;e3el 1\ 7J6: TaSPECI FI CATI ON [ Nane of the Invention] Vacuum Exhaust Apparatus
and Drive Method of Vacuum Exhaust Apparatus 5 [Technical Field] This

i nvention relates to a vacuum exhaust apparatus, for exammmmﬂmmm’m

sem conduct or manufacturing equi prent _and npre particul ar um
exhaust apparatus of the energy conﬂﬁgﬂgﬁﬂgﬁe and a dri vi«gspet hod -of
the 10 vacuum exhaust apparatus to reduce consuned el ectric power.

[ Background of the Technique] O l-sealed rotary vacuum punps were used for

early sem cag‘g#g?gﬁm@ﬁ%ﬁﬁ H]I‘i ng equi pneEnts in nost cases. Consuned

el ectric po the 15 oil-sealed rotary vacuumpunp is generally little
and it has tVecwengxhacst Appanatudrant Drive Methocedfe/gouess ExbaocstrAfparaasi | y
obt ai ned. However, the follow ng points should be cared where the

oil -seal € rotary punp is used in the senmiconductor manufacturing

equi pnent : (é.% Ths ga es used in the sem conductor manufacturing

equi pnent ar Bn L 'r?gcﬁy reactant in nost cases. Wien such gas is

exhausted, it reqplsSintehtioN 36l4tE8 R EPvALIUrA BkHaRisP BRBHFRSS, RAGKPDle, for
material s which make sonetinmes the vacuum punp to be inpossible to rotate

or the punp semidomdoetod emnanufachiren equipnterntcand onore( Partidaerly td a acwarouum
punp oil diffuses into the vacuumtreatnent or 25 processing chanber and

cont am nat esexhaust Apperaits o dhe eNBIaYCanNsend@sionatyrs andsa drivingongthadiofihng
phosphorrs con(?ound S toxic rrﬁjtégrial i n_nost égsf%'t'ﬂeat ment of such
har nf ul 1 thdu¥e¢YUN exRapst FRRATATUSIOFadYCe BRRSUMEd BIRCUIGRBYPT of t he
managenent procedures is nuch. Fromthe above grounds, recently dry vacuum

punp (called also 30 "dry-seal ed vacuum punp" according to the

i nt er nat i ona[Badkarelaidiof the TRchfile) Il -1975) which does not use sealing
oil, is used instead of the oil-sealed rotary vacuum punp. The dry vacuum

punp can vacuum Rikpealed heaidyr vReWMaPHBWSHhMeEse auspdidee ety Semtieqndustal
oL LI\, ERLGRBIRe RIS Siod5edha o URBEhoVF HHIT
15  oil-sealed rotary vacuum pump is generally little and it has the construction by
which low ultimate pressure can be easily obtained. However, the following
points should be cared where the oil-sealed rotary pump is used in the
semiconductor manufacturing equipment:

(1) The gasses used in the semiconductor manufacturing equipment are

20 strongly reactant in most cases. When such gas is exhausted, it reacts with
vacuum pump oil and so produces reaction materials which make sometimes the
vacuum pump to be impossible to rotate or the pump oil to be deteriorated in
lubrication.

(2) Vapor of the vacuum pump oil diffuses into the vacuum treatment or

25 processing chamber and contaminates it.

(8) Used vacuum pump oil contains arsenic compound and phosphorus
compound as toxic material in most cases. Treatment of such harmful industrial
waste requires much cost and the number of the management procedures is
much. From the above grounds, recently dry vacuum pump (called also

30 “dry-sealed vacuum pump” according to the international standard ISO/DIS3529/
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punp, crow type vacuum punp and screw type are used as the dry vacuum punp
in nost cases. These vacuum punps all have the construction of two axes to
which a pair of rotors is fixed, spacing a little gap fromeach other. The
paired rotors are rotated in opposite directions for the vacuum punpi ng.
The life is loA§72owhichAres 8ot yrsmsealingeit ipoped instead of the eilwgaled ratany
solid conponents.contained in the gas sucked fromthe sem conduct or

manuf act uri n@%ﬁ‘lﬁ’ﬁﬂ\gﬂq Further, resistance to corrosive gas can be easily
inparted to the i iV sl -

