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DESCRIPTION
TURBO-MOLECULAR PUMP

Technical Field
The present invention relates to a compact turbo-molecular
pump, for evacuating a processing chamber used in a semiconductor

device manufacturing process, having a high evacuation

capability.

Background Art _

A conventional turbo-molecular pump is shown in Figure 14.
The pump is comprised of a pump casing 10 housing a rotor (rotation
section) R and a stator (stationary section) S to form an axial
exhaust vane section L, and a screw groove exhaust section L,.
The bottom section of the pump casing 10 is covered with a base
section 14, which is provided with an exhaust port 14a. The top
section of the pump casing 10 communicates the pump with an
apparatus or conduit to be evacuated through an upper flange
section 12a. The stator S is comprised primarily by a fixed
cylindrical section 16 erected in the center of the base section
14, and the stationary sections of the axial exhaust vane section
L, and the screw groove exhaust section L,.

The rotor R comprises a main shaft 18 inserted inside the
fixed cylindrical section 16 and a rotating cylinder section
20 attached thereto. Thedrivemotor 22, an upper radial bearing
24, a lower radial bearing 26 and an axial bearing 28 are provided
on the opposing surfaces of the main shaft 18 and the fixed
cylindrical section 16. The axial bearing 28 comprises a target
disk 28a provided at the bottom of the main shaft 18 and upper
and lower electrical magnets 28b provided on the stator s. This

structure permits the rotor R to be rotated at high speeds under

five-axial active controls.
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Axial exhaust vane section L, includes an impeller
comprising the rotary vanes 30 provided integrally with the upper
outer periphery of the rotating cylinder section 20, and the
stationary vanes 32 fixed on the interior of the casing 10
alternating with the rotary vanes 30, and produces evacuation
action by the mutual interaction of the high-speed rotary vanes
30 and the stationary vanes 32.

A screw groove exhaust sectionL; is provided at a downstream
location of the axial exhaust vane section L,. In other words,
the rotating cylinder section 20 has .the screw groove section
54 having screw ridges 54a on its outer surface to surround the
fixed cylindrical section 16, while, the stator S has a screw
groove spacer 56 to surround the outer surface of the screw groove
section 54. The screw groove exhaust section L, performs its
evacuation action by the drag effect of the screw ridges 54a
of the screw groove section 54 rotating at high speed.

By providing the screw groove exhaust section L, on a
downstream side of the axial exhaust vane section IL,, the
turbo-molecular pump is able to handle a wide~-range of flowrates.
Although the illustrated example provided the screw grooves of
the screw groove exhaust section I, on the rotor side, the screw
grooves may be provided on the stator side in some cases.

However, the volume of gas required by semiconductor
processing apparatuses has been steadily increasing as a result
of increasing wafer diameter, and consequently, the turbo-
molecular pump has also been required to process an increasing
volume of exhaust gas while maintaining the pressure inside the
apparatus below a certain level and retaining a high compressive
capability.

However, in the current technology, increase in the

‘evacuation capacity is achieved through increasing the number

of stages in the axial direction, causing the length and weight
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of the pump to increase. The result is not only a costly pump,
but the valuable space inside a clean room begins to be occupied
bir the large pump apparatus. In addition, the safety of
operation can be threatened if such a large rotor should fracture
due to some difficulties because of the high dynamic torque being

applied to the weighty pump.

Disclosure of Invention

It is anobject of the present invention to provide a compact
turbo-molecular pump that has a relatively short axial length
and yet provides sufficient evacuation and compression
capabilities.

The object has been achieved in a turbo-molecular pump
comprising: a casing which contains an exhaust vane section
having rotary vanes on a rotor section alternating with
stationary vanes on a stator section, wherein the exhaust vane
section comprises an axial exhaust vane section and a radial
exhaust vane section disposed downstream of the axial exhaust
vane section.

Accordingly, the overall performance of the present
turbo-molecular pump is improved, because the present pump
combines the axial exhaust vane section (exhibiting superior
evacuation capability in the molecular flow region) with a radial
exhaust vane section disposed in a downstream location operating
at a higher pressure (exhibiting superior evacuation capability
in a wide range of flow rates, from molecular flow to viscous
flow regions). The radial exhaust vane section is, for example,
made by placing the stationary vanes and rotary vanes in
proximity and providing certain geometrical shaped ridges on
the vanes so as to exhaust the gas in the radial directions by
the effects produced by rotating vanes. A tortuous path in

radial directions is thus created in multi-stages by having the
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rotary vanes alternating with the stationary vanes, and the pump
performance (evacuation and compression characteristics) is
i_l.l\proved without increasing the axial length of the pump. The
surface irregularities such as ridges or grooves (protrusions
or depressions) provided on the rotary vanes result in higher
performance but they can be made much more readily on the stator
side of the pump.

