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©  The  present  invention  relates  to  a  damper  de- 
vice  which  comprises  a  fixed  member  and  a  mov- 
able  member  that  are  positioned  relative  to  each 
other,  one  being  inside  of  the  other,  electroviscous 
fluid  sealed  in  between  said  two  members,  and 
electrodes  opposingly  arranged  at  respective  posi- 
tions  of  the  two  members  to  allow  relative  flow  of  the 
electroviscous  fluid.  The  portions  of  the  movable  and 
fixed  members  where  they  are  in  sliding  contact  are 
shielded  against  said  electroviscous  fluid  by  a  flexi- 
ble  member  provided  between  these  two  members. 

When  the  damper  device  of  such  construction  is 
used  as  a  position  control  means,  a  voltage  is  ap- 
plied  to  the  electrodes  to  stop  and  position  the 
movable  member  while  the  voltage  application  is 
suspended  to  cause  the  movable  member  to  move. 

The  apparatus  for  manufacturing  semiconductors 
according  to  the  present  invention  is  characterized  in 
that  an  arm  is  provided  on  the  movable  member  to 
move  along  the  axial  direction  of  the  guide  bar  when 
the  movable  member  moves,  a  flexible  member  is 
provided  between  respective  ends  of  the  fixed  guide 
bar  and  respective  ends  of  the  arm  to  maintain  the 
internal  space  liquid-tight,  and  an  electroviscous  fluid 
is  sealed  inside  the  flexible  member  and  in  between 
the  arm  and  the  guide  bar.  A  positive  and  a  negative 
electrodes  are  formed  by  utilizing  two  opposing 

members  such  as  the  arm  and  the  guide  bar,  to 
which  a  voltage  power  source  is  connected.  When 
the  movable  member  is  to  be  stopped  and  posi- 
tioned,  a  voltage  is  applied  to  the  electrodes  while 
said  voltage  application  is  suspended  when  the  mov- 
able  member  is  to  be  moved. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

The  present  invention  relates  to  a  damper  de- 
vice  which  can  vary  the  damping  force,  and  more 
particularly,  to  a  damper  device  which  can  effec- 
tively  prevent  leakage  of  electroviscous  fluid  or 
mixing  of  air  in  the  fluid,  and  a  method  of  its  use.  It 
also  relates  to  a  device  for  manufacturing  semicon- 
ductors  using  the  damper  device. 

Prior  Art: 

As  an  example  of  prior  art  damper  device 
capable  of  varying  the  damping  force  by  utilizing 
an  electroviscous  fluid  and  electrodes,  the  pub- 
lished  specification  of  UK  No.  2,  111,  171  discloses 
a  device  comprising  a  cylinder  that  houses  a  piston 
and  encloses  electroviscous  fluid. 

The  prior  art  device  is  defective  in  that  as  the 
electroviscous  fluid  directly  contacts  the  portions 
where  the  cylinder  and  the  piston  or  the  piston  rod 
are  in  sliding  contact  with  each  other,  the  elec- 
troviscous  fluid  is  likely  to  leak  from  such  portions. 
It  is  further  defective  in  that  outside  air  may  enter 
the  cylinder  through  the  portions.  In  either  cases, 
the  damping  characteristics  of  the  device  deterio- 
rates. 

In  the  prior  art,  when  the  movable  member 
stops  moving,  it  generates  damped  vibrations  due 
to  its  inertia,  substantially  prolonging  the  time  re- 
quired  for  the  member  to  come  to  a  complete  stop 
at  a  predetermined  position.  This  poses  a  grave 
problem  particularly  when  the  mass  and/or  speed 
of  the  movable  member  are  great.  Efficiency  in  the 
positioning  decreases  as  the  operator  must  wait 
until  the  movable  member  comes  to  a  complete 
stop;  otherwise,  precision  in  positioning  itself  sig- 
nificantly  decreases.  Although  it  has  been  pro- 
posed  to  dispose  a  damper  having  a  higher  damp- 
ing  capacity  between  the  stationary  member  and 
the  movable  member  to  more  quickly  bring  the 
movable  member  to  a  complete  stop  at  a  given 
position,  this  entails  a  different  problem  that  energy 
required  to  drive  the  movable  member  increases 
greatly. 

Further,  when  such  damper  device  is  used  in 
an  apparatus  for  manufacturing  semiconductors 
with  movable  members  such  as  a  stepper,  defects 
similar  to  those  encountered  in  the  damper  device 
also  arise. 

Summary  of  the  Invention: 

The  present  invention  aims  at  effectively  solv- 
ing  these  problems  encountered  in  the  prior  art  and 
providing  a  damper  device  which  is  capable  of 

effectively  preventing  leakage  of  electroviscous  flu- 
id  as  well  as  mixing  of  air  into  the  fluid. 

