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[57] ABSTRACT 

An evacuation apparatus and method using a turbomolecular 
pump having a rotor provided 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 of the turbomolecular 
pump is disclosed. A heat exchanger is provided at the 
suction port side of the turbomolecular pump to freeze-trap 
gas molecules from being cooled by a helium refrigerator. 

The gate valve is disposed upstream of the heat exchanger 
and is provided in a suction pipe Which extends betWeen the 
vacuum vessel and the turbomolecular pump. In exhausting 
the vacuum vessel, the gate valve is opened and, in this state, 
the turbomolecular pump and the helium refrigerator are run. 
During regeneration, the gate valve is closed, the turbomo 
lecular pump is run, and the heat exchanger is heated by 
means of a heater or by operation of the helium refrigator 
being suspended, thereby sublimating molecules freeze 
trapped in the heat exchanger. 

30 Claims, 5 Drawing Sheets . 
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EVACUATION APPARATUS AND 
EVACUATION METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
08/145,593, ?led Nov. 4, 1993, now abandoned, which is a 
reissue application of US. Pat. No. 5,062,271, issued Nov. 
5, 1991 (US. Sen No. 07/519,377, ?led May 4, 1990). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an evacuation apparatus 
for creating a vacuum and also to an evacuation method 
Which is carried out by operating an evacuation apparatus. 

2. Description of the Prior Art 
A typical conventional turbomolecular pump Will ?rst be 

explained With reference to FIG. 5. 

A conventional turbomolecular pump, Which is generally 
denoted by reference numeral 1, includes a motor 2, a motor 
shaft 3 for transmitting the rotational force that is derived 
from the motor 2, a rotor 4 Which is secured to the motor 
shaft 3, a plurality of rotor blades 5 Which are ?xed 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 Which is provided With 
a suction port 8 and an exhaust port 9, and a protective net 
11 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 an atomosphere that has su?icient vacuum 
present for a molecular How to be 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, and thus producing a high vacuum. 

The above-described conventional turbomolecular pump 
suffers, hoWever, from the folloWing problems. Namely, the 
gas exhausting performance of the pump depends on the 
molecular Weight of the gas that is removed thereby. When 
a gas having a loW molecular Weight is required to be 
removed, the gas exhausting performance is considerably 
loWered. The loWer the compression ratio, the loWer the gas 
exhausting performance. The blade speed ratio C as a 
parameter representing the compression ratio is expressed as 
folloWs: 

(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: 

(Wherein M is the molecular Weight of the gas, K is 
BoltZmann’s constant, and T is the absolute temperature 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 having a loW 
molecular Weight is required to be removed, the gas exhaust 
ing performance is loW. When the gas exhausting perfor 
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2 
mance is loW, many problems are likely to occur in the actual 
operation of the turbomolecular pump. 
Among the problems associated With gases having loW 

molecular Weights, the existence of Water vapor, in 
particular, adversely affects the gas exhausting performance 
of the pump. In a system Wherein a part of the system that 
is provided With a turbomolecular pump is open to the 
atmosphere and air ?ows 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 10'10 mmHg) Which is produced by the 
turbomolecular pump is Water vapor. The residual Water 
vapor has adverse effects on the degree of vacuum attained 
and the vacuum environment. 

In a case employing a cryo-vacuum pump that employs a 
helium refrigerator and a heat exchanger Which provides 
ultra-loW temperatures of from about 15° K. to about 20° K., 
the gas exhausting characteristics With regard to Water vapor 
are improved and it is therefore possible to a certain extent 
to overcome the above-described problems. HoWever, such 
a cryo-vacuum pump involves the folloWing problems: 

(1) Since a refrigerator for ultra-loW temperatures is used, 
it takes a long time to start and suspend the refrigerator. 

(2) Since the pump is a capture type pump, i.e. it freeZes 
and traps most gas molecules, it must be regenerated 
for a long period every time a predetermined load 
running is completed. 

(3) Since the sublimation temperature differs depending 
upon the kind of gas molecules, various kinds of gas 
molecules are separated from each other and succes 
sively discharged from the pump at high concentrations 
as the temperature of the heat exchanger rises during a 
regenerative operation, and it is dif?cult to treat various 
kinds of gases Which are discharged separately. In 
particular, in semiconductor manufacturing processes, 
toxic, highly-corrosive, explosive and combustible 
gases, for example, monosilane (SiH4), hydrogen ?uo 
ride (HF), etc., are used that are diluted With inert gases 
such as nitrogen (N2), helium (He), etc., and it is 
therefore extremely dif?cult to cope With the separate 
discharge of these various kinds of gas. 