The radial exhaust vane section may comprise surface
protrusions and depressions formed in a spiral shape on at least
one of opposing surfaces of the stationary vanes or the rotary
vanes. Impacting effect produced by such surface
irreqgularities caused by rotation of the rotor section produces
a superior evacuation efficiency. The radial exhausting
structure is provided in the clearance space in the axial
direction between the stationary vanes and the rotary vanes,
therefore, compared with the screw type evacuation technique
used in the conventional turbo-pump design, the pump performance
is less sensitive to thermal or elastic deformation effects of
the pump, and stable performance over a long service life of
the pump is obtained.

In another aspect of the invention is a turbo-molecular
pump comprising a casing which contains an exhaust vane section
having rotary vanes on a rotor section alternating with
stationary vanes on a stator section, wherein the exhaust vane
section comprises a radial exhaust vane section, the radial
exhaust vane section comprising surface irregularities formed
in a spiral shape on at least one of opposing surfaces of the
stationary vanes or the rotary vanes. The results of test by
the inventors demonstrated that the gas evacuated toward the
central region of the rotor section is able to overcome the
centrifugal effects of the rotating vanes. Therefore, by having

the rotary vanes alternating with the stationary vanes, a

TFi
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multi-stage tortuous path in the radial directions is created,
and the pump performance is improved without increasing the axial
1éngth of the pump.

A screw groove exhaust section may be provided at an
upstream location of the radial exhaust vane section for
exhausting gases in an axial direction of the pump by means of
screw grooves.

A screw groove exhaust section also may be provided at a
downstream location of the radial exhaust vane section for
exhausting gases in an axial direction of the pump by means of
screw grooves.

The screw groove exhaust section may be provided between
an inner surface of the rotor section and a fixed cylindrical
section disposed on an inner side of the rotor section.

Stationary vanes and/or rotary vanes may be made of ceramics,
titanium or titanium alloys. Such a pump would have improved

strength, corrosion and thermal resistance.

Brief Description of Drawings

Figure 1 is a cross sectional view of an embodiment of the
turbo-molecular pump of the present invention;

Figures 2A, 2B are a plan view and a side view of the
stationary vanes of the pump shown in Figqure 1;

Figures 3A, 3B are a plan view and a side view of another
embodiment of the rotary vanes;

Figure 4 is a performance graph of the pump;

Figure 5 is another performance graph of the pump;

Figure 6 is a cross sectional view of a third embodiment
of the turbo-molecular pump of the present invention;

Figure 7 is a cross sectional view of a fourth embodiment
of the turbo-molecular pump of the present invention;

Figure 8 is a cross sectional view of a fifth embodiment
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of the turbo-molecular pump of the present invention;

Figure 9 is a cross sectional view of a sixth embodiment
of the turbo-molecular pump of the present invention;

Figure 10 is a cross sectional view of a seventh embodiment
of the turbo-molecular pump of the present invention;

Figure 11 is a cross sectional view of an eighth embodiment
of the turbo-molecular pump of the present invention;

Figures 12A-12D are cross sectional views showing
variations of vanes in the radial exhaust vane section;

Figures 13A-13E are also cross sectional views showing
variations of vanes in the radial exhaust vane section; and

Figure 14 is a cross sectional view of a conventional

turbo-molecular pump.

Best Mode for Carrying Out the Invention

Preferred embodiments will be presented with reference to
Figures 1 and 2. The turbo-molecular pump (pump hereinafter)
comprises a pump casing 10 having a rotor section R and a stator
section S, and an axial exhaust vane section L, and a radial
exhaust vane section L, are provided between the two sections.
The top and bottom sections of the casing 10 are provided with
respective flanges 12a, 12b, and the upper flange 12a is attached
to an apparatus or conduit to be evacuated.

The stator S comprises a base section 14 coupled with the
lower flange 12b to cover the bottom section of the casing 10;
a fixed cylindrical section 16 erected in the middle; and the
stationary sections of the axial exhaust vane section L, and the
radial exhaust vane sectionL,. Anexhaustopeningl7 is provided
on the base section 14. The rotor R includes a main shaft 18
inserted in the fixed cylindrical section 16, and a rotating
cylinder section 20 attached to the shaft 18.

