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^ ©   Turbomolecular  pump  and  method  of  operating 

O ®   A  turbomolecular  pump  (50)  having  a  rotor  (24) 
*™  provided  with  a  plurality  of  rotor  blades  (22)  and  a 
{^spacer  (28)  provided  with  a  plurality  of  stator  blades 
CO  (26)  so  that  gas  molecules  are  sucked  in  from  a 

suction  port  (36),  compressed  and  discharged  from 
©an  exhaust  port  (38).  The  pump  (50)  further  has  a 
-  heat  exchanger  (42)  provided  inside  the  suction  port 
3]  (36),  the  heat  exchanger  (42)  being  connected  to  a 

refrigerator  (46A)  through  a  refrigerant  pipe  (44)  and 
a  gate  valve  (90)  provided  on  the  upstream  side  of 

:ne  same. 

the  suction  port  (36).  Gases  having  low  molecular 
weights,  particularly  water  vapor,  are  freeze-trapped 
on  the  heat  exchanger.  Thus,  it  is  possible  to  effi- 
ciently  exhaust  gases  having  low  molecular  weights, 
particularly  water  vapor,  and  hence  to  obtain  a  high 
vacuum  of  good  quality.  In  addition,  it  is  easy  to  start 
and  suspend  operation  of  the  system  and  possible 
to  run  it  on  a  continuous  basis. 
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fURBOMOLECULAR  PUMP  AND  METHOD  OF  OPERATING  THE  SAME 

The  present  invention  relates  to  a  vacuum 
Dump,  that  is,  a  turbomolecular  pump,  wherein  a 
alurality  of  rotor  and  stator  blades  which  are  corn- 
Dined  together  are  rotated  relative  to  each  other 
jnder  a  low  pressure  such  that  any  collision  be- 
:ween  gas  molecules  is  negligible  to  effect  exhaus- 
:ion  of  a  gas.  The  present  invention  also  pertains  to 
a  method  of  operating  a  vacuum  pump  of  the  type 
described  above. 

A  typical  conventional  turbomolecular  pump 
will  first  be  explained  with  reference  to  Fig.  1  . 

A  conventional  turbomolecular  pump  which  is 
generally  denoted  by  the  reference  numeral  1  in- 
cludes  a  motor  2,  a  motor  shaft  3  for  transmitting 
the  rotational  force  derived  from  the  motor  2,  a 
-otor  4  secured  to  the  motor  shaft  3,  a  plurality  of 
-otor  blades  5  fixed  to  the  rotor  4,  a  plurality  of 
stator  blades  6  each  disposed  between  a  pair  of 
adjacent  rotor  blades  5,  a  spacer  7  having  the 
stator  blades  6  attached  thereto,  a  casing  10  pro- 
vided  with  a  suction  port  8  and  an  exhaust  port  9, 
and  a  protective  net  1  1  for  protecting  the  rotor  and 
stator  blades  5  and  6.  In  operation,  the  motor  2  is 
driven  to  rotate  the  rotor  blades  5  at  high  speed  in 
a  high-vacuum  atmosphere  sufficient  to  ensure  that 
molecular  flow  is  available,  thereby  sucking  gas 
molecules  from  the  suction  port  8,  compressing  the 
gas  at  a  high  compression  ratio  and  moving  the 
gas  toward  the  exhaust  port  9,  thus  producing  a 
high  vacuum. 

The  above-described  conventional  tur- 
bomolecular  pump  suffers,  however,  from  the  fol- 
lowing  problems.  The  gas  exhausting  performance 
of  the  pump  depends  on  the  molecular  weight  of  a 
gas  being  handled  by  it.  When  a  gas  having  a  low 
molecular  weight  is  being  handled,  the  gas  ex- 
hausting  performance  deteriorates  to  a  consider- 
able  extent.  The  lower  the  compression  ratio,  the 
lower  the  gas  exhausting  performance.  The  blade 
speed  ratio  C,  a  parameter  representing  the  com- 
pression  ratio,  is  expressed  as  follows: 
C  =  V/Vm 
(wherein  V  is  the  peripheral  speed  of  the  rotor 
blades  and  Vm  is  the  maximum  probability  speed 
of  gas  molecules). 

The  maximum  probability  speed  Vm  of  gas 
molecules  is  expressed  as  follows: 
Vm  =  V(2KT/M) 
(wherein  M  is  the  molecular  weight  of  the  gas,  K  is 
Boltzmann's  constant,  and  T  is  the  absolute  tem- 
perature  of  the  gas). 

