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(54) ROOTS TYPE VACUUM PUMP

(57) Roots type vacuum pump having a first Roots
rotor and a second Roots rotor with an involute side sur-
face (31) having a shape of an involute curve, an arcuate
convex surface (34) coupled to an outer end of the invo-
lute side surface (31), and an arcuate concave surface

(36) coupled to an inner end of the involute side surface
(31). A radius of curvature of the arcuate convex surface
(34) is larger than a radius of curvature of the arcuate
concave surface (36).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a vacuum
pump, and more particularly to a vacuum pump suitable
for use in evacuating a process gas used in manufactur-
ing of semiconductor devices, liquid crystal panels,
LEDs, solar cells, or the like.

Description of the Related Art:

[0002] In process of manufacturing semiconductor de-
vices, liquid crystal panels, LEDs, solar cells, etc., a proc-
ess gas is introduced into a process chamber to perform
a certain type of process, such as etching process or
CVD process. The process gas that has been introduced
into the process chamber is exhausted by a vacuum
pump. Generally, the vacuum pump used in these man-
ufacturing processes that require high cleanliness is so-
called dry vacuum pump that does not use oil in its gas
flow passage. One typical example of such a dry vacuum
pump is a positive-displacement vacuum pump having a
pair of Roots rotors in a rotor chamber which are rotated
in opposite directions to deliver the gas.

Citation List

Patent Literature

[0003] Patent document 1: Japanese laid-open patent
publication No. 1-077782
[0004] A process gas may contain particles of by-prod-
ucts. Such particles flow into the vacuum pump along
with the process gas. Moreover, depending on conditions
in the vacuum pump (e.g., temperature, pressure), par-
ticles may be generated in the vacuum pump after the
process gas flows into the vacuum pump. Most of the
particles are discharged from the vacuum pump along
with the process gas, but some of the particles remain in
the rotor chamber and gradually accumulate in the rotor
chamber. In particular, when convex and concave sur-
faces of two opposing Roots rotors are in surface contact
(technically, the Roots rotors are in non-contact in reali-
ty), there is no place for the particles to escape. As a
result, the particles are strongly sandwiched between the
convex and concave surfaces of the Roots rotors, thus
possibly hindering the rotation of the Roots rotors.

SUMMARY OF THE INVENTION

[0005] Therefore, the present invention provides a vac-
uum pump capable of preventing particles from being
caught between Roots rotors and capable of maintaining
smooth rotation of the Roots rotors.
[0006] In an embodiment, there is provided a vacuum

