VACUUM PUMP The present invention relates to a vacuum
punmp, and to rotor components for a vacuum punp.
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process chanber are generally mnultistage punps
conprising a pair of drive shafts each supporting a
plurality of rotors. A housing of the vacuum punp
provi des a stator within which the drive shafts and
rotors rotate during useyaiciOm PuNMP The stator
conprises a gas inlet, a—gas outret and a plurality of
punpi ng chanbers, w th adjacent punping chanbers being

c LSty nr RAABS35 o Pickus bRy phil S0 BiEk pammpgents fo

a echadthen pumet of the adjacent, downstream punpi ng
chanber. Each punpi ng chanber houses a pair of rotors
such that there is a small clearance between the

I QF L im Pﬂﬁﬂéﬁ}é#ggp cﬁ%ﬁlgh{ra QrstAth f"ngi ?@?%Cé&l dhaMhber are

t he punpl ng cha : ors typic ave one 0

a germerallyomulistadeegurips lcamprisprgpd iphae, of ainisle tshaftp reaichlseipporting
of the rotprg may,change along the drive shafts. -
i PHERIBY b et "4 BOSRG <l Hasi acyim st PIRRS 4 stator within
PrVieR $h&) 8RRS sRafRs BHE ROoPS! rdtatePd MM ESS ofthefhp! The stator
forma deposition |layer on the surface of a substrate.

ASOMRIisess gas ddet; praasgrutieh angraoplusality akpumpingchambers, with
. e ot .
g f cgéngt] 'gglrrfszﬁ%@f:bgr%b\érss p%@bcsﬁ%%%tﬁaiby@lr!an&qug %dr"? EAQ gas flow

ed to consune
t uctl eposedts @achansserssutlet remione psitipitg phanees tggashamber

suybse ntly punped fromthe process chamher wi th one

or'”'%ggﬁ%%g%r& go‘ﬁ’P%tﬁ?Q’Hé’ raea@auﬁaeﬁg%gcmmmmg chamber
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can contain species that nay cause danmage to the punp.

Footars.cand betwasmeeatdprsdon anchapimpwseall of the pumping chamber.
The rotors typically have one of a Roots or Northey (“claw”) profile, and the

profile of the rotors may change along the drive shafts.

During processes such as chemical vapour deposition, process gases are
supplied to a process chamber to form a deposition layer on the surface of a
substrate. As the residence time of the process gas in the chamber is
relatively short, only a small proportion of the gas supplied to the chamber is
consumed during the deposition process. The unconsumed process gas is
subsequently pumped from the process chamber with one or more by-

products from the process using a vacuum pump.

The gas stream pumped from the process chamber can contain species that
may cause damage to the pump. For example, some deposition process
generate solid particulates, such as SiO, particulates, which are exhausted
from the process chamber with the unconsumed process gases. In addition
some deposition processes use vaporised liquid precursors, such as TEOS,

which can condense and/or collect in the pump.



generate solid particul ates, such as Si Q2
particul ates, which are exhausted fromthe process
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sonme deposition processes use vaporised liquid
precursors, such as TEGS, which-can condense and/ or
collect in the punp. As another exanple, if the
unconsuned process gas or by-product is condensabl e,

crdansthér exaraplel, f\uhé @MBEAAIMES pFoddACGss B lb)hﬁfbdd%ﬂ? is

vacuum | i ne between the process chanber and the vacuum
pGapdensable : gandeangation endewpamperatyes surfaces wiskin thejvacuum
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rotors o and it has been observed that,

oParsing %Qf‘ﬁgle@mesun in damage to the rotors or,

in sone cases, cause the rotors to hydraulically | ock.

For Northey rotors, the danage usually nmanifests as

svilyl salig arfliquitkmedieréad p@[ssmgdhrmigbralwmwte@awamdupamp is
cl.ear es bet d“.tSFhe rotors an
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vacuum
The present invention provides a Northey rotor for a vacuum pump,
comprising two opposing, substantially parallel faces, a peripheral surface
located between the opposing faces, and a plurality of grooves located on the

peripheral surface.

By providing a plurality of grooves on the peripheral surface of the rotor, solid
or liquid material entrained within a gas stream passing through the vacuum
pump can be accommodated within the grooves. As a result, the amount of
rotor damage caused by the solid or liquid material can be reduced. This can
increase the lifetime of the rotors in comparison to rotors that do not have a
grooved peripheral surface. In addition, in certain orientations, the grooves

can cut through any material already collected in the pump.