As  will  be  clear  from  these  expressions,  the 
lower  the  molecular  weight  M  of  the  gas,  the  higher 
the  maximum  probability  speed  Vm  of  the  gas 
molecules  and  the  lower  the  blade  speed  ratio  C. 

Therefore,  when  a  gas  naving  a  low  molecular 
weight  is  being  handled,  the  gas  exhausting  perfor- 
mance  is  low.  Many  problems  are  likely  to  occur  in  . 
actual  operation  of  the  turbomolecular  pump  when 

s  the  gas  exhausting  performance  is  low. 
Among  the  problems  associated  with  gases 

having  low  molecular  weights,  the  existence  of  wa- 
ter  vapor,  in  particular,  adversely  affects  the  gas 
exhausting  performance  of  the  pump.  In  a  system 

w  wherein  a  part  of  the  system  that  is  provided  with  a 
turbomolecular  pump  is  open  to  the  atmosphere 
and  air  flows  into  the  system,  the  greater  part  of 
the  residual  gas  under  a  vacuum  of  about  10-4 
Torr  to  10-10  Torr  (10-4  mmHg  to  10_,°  mmHg) 

15  which  is  produced  by  the  turbomolecular  pump  is 
water  vapor.  The  residual  water  vapor  has  adverse 
effects  on  the  degree  of  vacuum  and  the  vacuum 
environment. 

In  the  case  of  using  a  cryo-vacuum  pump  that 
20  employs  a  helium  refrigerator  and  a  heat  exchang- 

er  which  provides  ultra-low  temperatures  of  from 
about  1  5  '  K  to  about  20  °  K,  the  gas  exhausting 
characteristics  in  regard  to  water  vapor  are  im- 
proved  and  it  is  therefore  possible  to  cope  with  the 

25  above-described  problems  to  a  certain  extent. 
However,  such  a  cryo-vacuum  pump  involves  the 
following  problems: 

(1)  Since  a  refrigerator  for  ultra-low  tempera- 
tures  is  used,  it  takes  a  long  time  to  start  and 

30  suspend  the  system. 
(2)  Since  the  pump  is  a  capture  type  one, 

i.e.  it  freezes  and  traps  most  gas  molecules,  it 
must  be  regenerated  for  a  long  period  every  time  a 
predetermined  load  is  run  and  completed. 

35  (3)  Since  the  sublimation  temperature  differs 
depending  upon  the  kind  of  gas  molecules,  various 
kinds  of  gas  molecules  are  separated  from  each 
other  and  successively  discharged  from  the  pump 
at  high  concentrations  as  the  temperature  of  the 

40  heat  exchanger  rises  during  a  regenerative  opera- 
tion,  and  it  is  difficult  to  treat  various  kinds  of  gases 
which  are  discharged  separately.  In  particular,  in 
semiconductor  manufacturing  processes,  toxic, 
highly-corrosive,  explosive  and  combustible  gases, 

45  for  example,  monosilane  (SiH*).  hydrogen  fluoride 
(HF),  etc.,  are  used  that  are  diluted  with  inert  gases 
such  as  nitrogen  (N2),  helium  (He),  etc.,  and  it  is 
therefore  extremely  difficult  to  handle  these  various 
kinds  of  gases  that  are  discharged  separately. 

50 
It  might  be  considered  possible  to  combine  the 

conventional  turbomolecular  pump  and  cryo-vacu- 
um  pump  in  order  to  overcome  the  above-de- 
scribed  problems.  However,  with  such  a  combina- 
tion,  most  gas  molecules  exclusive  of  hydrogen 
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md  helium  molecules  would  be  freeze-trapped  in 
he  cryo-vacuum  pump  and  therefore  the  provision 
)f  the  turbomolecular  pump  would  become  mean- 
ngless. 

In  view  of  the  above-described  disadvantages 
)f  the  prior  art,  it  is  an  object  of  the  present 
nvention  to  provide  a  turbomolecular  pump  the 
>peration  of  which  is  capable  of  effectively  ex- 
lausting  gases  having  low  molecular  weights,  par- 
icularly  water  vapor,  and  the  operation  of  which  is 
5asy  to  start  and  suspend,  as  well  as  being  ca- 
pable  of  operating  on  a  continuous  basis. 

It  is  another  object  of  the  present  invention  to 
Drovide  a  method  of  operating  the  above-described 
urbomolecular  pump. 