pump comprising: a pump casing having at least one
rotor chamber therein; and a first Roots rotor and a sec-
ond Roots rotor arranged in parallel in the rotor chamber,
wherein each of the first Roots rotor and the second
Roots rotor has an involute side surface having a shape
of an involute curve, an arcuate convex surface coupled
to an outer end of the involute side surface, and an ar-
cuate concave surface coupled to an inner end of the
involute side surface, and a radius of curvature of the
arcuate convex surface is larger than a radius of curva-
ture of the arcuate concave surface.
[0007] In an embodiment, a clearance between the in-
volute side surface of the first Roots rotor and the involute
side surface of the second Roots rotor is constant when
the first Roots rotor and the second Roots rotor are ro-
tating.
[0008] In an embodiment, a clearance between the ar-
cuate convex surface of the first Roots rotor and the ar-
cuate concave surface of the second Roots rotor is larger
than the clearance between the involute side surface of
the first Roots rotor and the involute side surface of the
second Roots rotor.
[0009] In an embodiment, a clearance between an out-
ermost point on the arcuate convex surface of the first
Roots rotor and an innermost point on the arcuate con-
cave surface of the second Roots rotor when the outer-
most point and the innermost point are closest to each
other is 1.5 to 20 times the clearance between the invo-
lute side surface of the first Roots rotor and the involute
side surface of the second Roots rotor.
[0010] In an embodiment, a crescent-shaped space is
formed between the arcuate convex surface of the first
Roots rotor and the arcuate concave surface of the sec-
ond Roots rotor when the arcuate convex surface of the
first Roots rotor faces the arcuate concave surface of the
second Roots rotor.
[0011] In an embodiment, the involute side surface of
the first Roots rotor faces only the involute side surface
of the second Roots rotor, the arcuate convex surface of
the first Roots rotor faces only the arcuate concave sur-
face of the second Roots rotor, and the arcuate convex
surface of the second Roots rotor faces only the arcuate
concave surface of the first Roots rotor when the first
Roots rotor and the second Roots rotor are rotating.
[0012] The involute side surfaces of the first Roots rotor
and the second Roots rotor face each other, and do not
face the arcuate convex surface and the arcuate concave
surface. Since a space expands on both sides of the
clearance between the involute side surfaces, the invo-
lute side surfaces do not trap particles therebetween.
Similarly, when the arcuate convex surface and the ar-
cuate concave surface of the first Roots rotor and the
second Roots rotor face each other, a space expands on
both sides of a connection point of the arcuate convex
surface and the involute side surface, and a space ex-
pands on both sides of a connection point of the arcuate
concave surface and the involute side surface. There-
fore, the first Roots rotor and the second Roots rotor do
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not trap particles therebetween.
[0013] A large crescent-shaped space is formed be-
tween the arcuate convex surface of the first Roots rotor
and the arcuate concave surface of the second Roots
rotor. Therefore, the particles are less likely to be sand-
wiched between the arcuate convex surface of the first
Roots rotor and the arcuate concave surface of the sec-
ond Roots rotor. The particles confined in the crescent-
shaped space are discharged from the crescent-shaped
space as the Roots rotors rotate. As a result, the Roots
rotors can maintain smooth rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a cross-sectional view showing an embod-
iment of a vacuum pump apparatus;
FIG. 2 is a cross-sectional view taken along a line
A-A of FIG. 1;
FIG. 3 is an enlarged view of a Roots rotor;
FIG. 4 is an enlarged view illustrating a clearance
between Roots rotors;
FIG. 5 is a diagram showing two Roots rotors when
rotating in opposite directions; and
FIG. 6 is a diagram illustrating an embodiment of
two-lobe Roots rotors.

DESCRIPTION OF EMBODIMENTS

[0015] Embodiments of the present invention will be
described below with reference to the drawings. FIG. 1
is a sectional view showing an embodiment of a vacuum
pump apparatus, and FIG. 2 is a sectional view taken
along line AA in FIG. 1. The vacuum pump apparatus of
the embodiment described below is a positive displace-
ment vacuum pump apparatus. In particular, the vacuum
pump apparatus shown in FIGS. 1 and 2 is a so-called
dry vacuum pump apparatus that does not use oil in its
gas flow passage. Since vaporized oil does not flow to
an upstream side, the dry vacuum pump apparatus can
be used in semiconductor device manufacturing appa-
ratus that requires high cleanliness.
[0016] As shown in FIG. 1, the vacuum pump appara-
tus includes a vacuum pump 1 and an electric motor 2
that drives the vacuum pump 1. The vacuum pump 1 of
this embodiment is a multistage vacuum pump. Specifi-
cally, the vacuum pump 1 includes a pump casing 6 hav-
ing a plurality of rotor chambers 5A to 5E therein, a plu-
rality of Roots rotors 8A to 8E, 9A to 9E arranged in the
rotor chambers 5A to 5E, respectively, and a pair of ro-
tational shafts 11 and 12 that support the Roots rotors
8A to 8E and the Roots rotors 9A to 9E. In one embodi-
ment, the vacuum pump 1 may be a single-stage vacuum
pump having single-stage Roots rotors arranged in one
rotor chamber.
[0017] Although only the Roots rotors 8A to 8E and the
rotational shaft 11 are depicted in FIG. 1, the Roots rotors

