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Description 

The  present  invention  relates  to  an  apparatus 
for  producing  semiconductor  devices  by,  for  exam- 
ple,  etching,  heating  and  rinsing  materials  to  be 
treated  such  as  semiconductor  wafers. 

In  the  case  of  etching  aluminum  layers  on 
wafers  or  materials  to  be  treated,  chloride  gases 
such  as  S\Ck,  CCk,  BCb,  Cb  have  been  generally 
used.  Etching  proceeds  by  the  chemical  reactions 
of  Al  with  these  etching  gases.  In  the  case  of  a 
sheet  type  etching  process  in  which  wafers  are 
processed  or  etched  one  at  a  time,  an  etching 
chamber  must  be  always  maintained  in  a  vacuum 
state  in  order  to  prevent  corrosion  by  chlorine 
produced  by  the  chemical  reactions  of  water  in  the 
atmospheric  air  with  the  etching  gases. 

Furthermore,  after  the  etching  process,  when 
the  etched  wafers  are  exposed  to  the  surrounding 
atmosphere,  corrosion  occurs  so  that  the  etched 
wafers  are  subjected  to  the  heat-treatment  or  water 
rinsing,  thereby  removing  residual  chloride  com- 
pounds. 

However,  in  the  prior  art  apparatus  for  produc- 
ing  semiconductor  devices,  an  etching  unit  is  dis- 
posed  independently  of  post-treatment  units  so  that 
there  arises  the  problem  that  a  large  space  is 
required  for  the  installation  of  the  whole  apparatus 
for  producing  semiconductor  devices.  Furthermore, 
there  arises  the  problem  that  the  etched  wafers  are 
corroded  because  it  takes  a  long  period  of  time  to 
transfer  the  etched  wafers  from  the  etching  unit  to 
the  post-treatment  unit. 

Recently,  the  full  automatic  apparatus  for  pro- 
ducing  semiconductor  devices  have  been  devel- 
oped  so  that  a  wafer  is  automatically  transferred 
through  a  plurality  of  treatment  chambers  for  var- 
ious  treatments  in  vacuum  from  a  load  cassette  to 
an  unload  cassette  without  requiring  any  manual 
handling  of  wafers,  whereby  the  treatment  time  is 
shortened  and  the  attachment  of  dust  or  contamin- 
ants  on  the  wafers  is  avoided. 

However,  with  the  apparatus  of  the  type  just 
described  above,  there  arises  the  problem  that 
when  wafers  are  attached  with  dust,  abnormal  etch- 
ing  results  so  that  the  reliability  and  yield  of  the 
finished  wafers  are  decreased.  It  is  considered  that 
dust  is  introduced  because  of  the  friction  between 
moving  parts  of  the  apparatus,  foreign  matter  en- 
trained  in  the  gases  introduced  and  the  products  of 
chemical  reactions.  Therefore  it  becomes  very  im- 
portant  to  find  out  where  wafers  which  are  trans- 
ferred  through  a  plurality  of  treatment  chambers 
are  contaminated  with  dust. 

However,  in  the  case  of  the  prior  art  apparatus 
for  producing  semiconductor  devices,  it  is  only 
possible  to  detect  the  quantity  of  dust  attached  to  a 
wafer  only  after  this  wafer  has  been  discharged  out 

of  the  last  one  of  a  plurality  of  treatment  chambers. 
That  is,  it  has  been  impossible  to  detect  the  quan- 
tity  of  dust  attached  to  a  wafer  in  one  particular 
treatment  chamber. 

5  In  the  case  of  the  prior  art  etching  devices 
employing  fluoride  etching  gases,  when  the  etched 
wafer  is  discharged  out  of  the  etching  device,  cor- 
rosion  of  the  wafer  occurs  because  of  the  chemical 
reactions  between  the  oxygen  in  the  surrounding 

io  atmosphere  and  the  chloride  etchant  such  as  AlCb 
still  remaining  on  the  wafer. 

In  order  to  overcome  this  problem,  an  appara- 
tus  has  been  proposed  in  EP-A-0  047  002  for 
producing  semiconductor  device  in  which  a  cas- 

75  sette  holding  a  plurality  of  etched  wafers  is 
charged  into  an  electric  furnace  or  a  case  with  an 
industrial  dryer  so  that  the  etched  wafers  are  sub- 
jected  simultaneously  to  the  heat  treatment  pro- 
cess. 

20  More  specifically,  in  other  prior  art  apparatuses 
as  shown  in  Fig.  1  of  the  accompanying  drawings, 
a  partition  plate  b  formed  with  a  plurality  of  holes  is 
disposed  in  a  case  a  so  that  the  case  a  is  divided 
into  an  upper  chamber  and  a  lower  chamber.  A 

25  cassette  c  holding  a  plurality  of  wafers  d  is  placed 
upon  the  partition  plate  b  and  the  case  a  is  air- 
tightly  closed  with  a  cover  e.  The  wafers  d  are 
dried  by  the  hot  air  discharged  from  dryers  f  dis- 
posed  on  the  top  of  the  case  a  and  the  hot  air 

30  flows  through  the  holes  of  the  partition  plate  b  and 
then  is  discharged  through  a  discharge  port  g 
formed  at  a  lower  portion  of  one  side  wall  of  the 
case  a  into  the  surrounding  atmosphere. 

With  the  device  of  the  type  just  described 
35  above,  some  portions  of  wafers  are  not  sufficiently 

heated  because  of  the  cassette  c  so  that  it  takes  a 
long  period  of  time  before  the  cassettes  d  are 
elevated  to  a  predetermined  temperature.  Further- 
more,  there  is  the  problem  that  the  wafers  d  are 

40  not  uniformly  heated  so  that  the  variations  in  prop- 
erties  of  wafers  result  in  the  post-treatment  pro- 
cesses. 

Furthermore  the  device  of  the  type  described 
above  is  of  the  batch  type  because  the  cassette  c 

45  holding  a  plurality  of  wafers  d  is  charged  into  the 
device.  There  arises  the  problem  that  such  batch 
type  heat-treatment  device  cannot  be  directly  con- 
nected  to  an  etching  device. 

Meanwhile,  recently  in  the  production  of  semi- 
50  conductor  devices,  there  has  been  a  strong  in- 

creasing  demand  for  a  higher  packaging  density 
and  a  higher  rate  of  production.  Therefore,  there 
has  been  employed  a  reactive  ion  etching  process 
which  can  extremely  fine  elements  and  can  obtain 

55  the  vertical  side  walls  without  undercuts. 
For  instance,  in  the  case  of  etching  aluminum 

which  has  been  widely  used  as  a  material  for 
defining  conduction  paths  between  electrodes,  the 
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chloride  gases  are  used.  That  is,  a  semiconductor 
wafer  is  charged  into  a  reaction  vessel  and  then 
the  reaction  vessel  is  evacuated  so  that  the  glow 
discharge  is  produced  in  the  reaction  gas  atmo- 
sphere.  Then  the  reaction  between  a  material  to  be 
etched  on  the  wafer  and  the  etching  gases  pro- 
ceeds  so  that  the  material  to  be  etched  is  changed 
into  a  volatile  chemical  compound.  In  this  manner, 
the  etching  process  proceeds. 

When  the  etching  process  is  completed  and 
the  etched  wafer  is  discharged  from  the  reaction 
vessel  into  the  surrounding  atmosphere,  the  etched 
wafer  still  includes  the  etching  gases.  As  a  result, 
the  chemical  reactions  proceed  between  these  re- 
maining  etching  gases  and  the  water  in  the  sur- 
rounding  air  so  that  a  conductor  pattern  of  the 
material  not  etched  and  remained  on  the  wafer  is 
attached.  As  a  consequence,  the  conductor  paths 
are  broken  and  short-circuited. 

It  follows  therefore  that  it  is  imperative  to  re- 
move  the  reaction  gases  still  remaining  on  the 
etched  wafer  immediately  after  the  completion  of 
the  etching  cycle.  This  process  can  be  very  effec- 
tively  accomplished  by  blowing  the  hot  air  against 
the  etched  wafer  and/or  heating  the  etched  wafer. 
Therefore,  the  etched  wafers  are  heated  in  an 
electric  furnace  or  by  an  industrial  dryer,  but  such 
heating  process  has  the  defects  that  it  takes  a  long 
period  of  time  to  heat  the  etched  wafer  to  a  pre- 
determined  temperature;  a  uniform  temperature 
distribution  cannot  be  attained  so  that  the  prop- 
erties  of  the  heat-treated  wafer  vary;  and  it  takes  a 
long  period  of  time  before  the  etched  wafer  is 
subjected  to  the  heat-treatment. 

