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VACUUM PUMP 

 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a vacuum pump and 

particularly relates to a vacuum pump in which depositions and 

the like generated by solidification of a gas in the vacuum 

pump can be eliminated. 

2. Description of the Related Art 

[0002] In recent years, in a process of forming a 

semiconductor element from a wafer, which is a substrate to be 

processed, a method of manufacturing a semiconductor element 

product by processing the wafer in a process chamber of a 

semiconductor manufacturing device held at a high vacuum has 

been employed.  In the semiconductor manufacturing device, 

which works/processes the wafer in the vacuum chamber, a 

vacuum pump including a turbo-molecular pump portion and a 

thread groove pump portion and the like is used in order to 

achieve and keep the high vacuum degree (see Japanese Patent 

Application Publication No. 2019-82120, for example). 

[0003] The turbo-molecular pump portion has a rotatable 

rotor blade made of thin metal and a stator blade fixed to a 

casing inside the casing.  And the rotor blade is driven at a 

high speed of several hundred m/second, for example, so that a 

process gas entering from an inlet port side and used for the 

processing is compressed inside the pump and is exhausted from 
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an outlet port side. 

[0004] By the way, a molecule of the process gas having 

been taken in through the inlet port side of the vacuum pump 

hits a stator-blade blade by movement toward the outlet port 

side by a rotor-blade blade while advancing toward the outlet 

port side and is adsorbed by the stator-blade blade, a casing 

inner surface and the like and deposited.  The deposition 

adsorbed by the stator-blade blade or the casing inner surface 

prevents advance of gas molecules toward the outlet port side.  

As a result, problems such as lowering of exhaustion capacity 

of the turbo-molecular pump, abnormality in processing 

pressure, lowered production efficiency caused by processing 

stop of the depositions and the like have occurred. 

 Moreover, such a problem occurred that the depositions 

peeled off the stator blade or the casing inner surface 

backflow to the process chamber of the semiconductor 

manufacturing device and contaminate the wafer. 

[0005] As a measure against it, a vacuum pump in which a 

radical supply device that generates radicals for separating 

and decomposing the depositions adsorbed and deposited on the 

stator-blade blade, the casing inner surface and the like is 

provided at the inlet port of the vacuum pump is proposed (see 

Japanese Patent Application Publication No. 2008-248825, for 

example). 

[0006] In the art known by Japanese Patent Application 

Publication No. 2008-248825, a radical supply portion is 
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provided in the vicinity of the inlet port of the vacuum pump 

so that the radicals are supplied by injecting the radicals 

from a nozzle of the radical supply portion toward a center of 

the inner side. 

[0007] 

 

SUMMARY OF THE INVENTION 

[0008] The invention described in Japanese Patent 

Application Publication No. 2008-248825 employs a 

configuration in which the radicals from the radical supply 

portion are supplied by injection from a nozzle provided in 

the vicinity of the inlet port toward a center of the inner 

side.  And the radicals supplied from the radical supply 

portion are caused to flow with the process gas toward an 

outlet port side in a casing and, in the middle of it, 

decompose depositions adsorbed on the stator-blade blade, an 

inner surface of the casing and the like and are exhausted 

together with the process gas through the outlet port.  Such 

radicals are unstable substances which forcedly separate 

molecular binding by giving a large amount of energy to a 

material gas and thus, they are bound again in a relatively 

short time and lose activity.  Therefore, even if they are 

supplied from the inlet port of the vacuum pump, they are 

bound again before reaching the vicinity of the outlet port of 

the vacuum pump due to collision between the radicals, 

collision and the like against the stator-blade blade and the 
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casing and lose activity. 

[0009] On the other hand, the depositions of the process 

gas are deposited mainly in the vicinity of the outlet port of 

the vacuum pump and thus, there was a problem that they cannot 

be effectively cleaned, even if the radicals are supplied to 

the vicinity of the inlet port. 

[0010] Moreover, when the radical supply portion is to be 

installed in the vicinity of the inlet port of the vacuum 

pump, with the configuration in which the radicals are 

supplied by injection from the nozzle of the radical supply 

portion toward the center of the inner side, the radicals 

cannot be caused to flow evenly to the entire passage through 

which the process gas flows.  That is, the radicals are 

sufficiently supplied to a spot close to a nozzle flow outlet 

and thus, cleaning can be performed effectively, but at a spot 

far away from the nozzle flow outlet, the supply of the 

radicals is small, and cleaning cannot be performed.  Even if 

the radicals are pulled around in a circumferential direction 

by a manifold or the like, they are bound together again in 

the manifold, and cleaning capacity is reduced, which was a 

problem.  Therefore, in order to clean the entire vacuum pump, 

the nozzles of the radical supply portion need to be aligned 

and installed in plural in the circumferential direction, 

whereby costs are raised, which was also a problem. 

[0011] Thus, a technical problem to be solved is generated 

in order to provide a vacuum pump which can decompose 
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depositions by radicals and is capable of effective 

exhaustion, and the present invention has an object to solve 

this problem. 

[0012] The present invention was proposed to achieve the 

aforementioned object, and an invention described in claim 1 

provides a vacuum pump including a casing, a stator disposed 

on an inner side of the casing, and a cylindrical rotor having 

a shaft rotatably supported with respect to the stator and 

rotatably enclosed in the casing together with the shaft, in 

which at least a pair of electrodes that generate radicals are 

disposed in the casing. 

[0013] According to this configuration, in the casing, at 

least a pair of the electrodes of the radical generating 

device that generates the radicals are provided.  The pair of 

electrodes generate the radicals in the casing, that decompose 

the depositions deposited inside the casing.  And when the 

radicals generated in the casing are brought into contact with 

the depositions in the casing, a molecular chain on a surface 

of the deposition is cut off, and the deposition is decomposed 

into a low molecular weight gas.  Moreover, the gas decomposed 

to the low molecular weight is transferred to the outlet port 

of the vacuum pump and is effectively exhausted to the outside 

through the outlet port of the vacuum pump. 