The  damper  device  according  to  the  present 
invention  comprises  a  stationary  member  and  a 

5  movable  member  positioned  relative  to  each  other, 
one  being  inside  of  the  other,  an  electroviscous 
fluid  sealed  in  between  the  two  members,  and 
electrodes  respectively  disposed  at  the  stationary 
and  the  movable  members  and  opposing  each 

io  other  to  allow  the  electroviscous  fluid  to  relative 
flow,  and  is  characterized  in  that  a  flexible  member 
is  provided  extending  between  the  movable  and 
the  stationary  members  at  their  respective  portions 
where  the  two  members  come  in  sliding  contact 

75  with  each  other  to  shield  the  same  from  the  elec- 
troviscous  fluid. 

According  to  the  present  invention,  separate 
electrodes  may  be  provided  independently  on  each 
of  these  members;  alternatively,  each  of  such 

20  members  may  be  made  of  an  electrode  material. 
In  the  damper  device  according  to  the  present 

invention,  vibrations  are  damped  as  intended  based 
on  the  suitably  selected  interval  between  the  mem- 
bers  as  the  kinetic  energy  of  the  movements  of  the 

25  movable  member  relative  to  the  stationary  member 
or  a  container  with  an  upper  open  end  is  converted 
into  thermal  energy  by  causing  the  electroviscous 
fluid  to  flow  between  them. 

To  increase  the  damping  force,  a  given  voltage 
30  is  applied  to  the  electrodes  provided  in  the  flow 

passage  of  the  electroviscous  fluid  to  increase  the 
viscosity  thereof  and  to  thereby  generate  a  damp- 
ing  force  that  corresponds  to  the  intensity  of  the 
electric  field. 

35  The  portions  where  the  movable  and  stationary 
members  come  in  sliding  contact  are  shielded  from 
the  electroviscous  fluid  by  means  of  a  flexible 
member  to  prevent  leakage  of  the  electroviscous 
fluid  and  to  prevent  outside  air  from  entering  and 

40  becoming  mixed  in  the  fluid  during  the  above  men- 
tioned  relatvie  movements. 

Another  aspect  of  this  invention  lies  in  that  the 
time  duration  of  damped  vibrations  which  occur 
when  the  movable  member  which  is  capable  of 

45  linear  or  rotational  movements  is  stopped  for  posi- 
tioning  is  significantly  reduced.  It  also  aims  at 
providing  a  method  of  using  the  damper  device  in 
order  to  decrease  the  energy  required  to  drive  the 
movable  member  to  a  sufficiently  low  level. 

50  According  to  the  present  invention  method,  the 
damper  device  comprising  a  stationary  member,  a 
movable  member,  a  positive  and  a  negative  elec- 
trodes  provided  respectively  on  these  members 
and  opposing  each  other,  and  an  electroviscous 

55  fluid  sealed  in  between  the  two  electrodes  is  used 
in  such  a  manner  that  when  the  movable  member 
is  to  be  stopped  for  positioning,  a  given  level  of 
voltage  is  applied  to  the  electrodes,  while  the  volt- 
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age  application  is  suspended  when  the  movable 
member  is  to  be  moved. 

In  driving  the  movable  member,  voltage  ap- 
plication  is  preferably  suspended  prior  to  the  actual 
start  of  the  movement  of  the  member  for  the  time 
duration  equivalent  to  the  rising  time  of  the  voltage 
to  take  into  consideration  the  time  constant  of  the 
electric  circuit. 

According  to  the  present  invention,  a  voltage  is 
applied  to  the  electrodes  to  thereby  generate  an 
electric  field  therebetween  when  the  movable 
member  is  stopped  for  positioning.  By  increasing 
the  viscosity  of  the  electroviscous  fluid  to  a  level 
corresponding  to  the  intensity  of  the  electric  field, 
the  energy  generated  by  the  displacement  of  the 
movable  member  relative  to  the  stationary  member 
is  effectively  absorbed  by  the  electroviscous  fluid. 
As  a  result,  duration  of  damped  vibrations  is  signifi- 
cantly  reduced  as  compared  with  the  prior  art, 
enabling  very  prompt  positioning  of  the  movable 
member  at  a  predetermined  location. 

By  suspending  the  voltage  application  to  the 
electrodes  when  the  movable  member  is  to  be 
moved,  the  electric  field  is  cancelled  and  as  the 
electroviscous  fluid  thereby  restores  its  original 
minimum  viscosity  intrinsic  to  it,  and  amount  of 
energy  necessary  for  driving  the  member  can  be 
sufficiently  reduced. 

It  is  noted  that  the  movable  member  is  prefer- 
ably  delayed  in  its  start  of  movement  for  the  time 
equivalent  to  the  rise  time  of  the  voltage  to  take 
into  consideration  the  time  constant  of  the  electric 
circuit,  or  the  time  lag  from  the  time  when  the 
power  source  is  cut  off  until  the  voltage  between 
the  electrodes  becomes  zero  and  the  time  lag  for 
the  fluid  to  restore  its  intrinsic  viscosity.  This  en- 
ables  the  movable  member  to  resume  its  move- 
ment  with  a  lower  activation  energy  and  at  a  higher 
speed  without  being  interfered  by  the  electrovisc- 
ous  fluid. 