In  order  to  overcome  the  above  and  other 
problems,  there  has  been  proposed  a  heat-treat- 
ment  device  which  can  be  directly  connected  to  an 
etching  device.  A  wafer  etched  in  the  etching  de- 
vice  is  immediately  transferred  by  a  conveyor  or 
the  like  from  the  etching  device  into  the  heat- 
treatment  chamber  in  which  the  transferred  wafer  is 
immediately  subjected  to  the  heat-treatment  pro- 
cess  by  means  of  a  normally  heated  heating  plate 
and  an  air-heating  device.  However,  since  the  con- 
veyor  or  the  like  is  extended  into  the  heat-treat- 
ment  chamber,  a  drive  means  for  driving  such 
conveyor  or  the  like  from  the  exterior  of  the  heat- 
treatment  chamber  is  needed.  Therefore,  a  power 
transmission  means  must  interconnect  between  the 
exterior  driving  means  and  the  conveyor  or  the  like 
in  the  heat-treatment  chamber  through  a  hole 
formed  through  one  side  wall  thereof.  As  a  result, 
the  hot  gases  are  discharged  out  of  the  heat- 
treatment  chamber  through  this  hole  into  the  sur- 
rounding  atmosphere  so  that  the  operations  of  var- 
ious  devices  disposed  adjacent  to  the  heat-treat- 
ment  chamber  are  adversely  affected  by  the  tem- 
perature  rise.  Furthermore,  there  arises  the  prob- 

lem  that  corrosion  of  these  peripheral  devices  re- 
sults  because  the  discharged  gases  contain  the 
reaction  or  etching  gases. 

Therefore,  it  may  be  proposed  to  dispose  the 
5  complex  driving  means  for  driving  the  conveyor  or 

the  like  within  the  heat-treatment  chamber.  How- 
ever,  it  is  impossible  to  do  so  because  the  driving 
means  is  exposed  to  high  temperatures  and  the 
reaction  gases  within  the  heat-treatment  chamber 

io  causes  corrosion  of  the  driving  means.  As  a  con- 
sequence,  the  driving  means  must  be  minimized  as 
much  as  possible  and  the  conveyor  system  or  the 
like  must  be  simplified  as  much  as  possible.  There- 
fore,  a  belt  conveyor  is  employed.  Since  a  wafer  is 

is  transported  by  the  belt  conveyor,  it  cannot  be 
made  into  direct  contact  with  a  heating  plate.  As  a 
result,  there  arise  the  problems  that  the  wafer  heat- 
ing  efficiency  is  considerably  low,  and  that  the 
positive  and  fast  heat-treatment  cannot  be  accom- 

20  plished. 
In  the  RIE  device  (Reactive  Ion  Etching  de- 

vice)  which  is  one  of  the  types  of  plasma  etching 
devices,  a  pair  of  parallel  electrodes  are  disposed 
within  a  vacuum  vessel  into  which  is  introduced  an 

25  etching  gas,  and  a  wafer  is  securely  held  in  posi- 
tion  on  one  of  the  electrodes.  RF  power  is  applied 
to  one  of  the  electrodes  so  that  the  plasma  is 
produced,  whereby  the  wafer  is  etched. 

However,  when  the  vacuum  vessel  is  made  of 
30  stainless  steel  and  a  chloride  etching  gas  is  intro- 

duced  into  the  vacuum  chamber,  iron,  nickel  and 
chromium  are  discharged  out  of  the  vacuum  vessel 
so  that  the  wafer  is  contaminated  and  the  prop- 
erties  or  characteristics  of  the  wafer  are  consider- 

35  ably  degraded. 
In  order  to  overcome  the  above  problem,  the 

vacuum  vessel  is  made  of  alumina  or  the  inner 
aluminum  surfaces  of  the  vacuum  vessel  are  ox- 
idized.  However,  since  alumina  is  very  expensive 

40  and  has  low  strength,  it  is  not  preferable  to  use  it  to 
fabricate  a  vacuum  chamber. 

Furthermore,  the  compounds  resulting  from  the 
etching  process  tend  to  attach  the  inner  surfaces  of 
the  vacuum  chamber  so  that  in  order  to  prevent  the 

45  adverse  effects  of  such  compounds  on  the  wafer, 
the  interior  of  the  vacuum  chamber  must  be  fre- 
quently  cleaned.  However,  with  the  prior  art  vacu- 
um  vessels,  cleaning  and  maintenance  are  difficult. 

A  first  object  of  the  present  invention  is  to 
50  provide  an  apparatus  for  producing  semiconductor 

devices  provided  with  a  heat-treatment  chamber 
which  can  uniformly  heat  a  material  to  be  treated 
within  a  short  period  of  time;  which  is  provided  with 
a  transport  means;  and  which  is  provided  with  an 

55  etching  device  so  that  materials  to  be  treated  can 
be  automatically  and  continuously  treated. 

A  second  object  of  the  present  invention  is  to 
provide  an  apparatus  for  producing  semiconductor 

4 
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devices  provided  with  a  heat-treatment  device  ca- 
pable  of  uniform  heat-treatment  at  an  extremely 
high  rate. 

The  above  and  other  objects  of  the  present 
invention  can  be  attained  by  an  apparatus  for  pro- 
ducing  semiconductor  devices  including  arranged 
sequentially  in  the  order  named, 
a  load  chamber; 
an  etch  chamber; 
an  unload  chamber; 

a  buffer  chamber;  and 
a  heat  treatment  chamber  including  endless 

(conveyer)  belts  for  transporting  a  wafer  through 
the  heat  treatment  chamber  and  a  heating  plate  for 
providing  contact  heating  to  said  wafer,  the  surface 
of  said  heating  plate  being  formed  with  two 
grooves  extended  in  the  longitundinal  direction 
thereof,  the  upper  runs  of  said  endless  belts  being 
fitted  into  said  grooves,  the  depth  of  said  grooves 
being  such  that  the  upper  surface  of  said  heating 
plate  can  be  raised  above  the  upper  surfaces  of 
said  endless  belts  and  lowered  below  the  upper 
surface  of  said  endless  belts. 

Further  embodiments  of  the  invention  provide 
an  improved  apparatus  for  producing  semiconduc- 
tor  devices  in  which  the  post-treatment  of  materials 
to  be  treated  can  be  immediately  effected  and 
which  has  a  high  degree  of  space  efficiency,  as 
well  as  an  apparatus  for  producing  semiconductor 
devices  in  which  the  quantity  of  dust  attached  to  a 
material  to  be  treated  in  each  treatment  chamber 
can  be  easily  and  positively  detected. 

The  features  and  advantages  of  the  present 
invention  will  become  apparent  from  the  following 
description  of  preferred  embodiments  thereof  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

FIG.  1  is  a  perspective  view  of  a  prior  art  heat- 
treatment  chamber; 
FIG.  2  is  a  longitudinal  sectional  view  of  a  first 
embodiment  of  an  apparatus  for  producing 
semiconductor  devices  according  to  the  present 
invention; 
FIG.  3  is  a  sectional  view  of  a  second  embodi- 
ment  of  the  present  invention; 
FIG.  4  is  a  longitudinal  sectional  view  of  a  fur- 
ther  apparatus  which  does  not  form  a  part  of  the 
present  invention; 
FIGS.  5  and  6  are  a  top  view  and  a  side  view, 
respectively,  of  a  transport  device  of  the  appara- 
tus  shown  in  FIG.  4; 
FIG.  7  is  a  longitudinal  sectional  view  of  a  heat- 
treatment  device  incorporated  in  a  fifth  embodi- 
ment  of  the  present  invention; 
FIG.  8  shows  a  time-temperature  characteristic 
curve  of  the  heat-treatment  device  shown  in  FIG. 
8  in  comparison  with  the  time-temperature  char- 
acteristic  curve  of  a  prior  art  heat-treatment  de- 

vice. 

First  Embodiment 

5  Referring  first  to  FIG.  2,  a  first  embodiment  of 
an  apparatus  for  producing  semiconductor  devices 
according  to  the  present  invention  comprises  a 
load  chamber  1,  an  etch  chamber  2,  an  unload 
chamber  3,  a  buffer  chamber  4,  and  a  heat-treat- 

io  ment  chamber  5  which  are  arranged  sequentially  in 
the  order  named.  An  electrode  6  is  disposed  at  a 
lower  portion  in  the  etch  chamber  2  and  pusher 
pins  7  which  are  disposed  below  the  electrode  6 
can  vertically  move  through  the  electrode  6.  Feed- 

15  ers  8  and  9  are  disposed  in  the  load  and  unload 
chambers  1  and  3,  respectively,  and  each  feeder  8 
or  9  comprises  two  pairs  of  arms  interconnected  in 
the  form  of  a  pantograph  and  a  supporting  plate  at 
the  top  of  the  feeder  8  or  9.  When  the  arms  are 

20  rotated,  a  material  to  be  treated;  that  is,  a  semicon- 
ductor  wafer  is  linearly  transported. 

A  belt  conveyor  11  with  pusher  pins  10  is 
disposed  within  the  buffer  chamber  4  and  a  belt 
conveyor  12  is  disposed  within  the  heat-treatment 

25  chamber  5.  A  vertically  movable  hot  plate  13  is 
disposed  below  the  conveyor  belt  12  in  such  a  way 
that  when  the  hot  plate  13  is  lifted  to  its  uppermost 
position,  the  top  surface  of  the  hot  plate  13  is 
higher  than  the  top  surface  of  the  belt  conveyor  12. 

30  A  dryer  15  having  two  nozzles  14a  and  14b  is 
disposed  above  the  conveyor  belt  12.  Heating  ele- 
ments  16  and  17  are  disposed  within  the  hot  plate 
13  and  the  dryer  15,  respectively. 

