- 1 - VACUUM PUW The present invention relates to a vacuum punp, and
to rotor conponents for a vacuum punp. 5 Vacuum punps used to draw

t he gas stweawdn2eimra process chanber are general |l y nul PCEGRYOS/HINGDSS
conprising a pair of drive shafts each supporting a plurality of
rotors. A housing of the vacuum punp provides a stator w thin which
the drive shafts and rotors rotate during use of the punp. The stator
conprises a gas inlet, a gas outlet and a plurality of punping
chanmbers, with adjacent punpi ng chavASUWMEUMPseparated by a
transverse wall. A gas flow duct connects a chanber outlet from one
punpi ng chanber to a chanber inlet of the adjacent, downstream

punpi ng chanbghe prient PveRlidYredias el vAeusA UM g t8frotoPESMPoReHs for
that there is a small clearance between the 15 rotors, and between
each rotor an@ VARUWAR¥Ral | of the punping chanber. The rotors

typi cally have one of a Roots or Northey ("claw') profile, and the
profile of the rotors may change al ong the drive shafts. During
processes sucHaeurs pampsdiseddp siaw dferges siream fignoa esecasasbampes akD

supplied to a . j Ll I .
sur Face of a SEBaAREmuRlSRENTuhs LB EndENRY g SRERE oth bfborting
t he chanber i a plurhliy iof edtyrss ohousing bl/the veacalin gumop prdvides astatdrevithis
supplied to the. er i ons d during the de ition process.
The! unconsursinshdae acve BafOAR Feers e PuliipedBr P i "Hhe skl
chanmber wié h gi_crmlﬂp@éesr@g&s infet, a@asrou]geucar&i % blurality ef pﬂrﬁﬁﬁ?;ch&ﬁiﬁs,&with
vacuum punp. e gas stream pupped fromthe, process chanber can
contai n speci %@a?%ﬁtp%"Qg@Bg_g@%@@ f%oafrﬁ@dr;{y@@ra%\fer%g(&ﬁm & gasdipw
deposi tion pr@G@TonAENS BN ioltiBBfdrh GhedRSping EEamBEr 18l déhamber
particul ates, which are exhausted 30 fromthe process chanber with

t he unconsune@lelcbliesadigearisdownstigadm PYBRINGoTEMRES0 SREh PHMpin:ehanaker
use vapori Sedhéds%'é'f%ﬂé Bfidicrasen Wit het? id EShalUib S8 PetaRfigRS ©

and/or collect Int
15  rotors, and between each rotor and an inner wall 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
20 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-

25  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

30 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.



- 2 - As another exanmple, if the unconsuned process gas or by-product
I s condensabl e, condensation on |ow tenperature surfaces within the
vacuum | i n®0e088e117t he process chanber and the vacuum PCKHGEB2008/050266
Wi thin the vacuum punp itself, can result in significant amounts of
powder or dust 5 passing through the pung.- Any solid or |iquid

mat eri al passing through a tw n-shafted vacuum punp i s forced between
the rotors of the punp, and it has been observed that, over tine,
this can resuhs ahcmthdama@epteoiftﬂh\@unubrmumaﬂprobessgarmoclapamducaisse t he

10rotors to h For Northe ot ar anage
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reduce the silie ftwtbe titd pRicass esaber@sdtHencuaiopSmBNer Wighingan t he
rotors and the stator. Th| could compromise the future reliability
of the punp, YRSHEMCRATPIt5el fcqnﬁgsww&p IgaficRyE AMUta P peWeRNor dust

t enper at urses RssiAhfhRE nsion of the rotors 15 relative to
the stator could now | ead to contact between the rotors, and/or

bet ween a rotor and the stator. The present invention provi des a

Nor t hey rot orpfp&o| IH%BIQTBI B&%Ilﬁbn&é inS Q%g%ﬁ%cuqumbﬁég\i,\see

substantlally ara IeI aces, eralosar |'0Ca
t he opposi ng fbreddetwaen mq:)todmraqutthe pﬁmgrm@&ﬁab@e&heﬂbseweﬁhbat over
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do not have a grooved peri g%eral surface. In addition, in certain

ori ent at i ons COHlfCQiPRISMISE tenfublre relakilily BT theypurar.crarkgulay i thepump is
col 'ected in doapatBH AP highlr temperatures as the thermal expansion of the rotors

