;e3elLz. Lw**+$, L-Zb. 6. T.PA92 3 OCT 2002 DESCRI PTION TURBON- MOLECULAR PUMP
Technical Field 5 The present invention relates to a conpact 23 0CT 2002
t ur bo- nol ecul ar punp, for evacuating a processing chanber used in a
sem conduct or devi ce manufacturing process, having a high evacuation
capability. 10 Background Art A conventional turbo-nolecular punp is

in Figure 14 . The punp is conprised of alpunp casing 10 housi ngr\\m\“mm‘s\ﬁﬁm»\““\
rotation section ) R and a stator ( stationary section ) Sto fo

exhaust vane section L1 and a screw %rE ove _exhaust section L3. 15 Theteoies*
bottom section of the punp casing 10

C ; i
which is provided with an exhausrfU 61Mé§§j§§§g ;M@;;]sgc??zﬁ z‘?cﬂﬂiummm“mmm”m
e

casing 10 conmuni cates the punp wth an apparatus or conduit to .
evacuat ed through an upper flange section 12a. The stator S is coonV@@H
primarily by a fixed 20 cylindrical section 16 erected in the center of the
base section 14, and the stationarFesbddicgds Fdeldhe axi al exhaust vane

section b1 and. s SLANANOQKBLRYTBNSLcR6ald 00 4 BonlEer el Al Roampriges o

mai n sha 18 i nser de 't I Xe rica cti on

rotating cylpadp] feecévatuabing agptaedad idehahber HaRdlih Wes st dyndidt can
upper radial bearing 24, a |ower radial bearing 26 and an axial bearing 28
are provi dedi8hiefe BAPBERAEUELRY acRECPESE he RaVHGhadt hBglnewas s basy

cylindrical ion.16. The axial bearing 28 conprises a target disk 28a
provi ded at ?%égkgpféﬁfof the main shaft 18 and upper 30 and | ower

el ectrical magnets 28b provided on the stator S. This structure permts the
rotor Rto be rotated at high speeds under five-axial active controls. 2
3 0 C T18002 2 Axial exhaust vane sBaekgwoundirtudes an inpeller

per | phery of the. PO A0E BT h ALPERSREr sAuSHx e el AR EE G S o2
fixed on therhstRinpois eoniphd sedd Ny plithp#d 1184 NdtHAG: Wd 8 rioter’ Dicdat ikanes
30, and produces evacuation _ i .
section) R and a stator (stationary section) S to form an axial
exhaust vane section L, and a screw groove exhaust section L,.
15 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
20 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
25 20 attached thereto. The drive motor 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
30 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.



action by the nutual interaction of the high-speed rotary vanes 320 nﬂ t he
stationary vanes 32. A screw groove exhaust section L3 is provi& @t %Z
downstream | ocati on of the axial exhaust vane section L1. In other words,
10 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 15 evacuation acti,on by the dqrag effect of th

e
screw ridges 54a 6 ane®¥RfRRFgrtthRe SECHIGR M r PSHHUSGSat 2RI ghMERPEES By
providing t ; i : : éi[ﬁymt i he
axi al exhautsbt?m%lgﬂsﬁ??%%OE??9ﬁnﬁ$%g?%F§ggﬁarﬁ punp é@g?’?‘%g“ enI]E:jI e a
wi de-range afutfdoweamipbery 2 Ahkheoghttihe ¢ylisdeant edcexanpbe, pandites t he
screw grooves of the screw groove exhaust section L3 on the rotor side, the
screw gr oovés FFaPnRE Ypriaiefe B onf 1FRd selit BResipEeraogord ddxscatvive?

t he vol f I ired,.b em t roc [ a been
steadi 117 | nerdlndr Y BEPn B BhEER Gliite, BRo SRy BPoARERRTRYEE R GRS

consequent | yactitm b?rthﬂe pRieaul afit Prap: 1as ol She heRM S HEd edth@yPv9E€sS an
i ncreasi ng vol une of exhaust gas while maintaining the pressure inside the

appar atus babwnd ddie gitatiienaryayanest d2mi ng a hi gh conpressive
capability. 30 [, 1.0 e gurren C | eQy...incre iR th
evacuati on capa?iqstmgg?esw g%ﬁfﬁe’\geed&ﬁ‘{sg_‘uégﬁéf%%?gaglgrPgr?\ﬁ CIenctfj%‘gear Qg‘fm%‘%%@g in

the axial direeitidh ogatiséd Nk id1e ekaagbh itk \WRictiton 1.2. 3 1 6the2008rds pf
the punp to increase. The result is not only a costly punp, but the

val uabll spddee inediaddng eyeandesoredetPhs G dase thecgpired ByopHe PagfEopunp
apparatus. | .ti 0 he. .s { f ration_can be r eat ened _i.f ch a
| ar ge rotor %ﬁgﬁl&hﬁrgﬁ%vg%ﬂ?ﬁseg#g %lg%ng:sdlg\‘l?? u%lﬂrgaéc%re%coa&i‘l rggmfjhtéﬁ i gh

dynami c tor qikdieicyd iapehicad tecthenwes ghiniMmhdDisteltesuie ok knyengion
It is an object of the present invention to provide a conpact 10

t ur bo- nol ec HECRIAPAEHAPD OHER SHTEERAL iBhe QuisHoFUrAR g0 F gggtspra%gy@@ve
provides suldd i af svackaLl 08, 80 CONPE SIM E AN dd 1155 peThEABI £EL has
been achi eved 1n a turbo-nol ecular”punp conprising: a ca5|n8 Ich contains
an exhalst \arecwsacidrorctSdmbyngheotiany edhestoafathet perewctiidges 54a
alternating with stati onarry vanes on a stator section, wherein the exhaust

vane sectior d‘rﬁﬁi%"e‘%ewaﬁ 2078 SeehASt 5\9aﬁ@t§EéPﬁoﬁtaH&g§ FRECH exhaust
vane section dis egrcﬁ%‘fﬁ e@mogcgg‘? ?Ebélreeé%lé%stv%@ .ore0a
e I

ion
Accordi ngly, the overa perT or mance o e present turbo-no ecuf')"ar punp is
i nproved, bebauseitdmn psadenbfpuhe caxdn hesxbheshxivalneexdhaaisiovabe, stbei on

