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o (57) Abstract: The present invention relates to an evacuation apparatus for evacuating a vacuum chamber of a substrate processing
apparatus for processing a substrate such as a semiconductor wafer or liquid crystal panel. An evacuation apparatus according to the
present invention includes a first vacuum pump connected to a vacuum chamber, and a second vacuum pump connected to the first
vacuum pump. The first vacuum pump has a pair of multistage pump rotors.
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DESCRIPTION
EVACUATION APPARATUS

Technical Field
The present inventionrelates toanevacuation apparatus
for evacuating a vacuum chamber of a substrate processing

apparatus.

Background Art

An evacuation apparatus is widely used for evacuating
a process gas that has been supplied to a vacuum chamber of
a substrate processing apparatus. In this substrate
processing apparatus such as a CVD apparatus or an etching
apparatus, it is required to evacuate the process gas from
the vacuum chamber to produce a constant vacuum state therein,
and a plurality of vacuum pumps connected in series are used
to achieve a desired pumping speed and a desired ultimate
pressure.

The above-mentioned evacuation apparatus comprises a
booster pump connected to the vacuum chamber, and a main pump
connected to the booster pump. Both the booster pump and the
main pump are a positive-displacement vacuum pump having a
pair of pump rotors disposed in a rotor casing. In this type
of vacuum pump, a small gap is formed between the pump rotors
and also between the pump rotors and an inner surface of the
rotor casing, so that these pump rotors can be rotated in
the rotor casing in a non-contact manner.

Generally, a single-stage vacuum pump having a pair of
Roots-type single-stage pump rotors is used as the booster
pump. This is because the conventional CVD apparatus and
etchingapparatusdonot requirealarge quantityof theprocess
gas for processing a substrate and thus a quantity of the

process gas to be evacuated is not so large.
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However, as a substrate such as a semiconductor wafer
or a liquid crystal panel, which is an object to be processed,
becomes large in size, there has been an increasing need for
evacuating a large quantity of the process gas. 1In order to
evacuate the process gas in large quantity, it is required
to use large-sized pump rotors or to increase a rotational
speed of the pump rotors so as to increase a pumping speed.
However, with such a structure, amotor for driving the booster
pump is overloaded, resulting in increased power consumption.
In addition, the pump rotors are likely to expand due to heat
of compression of the process gas and heat generated by the
motor, and hence the pump rotors may be brought into contact
with the inner surface of the rotor casing, resulting in
operation failure. Accordingly, it is difficult for the
conventional evacuation apparatus having the single-stage
booster pump to evacuate a large quantity of the process gas
whilemaintaining a vacuum state in the vacuum chamber. Under
such circumstances, there has been a need for an evacuation
apparatus which can evacuate a large quantity of a gas (e.g.,
a process gas) and can prevent a motor thereof from being

overloaded.

Disclosure of Invention

The present invention has been made in view of the above
drawbacks. It isthereforeanobject of the present invention
to provide an evacuation apparatus which can evacuate a large
quantity of a gas and can prevent a motor thereof from being
overloaded.

In order to achieve the above object, according to one
aspect of the present invention, there is provided an
evacuationapparatus comprising: a first vacuumpump connected
to a vacuum chamber; and a second vacuum pump connected to

the first vacuum pump; wherein the first vacuum pump has a
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pair of multistage pump rotors.

In a preferred aspect of the present invention, each
of the multistage pump rotors has an inlet-side rotor and
an outlet-side rotor, and an axial width of the inlet-side
rotor is larger than an axial width of the outlet-side rotor.

According to the present invention, even in a case where
the axial width of the rotor (the inlet-side rotor) of the
first vacuum pump is designed to be large, a load on a motor
of the first vacuum pump can be small. Therefore, a pumping
speed (1/min, a volume of a gas evacuated per unit time) can
be large, and hence a large quantity of gas can be evacuated.

Inapreferredaspect of the present invention, the first
vacuum pump is started after the second vacuum pump is started.

According to the present invention, the first vacuum
pump can be started after an outlet-side pressure, i.e., a
back pressure, of the first vacuum pump is lowered by the
second vacuum pump.