15 relative to the stator could now lead to contact between the rotors, and/or

between a rotor and the stator,

The present invention provides a Northey rotor for a vacuum pump,
comprising two opposing, substantially parallel faces, a peripheral surface

20 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
25  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.
30
The present invention also provides a pair of Northey rotors for a vacuum
pump, each rotor comprising two opposing, substantially parallel faces, a



- 3 - peripheral surface |ocated between the opposing faces, and a
plurality of grooves |ocated on the peripheral surface for

accommodat Wiegeosas1zPbi7or |iquid material entrai ned w thi nPEI/GaRENNZOI0REM
punped by the rotors. 5 The disposition of the grooves on one of the
rotors is preferably different fromthat3on the other rotor. This can
reduce the extent of the overl apping of the grooves during rotation
of the rotors, and thereby reduce the anount of gas |eaking between

t he overl appi pgri@vmahasfadarkbaajecﬂ)bab\iae@ thé@pﬁh@ngﬁmnand a\m.uralityrof

rotor conpr | sbiy EalRelsten M bt sbiee (P e Frie BBy 8o AL

peripheral sunfatertal eotrained vhmin/\agastsheanmﬁpétgbff&@@;torand a pattern
of grooves | ocated on the peripheral surface, and wherein the
di sposition of the pattern on one of the rotors is different from

that on the OTH@’ijlsrp@‘sﬂbn oﬁ-’é_he g%’l’éo%@@ﬂ%ﬁe'&@ﬁ% Rtdr8 W pter@blydifferent from
irregular pattern. les o attern which the grooves nay have

i ncl ude, par aﬁaépnéll‘%t:@er {,QtpfssThlﬁ@@Q redieger tha gistans of megO\@dlgPP@lerélﬂE
and wavy. In r%%v@é(a[mll@ \Rﬂgﬁﬁ{ sid er%'rQVé(ndttﬁé’reﬂges o tpﬁ t of gas

Criss-cross p ttern I'n I ntersecting groo
20i nt er sect sl@Bkngrhai\aemyﬂ‘@rwwgppmglgroomsedtg’m(pw&plng,y have a
regular or an irregular pitch. Sone of the grooves may extend between
t he opposing faces of the rotor. For exanple, these may extend
subst anti @ | yTiee prexgatimventidreluvibenpidvitieda pajpalslidanghé}ams fé¥sa vacuum
di scussed above, the dIO?CF)OSItIOD of these, roov ﬁ?fg one %Tj t he
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rotors is prePWPRHPIFTHIORGTGOIIRNISINGING PRROS] ?Hlés facggyaso
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angularly msaligned relative to, the correspon rooves on th
ot her rotor. 9rooves located on the peripheral surface, and wherem the disposition of the
pattern on one of the rotors is different from that on the other rotor.
15
The grooves have a regular or an irregular pattern. Examples of the pattern
which the grooves may have include, parallel slots, criss-cross, herringbone,
zig-zag, curved and wavy. In one example described below, the grooves
have a criss-cross pattern, in which intersecting grooves of the pattern
20 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

25 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.

30 Atleast one groove may be disposed substantially paraliel to and spaced from

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



- 4 - is preferably different fromthat on the other rotor, and so
each rotor may have this groove |ocated at a respective different
position r®OR2M&KR31G its faces. The parallel grooves naRCHEBHIYHH266

| ocated on the peripheral surface of the 5 | eading edge of the
protruding claw (the beak) of an inlet Nfthey rotor, as shown in
Figures 3 and 4. Locating slots on the back of the beak allows the
inlet rotor to slice through solid or liquid nmaterial collected in

t he depr essi ois grefarably diftsfrentfeora it ust the atteer rproovardl sieactpadtor ey have