A  gate  valve  18a  is  disposed  between  the  load 
35  chamber  1  and  its  exterior;  a  gate  valve  18b  is 

interposed  between  the  load  chamber  1  and  the 
etch  chamber  2;  a  gate  valve  18c  is  interposed 
between  the  etch  chamber  2  and  the  unload  cham- 
ber  3;  and  a  gate  valve  18d  is  interposed  between 

40  the  unload  chamber  3  and  the  buffer  chamber  4.  A 
gas  introduction  pipe  30  is  connected  to  the  etch 
chamber  2.  The  gas  introduction  pipe  30  intro- 
duces  etching  gases  into  the  etch  chamber  2.  The 
etch  chamber  2  is  communicated  with  an  exhaust 

45  pipe  20  with  a  valve  19b  while  the  load  and  unload 
chambers  1  and  3  are  communicated  with  an  ex- 
haust  pipe  21  with  valves  19a  and  19c.  The  ex- 
haust  pipes  20  and  21  are  communicated  with 
vacuum  pumps  (not  shown). 

50  A  belt  conveyor  23  with  a  water-rinse  chuck  22, 
which  is  vertically  movable  and  rotatable,  is  dis- 
posed  at  the  downstream  side  of  the  heat-treat- 
ment  chamber  5.  A  vertically  movable  load,  cas- 
sette  24,  a  conveyor  belt  25  and  a  conveyor  belt 

55  with  a  vertically  movable  setter  26  are  disposed  at 
the  upstream  side  of  the  load  chamber  1.  A  con- 
veyor  belt  28  and  an  unload  cassette  29  are  dis- 
posed  at  the  downstream  side  of  the  water-rinse 

5 
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chuck  22. 
Next,  the  mode  of  operation  of  the  first  em- 

bodiment  with  the  above-described  construction 
will  be  described.  First,  the  load  cassette  24  is 
lowered  so  that  a  material  to  be  treated,  or  wafer  A 
is  placed  upon  the  conveyor  belt  25  so  that  the 
wafer  A  is  transported  at  a  position  above  the 
setter  26.  Thereafter  the  wafer  A  is  positioned  at 
one  end  of  the  setter  26  and  when  the  setter  26  is 
lifted,  the  wafer  A  is  also  lifted.  At  the  same  time, 
the  gate  valve  18a  is  opened  and  the  feeder  8  is 
driven  in  such  a  way  that  the  supporting  plate 
thereof  is  located  below  the  wafer  A.  Next  the 
setter  26  is  lowered  so  that  the  wafer  A  is  placed 
on  the  supporting  plate  of  the  feeder  8  and  moved 
into  the  load  chamber  1  . 

Next,  the  gate  valve  18  is  closed  and  the  load 
chamber  1  is  evacuated  through  the  exhaust  pipe 
21  and  then  the  gate  valve  18b  of  the  etch  cham- 
ber  2  is  opened  so  that  the  wafer  A  is  moved  into 
the  etch  chamber  2.  Thereafter  the  pusher  pins  7 
are  lifted  so  that  the  wafer  A  is  lifted  above  the 
supporting  plate  of  the  feeder  8.  Next  the  feeder  8 
returns  to  the  load  chamber  1  while  the  pusher 
pins  7  are  lowered  so  that  the  wafer  A  is  placed 
upon  the  electrode  6.  Under  these  conditions,  the 
wafer  A  is  etched  and  after  etching  the  pusher  pins 
7  are  lifted  so  that  the  wafer  A  is  also  lifted.  Then 
the  gate  valve  18c  of  the  unload  chamber  3  is 
opened  and  the  supporting  plate  of  the  feeder  9  is 
located  below  the  wafer  A.  As  the  pusher  pins  7 
are  lowered,  the  wafer  A  is  placed  on  the  support- 
ing  plate  of  the  feeder  9  and  is  moved  into  the 
unload  chamber  3.  Thereafter  the  gate  valve  18c  is 
closed  while  the  gate  valve  18d  of  the  buffer  cham- 
ber  4  is  opened  and  the  pusher  pins  10  are  moved 
upward  so  that  the  wafer  A  is  lifted.  After  the 
feeder  9  has  returned  to  the  unload  chamber  3,  the 
pusher  pine  10  are  lowered  so  that  the  wafer  A  is 
placed  on  the  conveyor  belt  11.  As  the  conveyor 
belt  11  is  driven,  the  wafer  A  is  moved  into  the 
heat-treatment  chamber  5  and  when  the  wafer  A  is 
located  below  the  nozzzle  14,  the  hot  plate  13, 
which  is  heated  by  the  heating  element  16,  is 
raised  above  the  belt  conveyor  1  2  so  that  the  wafer 
A  is  transferred  onto  the  top  surface  of  the  hot 
plate  13.  In  this  case,  the  air  which  is  heated  by 
the  heating  element  17  is  discharged  through  the 
nozzles  14a  and  14b  against  the  wafer  A  so  as  to 
dry  the  same.  Thereafter  the  hot  plate  13  is  lower- 
ed  and  the  conveyor  belt  12  conveys  the  wafer  A 
from  the  heat-treatment  chamber  to  a  position  im- 
mediately  above  the  water-rinse  chuck  22.  Next, 
the  water-rinse  chuck  22  is  moved  upward  and 
attached  to  the  rear  surface  of  the  wafer  A.  While 
the  wafer  A  is  rotated,  pure  water  is  discharged 
against  the  wafer  A  through  a  water-rinse  nozzle 
(not  shown)  so  that  the  wafer  A  is  uniformly  water 

rinsed.  After  the  water-rinse  treatment  has  been 
accomplished,  the  air  is  discharged  through  the 
same  nozzle  against  the  wafer  A  which  is  rotated  at 
a  high  speed  so  that  the  wafer  A  is  dried.  After 

5  drying,  the  chuck  22  is  lowered  and  the  vacuum 
suction  is  released  so  that  the  wafer  A  is  placed  on 
the  belt  conveyor  23  and  then  transported  by  the 
conveyor  28  to  the  unload  cassette  29. 

As  described  above,  according  to  the  first  em- 
io  bodiment,  the  post-treatment  of  the  wafer  can  be 

immediately  accomplished  after  the  etching  pro- 
cess  so  that  corrosion  of  the  wafer  A  can  be 
effectively  prevented. 

is  Second  Embodiment 

A  second  embodiment  of  the  present  invention 
is  shown  in  FIG.  3  while  the  chambers  are  con- 
nected  linearly  in  the  first  embodiment,  they  are 

20  connected  in  the  form  of  a  U  in  the  second  em- 
bodiment  so  that  the  apparatus  for  producing  semi- 
conductor  devices  can  be  made  compact  in  size 
and  therefore  the  installation  space  can  be  mini- 
mized.  That  is,  according  to  the  second  embodi- 

25  ment,  a  load  chamber  101,  an  etch  chamber  102, 
an  unload  chamber  103,  a  buffer  chamber  (transfer 
station  or  stage)  104  and  a  heat  treatment  chamber 
105  are  connected  in  the  form  of  a  U.  The  etch 
chamber  102  is  connected  to  the  load  chamber 

30  101  and  the  unload  chamber  103  through  gate 
valves  118b  and  118c,  respectively.  One  surface  of 
the  entrance  and  another  surface  of  the  exit  of  the 
heat  treatment  chamber  105  are  adjacent  to  each 
other.  The  transfer  stage  104  is  communicated 

35  through  an  air  valve  1  1  8d  with  the  unload  chamber 
103  and  is  directly  communicated  with  the  heat- 
treatment  chamber  105. 

A  water-rinse  chuck  122  and  a  belt  conveyor 
123  are  disposed  at  the  downstream  side  of  the 

40  heat  treatment  chamber  105  and  a  belt  conveyor 
128,  an  unload  cassette  129  and  an  elevator  130 
are  disposed  at  the  downstream  side  of  the  belt 
conveyor  123.  A  load  cassette  124,  an  elevator 
131,  a  belt  conveyor  125,  a  setter  126  and  a  belt 

45  coneyor  127  are  disposed  at  the  upstream  side  of 
the  load  chamber  101.  The  load  chamber  101  is 
communicated  through  an  air  valve  118a  with  the 
setter  127.  A  gas  introduction  pipe  (not  shown) 
which  introduces  etch  gases  into  the  etch  chamber 

50  102  is  connected  to  the  etch  chamber  102. 
An  electrode  106  is  disposed  in  the  etch  cham- 

ber  102  and  pusher  pins  107  are  disposed  below 
the  electrode  106  in  such  a  way  that  they  are 
movable  through  the  electrode  106.  Feeders  108 

55  and  109  are  disposed  in  the  load  chamber  101  and 
the  unload  chamber  103.  Each  of  the  feeders  com- 
prises  two  pairs  of  arms  108a  (109a)  intercon- 
nected  in  the  form  of  a  pantograph  and  a  support- 
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ing  plate  108b  (109b)  at  the  leading  end  of  the 
feeder.  When  the  arms  are  rotated,  a  wafer  is 
transported  linearly. 

A  belt  conveyor  111  with  pusher  pins  (not 
shown)  is  disposed  within  the  transfer  stage  104 
and  an  L-shaped  belt  conveyor  112  is  disposed  in 
the  heat  treatment  chamber  105.  A  vertically  mov- 
able  hot  plate  113  is  disposed  below  the  belt 
conveyor  112  in  such  a  way  that  when  the  hot  plate 
113  is  lifted  to  its  uppermost  position,  the  top 
surface  of  the  hot  plate  113  is  higher  than  the  top 
surface  of  the  belt  conveyor  112. 

