- 1 - VACUUM PUWP This invention relates to a dry vacuum punp. 5 Dry
vacuum punps are widely used in industrial processes to provide a
clean and/or | ow -pressure environnent for the manufacture of
products. Applications include the pharmaceutical, sen conductor and
flat panel manufacturing industries. Sugh punps include an
essentially dry (or oil free) punping nechanism but generally al so
I ncl ude sonme conponents, such as bearings and io transm ssion gears,

for driving the punping mechani snVACUUMERUMPe | ubrication in order
to be effective. Exanples of dry punps include Roots, Northey (or
"claw'), screw and scroll punps. Dry punps incorporating Roots and/or
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chamber or the profile may change from chamber to chamber.

Iron castings have for a long time been used in the manufacture of stator and rotor

20 components for dry vacuum pumps. However, in the semiconductor industries the
increasing use of high flow rates of relatively corrosive gases such as chiorine,
boron trichloride, hydrogen bromide, fluorine and chlorine trifluoride has lead to
severe corrosion, and therefore relatively short lifetime, of, cast iron stator and
rotor components. Such corrosion can lead to equipment failure, leakage of

25  process gases and possible process contamination, in addition to the costs
associated with the replacement of the pump or the corroded parts and
consequential process downtime.

In view of this, it is known to passively protect these components by the formation
30 of a resin or polymeric coating of a fluoropolymer or polyimide material on the

compenent surfaces which are exposed to the corrosive gases. Such coatings

have a tendency to degrade with time, with the resultant peeling or flaking of the



- 2 - coating exposing the underlying cast iron to the corrosive
gases. Another alternative is to formthese conponents froma

ni ckel -rich cast iron, for exanple ductile N -resist, or a stainless
steel having superior corrosion resistance. However, N -resist cast
iron and stainless steel are relativelysexpensive and 5difficult to
machi ne, and so do not provide cost-effective options for use in the
manuf acture of the rotor and stator conponents. The present invention
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conponents adapte r counter-rotation e stator component.
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t he st at omarufgpstwendf the fotoeand stater anmponents.i nt er connect ed punpi ng
chanbers arranged in series and 20 each housi ng respective rotor
conponents fornmed from austenpered ductile iron. The interneshing
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be in the formof a scroll punp in which the stator conponent

conpri sesif@nfi xed scroll nenber having an end plate with a first
spiral wap extending therefrom and said at |east one rotor
conponent conprises an orbital scroll nmenber having an end plate with
a second $he statongcppenard mAyhpuse first and second intermeshing rotor components

adapted for counter-rotation within the stator component. In the preferred
15 embodiment, the rotor components have a Roots profile, although they could have
a Northey or screw profile as required.

The pump may be in the form of a multi-stage pump in which the stator component
defines a plurality of interconnected pumping chambers arranged in series and

20  each housing respective rotor components formed from austempered ductile iron.
The intermeshing rotar components may be located on respective shafts, with the
pump comprising a gear assembly for transmitting torque from one shaft to
another, with at least one gear of the gear assembly preferably being formed from
austempered ductile iron.

25
Alternatively, the pump may be in the form of a scroll pump in which the stator
component comprises a fixed scroll member having an end plate with a first spiral
wrap extending therefrom, and said at least one rotor component comprises an
orbital scroll member having an end plate with a second spiral wrap extending

30 therefrom to intermesh with the first spiral wrap. Each of the scroll members is
preferably formed from ADI.



30 therefromto intermesh with the first spiral wap. Each of the
scroll menbers is preferably forned fromADI. - 3 - The AD
preferably has at |east 90% graphite nodularity. The ADI preferably
has a matrix of acicular ferrite and carbon stabilised austenite. 5
The austenpered ductile iron preferablygconprises one or nore of the
foll owi ng: carbon in amunt within the range from3.4 to 3.5 % by
mass, silicon in anobunt within the range from2 to 2.3 % by nass,

manganese Tihe ADbpreferablythias dtheast 80gegfapbie Bofutarityo 0. 15 % by nass,
nol ybdenum in anount within the range from3.4 to 3.5 % by nass,
ni ckel in amunt within the range from1.2 to 1.4 %by mass, io and
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25 passages 28, 30, 32 and 34 formed in the stator connect the

punpi ng chanbers 14, 16, 18, 20, 22 in series. The stator 12 houses a
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shaft 38. Bearings 40 for supporting the shafts 36, 38 are prow ded
in the example only, with reference to the following drawings, in which:

15 Figure 1 is a cross-section through a multi-stage dry vacuum pump; and
Figure 2 is a view along line A-A in Figure 1.

With reference to Figures 1 and 2, a multi-stage dry vacuum pump 10 comprises a

20 stator component 12, preferably formed from austempered ductile iron {ADI),
having a series of walls that define a plurality of pumping chambers 14, 16, 18, 20,
22. An inlet conduit 24 for conveying gas to be pumped to the inlet pumping
chamber 14, and an exhaust conduit 26 for exhausting pumped gas from the
exhaust pumping chamber 22, are also formed in the stator 12. Circumferential

25  passages 28, 30, 32 and 34 formed in the stator 12 connect the pumping
chambers 14, 16, 18, 20, 22 in series.

