oscillation,  and  the  oscillation  plate  connect- 

45  ed  to  the  oscillation  element  produces  high-fre- 
quency  oscillation  in  the  range  of  1  to  4  MHz.  Due 
to  the  supply  of  the  aqueous  hydrofluoric  acid 
solution  and  the  production  of  the  high  frequency 
oscillation  in  the  range  of  1  to  4  MHz,  the  mist  53 

50  (which  is  of  the  order  of  microns  to  submicrons)  of 
the  aqueous  hydrofluoric  acid  solution  is  directed 
toward  the  interior  of  the  mist-generating  chamber 
3.  Simultaneous  with  the  driving  of  the  high-fre- 
quency  oscillation  nozzle  member  8,  high-frequen- 

55  cy  power  is  supplied  from  the  high-frequency  os- 
cillator  9  to  the  oscillation  element  of  the  oscillation 
member  17  located  at  the  bottom  of  the  reservoir 
6.  As  a  result,  the  oscillation  plate  connected  to  the 

7 
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oscillation  element  produces  high-frequency  oscil- 
lation  in  the  range  of  1  to  4  MHz.  The  high- 
frequency  oscillation  is  transmitted  to  the  aqueous 
hydrofluoric  acid  solution  7  contained  in  the  reser- 
voir  6,  so  that  mist  is  produced  from  the  aqueous 
hydrofluoric  acid  solution  7  and  directed  into  the 
mist-generating  chamber  3.  Since  the  mist  53  gen- 
erated  in  this  manner  stays  in  the  mist-generating 
chamber  3  for  a  certain  time,  the  particles  originally 
contained  in  the  aqueous  hydrofluoric  acid  solution 
are  removed.  Most  of  the  particles,  thus  removed 
from  the  aqueous  hydrofluoric  acid  solution,  drop 
into  the  reservoir  6.  When  the  level  of  the  aqueous 
hydrofluoric  acid  solution  7  rises  to  the  predeter- 
mined  point,  the  aqueous  hydrofluoric  acid  solution 
7  is  drained  through  the  drain  pipe  16  and  returned 
to  the  tub  13. 

After  mist  53  of  the  aqueous  hydrofluoric  acid 
solution  is  produced  in  the  mist-generating  cham- 
ber  3  in  a  sufficient  amount,  the  air  cylinder  27  of 
the  opening/closing  mechanism  20  is  driven.  Thus, 
the  shutter  21  is  moved  upward,  thus  opening  the 
rectangular  wall  5.  When  the  rectangular  wall  5  is 
open,  the  mist  flows  from  the  mist-generating 
chamber  3  into  the  processing  chamber  4  through 
the  hole  defined  by  the  rectangular  wall  5.  Simulta- 
neous  with  this,  a  nitrogen  gas  is  supplied  from  the 
nitrogen  gas  bomb  to  the  gas-ejecting  nozzle 
members  29  through  the  gas-supply  pipes.  As  a 
result,  the  nitrogen  gas  is  ejected  from  the  nozzle 
31  of  each  nozzle  member  29  and  directed  into  the 
processing  chamber  4.  Due  to  the  ejecting  of  the 
nitrogen  gas  from  the  nozzle  members  29  and  the 
gas-exhausting  operation  performed  by  the  gas- 
exhausting  members  46,  the  mist  of  the  aqueous 
hydrofluoric  acid  solution  entering  the  processing 
chamber  4  is  carried  toward  the  cassette  36  by  the 
stream  of  the  nitrogen  gas  ejected  from  the  nozzle 
members  29  and  38.  Thus,  the  mist  of  the  aqueous 
hydrofluoric  acid  solution  (the  mist  being  free  from 
particles)  adheres  uniformly  to  the  two  sides  of  the 
silicon  wafers  35  stored  in  the  cassette  36.  There- 
fore,  the  two  sides  of  each  wafer  are  etched  by  the 
highly-pure  aqueous  hydrofluoric  acid  solution. 

When  the  mist  generated  in  the  mist-generat- 
ing  chamber  3  flows  into  the  processing  chamber 
4,  part  of  the  mist  condenses  into  a  liquid  and 
attaches  to  the  outer  wall  of  the  shutter  21.  The 
resultant  aqueous  hydrofluoric  acid  solution  drops 
onto  the  partitioning  wall  2,  flowing  down  along  the 
shutter  21.  This  aqueous  hydrofluoric  acid  solution 
is  collected  in  the  region  defined  by  the  partitioning 
wall  2  and  the  rectangular  wall  5.  The  aqueous 
hydrofluoric  acid  solution  is  drained  to  the  outside 
of  the  chamber  1  through  the  drain  tube  (not 
shown).  Due  to  the  rectangular  wall  5,  the  aqueous 
hydrofluoric  acid  solution  collecting  on  the  partition- 
ing  wall  2  is  prevented  from  dropping  onto  the 

wafers  35  inside  the  processing  chamber  2.  Since 
no  aqueous  hydrofluoric  acid  solution  drops  onto 
the  wafers  35,  uniform  etching  of  the  wafers  35  is 
ensured. 