To  these  ends,  according  to  one  of  its  aspects, 
:he  present  invention  provides  a  turbomolecular 
3ump  having  a  rotor  provided  with  a  plurality  of 
■otor  blades  and  a  spacer  provided  with  a  plurality 
Df  stator  blades  so  that  gas  molecules  are  sucked 
n  from  a  suction  port,  compressed  and  discharged 
rom  an  exhaust  port,  wherein  the  improvement 
;omprises:  a  heat  exchanger  provided  inside  the 
suction  port,  the  heat  exchanger  being  connected 
:o  a  refrigerator  through  a  refrigerant  pipe;  and  a 
gate  valve  provided  on  the  upstream  side  of  the 
suction  port. 

The  refrigerator  preferably  has  the  capability  of 
supplying  a  refrigerant  cooled  to  from  about  - 
100°C  to  about  -190°  C  and  it  is  preferable  either 
to  employ  as  the  refrigerator  one  which  is  capable 
of  defrosting  or,  if  the  refrigerator  is  not  capable  of 
defrosting,  to  further  provide  a  heater  at  the  suction 
port. 

According  to  another  of  its  aspects,  the  present 
invention  provides  a  method  of  operating  a  tur- 
bomolecular  pump  comprising:  an  exhaust  step  in 
which  a  gate  valve  provided  on  the  upstream  side 
of  a  suction  port  is  opened  and,  in  this  state,  water 
vapor  is  freeze-trapped  by  a  heat  exchanger  pro- 
vided  inside  the  suction  port;  and  a  regeneration 
step  in  which,  with  the  gate  valve  closed,  the  water 
vapor  freeze-trapped  is  thawed  and  released. 

The  regeneration  step  preferably  includes  ei- 
ther  the  step  of  switching  over  the  operating  mode 
of  a  refrigerator  from  the  refrigerating  mode  to  the 
defrost  mode  or  the  step  of  effecting,  with  the 
refrigerating  capacity  of  the  refrigerator  maintained 
or  lowered,  heating  in  excess  of  the  refrigerating 
capacity  by  means  of  a  heater  which  is  provided  at 
the  suction  port.  The  regeneration  step,  however, 
may  also  be  effected  by  just  closing  a  gate  valve 
and  continuing  the  exhaust  operation  of  a  tur- 
bomoiecular  pump. 

To  conduct  a  gas  exhausting  operation,  the 
gate  valve  provided  on  the  upstream  side  of  the 
suction  port  is  opened  and  the  refrigerator  is  run  in 
the  refrigerating  mode  to  deliver  a  refrigerant  to  the 

heat  exchanger  so  as  to  cool  it.  r-urtner,  tne  rotor 
blades  are  rotated  to  suck  a  gas  into  the  pump.  At 
this  time,  water  vapor  contained  in  the  gas  is 
selectively  freeze-trapped  by  the  heat  exchanger. 

5  As  a  result,  the  gas  exhausting  performance  of  the 
turbomolecular  pump  is  improved  and  it  is  there- 
fore  possible  to  produce  a  high  vacuum  of  good 
quality.  A  gas  having  a  low  molecular  weight  which 
is  not  freeze-trapped,  for  example,  hydrogen,  he- 

o  Hum,  etc.,  is  also  cooled  by  the  heat  exchanger 
and  this  brings  down  the  gas  temperature,  which  in 
turn  results  in  a  reduction  in  the  speed  of  the  gas 
molecules.  Accordingly,  the  blade  speed  ratio  C 
increases  and  the  gas  exhausting  performance  of 

'5  the  turbomolecular  pump  is  improved.  Thus,  it  is 
possible  to  eliminate  the  problems  associated  with 
the  conventional  turbomolecular  pump,  that  is,  the 
inferior  performance  displayed  in  exhausting  gases 
having  low  molecular  weights,  particularly  water 

>o  vapor. 
After  the  gas  exhausting  operation  has  been 

conducted  for  a  predetermined  period  of  time,  it  is 
necessary  to  carry  out  a  regenerative  operation  in 
which  water  vapor  which  has  been  freeze-trapped 

25  on  the  heat  exchanger  is  thawed  and  released.  In 
such  a  regenerative  operation,  it  is  only  necessary 
to  heat  the  water  vapor  freeze-trapped  on  the  heat 
exchanger  with  the  gate  valve  closed.  The  heating 
may  be  effected  by  switching  over  the  operating 

30  mode  of  the  refrigerator  from  the  refrigerating 
mode  to  the  defrost  mode  to  thereby  conduct  heat- 
ing  through  the  heat  exchanger,  or  by  maintaining 
or  lowering  the  refrigerating  capacity  of  the  refrig- 
erator  and  effecting,  in  this  state,  heating  in  excess 

35  of  the  refrigerating  capacity  by  means  of  a  heater 
provided  at  the  suction  port.  The  freeze-trapped 
water  vapor  sublimates  by  absorbing  heat  from 
either  the  heat  exchanger  or  the  heater  and  is  then 
discharged  from  the  exhaust  port  by  the  interaction 

40  between  the  rotor  and  stator  blades.  In  this  way, 
the  regeneration  step  is  carried  out.  Thus,  the  time 
required  to  switch  over  to  the  regeneration  step 
and  to  complete  the  regeneration  is  reduced  by  a 
large  margin. 