been substitut edmétﬂwtﬁaewﬂ-@ggﬁghr%é{og&v E@agﬁﬁ%%ﬁ?ﬂﬂ?ﬁgwﬂm
sem conduct oandredugieandti contaire @eiap miinin. itsiownpressioheckkambet. e iprsobtaliad: hat
the required electric power of the dry vacuum punp is |arger than that of
t he oil - seal B@chasigahvatuim nump.sPoesitive displacemenidyperas FPYP® Naggum

f th | ogi cal bl And it i ired t d th t
of the manuf BETH STON WP VEEULEPUBRGRT SFIevEtURR A UEBBVRS FURdrY AEWIE |

i s requested r; ?H‘?ﬁ ¢ i V&S np
to |l ess thanpgmlﬁ ecfagrsg'sent. Oru%éﬁg%w'rog1%%@&@%5?&&%6%&y va(r:atjégrgn
punp is provigeHichid paiplofiretors stfixed, Bpacidg tadittid gapfesm eadhatkert Thagairetiher .
The paired rotors are spaced by a 25 little ggp fromeach other and rotated
in opposite thtpescaieoniated i gprositeidisedtionstfogthe. vapyem puaping diet life is long

Iy th t i hanbers. . Th t hanb ffect
pupi ng. ¥t BREAYSP PLRIFPriechiReions t crRepRLSt ysgsolidBmpannis Contalped: o
f th ' f : | ,

i ses wi th 1 1 Sgp SHEREd MIAIRE sebifadcthl Rarkhatiing Cepirfene SEeEC
stages may beegistaht€to cbabsivBajasodart be ey irfparédsshe Positive didpacement
mul ti-stage Roots-type dry vacuum punp, the external fornms of the rotors

all are madet\p®.be the sane fromthe viewpoints of the sinple manufacture

and the synchronization, of the rotations of the rotors, at th resent.. For
t he aboveyr eason, NUFe2( 91y VBSHYD BYMPAS Beey §“?§m‘s!*teéip‘0()ﬂ§éh% ﬁ%@fe‘f%ﬁyds

the 5 outlet,s} f il ! ; j :
throughpits. SRCRn AR rthe rfbotgdonfeffiscliliieiipRint Hotedctanerets.
be exhaust edthd pratemanat tHeyreeRirbt asktiic pawepae? tihe dre dadyurdpunip & lasgerf ace
of a casing and a hollow on the surface of the rotor and the space cones to
comuni cat e tharhthahef the dibsesledeacgusppisop. with a further rotation of the
rotor. On that c?m,mni ca,técgn, the outl et side ﬂas is revzrrselxé rovi/ed into
the space. An ul th iareayred 4o, avsr the sonsympdon cek epgrovh &roghthe neeplegicahe

Roots-type diyofahiuahdYis rEHEirB&ret%sPé de’ B '8t W' B fa 1EAEH S fhe

. ?Y
about 3kPa i S @ normal presSsur'e. The outlet pressure I's an at hospheric
pressur e20 Ac genficdiiiuctori IFremdeie bBov@irehairemehss, iinligtreglisktedttot ARIULR the
reduced pressure, the gas reversed into the rotor chanber in the
conpr essi on peobswuedseledtric peweil of dbe iy kvaciibioutpuntp tto 18ss fhar &%a gefsthef
the total electric power of the punp is consuned to receive the back fl ow
or push the PI%%as fromthe atnosphere in the rotor chanber of the |ast

stage. In the Ro - r ATy f . onal .

beconmes 20 littl ﬁm‘%’%”‘“ﬁ%‘g' é%éér easgkm%vé%ﬁm%gﬁ hst'egg%\éa% \%@t ggjs?%‘ed
back. Accor dirgigly fixées tafhevaxets sefddent eathottidti Thepafreafroidie a?@\%:\ﬁécéti by e
| atter stage is thinned so as to reduce the throughput. Thus, en the