The present invention also provides a pair of Northey rotors for a vacuum

pump, each rotor comprising two opposing, substantially parallel faces, a



punp can be accommodated within the grooves. As a
result, the anobunt of rotor danmage caused by the solid
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the lifetime of the rotors in conparison to rotors
that do not have a grooved perBpheral surface. In
addition, in certain orientations, the grooves can cut
t hrough any material already collected in the punp.

Theeriphesd Rurfabd eddted batwdePHVb SISty RXles, 8hd Hqsmiww of
rotors for a vacuum punp, each rotor comprisi ng t

ofseeyerylocataskerihia penighesal surfage fpéé@@omm?éiaﬂ'ﬁﬁépélﬂ or liquid
d
oithpGFE) GRS i ST PR BRI PR ARY T ace
f_or accommodat i ng sol i d or liquid materi aI ent r ai ned
e Be5e 800 HFESIRARREE Sl et ehis pigmny difren rom
PrighesiHe oich f’&b?nﬁ'hfsré%m fcipke PR b?ﬁen@bhﬁfe 6\95r%rptp|ng of the

This can reduce the extent of the overlappi ng of
graroQess durng g)tatm:raof the otorshand theyeby redhite therarbgunt of gas
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i nvention further provides a pair of Northey rotors
faor a vacuum punp, each rotor conpri SI&% two opposi ng,

uTkhﬁ Rieseat iInyepterafyriherpsewdes a q?éwfdﬂ ey giersdfesa vacuum
o e MR briSshe 830 BARLBRE" sulenduiBdrEd] t8tes, o

t hperiphepal sutrface |ladatéd bepoaddrethe mpammg fdceshand atpattern of
[ rotor. The oves

diff t th
55U logafedt b HienSTRalgL Suifasa D fiorER - Gpation of the

t hgatiemh bATdheVbii tRB rbites & QiR fdYn M Dni the! JiH&s rotor.
parallel slots, criss-cross, herringbone, zig-zag,

curved and wavy. In one exarrpl e described bel ow, the

B Gl ale GilsBiiar ot B PRLLEL Batbih. ccliples of the pattern

SUMﬁbﬁ'tﬁé gtdoveemapBanaincdiudel pardllcd @RS, drR¥-d1e¥E Herringbone,
regular or an irregular pitch.
Zig-zag, curved and wavy. In one example described below, the grooves
have a criss-cross pattern, in which intersecting grooves of the pattern
intersect substantially orthogonally. The grooves may have a regular or an

irregular pitch.

Some of the grooves may extend between the opposing faces of the rotor.
For example, these may extend substantially orthogonally between the
opposing faces. As discussed above, the disposition of these grooves on one
of the rotors is preferably different from that on the other rotor, and so these
orthogonally-extending grooves on one rotor are preferably angularly

misaligned relative to the corresponding grooves on the other rotor.

At least one groove may be disposed substantially parallel to and spaced from

the opposing faces. Again, the disposition of this groove on one of the rotors



Sone of the grooves may extend between the opposing
faces of the rotor. For exanple, these may extend
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As di scussed above, the disposition of these grooves
on one of the rotors is preferdbly different fromthat
on the other rotor, and so these

ort hogonal | y- ext endi ng grooves on one rotor are

prighestabdbly am@bmrftomthaedn tHeestheet@bt, \hd b 886h rotor may have
correspondi ng grooves on the other rotor. At |east one

gribisvaronyy lasaten sha sespenlivs wifiareal Pesifien gelative tooitsifages.
spaced fromthe opposing faces. Again, the disposition
of this groove on one of the rotors- A - is preferably

di'ﬁHeapataﬂlefgmwe@atayObe tlots ichted ooty pedptierabs@éade of the
tor, may, have this groove I?tcate at _a respective
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rotor providing a path for a proportion of the

mghey mash, $useresuping retestial damagreageier e ednautie éocking of the
|qéﬁhsand exhaust rotor at the point they nesh, thus
reducing potential damage and/or the hydraulic | ocking

of the rotors. The parallel grooves nmay al so be slots

h | f f the | ' f th
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pr i ven des vacuym Qu
RN NG Clenlih BRuBER b e Thpaid BrHAL R Pbors
| east one of which is as aforenentioned, |ocated
The present invention also provides a vacuum pump comprising a chamber

housing a pair of rotors, at least one of which is as aforementioned, located

on respective shafts and adapted for counter-rotation within the chamber.

The present invention further provides a vacuum pump comprising a chamber
housing two Northey rotors located on respective shafts and adapted for
counter-rotation within the chamber, each rotor comprising two opposing,
substantially parallel faces, a peripheral surface iocated between the
opposing faces, and a plurality of grooves located on the peripheral surface
for accommodating solid or liquid material entrained within a gas stream

passing through the pump.