45  The  regenerative  operation  may  also  be  effec- 
ted  by  just  continuing  the  exhaust  operation  of  the 
turbomolecular  pump  with  the  gate  valve  closed.  In 
this  case,  the  heating  of  the  water  vapor  as  stated 
above  is  not  necessary. 

50  This  regenerative  operation  can  be  conducted 
by  the  use  of  the  gate  valve  cut-off  time  during 
normal  operation  of  a  turbomolecular  pump  in,  for 
example,  a  semiconductor  manufacturing  process, 
and  this  makes  it  possible  to  run  the  tur- 

55  bomolecular  pump  on  a  continuous  basis  without 
requiring  a  specific  time  for  regeneration. 

Thus,  the  present  invention  provides  a  tur- 
bomolecular  pump  which  enables  gases  having  low 
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lolecular  weights,  particularly  water  vapor,  to  be 
fficiently  exhausted,  while  maintaining  the  advan- 
ces  of  the  conventional  turbomolecular  pump, 
lamely,  that  it  is  easy  to  start  and  suspend  the 
iperation  of  the  system  and  also  possible  to  run  it 
m  a  continuous  basis.  It  should  be  noted  that  the 
•resent  invention  enables  selection  of  a  desired 
:onfiguration  and  heat-exchange  area  of  the  heat 
ixchanger  on  the  basis  of  the  constituents  of  a  gas 
o  be  exhausted  and  the  exhaustion  time. 

The  above  and  other  objects,  features  and  ad- 
'antages  of  the  present  invention  will  become  more 
ipparent  from  the  following  description  of  the  pre- 
erred  embodiments  thereof,  taken  in  conjunction 
vith  the  accompanying  drawings,  in  which  like  ref- 
srence  numerals  denote  like  elements  and,  of 
vhich: 

Fig.  1.  is  a  sectional  front  view  of  a  conven- 
ional  turbomolecular  pump; 

Fig.  2  is  a  sectional  front  view  of  a  first 
smbodiment  of  the  turbomolecular  pump  according 
o  the  present  invention; 

Fig.  3A  is  a  plan  view  of  one  example  of  the 
leat  exchanger  shown  in  Fig.  2; 

Fig.  3B  is  a  front  view  of  the  heat  exchanger 
>hown  in  Fig.  3A; 

Fig.  4A  is  a  plan  view  of  another  example  of 
he  heat  exchanger; 

Fig.  4B  is  a  sectional  front  view  of  the  heat 
sxchanger  taken  along  line  IV  -  IV  in  Fig.  4A; 

Fig.  5A  is  a  plan  view  of  still  another  exam- 
Die  of  the  heat  exchanger; 

Fig.  5B  is  a  sectional  front  view  of  the  heat 
Dxchanger  taken  along  line  V  -  V  in  Fig.  5A; 

Fig.  6  is  a  graph  showing  the  saturated  va- 
Dor  pressure  of  water  vapor;  and 

Fig.  7  is  a  sectional  front  view  of  a  second 
smbodiment  of  the  present  invention. 

Embodiments  of  the  present  invention  will  be 
described  hereinunder  in  detail  with  reference  to 
Figs.  2  to  7. 

Fig.  2  shows  a  first  embodiment  of  the  present 
invention.  A  turbomolecular  pump  which  is  gen- 
erally  denoted  by  the  reference  numeral  20  has  a 
rotor  24  provided  with  a  plurality  of  rotor  blades  22 
and  a  spacer  28  having  a  plurality  of  stator  blades 
26  attached  thereto,  each  stator  blade  26  being 
disposed  between  a  pair  of  adjacent  rotor  blades 
22.  The  rotor  24  is  secured  to  a  motor  shaft  32  of  a 
motor  30.  The  spacer  28  is  fixed  within  a  casing 
34.  The  casing  34  is  provided  with  a  suction  port 
36  and  an  exhaust  port  38.  A  protective  net  40  for 
protecting  the  rotor  and  stator  blades  22  and  26  is 
provided  on  the  downstream  side  of  the  suction 
port  36  (i.e.,  the  side  of  the  suction  port  36  which  is 
closer  to  the  exhaust  port  38  as  viewed  in  the 
direction  of  the  flow  of  gas)  and  at  the  upstream 

side  or  tne  rotor  ana  stator  Diaaes  ^   ana  <£o.  n 
gate  valve  (not  shown)  is  disposed  on  the  upstream 
side  of  the  suction  port  36. 