P oEe o o aEgho bEa PERRR bRy oBhed R BLMRRE 1™
potential damage and/or the hydraulic |ocking of 'Ehe rotors. fThe f
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expelled fromthe rapidly c 03|n‘(_3l rolllng( cl earance between the inl et
3

and exhaust r8hewR in Figurgse3 and 4ckecatingsints on the bachebiiedeakaliows dien
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which is as aforenentione cated 20 ‘on respective shart _
adapt ed for cobmadrciitbe axhaust witohprovidieg aipattbier a prheortive oétite material to

i nvention fur Vi | S i ng
twoNor ¢ hey 27 SEREIeRGAIZ] i SAEHATR TR SRERC L S /IR g POIY
count er - r ot at ihey mésH ithud teelucing rdoezntiaé damage tad/or trphydraoke bwvking of the
opposi ng, 25 substantially parallel faces, a peripheral surface

| ocat ed betwe@ﬁthe opposi ng faces, and a plurality of grooves

| ocated on the peripheral surface for acconmodating solid or liquid

material entrained within a gas stream passing through the punp,
he parallel grooves may also be slots located on peripheral surface of the

lower jaw of the depression (throat) of an inlet Northey rotor, also shown in
15  Figures 3 and 4, to provide a path for any material expelled from the rapidly
closing rolling clearance between the inlet and exhaust rotors.

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

20  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,

25 substantially parallel faces, a peripheral surface located 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.

30 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



30 The invention further provides a vacuum punp conprising a chanber
housing two Northey rotors |ocated on respective shafts and adapted
for count eMOWIRIZPHA Wit hin the chanber, each rotor conPET/6BHES/HN66
opposi ng, substantially -5- parallel faces, a peripheral surface

| ocat ed between the opposing faces, and-® pattern of grooves | ocated
on the peripheral surface, and wherein the disposition of the pattern
on one of the rotors is different fromthat on the other rotor. 5
Pref erred feaparadis! fabes, repgripdee tsuifave icatad betiveendive bppaling faceedand a

with referenc t L n raw.ngs,, in.which, Figure 1 is a
cross-secti on§?‘t‘§rf’e°3veg{‘ﬁf?‘f?§g§&§¥‘i‘/aﬁ6@%"%”' raligyiracy, gd ‘Q’E? |%ﬁ1e
perspective viieposifion bbtheqiattesn of ohbef fhanpterd ifdiffefent from fHiag vhehd ottier
al so a cross-sectional view through a vacuum punp; and 15 Figure 4 is
a perspective'®?Pew of a rotor of the punp of Figure 3. Wth reference
first to FEgure 1, a vacuum punp conprises a punp body 10 having a
punpi ng chanber 12 defined therein. A pair of Northey, or "claw', 20
rotors 14, 16Piferadipate@seh tharissent ipweriearwi nosy adegaribrd it
adapted for r ' | |\ € in opposite

di rections, agf%% ?gg?e Cyctot S"X{"?i"ag‘g”f"'ﬁgp'{'%'ﬁgh'l. Over
substantially one quadrant, each rotor 14, 16 has a deep depression

Forat ni ng- ¢ hr SBT3 BRhoha iy fiBlan BBt A Do g
rotation 10 .

Figure 2 is a perspective view of the rotors of the pump of Figure 1;.
Figure 3 is also a cross-sectional view through a vacuum pump; and

15 Figure 4 is a perspective view of a rotor of the pump of Figure 3.

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”,
20 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
25 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.

30  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



25 the claw 24 of one rotor 14 enters the depression 22 in the other
rotor 16, and vice versa, in a nmeshing, non-contact manner. As

I ndi cat ed WO FYed71l, the rotors 14, 16 are nounted i NPCTIGBUIEMDRGS
12 with a small radial running clearance between the peripheral
surfaces 26, 28 of the rotors 14, 16. 306The punpi ng chanber 12 has
an inlet (not shown) and an outlet (not shown), which are di sposed
axially on opposite sides of the chanber 12. As the rotors 14, 16
rotate, the dwatgas mdra% into tbee:hal"nbéhem Fuether Edt:iitg:rn'sof\clithé lﬁotbhEM nleet
so WD 2008/129317 008/ 050266 - that gas i

chanber 12, FAPEIG BELG (AP Brvoliee phoes whi ndghambeb s ok heatmes
trap a vol unec@hp &%&e@bbﬁﬂébrith@ r@izwmmslanm\tﬂié @bpleesiene iR MPbiesed
bet ween t he rotors 14, 16 until_ the depression 22 in the other rotor