The invention further provides a vacuum pump comprising a chamber housing
two Northey rotors located on respective shafts and adapted for counter-

rotation within the chamber, each rotor comprising two opposing, substantially



on respective shafts and adapted for counter-rotation
within the chanber. The present invention further
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two Northey rotors | ocated on respective shafts and

adapted for counter-rotation wthin the chanber, each

rotor conprising two opposing, substantially parallel

faces, a peripheral surface | ocated between the
Oméﬁ’éllél@aée%ﬁ @Sperhéral firidcallbéate@bebosry te bﬁﬁ@élﬁ@' f&dks, and a
the peripheral surface for accommobdating solid

| iRilesn ehoeqaves leeatediondbeweripharad sgdgce,taraiawhp@mth@

f/%%%ﬁb%qgf %ﬁe—m on' thegﬂgthg gcr){th'% Lé;&ﬁapt{n%%ﬂﬁ?q% é))p the other

rabtors | ocated on respective shafts and adapted for
counterrotation within the chanber, each rotor
conprising two opposing, substantiallyparallel faces,

a FeFdrRRES g’é‘lur%%rdcf & pk Wﬁﬂ/eﬁ%qﬁgl‘ﬂ nblc?re%éjﬂé’ﬂgide@ with

faces, a pattern o rooves ated on t
perefthmeato H:leracav@mpaymg/\ﬁmvéhgs,tihavrdd:rsposi tion of the
pattern on one of the rotors is different fromthat on
the other rotor. Preferred features of the present

| TRIGINE! PRs AichdssheutibRaPRER thRRGHS K/Bcumﬁ?m&e to the

acconpanyi ng draw ngs, in which: Figure is a
cross-sectional view through a vacuum punp; Figure 2

T 08 PEBRISB U of 85 foRird ol e plitp TR,
through a vacuum purrp and Figure 4 is a perspective

w of _a rotor of t of Figure 3.
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punp body 10 having a punpi ng chanber 12 defi ned
therein. A pair of Northey, or "claw', rotors 14, 16
arFdguneuhiseal perspestipe view ef a ingibr of @, p@apwiiFidurard®
adapted for rotation about their respective axes in
opposite directions, as indicated by the

With reference first to Figure 1, a vacuum pump comprises a pump body 10
having a pumping chamber 12 defined therein. A pair of Northey, or “claw”,
rotors 14, 16 are mounted on respective shafts 18, 20 which are adapted for
rotation about their respective axes in opposite directions, as indicated by the
arrows in Figure 1. Over substantially one quadrant, each rotor 14, 16 has a
deep depression (or Jaw) 22 followed by a protruding claw (or Beak) 24, with
the remaining three quadrants being substantially cylindrical. During rotation
the claw 24 of one rotor 14 enters the depression 22 in the other rotor 16, and
vice versa, in a meshing, non-contact manner. As indicated in Figure 1, the
rotors 14, 16 are mounted in the chamber 12 with a small radial running

clearance between the peripheral surfaces 26, 28 of the rotors 14, 16.

The pumping chamber 12 has an inlet (not shown) and an outlet (not shown),
which are disposed axially on opposite sides of the chamber 12. As the rotors

14, 16 rotate, the depression 22 in one of the rotors aligns with the inlet so



arrows in Figure 1. Over substantially one quadrant,
each rotor 14, 16 has a deep depression (or Jaw) 22

wo 20080298t7 by a protruding claw (or Beak) 24, wE€TGBR@®8/050266

10

15

20

25

30

remai ni ng three quadrants bei ng substantially
cylindrical. During rotation ithe claw 24 of one rotor
14 enters the depression 22 in the other rotor 16 ,
and vice versa, in a neshing, non-contact nmanner. As

' 'i‘lﬁ*étcgj’éseig drBwﬁ'u‘a”tkbr tﬂejohaﬁ'rﬁ‘tférr@t Olr&tﬂé\' rofflioRl & tRB Yol 14, 16
chanbe a small radial running
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dirster bedomesallignedwithpihessutiet $o drablefthe tensdresdst vdldme of
As the rotors 14, 16 rotate, the depression 22 in one

ofdagHe heoﬁeéﬁ%segﬁr@mhwhﬁm% Pnl et sothat gas is

drawn into the chanber 12. Further rotation of the
rotors 14, 16 closes the inlet to trap a volunme of gas
vviArm' solidher Igjuidhbreteric enivairedd Witls dime gas emferagsthe chamber 12