(exhi biting superior. evacuati on . capabi]i i.n _the, ol ecul ar w reqgion )
Wih o radd SR BR8Pk o OPae TR S ORRERRERAY LAY FaReS:
operating 2pBincudh @her i P1eSErALed @MY1ld PIoTHRBH! Phe YAEMAIG}Dves of
capability in a wwde range of flow rates, fromnolecular flowto viscous
f1 ow regi onsthe SCTiew grebee axtizasst seahéosdgtomihesrotor ekdepltdie aagevby
pl acing the stat.i onar%, anes_ and, rotar ){:h\éarsl%gtior]} gri%xi m t% and provi.di ng

certain geotTIrH WHapsd HiYg&EDhRn e 1n Some cases

However, the volume of gas required by semiconductor

processing apparatuses has been steadily increasing as a result

25 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.

30 However, in the current technology, increase 1in the

evacuation capacity is achieved through increasing the number

of stages in the axial direction, causing the length and weight



3 0 the vanes so as to exhaust the gas in the radial directions by the

ef fects produced by rotating vanes. A tortuous path in radial di r ecilidoMs! 1082
thus created in nmufti-stages by having the 2 3 0CT 200Z 4 rotary vanes
alternating with the stationary vanes, and the punp perfornmance (evacuation
and conpression characteristics) is inproved w thout increasing the axial

| ength of the punp. The surface irregulagities such as ridges or grooves
(protrusions 5 or depressions) provided on the rotary vanes result in

hi gher perfor ce but they can be made nuch npre readi on the stator
<1 e of "the SHURHE FREP i THrEERARas T IRAESBAEt RonP Ry Rb FO8 L4 PaR
protrusions Wtﬁ%%aﬁf\%ﬂ@s%ﬁﬁ%éi@éﬂasﬂéﬂ r%%%PSe?&n@tté%%SécéQ%tQ&? of

opposi ng surfaces of e stationary vanes or the rotary vanes. |npacting
ef fect produgedtby dachesuynfaceappargisaritias ablsetbby theatsafretoyf ohe
rotor section produces a_superior evacuation efficiency. The radi al

exhaust i ng SRFRUCS F30 BEGHERALSNEY hE S8 difdwsspatarishane fxparuis

Gr oo 30 BEAVEED J0 ek LOURC o D5, 00, O OO NNRRTS IRRELERs

tur bo- punp dgsilgied tee thenmepehtor panpge i s | ess sensitive to thermal or
el astic deformation effects of the punp, and stable performance over a | ong
service life of 20 the punp is obtained. In another aspect of the invention

is a turbo-nol ecul ar punp comyi SINQ A.LCad ring;ér[}{tclhoncont ai ns an exhaust
vane section having rotary vanés on a rotor “Section alternating with

stationary vanes mNig@ asted HctSegthebrad@itei Avehe iexhaspirovaae 2bogpatton
conprises a radial exhaust vane section, the radial exhaust vane section

conpri sithg suithe-anqliecad@rappmpeshabrivafd 8 Hed aggiviedly sthepgd axiad leagthone
of opposing f tat| ne [ rotary van

results of f%%% Séﬁfh Ephggﬁgor%hggg%%ggﬁat%%Q?HéFiPﬁe §8§ e§8§ E?ggg?%mard
the 30 cent redpateiiiedf. the rotor section is able to overcone the

centrifugal effects of the rotating vanes . Therefore, by having the rotary
vanes al ternatind'? tAPX9eE d1adt iRReAr pohaRyed ain @ Bugbe-podepplar pump

comprising: a casing which contains an exhaust vane section
15 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.

20 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 inthemolecular flow region) with a radial
exhaust vane section disposed in a downstream location operating

25 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

30 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



5 nulti-stage tortuous path in the radial

directions is created, and the

punp perfornmance is inproved without increasing the axial |ength of?80€T 2007
punp. A screw groove exhaust section may be provided at an 5 upstream
| ocation of the radial exhaust vane section for exhausting gases in an

axi al

direction of the punp by neans of screw grooves. A screw groove

exhaust section also may be provided at a downstream | ocation of the radial

exhaust vane section for 10 exhausting gases in an axial direction of the

punp by nmeans of screw grooves. The screw groove exhaust section may be
provi ded beti&TYananfferl Hdd@dof it hdheos bat 5@BRFBIVaNRS aapfXde pump

cylindrical %ﬁ%%f%&

Stationary

thermal res

i nventiqgn; Figures 2A,. 2B are a.plan view and a side view of the stationary
vanes ofb t nE parELERAH TN ProULBed o Gif S b sishe% Thsitan 101 BBhRG a
side view Of, AR O LeFhatiyeaL K ke AOERMOMARRI A1 THOYR & ik kSaRor
performance graph of the punp;” Figure 5 is another perforiance graph of
punp; Fi gur &8l ©fa tdreoggimgect i onal view of a third enbodi nent of the

t ur bo- nol ecul ar of thf E%Esen invention:;.30 Figure 7 is a cross
sectional v e

present inv

2

30CT?2
10

15

20

25

30

AR ARl ARG R L e et i 4 “bPERP R B uitor

titani um al ligysrovSdc i id hBURPi MOYE s vy & HdTRKAKad 18h

i ew of ¥ fOEPTH

RO D, £ 1O j onpgad
I stance. Brief Description of Draw ngs ZgQFigure 1F?§&L Cross

sectional visawigicead rawgudiamdntiesf suhe asirntisigasd evulsacoyesp (pkothespresent