becones al i gnmowemmwlwﬁmﬂhttbe&wﬁaﬂteem@'a:@wwe%ﬁ%vqme&rf 5
gas to be gel g@@ﬁﬂbg ;é?@agéaqr&ﬁ%@gﬁargﬁer 1y solid or liquid materi al

entrained with the gas entering the c er 12 can settle or condense
on the peripheral surfaces 26, 28 of the rotors. This nmaterial can

reduce the i Afy Sbid BRI HeRSel bEAS ABAGRTHAREL RGOS harRd 13001

extrene cases n cause
solid materi ad:arbeeitiemngomdﬂﬂsecbmhhemnpadrabaumaddse‘qmeslqihleae acbtonsaur‘rrases

26, 28. Increas thls erlal an force , the ro
To"apart  ani BRtaiahon SedtBeithe bk W flnsito GRRench Eamesn harplsdtid
as swel ling oh é:dnenmimsafantdeém@fcﬁorsh& W61t t61edhe ksiimirgiAhé Solid
Figure 2, in order e anount of rotor damage sustalned

0 reduce t
during the pumpfeig! E?C%{n@agoll,ﬁti] QRredt PaohA pesiahei@! éwquemﬁﬁi
material a plperldskd HafldUHAAVINS nditBridIRaA8ReGRe rOBIP P4, 1SS HA1, mﬁ 8&F
of result in rotor damage, which usually manifests as swelling of the edges of the
rotors.
15
With reference now to Figure 2, in order to reduce the amount of rotor
damage sustained during the pumping of a gas stream containing solid or
liquid material a plurality of grooves are located on the peripheral surface of
each rotor 14, 16 for accommodating solid or liquid material entering the
20 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
25 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,
30 16 and thereby reduce the amount of gas leaking between the rotors through
the overlapping grooves.



each rotor 14, 16 for accommodating solid or liquid material entering
the 20 chanber 12. In this exanple the grooves have a regul ar,

Cri ss-croswopatepily conprising a set of grooves 30 whi RET/6R0681050266
substantially orthogonal |y between the opposing, substantially

paral l el faces 32, 34 of the rotor, and-at-|east 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
2514 i s diff ewdthtreferoncd haw toﬁllgwé G][antﬁ-figlljm4 i sr@faﬁlﬁéwcetthecgaméeles
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- 8- CLAIMS 1. A pair of Northey rotors (14,16) for a vacuum punp,
each rotor conprising two opposing, substantially parallel faces, a
peri pheral surface (26, 28) |ocated between the opposing faces, and
characterised in that the rotors conp_rg_se a plurality of grooves (30)
| ocated on the peripheral surface for acconmodating solid or liquid
material entrained wthin a gas stream punped by the rotors, wherein
t he disp% of the grooves on one of the rotors is different from
that on t er rotor such that, during rotation, the extent of
over | appi ng of the grooves between rotors is mnimsed, said grooves

(30) extendi ngy §&P§ftr@dme?lrétur_sq11&,h@ﬁ@n@bédoumiwaaém@t&pposi ng faces

and sai d orthogonal | y-extendi ng grooves on one rotor are anqularly

mi sal i gned r el RMPGEING &vq prPastgr eiastnbiziPatrsliaess: 8 Retirierdy SHERCS ot or .
2. A pair of NogtdeglochRt®etvdehdhe dfPosingfacksVamilinarRiuNBed BB thet or

conprising two opposing, substantiall ralle] faces, a peripheral
surface (26, th)opqp rga aﬂi‘ﬁ!&\éﬂ@ﬂ%“‘%ég@é?%ec}r%{b@@, and

characteri sed gefiphdraltsuifage fobhedomresuing sélidar Phuid alatdrigl @ftragiiedoves (36,
40, 42) located, on the peripheral. surface for accommpdating,solid or
aut materi A bd sEamR R o R R e B B e BB or s
wherei n t he dig@oesibonone of thehetogr i diffesndfioro tieat of thehatheroblor sudhs