Next  the  mode  of  operation  of  the  second 
embodiment  with  the  above-described  construction 
will  be  described.  The  wafers  in  the  load  cassette 
124  are  moved  one  at  a  time  by  the  conveyor  belt 
125  to  the  feeder  assembly  108  within  the  load 
chamber  101.  The  load  chamber  gate  valve  118a  is 
then  closed  and  the  load  chamber  101  is  evacu- 
ated.  The  gate  valve  118b  between  the  etch  and 
load  chambers  is  opened  and  the  wafer  is  placed 
on  the  etching  cathode  106.  The  gate  valve  118b  is 
closed,  reactive  gases  are  introduced,  the  RF  pow- 
er  supply  is  activated  and  etching  is  started.  When 
the  etching  cycle  has  been  completed,  the  etch 
chamber  gate  valves  118c  are  opend,  the  wafer  is 
removed  from  the  etch  chamber  102  and  trans- 
ferred  to  the  unload  chamber  103.  A  new  wafer  is 
then  loaded  into  the  etch  chamber  102. 

The  etched  wafer  is  moved  onto  the  transfer 
stage  104  and  then  into  the  heat-treatment  cham- 
ber  105  for  treatment.  After  heat-treatment,  the 
etched  wafer  is  transferred  onto  the  water 
rinse/spin  dry  station  for  final  passivation  treatment. 
Finally  the  etched  wafer  is  then  transferred  into  the 
unload  cassette  129  by  the  conveyor  belt  128. 

As  described  above,  according  to  the  second 
embodiment  of  the  present  invention,  the  post 
treatment  chambers  are  sequentially  connected  at 
the  downstream  side  of  the  etch  chamber  so  that 
the  post  treatments  of  the  etched  wafer  can  be 
accomplished  immediately  after  the  etching  cycle. 
As  a  result,  corrosion  due  to  the  reaction  of  the 
etched  wafer  with  the  surrounding  atmosphere  can 
be  prevented.  Furthermore,  it  is  not  needed  to 
provide  the  post-treatment  chambers  independently 
of  each  other  so  that  the  installation  space  required 
can  be  minimized  and  the  production  efficiency 
can  be  improved. 

In  the  first  and  second  embodiments,  the  post 
treatments  include  the  heat  treatment  and  the  water 
rinse/spin  drying  cleaning  treatment,  but  it  is  to  be 
understood  that  only  the  heat-treatment  may  be 
employed  and  that  any  other  required  post-treat- 
ments  may  succeed  to  the  etching  process. 

A  further  apparatus  which  does  not  form  a  part 
of  the  invention  is  shown  in  FIG.  4  and  has  a  first 
treatment  chamber  201  ,  a  second  treatment  cham- 

ber  202  and  a  third  treatment  chamber  203  con- 
nected  with  each  other  in  the  order  named.  An 
electrode  204  is  disposed  at  a  lower  portion  of  the 
second  treatment  chamber  202  and  pusher  pins 

5  206  which  are  moved  vertically  by  means  of  an  air 
cylinder  205  is  disposed  below  the  electrode  204. 
Feeders  207a  and  207b  are  disposed  in  the  first 
and  third  treatment  chambers  201  and  203,  respec- 
tively. 

io  As  shown  in  FIGS.  5  and  6,  the  feeder  207 
includes  two  first  arms  208a  and  208b  and  the 
upper  ends  of  driving  shafts  209a  and  209b  are 
securely  joined  to  the  lower  surfaces  at  one  ends 
of  the  first  arms  208a  and  208b,  respectively. 

is  These  driving  shafts  209a  and  209b  carry  gears 
210a  and  210b,  respectively.  The  first  arms  208a 
and  208b  are  so  disposed  symmetrically  that  the 
gears  210a  and  210b  engage  with  each  other.  The 
driving  shafts  209a  and  209b  are  rotatably  sup- 

20  ported  by  a  supporting  base  211.  The  first  arms 
208a  and  208b  are  symmetrically  rotated  about  the 
axes  of  the  driving  shafts  209a  and  209b,  respec- 
tively. 

One  ends  of  second  arms  212a  and  212b, 
25  which  are  equal  in  length  to  the  first  arms  208a  and 

208b,  are  connected  through  rotary  shafts  213a 
and  213b  to  the  other  ends  of  the  first  arms  208a 
and  208b,  respectively,  so  that  the  second  arms 
212a  and  212b  are  rotated  about  the  rotary  shafts 

30  213a  and  213b,  respectively,  in  parallel  with  the 
first  arms  208a  and  208b.  Gears  214a  and  214b 
are  carried  by  the  other  ends  of  the  second  arms 
212a  and  212b,  respectively,  and  the  other  ends  of 
the  second  arms  212a  and  212b  are  rotatably  fixed 

35  to  a  wafer  supporting  plate  215  in  such  a  way  that 
the  gears  214a  and  214b  are  in  mesh  with  each 
other. 

In  the  third  embodiment,  one  of  the  first  arms 
208a  (the  left  arm  in  FIGS.  5  and  6)  is  extended 

40  through  the  supporting  base  21  1  and  connected  to 
a  rotary  drive  means  such  as  an  electric  motor  216. 
A  stationary  wheel  217  is  disposed  on  the  support- 
ing  base  21  1  in  coaxial  relationship  with  the  driving 
shaft  209a  connected  to  the  motor  216.  A  rotating 

45  wheel  218  whose  diameter  is  one  half  of  that  of  the 
stationary  wheel  217,  is  carried  at  the  lower  end  of 
the  rotary  shaft  213a  of  the  second  arm  212a 
connected  to  the  first  arm  208a.  A  belt  219  is 
wrapped  around  the  stationary  wheel  217  and  a 

50  rotating  wheel  218  so  that  the  rotation  of  the  first 
arm  208a  is  transmitted  to  the  second  arm  212a. 

Therefore,  when  the  motor  216  is  energized  so 
that  the  driving  shaft  209a  is  rotated,  the  other 
driving  shaft  209b  is  caused  to  rotate  in  the  op- 

55  posite  direction  because  of  the  engagement  of  the 
gears  210a  and  210b  so  that  the  first  arms  208a 
and  208b  are  caused  to  rotate  symmetrically.  Upon 
rotation  of  the  first  arm  208a,  the  rotating  wheel 
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218  is  rotated  so  that  the  second  arm  212a  is 
rotated  in  the  direction  opposite  to  the  direction  in 
which  the  first  arm  208a  rotates  and  concurrently 
the  second  arm  212b  is  also  rotated  because  of  the 
engagement  between  the  gears  214a  and  214b.  As 
a  result,  a  wafer  placed  on  the  supporting  plate  215 
is  transported  linearly. 

Referring  back  to  FIG.  4.  the  first  treatment 
chamber  201  is  communicated  with  the  surround- 
ing  atmosphere  through  a  gate  valve  220a  and  with 
the  second  treatment  chamber  202  through  a  gate 
valve  220b.  The  second  treatment  chamber  202  is 
communicated  through  a  gate  valve  220c  with  the 
third  treatment  chamber  203  which  in  turn  is  com- 
municated  with  the  surrounding  atmosphere 
through  a  gate  valve  220d.  The  first  and  third 
treatment  chambers  201  and  203  are  communi- 
cated  through  valves  221  to  an  exhaust  pipe  223 
which  in  turn  is  communicated  with  a  vacuum 
pump  (not  shown).  In  like  manner,  the  second 
treatment  chamber  202  is  communicated  through  a 
valve  221  to  an  exhaust  valve  222  which  in  turn  is 
communicated  with  a  vacuum  pump  (not  shown). 
Belt  conveyors  226a  and  226b  are  disposed  adja- 
cent  to  the  gate  valves  220a  and  220d,  respec- 
tively,  of  the  first  and  third  treatment  chambers 
201  and  203  and  have  pusher  pins  225a  and  225b, 
respectively,  which  are  moved  upward  or  down- 
ward  by  means  of  air  cylinders  224a  and  224b.  A 
load  cassette  227  is  disposed  at  the  upstream  end 
of  the  belt  conveyor  226a  while  an  unload  cassette 
228  is  disposed  at  the  downstream  end  of  the  belt 
conveyor  226b. 

Next,  the  mode  of  operation  of  the  third  em- 
bodiment  with  the  above-described  construction 
will  be  described.  First  the  load  cassette  227  is 
lowered  so  that  a  wafer  A  is  placed  over  the  belt 
conveyor  226a  which  in  turn  moves  the  wafer  A  at 
a  position  immediately  above  the  pusher  pins  225a. 
Next,  the  belt  conveyor  226a  is  stopped  and  the 
pusher  pins  225a  are  lifted  so  that  the  wafer  A  is 
also  raised.  Next  the  gate  valve  220a  is  opened 
and  the  feeder  207a  is  energized  in  such  a  way 
that  the  supporting  plate  215  is  located  imme- 
diately  below  the  wafer  A.  Thereafter  the  pusher 
pins  225a  are  lowered  so  that  the  wafer  A  is  placed 
on  the  supporting  plate  215  and  is  transferred  into 
the  first  treatment  chamber  201  . 