BRRENTA0F tHRCELPBo MY eI RE L55Rinf UbF 2F Re

th

e

g;gtzdtqrm:si%rfwaﬁd&iép%@esqroqﬁﬁféﬁﬁéaqn@la ¥ e¥a Plsnadd bh erbadi ment

one of opposing surfaces of the stationary vanes or the rotary
vanes. Impacting effect produced by such surface
irregularities 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



6 of the turbo-nol ecular punp of the present invention; Figure 9 isZQ%@EPﬂﬁZ
sectional view of a sixth enbodi nent of the turbo-nolecul ar punp of “the
present invention; Figure 10 is a cross sectional view of a seventh

enbodi ment 5 of the turbo-nol ecular punp of the present invention; Figure
11 is a cross sectional view of an eighth enbodi nent of the turbo-nol ecul ar
punp of the present invention; Figures 18A-12D are cross sectional views
showi ng variations of vanes in the radial exhaust vane section; 10 Figures
13A-13E are also cross sectional views show ng variations of vanes in the

radi al exhal¥itiapbageeprioshdathgiinethe nadinlcAdEgciéensohdl CRARR DI a

conventi ona rho- I PR for i t

| nventi on pégéﬁﬁggﬁgﬁﬁﬁggFﬁéﬁgﬁa% $§%§§§?%§8ﬂ3€§ﬁ&fﬁ?#%ﬁ%?% cgeto }gures
1 and 2. Theehythoonotiggupakppunp (punp hereinafter) conprises a punp
casing 10 having a rotor section R and a stator section S, and an axi al
exhaust vane sechi 6RTEY aPWe aekRAUTD ERALELOR WaYe krecProwidedapé an

id bet t he .t ti ..1he t d tt [ f
Casing 20 aPEEBFBUR adBORTA T oabotlve 11 Hhee IaHS LI A oL he Dol

flange 12a pgnatbathehd SN PRRARAEHS Qir600dbh ot & REpAMACHR B6and T
stator S conprises a base section 14 coupled wth the Zg | ower flange 12b

to cover thecpbewtgnpseesion of the casing 10; a fixed cylindrical section

16 ted in the niddle; and the stationar, ti the axj haust
vane Section L1 SnfY JEGTER SHICL SR CoaeGnnEE P AR Thdas e ng

17 is provi dggn98rthg Basatsest i dife FA@i4Dt eknRubBckydes sedwmionh stwaft 18
30 inserted in the fixed cylindrical section 16, and a rotating cylinder

secti o020 ekhavhtdngogasdes stmfan agiaBedivcentine ofittdre pumpaby BEaRHOImi n

shaft 18 and the inner 2 30C1 2002
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.

15 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
20 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 Figure 1;
Figures 3A, 3B are a plan view and a side view of another
25 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;
30 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



surface of the cylindrical section 16, a drive notor 22 for the rotor R_ an
upper radial bearing 24, a |lower radial bearing 2G and an axi al bebﬁmﬁézgﬁ
for providing a non-contact support to the rotor R are provided. Axial
bearing 28 has a target disk 5 28a attached to the bottom of the main shaft
18, and al so upper/|l ower el ectromagnets 28b on the stator S side. This
structure of the punp enables the rotor Rto be rotated at hi gh speeds
under five-axes active controls. Touch-down bearings 29a, 29b are provided
at two locations, at top and bottom of 10 the fixed cylindrical section 16,
for providi rf &hortwadio-swwdeantl aroptuihe pdt bhe Ronbeanhedessakcyonpi sk- shaped
notary vanes 30 are integrally fornmed on the upper outer,peripheégiof t he

rotating cylinder n-20%0 n 0 on
F1HEES oh 15802 0fr 2% SBG 10 JIEW Qane Si&thormppdiment

t he inside ﬁﬁﬁg ) g el S i r 2 are

provi ded al t%g nat 1 n‘g{§g%5w1¢oﬁ%tcﬁg%?o?g§l \%gnggeﬁ.@éiggﬁ étngtalﬂg%g?;’/ vane 32 is

fixed in place atridheredges bycheingeptesael firednofop savédnidt eabodyment

stationary vane spacers 40 . Rototary vane 3 O is provided with radially

ext endi My~ slPdnte® rGHP QML eSHIRA) PBBPWEEN thRePPOSERReiN¥ERELBA hub 30a and

t he outer section.f - i j f. & .

| mpart's. moment UMt The LA B S Seraoaihane Prah e die pebd it
direction. Bfe vadiwlrsxdimlsicwanepaagt o@nthd psepenyi dadedewsstr eam of the
axi al exhaust vane section L1, that is, below the section 25 L1, and has a
simlar structur&@iPEee dePall2Bxhabst ¢ARESseeeFbhonal DVERWEhapBaWibfary
vanes 36 are _jntegr Y. peLi y t ting

cyl i nder se?ﬁ%%é%iéﬂéuP gﬁﬂgﬁhqﬁnkgg %é??%%eg%hgﬁgghggégs?%SEiéﬁ’
statiormeoy vanes BiRpfites pria-lded dre allsy natassvMddod fend Dt af dwy apR6w3hg .
Each stationary 30 vane 38 is fixed in place by being pressed at the edges
fromtop an¥BHAGRADBY &f FANGHary Fafe regadér §XhausktavRNSt SEFSARY ¢BAe 38

s 2 holl ow di Sk i, as; 2 £eMLeE, oe2 3CoT.2002 5, e €, 420090 a5y shown

in Figure 2, spi aped r1dges are EFOVI t 0 eXtend between

center hol e A eovdnd hecylarr pluwerpal section 44 on the front surface as well
as the back surface, and the grooves 48 fornmed between the ridges 46 spread
out towards 5 the outer periphery. Wien the spiral ridges 46 fornmed on the

front spgface (top surdageldile Fae %k%&jy‘iﬁgrguifagﬁé_ §ﬁv§h@ébﬁt ated in the

direction of the arrow A, gas nol ecul es™ar riven in the direction of the
arrow B towards tERmeefemeed embedamenhe wikk be(Oprésenbveleritianchfearendeetback