t hr oughp8% ofittiergap frony eatinother aofl rotated insoppasilgedirections detsuak and exbaust
little, the regujréed E’ower of the % 'bs reduyced in the rang_ﬁ" of the,
normal press8P8, T84 {005 FRRSIENLE, RRY dBragio $% PUERBRINREES. dhegspagtive
present. The Lhek : - dry p ] ite
Phe sane as PRI ShamBeEBeepiinalisf sBit i Peifey sditeBsy 1R 6% B 8"
the rotors apRhgiidtba€bispRRIEATRIM the eRAiet or forRferashdd1d the JattdneiggeITHe e
ot her hand, the gas is transported axially along the space constituted by
the two scregagrwessdre Bses withhthes displaceymant. Aceorglisglgf thehthroughmit gfothei on
is flowed into the space fornmed 3 by the screw grooves, to conpress the
gas. That? sﬁaé'Eﬁ'ia?ltaQ MR W@UQVB%”X‘?‘%‘ qéﬁ%@ﬁf\,}l}ﬁ%ﬁfﬁgeﬁ-nce the screw
grooves are continuous, the pitches of the screw grooves are continuously
reduced towards the | ast stage. Thus, the throughput is nmade 5 smaller
towards the | ast stage, although the throughput is arbitrarily reduced
towards the | ast stage in the Roots-type dry vacuum punp and the crowtype
dry vacuum punp. However, the pitch changes of the screw grooves are
limted to sonme extent. Accordingly, blocks different in screw pitches are
prepared, and so conbined with each other as to reduce the throughput of

the | ast stage punp 10 chanber. There will be further described about the
above. Wen the rotors are equal in size as show in Fig.18, the punping




changes with the inlet pressure (Pa) as shown by letter a in Fig.21. \Wen
the two rotors of the fornmer stage are equal in size, those of the mddle
stage are 15 snaller than the former two, and those of the latter stage are
further smaller than those of the nmiddl e stage, as shown in Fi 9, the

punpi ng ;s/@eed ﬁh&héj’&m&l‘tﬂ'ﬁtqg@eRPﬁ‘lSéV%rdé%é’ﬁ?'g“rﬁso%ﬁwmetﬁﬂ?ﬁ@' ?@'lt}ﬂseﬁ?f ein
Fig. 21. g
Compari son WS i b8 cMaePie BE AL SEneC AR Bl vihRdlfl Rnther sraPe

changes wi t hidpRitAdURE afd BRSSVrRNrGHzEIHVGY the réfatibhs oﬁﬂqehleﬁt&sl?aa tREBrEsenbe

rel ati onshi ps between the corisuned el ectric power an inlet pressure,

in the respefbrthe abowsreaison] thelBickRess dBthandtdrs s f8pwisedsmalidrdovasds the
pressure than 102 Pa which is a normal pressure for the sem conductor

manuf act ud i nguilelusigadram thednlgb sisiensal as|tedediee sirpwise $he broyighpLissef the t he
25 case of Fi g 20 thst is smaller than the case of Fig.19 and that is the
| argest in t R "lPagl?-.arB erlg“rg.l& as shown by letters ¢c', b' and a'.

Th hput of thegnl i i j WelsY th
roughput o ‘?1; tlﬁ%tﬁcﬁ}é@%ét ?rf@é&t&!ﬁ%@&n@bt &0 o188 Sxnalistedie iORinssdrafly the

punp. For exanple st ag dry vacuum punp,

t hr oughput otohfieed i sphestiermerf by lae ihasit swfageof & casindemiciadwdllaw drothee
about 50% of that 30 of the first stage. Mich conpression heat generates
within the r&Hgaceof the rator angringl Spasepesraes te conindpicatecwith ghe quitletrside and

A ey
terial t i 1 t ; ! i
RTS8 SPOSOR B RO e RS SR Al 14

punp shoul d kanhsabbthihed @P/hhgmwm?p@tdafle/aeuum mabdhe gR8sure f6MChe n
order to prevent deposit of solid material. For that purpose, a dry vacuum

punp of punpiulinatederessuneito alfoutBkRa is@pormal presssirécklae outet presswe is an

| d si i h .be utili to heat effectively the d
VUL punp. 2ERESORGIE BIEAPUS oReEaTRIngR b oEF fin e ianahes Fites Brcat Beor
deposi ti gg a?@@ﬂ@é&éré&bn‘ﬂ,%hé @%ﬁe‘?ﬁ%e@”ﬁﬁ{b the 8L EhAN 2?‘?& {r@%orﬁbréééﬂ}n
case, It I's not necessary to at the dry vacuum punp. Accordingly, a dry