SUMMARY OF THE INVENTION 

In vieW of the above-described disadvantages of the prior 
art, it is an object of the present invention to provide an 
evacuation apparatus Which is capable of effectively 
exhausting gases having loW molecular Weights, particularly 
Water vapor, and Which can be easily regenerated as Well as 
being capable of operating on a continuous basis. 

It is another object of the present invention to provide a 
method Which enables effecting such effective exhausting 
and regenerating operations. 
To these end, according to one of its aspects, the present 

invention provides an evacuation apparatus comprising: a 
turbomolecular pump having a rotor provided With a plu 
rality 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: a heat exchanger provided at the suction port side of the 
turbomolecular pump to freeze-trap gas molecules by being 
cooled by a helium refrigerator; and a gate valve provided on 
the upstream side of the heat exchanger. 

According to another of its aspects, the present invention 
provides an evacuation method for a vacuum vessel Which 
has a heat exchanger that is disposed between the vacuum 
vessel and a suction port of a turbomolecular pump to 
freeze-trap gas molecules by being cooled by a helium 
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refrigerator and a gate valve that is disposed upstream of the 
heat exchanger and is provided in a suction pipe Which 
extends betWeen the vacuum vessel and the suction port of 
the turbomolecular pump, the method comprising: an 
exhaust step in Which the gate valve is opened and, in Which 
the turbomolecular pump and the helium refrigerator are 
run; and a regeneration step in Which, With the gate valve 
closed, the turbomolecular pump is run, and the heat 
exchanger is heated With a heater or operation of the helium 
refrigerator is suspended, thereby sublimating molecules 
freeZe-trapped in the heat exchanger. 

According to the evacuation apparatus of the present 
invention, When an evacuation operation is to be conducted, 
the gate valve that is provided at the upstream side of the 
suction port is opened and the surface of the heat exchanger 
is cooled by the helium refrigerator, thereby enabling evacu 
ation to be effectively carried out by a combination of the 
evacuation that is effected by the freeZe-trapping of gas 
molecules and the evacuation that is performed by the 
turbomolecular pump. 

If evacuation is carried out by means of the turbomolecu 
lar pump only, the residual gas in the vacuum vessel contains 
a large amount of gases having loW molecular Weights. In 
particular, When the system is repeatedly evacuated and 
opened to the atmosphere, the greater part of the residual gas 
after the evacuation is Water molecules. Accordingly, by 
freeZe-trapping Water molecules by means of the heat 
exchanger that is disposed at the suction port side of the 
turbomolecular pump, the gas exhausting performance of 
the pump is improved and it is therefore possible to produce 
a high vacuum of good quality. Agas having a loW molecular 
Weight Which is not freeZe-trapped, for example, hydrogen, 
helium, etc., is also cooled by the heat exchanger and 
therefore the gas temperature is loWered, Which results in a 
reduction in the speed of the gas molecules. Accordingly, the 
blade speed ratio C increases and the gas exhausting per 
formance of the turbomolecular pump is improved. Thus, it 
is possible to eliminate the problems associated With the 
conventional turbomolecular pump, that is, the inferior 
performance for exhausting gases having loW molecular 
Weights, particularly Water 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 in the heat exchanger is sublimated and 
thereby released. Such a regenerative operation can be 
effected by reducing the pressure around the heat exchanger 
to a level loWer than the saturated vapor pressure of the 
freeZe-trapped molecules, With the gate valve being closed. 
In this regenerative operation, operation of the helium 
refrigerator is suspended so as to alloW the temperature of 
the heat exchanger to rise. Alternatively, a heater may be 
employed to raise the temperature of the heat exchanger. 
Since the turbomolecular pump is continuously run even 
during the regenerative operation, the regeneration can be 
positively effected. 

Unlike the evacuation that is performed by a cryo-vacuum 
pump alone, the evacuation process in the present invention 
is carried out by means of a helium refrigerator in combi 
nation With a turbomolecular pump and an exhaust operation 
can therefore be continuously performed for a considerably 
long period of time. In addition, it is possible to effect 
regeneration Within a short period of time, as stated above. 