In  addition  to  the  above-described  arrange- 
5  ment,  the  turbomolecular  pump  20  shown  in  Fig.  2 

has  a  heat  exchanger  42  which  is  provided  at  the 
suction  port  36.  The  heat  exchanger  42  is  con- 
nected'  to  a  refrigerator  46  through  a  refrigerant 
pipe  44.  The  refrigerator  46  is  of  the  type  in  which 

o  either  a  low-temperature  refrigerant  fluid  or  an 
ordinary-temperature  refrigerant  fluid  (or  hot  gas) 
can  be  selectively  supplied  through  the  refrigerant 
pipe  44  by  actuating  a  selector  valve  incorporated 
therein  (not  shown),  thereby  enabling  the  refrigerat- 

5  ing  mode  and  the  defrost  mode  to  be  switched 
over  from  one  to  the  other  within  a  short  time,  as  is 
disclosed,  for  example,  in  United  States  Patent  No. 
4,176,526. 

The  heat  exchanger  42  shown  in  Fig.  2  may  be 
>o  arranged  as  shown  in  Figs.  3A  to  5B.  The  heat 

exchanger  42A  shown  in  Figs.  3A  and  3B  com- 
prises  a  flat  heat  transfer  coil  72  and  a  plurality  of 
heat  transfer  plates  74  blazed  on  upper  and  lower 
sides  of  said  heat  transfer  coil  in  spaced  relation- 

's  ship  to  each  other  so  that  gas  molecules  sucked  in 
from  said  suction  port  pass  therebetween.  The 
exchanger  42A  is  supplied  with  a  cooled  refrigerant 
through  the  refrigerant  pipe  44  (see  Fig.  2)  from 
the  refrigerator  46  (see  Fig.  2).  The  refrigerant 

?o  enters  the  heat  exchanger  42A  through  a  refriger- 
ant  inlet  70,  cools  the  heat  transfer  coil  72  and  heat 
transfer  plates  74  and  returns  to  the  refrigerator  46 
from  a  refrigerant  outlet  76.  When  water  vapor 
molecules  collide  with  the  cooled  heat  transfer  coil 

35  72  and  the  cooled  heat  transfer  plates  74,  the 
molecules  are  freeze-trapped  with  a  predetermined 
probability.  It  should  be  noted  that  the  arrow  A 
shown  in  Fig.  3B  indicates  the  flow  of  gas  that  is 
sucked  into  the  turbomolecular  pump  20. 

40  The  heat  exchanger  42B  that  is  shown  in  Figs. 
4A  and  4B,  comprises  a  cylindrical  heat  transfer 
coil  72',  a  cylindrical  heat  transfer  member  74 
concentrically  encircling  said  heat  transfer  coil,  and 
a  plurality  of  radial  heat  transfer  plates  74  blazed 

45  between  said  heat  transfer  coil  72'  and  heat  trans- 
fer  member  74'.  The  heat  transfer  coil  72  ,  heat 
transfer  member  74  and  heat  transfer  plates  74 
are  disposed  parallel  to  the  flow  of  gas  molecules 
sucked  in  from  said  suction  port,  minimizing  the 

so  flow  resistance. 
In  the  heat  exchanger  42C  shown  in  Figs.  5A 

and  5B,  a  cylindrical  heat  shield  member  78  is 
concentrically  attached  by  means  of  plates  79  to 
the  outside  of  a  heat  exchanger  42C  having  the 

55  same  arrangement  as  that  shown  in  Figs.  4A  and 
4B  and  serves  to  minimize  heat  loss  (absorption  of 
heat)  due  to  radiation  heat  transfer. 

The  operation  of  the  embodiment  shown  in  Fig. 

