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AXIAL FLOW VACUUM PUMP WITH CURVED ROTOR AND STATOR BLADES

FIELD OF THE INVENTION

The invention relates to an axial flow vacuum pump for evacuating a chamber in a
semiconductor manufacturing process. Apparatus comprising an axial flow vacuum
pump and methods of evacuating a semiconductor fabrication chamber using an axial

flow vacuum pump are also provided.

BACKGROUND

There is an increasing requirement to operate semiconductor chambers over a broad

range of pressures (0.005 to 5 mbar) with very high pumping speed.

Vacuum pumps are typically designed and configured to operate effectively across a
particular pressure range. No one pump can operate effectively across all pressure

ranges.

At low pressures, in the molecular flow regime, turbomolecular pumps are effective,
while at higher pressures, in the viscous flow regime, rough pumps such as roots-
blower pumps are effective. In the transitional flow regime at pressures where both
molecular and viscous flow occur drag pumps may suitably be used.

There is an increasing requirement to operate semiconductor chambers over a range
of pressures that can be too high for a turbo pump to sustain without overheating
(typically pressures above 0.05 mbar), but are too low for a remotely mounted roots
blower to be effective due to the conductance of the connection pipe (typically less
than 0.2 mbar).

This requires the use of very large roots blowers and backing pumps mounted in the
basement below the chamber. This is increasingly becoming a problem as there is
insufficient space for these pumps, and the conductance loss in the pipework reduces
the effective pumping performance at the chamber. What is needed is a tool mounted

vacuum booster that gives high pumping speed over this range of pressures.
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It would be desirable to provide a pump that has a sufficiently large capacity for
evacuating (at least in part) a chamber in a semiconductor manufacturing process and

is effective at pumping at pressures conventionally pumped by drag pumps.

SUMMARY

In accordance with the invention, there is provided an axial flow vacuum pump for
evacuating a chamber in a semiconductor manufacturing process. The axial flow
vacuum pump comprises a rotor having a plurality of rotor blades and a stator having
a plurality of stator blades. The rotor blades and stator blades have a curved cross-

sectional shape.

At pressures in the viscous flow regime, for example 1 mbar or higher, the curved
shape of the blades can compress gas entering in the inlet in the same way as an axial
flow compressor. At relatively lower pressures, in the molecular flow regime, for
example 10-3 mbar or lower, the curved blades may also act to direct molecules of
gas towards the outlet. Furthermore, such an axial flow vacuum pump incorporating
curved rotor and stator blades has been found to operate with surprising effectiveness
over the medium vacuum or transition regime, for example between 1mbar and 10-3
mbar. Not only does the axial flow vacuum pump display efficacy over the different
flow regimes but the applicant has also found that such a pump can produce high
pumping speeds with relatively small footprint that would have considerable

advantages for use in a semiconductor manufacturing process.

Whilst particularly suitable for use in such semiconductor manufacturing processes, it
will be appreciated that the axial flow vacuum pumps described herein may also find
utility in other applications especially where it is desired to operate over a range of

pressure regimes.

The axial flow vacuum pump has an annular flow path between the stator and rotor
into which the rotor blades and stator blades extend and is configured such that gas
flows through it substantially parallel to the rotor axis.
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In order to be suitable for evacuating a chamber in a semiconductor manufacturing
process, the vacuum pump must be made from materials suitable for use in the harsh
environments of semiconductor manufacture. For example, the materials need to be
able to operate effectively at high temperatures of 130 degrees Celsius or more. In
embodiments the pump may be configured to operate at temperatures of between 150
and 200 degrees Celsius. In addition to operating at high temperatures, the materials
need to be able to operate effectively in the presence of corrosive compounds. In
embodiments, the pump is configured to pump gases comprising fluorine.

The axial flow vacuum pump comprises a plurality of rotor and stator blades having a
curved cross-sectional shape such as an aerofoil shape. More specifically the curved
or aerofoil shape will include a leading edge at the front of the blade, i.e. towards the
inlet of the pump, and a trailing edge at the rear of the blade, i.e. towards the outlet of
the pump or exhaust. A curved pressure surface and a curved suction surface extend
from the leading edge to the trailing edge of the blade on opposing sides. The aerofoil
is configured to produce an aerodynamic force. The inventors have found that using
curved shaped blades instead of the straight blades used in standard turbomolecular
pumps allows the pump to operate over a greater pressure range and therefore be
effective at pressures higher than a turbomolecular pump.