In a preferred aspect of the present invention, a
rotational speed of the multistage pump rotors is controlled
based on a temperature of a gas delivered by the evacuation
apparatus, a pressure of the gas, a temperature of a rotor
casing for housing the multistage pump-rotors, or electric
current flowing into a motor for rotating the multistage pump
rotors.

According to the present invention, the multistage pump
rotors can be prevented from expanding due to heat of
compression of the gas and heat of the motor. Therefore, it
is possible to prevent the multistage pump rotors from being
brought into contact with an inner surface of the rotor casing.
Further, the motor can be prevented from being overloaded,
and hence heat generation and the power consumption of the
motor can be reduced.

Inapreferredaspectof thepresent invention, the first
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vacuum pump and the second vacuum pump are accommodated in

a single enclosure.

Brief Description of Drawings

FIG. 1 is a side view showing an evacuation apparatus
according to an embodiment of the present invention;

FIG. 2 is a cross-sectional view showing a first vacuum
pump shown in FIG. 1;

FIGS. 3A through 3D are schematic views illustrating
the manner in which a gas is delivered;

FIG. 4 is a cross-sectional view showing a second vacuum
pump shown in FIG. 1;

FIG. 5 is a graph illustrating rotational speeds of the
first vacuum pump and the second vacuum pump and a pressure
of a gas measured by a pressure sensor; and

FIG. 6 is a schematicview showinga substrate processing
apparatus incorporating the evacuation apparatus according

to the embodiment of the present invention.

Best Mode for Carrying Out the Invention

An evacuation apparatus according to an embodiment of
the present invention will be descrilbed below with reference
to the drawings.

FIG. 1 is a side view showing an evacuation apparatus
according to the embodiment of the present invention. FIG.
2 is a cross—sectional view showing a first vacuum pump shown
in FIG. 1. FIGS. 3A through 3D are schematic views
illustrating the manner in which a gas is delivered.

As shown in FIG. 1, the evacuation apparatus comprises
a first vacuum pump 1 serving as a booster pump, a second
vacuum pump 2 serving as a main pump, and a housing (an
enclosure) 3 for accommodating the first vacuum pump 1 and

the second vacuum pump 2 therein. The housing 3 is fixed to
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an upper surface of a bottom plate 4, and the second vacuum
pump 2 is installed on this bottom plate 4. Four wheels 5
(two of which are shown in FIG. 1) are fixed to a lower portion
of the bottom plate 4, thus allowing the evacuation apparatus
to be transportable.

The first vacuum  pump 1 is a Roots-type
positive-displacement vacuum pump having a pair of Roots-type
pump rotors 20 (only one of which is shown in FIG. 1), and
the second vacuumpump 2 is a screw-type positive-displacement
vacuum pump having a pair of screw-type pump rotors 40 (only
one of which is shown in FIG. 1). That is, the pump rotors
of the first vacuum pump 1 and the second vacuum pump 2 have
different shapes from each other. The first vacuum pump 1
and the second vacuum pump 2 are disposed in parallel with
each other in the housing 3, and the first vacuum pump 1 is
disposed above the second vacuum pump 2.

The first wvacuum pump 1 has an inlet port 23a
communicating with an inlet pipe 6, and the inlet pipe 6 is
connectedto avacuumchamber (not shown inFIG. 1) incorporated
in a substrate processing apparatus. Examples of the

substrate processing apparatus include an etching apparatus

- and-a CVD apparatus for respectively performing- an-etching

brocess and a CVDprocesson a substrate such as a semiconductor
wafer or a liquid crystal panel. An outlet port 23b is formed
in a lower portion of the first vacuum pump 1, and this outlet
port 23b is connected to an inlet port 43a of the second vacuum
pump 2 via a connecting pipe 7. An outlet port 43b of the
second vacuum pump 2 is connected to an outlet pipe 8, so
that a gas (e.g., a process gas) is discharged to the exterior
through the outlet pipe 8. In this manner, the first vacuum
pump 1 and the second vacuum pump 2 are connected in series
and the second vacuum pump 2 is disposed downstream of the

first vacuum pump 1. Specifically, the first vacuum pump 1
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is disposed at a vacuum side (a vacuum—-chamber side), and
the second vacuum pump 2 is disposed at an atmospheric side.
This second vacuum pump 2 is designed such that it can be
started under an atmospheric pressure.