4 
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I  will  next  be  explained.  To  carry  out  the  exhaust 
step,  the  gate  valve  (not  shown)  provided  on  the 
jpstream  side  of  the  suction  port  36  is  opened  and 
he  refrigerator  46  is  run  in  the  refrigerating  mode 
o  supply  low-temperature  refrigerant  to  the  heat 
sxchanger  42.  In  addition,  the  motor  30  is  rotated 
:o  suck  in  a  gas  through  the  suction  port  36.  In 
:onsequence,  water  vapor  contained  in  the  gas  is 
reeze-trapped  by  the  heat  exchanger  42.  As  a 
•esult,  the  gas  exhausting  efficiency  of  the  tur- 
Domolecuiar  pump  shown  in  Fig.  2  increases,  so  it 
s  possible  to  obtain  a  high  vacuum  of  good  quality. 
3as  molecules  (hydrogen,  helium,  etc.)  having  low 
noiecular  weights,  exclusive  of  water  vapor,  are 
not  freeze-trapped,  but  the  gas  temperature  lowers 
:hrough  collision  or  contact  of  these  gas  molecules 
with  the  heat  exchanger  42,  so  that  the  blade 
speed  ratio  increases  and  thus  the  gas  exhausting 
Derformance  of  the  pump  20  is  improved. 

Referring  to  Fig.  6,  which  is  a  graph  showing 
She  saturated  vapor  pressure  of  water  vapor,  at 
•85  *  C  the  saturated  vapor  pressure  of  water  vapor 
is  10-1  Torr  (10_,t  mmHg),  and  at  -140°  C,  10-10 
Torr  (10~'°  mmHg).  Therefore,  as  will  be  under- 
stood  from  the  graph,  the  strength  of  the  resulting 
vacuum  is  increased  by  conducting  the  gas  ex- 
hausting  operation  while  freeze-trapping  water  va- 
por. 

Noting  that  the  graph  of  Fig.  6  shows  equilib- 
rium  conditions,  it  is  considered  necessary  to  cool 
water  vapor  to  temperatures  lower  than  the  tem- 
perature  range  of  from  -85°  C  to  -140°  C  in  order  to 
obtain  a  vacuum  pressure  range  of  from  lO""1-  Torr 
to  10"'  2  Torr  in  the  light  of  the  need  for  mechani- 
cal  efficiency,  etc.  For  this  reason,  the  embodiment 
shown  in  Fig.  2  employs  a  refrigerant  source  that 
provide  temperatures  of  from  -100°  C  to  -190°  C. 

To  conduct  a  regenerative  operation  for  thaw- 
ing  and  releasing  the  freeze-trapped  molecules 
after  the  gas  exhausting  operation  has  been  carried 
out  for  a  predetermined  period  of  time  by  use  of 
the  turbomolecular  pump  20  shown  in  Fig.  2,  the 
gate  valve  (not  shown  in  Fig.  2  but  identical  with 
the  member  denoted  by  reference  numeral  90  in 
Fig.  7)  which  is  disposed  on  the  upstream  side  of 
the  suction  port  36  is  closed  and  the  refrigerator  46 
is  switched  to  the  defrost  mode,  thereby  supplying 
an  ordinary-temperature  refrigerant  fluid  or  hot  gas 
to  the  heat  exchanger  42  so  as  to  heat  it.  As  a 
result,  the  water  vapor  freeze-trapped  on  the  heat 
exchanger  42  sublimates  by  absorbing  heat  from 
the  heat  exchanger  42  and  is  then  discharged  by 
the  interaction  between  the  rotor  blades  22  and  the 
stator  blades  26. 

A  second  embodiment  of  the  present  invention 
will  next  be  explained  with  reference  to  Fig.  7.  In 
Fig.  7,  members  which  are  the  same  as  those 
shown  in  Fig.  2  are  denoted  by  the  same  reference 

numerals. 
In  the  embodiment  shown  in  Fig.  7,  a  heater  52 

is  provided  at  the  suction  port  36  in  addition  to  the 
heat  exchanger  42.  The  refrigerator  46A  need  not 

5  necessarily  be  capable  of  defrosting.  In  this  em- 
bodiment,  the  exhaust  step  is  the  same  as  that  in 
the  embodiment  shown  in  Fig.  2,  but  in  the  regen- 
eration  step,  with  the  refrigerating  capacity  of  the 
refrigerator  46A  maintained  or  lowered,  heating  is 

io  conducted  in  excess  of  the  refrigerating  capacity 
by  means  of  the  heater  52.  As  a  result,  the  water 
vapor  that  has  been  freeze-trapped  on  the  heat 
exchanger  42  is  sublimated  on  being  heated  by  the 
heater  52  and  is  discharged  by  the  interaction 

f5  between  the  rotor  and  stator  blades  22  and  26.  It 
should  be  noted  that  the  reference  numeral  90 
shown  in  Fig.  7  denotes  a  gate  valve,  and  92  a 
vacuum  vessel  or  a  pipe  which  is  connected  there- 
to. 