 In addition, by providing at least a pair of the 

electrodes of the radical generating device in the casing at a 

spot where the depositions of the process gas can be generated 
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easily, the depositions can be effectively decomposed and can 

be effectively exhausted to the outside. 

[0014] An invention described in claim 2 provides, in the 

configuration described in claim 1, a vacuum pump further 

including a power source that applies a high-frequency voltage 

to the electrodes. 

[0015] According to this configuration, by disposing at 

least a pair of the electrodes in the passage through which 

the process gas flows in the casing and by applying the high-

frequency voltage to a space between the electrodes from the 

power source, the radicals can be effectively generated in the 

passage through which the process gas flows in the casing.  The 

power source may be disposed on either one of an outer side 

and an inner side of the casing. 

[0016] An invention described in claim 3 provides, in the 

configuration described in claim 1 or 2, a vacuum pump in 

which the electrode is constituted by disposing a plurality of 

cylindrically formed plate materials substantially at equal 

intervals concentrically with an axial center of the shaft. 

[0017] According to this configuration, by cylindrically 

forming the plate materials of the electrode that generates 

the radicals of the radical generating device in plural and 

with different diameters, for example, by disposing the 

plurality of cylindrical plate materials substantially at 

equal intervals concentrically with the axial center of the 

shaft, and by disposing them in a form crossing the entire 
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passage through which the process gas flows in the casing, the 

electrodes of the radical generating device can be disposed 

substantially evenly over the entire passage through which the 

process gas flows in the casing.  As a result, the radicals are 

generated substantially evenly over the entire passage through 

which the process gas flows in the casing and are brought into 

contact with the entire depositions deposited in the casing, 

and cleaning can be performed effectively.  Moreover, by 

cylindrically forming the plurality of the electrodes of the 

radical generating device and by disposing them in the form 

crossing the entire passage through which the process gas 

flows in the casing, a space occupied by the radical 

generating device in the casing can be made smaller and 

compact and thus, a size of the vacuum pump can be reduced. 

[0018] An invention described in claim 4 provides, in the 

configuration described in any one of claims 1 to 3, a vacuum 

pump including a turbo-molecular pump portion in which a 

plurality of rotor-blade blades protruding from an outer 

peripheral part of the rotor are provided, and stator-blade 

blades protruding from an inner peripheral part of the casing, 

separated away in the axial direction with respect to the 

rotor-blade blades, and disposed by surface-facing the rotor-

blade blades is provided. 

[0019] According to this configuration, a structure that 

can effectively decompose and exhaust the depositions of the 

process gas generated in the casing by the vacuum pump 
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including the turbo-molecular portion can be obtained. 

[0020] An invention described in claim 5 provides, in the 

configuration described in any one of claims 1 to 4, a vacuum 

pump including a thread-groove pump portion constituted by 

providing a spiral or a coiled thread groove at least in 

either one of the outer peripheral part of the rotor and the 

inner peripheral part of the stator. 

[0021] According to this configuration, a structure that 

can effectively decompose and exhaust the depositions of the 

process gas generated in the casing by the vacuum pump 

including the thread-groove pump portion or both the thread-

groove pump portion and the turbo-molecular portion can be 

obtained. 

[0022] An invention described in claim 6 provides, in the 

configuration described in any one of claims 1 to 3, a vacuum 

pump including a turbo-molecular pump portion in which a 

plurality of rotor-blade blades protruding from an outer 

peripheral part of the rotor are provided and stator-blade 

blades protruding from an inner peripheral part of the casing, 

separated away in the axial direction with respect to the 

rotor-blade blades, and disposed by surface-facing the rotor-

blade blades are provided and a thread-groove pump portion in 

which a spiral or coiled thread groove is provided at least in 

either one of the outer peripheral part of the rotor and the 

inner peripheral part of the stator are provided, and the 

electrodes are provided on a boundary of the turbo-molecular 
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pump portion and the thread-groove pump portion. 

[0023] According to this configuration, by providing the 

electrodes and the like of the radical generating device on 

the boundary of the turbo-molecular pump portion and the 

thread-groove pump portion, the depositions of the process gas 

deposited in the periphery of the boundary position of the 

turbo-molecular pump portion and the thread-groove pump 

portion can be effectively decomposed and favorably exhausted 

to the outside, and cleaning can be performed. 

[0024] An invention described in claim 7 provides, in the 

configuration in any one of claims 1 to 6, a vacuum pump in 

which the electrodes are provided closer to the inlet port 

side than the rotor. 

[0025] According to this configuration, by providing the 

electrodes of the radical generating device closer to the 

inlet port side than the rotor, a space for disposing the 

electrodes of the radical generating device can be taken wide, 

and more electrodes for generating radicals can be disposed.  

As a result, more radicals can be generated, the depositions 

can be further effectively decomposed and exhausted to the 

outside, and cleaning can be performed. 

[0026] An invention described in claim 8 provides, in the 

configuration described in any one of claims 1 to 7, a vacuum 

pump in which the electrodes are provided at a position in the 

middle in an axial direction of the rotor. 

[0027] According to this configuration, by providing the 
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electrode of the radical generating device at the position in 

the middle in the axial direction of the rotor, the process 

gas taken in through the inlet port and deposited in a 

periphery of the position in the middle in the axial direction 

in the casing can be effectively removed.  The radicals are 

unstable substances and forcedly separate molecular binding by 

giving large energy to a material gas.  Thus, they have a 

demerit that they are bound again in a relatively short time 

and lose activity.  On the other hand, the process gas is 

deposited in the casing mainly in the vicinity of the outlet 

port.  Therefore, even by supplying the radicals in the 

vicinity of the inlet port, effective cleaning cannot be 

performed in some cases.  However, with this configuration, 

since the electrode, which is a part of the radical generating 

device, is provided at the position in the middle in the axial 

direction of the rotor, the depositions of the process gas 

deposited in the vicinity of the outlet port can be 

effectively decomposed and favorably exhausted to the outside, 

and the cleaning can be performed. 