Because  the  rising  time  of  the  voltage  is  much 
shorter  than  said  trailing  time,  the  time  constant  of 
the  electric  circuit  at  the  time  of  voltage  application 
to  the  electrodes  can  be  ignored. 

Thus,  the  present  invention  enables  the  mov- 
able  member  to  be  very  quickly  stopped  and  posi- 
tioned  at  a  predetermined  location,  and  the  energy 
required  for  driving  the  movable  member  to  move 
can  be  reduced  to  a  sufficiently  low  level. 

The  apparatus  for  manufacturing  semiconduc- 
tors  according  to  the  present  invention  aims  at 
reducing  the  total  time  of  one  cycle  by  reducing 
the  time  required  for  moving  as  well  as  suspending 
the  movable  member  and  allowing  the  same  to 
operate  at  accurate  positions. 

To  achieve  these  aims,  the  present  invention 
semiconductor  apparatus  is  characterized  in  that  a 
movable  member  is  provided  with  an  arm  that 

moves  along  the  axial  line  of  a  guide  bar  as  the 
movable  member  moves,  a  flexible  member  is  at- 
tached  to  both  ends  of  the  fixed  guide  bar  and  of 
the  movable  arm  respectively  so  as  to  form  a 

5  liquid-tight  space  inside,  an  electroviscous  fluid  is 
sealed  inside  the  flexible  member  as  well  as  in 
between  the  arm  and  the  guide  bar,  and  a  positive 
electrode  and  a  negative  electrode  are  provided  on 
members  that  oppose  each  other  such  as  the 

io  guide  bar  and  the  arm  and  are  connected  to  a 
power  source,  and  a  voltage  is  applied  to  the 
electrodes  when  the  movable  member  is  to  be 
stopped  and  positioned,  and  suspended  when  the 
movable  member  is  to  be  moved. 

is  By  applying  or  suspending  a  voltage  to  the 
electroviscous  fluid,  the  movable  member  can  be 
stopped  moving  in  a  short  period  of  time  and, 
when  activated,  can  move  smoothly  at  a  high 
speed.  Even  when  the  movable  member  is  moved 

20  at  a  higher  speed  than  in  the  prior  art,  it  can  be 
quickly  halted  as  the  voltage  is  applied  to  the 
electroviscous  fluid  to  thereby  increase  its  viscos- 
ity.  In  this  manner  the  present  invention  acts  as  a 
damper  device  and  reduces  the  time  required  to 

25  stop  the  movable  member.  When  the  movable 
member  is  to  be  moved,  on  the  other  hand,  ap- 
plication  of  voltage  to  the  fluid  is  suspended  to 
decrease  its  viscosity  and  to  thereby  reduce  the 
energy  required  for  driving  the  member. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  vertical  sectional  view  of  a  damper 
device  at  its  center  according  to  the  first  embodi- 

35  ment  of  the  present  invention. 
Fig.  2  is  a  sectional  view  along  the  line  a-a  in 

Fig.  1. 
Fig.  3  is  a  vertical  sectional  view  of  a  damper 

device  at  its  center  according  to  the  second  em- 
40  bodiment  of  the  present  invention. 

Fig.  4  is  a  sectional  view  along  the  line  b-b  in 
Fig.  3. 

Fig.  5  is  a  vertical  sectional  view  of  a  damper 
device  at  its  center  according  to  the  third  embodi- 

45  ment  of  the  present  invention. 
Fig.  6  is  a  sectional  view  along  the  line  c-c  in 

Fig.  5. 
Fig.  7  is  a  vertical  sectional  view  of  a  damper 

device  at  its  center  according  to  the  fourth  embodi- 
50  ment  of  the  present  invention. 

Fig.  8  is  a  sectional  view  along  the  line  d-d  in 
Fig.  7. 

Fig.  9  is  a  view  to  show  the  relation  of  the 
operating  and  suspending  timings  of  a  driving 

55  means  with  the  ON,  OFF  timings  of  the  voltage 
application. 

Fig.  10  is  a  partial  sectional  view  to  show  a 
semiconductor  manufacturing  apparatus  according 
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to  the  present  invention. 
Fig.  11  is  a  sectional  view  along  the  line  e-e  in 

Fig.  10. 
Fig.  12  is  a  plan  view  to  show  the  semiconduc- 

tor  apparatus  as  a  whole. 
Fig.  13  is  a  graph  to  compare  the  prior  art 

device  with  the  embodiments  of  the  present  inven- 
tion  in  the  time  durations  required  for  moving  and 
stopping  the  movable  member. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

The  present  invention  will  now  be  described 
referring  to  the  accompanying  drawings. 