Next  the  gate  valve  220b  between  the  first  and 
second  treatment  chambers  201  and  202  is  opened 
so  that  the  wafer  A  is  transferred  into  the  second 
treatment  chamber  202.  In  this  case,  the  pusher 
pins  206  are  raised  so  that  the  wafer  A  is  raised  to 
a  position  above  the  supporting  plate  215.  There- 
after  while  the  feeder  207a  returns  into  the  first 
treatment  chamber  201,  the  pusher  pins  206  are 
lowered  so  that  the  wafer  A  is  placed  upon  the 
electrode  204.  Under  these  conditions  the  wafer  A 

is  etched  and  upon  completion  of  the  etching  cy- 
cle,  the  pusher  pins  206  are  again  raised  so  that 
the  wafer  A  is  also  raised.  Next  the  gate  valve  220c 
between  the  second  and  third  treatment  chambers 

5  202  and  203  is  opened  and  the  supporting  plate 
215  of  the  feeder  207b  is  brought  to  a  position 
immediately  below  the  wafer  A.  Thereafter  the 
pusher  pins  206  are  lowered  so  that  the  wafer  A  is 
transferred  onto  the  supporting  plate  215  of  the 

io  feeder  207b.  After  the  wafer  A  has  been  placed 
into  the  third  treatment  chamber  203,  it  is  trans- 
ferred  onto  the  unload  cassette  228  in  reverse 
sequence  to  the  transfer  sequence  described 
above. 

is  In  the  third  embodiment,  the  feeders  207a  and 
207b  and  the  belt  conveyors  226a  and  226b  are  so 
designed  and  constructed  that  the  wafers  are  trans- 
ported  in  the  opposite  directions.  Therefore,  for 
instance,  the  wafer  A  which  has  once  been  placed 

20  into  the  first  treatment  chamber  201  can  be  re- 
turned  to  the  load  cassette  227.  In  this  case,  the 
quantity  of  dust  which  has  adhered  to  the  wafer  in 
the  first  treatment  chamber  201  can  be  measured 
by  comparing  the  quantity  of  dust  adhered  to  the 

25  wafer  before  the  latter  is  charged  into  the  first 
treatment  chamber  201  with  the  quantity  of  dust 
adhered  to  the  wafer  after  the  latter  is  discharged 
out  of  the  first  treatment  chamber  201.  The  quan- 
tity  of  dust  adhered  to  a  wafer  can  be  measured 

30  with  the  aid  of  a  microscope. 
Furthermore,  the  wafer  which  has  been  placed 

into  the  second  treatment  chamber  202  can  be 
returned  to  the  load  cassette  227  by  means  of  the 
feeder  207a  and  the  belt  conveyor  226a.  In  this 

35  case,  the  quantity  of  dust  adhered  to  the  wafer  in 
the  second  treatment  chamber  can  be  measured 
by  subtracting  from  the  quantity  of  dust  adhered  to 
the  wafer  returned  to  the  load  cassette  227  the 
quantity  of  dust  adhered  to  the  wafer  before  the 

40  latter  was  placed  into  the  first  treatment  chamber 
201  and  the  quantity  of  dust  adhered  to  the  wafer 
in  the  first  chamber  201.  In  like  manner,  the  quan- 
tity  of  dust  adhered  to  the  wafer  in  the  third  treat- 
ment  chamber  203  can  be  measured.  Furthermore, 

45  even  when  more  than  four  treatment  chambers  are 
connected  in  series,  the  quantity  of  dust  adhered  to 
the  wafer  in  each  treatment  chamber  can  be  mea- 
sured  in  a  manner  substantially  similar  to  that  de- 
scribed  above. 

50  In  the  apparatus  for  producing  semiconductor 
devices  in  accordance  with  the  present  invention,  a 
wafer  or  a  material  to  be  treated  which  has  been 
transferred  into  any  desired  treatment  chamber  can 
be  returned  to  the  entrance  of  the  apparatus. 

55  Therefore,  the  quantity  of  dust  adhered  to  a  wafer 
in  a  specific  treatment  chamber  can  be  easily  and 
correctly  measured  by  comparing  the  quantity  of 
dust  originally  adhered  to  the  wafer  before  it  was 
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charged  into  the  apparatus  with  the  quantity  of  dust 
adhered  to  the  wafer  discharged  from  said  specific 
treatment  chamber  of  the  apparatus.  Therefore,  the 
quantity  of  dust  or  contaminants  produced  in  each 
treatment  chamber  can  be  measured  so  that  suit- 
able  countermeasures  can  be  taken  to  avoid  con- 
tamination  of  a  wafer  in  each  treatment  chamber. 
As  a  result,  a  high  yield  can  be  ensured  and  the 
production  efficiency  can  be  improved. 

FIG.  10  shows  a  heat-treatment  device  incor- 
porated  in  the  apparatus  for  producing  semicon- 
ductor  devices  according  to  the  present  invention. 
An  air-heating  device  402  which  is  disposed  at  an 
upper  portion  of  a  closed  treatment  chamber  401 
has  hot-air  discharge  openings  extended  from  the 
bottom  of  the  air-heating  device  402  and  opened 
downwardly.  The  hot  air  heated  in  the  air-heating 
device  402  is  discharged  downwardly  through  the 
hot  air  discharge  openings  403. 

A  heating  plate  404  which  is  disposed  imme- 
diately  below  the  hot  air  discharge  openings  403  is 
vertically  movable  by  means  of  an  air  cylinder  405 
or  driving  means  disposed  outside  of  the  closed 
heat-treatment  chamber  401  .  It  is  to  be  understood 
that  instead  of  the  air  cylinder  405  any  other  suit- 
able  driving  means  such  as  a  crank  mechanism 
can  be  used. 

The  upper  surface  of  the  heating  plate  404  is 
formed  with  two  grooves  480  extended  in  the  lon- 
gitudinal  direction  thereof  and  the  upper  runs  of  at 
least  a  pair  of  endless  belts  407  (which  is  a  wafer 
transport  means)  which  are  wrapped  around  belt 
wheels  406  disposed  at  both  ends  of  the  heating 
plate  404,  are  fitted  into  these  grooves  408,  The 
depth  of  the  grooves  408  is  so  selected  that  the 
upper  surface  (upon  which  are  placed  wafers)  of 
the  heating  plate  404  can  be  raised  above  the 
upper  surfaces  of  the  endless  belts  407  and  lower- 
ed  below  the  upper  surfaces  of  the  endless  belts 
407. 

Disposed  in  opposed  relationship  with  both 
ends  of  the  heating  plate  404  are  shutters  41  1  and 
412  which  are  adapted  to  open  or  close  a  wafer 
inlet  409  and  a  wafer  outlet  410,  respectively.  The 
shutters  411  and  412  are  made  of  a  fluoro  plastic 
and  are  securely  attached  to  arms  415  and  416, 
respectively,  which  in  turn  are  connected  to  the 
lower  ends  of  heat-insulating  members  413  and 
414,  respectively,  depending  from  the  lower  sur- 
face  of  the  heat  plate  404.  Therefore,  when  the 
heat  plate  404  is  raised,  the  shutters  411  and  412 
close  the  wafer  inlet  and  outlets  409  and  410,  but 
when  the  heat  plate  404  is  lowered,  the  shutters 
411  and  412  open  the  wafer  inlet  and  outlet  409 
and  410. 

A  power  transmission  shaft  417  extended  up- 
wardly  from  the  air  cylinder  405  through  the  bottom 
of  the  heating  chamber  401  is  securely  joined  to 

the  lower  end  of  a  heat-insulating  member  418 
depending  from  the  lower  surface  of  the  heating 
plate  404.  A  ring  member  419  made  of  a  material 
such  as  fluoro  plastic  which  will  not  chemically 

5  react  with  etching  gases  produced  in  the  closed 
heat-treatment  chamber  401  ,  is  fitted  over  the  shaft 
417  and  made  into  contact  with  the  bottom  of  the 
heat-treatment  chamber  401  and  is  securely  held  in 
position  by  means  of  a  retainer  420  in  such  a  way 

io  that  any  gap  between  the  shaft  417  and  the  bottom 
of  the  heat-treatment  chamber  401  is  eliminated 
and  the  free  vertical  movement  of  the  shaft  417  is 
permitted. 