[0028] An invention described in claim 9 provides, in the 

configuration described in any one of claims 1 to 8, a vacuum 

pump in which a purge-gas supply port that supplies a purge 

gas is provided on an upstream side of the electrode in the 

casing. 

[0029] According to this configuration, by causing the 

purge gas such as O2 (oxygen), NF3 (nitrogen trifluoride) and 
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the like, for example, to flow from the purge-gas supply port 

provided on the upstream side of the electrode of the radical 

generating device, O(oxygen) radicals and F(fluorine) radicals 

are generated, and the generated O-radicals, F-radicals and 

the like decompose the deposition of the process gas into a 

low molecular weight gas and can exhaust it to the outside 

through the outlet port.  As a result, the depositions 

deposited in the casing can be further reduced. 

[0030] An invention described in claim 10 provides, in the 

configuration described in any one of claims 1 to 9, a vacuum 

pump having a control portion capable of switching control of 

the rotor between rated rotation and a low-speed rotation at a 

speed lower than the rated speed. 

[0031] According to this configuration, when the O-

radicals, F-radicals and the like are generated by supplying 

the purge gas such as O2, NF3 and the like, for example, there 

is a concern that the purge gas backflows.  However, by 

rotating the rotor at a low speed, backflow of the gasified 

purge gas such as the O-radicals, F-radicals, and the like to 

the device side such as a sealed chamber connected to an inlet 

side can be prevented, and erosion of the device connected to 

the inlet side by the purge gas can be prevented. 

[0032] According to the invention, the depositions 

deposited in the casing can be decomposed into a low molecular 

weight gas by the radicals and can be effectively exhausted to 

the outside through the outlet port of the vacuum pump.  
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Moreover, by providing at least the electrode of the radical 

generating device at a spot where the depositions of the 

process gas can be generated easily in the casing, the 

depositions can be decomposed and exhausted more effectively 

and thus, the depositions deposited in the casing are reduced.  

As a result, a maintenance cycle of the pump can be extended.  

As a result, a frequency of removing the vacuum pump from the 

vacuum chamber or the like for overhauling can be decreased, 

and productivity of the manufacturing devices of 

semiconductor, flat panels and the like can be improved. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a schematic vertical sectional side view 

of a vacuum pump according to an embodiment of the present 

invention; 

 FIGS. 2A and 2B are diagrams illustrating an example of 

an electrode configuration in a radical generating device 

installed in a casing of the vacuum pump, in which FIG. 2A is 

a plan view of the electrode configuration, and FIG. 2B is an 

A-A line arrow-view sectional diagram in FIG. 2A; 

 FIG. 3 is a schematic vertical sectional side view of the 

vacuum pump illustrated as another variation of the vacuum 

pump shown in FIG. 1; and 

 FIG. 4 is a schematic vertical section side view of the 

vacuum pump illustrated as still another variation of the 

vacuum pump shown in FIG. 1. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0034] In order to achieve the object to provide a vacuum 

pump which can decompose depositions by radicals and 

effectively exhaust them, the present invention was realized 

by having such configuration of the vacuum pump having a 

casing, a stator disposed on an inner side of the casing, and 

a cylindrical rotor having a shaft rotatably supported with 

respect to the stator and enclosed in the casing together with 

shaft, in which at least a pair of electrodes generating the 

radicals is disposed in the casing. 

Example 

[0035] Hereinafter, an example according to an embodiment 

of the present invention will be described in details on the 

basis of the attached drawings.  In the following examples, 

when the number, numeral values, amounts, ranges, and the like 

of constituent elements are referred to, except a case of 

explicit indication in particular and a case limited to a 

specific number obviously in principle, they are not limited 

to the specific numbers and may be equal to the specific 

number or more or less. 

[0036] Moreover, when shapes and positional relationships 

of the constituent elements and the like are referred to, they 

include those substantially proximate to or similar to the 

shapes and the like except a case explicitly indicated in 



14 

particular and a case obviously considered not to be so in 

principle. 

[0037] Moreover, in order to facilitate understanding of 

features in drawings, featured parts might be exaggerated by 

enlargement or the like in some cases, and a dimensional ratio 

and the like of the constituent elements are not necessarily 

equal to the actual.  Furthermore, in sectional diagrams, 

hatching of some constituent elements might be omitted in some 

cases in order to facilitate understanding of sectional 

structures of the constituent elements. 

[0038] Moreover, in the following description, expressions 

indicating directions such as up and down, left and right and 

the like are not absolute but they are appropriate when each 

part of the vacuum pump of the present invention is in a 

depicted attitude, but when the attitude is changed, they 

should be interpreted with a change according to the change in 

the attitude.  Furthermore, the same signs are given to the 

same elements throughout the entire description of the 

example. 

[0039] FIG. 1 is a schematic vertical section side view of 

a vacuum pump 10 illustrated as an example according to an 

embodiment of the present invention.  In the following 

description, explanation will be made with an up-down 

direction in FIG. 1 as up and down of the vacuum pump. 

[0040] The vacuum pump 10 shown in FIG. 1 is a complex 

pump (also called a “turbo-molecular pump”) including a turbo-
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molecular pump portion 10A as a gas exhaustion mechanism, a 

thread-groove pump portion 10B, and a radical generating 

device 10C.  The vacuum pump 10 is used as a gas exhausting 

means for a process chamber or other sealed chamber in a 

semiconductor manufacturing device, a flat panel display 

manufacturing device, and a solar panel manufacturing device, 

for example, and the entire operation is performed in 

accordance with a procedure determined by a control portion 

10D. 

[0041] The vacuum pump 10 includes a casing 11 inclusively 

enclosing the turbo-molecular pump portion 10A which exerts 

the exhaustion function, the thread-groove pump portion 10B, 

and at least a part of the radical generating device 10C which 

decomposes and exhausts the depositions deposited inside the 

vacuum pump 10. 