Figs.  1  and  2  are  sectional  views  to  show  the 
first  embodiment  of  a  damper  device  according  to 
the  present  invention,  in  which  the  reference  num- 
ber  1  denotes  a  cylinder  or  the  stationary  member, 
2  a  piston  or  the  movable  member  which  is  dis- 
posed  inside  the  cylinder  and  which  slides  along 
and  contacts  with  the  cylinder  wall  at  its  forward 
end.  A  rod  2a  formed  at  the  rear  end  of  the  piston 
2  to  penetrate  through  one  end  wall  1a  of  the 
cylinder  1  also  slidingly  contacts  the  end  wall  1a. 

In  the  embodiment  shown,  through-holes  2c  in 
the  number  and  size  necessary  to  allow  the  elec- 
troviscous  fluid  to  flow  are  provided  on  the  portion 
2b  of  the  piston  2  with  a  larger  diameter  that  slides 
along  the  wall.  An  electroviscous  fluid  3  is  sealed 
inside  the  cylinder  on  both  sides  of  the  port  ion  2b 
with  a  larger  diameter.  An  electrode  is  provided  on 
the  outer  periphery  of  an  intermediate  portion  2d  of 
the  piston  2  at  the  back  of  the  portion  2b.  The  walls 
of  the  cylinder  opposing  each  other  across  the  fluid 
3  as  well  as  the  cylinder  itself  are  made  of  an 
electrode  material  to  thereby  generate  an  electric 
field  corresponding  to  the  intensity  of  the  voltage 
applied  to  the  electrodes.  Further,  a  bellows  5  or 
the  flexible  member  surrounds  the  rod  2a  connect- 
ing  the  end  face  of  the  intermediate  portion  2d  of 
the  piston  2  and  the  end  wall  1a  of  the  cylinder  in  a 
liquid-tight  manner  to  shield  the  portion  6  where 
the  rod  2a  and  the  cylinder  end  wall  1a  contact 
each  other  from  the  electroviscous  fluid.  As  the 
bellows  5,  resilient  material  such  as  rubber  and 
polyethylene,  urethane  and  other  synthetic  resins 
may  be  used. 

In  the  embodiment  shown  in  the  figures,  the 
portion  2b  with  a  large  diameter  also  comes  in 
contact  with  the  cylinder  end  wall.  Since  leakage  of 
the  electroviscous  fluid  3  at  this  portion  is  of  no 
significance  at  all,  the  bellows  5  is  not  provided  to 
shield  the  portion  from  the  fluid. 

The  flexible  member  is  preferably  of  a  struc- 
ture  and/or  material  which  expands/contracts  with 
little  resistance  in  the  sliding  direction  of  the  rod  2a 
or  in  the  axial  direction  but  which  is  less  likely  to 

deflect  in  the  direction  orthogonal  to  the  axial  direc- 
tion  to  secure  a  flow  path  for  the  fluid  3.  In  this 
regard,  a  bellows  is  most  preferable. 

The  damper  device  of  the  above  construction, 
5  for  example,  damps  the  vibrations  under  normal 

state  by  causing  the  movable  member  or  the  pis- 
ton  2,  to  move  inside  the  cylinder  by  the  action  of 
the  rod  2a  connected  to  a  vibrating  member,  and 
by  causing  the  electroviscous  fluid  3  to  flow  via 

io  through-holes  2c  provided  on  the  portion  2b  of  the 
piston  2  to  thereby  convert  the  vibrational  energy 
to  thermal  energy. 

Figs.  3  and  4  are  sectinal  views  to  show  a 
second  embodiment  of  the  damper,  wherein  at  the 

is  center  of  a  center  shaft  12  supported  on  either 
sides  with  supports  1  1  is  fixed  or  adhered  a  cylin- 
drical  stationary  member  13,  and  an  outer  sheath 
member  14  which  is  the  movable  member  en- 
closes  the  stationary  member  13  and  is  attached  to 

20  either  end  walls  14a  in  a  freely  slidable  manner  in 
the  axial  direction  of  the  shaft  12.  The  electrovisc- 
ous  fluid  3  is  filled  in  between  the  members  13  and 
14.  An  electrode  15  is  attached  on  the  peripheral 
surface  of  the  stationary  member  13.  At  least  the 

25  cylindrical  portion  of  said  outer  sheath  member  14 
is  made  of  an  electrode  material,  so  that  a  voltage 
can  be  applied  between  the  two  electrodes.  The 
both  end  faces  of  the  stationary  member  13  and 
the  end  walls  14a  are  connected  by  bellows  16  in  a 

30  liquid-tight  manner  to  shield  from  the  fluid  3  the 
portions  17  where  the  shaft  12  and  the  end  walls 
14a  are  in  sliding  contact. 

In  this  damper  device,  vibrations  are  damped 
by  the  flow  of  the  electroviscous  fluid  3  between 

35  the  stationary  member  13  and  the  outer  sheath 
member  14,  said  flow  being  caused  by  the  vibra- 
tions  in  the  axial  direction  of  the  shaft  12,  of  the 
outer  sheath  member  14  connected  to  a  vibrating 
means.  The  degree  of  damping  can  be  increased 

40  as  required  by  adjusting  the  intensity  of  the  electric 
field  between  the  electrode  15  and  the  outer  sheath 
member  14. 