On the other hand, the first vacuum pump 1 cannot be
started by i1tself under the atmospheric pressure.
Specifically, the first vacuumpump 1 is allowed to be started
after an outlet-side pressure (i.e., a back pressure) of the
first vacuumpump 1 is lowered to a certain degree. This first
vacuum pump (i.e., the booster pump) 1 serves to increase
a pumping speed of the second vacuum pump (i.e., the main
pump) 2. The second vacuum pump (the main pump) 2 can be
operated at pressures ranging froma vacuum to the atmospheric
pressure, and serves to lower the outlet-side pressure (i.e.,
the back pressure) of the first vacuum pump 1.

In this embodiment, a pumping speed ratio of the first
vacuum pump 1 to the second vacuum pump 2 is 50,000 : 2,500.
If a degree of vacuum that is required for the vacuum chamber
ishigher than theultimate pressure of the evacuation apparatus
of the present embodiment, an ultra-high vacuum pump such as
a turbo-molecular pump may be further disposed upstream of the
first vacuum pump ‘1- : S LT

A motor driver D1 for supplying electric current to a
motor M1 of the first vacuum pump 1 and a motor driver D2
for supplying electric current to a motor M2 of the second
vacuum pump 2 are installed on an upper portion of the housing
3. The rotational speeds of the motor M1 and the motor M2
are independently controlled by a control panel (a control
unit) 10 via the motor drivers D1 and D2, respectively. The
rotational speeds of the motor M1 and the motor M2 can be
controlled by varying the frequency of the electric currents
supplied respectively to the motor M1l and the motor M2. 1In
this embodiment, both the motor M1 and the motor M2 are a
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two-axes brushless DC motor.

As shown in FIG. 2, the first vacuum pump 1 comprises
the pair of the multistage pump rotors 20 facing each other,
and a rotor casing 23 in which the multistage pump rotors
20 aredisposed. Asmall gap is formed between the pump rotors
20 and also between the pump rotors 20 and an inner surface
of the rotor casing 23, so that these pump rotors 20 can be
rotated in the rotor casing 23 in a non-contact manner. Each
of the pump rotors 20 has a first-stage Roots rotor (an
inlet—siderotor)20adisposedjﬂ:aninletside,asecond—stage
Roots rotor (an outlet~side rotor) 20b disposed at an outlet
side, and a rotating shaft 21 to which these Roots rotors
20a and 20b are fixed. An axial width Wl of the first-stage
Roots rotor 20a is larger than an axial width W2 of the
second-stage Roots rotor 20b. Specifically, a ratio of the
axial width Wl of the first-stage Roots rotor 20a to the axial
width W2 of the second-stage Roots rotor 20b is 2~10 : 1,
preferably 5~10 : 1. In this embodiment, this ratio is 5 :
1. Inotherwords, the axial width Wl of the first-stage Roots
rotor 20a is two to ten times, preferably five to ten times
the axial width W2 of the second-stage Roots rotor 20b. A
pumping- speed of the first-stage Roots rotor 20a-is in -the - -
range of 20,000 to 100,000 (1/min), preferably in the range
0f 50,000 to 100,000 (1/min). In this embodiment, the pumping
speed of the first-stage Roots rotor 20a is 50,000 (1/min).
The pumping speed of the second-stage Roots rotor 20b of this
embodiment is 10,000 (1/min) .

Each of the rotating shafts 21 is rotatably supported
by an inlet-side bearing 22A and an outlet-side bearing 22B.
The inlet port 23a is formed in the rotor casing 23 and is located
above the first-stage Roots rotor 20a. The outlet port 23b
is also formed in the rotor casing 23 and is located below the

second-stage Roots rotor 20b.
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The motor M1 which drives the first vacuum pump 1
comprises two motor rotors M1-1 fixed respectively to end
portions of the rotating shafts 21, and motor stators M1-2
disposed radially outwardly of the motor rotors Ml-1. The
motor rotors M1-1 and the motor stators M1-2 are covered with
a motor casing 24. In FIG. 2, one of the two motor rotors
M1-1 and one of the two motor stators M1-2 are illustrated.
The motor stators M1-2 are connected to the above-mentioned
motor driver D1. By supplying electric current to the motor
stators M1-2, the rotating shafts 21, i.e., the pump rotors
20, are rotated synchronously in opposite directions. A
cooling pipe 25B is embedded in a circumferential wall of
the motor casing 24, so that the motor M1 is cooled by a cooling
liquid flowing through the cooling pipe 25B.