surface bottom si de of 10 the stationary _vane 38, the spiral ridges 46
are arr aElgeJ"s%Jraess th %’}daﬁs pof ge t%%&a‘é‘“ﬂlﬂ Lo BUPES PHER; ﬁ@rﬁﬂrf’@ffggffge of

the di sk inddigpsidestd pomPlcddif @l b Wh G nd oM Y JULKRMh R 88$ 4 BthkaYr e
2A. Each of such stationary vanes is normally forned in two half pieces,
whi ch are assmgthien $oganhan Mxialsaxlianpt vanes ssgdders I40aaddabyadial
alternajing w.th rotary vanes 36, and the ¢ l.et.ed assenbly is inserted
"nst do the R S07 A E2EERPRot BECoR=oT EPTRA DY THE Saronary yange 38
and the rot arhe e and bot 6 US&S: ol O RAkNcE 10y o bridvaedf with
nol ecules flowing fromtop to bottom of the punp generated 20 by the

tortuous st riRiReetivedlangadilda ekPauand/dire uppetiblange 13t hvaghached
| ength of t axial_distance occupied i.s relativel hort. Accordingly, the
overal | axi a.o I%?\g?%P%%W'use_oprurrcpo sul%ep ° %pﬁya\fnufl)f‘f& " sacrificing the punp
performance in hifie eyaouat E0BcAPLHL SO &3%ieVeec6aPohi L itd@Spled with the

25 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,. Anexhaust openingl17 is provided
on the base section 14. The rotor R includes a main shaft 18

30 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



25 Figures 3A, 3B show anot her enbodinent in which irregularities 33&3 as
ridges 50 and the grooves 52 are forned on the surfaces of rotary2 §m§6,
and the surface of the stationary vanes 38 is shaped flat. Wen the spiral
ridges 50 formed on the front surface of the rotary vanes 36 (upper
surface) 30 are rotated in the direction of the arrow A, gas nol ecul es are
driven in the direction of the arrow B towards the outer side of the disk
On the other hand, on the back surface (bpttom side) 2 30CT 2002 9 of
the stationary vane 38, the spiral ridges 50 are arranged so as to

transport the %as nol ecul es _towards the inner side of the disk in the
direction ofWRESE PEWRS IHIRRTES 2 BRERLIT Ay ANAFLYAMO A 22 SPRithRe to

the previ ous,eRb0g] MERly, e UTR: i Belbl 5 onPodl TRRj AL3a,or R, 3:Lorious

pat h of exhausting fl0 molecul’'es 'I'n e r'adi exhaus ane i‘on L2

bet ween theagtiadhofnafyl baResn3s2antdet herswiidimy wanes-36nseek w%ofbecdﬂi gh
evacuation and conpressive capabilities are maintained w thout

i ncreasi ng the ©9&pal R ieagerrwidade pidpl Phenindge2prbsens pampet glisk

conpared to,the nvent, qnal,.pu own i.n_Figure 14 . the 1 owin

advant ages %P% 3% @gﬁx[e_d ﬁ-‘r? tﬂge p %%Jeg’ﬂoﬁﬁ itgeFi“@j‘r’b i}ﬁa& hé(a%raé’\fvi_ %fjf&/e
exhaust secipgark3ohias dldaboiadileas ance 1u waepnEha-Jidl9ess bda, | e 15
cylindrical screw groove section 54 and the screw groove spacer 56, and

thi s cl ear apEBursurgselthiehpump el et itdiearotattdrigd WeerothtedoabrhiRh s

operated at_Nhi speeds, .such el asti or ion, and therml .
dgf ormati on?Pé%QSaﬁgggErE%‘gga%’?%? na |b‘|r71gm£°§{1tﬁt%[ ‘Ir o?‘tc?ruci 'Cgopvg}n:rﬂeeacflé)tgshi gh
t enper at ur esgQyep 9pr ak@ngeshr2ededt Otigo Meit i ofatsuedp euaN o BEllof

operational stability of the punp is affected. In contrast, the radial
exhausi Ovankhg &desashcy Pindr ieml presian JurdrT PReVERdagahcentsCHrstread i n

t he axi al d{éeg%gg?gp(?%v%ﬁg%%??%%%ﬁ%s so that the shaft and the casing

are | ess suscepti "tenperature 25 changes. Therefore,

def ormati ons causggkbyhgpedticsatharamis andaceebprefielly foemédsen ldheel y
to occur and the clearance remai ns_unaffected, thereby providing a stable

operation OfPPRE PHRBET REXARPRY hetRmP@ALEES &Y FolHHCH2 0 o

over | oadi nge Ei QLI 25 &nald+SvShevk APLIM TONaln L BA ki ASLEESs @fr e Sig1l ©
30 stake of the radial exhaust vane in the present punp show ng the suction

si de piBssutkePspumpt heasingi cHl, axdtathrhazye vanes 32 are provided
alternatingly with the rotary vanes 30. Each statlonary vane

32 is fixed in place at the edges by being pressed from top and
bottom by stationary vane spacers-‘i@ . Rotary vane 30 is provided
with radially extending slanted ribs (not shown) between the
20 inner secticn hub 30a and the outer section frame 32b, and the
high speed rotation of the rotor R imparts momentum to the gas
meclecules to exhaust the gas in the axial direction.
The radial exhaust vane section L, is provided downstream
of the axial exhaust vane section L,, that is, below the section
25 L,, and has a similar structure to the axial exhaust vane section
L,. Disk-shaped rotary wvanes 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
30 vwvane 38 is fixed in place by being pressed at the edges. from
top and bottom by stationary vane spacers 40.