Leakage  of  the  fluid  3  and  mixing  of  outside  air 
in  the  fluid  can  both  be  very  effectively  prevented 

45  by  the  action  of  the  bellows  16. 
Figs.  5  and  6  are  sectional  views  to  show  the 

third  embodiment  of  the  present  invention,  which 
comprises  as  the  stationary  members  or  a  shaft  21 
fixed  on  both  ends  and  the  outer  sheath  member 

50  22  fixed  or  adhered  thereto,  and  an  inner  sheath 
member  23  as  the  movable  member  which  is  pro- 
vided  inside  the  outer  sheath  member  22  via  a 
sliding  guide  24  such  as  bearings.  The  electrovisc- 
ous  fluid  3  is  filled  in  between  the  inner  sheath 

55  member  23  and  the  stationary  member.  The  shaft 
and  the  inner  shearh  member  per  se  also  function 
as  electrodes.  Both  end  walls  of  the  outer  sheath 
member  22  and  both  end  faces  of  the  inner  sheath 

4 
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member  23  are  respectively  connected  by  bellows 
25  in  a  liquid-tight  manner.  The  portions  where  the 
outer  sheath  member  22  and  the  inner  sheath 
member  23  come  in  sliding  contact  with  each  other 
are  thus  shielded  from  the  fluid  3.  As  a  result, 
although  there  is  provided  a  slit  on  the  outer  sheath 
member  22  to  allow  a  bracket  26  fixed  on  the  inner 
sheath  member  23  to  protrude  from  the  outer 
sheath  member  22  and  to  allow  the  bracket  to 
move  in  the  axial  direct  ion  of  the  outer  sheath 
member  22,  leakage  of  the  fluid  3  from  this  slit  can 
be  securely  prevented. 

Vibrations  can  be  damped  by  this  device  in  a 
substantially  the  same  manner  as  in  the  foregoing 
embodiments  based  on  the  movements  of  the  in- 
ner  sheath  member  23  as  relative  to  the  outer 
shearh  member  22.  Degree  of  attenuation  can  be 
increased  as  required  by  applying  a  voltage  be- 
tween  the  shaft  21  and  the  inner  sheath  member 
23. 

In  the  device  of  the  above  construction,  the 
movable  member  32  is  vibrated  by  means  of  a 
vibrating  member  connected  to  a  split  sleeve  34  to 
cause  the  electroviscous  fluid  3  to  flow  in  between 
the  movable  member  32  and  a  container  31  with  an 
open  top  and  inside  the  movable  member  32  sub- 
stantially  in  the  same  manner  as  other  embodi- 
ments  described  based  on  the  flow  resistance  in- 
strinsic  to  the  electric  members.  Degree  of  damp- 
ing  can  be  varied  as  required  by  generating  an 
electric  field  in  between  the  movable  member  32 
and  the  container  31  with  an  open  upper  end  and 
by  adjusting  the  intensity  of  the  electric  field. 

The  bellows  36  that  closes  the  opening  of  the 
container  31  sufficiently  prevents  leakage  of  the 
fluid  3  as  well  as  mixing  of  outside  air  in  the  fluid  3. 

The  present  invention  damper  device  of  the 
construction  as  mentioned  above  is  suitably  ap- 
plied  to  suspension  system  of  an  automobile  and 
position  control  system  using  a  servo  mechanism. 
In  the  latter  case,  a  movable  element  to  be  con- 
trolled  of  its  position  using  a  servo  motor  is  con- 
nected  to  the  movable  element  of  this  invention. 
Whenever  a  large  damping  force  is  necessary  such 
as  in  stopping  the  movable  element,  a  voltage  is 
applied  to  the  electrodes.  During  steady  operation 
or  acceleration  of  the  movable  element  when  the 
damping  force  is  not  required,  the  voltage  applica- 
tion  is  suspended.  By  so  controlling  the  damper 
device,  not  only  can  the  movable  element  even 
with  a  greater  inertia  be  promptly  controlled  to  stop 
for  positioning  but  excessive  load  on  the  servo 
motor  during  steady  operation  or  acceleration  can 
be  avoided.  Further,  such  damping  effect  is  stably 
maintained  for  an  extended  period  of  time. 

Thus,  the  present  invention,  particularly  the 
bellows  can  very  effectively  prevent  leakage  of  the 
electroviscous  fluid  and  mixing  of  outside  air  into 

the  fluid,  and  therefore  the  damping  capacity  of  the 
device  can  be  stably  maintained  for  an  extended 
period  of  time. 

The  method  of  using  the  damper  device  will 
5  now  be  described. 