5  After  the  etching  of  the  wafers  35,  the  driving 
of  the  air  cylinder  27  is  stopped.  Thus,  the  shutter 
21  is  moved  downward  and  closes  the  rectangular 
wall  5,  thereby  prohibiting  the  communication  be- 
tween  the  mist-generating  chamber  3  and  the  pro- 

io  cessing  chamber  4.  Before  the  shutter  21  closes 
the  rectangular  wall  5,  the  supply  of  both  high- 
frequency  power  and  an  aqueous  hydrofluoric  acid 
solution  to  the  high-frequency  oscillation  nozzle 
member  8  is  stopped,  and  the  supply  of  high- 

15  frequency  power  to  the  high-frequency  oscillation 
member  17  is  also  stopped.  When  the  shutter  21 
has  closed  the  rectangular  walls,  the  rotation  of  the 
gas-exhaust  fan  is  increased,  while  continuously 
ejecting  the  nitrogen  gas  from  the  gas-ejecting 

20  nozzle  members  29  and  38.  As  a  result,  the  mist  in 
the  processing  chamber  4  is  swiftly  exhausted 
through  the  gas-exhausting  members  46,  and  the 
processing  chamber  4  is  filled  with  the  nitrogen 
gas  instead. 

25  After  the  mist  in  the  processing  chamber  4  is 
completely  replaced  with  the  nitrogen  gas,  pure 
water  is  supplied  into  the  pure  water-spraying  noz- 
zle  members  41  through  the  supply  pipes  45,  while 
continuing  the  ejecting  of  the  nitrogen  gas  from  the 

30  gas-ejecting  nozzle  members  29  and  38.  Thus,  the 
wafers  35  held  in  the  cassette  36  are  sprinkled  with 
the  pure  water  output  from  the  apertures  43.  As  a 
result,  the  aqueous  hydrofluoric  acid  solution  is 
rinsed  from  the  wafers  35.  The  rinsing  water  con- 

35  taining  the  aqueous  hydrofluoric  acid  solution  is 
drained  toward  the  outside  of  the  chamber  1 
through  the  drain  pipe  52. 

After  the  rinsing  operation  mentioned  above, 
the  spraying  of  the  pure  water  from  the  pure  water- 

40  spraying  nozzle  members  41  and  the  ejecting  of 
the  nitrogen  gas  from  the  gas-ejecting  nozzle 
members  29  and  38  are  stopped.  Thereafter,  the 
guide  plate,  which  closes  the  hatch  33  together 
with  the  rear  portion  of  the  support  member  34,  is 

45  slanted  toward  the  outside  of  the  chamber  1  .  Thus, 
the  cassette  36  suspended  by  the  frame-like  sup- 
port  member  34  moves  to  the  hatch  33  and  is 
taken  out  of  the  processing  chamber  4  through  the 
hatch  33. 

50  According  to  the  cleaning  apparatus  mentioned 
above,  the  cylindrical  high-frequency  oscillation 
nozzle  member  8  (which  is  attached  to  the  side 
wall  of  the  rectangular  casing  1b  of  the  chamber  1) 
and  the  high-frequency  oscillation  member  17 

55  (which  is  located  at  the  bottom  of  the  reservoir  6) 
jointly  produce  mist  (which  is  of  the  order  of 
microns  to  submicrons)  in  the  mist-generating 
chamber  3.  After  the  mist-generating  chamber  3  is 
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filled  with  the  mist,  the  shutter  21  is  raised  to  open 
the  rectangular  wall  5  of  the  partitioning  wall  2. 
Thus,  the  mist  flows  downward  from  the  mist- 
generating  chamber  3  into  the  processing  chamber 
4.  Since  a  nitrogen  gas  is  ejected  from  the  gas- 
ejecting  nozzle  members  29  and  38,  the  mist  is 
carried  by  the  stream  of  the  nitrogen  gas  and 
therefore  adheres  uniformly  to  the  entirety  of  the 
two  sides  of  each  silicon  wafer  35.  The  mist  adher- 
ing  to  the  wafers  35  is  very  pure  since  the  particles 
which  may  result  in  secondary  contamination  are 
removed  from  the  aqueous  hydrofluoric  acid  solu- 
tion  when  the  mist  stays  in  the  mist-generating 
chamber  3.  Thus,  the  two  sides  of  each  wafer  35 
can  be  etched  uniformly  and  with  a  high  degree  of 
purity  on  their  surfaces. 