8A to 8E and the Roots rotors 9A to 9E are arranged in
parallel in the pump casing 6, and the rotational shaft 11
and the rotational shaft 12 are arranged in parallel. FIG.
2 shows the Roots rotor 8C and the Roots rotor 9C ar-
ranged in parallel with each other. Although not shown,
the Roots rotors 8A, 8B, 8D, and 8E and the Roots rotors
9A, 9B, 9D, and 9E are also arranged in parallel in the
pump casing 6. The Roots rotors 8A to 8E are supported
by the rotational shaft 11, and the Roots rotors 9A to 9E
are supported by the rotational shaft 12.
[0018] The Roots rotors 8A to 8E and the Roots rotors
9A to 9E are not in contact with each other, and the Roots
rotors 8A to 8E and 9A to 9E are not in contact with an
inner surface of the pump casing 6. Therefore, the Roots
rotors 8A to 8E, 9A to 9E can rotate smoothly in the pump
casing 6 without using lubricating oil.
[0019] The Roots rotors 8A to 8E and the rotational
shaft 11 may be an integral structure. Similarly, the Roots
rotors 9A to 9E and the rotational shaft 12 may be an
integral structure. The electric motor 2 is coupled to one
of the rotational shafts 11 and 12. In one embodiment, a
pair of electric motors 2 may be coupled to the rotational
shafts 11 and 12, respectively.
[0020] As shown in FIG. 1, the Roots rotors 8A to 8E,
9A to 9E and the rotor chambers 5A to 5E are arranged
along a gas transfer direction. Specifically, the Roots ro-
tors 8A, 9A and the rotor chamber 5A are located at the
most upstream side in the gas transfer direction in the
pump casing 6. The Roots rotors 8B, 9B and the rotor
chamber 5B are located downstream of the Roots rotors
8A, 9A and the rotor chamber 5A. The Roots rotors 8C,
9C and the rotor chamber 5C are located downstream
of the Roots rotors 8B, 9B and the rotor chamber 5B. The
Roots rotors 8D, 9D and the rotor chamber 5D are located
downstream of the Roots rotors 8C, 9C and the rotor
chamber 5C. The Roots rotors 8E, 9E and the rotor cham-
ber 5E are located downstream of the Roots rotors 8D,
9D and the rotor chamber 5D. The Roots rotors 8E, 9E
and the rotor chamber 5E are located at the most down-
stream side in the gas transfer direction in the pump cas-
ing 6.
[0021] The pump casing 6 has a gas inlet 14A and a
gas outlet 15A that communicate with the rotor chamber
5A, a gas inlet 14B and a gas outlet 15B that communi-
cate with the rotor chamber 5B, a gas inlet 14C and a
gas outlet 15C that communicate with the rotor chamber
5C, a gas inlet 14D and a gas outlet 15D that communi-
cate with the rotor chamber 5D, and a gas inlet 14E and
a gas outlet 15E that communicate with the rotor chamber
5E.
[0022] The gas inlet 14A is coupled to a chamber (not
shown) filled with a gas to be delivered. In one example,
the gas inlet 14A is coupled to a process chamber of a
semiconductor-device manufacturing apparatus, and the
vacuum pump 1 is used to evacuate a process gas that
has been introduced into the process chamber. The gas
outlet 15A communicates with the gas inlet 14B via a
fluid passage (not shown), the gas outlet 15B communi-
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cates with the gas inlet 14C via a fluid passage (not