A pair of timing gears 28, which mesh with each other,
are fixed to the other end portions of the rotating shafts
21. These timing gears 28 are housed in a gear casing 29.
A cooling pipe 25A is embedded in a circumferential wall of
the gear casing 29, so that the timing gears 28 and the bearings

227 are cooled by a cooling liquid flowing through the cooling

- pipe 25A. Since the synchronous rotation of the pump rotors

20-is performed: by-the motor M1, the function of the timing
gears 28 is to prevent the synchronous rotation of the pump
rotors 20 from being disturbed due to accidental causes.
Shaft sleeves 31A (one of which is shown in FIG. 2) are
fixed respectively to the rotating shafts 21 at a position
between the bearing 22A and the first-stage Roots rotor 20a.
Labyrinth seals 32A (one of which is shown in FIG. 2) are
disposed so as to surround outer surfaces of the shaft sleeves
31A, respectively. 1In addition, shaft sleeves 31B (one of
which is shown in FIG. 2) are fixed respectively to the rotating
shafts 21 at a position between the bearing 22B and the

second-stage Roots rotor 20b, and labyrinth seals 32B (one
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of which is shown in FIG. 2) are disposed so as to surround
outer surfaces of the shaft sleeves 31B, respectively. These
labyrinth seals 32A and 32B prevent a gas (a process gas)
compressed by the pump rotors 20 from entering regions where
thebearings22A, thebearings 22B, andthemotorMl are located.
0il is used as lubricant of the bearings 22A and 22B, so that
even when by-products of the process gas are deposited on
the bearings 22A and 22B, such by-products are removed by
the oil flowing through the bearings 22A and 22B.

The bearings 22A and the labyrinth seals 32A are covered
withabearingcasing33A, andthebearings 22Band the labyrinth
seals 32B are covered with a bearing casing 33B. The rotor
casing 23, the motor casing 24, and the bearing casings 33A
and 33B are provided separately from each other, and the rotor
casing 23, the bearing casings 33A and 33B, and the motor
casing 24 are assembled in this order.

In order to prevent the by-products of the process gas
from being deposited on the bearings 22A and 22B and the
labyrinth seals 32A and 32B, supply ports 35A and 35B for
supplying a clean gas are provided in the gear casing 29 and
the bearing casing 33B, respectively. The clean gas supplied
from the supply port-35A £ills the interior space of the-gear--
casing 29, and then flows through the bearings 22A and the
labyrinthseals 32Ainthis order, thus preventing thebearings
22A and the labyrinth seals 32A from being exposed to the
process gas. In the same manner, the clean gas supplied from
the supply port 35B flows through the bearings 22B and the
labyrinthseals 32Binthis order, thus preventing thebearings
22B and the labyrinth seals 32B from being exposed to the
process gas. The clean gas may comprise a stable gas, such
as air or nitrogen (an inert gas), which does not react with
the process gas.

As shown in FIGS. 3A and 3B, the first-stage Roots rotors
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20a (and the second-stage Roots rotors 20b) are disposed so
as to face each other in the rotor casing 23. When the Roots
rotors 20a (i.e., thepump rotors 20) are synchronously rotated
by the motor M1, a gas at inlet side is confined in a space
defined by the Roots rotor 20a and the inner surface of the
rotor casing 23, and then delivered to the outlet side. Such
delivery of the gas is continuously performed, and hence the
gas is evacuated from the vacuum chamber connected to the
inlet port 23a (see FIG. 2). Although the Roots-type rotor
is used in this embodiment, a screw-type or claw-type rotor
may be usedalternatively. Ineach case where anyone of these
types is used, the pump rotor is in the form of a multistage
pump rotor having multistage rotors arranged in the axial
direction. The number of stages of the pump rotor 20 is not
limited to two. For example, apair of pump rotors each having
three or more stages may be used.