Referring  to  Figs.  1  and  2,  when  the  electrodes 
are  not  applied  with  a  voltage,  the  electroviscous 
fluid  3  flows  smoothly  through  the  through-holes  2c 
provided  on  the  portion  2b  of  the  piston  2  with  a 

io  larger  diameter  as  its  viscosity  is  at  the  minimum 
intrinsic  level,  and  the  piston  2  can  be  driven  with  a 
sufficiently  low  force  to  slide  inside  the  cylinder  via 
the  rod  2a  by  means  of  a  drive  means  (not  shown). 

On  the  other  hand,  when  an  electric  field  is 
is  formed  between  the  cylinder  1  and  the  electrode  4 

by  applying  a  voltage  thereto,  the  viscosity  of  the 
fluid  3  can  be  increased  to  a  level  corresponding  to 
the  intensity  of  the  electric  field,  exerting  an  ex- 
tremely  large  force  on  the  piston  to  resist  against 

20  its  movement.  When  such  damper  device  is  used 
to  control  positions,  suspension  and  braking  of  the 
drive  means  connected  to  the  piston  2  and  applica- 
tion  of  voltage  to  the  electrode  synchronous  there- 
with  exert  mechanical  braking  force  on  the  piston  2 

25  so  that  the  vibrations  of  the  piston  are  forcibly 
damped  by  the  highly  viscous  fluid  3  as  a  result  of 
this  mechanical  braking. 

This  means  that  the  spontaneosly  damped  vi- 
brations  due  to  inertia  of  the  piston  2  are  decel- 

30  erated  by  the  action  of  the  electroviscous  fluid  3  in 
an  extremely  short  period  time,  and  the  piston  2 
can  be  very  quickly  stopped  and  positioned  as 
designated.  The  time  required  for  positioning  the 
piston  2  is  thus  significantly  reduced,  enabling  suf- 

35  ficiently  precise  positioning. 
To  actuate  the  movable  member,  the  viscosity 

of  the  fluid  3  is  decreased  by  suspending  the 
voltage  application  on  the  electrodes  and  by  ac- 
tivating  the  drive  means  to  cause  the  piston  to 

40  slide,  whereby  the  piston  2  can  start  sliding  in  the 
predetermined  direction  with  a  sufficiently  low  re- 
sistance. 

The  sliding  of  piston  2  can  therefore  be  re- 
alized  with  the  minimum  energy  while  the  elec- 

45  troviscous  fluid  3  is  at  the  minimum  level  of  viscos- 
ity. 

If  voltage  application  to  the  electrode  is  sus- 
pended  earlier  than  actuation  of  the  drive  means 
for  the  duration  of  the  trailing  time  t  of  the  voltage 

50  to  reach  0  V  after  its  application  is  suspended,  as 
shown  in  Fig.  9,  to  take  the  time  constant  of  the 
electric  circuit  into  consideration,  the  viscosity  of 
the  fluid  3  can  be  brought  to  its  minimum  level 
intrinsic  thereto  from  the  very  start  of  activation  by 

55  the  drive  means,  or  from  the  very  start  of  the 
piston  movement.  As  a  result,  energy  required  for 
activation  of  the  drive  means  can  be  reduced  and 
the  speed  of  the  piston  movement  can  be  in- 
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creased. 
Therefore,  by  directly  or  indirectly  coupling  a 

movable  element  to  be  controlled  for  positioning,  in 
other  words,  a  movable  element  to  be  driven  by 
the  drive  means  to  the  movable  member  of  the 
damper  device  of  the  present  invention  and  by 
applying  a  voltage  to  the  electrodes  only  when  the 
movable  element  is  to  be  stopped  for  positioning, 
while  suspending  said  voltage  application  when  the 
movable  element  is  in  operation,  even  a  movable 
element  with  a  larger  inertia  can  be  quickly  con- 
trolled  to  stop  for  positioning.  Load  of  driving  the 
movable  element  can  also  be  reduced  to  a  suffi- 
ciently  low  level. 

By  suspending  the  voltage  application  before 
the  movable  member  is  actuated  for  the  trailing 
time  of  the  voltage,  the  load  for  actuating  the 
movable  member  can  be  effectively  reduced  and 
the  movable  member  can  be  moved  more  speed- 
ily. 