After  the  etching  treatment  mentioned  above, 
the  shutter  21  is  moved  downward  to  close  the 
rectangular  wall  5,  so  that  the  communication  be- 
tween  the  mist-generating  chamber  3  and  the  pro- 
cessing  chamber  4  is  prohibited.  In  this  state,  the 
rotation  of  the  gas-exhaust  fan  is  increased,  while 
continuously  ejecting  the  nitrogen  gas  from  the 
gas-ejecting  nozzle  members  29  and  38.  As  a 
result,  the  mist  in  the  processing  chamber  4  is 
swiftly  exhausted  through  the  gas-exhausting  mem- 
bers  46,  and  the  processing  chamber  4  is  filled 
with  the  nitrogen  gas  instead.  Thus,  particles  are 
prevented  from  adhering  to  the  wafers  35  whose 
surfaces  are  still  active  due  to  the  etching  treat- 
ment.  In  addition,  an  oxide  film  is  prevented  from 
being  excessively  formed  on  the  two  sides  of  the 
silicon  wafers. 

After  the  mist  in  the  processing  chamber  4  is 
completely  replaced  with  the  nitrogen  gas,  pure 
water  is  sprayed  over  the  wafers  35  from  the  pure 
water-spraying  nozzle  members  41,  while  continu- 
ing  the  spraying  of  the  nitrogen  gas  from  the  gas- 
ejecting  nozzle  members  29  and  38.  As  a  result, 
the  aqueous  hydrofluoric  acid  solution  is  rinsed 
from  the  two  sides  of  the  wafers  35. 

As  is  understood  from  the  above,  the  cleaning 
apparatus  of  the  above  embodiment  enables  the 
two  sides  of  silicon  wafers  to  be  uniformly  etched 
with  a  high  degree  of  purity  on  their  surfaces,  and 
further  permits  rising  processing  to  be  executed  in 
the  same  chamber  as  that  in  which  the  etching  is 
executed.  In  addition,  the  apparatus  prevents  par- 
ticles  of  contaminating  substance  from  adhering  to 
the  silicon  wafers  when  the  silicon  wafers  have  just 
been  etched,  and  further  prevents  an  oxide  film 
from  being  excessively  formed  on  the  silicon  wa- 
fers. 

In  the  above  embodiment,  the  high-frequency 
oscillation  nozzle  member  attached  to  the  side  wall 
of  the  rectangular  casing  of  the  chamber  is  cylin- 
drical,  but  this  cylindrical  nozzle  member  may  be 
replaced  with  a  bar-type  one. 

In  the  above  embodiment,  a  nitrogen  gas  is 
ejected  from  the  gas-ejecting  nozzle  members  lo- 
cated  on  the  shutter  and  the  gas-ejecting  nozzle 
members  located  on  the  slanted  upper  walls  of  the 

5  casing.  However,  an  insert  gas,  such  as  an  argon 
gas  or  a  helium  gas,  may  be  ejected  from  the 
nozzle  members,  in  place  of  the  nitrogen  gas. 
Further,  both  a  nitrogen  gas  and  pure  water  may 
be  ejected  from  the  nozzle  members  located  on 

io  the  shutter.  Still  further,  both  a  nitrogen  gas  and  a 
mixture  of  aqueous  ammonia  and  aqueous  hy- 
drogen  peroxide  may  be  ejected  from  the  nozzle 
members  located  on  the  slanted  upper  walls  of  the 
casing. 

is  As  has  been  described  in  the  foregoing,  the 
present  invention  provides  a  cleaning  apparatus 
which  enables  the  two  sides  of  silicon  wafers  to  be 
uniformly  etched  with  a  high  degree  of  purity  on 
their  surfaces,  permits  rising  processing  to  be  ex- 

20  ecuted  in  the  same  chamber  as  that  in  which  the 
etching  is  executed,  prevents  particles  of  contami- 
nating  substance  from  adhering  to  the  silicon  wa- 
fers  when  the  silicon  wafers  have  just  been  etched, 
and  further  prevents  an  oxide  film  from  being  ex- 

25  cessively  formed  on  the  silicon  wafers. 