shown), the gas outlet 15C communicates with the gas
inlet 14D via a fluid passage (not shown), and the gas
outlet 15D communicates with the gas inlet 14E via a
fluid passage (not shown).
[0023] The vacuum pump 1 further includes a gear
housing 16 located outwardly of a side wall 6A of the
pump casing 6. A pair of gears 20 that mesh with each
other are arranged in the gear housing 16. In FIG. 1, only
one gear 20 is depicted. These gears 20 are fixed to the
rotational shafts 11 and 12, respectively. The electric mo-
tor 2 is rotated by a motor driver (not shown), and one of
the rotational shafts 11 and 12 to which the electric motor
2 is coupled is rotated by the electric motor 2. This rotation
is transmitted via the gears 20 to other one of the rota-
tional shafts 11 and 12 to which the electric motor 2 is
not coupled to thereby rotate the other rotational shaft in
the opposite direction.
[0024] The rotational shafts 11 and 12 are rotatably
supported by bearings 17 held on the side wall 6A of the
pump casing 6 and bearings 18 held on other side wall
6B of the pump casing 6. The electric motor 2 includes
a motor housing 22 located outwardly of the side wall 6B
of the pump casing 6, and a motor rotor 2A and a motor
stator 2B arranged in the motor housing 22.
[0025] In one embodiment, a pair of electric motors 2
coupled to the rotational shafts 11 and 12, respectively,
may be provided. The pair of electric motors 2 are syn-
chronously rotated in opposite directions by a motor driv-
er (not shown), so that the rotational shafts 11 and 12
and the Roots rotors 8A to 8E and the Roots rotors 9A
to 9E are synchronously rotated in the opposite direc-
tions, as shown in FIG. 2. The role of the gears 20 in this
case is to prevent out of the synchronized rotation of the
Roots rotors due to a sudden external cause.
[0026] When the electric motor 2 rotates the Roots ro-
tors 8A to 8E, 9A to 9E, gas is sucked into the rotor cham-
ber 5A through the gas inlet 14A. The gas is compressed
by the Roots rotors 8A to 8E, 9A to 9E sequentially in the
rotor chambers 5A to 5E, and is discharged from the
pump casing 6 through the gas outlet 15E.
[0027] In this embodiment, the Roots rotors 8A to 8E
and 9A to 9E have the same contour. In one embodiment,
the contours of the Roots rotors of different stages may
be different. The Roots rotor 8C will be explained below.
FIG. 3 is an enlarged view of the Roots rotor 8C. As shown
in FIG. 3, the Roots rotor 8C includes an involute side
surface 31 having a shape of an involute curve, an arcu-
ate convex surface 34 coupled to an outer end of the
involute side surface 31, and an arcuate concave surface
36 coupled to an inner end of the involute side surface
31. The Roots rotor 8C is a so-called three-lobe Roots
rotor having three protrusions. Therefore, the Roots rotor
8C has three arcuate convex surfaces 34, six involute
side surfaces 31, and three arcuate concave surfaces
36. The three arcuate convex surfaces 34 are coupled
to the outer ends of the six involute side surfaces 31, and
the three arcuate concave surfaces 36 are coupled to