Between the outer surface of the main shaft 18 and the inner
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surface of the cylindrical section 16, a drive motor 22 for the
rotor-R, an upper radial bearing 24, a lower radial bearing 26
and an axial bearing 28 for providing a non-contact support to
the rotor R are provided. Axial bearing 28 has a target disk
2B8a attached to the bottom of the main shaft 18, and also
upper/lower electromagnets 28a, 28b on the stator S side. This
structure of the pump enables the rotor R to be rotated at high
speeds under five-axes active controls. Touch-down bearings
29a, 29b are provided at two locations, at top and bottom of
the fixed cylindrical section 16, for providing a contact support
to the rotor R when necessary.

Disk-shaped rotary vanes 30 are integrally formed on the
upper outer periphery of the rotating cylinder section 20 of
the axial exhaust vane section L,, and on the inside surface of
the pump casing 10, staticonary vanes 32 are provided
alternatingly with the rotary vanes 30. Each stationary vane
32 is fixed in place at the edges by being pressed from top and
bottom by stationary vane spacers 34. Rotary vane 30 is provided
with radially extending slanted ribs (not shown) between the
inner section hub 30a and the outer section frame 32b, and the
high speed rotation of the rotor R imparts momentum to the gas
molecules to exhaust the gas in the axial direction.

The radial exhaust vane section L, is provided downstream
of the axial exhaust vane section I,, that is, below the section
L,, and has a similar structure to the axial exhaust vane section
L,. Disk-shaped rotary vanes 36 are integrally formed on the
outer periphery of the rotating cylinder section 20, and on the
inner periphery of the casing 10, stationary vanes 38 are
provided to alternate with the rotary vanes 36. Each stationary
vane 38 is fixed in place by being pressed at the edges from
top and bottom by stationary vane spacers 40.

Each stationary vane 38 is a hollow disk and has a center

This Sheet Has Been Replaced
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hole 42, and as shown in Figure 2, spiral shaped ridges 46 are
provided to extend between the center hole 42 and the peripheral
section 44 on the front surface as well as the back surface,
and the grooves 48 formed between the ridges 46 spread out towards
the outer periphery. When the spiral ridges 46 formed on the
front surface (top surface) of the stationary vanes 38 are
rotated in the direction of the arrow A, gas molecules are driven
in the direction of the arrow B towards the inner side of the
disk. On the other hand, on the back surface (bottom side) of
the stationary vane 38, the spiral ridges 46 are arranged so
as to transport the gas molecules towards the outer side of the
disk in the direction of the arrow C, shown by broken lines in
Figure 2A. Each of such stationary vanes is normally formed in
two half pieces, which are assembled together by inserting the
spacers 40 and by alternating with rotary vanes 36, and the
completed assembly is inserted inside the casing 10.

The confiquration, formed by the stationary vanes 3B and
the rotary vanes 36, produces a long path of exhausting flow
of molecules flowing from top to bottom of the pump generated
by the tortuous structure in the radial exhaust vane section
L,, although the length of the axial distance occupied is
relatively short. Accordingly, the overall axial length of the
pump is kept short without sacrificing the pump performance in
high evacuation and compressive capabilities.

Figures 3A, 3B show another embodiment in which
irregularities such as ridges 50 and the grooves 52 are formed
on the surfaces of rotary vanes 36, and the surface of the
stationary vanes 38 is shaped flat. When the spiral ridges 50
formed on the front surface of the rotary vanes 36 (upper surface)
are rotated in the direction of the arrow A, gas molecules are
driven in the direction of the arrow B towards the outer side
of the disk. Onthe other hand, on the back surface (bottom side)

TE 1Bli
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of the stationary vane 38, the spiral ridges 50 are arranged
so as to transport the gas molecules towards the inner side of
the disk in the direction of the arrow C, shown by broken lines
in Figure 2aA.

Similar to the previous embodiment, the pump in this
embodiment also forms a tortuous path of exhausting flow of
molecules in the radial exhaust vane section L, between the
stationary vanes 38 and the rotary vanes 36 such that the high
evacuation and compressive capabilities are maintained without
increasing the overall length of the pump.

When the present pump is compared to the conventional pump
shown in Figure 14, the following advantages are evident. 1In
the pump shown in Figure 14, the screw groove exhaust section
L, has a radial clearance between the ridges 54a in the
cylindrical screw groove section 54 and the screw groove spacer
56, and this clearance is susceptible to operational factors
when the rotor R is operated at high speeds, such as elastic
deformation and thermal deformation, and also creep deformation
when the rotor is operated at high temperatures over prolonged
periods. When any of such events occur, operational stability
of the pump is affected. In contrast, the radial exhaust vane
section L, in the present pump, the clearance is provided in the
axial direction between the two disks so that the shaft and the
casing are less susceptible to elastic load and temperature
changes. Therefore, deformations caused by elastic, thermal
and creep effects are less likely to occur and the clearance
remains unaffected, thereby providing a stable operation of the
pump, and thus, the pump also is more tolerant of overloading.