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 
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manufacturing process, and this makes it possible to run the 
evacuation apparatus on a continuous basis Without requir 
ing a speci?c time for regeneration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention Will become more apparent from the 
folloWing description of the preferred embodiments thereof, 
taken in conjunction With the accompanying draWings, in 
Which like reference numerals denote like elements and, of 
Which: 

FIG. 1 is a schematic sectional vieW shoWing an evacu 
ation apparatus according to one embodiment of the present 
invention; 

FIG. 2 is an enlarged perspective vieW of a heat 
exchanger; 

FIGS. 3(a) and (b) are enlarged sectional vieW of an 
attachment construction of a heat exchanger and a helium 
refrigerator; 

FIG. 4 is a graph shoWing the relationship betWeen the 
temperature and the saturated vapor pressure; and 

FIG. 5 is a sectional vieW of a conventional turbomolecu 
lar pump. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

One embodiment of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. HoWever, the present invention is in no Way restricted 
by this embodiment. 
One embodiment of the present invention Will be 

described beloW With reference to FIGS. 1 and 2. 

FIG. 1 shoWs a vacuum vessel 21 and an evacuation 
apparatus for evacuating it. A suction pipe 22 extends 
betWeen the vacuum vessel 21 and a suction port of a 
turbomolecular pump 26. Aheat exchanger 25 is provided in 
the suction pipe 22 on the suction port side of a turbomo 
lecular pump 26. The surface of the heat exchanger 25 that 
is in contact With a cold head 31 of a single-stage, GM 
(Gifford-McMahon) cycle helium refrigerator 24 may be 
cooled to a temperature of —100° C. to —200° C. Agate valve 
23 is disposed upstream of the heat exchanger 25 Within the 
suction pipe 22. A roughing pump 30 is connected through 
an exhaust pipe 29 to the exhaust port side of the turbomo 
lecular pump 26. A compressor unit 27 circulatorily supplies 
compressed helium gas to the helium refrigerator 24 through 
a helium gas pipe 28. 

The helium refrigerator 24 is not tWo-stage, GM cycle 
helium refrigerator, as employed in an ordinary cryo 
vacuum pump, but a small-siZed, single-stage, GM cycle 
helium refrigerator. The reason for this is to cool the heat 
exchanger to a temperature of —100° C. to —200° C. for the 
purpose of selectively freeZe-trapping Water molecules, 
Which cannot be efficiently exhausted by the turbomolecular 
pump. 

Since the heat exchanger 25 constitutes an exhaust resis 
tance to the turbomolecular pump 26, the con?guration of 
the heat exchanger 25 must be designed by taking into 
consideration the How of gas molecules Which are to be 
freeZe-trapped. FIG. 2 shoWs in detail one example of the 
heat exchanger. 
The heat exchanger 25 comprises a plurality of cylindrical 

heat transfer members 25a concentrically disposed and 
connected to each other by means of a plurality of radial heat 
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transfer plates 25b. These heat transfer members 25a and the 
heat transfer plates 25b are disposed parallel to the ?oWs of 
gas molecules sucked in from said suction port minimizing 
the flow resistance. 

FIGS. 3(a) and 3(b) shoW an attachment construction of 
the heat exchanger 25 and the helium refrigerator 24. In FIG. 
3(a), the helium refrigerator 24 is horizontally disposed and 
is attached to a ?ange 33 of the suction pipe casing 34 
through a gasket 35. The distal end of the cold head 31 of the 
helium refrigerator 24 Which is horizontally disposed is 
fastened to the heat exchanger 25 by means of screWs 36. In 
FIG. 3(b), the helium refrigerator 24 is vertically disposed 
and is attached to the casing 34 through an L-shaped ?ange 
31‘. The cold head 31 Which is vertically disposed is attached 
to the heat exchanger 25 through a relatively long heat 
transfer plate 37. 

The operation of the evacuation apparatus shoWn in FIG. 
1 Will next be explained. To carry out the exhaust operation, 
the gate valve 23 is opened and the compressor unit 27 is run 
to supply compressed helium gas to the helium refrigerator 
24. In addition, the turbomolecular pump 26 is operated to 
suck in a gas through the suction pipe 22. In consequence, 
Water vapor contained in the gas is freeze-trapped by the 
heat exchanger 25. As a result, the gas exhausting ef?ciency 
increases, and it is possible to obtain a high vacuum of good 
quality. 