¢ RERGELS OF GPaHeTse e GeHince! SHAToreS  onk ldné felors. This
eailefial bh FRITREARE RieVel tHERURRINGRFe4rBnEE b@ﬁb@éﬁ?ﬂfé rotors, and
fromthe chanber 12. Any solid or liquid materi al

e eXIraee cases qanecayse thatretarad4t he te keuabe resuttingin the solid

ofneeBelbedifeiRadbr paRBTONERT BanitoiaREiiadts o os.

t hecreasead bgildlupasfahisembtriatean fdree itiod estdrs Mld16 apart which can
extrene cases can cause the rotors 14, 16 t

r é%%ll"% IM§ierramaoe dﬁ’"&h gtaly ﬁlaf%é@rﬁ%ﬁwﬁ'&ﬂg@& ”@ﬁ edges of the

SpERRE onto the peripheral surfaces 26, 28. Increased

bui I d-up of this material can force the rotors 14, 16

apart whi ch can result in rotor danage, which usually

i BB R e Fig 2 1 Sidf 5 Bedloa A AT ER(atattor

arfandgesustained dlmdfe %iﬁﬁ;ﬁh@%@ adyHd $tebdri @oRtHMNGSORE or

a gas stream containing solid
liquid material a plurality of grooves are Iocated on the peripheral surface of
each rotor 14, 16 for accommodating solid or liquid material entering the
chamber 12. In this example the grooves have a regular, criss-cross pattern,
comprising a set of grooves 30 which extend substantially orthogonally
between the opposing, substantially parallel faces 32, 34 of the rotor, and at
least one groove 36 that extends substantially parallel to the opposing faces
32, 34. As indicated in Figure 2, the disposition of the grooves 30, 36 on rotor
14 is different from that on rotor 16. In this example, the grooves 30 on one
rotor 14 are angularly offset relative to the corresponding grooves 30 on the
other rotor 16, and the spacing between the groove 36 and face 34 on one
rotor 14 is at a different from that on the other rotor 16. This can minimise the
extent of the overlapping of the grooves 30, 36 during rotation of the rotors 14,
16 and thereby reduce the amount of gas leaking between the rotors through

the overlapping grooves.



liquid material a plurality of grooves are |ocated on
the peripheral surface of each rotor 14, 16 for
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chanber 12. In this exanple the grooves have a

regul ar, criss-cross pattern,-tgenprising a set of

grooves 30 which extend substantially orthogonally

bet ween the opposi ng, substantially parallel faces 32,

34vith réfafedd Row té ik d %Flgﬁ}?@ 495PEMfer ¥8 ré&lﬁfe the chance of
extends substantiall’y parallel”to the opposing faces

3@ hylraulie chncarmrer@wrrﬂam@gﬂ sugtainededutingibe pumpmgfof a gas

orieBrg PSR, sy 87 U aléli BroiesvbERs s ighol A dBimoer of

I de@p Parahslasitequd M 2)yarefibsatbdiopl thki pegipherdi@irface (26) of the
correspondlqgé?rooves 30 on the other rotor 16, and

t Headipgedag (541 akbr RREUginggjaw dthedbrak) #ndl/gorothegpreipheral
r %tu?lrac%g).f 't@% fgswégr A%\'Nngf 8f1lthef e ex?‘é rg.?ﬁhc)}&ﬁ\ehib“t‘ 'Northey rotor

r ot or n n1se
0\(é4) dine sigtso@0t 42) providees r@dte tBudrwhigh rsotidor diquidfmaterial

| Mool b dna denrassion (225 of e SitALS FIoE L anderip tRe rapidiy
grcqw@@é cré'afréhéee(.ﬁa.sa@% .ﬁ% b8x&d arE£38 .@Pﬁglﬂa @54 b@tﬁeen the

in order to reduce the chance of a hydrauldc

aﬁWpdthfat(M Hiregeds asm@lleﬁiewmriot@ctm@dhp urmmrm)Ndh both sets

e ST T FA Pl R el i s M e S el oo
( 48akat) b@meémmﬁ &b mmfslxa 4pe6) i@hﬂrrahnswrérm:purhﬁmg of

the | eadi ng edge (21 of the protruding cla

begderarace af Sﬁtwlwalnwwwafpr 3 iR feseid @w@%m&enal

| hofiq pelolant eSS 3haW iy 3Gredt 1E plFaR) L BFGAVEE 50 which
whextdnds slibhstantiallyi cmhagamﬂys betWedrr Hyepepbosing, rwbstantlally parallel
depr h tr r nd/ qQr i.n