As described above, according to the present embodiment
using the multistage pump rotors 20, even if the axial width
Wl of the first-stage Roots rotor 20a is designed to be large
compared to the conventional pump, the load on the motor M1
can be small, and hence the power consumption of the motor
M1l can-be reduced. - Further, it is possible to prevent the-
motor M1 from generating heat and thus to prevent the pump
rotors 20 frombeingbrought into contact with the inner surface
of the rotor casing 23.

FIG. 4 is a cross-sectional view showing the second
vacuum pump shown in FIG. 1. This second vacuum pump is
different from the first vacuum pump in that pump rotors are
of a screw-type. Other components of the second vacuum pump
are the same as those of the first vacuum pump, and will not
be described below repetitively.

As shown in FIG. 4, a pair of screw-type multistage pump

rotors 40 (only one of which is illustrated in FIG. 4) are
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disposed in a rotor casing 43 so as to face each other. These
pump rotorxrs 40 are rotated synchronously in opposite
directions by a motor M2 comprising motor rotors M2-1 and
motor stators M2-2. Each of the pump rotors 40 has a
first-stage screwrotor (inlet-side rotor) 40a, a second-stage
screw rotor (outlet-side rotor) 40b, and a rotating shaft
41 to which these screw rotors 40a and 40b are fixed. The
first-stage and second-stage screw rotors 40a and 40b are
disposed so as to mesh with each other, respectively. The
first-stage screw rotors 40a have a larger axial width and
a larger pitch than those of the second-stage screw rotors
40b. Although the screw-type rotors are used in the second
vacuum pump 2 of this embodiment, Roots-type or claw-type
rotors may be used alternatively.

A small gap is formed between the pump rotors 40 and
also between the pump rotors 40 and an inner surface of the
rotor casing 43, so that these pump rotors 40 can be rotated
in the rotox casing 43 in a non-contact manner. An inlet port
43a is formed in the rotor casing 43 and is located above
the first-stage screw rotors 40a. An outlet port 43b is also
formed in the rotor casing 43 and is located below the
second-stage screwrotors-40b. Theinletport 43aisconnected.
to the above-mentioned outlet port 23b (see FIGS. 1 and 2)
of the first vacuum pump 1 via the connecting pipe 7.

With such an arrangement, a gas (e.g., a process gas)
discharged from the first vacuum pump 1 is introduced into
the rotor casing 43 from the inlet port 43a through the
connecting pipe 7. The gas is compressed by the rotation of
the first-stage screw rotors 40a and the second-stage screw
rotors 40b, and is then discharged from the outlet port 43b.
| Inthis embodiment, a largest pumping speed is achieved
by the first-stage Roots rotors 20a, followed by the

second-stage Roots rotors 20b, the first-stage screw rotors
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40a, and the second-stage screw rotors 40b.

Since the second vacuum pump 2 is positioned closer to
an atmospheric region than the first vacuum pump 1, an internal
pressure of the second vacuum pump 2 is higher than that of
the first vacuum pump 1. Accordingly, the by-products of the
process gas are likely to be deposited in the second vacuum
pump 2. In this embodiment, since the second vacuum punmp 2
employs the screw-type pump rotors 40, the by-products
deposited in the second vacuum pump 2 are scraped off by the
rotation of the pump rotors 40. Specifically, even if the
by—productsaredeposit@donthefirst—stageandsecond—stage
screw rotors 40a and 40b and the inner surface of the rotor
casing 43, such by-products are scraped off and then delivered
to the outlet port 43b by the rotation of the screw rotors
40a and 40b (i.e., the screw-type pump rotors 40). 1In this
manner, the screw rotors 40a and 40b are suitable for
eliminating the by-products.

The connecting pipe 7 has a pressure sensor 50 therein
for measuring a pressure of a gas (e.g., a process gas)
discharged from the first vacuum pump 1. The pressure sensor
50 is connected to the control panel 10 (see FIG. 1), so that
the rotational speed -of the pump rotors 20 (see-FIGS. 1l--and
2) of the first vacuum pump 1 is controlled by the control
panel 10 based on an output signal (i.e., a bressure of the
gas) of the pressure sensor 50.