The  apparatus  for  manufacturing  semiconduc- 
tors  shown  in  Figs.  10  and  11  is  called  a  stepper 
which  moves  a  silicon  wafer  when  electronic  cir- 
cuits  are  printed  thereon,  and  comprises  an  arm  41 
attached  to  its  movable  member  40.  A  silicon  wafer 
is  placed  on  the  movable  member  40  to  be  printed 
with  circuits  by  an  exposure  device  (not  shown). 
The  arm  41  is  movable  along  the  axial  line  of  a 
fixed  guide  bar  42  as  the  movable  member  40  is 
moved.  A  fixed  table  43  is  provided  with  attach- 
ment  arms  44  for  receiving  both  ends  of  the  guide 
bar  42.  The  attachment  arms  44  are  made  of  an 
insulating  material.  Flexible  members  45  such  as 
bellows  extend  from  both  ends  of  the  fixed  guide 
bar  42  to  both  ends  of  the  arm  41  to  enclose  a 
space  in  a  liquid-tight  manner.  A  through-hole  41  A 
is  formed  on  the  arm  41,  and  there  is  provided  an 
interval  between  the  inner  peripheral  surface  of  the 
through-hole  41  A  and  the  guide  for  42.  An  elec- 
troviscous  fluid  46  is  sealed  in  the  internal  space  of 
the  flexible  member  as  well  as  in  said  interval.  The 
arm  41  in  this  embodiment  constitutes  a  negative 
electrode  while  the  guide  bar  42  comprises  a  posi- 
tive  electrode.  A  sliding  member  47  is  formed  at 
the  bottom  surface  of  the  movable  member  40,  and 
the  arm  41  and  the  fixed  table  43  are  distance  from 
each  other.  Fig.  12  is  a  plan  view  to  show  the 
apparatus  in  whole,  wherein  there  is  provided  a 
power  source  48  to  apply  voltage  to  the  negative 
and  positive  electrodes. 

In  the  embodiment  shown,  the  arm  41  and  the 
guide  bar  42  are  made  of  an  electrode  material  to 
constitute  a  negative  and  positive  electrodes.  It  is 
of  course  possible  to  provide  independent  elec- 
trodes  at  positions  opposing  each  other  across  the 
fluid  46.  These  electrodes  are  adapted  to  generate 
an  electric  field  with  an  intensity  corresponding  to 
the  level  of  voltage  applied  to  the  electrodes.  The 

flexible  member  45  may  be  made  of  an  flexible 
material  such  as  rubber  or  synthetic  resin  such  as 
polyethylene  and  polyurethane. 

When  the  electrodes  of  the  apparatus  of  such 
5  construction  are  not  applied  with  a  voltage,  the  arm 

41  moves  along  the  guide  bar  42  smoothly  as  the 
fluid  46  maintains  its  intrinsic  minimum  viscosity 
and  the  movable  member  40  can  be  moved  with  a 
sufficiently  small  driving  force  on  the  fixed  table  43 

io  as  it  is  driven  by  a  drive  means  such  as  motor  (not 
shown).  To  stop  the  movable  member  40  at  a 
predetermined  position  by  suspending  the  drive 
means,  the  positive  and  negative  electrodes  are 
applied  with  a  voltage  to  increase  the  viscosity  of 

is  the  electroviscous  fluid  46  to  a  level  corresponding 
to  the  intensity  of  the  electric  field.  As  the  viscosity 
increases,  the  arm  41  is  subjected  to  a  significant 
kinetic  resistance,  and  the  time  required  to  stop  the 
movable  member  40  is  shortened.  It  is  noted  that 

20  by  suspending  the  voltage  application  earlier  than 
actuation  of  the  drive  means  for  the  duration  of  the 
trailing  time  of  the  voltage  from  a  high  level  to  0  V 
to  take  into  consideration  the  time  constant  of  the 
electric  circuit,  the  viscosity  of  the  fluid  46  can  be 

25  lowered  to  its  minimum  intrinsic  level  from  the  very 
start  of  actuation  of  the  drive  means,  or  the  very 
start  of  the  movement  of  the  movable  member  40. 
As  a  result,  the  power  consumed  to  activate  the 
drive  means  can  be  reduced  and  the  speed  of  the 

30  movable  member  40  can  be  increased. 
The  graph  represented  by  the  leeter  Z  in  Fig. 

13  shows  reduction  in  the  time  required  in  the 
present  invention  device  to  move  and  stop  the 
movable  member  40.  Despite  the  increased  speed 

35  of  the  movement  of  the  member  40,  the  time 
required  to  stop  the  same  is  shortened  as  com- 
pared  with  the  prior  art.  When  the  movable  mem- 
ber  is  to  be  moved,  the  moltage  applicatin  to  the 
electrodes  is  suspended  to  cancel  the  electric  field 

40  created  between  the  electrodes  to  thereby  lower 
the  viscosity  of  the  fluid  46  to  its  minimum  level. 
As  a  result,  the  energy  for  actuating  the  movable 
member  40  can  be  sufficiently  reduced,  enabling 
the  member  40  to  move  more  quickly.  To  ac- 

45  curately  suspend  the  member  40  at  a  given  posi- 
tion,  a  voltage  is  applied  to  the  electrodes  to  form 
an  electric  field  therebetween  and  to  thereby  in- 
crease  the  viscosity  of  the  fluid  46  to  a  level 
corresponding  to  the  intensity  of  the  electric  field. 

50  The  energy  for  displacing  the  member  40  relative 
to  the  fixed  table  43  can  be  effectively  absorbed  by 
the  fluid  46.  Duration  of  damped  vibrations  due  to 
inertia  of  the  movable  meber  40  can  be  substan- 
tially  reduced,  and  the  movable  member  can  be 

55  very  quickly  stopped  and  positioned. 
The  graph  represented  by  the  letter  X  in  Fig. 