The rotor and stator blades may be arranged into respective pumping stages, each
stage including a rotor stage comprising a plurality of rotor blades and a stator stage
comprising a plurality of stator blade. The axial flow vacuum pump may thus comprise
a plurality of pumping stages.

The rotor blades in a particular rotor stage of the pump may have the same shape and
size as other rotor blades in the same stage. Similarly, stator blades rotor blades may
have the same shape and size as other rotor blades in the same stage. However, rotor
blades and stator blades within the same stage do not need to have the same shape
as one another but could have different shapes as known in the art. Moreover, the
rotor blades in one stage may have a different shape to the rotor blades in another
stage. Similarly, a single rotor stage may contain rotor blades having different shapes.

The same may be true for stator blades.
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In embodiments, all the rotor blades and all the stator blades may have an aerofoil
shape. However, this need not be the case and various arrangements would be
possible in this regard. For instance, in combination with a plurality of curved rotor and
stator blades, there may also be provided one or more straight blades, either within
the same pumping stage as the curved blades or in a different stage of the pump.

In embodiments, a motor is coupled to the rotor and configured to drive the rotor about

its axis. The motor may be an electric motor such as a permanent magnet motor.

The rotor may be supported for rotation relative to the stator by magnetic bearings.
Magnetic bearings are configured to support load using magnetic levitation. Such
bearings may also be referred to as magnetically levitated bearings. They support load
without the need for physical contact and therefore reduce friction and eliminate the
need for lubricating oil that may cause contamination. Magnetic bearings also produce
less vibration compared to other types of contacting bearings and can be more
reliable. The use of magnetic bearings allows the vacuum pump to be positioned on
or very close to the semiconductor processing chamber. A long conduit between the
pump and the chamber it is evacuating significantly reduces the pumping efficiency,
particularly when pumping at low pressures. Accordingly, the use of magnetic bearings

allows the axial flow vacuum pump to operate effectively in the molecular flow regime.

The rotor may be formed from stainless steel. In embodiments the stator may also be
formed from a stainless steel. The stator and rotor may generally be formed from the
same material, or from different materials. The use of stainless allows the pump to be
used at higher temperatures compared to aluminium for example. Operation at higher
temperatures reduces the risk of condensates forming on the pumping surfaces, which
may occur during semiconductor manufacture due to the resulting by-products. In

embodiments, the rotor and stator are formed from a high strength stainless steel.

The rotor and stator blades each have a radial length extending from the rotor towards
the stator in the case of a rotor blade (in which case the radial length is measured as
the largest radial length between the rotor and the tip of the blade) or from the stator
towards the rotor in the case of stator blades (in which case the radial length is

measured as the largest radial length). An inlet stage of the pump comprises blades
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having a first radial length and an adjacent downstream stage of the pump comprises
blades having a second radial length. In embodiments the rotor and/or stator blades
in the inlet stage have a greater radial length than the rotor and/or stator blades in the
downstream stages of the pump. For example, in embodiments the ratio of first radial
length to second radial length is 1.5:1 or greater, for example 2:1 or greater.

The use of blades having a longer radial length at an inlet stage of the pump, although
not effective during viscous flow, optimises performance of the pump when operating
in the molecular flow regime. Having a greater length of the blades at the inlet stage
of the pump may help to capture more gas molecules entering the pump and send
them into the pumping channels to progress through the pump. The inlet of the pump
sees the lowest pressure and it is at this point that the capture of molecules is the most
challenging.

In embodiments, the pump has one or more inlet stages where the ratio of radial length
between adjacent stages is 2:1 or greater, for example 3:1 or greater. The pump may
also have a plurality of compression stages downstream of the inlet stages where the
ratio of between adjacent stages is between 1:1 and 1.5:1, for example 1.2:1. In
embodiments, the number of inlet stages is fewer than the number of regular stages.
For example, the pump may have one or two inlet stages and 4 or more regular

compression stages.

The axial flow vacuum pump may comprise between 4 and 10 pumping stages, each
pumping stage comprising a row of rotor blades and a row of stator blades.