Next  the  mode  of  operation  of  the  fith  embodi- 
15  ment  with  the  above-described  construction  will  be 

described.  In  order  to  charge  a  wafer  421  into  the 
heat-treatment  chamber  401  ,  the  heating  plate  404 
is  lowered  so  that  the  shutters  411  and  412  are 
also  lowered,  opening  the  wafer  inlet  and  outlet  409 

20  and  410.  As  the  heating  plate  404  is  lowered,  the 
upper-run  surfaces  of  the  endless  belts  407  are 
raised  above  the  upper  surface  of  the  heating  plate 
404  and  the  wafer  241  is  transferred  onto  the 
endless  belts  407.  When  the  wafer  241  is  trans- 

25  ported  through  the  heat-treatment  chamber  401 
and  reaches  a  predetermined  position,  it  is  stopped 
by  means  of  stoppers  (not  shown)  so  that  it  is 
located  immediately  below  the  hot  air  discharge 
opening  403.  Thereafter  the  heating  plate  404  is 

30  raised  above  the  upper-run  surfaces  of  the  endless 
belts  407  so  that  the  wafer  421  is  transferred  onto 
the  heating  plate  404  and  is  made  into  intimate 
contact  with  the  upper  surface  thereof.  As  the  heat- 
ing  plate  404  is  raised,  the  shutters  411  and  412 

35  are  also  raised,  thus  closing  the  wafer  inlet  409  and 
410.  Thus  the  interior  of  the  heat-treatment  cham- 
ber  401  is  kept  air-tight  and  the  hot  air  heated  in 
the  air-heating  device  402  is  discharged  through 
the  hot  air  discharge  opening  403  against  the  wafer 

40  421  for  treatment. 
Upon  completion  of  the  heat-treatment  cycle, 

the  heating  plate  404  is  lowered  so  that  the  wafer 
421  which  has  been  placed  upon  the  upper  surface 
of  the  heating  plate  404  is  now  transferred  onto  the 

45  upper-run  surfaces  of  the  endless  belts  417  and  is 
transported.  As  the  heating  plate  404  is  lowered, 
the  shutters  411  and  412  are  also  lowered,  opening 
the  wafer  inlet  and  outlet  409  and  410.  Therefore 
while  the  treated  wafer  421  is  discharged  through 

50  the  wafer  outlet  410  out  of  the  closed  treatment 
chamber  401  ,  a  new  wafer  is  charged  through  the 
wafer  inlet  409  and  transferred  onto  the  endless 
belts  407.  Thereafter  the  new  wafer  421  is  sub- 
jected  to  the  heat-treatment  cycle  in  the  manner 

55  described  above. 
As  described  above,  according  to  the  fifth  em- 

bodiment,  the  wafers  are  automatically  charged 
into  and  discharged  out  of  the  closed  heat-treat- 
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ment  chamber  and  in  the  heat-treatment  chamber 
the  wafers  are  subjected  to  the  heat-treatment  cy- 
cle  by  both  the  hot  air  discharged  from  the  hot-air 
discharge  openings  and  the  heating  plate.  The 
heating  plate  is  vertically  movable  between  a  posi- 
tion  at  which  the  upper  surface  (upon  which  is 
placed  a  material  to  be  treated)  of  the  heating  plate 
is  higher  than  the  upper  surface  of  the  transport 
mechanism  and  a  position  at  which  the  upper  sur- 
face  of  the  heating  plate  is  lower  than  the  upper 
surface  of  the  transport  mechanism.  When  the 
heating  plate  is  raised,  a  wafer  on  the  transport 
mechanism  is  transferred  onto  the  upper  surface  of 
the  heating  plate  and  made  into  intimate  contact 
therewith  so  that  the  wafer  is  heated.  Thus,  the 
contact  of  the  wafer  with  the  upper  surface  of  the 
heating  plate  can  be  easily  and  positively  effected 
so  that,  as  shown  in  FIG.  11,  the  wafer  heat- 
treatment  by  the  present  invention  (indicated  by 
the  solid-line  curve  B)  becomes  about  three  times 
as  fast  as  the  wafer  heat-treatment  by  the  prior  art 
(indicated  by  the  broken-line  curve  A).  Thus  the 
heat-treatment  capacity  can  be  remarkably  im- 
proved. 

So  far  the  wafer  heat-treatment  has  been  de- 
scribed  as  being  effected  by  both  the  hot  air  dis- 
charged  through  the  hot-air  discharge  openings 
and  the  heating  plate,  but  it  is  to  be  understood 
that  the  wafer  heat-treatment  can  be  effected  only 
by  the  heating  plate.  Furthermore,  the  shutters  41  1 
and  412  may  be  opened  or  closed  by  an  indepen- 
dent  mechanism,  not  by  the  mechanism  for  verti- 
cally  moving  the  heating  plate  404. 

Claims 

1.  An  apparatus  for  producing  semiconductor  de- 
vices  including,  arranged  sequentially  in  the 
order  named, 
a  load  chamber  (1;  101); 
an  etch  chamber  (2;  102); 
an  unload  chamber  (3;  103); 
a  buffer  chamber  (4;  104)  and 

a  heat  treatment  chamber  (5;  105;  401) 
including  endless  (conveyer)  belts  (407)  for 
transporting  a  wafer  (241)  through  the  heat 
treatment  chamber  and  a  heating  plate  (13; 
113;  404)  for  providing  contact  heating  to  said 
wafer,  the  surface  of  said  heating  plate  being 
formed  with  two  grooves  (480)  extended  in  the 
longitundinal  direction  thereof,  the  upper  runs 
of  said  endless  belts  being  fitted  into  said 
grooves,  the  depth  of  said  grooves  being  such 
that  the  upper  surface  of  said  heating  plate  can 
be  raised  above  the  upper  surfaces  of  said 
endless  belts  and  lowered  below  the  upper 
surface  of  said  endless  belts. 

2.  An  apparatus  for  producing  semiconductor  de- 
vices  according  to  claim  1  , 
characterized  in  that 

said  unload  chamber  (3;  103)  communi- 
5  cates  with  said  etch  chamber;  a  feeder  (9;  109) 

is  provided  for  transferring  the  material  to  be 
treated  from  said  etch  chamber  into  said  un- 
load  chamber; 

said  buffer  chamber  (4;  104)  communi- 
io  cates  with  said  unload  chamber  of  said  dry 

etching  unit  and  provides  a  conveyer  (11;  111) 
for  transferring  the  material  to  be  treated  from 
said  unload  chamber,  said  heat-treatment 
chamber  (5;  105;  401)  communicates  with  said 

is  buffer  chamber;  and 
a  water  cleaning  unit  (22,  23;  122,  123)  is 

provided  with  a  chuck  (22,  122)  for  cleaning 
said  material  heat-treated  with  water  while  said 
chuck  holds  in  position  and  rotates  said  ma- 

20  terial. 

3.  An  apparatus  as  set  forth  in  claim  2, 
characterized  by, 

a  load  cassette  (24;  124)  disposed  at  the 
25  inlet  side  of  said  unload  chamber  for  holding  a 

plurality  of  materials  to  be  treated; 
a  first  conveyor  belt  (25;  125)  for  transfer- 

ring  said  material  to  be  treated  from  said  load 
cassette  into  said  load  chamber; 

30  a  second  conveyor  belt  (28;  128)  disposed 
at  the  outlet  side  of  said  water  cleaning  unit  for 
transporting  said  treated  materials  one  by  one 
at  a  time;  and 

an  unload  cassette  (29;  129)  for  holding 
35  the  treated  materials  transported  by  said  sec- 

ond  conveyor  belt. 

4.  An  apparatus  as  set  forth  in  claim  2, 
characterized  in  that, 

40  one  side  wall  of  said  load  chamber  is 
connected  to  one  side  wall  of  said  etch  cham- 
ber; 

one  side  wall  of  said  unload  chamber  is 
connected  to  the  side  wall  adjacent  to  said  one 

45  side  wall  of  said  etch  chamber; 
one  side  wall  of  said  buffer  chamber  is 

connected  to  the  side  wall  opposite  to  said  one 
side  wall  to  said  unload  chamber; 

one  side  wall  of  said  heat-treatment  cham- 
50  ber  is  connected  to  the  side  wall  opposite  to 

said  one  side  wall  of  said  buffer  chamber;  and 
said  water  cleaning  unit  is  connected  to 

the  side  wall  adjacent  to  said  one  side  wall  of 
said  heat-treatment  chamber,  whereby  units 

55  are  arranged  in  a  "U"-form. 

5.  An  apparatus  as  set  forth  in  claim  3, 
characterized  in  that, 

10 
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one  side  wall  of  said  etch  chamber  is 
connected  to  the  side  wall  opposite  to  the  inlet 
side  wall  of  said  load  chamber; 

one  side  wall  of  said  unload  chamber  is 
connected  to  the  side  wall  adjacent  to  said  one  5 
side  wall  of  said  etch  chamber; 

one  side  wall  of  said  buffer  chamber  is 
connected  to  the  side  wall  opposite  to  said  one 
side  wall  of  said  unload  chamber; 

one  side  wall  of  said  heat-treatment  cham-  10 
ber  is  connected  to  the  side  wall  opposite  to 
said  one  side  wall  of  said  buffer  chamber;  and 

the  side  wall  opposite  to  said  inlet  side 
wall  of  said  water  cleaning  unit  is  connected  to 
the  side  wall  adjacent  to  said  one  side  wall  of  is 
said  heat-treatment  chamber; 

whereby  said  inlet  side  wall  of  said  load 
chamber  and  the  outlet  side  wall  of  said  water 
cleaning  unit  are  directed  in  the  same  direc- 
tion.  20 

6.  An  apparatus  for  producing  semiconductor  de- 
vices  according  to  claim  1 
characterized  in  that, 

said  material  to  be  treated  which  has  been  25 
transported  to  one  of  the  plurality  of  units  can 
be  reversed  to  the  inlet  of  said  plurality  of 
units. 