The surface temperature of the above-described heat 
exchanger 25 needs to be set by taking into account the 
degree of vacuum in the exhaust system and the constituents 
of a gas Which is to be exhausted. For example, the surface 
temperature of the heat exchanger 25 for freeze-trapping 
Water molecules must be set at —90° C. or loWer When the 
pressure inside the vacuum vessel 21 is 10'4 Torr, and at 
—130° C. or loWer When the vacuum vessel pressure is 10'8 
Torr. HoWever, the surface temperature also depends on the 
con?guration of the exhaust pipe system of the apparatus 
and the exhaust speed. This is due to the relationship 
betWeen the surface temperature of the heat exchanger and 
the saturated vapor pressure of Water molecules. The rela 
tionship therebetWeen is shoWn by a graph in FIG. 4, Which 
shoWs a saturated vapor pressure curve of Water vapor, With 
the temperature (°C.) plotted along the axis of abscissas and 
the saturated vapor pressure (Torr) along the axis of ordi 
nates. 

Incidentally, gas molecules (hydrogen, helium, etc.) hav 
ing loW molecular Weights, exclusive of Water vapor, are not 
freeze-trapped, but the gas temperature is loWered through 
collision or contact of these gas molecules With the heat 
exchanger 25, so that the blade speed ratio increases and 
thus the gas exhausting performance is improved. 

Next, to regenerate the heat exchanger having gas mol 
ecules freeze-trapped therein, the gate valve 23 is closed to 
check the in?oW of gas molecules from the vacuum vessel 
21, and in this state, the pressure in the suction pipe 22 is 
loWered by the evacuating action of the turbomolecular 
pump 26, thereby enabling the freeze-trapped molecules to 
be sublimated, (i.e., regeneration) on the basis of the rela 
tionship betWeen the pressure inside the suction pipe and the 
saturated vapor pressure. 

For example, suppose the temperature in the suction pipe 
22 is —120° C. and the Water vapor pressure in the suction 
pipe before closing the gate valve 23 is 6x10‘6 Torr (point 
A in FIG. 4). In this state, if the gate valve 23 is closed and 
the exhaust operation is continued, the Water vapor pressure 
in the suction pipe 22 Would be reduced to about 1x10‘8 Torr 
(point B in FIG. 4). Thus, the Water vapor freeze-trapped on 

10 

15 

25 

35 

45 

55 

65 

6 
the heat exchanger 25 is sublimated and discharged by the 
action of turbomolecular pump 26 to provide a regenerative 
operation. 

Such a regenerative operation does not require the refrig 
erator 24 to be sWitched over betWeen the refrigerating mode 
and the defrost mode, as is required in the conventional 
turbomolecular pump. Thus, it is possible to operate the 
turbomolecular pump on a continuous basis. Actually, the 
regeneration is performed by suspending the helium refrig 
erator 24 so as to alloW the heat exchanger 25 to rise in 
temperature, or alternatively by raising the temperature of 
the heat exchanger 25 by means of the heater 32. It is also 
possible to perform the regeneration by suspending the 
turbomolecular pump 26 and operating the heater 32, With 
the roughing pump 30 alone being run. 
By these arrangements of the invention, the folloWing 

advantageous effects could be obtained. 
(1) The exhaust speed is increased. 
(2) The exhaust speed of gases having loW molecular 

Weights, particularly Water molecules, is substantially 
increased. 

(3) The exhaust operation can be continuously performed 
for a long period of time. 

(4) The time required for regeneration is short. 
(5) The con?guration and heating area of the heat 

exchanger can be selected on the basis of the constitu 
ents of a gas Which is to be exhausted and the exhaust 
time. 

What is claimed is: 
1. An evacuation apparatus operatively connectable to a 

vacuum vessel to be evacuated, said apparatus comprising: 
a turbomolecular pump having a rotor provided With a 

plurality of rotor blades and a spacer provided With a 
plurality of stator blades, said turbomolecular pump 
operating so that gas molecules are sucked in from a 
suction port, compressed and discharged from an 
exhaust port; 

a heat exchanger operatively connected to said suction 
port of said turbomolecular pump for freeze-trapping 
gas molecules in said heat exchanger; 

a helium refrigerator connected to said heat exchanger for 
cooling said heat exchanger to a temperature of —100° 
C.; 

a gate valve operatively connected at an upstream side of 
said heat exchanger for controlling in?oW of the gas 
molecules from said vacuum vessel into said heat 
exchanger. 