Figures 4 and 5 show operational characteristics of the
present pump, showing the suction side pressure Ps on the
vertical axis and the discharge side pressure Pd on the

horizontal axis. The legends, “rotor side” and “stator side”,
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relate respectively to that side of the surxface where grooves
or ridges are formed. Inthese tests, the pressures aremeasured
a't the entry point and exit point of an exhaust passage formed
between a pair of vanes (one rotary vane 36 and its associated
stationary vane 38). Figure 4 shows the pressures in the exhaust
passage directing the gas from the inner side to outer side while
Figure 5 shows the same when the gas flows from the outer side
to inner side of the exhaust passage.

In these graphs, the fact the measured values all lie below
aline givenby "Ps =Pd" indicates that, in either flowdirection,
evacuation performance is obtained by such configuration. 1In
either case, the ultimate vacuum pressure obtainable is lower
for the lower exhaust rate of evacuation.

Comparing Figures 4 and 5, it can be seen that the ultimate
vacuum values are lower in Figure 4, and therefore, evacuation
efficiency is higher when the gas flows from the inner side to
the outer side, rather than the opposite direction. It is
considered that, when the gas is flowing from the outer side
to the inner side, a compression effect is canceled by the
centrifugal effect imparted on the gas molecules generated by
friction with the rotary vane 38. In any event, since it is
apparent that the compression effect exists in the exhaust
passage from the outer side to the inner side, it can be assumed
that this exhaust passages would not produce any negative
evacuation effects. Therefore, by laminating the rotary and
stationary disks in many stages, high compression effect can
be achieved.

Compression capability of the pump is higher when the ridges
46 or the grooves 48 are formed on the rotor side than when they
are formed on the stator side. It has been confirmed
experimentally, and theoretical explanation is not clear. On

the other hand, from the standpoint of ease of manufacturing,
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it is more difficult to produce such structures on the rotor
R. If the spiral ridges are to be produced integrally with the
rotor R, there is insufficient space for inserting a cutting
tool in the axial direction, therefore, the tool must be inserted
from a radial direction or fabrication must be performed by
electric discharge machining. Such methods are time consuming
compared with axial machining, and lead to high cost of
manufacturing the pump. When the structures are to be produced
on the stator side, each disk section can be separately produced
so that the cost of manufacturing is about the same as the cost
of making the pump in the conventional manner.

Figures 6 to 8 show another embodiment of the pump. Figure
6 shows a three-stage pump having the screw groove exhaust
section L, provided between the axial exhaust vane section L,
and the radial exhaust vane section L,. In this design, the gas
is removed by the drag effect created between the screw ridges
54a provided on the outer surface in the central area of the
cylinder section 20 and the opposing screw groove spacer 56
provided on the stator side. Figure 7 shows another design in
which the screw groove exhaust section L, is provided in the
downstream location of the radial exhaust vane section L,.

Figure 8 shows another design in which the screw groove
exhaust section L; is provided in a downstream location of the
radial exhaust vane sectionL,. The screw groove exhaust section
L, is provided on the rear surface side of the rotating cylinder
section 20 in the radial exhaust vane sectionL,. In other words,
a space is provided between the inner surface of the rotating
cylinder section 20 (in the radial exhaust vane section L,) and
the outer surface of the fixed cylindrical section 16 of the
stator S, and a screw exhaust section sleeve 58 having screw
ridges 54a on its outer surface is inserted in this space. The

screw exhaust section sleeve 58 is fixed above the base section
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14 through a flange member 58a.

The screw ridges 54a are designed so as to transfer the

gas in an upward direction utilizing the drag effect provided

by the rotor R. An exhaust passage is thus formed extending from
the bottom stage in the radial exhaust vane section L,, ascending
between the space formed by the rotating cylinder section 20
and the screw exhaust sleeve 58, and descending between the space
formed by the screw exhaust sleeve 58 and the fixed cylindrical
section 16 and reaching the exhaust opening 17. According to
this design, the radial exhaust vane section L, and the screw
groove exhaust section L, are provided in multi-stages in the
axial direction so that a high performance pump is obtained
without increasing the overall axial length of the pump.