[0042] The casing 11 has a cylindrical pump case 11A, a 

pump base 11B, and a base end lid 11C disposed in a cylinder 

axial direction thereof, the pump case 11A and the pump base 

11B connected by a fastening member 12A, and the pump base 11B 

and the base end lid 11C connected by a mounting bolt 12B so 

as to be formed having a substantially cylindrical shape with 

a bottom. 

[0043] An upper end portion side of the pump case 11A 

(upper side on a paper face in FIG. 1) is open as an inlet 

port 13A, and a first purge-gas supply port 14A communicating 

with an inside of an electrode portion 36A of the radical 
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generating device 10C is provided in a peripheral surface of 

the upper end portion side.  In the inlet port 13A, a flange 

15A is formed.  To the flange 15A of the inlet port 13A, a 

sealed chamber, not shown, with a high vacuum such as a 

process chamber of the semiconductor manufacturing device and 

the like is made to communicate with and is connected.  On the 

flange 15A, a bolt hole 37 into which a bolt, not shown, is 

inserted and an annular groove 38 to which an O-ring for 

keeping airtightness with a flange on the sealed chamber side 

is attached is formed. 

[0044] On the other hand, to the flange 15B of the first 

purge-gas supply port 14A, a purge-gas supply device, not 

shown, is made to communicate with and is connected.  And to 

the flange 15B of the first purge-gas supply port 14A, a 

purge-gas supply device, not shown, is made to communicate 

with and is connected, and the purge gas such as O2 (oxygen), 

NF3 (nitrogen trifluoride) and the like is supplied from the 

purge-gas supply device to the first purge-gas supply port 

14A, for example. 

[0045] On the other hand, on the pump base 11B, an outlet 

port 13B and a second purge-gas supply port 14B are provided.  

On the outlet port 13B, a flange 16A is provided, and a flange 

16B is provided on a second purge-gas supply port 14B.  To the 

flange 16A on the outlet port 13B, an auxiliary pump and the 

like, not shown, are made to communicate with and are 

connected.  To the flange 16B of the second purge-gas supply 
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port 14B, another auxiliary pump separate from the auxiliary 

pump communicating with and connected to the first purge-gas 

supply port 14A is connected, and from the second purge-gas 

supply port 14B, an inactive gas such as N2 (nitrogen) gas, Ar 

(argon) gas or the like is made to flow.  The second purge-gas 

supply port 14B communicates with an inside of a stator column 

35, which will be described later, and by supplying the purge 

gas into an electric-component accommodating portion 35a of 

the stator column 35 (cylindrical inside of the stator column 

35), the second purge-gas supply port 14B is used for 

protecting electric components from a corrosive gas which 

might be contained in the process gas or the like exhausted 

from the sealed chamber connected to the vacuum pump 10. 

[0046] The example shown in FIG. 1 has such a structure 

that the vacuum pump 10 is disposed vertically, but the vacuum 

pump 10 may be mounted laterally to a side of the sealed 

chamber or may be mounted on an upper part of the sealed 

chamber with the inlet port 13A on a lower side. 

[0047] By describing the structure of the vacuum pump 10 

in more detail, a construction exerting the exhaustion 

function is roughly constituted by a stator 17 fixed in the 

casing 11 and a rotor 18 disposed relatively rotatably with 

respect to the stator 17 and the like. 

[0048] The rotor 18 is constituted by a rotor blade 19 and 

a shaft 20 and the like. 
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[0049] The rotor blade 19 has a cylinder member 21 in 

which a first cylinder portion 21a disposed on the inlet port 

13A side (turb-molecular pump portion 10A) and a second 

cylinder portion 21b disposed on the outlet port 13B side 

(thread-groove pump portion 10B) are integrally formed. 

[0050] The first cylinder portion 21a is a member having a 

schematically cylindrical shape and constitutes the rotor 

blade portion of the turbo-molecular pump portion 10A.  An 

outer peripheral surface of the first cylinder portion 21a, 

that is, an outer peripheral portion of the rotor 18 has a 

plurality of rotor-blade blades 22 extending radially outward 

from a surface in parallel with an axial center of the rotor 

blade 19 and the shaft 20 provided at substantially equal 

intervals in a rotating direction.  Moreover, each of the 

rotor-blade blades 22 is inclined in the same direction only 

by a predetermined angle with respect to the horizontal 

direction.  And in the first cylinder portion 21a, the 

plurality of rotor-blade blades 22 extending radially are 

formed in plural stages at predetermined intervals in an axial 

direction. 

[0051] Moreover, a partition wall 23 to be joined to the 

shaft 20 is formed in the middle in the axial direction of the 

first cylinder portion 21a.  In the partition wall 23, a shaft 

hole 23a for mounting an upper end side of the shaft 20 by 

insertion and a bolt hole, not shown, in which the mounting 
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bolt 24 fixing the shaft 20 and the rotor blade 19 is mounted 

are formed. 

[0052] The second cylinder portion 21b is a member with an 

outer peripheral surface having a cylindrical shape and 

constitutes a rotor blade portion of the thread-groove pump 

portion 10B. 

[0053] The shaft 20 is a columnar member constituting a 

shaft of the rotor 18, and a flange portion 20a screwed 

with/fixed to the partition wall 23 of the first cylinder 

portion 21a through the mounting bolt 24 is integrally formed 

on an upper end portion.  And the shaft 20 has the upper end 

portion inserted into the shaft hole 23a from an inner side 

(lower side) of the first cylinder portion 21a until the 

flange portion 20a is brought into contact with a lower 

surface of the partition wall 23 and then, the mounting bolt 

24 is screwed with the mounting hole of the flange portion 20a 

through a bolt hole, not shown, from an upper surface side of 

the partition wall 23, whereby the shaft 20 is fixed to and 

integrated with the cylinder member 21. 