In embodiments, the axial flow vacuum pump includes between 6 and 8 pumping
stages. One or more of the pumping stages may be configured to achieve a
compression ratio of between 1.1:1 an 1.5:1, for example 1.2:1, when operating in the
viscous flow regime and a compression ratio of between 2:1 and 4:1, for example 3:1,

when operating in the molecular flow regime.

The axial flow vacuum pump may comprise a bypass conduit for directing a portion of
the gas from the outlet of the pump towards the inlet of the pump. The bypass conduit

may be internal or external to the pump. In other words the bypass conduit may
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comprise an external pipe mounted to the outlet or outlet conduit of the pump and
extending towards the inlet of the pump or may be integral with the pump such as a
conduit formed within the stator or an outer casing thereof for directing the gas in such

a manner.

The bypass conduit may comprise a pressure relief valve. The pressure relief valve
may be configured to open at a pressure of 50 mbar or higher, for example at a
pressure of between 50 mbar and 200 mbar or between 80 mbar and 120 mbar or

around 100 mbar.

Also in accordance with the invention, there is provided an apparatus for
manufacturing semiconductor equipment. The apparatus comprises a chamber for
manufacturing semiconductor equipment in, a backing pump system positioned
remote from the chamber and configured to evacuate gas from the chamber and a
foreline for fluidly connecting the backing pump system to the chamber. The apparatus
further comprises an axial flow vacuum pump according to any of the embodiments
described above configured to evacuate gas from the chamber, wherein the axial flow

vacuum pump is connected between the chamber and foreline.

In embodiments the backing pump system comprises a roots blower and a primary
pump. A set of vacuum pumps including an axial flow vacuum pump backed by a
further pump system such as a roots blower and primary pump provides an effective
pumping arrangement for a vacuum chamber such as a semiconductor processing
chamber to be evacuated to a pressure of between 1 mbar and 5 X10-2 mbar. Such
pressures are appropriate for semiconductor processes including semiconductor

device fabrication processes such as ALD (atomic layer deposition) processes.

The axial flow vacuum pump as described above provides a relatively high pumping
speed at relatively low pressures, but only has a modest compression ratio, particularly
at the higher pressures of its operating range. However, when used in conjunction
with a roots-blower pump, this combination can provide the required compression
across the pressure range, owing to the complementary properties of the roots blower
and the axial flow vacuum pump. In this regard the constraint for effective operation

of the roots blower in the evacuation of a semiconductor vacuum chamber is the length
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of the conduit required as the roots-blower cannot be mounted within the clean room.
However, using it in conjunction with an axial flow vacuum pump that can be mounted
on the chamber or at least very close to it in the clean room/fab and which evacuates
effectively at the lower pressures of the operational range, provides a combination of
pumps which can effectively evacuate a semiconductor processing chamber across

the full pressure range of 1 mbar to 5 X102 mbar.

The chamber may house one or more tools used to form semiconductor equipment.
The chamber may be positioned in a clean room. The axial flow vacuum pump may
be attached directly to the chamber or at least very close to the chamber. For example,
the axial flow vacuum pump may be positioned less than 2 meters from the chamber
or preferably less than 1 meter from the chamber, for example the pump may be
positioned on the chamber. The axial flow vacuum pump may be positioned in the
same room as the chamber. The chamber and axial flow vacuum pump may both be
positioned in a clean room. A longer conduit is used for connecting said vacuum pump
to said roots blower and primary pump such that said roots blower and primary pump
are located remotely from said semiconductor processing chamber. The longer
conduit is there to allow the roots blower pump to be situated remotely from the

vacuum chamber and the clean room.

The backing pump system may be positioned more than 8 meters from the chamber.
In embodiments, the backing pump system may be positioned outside of the room in
which the chamber is positioned. For example, the backing pump system may be
positioned on a separate floor to that of the chamber such as in the subfab or
basement below the chamber. In embodiments, the axial flow vacuum pump and
chamber are positioned together on the same floor and the backing pump system is
positioned on a floor below.

Also in accordance with the invention, there is provided a method of evacuating a
semiconductor fabrication chamber. The method comprises using an axial flow
vacuum pump as described in any of the embodiments above to evacuate gas from
the chamber, operating the axial flow vacuum pump to pump gas with a pressure of 1

mbar or higher, operating the axial flow vacuum pump to pump gas with a pressure of
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between 1 mbar and 10-3 mbar and operating the axial flow vacuum pump to pump
gas with a pressure of 10-3 mbar or lower.