Fach stationary vane 38 is a2 hollow disk and has a center



di scharge side pressure Pd on the horizontal axis. The | egends, 230CT
2002 to "rotor side" and "stator side", relate respectively to thatzgyﬂﬂ-mm
t he surface where grooves or ridges are formed. In these tests the
pressures are neasured at the entry point and exit point of an exhaust
passage defined between a stationary vane 32 and 5 a rotary vane 30 which
are opposed to each other . Figure 4 shows the pressure Ps of a flow
directed radially outwardly at the inner (suction) side and the pressure Pd
of the flow directed radially outwardly at the outer (discharge) side in

t he exhaust husxsddge ééﬂlh%dﬁh@ﬁﬂw&ﬂ1ﬂi9ﬁdﬁa2y saméaQOSh@Heé.@1¢ﬂesaﬁéryreane

10 32 d d_ b th t

2 1 ow i { et T 5151 TGPy A (PE COOEBE LRREHt DANISH o PARAPPREaL
pressure Pd fcd it fdowdinectadradidifatel avakdy als the HakK s(a%greaar ge)
side in the exhaust passage defined between a rotary vane 30 and

stationary \enktBe gliosyesedls doanedlte tween bharmdgﬂmw@apneradmsaogaaghs
the fact_the neasured vaIUﬁs all lie below a. |I§ ngven E% "Ps =
1

i ndi cat e3 t Hat® qUredi PREAPRAFEY - di rMEgR dbe 8PRice AIBEr rGRETReS Q? the
obt ai ned by sugh %mﬁféﬁgwéteg sh?f@béZGBfC%ﬂ% e H4d RS NACUYE are
pressure obtalinable is |lo O tor the Iower aust rat'e of evacuati on.

Conparing Fimuresediianthedirettdéan dietheartdan,tdes mollieral esvaca dmivehues
are lower in Figure 4, and therefore, evacuation efficiency is hlgher when

the gas flowkflr digecitingr ofi GBSt BTFAE Bt RFALHFthe AMMET SH4le
opposi te di rﬁgk Ongpy Ehesoeﬁefg{é{cﬂeroqpthaaﬁac)eh§§¥£98e9 1 tord 'sqgelt}goffrom

the outer si to the I nner a conpression effect is cancele
centri fl@al Wid ectatiimperrtyedraore t38g dae rscplleam ersl dgerse rddt adeb)ar[rtangedosow th

effect ox, st £ LHEMERRELCNS 0 5aleaEEt Porh RVRLatr e SPUET SLARET RRET
side, it camhg %.Sns%%ddiPé&tEBh%f’W%‘rrB@ﬁ%aggﬁoWHUBﬂ BY8 i AdUs aRy
negati ve evacuation effects. Therefore, by Ianlnatlng the rotary and 2 3
0 C 1 2002 IRigure 2A. Each of such stationary vanes is normally formed in

two half pieces, which are assembled together by inserting the

15 spacers 40 and by alternating with rotary vanes 36, and the
completed assembly is inserted inside the casing 10.

The configuration, formed by the stationary vanes 38 and
the rotary vanes 36, produces a long path of exhausting flow
of molecules flowing from top to bottom of the pump generated

20 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.

25 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)

30 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. On theother hand, on the back surface (bottom side)



stationary disks in many stages, a tortuous path having a conpressig?
effect is formed in each of the stages to thus achi eve high conpres %HCTZWZ
ef fect. Conpression capability of the punp is higher when the ridges 5 46
or the grooves 48 are forned on the rotor side than when they are forned on
the stator side. It has been confirmed eXperinmentally, and theoretical
explanation is not clear. On the other hand, fromthe standpoint of ease of
manufacturing, it is nore difficult to produce such structures on the rotor
10 R I'f ther spid adtdd dgesrprearddo 33 &fl'fedlés@@iallntrﬂ@rg@sUBOV\hﬁ:E bheangtar R
there is insufficient space for inserting a cutting tool in the axial
direction, EtCh@rSeft@r eranheot-”@othms b@lleﬂeléﬁtsedowedﬁath%tdlrmerdlsnéet pén or
fabricatio 81 geﬁfor ﬁ% elegtf%c di sch ehnacgénln h nmet hods
are tine co s ThCaxaf %ﬁﬁﬂﬁ i'ng 4R Hﬁ? tBfR°cost
of nanufacttglgmqgggagguna Mhen the structures are to be produced on the
stator side, each disk section can be separately produced so that the cost
of manuf act uri ngﬁltmsllai)toutOt Héres e Usheemosd ingénpakichg wappup thishe

conventi onal ner. 20 Figures 6 to 8 shom1an her enbodi pent t he_punp.
Figure 6 sﬁdﬁ? W?ﬂ%ﬁ?%ﬁ%gg g@ WP hePS eﬂﬁg?ggeesggh%u iogegFlon
L3 provi dedhpeineads the exéakaex‘aﬁuekhaaae §86ki @Bckloand,t betwashathe

exhaust vane section L2. In this design, the gas is renoved by the drag
ef fect creattedtimstaeevanss S6r endrikr ey REy55angsoy b deeclorihaie toet kiigh

surface in the central area of thevcyat%%lll%e%glogezo a d the op ggglﬁ
screw gr oove’ as% Jro%gngr oVTRes° dh T hEPStar or *Sivde HE‘ sHo anot her
desi gnd n W ddien$ciew groae edmpst cFeahiecohumd .i S prOVI ded in the
downstream | ocati on of the radial exhaust vane section L2. 30 Figure 8
shows anot her déBigjh the APSANE AN L 8VEYRRAFRRD E&rhBlS (cawEntdipnad pymp

e screw QM BXRARE %euri oo £atb0gbonQtnStaly asd W aRRe "ok e

rear SurfaQﬂlélpdﬂtprshtolﬂﬁt rnet aigigecyd | ntles ssecdw rodyd rxhbBestageatiexhaust
vane section L2. In other words, a space is provided between the inner
surface of Ishehat & i FRAETH i FAEATSBERI FIEDRR | iheher FidR%al ©ékhddst thane
secti L2 0 t of
the st or Y LT HE0BTE oo Sh AL R RLel PeothR PReEE L
on its out &6 swridcthis dIneardret i tshisseppdbae The opetawiexhaushcseeki on
sleeve 58 is fixed above the base sectjon 14 through a flange nepber  58a.