20  In  this  embodiment,  it  is  unnecessary  to  switch 
over  the  operating  mode  of  the  refrigerator  be- 
tween  the  refrigerating  mode  and  the  defrost  mode 
and  there  is  therefore  no  need  for  a  long  rise  time 
as  would  otherwise  be  required  when  the  operating 

25  modes  are  switched  over  from  one  to  the  other. 
Thus,  it  is  possible  to  further  increase  the  effi- 
ciency  of  the  operating  cycle  comprising  the  ex- 
haust  step  and  the  regeneration  step. 

The  regenerative  step  may  also  be  conducted 
30  by  just  closing  the  gate  valve  and  continuing  the 

exhaust  operation  of  the  turbomolecular  pump. 
Namely,  in  the  turbomolecular  pump  shown  in  Fig. 
7,  when  the  gate  valve  is  closed  and  the  exhaust 
operation  of  the  turbomolecular  pump  is  continued, 

35  the  vapor  pressure  in  a  space  downstream  of  the 
suction  port  36,  i.e.  a  trap  room,  is  reduced  and 
sublimation  of  the  water  vapor  freeze-trapped  on 
the  heat  exchanger  42  is  thereby  caused  or  in- 
creased.  For  example,  suppose  the  temperature  in 

40  the  trap  room  is  -120  °C  and  the  water  vapor 
pressure  in  the  trap  room  before  closing  the  gate 
valve  is  6  x  10~6  Torr  (point  A  in  Fig.  6).  In  this 
state,  if  the  gate  valve  is  closed  and  the  exhaust 
operation  is  continued,  the  water  vapor  pressure  in 

45  the  trap  room  would  be  reduced  to  about  1  x  10~8 
Torr  (point  B  in  Fig.  6).  Thus,  the  water  vapor 
freeze-trapped  on  the  heat  exchanger  42  is  sub- 
limated  and  discharged  by  the  interaction  between 
the  rotor  and  stator  blades  22  and  26  to  provide  a 

so  regenerative  operation. 
Such  a  regenerative  operation  does  not  need 

the  switching  over  of  the  refrigerator  46A  between 
the  refrigerating  mode  and  the  defrost  mode,  as  is 
needed  in  the  first  embodiment,  or  the  heating  of 

55  the  heat  exchanger  42,  as  is  needed  in  the  second 
embodiment.  Thus  there  is  no  need  for  a  specific 
time  to  be  used  solely  for  the  regenerative  step. 
The  regenerative,  operation  can  be  conducted  by 

5 
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he  use  of  the  gate  valve  cut-off  time  during  a 
lormal  driving  process  of  a  turbomolecular  pump 
n,  for  example,  a  semiconductor  manufacturing 
jrocess.  Thus,  it  is  possible  to  operate  the  tur- 
jomolecular  pump  on  a  continuous  basis  and  to 
urther  increase  the  efficiency  of  the  turbomolecular 
jump  as  compared  with  the  first  and  second  em- 
jodiments. 

As  has  been  described  above,  it  is  possible 
according  to  the  turbomolecular  pump  of  the 
3resent  invention  to  eliminate  the  problems  caused 
3y  the  existence  of  gas  molecules  having  low  mo- 
ecular  weights,  particularly  water  vapor  contained 
n  the  gas  which  is  to  be  exhausted,  and  yet  to 
jnable  the  operation  of  the  system  to  be  readily 
started  and  suspended.  Accordingly,  it  is  possible 
:o  obtain  a  high  vacuum  of  good  quality  within  a 
short  period  of  time. 

In  addition,  the  turbomolecular  pump  according 
:o  the  present  invention  is  provided  with  an  in- 
dependent  heat  exchanger  not  for  the  purpose  of 
;ooling  a  part  of  a  constituent  element  of  the 
3ump,  for  example,  the  casing  or  stator  blades,  but 
:or  the  purpose  of  freeze-trapping  gas  molecules.  It 
s  therefore  possible  to  select  a  desired  configura- 
tion  and  heating  area  of  the  heat  exchanger  on  the 
Dasis  of  the  constituents  of  the  gas  to  be  ex- 
hausted  and  the  exhaustion  time. 

Although  the  present  invention  has  been  de- 
scribed  through  specific  terms,  it  should  be  noted 
here  that  the  described  embodiments  are  not  ex- 
clusive  and  that  various  changes  and  modifications 
may  be  imparted  thereto  without  departing  from  the 
scope  of  the  invention  which  is  limited  solely  by 
the  appended  claims. 