The method may comprise using a backing pump system to evacuate gas from the
chamber, the backing pump system being positioned remotely from the chamber and

axial flow vacuum pump.

In embodiments, the backing pump system may be positioned outside of the room in
which the chamber is positioned. For example, the backing pump system may be
positioned on a separate floor to that of the chamber such as in the subfab or
basement below the chamber. In embodiments, the axial flow vacuum pump and
chamber are positioned together on the same floor and the backing pump system is
positioned on a floor below.

The axial flow vacuum pump may be positioned less than 2 meters from the chamber.
[In embodiments, the axial flow vacuum pump is positioned less than 1 meter from the
chamber, for example the pump may be positioned on the chamber. The axial flow
vacuum pump may be positioned in the same room as the chamber. The chamber and
axial flow vacuum pump may both be positioned in a clean room. The backing pump

system may be positioned more than 8 meters from the chamber.

In embodiments, the method comprises operating the axial flow vacuum pump to

pump gas at a temperature of 130 degrees Celsius or higher.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with reference to

the accompanying drawings, in which:

Figure 1 shows a semiconductor fabrication chamber and a pumping arrangement for

evacuation the chamber according to an embodiment;

Figure 2 shows a schematic sectional view of a vacuum pump according to an

embodiment of the invention;
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Figure 3 shows the vacuum pump of Figure 2 with a bypass configuration;

Figure 4 shows example cross sectional profiles of blades for a compression stage of
the pump of Figure 2;

Figure 5 shows further example cross sectional profiles of blades for a compression

stage of the pump of Figure 2; and

Figure 6 illustrates a method of evacuating a semiconductor fabrication chamber.

DESCRIPTION OF THE EMBODIMENTS

Figure 1 is a schematic illustration of apparatus 10 for manufacturing semiconductor
equipment. The illustrated apparatus 10 is positioned over two floors. An upper floor
12 having a clean room in which a chamber 16 and axial flow vacuum pump 18 is
positioned and a lower floor 14 in which a backing pump system 20 is positioned. The
chamber 16 and axial flow vacuum pump 18 are connected to the backing pump
system 20 via a foreline 22. Although only two floors are illustrated for simplicity, it will
be appreciated that the apparatus 10 may be positioned over further floors, particularly
where additional equipment such as exhaust management and temperature
management systems may be required. Moreover, each floor may comprise multiple
rooms in which various parts of the apparatus may be positioned, as is known in the
art.

In use, semiconductor equipment is manufactured within the chamber 16 using one or
more tools (not shown). In order to effectively manufacture semiconductor equipment,
the gas pressure in the chamber should be very low. For example, in many
semiconductor processes, the pressure in the chamber 16 needs to be 102 mbar or
lower. As such the axial flow vacuum pump 18 and backing pump system 20 are

configured to evacuate gas from the chamber 16 to achieve such pressures.

The backing pump system 20 comprises a roots blower and primary pump or other
similar arrangement for backing the axial flow vacuum pump 18. Such a backing pump
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system can be very bulky and create considerable noise, as such it is positioned
separately from the main manufacturing processes in the chamber 16, in the illustrated
example, the backing pump system 20 is positioned on a floor below the chamber 16
in a so called ‘subfab’ area of the manufacturing facility. As the chamber 16 and
backing pump system 20 are on separate floors there is a considerable distance
between the chamber 16 and backing pump system 20. As such the foreline 22 is
eight meters long or greater. A long gas flow path between the backing pump system
20 and chamber 16 reduces pumping effectiveness of the backing pump system 20

particularly at low pressures.

An axial flow vacuum pump 18 is attached directly to the chamber 16. It will be
appreciated that the axial flow vacuum pump 18 may also be positioned close to the
chamber 16 such that a short conduit, less than 2 meters, runs between the chamber

16 and axial flow vacuum pump 18.

The combination of the axial flow vacuum pump 18, with relatively high pumping
capacity attached close to the chamber 16, and the backing pump system 20, which
can pump effectively at the high pressures of the effective pumping range, provides a
set of pumps which pump effectively across the desired pumping range with an

increased pumping capacity compared to known systems.

Figure 2 shows a cross sectional view of an example axial flow vacuum pump 18 for
the pumping apparatus 10 of Figure 1.