Figure 9 shows still another embodiment of the pump that
does not have the axial exhaust vane section so that the entire
stage is made up by the radial exhaust vane section L,. The
feature of this design is that, compared with the pump that
includes the axial exhaust vane section, this pump is capable
of handling a larger volume of gas at a higher pressure range
than the molecular flow range offered by normal turbo~-molecular
pumps .

Figure 10 shows still another embodiment of the pump having
the screw groove exhaust section I; in the last stage of the pump
shown in Fiqure 9. A screw exhaust sleeve (second fixed
cylindrical section) 60 is provided between the rotary cylinder
section 20 and the fixed cylindrical section 16, and the spiral
ridges 60a are formed on the outer surface of the second fixed
cylindrical section 60, thereby forming the screw groove exhaust
section L, between the rotary cylinder section 20 and the fixed
cylindrical section 60. This design provides a looping exhaust
passage extending in the axial direction so that a compact and

high performance turbo-pump can be obtained.
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Figure 11 shows still another embodiment of the turbo-
molecular pump. A cylindrical screw groove section 54 having
-screw ridges 54a is provided in the fore-stage of the pump, and
the radial exhaust vane section L, is provided in the aft-stage
of the pump. Compared with the pump having a combination of the
axial exhaust vane section L, and radial exhaust vane section
L, shown in Figure 1, this design provides the following
advantages. The axial exhaust vane section is effective in the
molecular flow pressure range while the cylindrical screw groove
exhaust section is effective in the pressure range of 1~1,000
Pa so that the pump can be operated in the viscous flow range
near atmospheric pressure.

Itshouldbenotedthatthespiralridgés46,50areprovided
on one of the opposing surfaces of the stationary vanes 38 and
rotating vanes 36 in the radial exhaust vane section L, as shown
in Figure 12A, for example, but spiral ridges 46, 50 may be
provided on either the front or rear surface in various
combinations as illustrated in Figures 12B~12D and in Figures
13A~13E in the radial exhaust vane section L,.

It should be noted that, although the stationary and/or
rotary vanes were made of aluminum and its alloys as a general
constructionmaterial, but they can be made of ceramics, titanium
or its alloys. Turbo-molecular pumps made of such materials
would have superior strength, and corrosion and thermal
resistance.

The present invention can provide a compact turbo-molecular
pump that has a relatively short axial length and yet provides
sufficient evacuation and'compression capabilities. Thus, it
can reduce an overall cost when it is applied to a semiconductor

device manufacturing process where a clean room space cost is

very expensive,
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Industrial Applicability
The present invention is applicable to a turbo-molecular
pﬁmp for evacuating a processing chamber used in a semiconductor

device manufacturing process.
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1. A turbo-molecular pump comprising: a casing, said

casing containing an exhaust vane section having rotary vanes
5 on a rotor section alternating with stationary vanes on a stator
section,
wherein said exhaust vane section comprises an axial
exhaust vane section and a radial exhaust vane section disposed
downstream of said axial exhaust vane section.

10

2. A turbo-molecular pump according to claim 1, wherein
said radial exhaust vane section comprises surface
irreqularities formed in a spiral shape on at least one of
opposing surfaces of said stationary vanes or said rotary vanes.

15

3. A turbo-molecular pump comprising: a casing, said
casing containing an exhaust vane section having rotary vanes
on a rotor section alternating with stationary vanes on a stator
section,

20 wherein said exhaust vane section comprises a radial
exhaust vane section, said radial exhaust vane section
comprising surface irregularities formed in a spiral shape on
at least one of opposing surfaces of said stationary vanes or
said rotary vanes.

25

4. A turbo-molecular pump according to any of claims 1
to 3, wherein a screw groove exhaust section is provided at an
upstream location of said radial exhaust vane section for

exhausting gases in an axial direction of said pump by means

30 of screw grooves.

5. A turbo-molecular pump according to any of claims 1
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to 4, wherein a screw groove exhaust section is provided at a

downstream location of said radial exhaust vane section for

exhausting gases in an axial direction of said pump by means

of screw grooves.

6. A turbo-molecular pump according to claim 5, wherein
said screw groove exhaust section is provided between an inner
surface of said rotor section and a fixed cylindrical section

disposed on an inner side of said rotor section.

7. A turbo-molecular pump according to any of claims 1
to 6, wherein stationary vanes and/or rotary vanes are made of

ceramics, titanium or titanium alloys.

8. A turbo-molecular pump according to any of claims 2
to 7, wherein said irregularities are provided on said stationary

vanes.

9. A turbo-molecular pump according to any of claims 2
to 7, wherein said irregularities and depressions are provided

on said rotary vanes.
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