2. An evacuation apparatus claimed in claim 1, Wherein 
the suction port of said turbomolecular pump is connected 

to the vacuum vessel to be evacuated through a suction 
pipe, and said heat exchanger is located in said suction 
pipe. 

3. An evacuation apparatus claimed in claim 2, Wherein 
said gate valve is disposed in said suction pipe on the upper 
stream side of said heat exchanger. 

4. An evacuation apparatus claimed in claim 3, Wherein 
said helium refrigerator is horizontally or vertically sup 
ported on a housing of said suction pipe, and said heat 
exchanger is connected to a distal end of a cold head of said 
helium refrigerator. 

5. An evacuation apparatus claimed in any one of claims 
1 to 4, Wherein 

said heat exchanger comprises a plurality of cylindrical 
heat transfer members concentrically disposed and con 
nected to each other by a plurality of radial heat transfer 
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plates, said heat transfer members and heat transfer 
plates being disposed parallel to a How of the gas 
molecules sucked in by said turbomolecular pump. 

6. An evacuation apparatus claimed in any one of claims 
1 to 4, Wherein said helium refrigerator is a single-stage GM 
cycle helium refrigerator. 

7. An evacuation method for a vacuum vessel Which has 
a heat exchanger that is disposed betWeen said vacuum 
vessel and a suction port of a turbomolecular pump to 
freeZe-trap gas molecules by being cooled by a helium 
refrigerator connected to said heat exchanger, and a gate 
valve that is disposed upstream of said heat exchanger and 
provided in a suction pipe Which extends betWeen said 
vacuum vessel and said suction port of said turbomolecular 
pump, said method comprising: 

exhausting said vacuum vessel by opening said gate 
valve, and operating said turbomolecular pump and 
said helium refrigerator; and 

regenerating said heat exchanger by closing said gate 
valve, and heating said heat exchanger through the use 
of a heater or the suspension of operation of said helium 
refrigerator such that gas molecules freeZe-trapped in 
said heat exchanger are sublimated. 

8. An evacuation method claimed in claim 7, Wherein 
during said regenerating, said turbomolecular pump is not 
operated and 

a roughing pump provided on an exhaust port side of said 
turbomolecular pump is operated. 

9. An evacuation apparatus operatively connectable to a 
vacuum vessel to be evacuated, said apparatus comprising: 

a turbomolecular pump having a rotor provided with a 
plurality of rotor blades and a spacer provided with a 
plurality of stator blades, said turbomolecular pump 
operating so that gas molecules are sucked in from a 
suction port, compressed and discharged from an 
exhaust port,' 

a heat exchanger operatively connected to said suction 
port of said turbomolecular pump for freeze-trapping 
gas molecules thereon; 

a helium refrigerator connected to said heat exchanger 
for cooling said heat exchanger to a temperature of 
—100° C. to —200° C.,' 

a gate valve operatively connected at an upstream side of 
said heat exchanger for controlling in?ow of the gas 
molecules from said vacuum vessel into said heat 
exchanger. 

10. An evacuation apparatus claimed in claim 9, wherein 
the suction port of said turbomolecular pump is connected 
to the vacuum vessel to be evacuated through a suction pipe, 
and said heat exchanger is located in said suction pipe. 

11. An evacuation apparatus claimed in claim 10, wherein 
said gate valve is disposed in said suction pipe on the upper 
stream side of said heat exchanger. 

12. An evacuation apparatus claimed in claim 11, wherein 
said helium refrigerator is horizontally or vertically sup 
ported on a housing of said suction pipe, and said heat 
exchanger is connected to a distal end of a cold head of said 
helium refrigerator. 

13. An evacuation apparatus claimed in any one of claims 
9 to 12, wherein said heat exchanger comprises a plurality 
of cylindrical heat transfer members concentrically dis 
posed and connected to each other by a plurality of radial 
heat transfer plates, said heat transfer members and heat 
transfer plates being disposed parallel to a flow of the gas 
molecules sucked in by said turbomolecular pump. 