The screw MifJes-Ba WX desi Y $d-ss attohtlfgaln:étpéredtshesﬁﬁg PR gh2dphar d
di rection L&éh ﬁgeléﬁtendrageﬁtgleggfetﬁtgtgeg ohd Qesw&rea?deéarﬁée@yﬁt
passage is thus tornmed extending fromthe ftomstage in'the radral
exhaust vangresedhicomokdrass ek ey sk ek hgh heergpacet forsed elsyprhéongéedt i ng

| i t 20 and th h I 58, d d t
[he Spibe FOrgl Dy TRETSORE bANGIaE oh LBt OF aRP b T RddSgPIRUET cal

section 16 gndniepahbngstdier &xt@dst 19pPeBh8gad¥, ae;@%acalrtg benbhiss dgakan,
the radi al exhaust vane section L, and the screm/groove exhaust section L,

are provi desaeqtmqmtitz|J-rt;ttaqasrtsﬁemh@uam,athdmrle,&ﬁtztatm:%@smmvmm gtm the

per formance i.S _obt.ain d wi t hout i ncr ver al | |aI th of
t he punp. ’étﬁrﬁgdéreﬁ 187 sPFFT 3R ot eertwéj |rren(t g’fa% ﬁée it Eﬁalt gg s not

have the a@aadlr@lw@tlé/%eseeeép@mw that1dbeienibse §h§9€ein§e£f§€§relp by
t he radi al exhaust vane section L2. The feature of this design is that,

conpar&d vucthtartqe@ purfﬁsletrleétorlencldedegmtaﬁeoam aruegHabigt evaneicecthenmal hi's
punp is capabl e of handli a lar al,u as_at _a her ressure
range than ¥t ToiEed e#%%nﬁﬁﬁ ﬁﬁgtgg %ﬁ %8FH§|aP8r Fgéﬁ?ﬁ?e
punps. Fi gzl $Shows retitkl aﬂ@éf@%e&%«}dumataeftaMe @p@pabaymw the
screw groove exhaust section L, in the |ast stage of the punp shown in
Figure 9. Awurewnskitaust theavany sdeondsfhngee tglerrhrti ofl overipad)ngo is
provi ded between, the ro ahy yllnder_sectlo 20 and the |xedfc I|nd |caI
section 16, and * Pdged-6o4 Bt P-str

the segpnd fixpd cpﬁflﬂhraedn_»laealalseﬁhaegt&@anether@—te/ axcgsenngobhe sghewlggoove
exhaust section L, between the rotary cylinder section 20 and ‘the fixed
cyllndrlcahjsfcemohlﬁm sThies pdesisgir eprityy i des thel oepitigadx kist padsape
extending in the axial direction s tha% gnpact and, hi gh pecfor nce

Lur bo- pup CeFHE EbEALRGRESSS e PE Q8 Fhagiss P FAUREL 11 TGS GERRF

anot her enbodi mrent of the turbonDIecuIar punp. A cylindrical screw groove
section 54 having screw ridges 54a is provided in the fore-stage of the
punp, and the radi al exhaust vane section L2 is provided in the aft-stage 5
of the punp. Conpared with the punp having a conbination of the axial
exhaust vane sectlon L1 and radlal exhaust vane sectlon L2 shomn |n Flgure
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The present invention can provide a conpact turbo-nol ecular punp that. has
relatively short axial |ength and yet provides sufficient evacuatio&zﬁ&ﬁlﬂmz
conpression capabilities. Thus, it can reduce an overall cost when it is
applied to a sem conductor 30 device manufacturing process where a cl ean
room space cost is very expensive. 2 310 C 1 2002 14 Industrial
Applicability The present invention is applicable to a turbo-nol ecular punp
for evacuating a processing chanber used in a sem conductor device

manuf act uri AgoPEEGESTe” and S{htb 152002, %&ﬂghﬁiN@s%ecé&§8[991ﬁ9ﬁ59%ﬁ%% punp
conprising: a casing, said casing containing an exhaust vane section having
rotary vanesf3hensarfatewheeetdmrpeds er wdrigeg ave Aosnadi onbr yheaedesds .a
stator section, mhereln sald exhaust vane section conprlses an aX|aI
exhaust vanel§ 7 Lh, ) Ay eam

of said axigk %@Hﬁué’@%%s%%g_e' nglﬂgdzbet\ﬁbéézyré lel%ﬁalra vQHéTpsza%%%rd' ng
toclaiml ereln sail radl a exhaust vane sectl on corrpr| Ses Ssurrtace
|rregulér|tk 2 s bape e E r@sd 1sd

surfaces of séld staflonary vaneE “ éid ré ar A: os . 15 3, A
t ur bo- nol ect PP CERPPTS i cumiiile

exhaust vang,seet i @R-PayhNds 1 A r%@s@r@oﬁgro§ ﬁéQﬂL terRating
with stati Onar y vanes On a stator secti on, ereln Sal exhaust vane
section co fOSas.ly 5 A 3 it AT1E ddi i s 2 InF; ne el

section co
| east one oPEBPPES i

lel Jned belwey Q L 3

vanes. 185 432 Aty Rt esikak ﬁ&ﬁ@&@é@ong  0gany sodnh sh At Hﬁﬁets(é]ﬁe’
wherein a screM/groove ex aust sectlon I's prOV|ded at an upstrean1 ocatlon
of said rades ' C hi & b ‘ nhke .
exhaust vane, ectl bey ggggsrgoPé) fs {Iev%l%ro%ves ot raé r{%Iw%c%I ar
punp accord%ﬁ%—f%M%3?—UP———4L—————-—E———-—lL——L———Ji———————l————l;—x

at the inner (discharge) side in the exhaust passage defined

between a rotary vane 30 and a stationary vane 32 disposed above

15 the rotary wvane 30,

In these graphs, the fact the measured values all lie below

a linegivenby "Ps =Pd" indicates that, ineither flowdirection,

evacuation performance is obtained by such configuration. 1In

either case, the ultimate vacuum pressure obtainable is lower
20 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