Claims 

1  .  A  turbomolecular  pump  having  a  rotor  pro- 
vided  with  a  plurality  of  rotor  blades  and  a  spacer 
provided  with  a  plurality  of  stator  blades  so  that 
gas  molecules  are  sucked  in  from  a  suction  port, 
compressed  and  discharged  from  an  exhaust  port 
by  the  interaction  between  said  rotor  and  stator 
blades,  wherein  the  improvement  comprises: 
a  heat  exchanger  provided  inside  said  suction  port, 
said  heat  exchanger  being  connected  to  a  refrig- 
erator  through  a  refrigerant  pipe;  and 
a  gate  valve  provided  on  the  upstream  side  of  said 
suction  port. 

2.  A  turbomolecular  pump  as  claimed  in  Claim 
1,  wherein  said  refrigerator  has  the  capability  of 
supplying  a  refrigerant  cooled  to  from  about  - 
100°  C  to  about  -190°  C. 

3.  A  turbomolecular  pump  as  claimed  in  Claim 
1  ,  wherein  said  refrigerator  is  capable  of  defrosting. 

4.  A  turbomolecular  pump  as  claimed  in  uaim 
1,  wherein  said  turbomolecular  pump  further  com- 
prises  a  heater  inside  said  suction  port. 

5.  A  turbomolecular  pump  as  claimed  in  Claim 
5  1,  wherein  said  heat  exchanger  comprises  a  flat 

heat  transfer  coil  and  a  plurality  of  heat  transfer 
plates  blazed  on  upper  and  lower  sides  of  said 
heat  transfer  coil  in  spaced  relationship  to  each 
other  so  that  gas  molecules  sucked  in  from  said 

<o  suction  port  pass  therebetween. 
6.  A  turbomolecular  pump  as  claimed  in  Claim 

1  ,  wherein  said  heat  exchanger  comprises  a  cylin- 
drical  heat  transfer  coil,  a  cylindrical  heat  transfer 
member  concentrically  encircling  said  heat  transfer 

'5  coil  and  a  plurality  of  radial  heat  transfer  plates 
blazed  Between  said  heat  transfer  coil  and  heat 
transfer  member,  said  heat  transfer  coil,  heat  trans- 
fer  member  and  heat  transfer  plates  being  dis- 
posed  parallel  to  the  flow  of  gas  molecules  sucked 

>o  in  from  said  suction  port. 
7.  A  turbomolecular  pump  as  claimed  in  Claim 

6,  wherein  said  heat  exchanger  further  comprises  a 
cylindrical  heat  shield  member  concentrically  encir- 
cling  and  attached  to  the  outside  of  said  cylindrical 

25  heat  transfer  member. 
8.  A  method  of  operating  a  turbomolecular 

pump  comprising: 
an  exhaust  step  in  which  a  gate  valve  provided  at 
the  upstream  side  of  a  suction  port  is  opened  and, 

30  in  this  state,  water  vapor  is  freeze-trapped  by  a 
heat  exchanger  provided  inside  said  suction  port; 
and 
a  regeneration  step  in  which,  with  said  gate  valve 
closed,  the  water  vapor  freeze-trapped  is  thawed 

35  and  released. 
9.  A  method  of  operating  a  turbomolecular 

pump  as  claimed  in  Claim  8,  wherein  said  heat 
exchanger  is  connected  to  a  refrigerator  through  a 
refrigerant  pipe,  and  said  regeneration  step  in- 

40  eludes  a  step  of  switching  over  said  refrigerator 
from  a  refrigerating  mode  to  a  defrost  mode. 

10.  A  method  of  operating  a  turbomolecular 
pump  as  claimed  in  Claim  8,  wherein  said  heat 
exchanger  is  connected  to  a  refrigerator  through  a 

45  refrigerant  pipe,  said  turbomolecular  pump  includes 
a  heater  inside  said  suction  port,  and  said  regen- 
eration  step  includes  a  step  of  heating  said  heater 
in  excess  of  the  refrigeration  capacity  of  said  refrig- 
erator  with  the  refrigerating  capacity  of  said  refrig- 

50  erator  maintained  or  lowered. 
11.  A  method  of  operating  a  turbomolecular 

pump  as  claimed  in  Claim  8,  wherein  said  regen- 
eration  step  is  conducted  by  continuing  the  exhaust 
operation  of  said  turbomolecular  pump  with  said 

55  gate  valve  closed. 
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