The stator 12 houses a first shaft 36 and, spaced therefrom and parallel thereto, a
second shaft 38. Bearings 40 for supporting the shafts 36, 38 are provided in the

30 end plates 42, 44 of the stator 12. One of the shafts 36 is connected to a drive
motor 486, the shafts being coupled together by means of timing gears 47 so that in
use the shafts 36,38 rotate at the same speed but in opposite directions, as



30 end plates 42, 44 of the stator 12. One of the shafts 36 is
connected to a drive notor 46, the shafts being coupl ed together by
means of timng gears 47 so that in use the shafts 36,38 rotate at
the sane speed but in opposite directions, as - 4 - indicated by
arrows 48 and 50 in Figure 2. A gear hox.52 attached to the side of
the punp 10 contains oil 54 for lubricating the timng gears 47. The
timng gears 47 may be forned fromAD . 5 Wthin each punping

chanber, tihdicatedftysardBys 88 and B0dn Figues [2e A gear ioX 82 attasizertenks sile of
58, which i the rotors

al sp be for fromAD . In this enbodiment, trf
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al though a7mhay begoRhedeoinsapnd Nort hey-type profiles may be provided
within the punp 10. The rotors 56, 58 are located in each punping
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t hrough exhaust conduit 26. The use of austenpered ductile iron (AD)

to manuf aB1AWEr KRBWRPEE 8% conponent 12 and/or the rotor conponents
56, 58 of the punp 10 nmakes the punp 10 particularly suitable for
punpi ng corrosive gases such as chlorine, boron 25trichloride,
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compressed by the rotors 56, 58 therein, and fed by the passage 30 to the next
pumping chamber 18. Similar gas compressions take place in the pumping
chambers 18, 20 and 22, with the pumped gas finally being exhaust from the

20 pump 10 through exhaust conduit 26.

The use of austempered ductile iron (ADI) to manufacture the stator component 12
and/or the rotor components 56, 58 of the pump 10 makes the pump 10
particularly suitable for pumping corrosive gases such as chlorine, boron

25 trichloride, hydrogen bromide, fluerine and chlorine trifluoride. In comparison to
the more expensive Ni-resist material, which are currently around four to five times
more expensive than ADI, ADI has superior hardness, higher specific strength
ratio and comparable F, corrosion susceptibility. This can enable the stator and
rotor components, and the timing gears, to have relatively high wear and corrosion

30 resistance with reduced component weight and costs for equivalent or improved

performances.



30 resistance with reduced conmponent wei ght and costs for equival ent
or inproved performances. - 5 - As an exanple, the austenpered
ductile iron (ADO used to manufacture the stator conponent 12 and/or
rotor components 56, 58 and/or timng gears 47 may include the
follow ng (by mass): Elenment % carbon 354 - 3.5 silicon 2.0- 2.3
manganese 0.2 - 0.22 nol ybdenum 0. 075 - 0. 15 ni ckel

As an example, the austempered ductile iron {ADI) used to manufacture the stator
component 12 andfor rotor components 56, 58 and/or timing gears 47 may include
the following (by mass):

Element Yo
carbon 34-35
silicon 20-23

manganese 0.2-0.22

molybdenum 0.075-0.15
nickel 1.2-14
copper 0.75-0.95

The ADI preferably has a graphite nodularity of at least 90 %, and preferably has a
nodule count in the range from 150 to 300 /mm?. The ADI preferably has a
predominant matrix of acicular ferrite and carbon stabilised austenite, with
substantially no carbides, inclusions or porosity. These features of the ADI enable

10 the material to meet the performance requirerents for semiconductor processing
equipment, notably adequate tribological and mechanical properties at elevated
temperatures, and corrosion resistance.