[0054] Moreover, in the middle in the axial direction of 

the shaft 20, a permanent magnet is fixed to the outer 

peripheral surface, which constitutes a part on a rotor side 

of a motor portion 25.  Magnetic poles formed by the permanent 

magnet on the outer periphery of the shaft 20 are an N-pole on 

a half circumference of the outer peripheral surface, while 

the remaining half circumference is an S-pole. 
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[0055] Moreover, on an upper end side (inlet port 13A 

side) of the shaft 20, a portion on the rotor 18 side in a 

radial magnetic bearing portion 26 for supporting the shaft 20 

with respect to the motor portion 25 in a radial direction is 

formed, and a portion on the rotor 18 side in the radial 

magnetic bearing portion 27 for similarly supporting the shaft 

20 with respect to the motor portion 25 in the radial 

direction is formed.  Furthermore, on a lower end of the shaft 

20, on a lower end side (outlet port 13B side), a portion on 

the rotor 18 side of an axial magnetic bearing portion 28 for 

supporting the shaft 20 in the axial direction (thrust 

direction) is formed. 

[0056] In the vicinities of the radial magnetic bearing 

portions 26, 27, a portion on the rotor 18 sides of radial 

displacement sensors 29, 30 are formed, respectively, so that 

displacement of the shaft 20 in the radial direction can be 

detected. 

[0057] These portions on the rotor sides of the radial 

magnetic bearing portions 26, 27 and the radial displacement 

sensors 29, 30 are constituted by laminated steel plates in 

which steel plates are laminated in a shaft direction of the 

rotor 18.  This is for preventing occurrence of an eddy current 

in the shaft 20 by magnetic fields generated by coils 

constituting the portion on the rotor 18 sides of the radial 

magnetic bearing portions 26, 27 and the radial displacement 

sensors 29, 30. 
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[0058] The rotor blade 19 is constituted by using metal 

such as stainless, aluminum alloy and the like. 

[0059] On an inner peripheral side of the casing 11, the 

stator 17 is formed.  The stator 17 is constituted by a stator 

blade 31 and a spacer 34 provided on the inlet port 13A side 

(turbo-molecular pump portion 10A side), a thread-groove 

spacer 32 provided on the outlet port 13B side (thread-groove 

pump portion 10B side), a stator of the motor portion 25, 

stators of the radial magnetic bearing portions 26, 27, a 

stator of the axial magnetic bearing portion 28, stators of 

the radial displacement sensors 29, 30, the stator column 35 

and the like. 

[0060] The stator blade 31 is constituted by a stator-

blade blades 33 extending from an inner peripheral surface of 

the casing 11 toward the shaft 20 with inclination only by a 

predetermined angle from a plane perpendicular to an axis of 

the shaft 20.  Moreover, regarding the stator blades 31 in the 

turbo-molecular pump portion 10A, the stator-blade blades 33 

are formed in plural stages alternately with the rotor-blade 

blades 22 of the rotor blade 19 in the axial direction.  The 

stator-blade blades 33 in each stage are separated from each 

other by the spacer 34 having a cylindrical shape. 

[0061] The thread-groove spacer 32 is a columnar member in 

which a spiral groove 32a is formed in an inner peripheral 

surface.  The inner peripheral surface of the thread-groove 

spacer 32 is opposed to an outer peripheral surface of the 
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second cylinder portion 21b in the cylinder member 21 with a 

predetermined clearance (gap) between them.  A direction of the 

spiral groove 32a formed in the thread-groove spacer 32 is a 

direction toward the outlet port 13B when a gas is transported 

in a rotating direction of the rotor 18 in the spiral groove 

32a.  A depth of the spiral groove 32a is configured to become 

shallower as it gets closer to the outlet port 13B, and the 

gas transported through the spiral groove 32a is compressed as 

it gets closer to the outlet port 13B. 

[0062] The stator blade 31 and the thread-groove spacer 32 

are constituted by using metal such as stainless, an aluminum 

alloy and the like. 

[0063] The pump base 11B is a member having a 

schematically short cylindrical shape with an opening 39 

penetrating in an up-down direction at a center.  On an upper 

surface side of the pump base 11B, the stator column 35 having 

a cylindrical shape is mounted by inserting and engaging a 

lower end side in the opening 39 with the upper surface side 

directed to the direction of the inlet port 13A, 

concentrically with a center axis of the stator 17.  The stator 

column 35 supports portions on the stator sides of the motor 

portion 25, the radial magnetic bearing portions 26, 27, and 

the radial displacement sensors 29, 30.  On the other hand, on 

a lower surface side of the pump base 11B, the base end lid 

11C is mounted by the mounting bolt 12B and integrated with 

the pump base 11B.  That is, the base end lid 11C forms the 
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casing 11 together with the pump case 11A and the pump base 

11B. 

[0064] In the motor portion 25, stator coils with a 

predetermined number of poles are disposed at equal intervals 

on the inner peripheral sides of the stator coils so that a 

rotating magnetic field can be generated around magnetic poles 

formed on the shaft 20. 

[0065] The radial magnetic bearing portions 26, 27 are 

constituted by the coils disposed by each 90 degrees around 

the rotation axis.  The radial magnetic bearing portions 26, 27 

magnetically float the shaft 20 in the radial direction by 

attracting the shaft 20 in the magnetic field generated by 

these coils. 

[0066] On a bottom part of the stator column 35, the axial 

magnetic bearing portion 28 is formed.  The axial magnetic 

bearing portion 28 is constituted by a disc extending from the 

shaft 20 and the coil disposed above and below this disc.  The 

shaft 20 is magnetically floated in the axial direction when 

the magnetic field generated by these coils attract this disc. 

[0067] The radical generating device 10C is disposed on a 

boundary of the turbo-molecular pump portion 10A and the 

thread-groove pump portion 10B, which is a position in the 

middle in the axial direction of the rotor 18 disposed in the 

casing 11 as shown in FIG. 1. 