Claims 

1.  A  silicon  wafer-cleaning  apparatus  character- 
30  ized  by  comprising: 

a  chamber  (1)  which  is  divided  into  an 
upper  region  and  a  lower  region  by  a  partition- 
ing  wall  having  a  communication  section,  said 
upper  region  defining  a  mist-generating  cham- 

35  ber  (3)  and  said  lower  region  defining  a  pro- 
cessing  chamber  (4); 

opening/closing  means  (20)  including  a 
shutter  (21)  for  closing  the  communication  sec- 
tion  of  the  partitioning  wall; 

40  a  high-frequency  oscillation  member  (8), 
attached  to  the  chamber,  for  generating  mist  of 
an  aqueous  hydrofluoric  acid  solution  in  the 
mist-generating  chamber; 

a  high-frequency  oscillator  (9)  for  sup- 
45  plying  high-frequency  power  to  the  high-fre- 

quency  oscillation  member  (8); 
conveyance  means  (32)  for  conveying  a 

storage  member,  in  which  a  plurality  of  silicon 
wafers  (35)  are  held  in  an  upright  state,  to  the 

50  processing  chamber; 
a  plurality  of  gas-ejecting  means  (29,  38), 

attached  to  the  chamber  (1)  and  the  shutter 
(21),  for  ejecting  a  gas  toward  regions  between 
the  silicon  wafers  (35)  held  in  the  storage 

55  member; 
pure  water-spraying  means  (41),  attached 

to  the  chamber  (1),  for  spraying  pure  water 
toward  regions  between  the  silicon  wafers  (35) 

9 
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held  in  the  storage  member;  and 
gas  exhaust  means  (46)  arranged  inside 

the  processing  chamber  to  be  lower  than  the 
storage  member. 

5 
2.  An  apparatus  according  to  claim  1,  character- 

ized  in  that  said  upper  region  of  the  chamber 
is  partitioned  by  a  vertically-extending  tubular 
partitioning  plate,  and  a  reservoir  (6)  containing 
an  aqueous  hydrofluoric  acid  solution  is  10 
formed  adjacent  to  the  mist-generating  cham- 
ber  (3). 

3.  An  apparatus  according  to  claim  1  or  2,  char- 
acterized  in  that  said  high-frequency  oscillation  is 
member  is  attached  to  that  side  wall  of  the 
chamber  which  defines  the  mist-generating 
chamber  (3),  and  also  to  that  wall  portion  of 
the  chamber  which  is  located  at  a  bottom  of 
the  reservoir  (6).  20 

4.  An  apparatus  according  to  any  of  claims  1  to 
3,  characterized  in  that  said  high-frequency 
oscillation  member  (8)  attached  to  the  side  wall 
of  the  chamber  includes:  a  case  having  a  noz-  25 
zle  at  the  tip  end  thereof;  an  oscillation  plate 
located  inside  the  case;  an  oscillation  element 
attached  to  the  oscillation  plate  and  located 
opposite  to  the  nozzle;  and  a  pipe  for  sup- 
plying  an  aqueous  hydrofluoric  acid  solution  to  30 
the  high-frequency  oscillation  member  at- 
tached  to  the  side  wall  of  the  chamber,  said 
pipe  being  coupled  to  that  portion  of  the  case 
which  is  located  outside  the  chamber  and 
which  is  between  the  nozzle  and  the  oscillation  35 
plate. 

5.  An  apparatus  according  to  any  of  claims  1  to 
3,  characterized  in  that  said  high-frequency 
oscillation  member  (17)  attached  to  that  bottom  40 
of  the  reservoir  includes:  a  case  attached  to 
the  bottom  of  the  reservoir;  an  oscillation  plate 
located  inside  the  case  and  in  contact  with  the 
aqueous  hydrofluoric  acid  solution  contained  in 
the  reservoir;  and  an  oscillation  element  at-  45 
tached  to  the  oscillation  plate  and  located  op- 
posite  to  the  aqueous  hydrofluoric  acid  solu- 
tion. 

6.  An  apparatus  according  to  any  of  claims  1  to  so 
5,  characterized  in  that  said  communication 
section  of  the  partitioning  wall  is  formed  by  a 
wall  vertically  extending  from  an  upper  surface 
of  the  partitioning  wall. 

55 
7.  An  apparatus  according  to  any  of  claims  1  to 

6,  characterized  in  that  the  gas  ejected  by  the 
gas-ejecting  means  (46)  is  an  inert  gas. 
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