The axial flow vacuum pump 18 comprises a rotor 30 configured to rotate about the
pump axis 32 during use and has a plurality of rotor blades 34 mounted on it. The
pump 18 further comprises a stator 38 surrounding the rotor 30 and having a plurality
of stator blades 36 mounted on it. The rotor 30 and stator 38 define an annular flow
path 40 extending from an inlet 42 to an outlet 44 of the pump into which the rotor
blades 34 and stator blades 36 extend. The annular flow path 40 has a cross-sectional

area that decreases along axial direction from the inlet 42 to the outlet 44.

The rotor 30 is supported for rotation relative to the stator 38 by magnetic bearings 46.

Although the illustrated embodiment shows a single magnetic bearing 46 positioned
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near the outlet end of the rotor 30, it will be appreciated that other bearing

configurations including one or more bearings may be used.

The rotor 30 is formed from high strength stainless steel which is capable of effectively

operating at temperatures between 150 and 180 degrees Celsius, in use.

The rotors blades 34 and stator blades 36 are arranged in stages 50, 52, 54, 56 as
shown in Figure 2. Each stage 50, 52, 54, 56 comprises a row of rotor blades 34
configured to rotate about the axis 32 in use and a row of stator blades 36 configured
to remain stationary, fixed to the stator 38, in use. The illustrated vacuum pump 18
has four stages 50, 52, 54, 56. An inlet stage 50, comprising an inlet rotor blades 34
and inlet stator blades 36, is positioned at the inlet 42 to the pump 18. Three further
compression stages 52, 54, 56, each comprising a row of rotor blades 34 and a row
of stator blades 36, are positioned downstream of the inlet stage 42 towards the outlet
44 of the pump 18. Although four stages have been shown in Figure 2, it will be
appreciated that fewer or more stages may be present depending on the desired

compression characteristics of the pump 18.

Each stage of the pump 18 has an associated volume that decreases from the inlet 42
towards the outlet 44 such that an upstream stage will have a greater volume than
stage downstream of. This volume decrease facilitates compression of the gas in the
viscous flow regime. The volume decrease may be achieved by decreasing the
internal diameter of the stator 38 and/or increasing the external diameter of the rotor
30 along the axis 32 of the pump 18 in a direction from the inlet 42 to the outlet 44. In
the illustrated example, the internal diameter of the stator 38 decreases in the inlet
stage 50 but remains generally fixed in the further compression stages 52, 54, 56 and
the external diameter of the rotor 30 increases throughout all stages. It will be
appreciated that other configurations of stator 38 and rotor 30 geometries that achieve
the desired volume decrease, as set out in more detail below, are also within the scope

of the invention.

Accordingly, each stage 50, 52, 54, 56 has a compression ratio which is defined as a
ratio of the volume of that stage to the volume of the adjacent downstream stage. The

compression ratio of the further compression stages 52, 54, 56 (i.e. downstream of the
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inlet stage) is around 1.2:1. The compression ratio of the stage will directly affect the
length of the rotor and stator blades 34, 36 of the stage compared to the length of the
rotor and stator blades 34, 36 in the adjacent downstream stage. More specifically, the
rotor blades 34 in each row have a radial length 60 extending from the rotor 30 towards
the stator 38 and the stator blades 36 each have a radial length 62 extending from the
stator 38 towards the rotor 30. Where the compression ratio is around 1.2:1 ratio
between radial length of rotor blade (or stator blade) between stages is also around
1.2:1.

By comparison, the inlet stage 50 comprises blades 34 having a much longer radial
length 60 compared to those of adjacent stages, such that the ratio is much higher
than would be optimal for achieving desired pressure ratios during viscous flow. More
specifically, the inlet stage 50 has a compression ratio of around 3:1 and a rotor and
stator blade length 60, 62 such that the ratio of blade length 60, 62 of the inlet stage
50 to the blade length 60 of the adjacent stage 52 of the pump 18 is around 3:1.

It will be appreciated that more than one inlet stage 50 having longer blades may be
provided although the number of inlet stages configured in this way will be fewer than

the number of regular compression stages.