14. An evacuation apparatus claimed in any one of claims 
9 to 12, wherein said helium refrigerator is a single-stage 
GM cycle helium refrigerator. 
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15. An evacuation apparatus claimed in claim 9, wherein 

said heat exchanger is disposed so as to minimize flow 
resistance to the gas molecules. 

16. An evacuation apparatus claimed in claim 9, wherein 
5 said heat exchanger includes a substantially cylindrical heat 

transfer member 
17. An evacuation apparatus claimed in claim 9, wherein 

substantially all heat exchange surfaces of said heat 
exchanger are substantially parallel to the flow of gas 
molecules. 

18. An evacuation apparatus claimed in claim 9 further 
including a suction pipe directly coupled to said suction port 
of said turbomolecular pump, said heat exchanger mounted 
within said suction pipe. 

19. An evacuation apparatus claimed in claim 9 further 
including a suction pipe within which is mounted said heat 
exchanger; said suction pipe being axially aligned with said 
turbomolecular pump. 

20. An evacuation apparatus claimed in claim 9, wherein 
said refrigerator includes a cold head in thermal contact 
with said heat exchanger 

21. An evacuation apparatus claimed in claim 9 further 
including a heater for heating said heat exchanger 

22. An evacuation apparatus claimed in any one of claims 
15 to 21, wherein said helium refrigerator is a single-stage 
GM cycle helium refrigerator 

23. A trap for use in an evacuation apparatus, the 
evacuation apparatus including a vacuum vessel and a 
turbomolecular pump, the trap provided between the 
vacuum vessel and the turbomolecular pump, the trap com 
prising: 

1O 

15 

25 

30 

a heat exchanger for freeze-trapping gas molecules,‘ and 
35 a helium refrigerator thermally connected to the heat 

exchanger for cooling said heat exchanger to a tem 
perature of —100° C. to —200° C. 

24. A trap for freeze-trapping gas molecules in an evacu 
ation apparatus, the trap comprising: 

40 a single-stage helium refrigerator,' and 

a heat exchanger all surfaces of which being exposed for 
freeze-trapping gas molecules, said heat exchanger 
thermally connected to said refrigerator to cool said 
surfaces to —100° C. to —200° C. 

25. A trap for freeze-trapping gas molecules, comprising: 
a single-stage helium refrigerator,' and 

a heat exchanger including a cold surface for freeze 
trapping gas molecules, said cold surface being dis 
posed to substantially minimize flow resistance to gas 
molecules, said heat exchanger thermally connected to 
said refrigerator to cool said cold surface to —100° C. 
to —200° C. 

26. A trap of claim 25, wherein 
said cold surface is for selectively freeze-trapping water 

molecules and is aligned parallel to the direction of gas 
flow 

27. A method for freeze-trapping gas molecules in a 
60 process for evacuating a vacuum vessel, the method com 

prising: 

contacting a heat exchanger with gas molecules wherein 
all surfaces of said heat exchanger are exposed for 
freeze-trapping gas molecules,' and 

65 cooling the heat exchanger to a temperature of —100° C. 
to —200° C. using a helium refrigerator so as to 
freeze-trap gas molecules. 
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28. A method for freeze-trapping gas molecules in a 
process for evacuating a vacuum vessel, 

the method comprising: 
contacting a heat exchanger with gas molecules, said heat 

exchanger disposed so as to substantially minimize 
flow resistance to gas molecules; and 

cooling the heat exchanger to a temperature of —100° C. 
to —200° C. using a helium refrigerator so as to 
freeze-trap gas molecules. 

~ . . 10 

29. An evacuation apparatus comprising: 

a turbomolecular pump; 

a heat exchanger operatively connected to a suction port 
of said turbomolecular pump, all surfaces of said heat 
exchanger being exposed for freeze-trapping gas mol- 15 
ecules,‘ and 

10 
a helium refrigerator connected to said heat exchanger 

for cooling said heat exchanger to a temperature of 
—100° C. to —200° C. 

30. An evacuation apparatus comprising: 

a turbomolecular pump,' 

a heat exchanger operatively connected to a suction port 
of said turbomolecular pump, said heat exchanger 
disposed to substantially minimize flow resistance to 
gas molecules,' and 

a helium refrigerator connected to said heat exchanger 
for cooling said heat exchanger to a temperature of 
—100° C. to —200° C. 