7.  An  apparatus  as  set  forth  in  claim  6,  30 
characterized  by, 

a  load  cassette  (24;  124)  disposed  at  the 
inlet  side  of  said  load  chamber  for  holding  a 
plurality  of  materials  to  be  treated; 

a  first  conveyor  belt  (25;  125)  for  transfer-  35 
ring  said  materials  to  be  treated,  which  is  held 
in  said  load  cassette  (24;  124),  one  by  one  at  a 
time; 

a  second  conveyor  belt  (27;  127)  disposed 
at  the  outlet  side  of  said  plurality  of  units  for  40 
transferring  one  of  said  treated  materials  at  a 
time;  and 

an  unload  cassette  (29;  129)  for  holding 
the  treated  materials  transferred  by  said  sec- 
ond  conveyor  belt.  45 

8.  An  apparatus  as  set  forth  in  claim  1  , 
characterized  in  that, 

said  heating  means  further  includes  a  hot- 
air  heating  means  (15;  16;  17;  402;  403)  dis-  50 
posed  adjacent  to  said  endless  belts,  said  hot- 
air  heating  means  operable  to  discharge  hot  air 
against  the  material  in  position  by  being  trans- 
ported  by  said  endless  belts  to  heat  said  ma- 
terial.  55 

9.  An  apparatus  as  set  forth  in  claim  8 
characterized  in  that, 

said  heat-treatment  unit  further  includes 
shutter  means  (411,  412)  which  open  or  close 
an  inlet  and  outlet  of  said  case  in  response  to 
vertical  movement  of  said  heating  plate  (13; 
113;  404). 

Patentanspruche 

1.  Apparatur  zur  Herstellung  von  Halbleitereinrich- 
tungen,  das  nacheinander  in  der  genannten 
Reihenfolge  angeordnet,  aufweist: 
eine  Ladekammer  (1;  101); 
eine  Atzkammer  (2;  102); 
eine  Entladekammer  (3;  103); 
eine  Pufferkammer  (4;  104);  und 
eine  Warmebehandlungskammer  (5;  105;  401), 
die  endlose  (Forder-)  Bander  (407)  zum  Trans- 
portieren  eines  Wafer  (241)  durch  die  Warme- 
behandlungskammer  und  eine  Heizplatte  (13; 
113;  404)  zur  Bereitstellung  einer  Kontaktbe- 
heizung  fur  das  Wafer  aufweist,  wobei  die 
Oberflache  der  Heizplatte  mit  zwei  Nuten 
(408)  versehen  ist,  die  sich  in  Langsrichtung 
der  Platte  erstecken,  wobei  die  oberen  Langen 
der  endlosen  Bander  in  die  Nuten  eingepaBt 
sind,  und  wobei  die  Tiefe  der  Nuten  so  bemes- 
sen  ist,  dal3  die  obere  Oberflache  der  Heizplat- 
te  uber  die  obere  Oberflache  der  endlosen 
Bander  gehoben  und  unter  die  obere  Oberfla- 
che  der  endlosen  Bander  gesenkt  werden 
kann. 

2.  Apparatur  zur  Erzeugung  von  Halbleitereinrich- 
tungen  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dal3 
die  Entladekammer  (3;  103)  mit  der  Atzkam- 
mer  in  Verbindung  steht;  ein  Zubringer  (9;  109) 
zum  Weiterbefordern  des  zu  behandelnden 
Materials  von  der  Atzkammer  in  die  Entlade- 
kammer  vorgesehen  ist; 
wobei  die  Pufferkammer  (4;  104)  mit  der  Entla- 
dekammer  der  Trockenatzeinheit  in  Verbin- 
dung  steht  und  ein  Forderband  (11;  111)  zum 
Befordern  des  zu  behandelnden  Materials  von 
der  Entladekammer  bereitstellt,  wobei  die  War- 
mebehandlungskammer  (5;  105;  401)  mit  der 
Pufferkammer  in  Verbindung  steht;  und  wobei 
eine  Wasserreinigungseinheit  (22,  23;  122, 
123)  mit  einem  Spannfutter  (22,  122)  zum  Rei- 
nigen  des  warmebehandelten  Materials  mit 
Wasser  vorgesehen  ist,  wobei  das  Spannfutter 
das  Material  an  seinem  Platz  halt  und  dreht. 

3.  Apparatur  nach  Anspruch  2, 
gekennzeichnet  durch 
eine  Ladekassette  (24;  124),  die  an  der  EinlaB- 
seite  der  Entladekammer  zum  Halten  einer 
Vielzahl  von  zu  behandelnden  Materialien  an- 
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geordnet  ist; 
ein  erstes  Forderband  (25;  125)  zum  Transfe- 
rieren  des  zu  behandelnden  Materials  von  der 
Ladekassette  in  die  Ladekammer; 
ein  zweites  Forderband  (28;  128),  das  an  der  5 
AuslaBseite  der  Wasserreinigungseinheit  ange- 
ordnet  ist,  zum  stuckweisen  Transportieren  der 
behandelten  Materialien;  und 
eine  Entladekassette  (29;  129)  zum  Halten  des 
von  dem  zweiten  Forderband  transportierten  10 
behandelten  Materials. 

4.  Apparatur  nach  Anspruch  2, 
dadurch  gekennzeichnet,  daB 
eine  Seitenwand  der  Ladekammer  mit  einer  is 
Seitenwand  der  Atzkammer  verbunden  ist; 
eine  Seitenwand  der  Entladekammer  mit  der, 
der  einen  Seitenwand  der  Atzwand  benachbar- 
ten  Seitenwand  verbunden  ist; 
eine  Seitenwand  der  Pufferkammer  mit  der,  20 
der  einen  Seitenwand  der  Entladekammer  ge- 
genuberliegenden  Seitenwand  verbunden  ist; 
eine  Seitenwand  der  Warmebehandlungskam- 
mer  mit  der,  der  einen  Seitenwand  der  Puffer- 
kammer  gegenuberliegenden  Seitenwand  ver-  25 
bunden  ist;  und 
die  Wasserreinigungseinheit  mit  der  der  einen 
Seitenwand  der  Warmebehandlungskammer 
benachbarten  Seitenwand  verbunden  ist,  wo- 
durch  die  Einheiten  in  "U"-Form  angeordnet  30 
sind. 

5.  Apparatur  nach  Anspruch  3, 
dadurch  gekennzeichnet,  daB 
eine  Seitenwand  der  Atzkammer  mit  der,  der  35 
EinlaBseitenwand  der  Ladekammer  gegenuber- 
liegenden  Seitenwand  verbunden  ist; 
eine  Seitenwand  der  Entladekammer  mit  der, 
der  einen  Seitenwand  der  Atzkammer  benach- 
barten  Seitenwand  verbunden  ist;  40 
eine  Seitenwand  der  Pufferkammer  mit  der, 
der  einen  Seitenwand  der  Entladekammer  ge- 
genuberliegenden  Seitenwand  verbunden  ist; 
eine  Seitenwand  der  Warmebehandlungskam- 
mer  mit  der,  der  einen  Seitenwand  der  Puffer-  45 
kammer  gegenuberliegenden  Seitenwand  ver- 
bunden  ist;  und 
die  Seitenwand,  die  der  EinlaBseitenwand  der 
Wasserreinigungseinheit  gegenuberliegt,  mit 
derjenigen  Seitenwand  verbunden  ist,  die  der  so 
einen  Seitenwand  der  Warmebehandlungskam- 
mer  benachbart  ist; 
wodurch  die  EinlaBseitenwand  der  Ladekam- 
mer  und  die  AuslaBseitenwand  der  Wasserrei- 
nigungseinheit  in  die  gleiche  Richtung  gerich-  55 
tet  sind. 

6.  Apparatur  zur  Herstellung  von  Halbleitereinrich- 
tungen  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  daB 
das  zu  behandelnde  Material,  das  zu  einer  der 
Vielzahl  der  Einheiten  transportiert  worden  ist, 
zum  EinlaB  der  Vielzahl  der  Einheiten  zuruck- 
gefuhrt  werden  kann. 

7.  Apparatur  nach  Anspruch  6, 
gekennzeichnet  durch: 
eine  Ladekassette  (24;  124),  die  an  der  EinlaB- 
seite  der  Ladekammer  zum  Halten  einer  Viel- 
zahl  von  zu  behandelnden  Materialien  ange- 
ordnet  ist; 
ein  erstes  Forderband  (25;  125)  zum  stuckwei- 
sen  Transferieren  der  zu  behandelnden  Mate- 
rialien,  immer  nur  einzeln,  die  in  der  Ladekas- 
sette  gehalten  werden; 
ein  zweites  Forderband,  das  an  der  AuslaBsei- 
te  der  Vielzahl  der  Einheiten  angeordet  ist, 
zum  stuckweisen  Transferieren  eines  Materi- 
als;  und 
eine  entleerte  Kassette  (29;  129)  zum  Halten 
des  vom  zweiten  Forderband  ubertragenen 
Materials. 

8.  Apparatur  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  daB 
die  Erwarmungseinrichtung  weiter  eine  HeiB- 
lufterwarmungseinrichtung  (15;  16;  17;  402; 
403)  umfaBt,  die  neben  den  endlosen  Bandern 
angeordnet  ist,  wobei  die  HeiBlufterwarmungs- 
einrichtung  in  der  Lage  ist,  HeiBluft  gegen  das 
Material  zu  richten,  das  zum  Erwarmen  des 
Materials  durch  Transportieren  mit  Hilfe  der 
endlosen  Bander  in  Position  gebracht  wird. 