vacuum punp, précessosHolile e prished Dackhabbut 70 ®580 peidedtéFePothelbRi eicttric
required. At that case, the throughput of the punp chanber of the | ast

stage is so dowegraidhapurp iscamsumnedto receigadhs bankflowf ot puskptivg flowageaser
15 of the first stage. At that case, the cons ower in the ultimte
pressure can 9@ ﬁb%a%%ﬁm‘@f%@" the @g%ﬂ?amhﬁ%@fﬁggﬁéﬁ 9f-vacuum punp in
whi ch the throug I j b 9 [
stage. Wen the pﬁlr{%%g OSE%]?YWQ%%S‘QW@ %ﬁ@ﬁb@#%@?@hgﬁh%?ﬁﬁ‘é?ga&g‘?%&%ﬁ

than 20%of itk Wwith theg Hptrieast of fite Bivictint 8f th@egdstd e pdsiyed BackIMdberdinglyi ch
is not 20 required to be heated at the high tenperature, nore energy can be

conserved. Hassahave daschibadcthie thicknessof theaptortad the talter stage isxhimped sovasen
the throughput of th ha r of the |ast stage j s about 25% of  that
of the 1 rer taséuce hethBghpal Aiusmivsaming AioHghoHathaRPIO chambBeear IS t he
maxi num punpi f i i ’ (o} { rst
tage |5 gondsh TEEER. 8 sBHHR S e 16, e rLaRET oBysh oF g R s Besd b o
of the last sh@egndesofieatoriial prégtire, iRl §& HtRBhERly cONSBREEIBNAS obknddPhPr
of the last stage 1s little. The right angle of the rotor side surface to

t he axi s2bs dhe presdnt. t o be manufactured. And the gap between the rotor

i de rface and the partiti.on |J is difficult to be maintained, 0.1 mmto
o S 50" O ¢ ho THE ERTGHS: BTINERIS & the CPW YR B YA LER pHTISs Se TR SEIR U

in the 5 as that of the Roots-type dry vacuum pump, although the shapes of the rotors
are different between the Roots-type and the crow-type. On the other hand, the
gas is transported axially along the space constituted by the two screw grooves,

30 in the screw type. The gas of the outlet portion is flowed into the space formed



Japanese Patent Opening Gazette No.129384/1994 in which a first vacuum punp
of | arge exhaust anount and a second vacuum punp of small exhaust anopunt
but capable of sufficiently | ow pressure, are connected with each other,
and by which total electric power can be reduced, Particularly, as shown in
5 Fig.23, anbgifRgsiewgroves; to enReassithg aast iThat iseeaialde the Rootsypendy at
a mddle portj f connecting portion between the first punp and the
second punp,vé\ﬁq{gé)ug&ond exhaust port 6 formed at the exhaust side of the
second punp 4. AS%’CE@' Ve i 0 i i e
exhaust pipe 7 at t emryﬁ %dglé‘(bav %grgwf)ﬁfggﬁggiﬁ{éui%éﬂ]gg@?ygg g)r}‘gﬁglsggégglbmb \;te}r%e

pressure of ahecontiruouslsretiticet tdWatdsethiel last stagep TRus Aheathroughgpib ésirtade
apparatus 2 is disclosed which can reduce total consumed power thereby. In

Fi g. 23, the smeder jowaids henlast stagenaitiosgh dbeathierghput gsasbirrily mdused
ting type.,A ref t d t] f
reat Png’ FealdwarfsdhE RS siRdhe RaorehERy el GRinR sndtnd Sk e daust
apparatus 2 QQ%%%EHRE. IT-IEWeT/QH, k%n% 'chEhge@%r ﬂ'@&@tewgroﬂvbﬂaérb‘?i%iféd Rty
art or 't T t

after the st e exhaust. controf valve 8 is Opened. The firs

and second psgope extantd Aécerdingly,i blecks differém lirescrawepitehes are prepafed, andmonp 3
is about equal to the |evel of the atnmosphere. The anmpunt of the exhaust
gas is |argeconwinasd with eaah ethep&st tooieducetthe thioughpptieh the irsd stags PEE®ome

| ess 20 than fhe, at nosphere, also by the second punp 4 driven at the sane
time, th&0cofPPEPelalve 8 is opened, Gas of sufficiently high density is