the inner ends of the six involute sides 31. The Roots
rotor 9C facing the Roots rotor 8C has the same shape
as the Roots rotor 8C.
[0028] A radius of curvature R1 of the arcuate convex
surface 34 is larger than a radius of curvature R2 of the
arcuate concave surface 36. Therefore, as shown in FIG.
4, when the arcuate convex surface 34 of the Roots rotor
8C faces the arcuate concave surface 36 of the Roots
rotor 9C, a crescent-shaped space 40 is formed between
the arcuate convex surface 34 of the Roots rotor 8C and
the arcuate concave surface 36 of the Roots rotor 9C.
[0029] When the arcuate convex surface 34 and the
arcuate concave surface 36 of the Roots rotors 8C and
9C face each other, a space expands on both sides of a
connection point of the arcuate convexity surface 34 and
the involute side surface 31, and a space expands on
both sides of a connection point of the arcuate concave
surface 36 and the involute side surface 31. With these
configurations, the Roots rotor 8C and the Roots rotor
9C do not bite particles. The crescent-shaped space 40
formed next to the involute side surface 31 functions as
a temporary escape space for the particles. Specifically,
as the Roots rotors 8C and 9C rotate, the particles tem-
porarily move into the crescent-shaped space 40, and
are discharged from the crescent-shaped space 40 as
the Roots rotors 8C and 9C further rotate.
[0030] When a phase in which the involute side sur-
faces 31 face each other is changed into a phase in which
the arcuate convex surface 34 and the arcuate concave
surface 36 face each other, two clearances G2 exist on
both sides of the crescent-shaped space 40, as shown
in FIG. 4. Thereafter, as the Roots rotors 8C, 9C rotate,
only one clearance G2 exists. Such movement of the
Roots rotors 8C, 9C allows the particles to be easily dis-
charged.
[0031] In FIG. 4, when the Roots rotor 8C and the Roots
rotor 9C are rotating, a clearance G1 between the arcuate
convex surface 34 of the Roots rotor 8C and the arcuate
concave surface 36 of the Roots rotor 9C is always larger
than the clearance G2 between the involute side surface
31 of the Roots rotor 8C and the involute side surface 31
of the Roots rotor 9C. In particular, a clearance (or a
distance) Glmin between an outermost point P1 on the
arcuate convex surface 34 of the Roots rotor 8C and an
innermost point P2 on the arcuate concave surface 36
of the Roots rotor 9C when the outermost point P1 and
the innermost point P2 are closest to each other is 1.5
to 20 times the clearance G2 between the involute side
surface 31 of the Roots rotor 8C and the involute side
surface 31 of the Roots rotor 9C. If the clearance Glmin
is too small, the particles may be strongly caught between
the Roots rotors 8C and 9C. On the other hand, if the
clearance Glmin is too large, the pumping efficiency will
be lowered.
[0032] FIG. 5 is a diagram showing the two Roots rotors
8C and 9C when rotating in the opposite directions. As
shown in FIG. 5, when the Roots rotor 8C and the Roots
rotor 9C are rotating, the clearance G2 between the in-
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volute side surface 31 of the Roots rotor 8C and the in-
volute side surface 31 of the Roots rotor 9C is always
constant. In other words, the clearance G2 is constant
regardless of the rotation angle of the Roots rotors 8C
and 9C.
[0033] The involute side surfaces 31 of the Roots rotor
8C and the Roots rotor 9C face each other, and do not
face the arcuate convex surface 34 and the arcuate con-
cave surface 36. In contrast, the arcuate convex surface
34 of the Roots rotor 8C faces the arcuate concave sur-
face 36 of the Roots rotor 9C, and does not face the
involute side surface 31 of the Roots rotor 9C. Similarly,
the arcuate convex surface 34 of the Roots rotor 9C faces
the arcuate concave surface 36 of the Roots rotor 8C,
and does not face the involute side surface 31 of the
Roots rotor 8C.
[0034] The involute side surface 31 is a surface that
curves outward. Therefore, when the involute side sur-
faces 31 face each other, the clearance G2 is formed
between one point on the involute side surface 31 of the
Roots rotor 8C and one point on the involute side surface
31 of the Roots rotor 9C, as shown in FIG. 5. A clearance
between the Roots rotors 8C and 9C increases on both
sides of the clearance G2. Due to such point contact
(technically the Roots rotors 8C and 9C are in non-con-
tact in reality) of the involute side surfaces 31, particles
are less likely to be caught between the involute side
surface 31 of the Roots rotor 8C and the involute side
surface 31 of the Roots rotor 9C.
[0035] The clearance G1 between the arcuate convex
surface 34 of the Roots rotor 8C and the arcuate concave
surface 36 of the Roots rotor 9C shown in FIG. 4 changes
depending on the rotation angle of the Roots rotors 8C
and 9C. As can be seen from the comparison between
FIG. 4 and FIG. 5, the clearance G1 is always larger than
the clearance G2 regardless of the rotation angle of the
Roots rotors 8C and 9C.
[0036] With such configurations, the particles are less
likely to be caught between the arcuate convex surface
34 of the Roots rotor 8C and the arcuate concave surface
36 of the Roots rotor 9C. The particles confined in the
crescent-shaped space 40 between the arcuate convex
surface 34 of the Roots rotor 8C and the arcuate concave
surface 36 of the Roots rotor 9C are discharged from the
crescent-shaped space 40 as the Roots rotors 8C and
9C rotate. As a result, the Roots rotors 8C and 9C can
maintain smooth rotation.
[0037] Although the Roots rotors 8A to 8E and 9A to
9E of the embodiments described above are three-lobe
Roots rotors each having three protrusions, the present
invention is not limited to the above embodiments. The
present invention can be applied to two-lobe Roots rotor
having two protrusions and multi-lobe Roots rotor having
four or more protrusions.
[0038] For example, FIG. 6 is a diagram illustrating an
embodiment of two-lobe Roots rotors. Also in this em-
bodiment, each of the Roots rotors 51 and 52 has an
involute side surface 31 having a shape of an involute