Next, operation of the evacuation apparatus according
to this embodiment will be described with reference to FIG.
5.

FIG. 5 is a graph illustrating rotational speeds of the
first vacuum pump and the second vacuum pump and a pressure
of a gas measured by the pressure sensor.

As shown in FIG. 5, the second vacuum pump 2 is firstly

started, and the rotational speed of the pump rotors 40 of
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the second vacuum pump 2 is increased until it reaches a rated
rotational speed S4. Thereafter, the second vacuum pump 2
is operated so as to keep the rated rotational speed. After
a predetermined period of time PT has passed from when the
second vacuum pump 2 is started, the first vacuum pump 1 is
started. As an alternative manner, the first vacuum pump 1
may be started after the pressure of the gas reaches a
predetermine pressure PO which is within an allowable range -
of an evacuating pressure of the second vacuum pump 2. After
the rotational speed of the pump rotors 20 of the first vacuum
pump 1 reaches S3, the pump rotors 20 are rotated at a constant
rotational speed (S3).

As the first vacuum pump 1 and the second vacuum pump
2 are operated, the pressure of the gas (the brocess gas)
is further lowered. When the pressure of the gas is lowered
to reach P2, the rotational speed of the pump rotors 20 is
further increased. When the rotational speed of the pump
rotors 20 reaches S2, the pump rotors 20 are rotated so as
tokeeptherotational speedS2. Thereafter, whenthepressure
of the gas reaches P1, the rotational speed of the pump rotors
20 is further increased to reach a rated rotational speed
Sl.- Then,- the pump-rotors 20 are rotated at a constant
rotational speed (S1). If thepressureofthegasis increased
due to some sort of cause after the pump rotors 20 reach the
rated rotational speed, then the pump rotors 20 is operated
to decrease its rotational speed to S2 or S3.

In this manner, the rotational speed of the pump rotors
20 of the first vacuum pump 1 is changed according to the
pressure of the gas delivered by the evacuation apparatus,
whereby the load on the motor M1 can be reduced. Although
the pressure sensor 50 is disposed in the connecting pipe
7 in this embodiment, the pressure sensor may be disposed

in the rotor casing 43 of the second vacuum pump 2 at a position
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between the first-stage screw rotors 40a and the second-stage
screw rotors 40b. Alternatively, the pressure sensor may be
disposed in the inlet pipe 6 (see FIG. 1), the rotor casing
23 of the first vacuum pump 1, or the inlet port 23a.

Further, the rotational speed of the pump rotors 20 of
the first vacuum pump 1 may be changed based on a temperature
of the gas being delivered by the evacuation apparatus, a
temperature of the rotor casing 23 of the first vacuum pump
1, or electric current flowing into the motor M1 of the first
vacuum pump l. In the case of utilizing the temperature of
thegas,itisdesirablethatatemperaturesehsorformeasuring
the temperature of the gas is disposed in the rotor casing
23 of the first vacuum pump 1, for example. In the case of
utilizing the temperature of the rotor casing 23 of the first
vacuum pump 1, it is desirable that a temperature sensor is
disposed on an outer surface of the rotor casing 23. In the
case of utilizing the electric current of the motor M1, it
is desirable that a current sensor for measuring the electric
current flowing into themotorMl is incorporatedin the control
panel 10.

Next, an example in which the evacuation apparatus of

-this-embodiment is connected to a vacuum chamber of a-substrate

processing apparatus will be described with reference to FIG.
6. FIG. 6 is a schematic view showing a substrate processing
apparatus incorporating the evacuation apparatus according
to the embodiment of the present invention.

As shown in FIG. 6, a process gas supply source 61 is
disposed upstream of a vacuum chamber 60 so that a process
gas 1s supplied from the process gas supply source 61 to the
vacuum chamber 60. The vacuum chamber 60 is connected to the
evacuation apparatus 63 according to the present embodiment
via a pipe 62. This pipe 62 has a valve 64. By opening this

valve 64, the vacuum chamber 60 and the evacuation apparatus
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63 communicate with each other through the pipe 62.