[0068] The radical generating device 10C includes the 

electrode portion 36A and a power source 36B.  The power source 
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36B of the radical generating device 10C applies a high-

frequency voltage to electrodes 36a1, 36a2, 36a3, 36a4, 36a5 

of the electrode portion 36A in the radical generating device 

10C, and it is provided on an outer side of the casing 11 in 

some cases.  The power source 36B applies the voltage so that 

electrodes with different + and - are generated on each of the 

adjacent electrodes 36a1, 36a2, 36a3, 36a4, and 36a5. 

[0069] On the other hand, the electrode portion 36A of the 

radical generating device 10C has, as shown in the plan view 

thereof in FIG. 2A, the A-A line sectional arrow view of FIG. 

2A in FIG. 2B (FIG. 1 also corresponds to the A-A line 

sectional arrow view), a plurality of (five in this example) 

electrodes 36a1, 36a2, 36a3, 36a4, 36a5, each made of a plate 

material having a cylindrical shape.  Each of the electrodes 

36a1, 36a2, 36a3, 36a4, 36a5, has a size of a diameter of each 

cylinder changed in order at a substantially equal ratio and 

disposed at substantially equal intervals concentrically with 

the axial center of the shaft 20.  Therefore, a gap between the 

electrode 36a1 and the electrode 36a2 is substantially equal 

to the gap between the electrode 36a2 and the electrode 36a3, 

the gap between the electrode 36a3 and the electrode 36a4, and 

the gap between the electrode 36a4 and the electrode 36a5.  In 

addition, in each of the electrodes 36a1, 36a2, 36a3, 36a4, 

36a5, an inner diameter of the electrode 36a1 disposed on the 

innermost side is larger than an outer diameter of the 

corresponding rotor blade 19, and the outer diameter of the 
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electrode 36a5 disposed on the outermost side is formed 

smaller than the inner diameter of the corresponding pump case 

11A. 

[0070] The electrode portion 36A formed as above is 

disposed concentrically with the shaft 20 between the rotor 18 

and the pump case 11A in a horizontal state substantially 

perpendicular to the axial center of the shaft 20 so as to 

cross the entire inside of the passage of the process gas in 

the casing 11 horizontally.  Therefore, in the vacuum pump 10 

of this example, the process gas entering from the inlet port 

13A and flowing in the casing 11 and the purge gas supplied 

from the first purge-gas supply port 14A flow toward the 

outlet port 13B through the gaps between each of the 

electrodes 36a1, 36a2, 36a3, 36a4, 36a5 of the electrode 

portion 36A. 

[0071] In the radical generating device 10C, in a state 

where the high-frequency voltage is applied from the power 

source 36B to each of the electrodes 36a1, 36a2, 36a3, 36a4, 

36a5 of the electrode portion 36A, when the aforementioned 

purge gas such as O2, NF3 and the like, for example, is 

supplied from the first purge-gas supply port 14A, the O-

radical, the F-radical are generated when the purge gas passes 

through each of the electrodes 36a1, 36a2, 36a3, 36a4, 36a5.  

Moreover, when the O-radical, the F-radical flow toward the 

outlet port 13B, they function so as to give large energy to 

the depositions deposited inside the casing 11, to forcedly 



26 

cut off the molecular chain on the surface of the depositions 

and to decompose them into a low molecular weight gas, to 

transport the gas having been decomposed into the low 

molecular weight to the outlet port 13B, and to exhaust them 

to the outside of the vacuum pump 10 through the outlet port 

13B. 

[0072] The control portion 10D is constituted by a 

microcomputer, for example, and controls start/stop of the 

motor portion 25, the radial magnetic bearing portions 26, 27, 

the axial magnetic bearing portion 28, the radical generating 

device 10C, the auxiliary pump communicating with/connected to 

the first purge-gas supply port 14A, and the auxiliary pump 

communicating with/connected to the second purge-gas supply 

port 14B. 

[0073] The vacuum pump 10 constituted as above operates as 

follows and exhausts the gas from a vacuum vessel. 

[0074] First, by means of control of the control portion 

10D, the radial magnetic bearing portions 26, 27 and the axial 

magnetic bearing portion 28 are started, the entire rotor 18 

is magnetically floated through the shaft 20, and the rotor 18 

is supported in the space in a non-contact manner. 

[0075] Subsequently, the motor portion 25 is driven by the 

control of the control portion 10D, and the shaft 20 is 

rotated in a predetermined direction.  That is, the rotor 18 is 

rotated in the predetermined direction.  A rotational speed is 

approximately 30,000 rotations per minute, for example.  In 
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this example, the rotating direction of the rotor 18 is 

assumed to be a clockwise direction when seen from the inlet 

port side, but the vacuum pump 10 can be also configured to be 

rotated in a counterclockwise direction. 

[0076] When the rotor 18 is rotated, by means of actions 

of the rotor-blade blades 22 of the rotor blade 19 and the 

stator-blade blades 33 of the stator blade 31 of the stator 

17, the gas is sucked through the inlet port 13A and is 

compressed more as it goes closer to the lower stage.  The gas 

compressed in the turbo-molecular pump portion 10A is further 

compressed in the thread-groove pump portion 10B and is 

exhausted from the outlet port 13B. 

[0077] By the way, in the vacuum pump 10, in a process of 

compressing the process gas in the vacuum pump 10, a gas is 

solidified and deposited inside the casing 11.  Thus, the 

control portion 10D drives the radical generating device 10C 

between process processing and in a state where the high-

frequency voltage is applied to each of the electrodes 36a1, 

36a2, 36a3, 36a4, 36a5 of the electrode portion 36A, the purge 

gas such as O2, NF3 and the like is further supplied from the 

first purge-gas supply port 14A, and the purge gas is caused 

to flow toward the outlet port 13B in the passage through 

which the process gas flows. 