curve, an arcuate convex surface 34 coupled to an outer
end of the involute side surface 31, and an arcuate con-
cave surface 36 coupled to an inner end of the involute
side surface 31. A radius of curvature R3 of the arcuate
convex surface 34 is larger than a radius of curvature R4
of the arcuate concave surface 36. Configurations of the
two-lobe Roots rotors 51 and 52 of this embodiment,
which will not be particularly described, are the same as
those of the above embodiments described with refer-
ence to FIGS. 1 to 5, and redundant explanations will be
omitted.
[0039] The previous description of embodiments is
provided to enable a person skilled in the art to make and
use the present invention. Moreover, various modifica-
tions to these embodiments will be readily apparent to
those skilled in the art, and the generic principles and
specific examples defined herein may be applied to other
embodiments. Therefore, the present invention is not in-
tended to be limited to the embodiments described herein
but is to be accorded the widest scope as defined by
limitation of the claims.

Claims

1. A vacuum pump comprising:

a pump casing having at least one rotor chamber
therein; and
a first Roots rotor and a second Roots rotor ar-
ranged in parallel in the rotor chamber,
wherein each of the first Roots rotor and the sec-
ond Roots rotor has an involute side surface
having a shape of an involute curve, an arcuate
convex surface coupled to an outer end of the
involute side surface, and an arcuate concave
surface coupled to an inner end of the involute
side surface, and
a radius of curvature of the arcuate convex sur-
face is larger than a radius of curvature of the
arcuate concave surface.

2. The vacuum pump according to claim 1, wherein a
clearance between the involute side surface of the
first Roots rotor and the involute side surface of the
second Roots rotor is constant when the first Roots
rotor and the second Roots rotor are rotating.

3. The vacuum pump according to claim 2, wherein a
clearance between the arcuate convex surface of
the first Roots rotor and the arcuate concave surface
of the second Roots rotor is larger than the clearance
between the involute side surface of the first Roots
rotor and the involute side surface of the second
Roots rotor.

4. The vacuum pump according to claim 3, wherein a
clearance between an outermost point on the arcu-
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ate convex surface of the first Roots rotor and an
innermost point on the arcuate concave surface of
the second Roots rotor when the outermost point
and the innermost point are closest to each other is
1.5 to 20 times the clearance between the involute
side surface of the first Roots rotor and the involute
side surface of the second Roots rotor.

5. The vacuum pump according to claim 1, wherein a
crescent-shaped space is formed between the arcu-
ate convex surface of the first Roots rotor and the
arcuate concave surface of the second Roots rotor
when the arcuate convex surface of the first Roots
rotor faces the arcuate concave surface of the sec-
ond Roots rotor.

6. The vacuum pump according to claim 1, wherein the
involute side surface of the first Roots rotor faces
only the involute side surface of the second Roots
rotor, the arcuate convex surface of the first Roots
rotor faces only the arcuate concave surface of the
second Roots rotor, and the arcuate convex surface
of the second Roots rotor faces only the arcuate con-
cave surface of the first Roots rotor when the first
Roots rotor and the second Roots rotor are rotating.
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