An exhaust gas cleaning apparatus 65 for treating an
exhaust gas (i.e., the process gas) to be harmless is disposed
downstream of the evacuation apparatus 63. Examples of the
exhaust gas cleaning apparatus 65 include several types such
as a dry type, a wet type, a combustion type, and a catalytic
type. A first control unit 67 is connected to the vacuum
chamber 60, so that process conditions under which a substrate
is processed in the vacuum chamber 60 are controlled by the
first control unit 67 (hereinafter, a process performed on
the substrate in the vacuum chamber 60 will be referred to
as a main process). The control conditions include a type
and a temperature of the process gas supplied to the vacuum
chamber 60, for example. A secondcontrol unit 68 is connected
to the evacuation apparatus 63 and the valve 64, so that
operating conditions of the evacuation apparatus 63 and
open-close operation of the valve 64 are controlled by the
second control unit 68. The operating conditions of the
evacuation apparatus 63 include the rotational speeds of the
pump rotors 20 and 40 (see FIG. 1) and timings of starting
the first and second vacuum pumps 1 and 2, for example.

The second-control-unit 68 is connected to the first.
control unit 67, so that the first control unit 67 sends the
process conditions as a signal to the second control unit 68.
The second control unit 68 controls the evacuating apparatus
63 and the valve 64 based on the signal (i.e., the process
conditions). A third control unit 66 for controlling a whole
process is connected to the first control unit 67. This third
control wunit 66 sends the signal, which indicates the
above-mentioned process conditions for the main process
suitable for the whole process, to the first control unit 67.
The first control unit 67 controls the main brocess based on

this signal. Several kinds of results of the main brocess that
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has been performed in the vacuum chamber 60 are fed back to
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the first control unit 67.

Operation sequence of this substrate processing
apparatus will be carried out as follows: First, a substrate
(not shown) is transferred into the vacuum chamber 60.
Thereafter, the evacuation apparatus 63 is started while the
valve 64 is opened, and is operated at a rated rotational
speed. Subsequently, while a degree of vacuum developed in
the vacuum chamber 60 is being kept constant, the process
gas 1s supplied from the process gas supply source 61 to the
vacuum chamber 60, whereby a predetermined process (the main
process) is performed on the substrate.

After the supply of the process gas is stopped to finish
themainprocess,thevalve64iscﬂosedandthenthesubstrate
is removed from the vacuum chamber 60. While the valve 64
is closed, the evacuation apparatus 63 can be operated at
a lower rotational speed than the rated rotational speed,
ortheoperationoftheevacuationapparatus63canbesﬁnpped.
Accordingly, a power consumption of the evacuation apparatus
63 can be reduced. In a case where the degree of wvacuum
developed in the vacuum chamber 60 is not required to be kept
constant, the evacuation apparatus 63 may be operated at-a
lower rotational speed than the rated rotational speed while
the valve 64 is opened.

Asdescribedabove,accordingtxathepresentinvention,
it is possible to evacuate a large quantity of gas without
imparting an excessive load on the motor that drives the first

vacuum pump.

Industrial Applicability
The present invention is applicable to an evacuation
apparatus for evacuating a vacuum chamber of a substrate

processing apparatus.
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CLAIMS

1. An evacuation apparatus comprising:

a first vacuum pump connected to a vacuum chamber; and
asecondvacuumpumpconnectedtosaidfirstvacuumpump;
wherein said first vacuum pump has a pair of multistage

pump rotors.

2. An evacuation apparatus according to claim 1, wherein
each of said multistage pump rotors has an inlet-side rotor
and an outlet-side rotor, and an axial width of said inlet-side

rotor is larger than an axial width of said outlet-side rotor.

3. An evacuation apparatus according to claim 1 or 2,
wherein said first vacuum pump is started after said second

vacuum pump is started.

4.Anevacuationapparatusaccordingtoanyoneofclaims
1l to 3, wherein a rotational speed of said multistage pump
rotors.iscontrolledbasedcnlatemperatureofeagasdelivered
by said evacuation apparatus, a pressure of the gas, a
temperature of a rotor casing for housing said multistage-
pump rotors, or electric current flowing into a motor for

rotating said multistage pump rotors.

5. An evacuating apparatus according to any one of claims
1 to 4, wherein said first vacuum pump and said second vacuum

pump are accommodated in a single enclosure.
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