13  shows  one  cycle  of  operations  comprising  the 
steps  of  moving  and  stopping  the  movable  member 
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and  of  printing  circuits  in  the  prior  art  apparatus  for 
manufacturing  semiconductors.  The  prior  art  ap- 
paratus  includes  a  sliding  member  provided  be- 
tween  the  movable  member  and  the  fixed  base  to 
allow  the  movable  member  to  move  on  the  table, 
and  is  characterized  in  that  the  movable  member  is 
caused  to  slide  on  the  sliding  member  when  driven 
by  a  motor,  a  silicon  wafer  is  placed  atop  the 
movable  member  to  be  printed  with  electric  circuits 
by  an  exposure  means.  The  graph  represented  by 
the  letter  Y  in  Fig.  13  shows  reduction  in  time 
required  for  moving  the  movable  member  when  the 
speed  of  the  movable  member  is  increased. 

As  has  been  described  in  the  foregoing,  the 
movable  member  40  of  the  apparatus  according  to 
the  present  invention  can  be  quickly  and  com- 
pletely  stopped  even  when  its  speed  is  increased, 
reducing  the  cycle  time  and  increasing  the  oper- 
ational  efficiency.  As  the  damping  force  does  not 
work  on  the  movable  member  when  the  latter  is 
moving,  the  drive  means  such  as  motor  will  not  be 
subjected  to  a  large  load  and  thus  easily  accelerate 
the  movement  of  the  member  40. 

Claims 

1.  A  damper  device  comprising  a  fixed  member 
and  a  movable  member  that  are  positioned 
relative  to  each  other,  one  being  inside  of  the 
other,  an  electroviscous  fluid  sealed  between 
said  two  members,  and  electrodes  opposingly 
arranged  at  such  positions  as  to  allow  the 
electroviscous  fluid  to  flow,  which  is  character- 
ized  in  that  portions  of  the  movable  and  fixed 
members  where  they  are  in  sliding  contact  are 
shielded  from  said  electroviscous  fluid  by  a 
flexible  member  provided  between  the  two 
members. 

troviscous  fluid  sealed  in  between  the  two 
electrodes,  which  is  characterized  in  that  a 
voltage  is  applied  to  the  electrodes  when  the 
movable  member  is  to  be  stopped  and  posi- 

5  tioned,  and  application  of  voltage  is  suspended 
when  the  movable  member  is  to  be  moved. 

4.  The  method  of  using  a  damper  device  as 
claimed  in  Claim  3  which  is  characterized  in 

io  that  when  the  movable  member  is  to  be 
moved,  voltage  application  to  the  electrodes  is 
suspended  before  the  movable  member  starts 
moving  for  the  duration  of  time  equal  to  the 
trailing  time  of  the  voltage. 

15 
5.  A  device  for  manufacturing  semiconductors 

comprising  a  movable  member  such  as  a 
means  to  move  a  silicon  wafer  for  printing 
electronic  circuits  thereon,  which  is  character- 

20  ized  in  that  an  arm  provided  on  the  movable 
member  moves  with  the  movable  member  in 
the  axial  direction  of  a  guide  bar,  a  flexible 
member  is  provided  between  respective  ends 
of  the  fixed  guide  bar  and  the  respective  ends 

25  of  the  arm  to  maintain  the  internal  space  liquid- 
tight,  an  electroviscous  fluid  is  sealed  inside 
the  flexible  member  and  between  the  arm  and 
the  guide  bar,  a  negative  and  a  positive  elec- 
trodes  are  formed  by  utilizing  two  opposing 

30  members  such  as  the  guide  bar  and  the  arm 
and  are  connected  to  power  source,  and  a 
voltage  is  applied  to  the  electrodes  when  the 
movable  member  is  to  be  stopped  and  posi- 
tioned,  and  said  voltage  application  is  sus- 

35  pended  when  the  movable  member  is  to  be 
moved. 

2.  A  damper  device  comprising  a  container  with  40 
an  open  upper  end,  a  movable  member  dis- 
posed  inside  said  container  in  such  a  manner 
that  a  given  distance  is  maintained  between 
the  movable  member  and  each  of  the  walls  of 
the  container,  an  electroviscous  fluid  filled  in  45 
said  container,  electrodes  opposingly  arranged 
at  respective  positions  on  the  container  and 
the  movable  member  so  as  to  allow  the  elec- 
troviscous  fluid  to  flow  and  a  flexible  member 
provided  between  the  container  and  the  mov-  50 
able  member  to  close  an  opening  of  the  con- 
tainer  with  the  open  upper  end. 

3.  A  method  of  using  as  a  position  control  device 
a  damper  device  comprising  a  fixed  member,  55 
a  movable  member,  a  positive  and  a  negative 
electrodes  provided  respectively  on  said  mem- 
bers  in  an  opposing  arrangement,  and  an  elec- 
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