9.  Apparatur  nach  Anspruch  8, 
dadurch  gekennzeichnet,  daB 
die  Warmebehandlungseinheit  weiter  eine  Ver- 
schluBeinrichtung  (411,  412)  aufweist,  die  ei- 
nen  EinlaB  und  AuslaB  der  betreffenden  Kam- 
mer  als  Reaktion  auf  eine  senkrechte  Bewe- 
gung  der  Heizplatte  (13;  113;  404)  offnet  oder 
schlieBt. 

Revendications 

1.  Appareil  pour  la  production  de  dispositifs  semi- 
conducteurs,  comprenant,  disposes  sequentiel- 
lement  dans  I'ordre  de  citation, 

une  chambre  de  chargement  (1;  101); 
une  chambre  d'attaque  (2;  102); 
une  chambre  de  dechargement  (3;  103); 
une  chambre  tampon  (4;  104);  et 
une  chambre  de  traitement  thermique  (5; 

105),  comprenant  des  courroies  (de  transpor- 
ter)  407  sans  fin,  pour  le  transport  d'une 
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plaquettes  (241)  a  travers  la  chambre  de  traite- 
ment  thermique,  et  une  plaque  de  chauffage 
(13;  113;  404),  pour  soumettre  ladite  plaquette 
a  un  chauffage  par  contact,  la  surface  de  ladite 
plaque  de  chauffage  etant  formee  avec  deux  5 
rainures  (480)  s'etendant  dans  sa  direction  lon- 
gitudinale,  les  brins  superieurs  desdites  cour- 
roies  sans  fin  etant  engages  dans  lesdites  rai- 
nures,  la  profondeur  de  ces  rainures  etant  telle 
que  la  surface  superieure  de  ladite  plaque  de  10 
chauffage  peut  etre  levee  au-dessus  des  surfa- 
ces  superieures  desdites  courroies  sans  fin  et 
abaissees  au-dessous  de  la  surface  superieure 
desdites  courroies  sans  fin. 

75 
Appareil  pour  la  production  de  dispositifs  semi- 
conducteurs  selon  la  revendication  1  , 
caracterise  en  ce  que 

ladite  chambre  de  dechargement  (3;  103) 
communique  avec  ladite  chambre  d'attaque;  20 
un  alimentateur  (9;  109)  etant  prevu  pour  trans- 
ferer  le  materiau  a  traiter,  de  ladite  chambre 
d'attaque  a  ladite  chambre  de  dechargement; 

ladite  chambre  tampon  (4;  104)  communi- 
que  avec  ladite  chambre  de  dechargement  de  25 
ladite  unite  d'attaque  seche,  et  un  transporteur 
(11;  111)  etant  prevu,  pour  transferer  le  mate- 
riau  a  traiter  venant  de  ladite  chambre  de 
dechargement,  ladite  chambre  de  traitement 
thermique  (5;  105;  401)  communiquant  avec  30 
ladite  chambre  tampon;  et 

une  unite  de  nettoyage  a  I'eau  (22,  23; 
122,  123)  est  prevue  avec  un  plateau  (22,  122) 
pour  nettoyer  a  I'eau  ledit  materiau,  ayant  subi 
le  traitement  thermique,  pendant  que  le  pla-  35 
teau  maintient  en  position  et  fait  tourner  ledit 
materiau. 

Appareil  selon  la  revendication  2, 
caracterise  par  une  cassette  de  chargement  40 
(24;  124),  disposee  a  I'interieur  de  ladite  cham- 
bre  de  dechargement,  afin  de  maintenir  une 
pluralite  de  materiaux  a  traiter; 

une  premiere  courroie  de  transporteur  (25; 
125),  pour  effectuer  le  transfert  dudit  materiau  45 
a  traiter,  de  ladite  cassette  de  chargement  a 
ladite  chambre  de  chargement; 

une  seconde  courroie  de  transporteur  (28; 
125),  disposee  du  cote  de  la  sortie  de  ladite 
unite  de  nettoyage  a  I'eau,  servant  a  transpor-  50 
ter  lesdits  materiaux  traites,  un  a  la  fois;  et 

une  cassette  de  dechargement  (29;  129), 
servant  a  maintenir  les  materiaux  traites,  apres 
qu'ils  aient  ete  transported  par  ladite  seconde 
courroie  de  transporteur.  55 

Appareil  selon  la  revendication  2,  caracterise 
en  ce  que 

une  paroi  laterale  de  ladite  chambre  de 
chargement  est  reliee  a  une  paroi  laterale  de 
ladite  chambre  d'attaque; 

une  paroi  laterale  de  ladite  chambre  de 
dechargement  est  reliee  a  la  paroi  laterale 
adjacente  a  ladite  paroi  laterale  de  ladite 
chambre  d'attaque; 

une  paroi  laterale  de  ladite  chambre  tam- 
pon  est  reliee  a  la  paroi  laterale  opposee  de 
ladite  premiere  paroi  laterale  de  chambre  de 
dechargement; 

une  paroi  laterale  de  ladite  chambre  de 
traitement  thermique  est  reliee  a  la  paroi  late- 
rale  opposee  a  ladite  premiere  paroi  laterale 
de  ladite  chambre  tampon;  et 

ladite  unite  de  nettoyage  a  I'eau  est  reliee 
a  la  paroi  laterale  adjacente  a  ladite  premiere 
paroi  laterale  de  la  dite  chambre  de  traitement 
thermique,  de  maniere  que  les  unites  soient 
disposees  en  "U". 

5.  Appareil  selon  la  revendication  3, 
caracterise  en  ce  qu' 

une  paroi  laterale  de  ladite  chambre  d'atta- 
que  est  reliee  a  la  paroi  laterale  opposee  a  la 
paroi  laterale  d'entree  de  ladite  chambre  de 
chargement; 

une  paroi  laterale  de  ladite  chambre  de 
dechargement  est  reliee  a  la  paroi  laterale 
adjacente  a  ladite  premiere  paroi  laterale  de 
ladite  chambre  d'attaque; 

une  paroi  laterale  de  ladite  chambre  tam- 
pon  est  reliee  a  la  paroi  laterale  opposee  a 
ladite  premiere  paroi  laterale  de  ladite  cham- 
bre  de  dechargement; 

une  paroi  laterale  de  ladite  chambre  de 
traitement  thermique  est  reliee  a  la  paroi  late- 
rale  opposee  a  ladite  premiere  paroi  laterale 
de  ladite  chambre  tampon;  et 

la  paroi  laterale,  opposee  a  ladite  paroi 
laterale  d'entree,  de  ladite  unite  de  nettoyage 
a  I'eau  est  reliee  a  la  paroi  laterale  adjacente  a 
ladite  premiere  paroi  laterale  de  ladite  cham- 
bre  de  traitement  thermique; 

de  maniere  que  ladite  paroi  laterale  d'en- 
tree  de  ladite  chambre  de  chargement  et  que 
ladite  paroi  laterale  de  sortie  de  ladite  unite  de 
nettoyage  a  I'eau  soient  orientees  dans  la 
meme  direction. 

6.  Appareil  selon  la  revendication  1  , 
caracterise  en  ce  que 

ledit  materiau  a  traiter  ayant  ete  transports 
a  une  parmi  la  pluralite  des  unites  peut  etre 
retourne  a  I'entree  de  ladite  pluralite  d'unites. 

7.  Appareil  selon  la  revendication  6, 
caracterise  par 
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une  cassette  de  chargement  (24;  124),  dis- 
posee  du  cote  entree  de  ladite  chambre  de 
chargement,  afin  de  maintenir  une  pluralite  de 
materiaux  a  traiter; 

une  premiere  courroie  de  transporteur  (25;  5 
125),  destinee  au  transport,  un  a  la  fois,  des- 
dits  materiaux  a  traiter,  maintenus  dans  ladite 
cassette  de  chargement  (24;  124);  et 

une  cassette  de  dechargement  (29;  129), 
servant  a  maintenir  les  materiaux  traites  ayant  10 
ete  transferes  par  ladite  seconde  courroie  de 
transporteur. 

8.  Appareil  selon  la  revendication  1  , 
caracterise  en  ce  que  is 

ledit  moyen  de  chauffage  comprend  un 
moyen  de  chauffage  a  I'air  chaud  (15;  16;  17; 
402;  403),  dispose  adjacent  aux  courroies  sans 
fin,  ledit  moyen  de  chauffage  a  I'air  chaud 
pouvant  etre  commande  pour  decharger  de  20 
I'air  chaud  contre  le  materiau,  dans  la  position 
de  son  transport  par  lesdites  courroies  sans 
fin,  en  vue  de  chauffer  ledit  materiau. 

9.  Dispositif  selon  la  revendication  8,  25 
caracterise  en  ce  que 

ladite  unite  de  traitement  thermique  com- 
prend  en  outre  un  moyen  obturateur  (411, 
412),  ouvrant  ou  fermant  une  entree  et  une 
sortie  dudit  caisson,  en  reponse  au  mouve-  30 
ment  vertical  de  ladite  plaque  de  chauffage 
(13;  113;  404). 
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