25 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

30 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



23 0C12002 16 clains 1 to 4, wherein a screw groove exhaust secgiqﬂgiﬁ
provided at a downstream | ocation of said radial exhaust vane secti é r 2002
delivering gases by nmeans of screw grooves. 5 6. A turbo-nol ecul ar punp
according to claim5, wherein said screw groove exhaust section is provided
bet ween an inner surface of said rotor ségtion and a fixed cylindrical
section disposed on an inner side of said rotor section. 10 7. A
t ur bo- nol ecul ar punp according to any of clains 1 to 6, wherein stationary
vanes and/ oktk@tahyryantisial eimafengf seegad,cxh  toianbudn pathi hakiing a
al loys. 8. A turbo-nol ecular punp according to aﬂy of clains 2 15 to 7,
Q ! 1 & t. & s =

wher ei n sai 8§61L8 i 8 foramedibn eagheQfl § dteioesat g thascach igpven
turbo-nDIecHLa u%g %ccgonin fLg.any of clainms 2 to 7, wherein said
irregularitlég and 5pF§sS|oﬁs Sre'provided 20 on said rotary vanes. 2 3

0 C T 2002 17 10cofiptekReoRDHEH AN HIUSP tERIPINS i Blii ghetashddthedt igasi ng
contai ning an exhaust vane section including vanes, the vanes further
conpri sPng #6t@r yheagesoyrsat® ctusr foswetorn dicerAAPF Nl de tthast aheondrey

vanes on a gtgto§o§ggéiqﬂi %@ reg a g{d gﬁﬂgust Mang _sec gog cqﬂpgjge%ian
axi al exhauStSvane Section and a°radial ‘exhaust vane®Sectton d?spd%§§

downst r eam gkpsaifledxhall yexhadsthyarer 5eL1 1051 aaieinn i aeEewl 8590Ven
exhaust section is provided at an upstream | ocation of said radial exhaust
vane secti ofheoptheriherdngf xppddrq 6 s@dPoiad af expaust mamet axoty o by

means of sciew grgaves, 1A tugbosmlecul gt purp, accordi ng, tg, ol almm,

. 1
10, wherein s e vane secltl on conprises surtace

irregubaritres ORI s ralspidgés shapeoobe PrdRASHd A€ cat-a0PROSi MY the
surfaces of at |east one of said vanes. 12. A turbo-nolecular punp

conpri si ng: rateasRngtheardieasnagt Ebat aRhi g2 ad BxhatRie Vo secitoning

i ncludi ng vapgs,;  PRovANes &?Eé@gioﬁ’o'{@lre'r%'f%ger,o‘%ﬁ% ¥o¥d stOBea%soéxOJed .
section alternating w stationary Vanes on a’'sftator section, erein said
exhaust vangrsecti eaddenpdives tdohadiralf abxetiaasti onanmassetlid @yr andd adi al

exhaust vane_section_conprising surface irregularities formed in a spiral
shape on at®}e88F 16l FNPIR Ser 18t Pacesu6h BRTNUESBrEnkiBe NP Ridies:

wher ei fsa SCEoML OLAOUE ExXNaRsh 1 Seldiam iy, Providad af 29 Ypsh eagLl ocation
of said radial exhaust vane section for delivering gases to said radial
exhaust vaneasefhtconrhygneanpuopscr@negride/esructures 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.
20 Figures 6 to 8 show another embodiment of the pump. Figure
6 shows a three-stage pump having the screw groove exhaust
section L3 provided between the axial exhaust vane section I
and the radial exhaust vane section L;. In this design, the gas
is removed by the drag effect created between the screw ridges
25 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 Lz is provided in the
downstream location of the radial exhaust vane section L.
30 Figure 8 shows another design in which the screw groove

exhaust section Lj is provided in a downstream location of the

radial exhaust vane sectionlL;. The screwgroove exhaust section



13. A turbo-nol ecul ar punp according to any of claim10, 11 or 12, wgsr@i r}m
a screw groove exhaust section is provided at a downstream | ocati on zli i
radi al exhaust vane section for delivering gases by means of screw grooves.
14. A turbo-nol ecul ar punp according to clainl3, wherein said screw groove
exhaust section is provided between an kpner surface of said rotor section
and a fixed cylindrical section disposed on an inner side of said rotor
section. 15. A turbo-nol ecul ar punp according to any of claim lo, 11 or 12,
wherein stationary vanes and/or rotary vanes are nade of ceramics, titanium
or titanium al | &y3s PI%idd pRiERDL RS B sigams Wemmtiesinggeylindercasi ng, sai d
casi ng contai ni BgcwiRn @¥NAYS rabAREeRGE PlheisREL UAITNT YRBESr wbhE Vanes

further conpri sian%)arcot.ar% vadpgs on a rotor section alternating with
stationary vaned GH°2 ‘StECEIERT O the TMRSF T 1a%s A PRaARE ¥ne secti on
conpri ses an axicalindghaesttiovandiseaotirodidnckhaustadarel seexhausf) amne section
di sposed downst kgar,ol: saideaXealn e XaUSL, YA SLGLLEN 1o WOLEI N Sal d

radi al exhaust vane section conprises surface irregularities formed in a
spiral shape on35t°Fe¥s DAeSTEY FFPBYNEeSiPT £EeeveoP8 drVinastrne of said
vanes; . wherei miggsdaranegsl @itiet sesfaands depeassiionsiarspaps Ovigded on said
rotary vanes. ik datudk 200708 dls of L4005 TRLLCUIAL BUIR £QTPI i ST ng:

a casing, said casing contalning an exhaust vane section |ncfu§|ng vanes,
the vanes furthéf WERPM Sifhgneeobd§T v4hes on a rotor section alternating
With stationary vanege @Brewy Sidakors4aeddel @t igned\bBera@i to Sahasrexhadst vane
section compri seg, a1 4di 8l SXNAUSTLYANG 966! LANa: SALAL3dI3); grhaust vane
section conprisiPng surface 1rregularrties Tormed 1n-a sp|Pra sShape on at

f east one of oppvsPPGOPURF adesxiFfushpaisedsts she Hirnsdprytsrdmsiron wherein
said irregul ari th&so@RM s ElRRIIBISE RRS1AIRhPIRAWadede O o8 Al dad@bdihy vanes. 18,
A turbo- ol ecul ar, punp, according, Lo, clai m16.or 17, wheteln sahd
irregularities are provi ded“on°sai d stati onarygv nes.

. A@ A. ASA. A@ Af And\tie soxaf exapst sieeye AY, ant JascAERdnaRptyRen Ane pgace

1/§Tq E;y/f?yj" rm]' \formed by]the screw exhaust sleeve 58 and the]fixied cylindrical ] ] ] ]
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EEFAF5FgF] FFFCGIEASES: rYekHIaRI Loy 33nge offered by normal turbo-molecular
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cal cal] ca ~~ en ylsinder section an e fixe
f10% & ()-!L310%.\\& £).=1 L AN & () NE L) L s L0% &iahsd L $10%\ &
)- 1 10% & ()-S oo l@“‘?%l?ﬁ%%@ “(ﬁ%-wg % Q{%Q%Fg%slfqe%?cyf b ?5(9 ?2"1“%0% & ()-)s! T
%N & ()-%$: $10% & gassage extending in the axial direction so that a compact and

high performance turbo-pump can be obtained.



1'$: $10%\ & ()- ,# 10N & ()-<y<?[\]~z[PE: 10\ 10\ 2) L7 200
10\ <10% & () -! >@9%$10% \ & () -! @9$10% \ & ()-! COOMPLON\ & ()-Z. s! 10/§QL E)Z m
ol \ dEPE: 10\ & #10% & ()-S 9110% & ()- @

L'110% & ()-s10% & ()-L 10% & () - YYd0% & () - y8{ aBPE:

10SM 10% & ()-SI "110% & ()-$10% & ()-!SyM 10% " & ()-S10% & ()-S,9!'10% & () -
{/ e a?PE: 10! H &$109& ()-GSf& !'10% & (13S$ 110% & ()-!$109& () -

$10% & ()- SLM 10% & () - SVavK@ 10! 10 10°

10°yY: "110% & ()-8&$10% & ()-S1!10%,.& ()-90&$10% & (3,—!f-‘ 110% & () -hC r<V
K@1yMs10% p p&' ()F_lgpm#iéo/&hpysg still ‘another embodiment of the turbo-

10K ) © WU SHEE SO SSIANE ol LRI O
110% & () - @ 5@%eé £1dded B%alik) pBoWALE & -helBo2B-stage of the pump, and
101455 10%&'tgx)e- }/Qg:l'felljlv?e!x%aust vane section L, is provided in the aft-stage
2 P g
5 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

10 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.

It should be noted that the spiral ridges 46, 50 are provided
on one of the opposing surfaces of the stationary vanes 38 and

15 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 1in various
combinations as illustrated in Figures 12B~12D and in Figures
13A~13E in the radial exhaust vane section L,.

20 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

25 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

30 device manufacturing process where a clean room space cost is

very expensive.
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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
irregularities 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

delivering gases to said radial exhaust vane section by means

30 of screw grooves.

5. A turbo-molecular pump according to any of
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5 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.
10 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
15 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 irreqularities and depressions are provided

20 on said rotary vanes.
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¢ acasing, said casing containing an exhaust vane section
including vanes, the vanes further comprising rotary vanes 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;

¢ wherein a screw groove exhaust section is provided at an
upstream location of said radial exhaust vane section for
deliverin? gases to said radial exhaust vane section by
means of screw grooves.

11. A turbo-molecular pump according to claim10,wherein said
radial exhaust vane section comprises surface irregularities formed
in a spiral shape on at least one of opposing surfaces of at least one
of said vanes.

12. A turbo-molecular pump comprising:

e a casing, said casing containing an exhaust vane section
including vanes, the vanes further comprising rotary vanes on
a rotor section alternating with stationary vanes on a stator
section,

¢ 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 at least one of said
vanes;

¢ wherein a screw groove exhaust section is provided at an
upstream location of said radial exhaust vane section for
delivering gases to said radial exhaust vane section by
means of screw grooves.

13. A turbo-molecular pump according to any of claim 10, 11 or 12,
wherein a screw groove exhaust section is provided at a
downstream location of said radial exhaust vane section for
delivering gases by means of screw grooves.

14. A turbo-molecular pump according to claim43,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.

15. A turbo-molecular pump according to any of claim 10, 11 or 12,
wherein stationary vanes and/or rotary vanes are made of ceramics,
titanium or titanium alloys.

18. A turbo-molecular pump comprising:

e a casing, said casing containing an exhaust vane section
including vanes, the vanes further comprising rotary vanes on
a rotor section alternating with stationary vanes on a stator
section,

o 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;

o wherein said radial exhaust vane section comprises surface
irregularities formed in a spiral shape on at least one of
opposing surfaces of at least one of said vanes;

¢ wherein said irregularities and depressions are provided on
said rotary vanes.
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including vanes, the vanes further comprising rotary vanes on
a rotor section alternating with stationary vanes on a stator
section,

¢ 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 at least one of said

vanes;
o wherein said irregularities and depressions are provided on

said rotary vanes.

18. A turbo-molecular pump according to claim 16 or 17, wherein said
irregularities are provided on said stationary vanes.