C RReS 3y SEfeleolty. end avd HBaSies i< ant #Bb Ratedbass
ars%sf’e&ubny Fa%ket&me&ﬂw@ﬁ{qfaﬁsstwmotors (14, 16)

can be expe thus protecting the rotors. Wth both

sets of slots (40, 42) on only the inlet rotor (14)
the inpact on sealing (gas



| eakage) between the two rotors (14, 16) is mnimsed
and punpi ng performance affected only mnimally for a
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Al'so show in Figure 4 is a plurality of grooves 30
whi ch extend substantially ortgogonally between the
opposi ng, substantially parallel faces 32, 34 of the
rotor, and two grooves 36a and 36b that extends

sybs ially parallel to the opposing faces 32,
SM%E 1. A Northey rotor for a vacuum punp,
conprising two opposing, substantially parallel faces,

a peri pg; al surfacf‘e | ocat ed between the opposing .

f dces, ﬁ{?r@ewem P S VBFUYR JBS GRBRRASANT HMO PRBOSING,

per | ph%@staﬁﬂfail@%%rall%i ffeeldah Irpe‘PiF)hQ'FHI SQf%cé BcRlidd betwéen the
vacuum punp, each rotor conprising two opposi ng,

subst amppaising faaeal ared afphurelity of greoveshlecatedsan frecperipheral

| ocat ed_bet ween the opposing faces, and a plurality of
groove?qr%fﬁt ed on the peripheral surface for

accommodating solid or liquid material entrained

within a gas stream punped by the rotors. 3. Rotors
acsor difgatr®f Nagtheyrotars wraa MaguurtRsined, reacherotor comprising two

3 oL, LSRN 3B 0 of g s Sdalogpos

Nor t heybetetonshé Oppasimgdméaudm pﬂﬁﬂhy bf)gﬁtlfolvels Icf>cated on the
conpri sing. two opposi_ng, substantia paral l e aces, .
a peri pﬂ’f"é&’&ﬂe'%' 268 feoreRasme ?U@%ﬁoﬁ%@f bid nafgrial entrained

faces, \atHina §t%é}n?(§m%&98?ﬁ1ét Eg@%@d on the

peri pheral sufface, a ere i sposition of the
pattern on one of the rotors is different fromthat on

cithi e FRIRES Bt R GBI 0k 2 S pS RARRIER of the

grooves on one of the rotors is different from that on the other rotor.

4. A pair of Northey rotors for a vacuum pump, each rotor comprising two
opposing, substantially parallel faces, a peripheral surface located
between the opposing faces, and a pattern of grooves located on the
peripheral surface, and wherein the disposition of the pattern on one of

the rotors is different from that on the other rotor.

5. Rotors according to any preceding claims, wherein the grooves have a
regular pattern.

6. A vacuum pump comprising a chamber housing a pair of rotors
according to any preceding claim located on respective shafts and

adapted for counter-rotation within the chamber.

7. A vacuum pump comprising a chamber housing two Northey rotors
located on respective shafts and adapted for counter-rotation within the

chamber, each rotor comprising two opposing, substantially parallel



6 . A vacuum punp conprising a chanber housing a pair
of rotors according to any preceding claimlocated on

W0 e®pazBitve shafts and adapted for count er-r ot BET/GB2008/050266
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within the chanmber. 7. A vacuum punp conprising a
chanber housing two Northey rogors |ocated on
respective shafts and adapted for counter-rotation
wi thin the chanber, each rotor conprising two

opposi supst ant arallelfa es

o ac et Bertaral BB BB B ShbRYIRG Rces, and a
pl ur al igiyrafify 6F rovess loeatdiden et pésphaal flreicd fosur f ace

for acconmopdating solid or liquid nmaterial entrained

Wi thin %CQHHT‘@@@W?}@S@ lwg"d maé%rgai el”l*f@"}ﬁﬂmlth'e a gas stream
vacuum hanber housi ng two Nort hey
rotors %)écgg}gg@ org reénggJ%L?{]?'ve shafts and adapted for
counter-rotati on wi thin the chanber, each rotor
co ris 0Si n subst ant ar al | faces

BT kB UTR paS formEsi o Barmbennowang Be ladpey Fotors
f aces, |3hsted o?\aftetsﬁéé‘tl\iéf SHHIROYRPad A9 H 86 &urtBerotation within the

perlpheral surface, and wherein the disposition of the

pat t er rchaémbkgreeath roter eemprisingdwai drpesing, stibsiantiali paiallel

the ot rfgéeé,oat f%ripheral surface located between the opposing faces, and a
pattern of grooves located on the peripheral surface, and wherein the
disposition of the pattern on one of the rotors is different from that on

the other rotor.