1.2-1.4 copper 0.75 -0.95 5 The ADI preferably has a graphite

nodul arity of at least 90 % and preferably has a nodule count in the
range from 150 to 300 /mR2. The ADI preferably has a predom nant
matrix of acicular ferrite and carbon stabilised austenite, with
substantially no carbides, inclusions or porosity. These features of
the ADI enable 10 the material to meetéthe per formance requirenents
for sem conduct or processing equi pnment, notably adequate tri bol ogi cal
and nmechani cal properties at el evated tenperatures, and corrosion
resistance. - 6 - CLAIMS 1. A dry &AAWS punp conprising a stator
conponent and at | east one rotor conponent, wherein the stator
conponent and/or said at | east one rotor conponent are fornmed from
aust enpefed duct i lfediyracuut puinp comppesiog rditaigr comGbaemhahd atheastione

said at | east one rotor conpgnent hag one of a screw, Roots or
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wi thin the stator conponent. A punp according to Caim3, in the form

of a multi-stage dry vacuum punp in which the stator conponent
defines 3 plurality,@hn according to Claim 1, wherein said at least one rotor

~ component has one of a screw, Roots or Northey profile.

3. * A pump according to Claim 2, comprising first and second intermeshing
rotor components adapted for counter-rotation within the stator

component.

4. - A pump according to Claim 3, in the form of a multi-stage dry vacuum
| pump in which the stator component defines a plurality of
interconnected pumping chambers arranged in series and each
housing a respective pair of rotor components each formed from

austempered ductile iron,

5. A pump according to Claim 3 or Claim 4, wherein intermeshing rotor
components are located on respective shafts, the pump comprising a
gear assembly for transmitting torque from one shaft to another, at
least one gear of the gear assembly being formed from austempered

ductile iron.

6. A pump according fa Claim 1, in the form of a scroll pump in which the
stator component comprises a fixed scroll member having an end plate
with a first spiral wrap extending therefrom, and said at least one rotor
component comprises an orbital scroll member having an end plate
with a second spiral wrap extending therefrom to intermesh with the

first spiral wrap.



i nt erconnect ed punpi ng chanbers arranged in series and each housing a
respective pair of rotor conponents each formed from austenpered
ductile iron. 5. A punp according to Claim3 or Caim4, wherein

i nterneshing rotor conponents are |ocated on respective shafts, the
punp conprising a gear assenbly for tr@nsmtting torque from one
shaft to another, at |east one gear of the gear assenbly being forned
from austenpered ductile iron. 6. A punp according to Caim1l, in the
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scroll nmenber having an end plate with a second spiral wap extending

therefromto intermesh with the first spiral wap. -7- 7. A punp
according to any p gGREidEofdiRY !@aﬁ@ﬁ%@écﬂné B@;rﬁ%ﬁ&@nﬁh@%@t&ﬁ dréd
iron has at |east 9 %graphlte nodularity. punp accord |ng to any

preceding clai m Weligilprhas @uﬁl@h@feﬁwlﬂdetrﬁe endl corbomaztakilisest ri x of
acicular ferrite r&gte ﬁébon stabilised austenite. 9. A punp according
to any preceding C &ﬁ iherein the austenpered ductile iron
corrprises carbon in anount within the range from3.4 to 3.5 % by

mass A punp agccording to any preceding claim wherein the

aust errpe?ed duct i FePYTPBRCERNG Ioanydireseding claimnwhgremine mugtamperednge
from2 to 2.3 % b)duEﬁ(%?rmnjcerfhs@g'EBrtﬁﬁﬁﬁraﬂ\dwt WRnAWe RARGLHORSB. 21 M

wherein the austenpered ducti iron conprises manganese | n anount
within the range S:fobh By 085t 0 0. 15% by mass. 12. A punp according to
any preceding claim wherein the austenpered ductile iron conprises
nol ybdenum in anmount within the range from3.4 to 3.5 % by mass. 13.

A punp agg.ordi ng Rop@ny spceTRd tagGinyl recadingelamn, mvﬁére:nahéfa@@w;ﬁﬁed
ductile iron corrprl ses ni ckel |n ag‘gunt w thin the range from1.2 to

1.4 % by mass. 149UglilGAODAONHIIEES SiFeR IFmeRlvg "&HT?p'E?ﬁ‘éﬁtff%?ﬁ%a3
from aust enpered dyg} sl ron.

11. A pump according o any preceding claim, wherein the austempered
ductile iron comprises manganese in amount within the range from
0.075 to 0.15 % by mass.

12. A pump according to any preceding claim, wherein the austempered
ductile iron comprises molybdenum in amount within the range from 3.4
io 3.5 % by mass.

13. A pump according to any preceding claim, wherein the austempered
ductile iron comprises nickel in amount within the range from 1.2 to 1.4

% by mass,

14. A vacuum pump rotor or stator component formed from austempered

ductile iron.