[0078] Moreover, when the purge gas is caused to flow, the 

control portion 10D controls driving of the motor portion 25, 

switches the rotation of the motor portion 25 to a low-speed 
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rotation lower than rated rotation, and causes the driving of 

the rotor 18 operated at a low speed.  Then, in the state where 

the rotor 18 is performing constant-speed rotation, the purge 

gas such as O2, NF3 and the like is caused to flow from the 

first purge-gas supply port 14A.  When the purge gas is caused 

to flow from the first purge-gas supply port 14A, the O-

radical, the F-radical are generated in the radical generating 

device 10C when the purge gas passes through each of the 

electrodes 36a1, 36a2, 36a3, 36a4, 36a5.  Moreover, when the 

generated O-radical, F-radical flow toward the outlet port 

13B, upon contact of the O-radical, the F-radical with the 

depositions deposited inside the casing 11, it gives large 

energy to the depositions, forcedly cuts off the molecular 

chain on the surface of the depositions and decomposes them 

into the low molecular weight gas.  Then, the gas having been 

decomposed into the low molecular weight is exhausted to the 

outside through the outlet port 13B.  As a result, the 

depositions deposited in the casing 11 can be reduced. 

[0079] The reason why the rotor 18 is left to be rotated 

at a low speed when the purge gas is caused to flow is to 

ensure that the purge gas reliably flows to the outlet port 

13B side and does not backflow into the vacuum chamber from 

the inlet port 13A side so as to avoid corrosion or the like 

in the vacuum chamber.  Therefore, the low molecular weight gas 

having been decomposed by the purge gas is exhausted to the 

outside of the casing 11 through the outlet port 13B and thus, 
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the depositions deposited in the casing 11 can be reduced.  As 

a result, the maintenance cycle of the pump can be extended, 

and the frequency of removing the vacuum pump from the vacuum 

chamber for overhauling can be decreased. 

[0080] Moreover, during the driving of the vacuum pump 10, 

an inactive gas such as an N2 (nitrogen) gas, an Ar (argon) 

gas and the like is caused to flow into the stator column 35 

from the second purge-gas supply port 14B and protects the 

electric components and the like accommodated in the electric-

component accommodating portion 35a of the stator column 35 

from a corrosive gas. 

[0081] Moreover, the radicals are unstable substances 

which forcedly separate the molecular binding by giving large 

energy to the material gas.  Thus, they have a demerit that are 

bound again in a relatively short time and lose activity.  On 

the other hand, the process gas is deposited in the casing 

mainly in the vicinity of the outlet port 13B.  Therefore, even 

by supplying the radicals in the vicinity of the inlet port 

13A, effective cleaning cannot be performed in some cases.  

However, with the vacuum pump 10 in this example, since the 

electrode portion 36A of the radical generating device 10C is 

provided at the position in the middle in the axial direction 

of the rotor 18, that is, at the position on the boundary of 

the turbo-molecular pump portion 10A and the thread-groove 

pump portion 10B, the depositions of the process gas deposited 

on the downstream side (the outlet port 13B side) of the 
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electrode portion 36A of the radical generating device 10C, 

can be effectively decomposed and favorably exhausted to the 

outside. 

[0082] Moreover, since the plurality of electrodes 36a1, 

36a2, 36a3, 36a4, 36a5 of the electrode portion 36A in the 

radical generating device 10C are made cylindrically, 

respectively, and disposed concentrically, and disposed in the 

form of crossing the entire passage through which the process 

gas and the purge gas pass in the casing 11, a space occupied 

by the radical generating device 10C in the casing 11 can be 

reduced and can be made compact.  As a result, size reduction 

of the vacuum pump 10 is realized.  There only needs to be at 

least a pair of electrodes in the electrode portion 36A, and 

the more the number of the electrodes is increased, the larger 

the generation amount of the radicals is increased, and a 

decomposition effect of the depositions by the radicals can be 

further improved. 

[0083] In the structure of the aforementioned example, the 

structure in which the electrode portion 36A of the radical 

generating device 10C is disposed at a position in the middle 

in the axial direction of the rotor 18, that is, in the 

boundary of the turbo-molecular pump portion 10A and the 

thread-groove pump portion 10B was disclosed, but the position 

where the electrode portion 36A of the radical generating 

device 10C is provided is not limited to the position in the 

structure of the aforementioned example but may be a position 
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in the vacuum pump 10 shown in FIG. 3, FIG. 4 illustrated as 

variations of this example, for example. 

[0084] That is, FIG. 3 is a schematic vertical sectional 

side view illustrating a variation of the vacuum pump 10 shown 

in FIG. 1.  The members given the same signs in FIG. 3 as those 

in FIG. 1 are the same members as the members shown in FIG. 1, 

and duplicated explanation will be omitted. 

[0085] The vacuum pump 10 shown in FIG. 3 has the 

electrode portion 36A of the radical generating device 10C 

provided at the position in the middle in the axial direction 

of the turbo-molecular pump portion 10A.  In the vacuum pump 10 

in this variation, the electrode portion 36A of the radical 

generating device 10C is provided at the position in the 

middle in the axial direction of the rotor 18, that is, at the 

position in the middle in the axial direction of the turbo-

molecular pump portion 10A and thus, the depositions of the 

process gas to be deposited on the downstream side (the outlet 

port 13B side) of the electrode portion 36A of the radical 

generating device 10C can be effectively decomposed and 

favorably exhausted to the outside. 