different fro hat . h ' ation,
the oxterit of BUeEBar RIS Rierh Sh iruBbath bRk oS BohESh 2L 0L g
grooves (36, 46torsdigminimggedseaid gwbees(@0] exténdingaauabtantiallyo and spaced
fromthe opposj i j § L i d :
substanti al | y%ﬁggrg%%'%gfﬁawgg@g@ %ﬁbgﬁ%%g}agtgidegér@taglgrpgsgoﬁ%!g???ng}ngnt from
that on the otdiegves onene s@orareangdarty misakoned selpfiviedp thel cagesrardindocat ed

at a respecti g,k LEHERNGthGGSIoI on relative to its faces. 3. A pair
of Northey ro%bg?s accord‘%ng tg Caiml or aim2, wherein the

grooves (30, 36, 40, 42) have a regular or an irregular pattern. -9-
2. A pair of Northey rotors (14, 16) for a vacuum pump, each rotor

comprising two opposing, substantially parallel faces, a peripheral surface
(26, 28) located between the apposing faces, and characterised in that the
rotors comprise a plurality of grooves (36, 40, 42) located on the
peripheral surface for accommodating solid or liquid material entrained
within a gas stream pumped by the rotors, wherein the disposition of the
grooves on one of the rotors is different from that on the other rotor such
that, during rotation, the extent of overlapping of the grooves between
rotors is minimised, grooves (36, 40, 42) disposed substantially

parallel to and spaced from the opposing faces, wherein the

disposition of said substantially parallel grooves on one of the rotors

is different from that on the other rotor so each rotor has its parallel

groove located at a respective different position relative to its faces.

3. A pair of Northey rotors according to Claim 1 or Claim 2, wherein the grooves

(30, 36, 40, 42) have a regular or an irregular pattern.



4. A pair of Northey rotors according to Claim2, conprising grooves
(30) extending substantially orthogonally between the opposing faces
and sai d orthogonal | y-extendi ng grooves on one rotor are angularly
m saligned relative to the correspondk?g grooves on the other rotor.
5. A pair of Northey rotors according to Clains 1 or 3, conprising
grooves (36, 40, 42) disposed substantially parallel to and spaced

fromthe ppposi Bélr{) ey YRS S Bortifg tSCERRS! EdrittisP Pétivas 430) extending
substantially paralle grooves on ohe of the rotors’is different from
that on the otWestapiiallyeribepanabnbatued thh 28resing fBeRsANdsaidyr oove | ocat ed

at a respecti vgiahiahy-8RkndAg bidoPds 6@&@@@&@@@@@@@@?@ A pair
of Northey rotors according to Claim5, wherein the parallel grooves
(40) are sl ot Jepbyeledle sorespendig 9 pRESAN 1B PINELRI¥S t he | eadi ng edge
of the protruding claws of the inlet Northey rotors. 7. A pair of
Nort hey rotors, acco

ing to Caim5 or Claimé6, wherein the ral lel
brooves (o) d ACotBsEdsacetipe f Geurons BPrTRC Rt PRt of
the | ower jaw 42) dispesedefubsantialin patalleino aimd sgachi frbmalye seioaihgdaced, pai r
of Northey rotqgrs .according to. an recedin | ai s, wherein, the
ot ooves (30, gRiereip e gpontlon St s Brral e RrOBres AAFRR e
conpri sing a ahiantediflecus frag tisatpaithe otherrotonss efdvirotat Gps de pamliging t o
any precedi ng ' C ) Ve s , . ed for
any precedi ng gl 8lm L eGAled Gl RS ARG s tA 4% nSHREL
6. A pair of Northey rotors according to Claim 5, wherein the parallel grooves (40)
are slots located on the peripheral surface of the leading edge of the protruding

claws of the inlet Northey rotors.

7. A pair of Northey rotors according to Claim 5 or Claim 6, wherein the parallel
grooves (42) are slots located slots located on peripheral surface of the lower jaw

of the depression of an inlet Northey rotor

8. A pair of Northey rotors according to any preceding claims, wherein the grooves
(30, 36, 40, 42) have an irregular pitch.

9. A vacuum pump comprising a chamber housing a pair of rotors (14, 16)
according to any preceding claim located on respective shafts and

adapted for counter-rotation within the chamber,