The axial flow vacuum pump of Figure 2 has a bypass configuration 70 to optimise
pumping performance. Figure 3 is a schematic representation of the pump 18 showing
the inlet 72, outlet 74 and bypass conduits 76. An inlet conduit 72 is attached to the
inlet 40 of the pump 18 such that gas from the chamber (not shown) is directed into
the pump 18 via the inlet conduit 72, in some examples the inlet conduit 72 may be
part of the chamber itself such that the pump 18 is mounted directly to the chamber.
An outlet conduit 74 is attached to the outlet 44 of the pump 18. The outlet conduit 74
feeds directly into the pumping system foreline (not shown) or may be part of the
foreline itself such that the outlet conduit 74 directs gas from the pump 18 towards the
backing pump system, eight or more metres away. A bypass conduit 76 is attached to
the outlet conduit 74 at or adjacent to the outlet 44 of the pump 18 and is configured
to direct a portion of the gas in the outlet conduit 74 back towards the inlet 40 of the
pump 18.

12
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The bypass conduit 76 includes a pressure relief valve 78 positioned between the
outlet conduit 74 and inlet conduit 72. The pressure relief valve 78 is configured to
open at 100 mbar. It will be appreciated that the pressures relief valve may be
configured to open at a pressure of 50 mbar or higher, for example at a pressure of
between 50 mbar and 200 mbar or between 80 mbar and 120 mbar, depending on the

pressure conditions of system.

The vacuum pump 18 of Figure 2 differs from a standard turbomolecular pump in that
each of the rotor and stator blades 34, 36 has a substantially curved cross-sectional

shape as is shown in greater detail in Figures 4 and 5 below.

Figure 4 shows an example cross sectional profile of blades 34, 36 for a stage of the
pump 18 of Figure 2. The stage comprises a row of rotor blades 34a and a row of
stator blades 36a. For simplicity, only three rotor blades 34a and three stator blades
36a are shown here, however it will be appreciated that many more than three blades
will be mounted around the circumference of the rotor 30 at each stage.

In the configuration of Figure 4, the blades have a generally uniform thickness 80a
along its chord length 82a such that they may be made from sheet metal that is bent
to form a curved profile. More specifically the curved shape will include a leading edge
84a at the front of the blade, i.e. towards the inlet of the pump, which is generally flat,
and a trailing edge 86a at the rear of the blade, i.e. towards the outlet of the pump or
exhaust, which is also generally flat. A curved pressure surface 88a and a curved
suction surface 90a extend from the leading edge 84a to the trailing edge 86a of the

blade on opposing sides.

In the alternative configuration of Figure 5, the blades are aerodynamically optimised
to form aerofoil cross-sectional shapes. More specifically the aerofoil shape includes
a leading edge 84b at the front of the blade, which is generally curved and a trailing
edge 86b at the rear of the blade which is generally pointed. A curved pressure surface
88b and curved suction surface 90b extend from the leading edge 84b to the trailing
edge 86b of the blade on opposing sides. The thickness 80b of the cross-sectional

profile varies across the chord length 82b such that it has a greater thickness 80b
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towards the leading edge 84b and a lesser thickness 80b towards the trailing edge
86b.

Figure 6 illustrates a method 100 of evacuating a semiconductor fabrication chamber
using the apparatus as described above. In particular, the use of the axial flow vacuum
pump 18 mounted directly on or very close to the semiconductor chamber 16 as shown
in Figure 1, with the backing pump system 20 backing the axial flow vacuum pump 18

from a position remote from it.

Step 1 S1 of the method 100 comprises operating the axial flow vacuum pump to pump
gas with a pressure of 1 mbar or higher, step 2 S2 comprises operating the axial flow
vacuum pump to pump gas with a pressure of between 1mbar and 10-3 mbar and step
3 S3 comprises operating the axial flow vacuum pump to pump gas with a pressure of
10-3 mbar or lower. As such the axial flow vacuum pump is used to pump gas over
the viscous flow regime and molecular flow regime as well as in the transition between

the two regimes.
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REFERENCE SIGNS

10 apparatus

12 upper floor

14 lower floor

16 chamber

18 axial flow vacuum pump
20 backing pump system
22 foreline

30 rotor

32 axis

34 rotor blade

36 stator blade

38 stator

40 annular flow path

42 inlet

44 outlet

46 magnetic bearing

50 inlet stage

52, 54, 56 pumping stage
60 rotor blade radial length
62 stator blade radial length
70 bypass configuration
72 inlet conduit

74 outlet conduit

76 bypass conduit

78 pressure relief valve
80 blade thickness

82 chord length

84 leading edge

86 trailing edge

88 pressure surface

90 suction surface

S1 step 1
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