[0086] FIG. 4 is a schematic vertical sectional side view 

illustrating another variation of the vacuum pump 10 shown in 

FIG. 1.  The members given the same signs in FIG. 4 as those in 

FIG. 1 are the same members as the members shown in FIG. 1, 

and duplicated explanation will be omitted. 
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[0087] The vacuum pump 10 shown in FIG. 4 has the 

electrode portion 36A of the radical generating device 10C 

provided at the position between the first purge-gas supply 

port 14A and the rotor 18 in the axial direction of the rotor 

18 in the casing 11.  In the vacuum pump 10 in this variation, 

the electrode portion 36A of the radical generating device 10C 

is provided at the position between the first purge-gas supply 

port 14A and the rotor 18 in the casing 11 of the rotor 18 and 

thus, the space for installing the electrodes can be ensured 

large, and as a result, the electrodes can be disposed in the 

number (10 pieces in this variation) larger than that in the 

vacuum pump 10 shown in FIGS. 1 and 3, and the radicals can be 

generated more.  As a result, the depositions of the process 

gas passing through the turbo-molecular pump portion 10A and 

the thread-groove pump portion 10B on the downstream side (the 

outlet port 13B side) of the electrode portion 36A of the 

radical generating device 10C can be further effectively 

decomposed and favorably exhausted to the outside through the 

outlet port 13B. 

[0088] The present invention can be altered in various 

ways, as long as the spirit of the present invention is not 

departed, and it is natural that the present invention covers 

the altered ones. 

 Moreover, description was made by using the example in 

which the spiral-shaped spiral groove 32a is provided in the 

inner peripheral surface of the fixed cylinder (thread-groove 
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spacer 32), but the thread-groove pump portion 10B may be 

constituted by providing the spiral-shaped thread groove on 

the outer peripheral surface side of the second cylinder 

portion 21b of the cylinder member 21 or by providing the 

spiral-shaped thread groove on the both. 

 Furthermore, the thread-groove pump portion 10B may be 

constituted by providing a disc protruding from the outer 

peripheral surface of the cylinder member 21 and a disc 

protruding from the inner side surface of the casing 11 and by 

providing a spiral-shaped thread groove in an opposed surface. 

 

REFERENCE SIGNS LIST 

[0089] 

10 Vacuum pump 

10A Turbo-molecular pump portion 

10B Thread-groove pump portion 

10C Radical generating device 

10D Control portion 

11 Casing 

11A Pump case 

11B Pump base 

11C Base end lid 

12A Fastening member 

12B Mounting bolt 

13 Inlet port 

13A Inlet port 
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13B Outlet port 

14A First purge-gas supply port 

14B Second purge-gas supply port 

15A Flange 

15B Flange 

16A Flange 

16B Flange 

17 Stator 

18 Rotor 

19 Rotor blade 

20 Shaft 

20a Flange portion 

21 Cylinder member 

21a First cylinder portion 

21b Second cylinder portion 

22 Rotor-blade blade 

23 Partition wall 

23a Shaft hole 

24 Mounting bolt 

25 Motor portion 

26 Radial magnetic bearing portion 

27 Radial magnetic bearing portion 

28 Axial magnetic bearing portion 

29 Radial displacement sensor 

30 Radial displacement sensor 

31 Stator blade 
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32 Thread-groove spacer 

32a Spiral groove(thread groove) 

33 Stator-blade blade 

34 Spacer 

35 Stator column 

35a Electric-component accommodating portion 

36A Electrode portion 

36B Power source 

36a1 Electrode 

36a2 Electrode 

36a3 Electrode 

36a4 Electrode 

36a5 Electrode 

37 Bolt hole 

38 Annular groove 

39 Opening 

  



36 

What Is Claimed Is: 

 1. A vacuum pump, comprising: 

 a casing; 

 a stator disposed on an inner side of the casing; and 

 a cylindrical rotor having a shaft rotatably supported 

with respect to the stator and rotatably enclosed in the 

casing together with the shaft, wherein 

 at least a pair of electrodes that generate radicals are 

disposed in the casing. 

 

 2. The vacuum pump according to claim 1, further 

comprising: 

 a power source that applies a high-frequency voltage to 

the electrodes. 

 

 3. The vacuum pump according to claim 1 or 2, wherein 

 the electrode is constituted by disposing a plurality of 

cylindrically formed plate materials substantially at equal 

intervals concentrically with an axial center of the shaft. 

 

 4. The vacuum pump according to any one of claims 1 to 3, 

further comprising: 

 a turbo-molecular pump portion in which a plurality of 

rotor-blade blades protruding from an outer peripheral part of 

the rotor are provided, and stator-blade blades protruding 

from an inner peripheral part of the casing, separated away in 
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an axial direction with respect to the rotor-blade blades and 

disposed by surface-facing the rotor-blade blades. 

 

 5. The vacuum pump according to any one of claims 1 to 4, 

further comprising: 

 a thread-groove pump portion in which a spiral or a 

coiled thread groove is provided at least in either one of an 

outer peripheral part of the rotor and an inner peripheral 

part of the stator. 

 

 6. The vacuum pump according to any one of claims 1 to 3, 

further comprising: 

 a turbo-molecular pump portion in which a plurality of 

rotor-blade blades protruding from an outer peripheral part of 

the rotor are provided and stator-blade blades protruding from 

an inner peripheral part of the casing, separated away in the 

axial direction with respect to the rotor-blade blades, and 

disposed by surface-facing the rotor-blade blades are 

provided; and 

 a thread-groove pump portion in which a spiral or coiled 

thread groove is provided at least in either one of the outer 

peripheral part of the rotor and the inner peripheral part of 

the stator, wherein 

 the electrodes are provided on a boundary of the turbo-

molecular pump portion and the thread-groove pump portion. 
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 7. The vacuum pump according to any one of claims 1 to 6, 

wherein 

 the electrodes are provided closer to the inlet port side 

than the rotor. 

 

 8. The vacuum pump according to any one of claims 1 to 7, 

wherein 

 the electrodes are provided at a position in the middle 

in an axial direction of the rotor. 

 

 9. The vacuum pump according to any one of claims 1 to 8, 

wherein 

 a purge-gas supply port that supplies a purge gas is 

provided on an upstream side of the electrode in the casing. 

 

 10. The vacuum pump according to any one of claims 1 to 

9, further comprising: 

 a control portion capable of switching control of the 

rotor between rated rotation and a low-speed rotation at a 

speed lower than the rated speed. 

  