exhausted by the fTih]Ee?é mpgﬁw%&ggﬁédgbegp&h@.am eafter, when the

outl et side of the Tirst i's exhauste 0 a predeternined pressure

| ess than the atmyghéete RifolsheesrRtanth sideasshowWneindtgddnthieopumpingspkdds
cl osed. Thus, only the second exhaust port 6 fornmed at the exhaust side of

t he second pghpnges witihieciatet pressuret(Ra) @srehesn by dettert a dim&igdipWhan theat
time, the outl et tspiﬁde gf tfhefirst punm. 143 nai n ainedf t th su{ficiently
| ow pressur e W8FOHIE of g Toimey gfage ie @quat i siceifipses0f hefnddle Staae,aie. o

The pow'eﬁsrﬁu sn@%\iiﬁa%ﬂmfecrbnﬁ&f@g)gghhﬁoééaﬁhéqaﬂasstgg@ 'aw@ﬁﬁnﬁgn@eﬁ Yl Y

reduced. S, e energy o nsuned el ectric wer o rst punp

3 can be consgdsecdt thEanRIdRs staige, b8 ehywhub Fig 1B alivet puripiRgaspeRdhanges evity gy
of the whol e vacuum exhaust s%;:tem including the first punp 3 cannot be

al ways ef f ecthe #lgt gressurecas shiowalbytbedetterm inc bigs2ivadthendbe twe rptone of #te t he
vacuum exhaudia 98 AR NG REVIer 48 CHMPoEaPR S LIS hS8 SLG I FECRN ng
chanmber for t oyl hC a 10
of Fig. 24, atiadduny foe ARG AE Eknged e B WIRCBIERAE e "BE HOMEIT,

punp 20 @b pwigemg speed 1000L/m n through an exhaust pipe 12. A nain valve
13 of large dianeter is arranged in the exhaust pipe 12. A by-pass valve 14

of small di anet erFig@2shawaythe telatipnshinsebetwieen thasomsumedagieetricpovrrranter
chanber 11 9 7 {HIEhBIPSSHIa. B 165 HasReCHyB SRS OTdadeh g 15, el $1a BhmRaer "0
processing 02@5’%3 C%reggurtehtﬁgﬁ?lorﬂzﬁé;\ﬂméh% awgﬂaggﬁ'%%%d?g TGP it ofdNkE! NS

fine particl are ap up, an ached to a

sem conduct oimaMifaEtURHY eduipment, anb UBrRLATRRE 8ldttic paweelis he shtallekt D tHa
bad sem conductor. 20 en the vacuum processing chanber 1 is exhausted

f rom at m@§pheasetad Rig20uthatiidemallienthan the easenotiFigatd bpd thatisvthevargest ir e
cl osed, and the dré/ . . ,
the case of Fig.18, as shown by letters ¢’, b’ and a'.
Throughput of the last stage is designed in accordance of use object of the
pump. For example, in the multi-stage Roots-type dry vacuum pump, throughput
of the pump chamber of the last stage is so designed as to be about 50% of that

30 of the first stage. Much compression heat generates within the range of the



vacuum punp 20 is driven. Slow exhaust is effected wth the opening of the
by-pass valve 14. Wien it is confirnmed that the pressure of the vacuum
processi ng chanber 1 reaches a predeterm ned pressure, or when it is 25
confirmed that a predeterm ne&ti me has | apsed, the in valve 13 is

opened. SuchN@fMai AMperateee.i I A RIERINIVESHIPMRNts RBF &x W s Prassurs @¥Ped

with the val td I u i M th
the by- pass VarORRR o kerboRistay nitifiailfng P8, Bos Jarfafif W
appar at us f orefiliRRl Prockss coRtding ebirpohént Whith A656IBASEIRI atériding theqgmur e
of the vacuum processing chanber 1 is required in 7 addition to the

by- pass val veotdentrationhbeyord he t sattitajionavaporcpressuee @ thenvaaiunvfexhaliste
openi ng may be used instead of the main valye 13 and lrt%hpass r

alve 14 fo
ef f ect i ngdt h@PBREILENAI0. eXhaust of-3UCRLRS, &gy MREHYE B i%t@uiibﬁmétm |

wth the l %&@f&iﬁﬁ%ﬂ@h@ﬁ § 508 2 Do SE T o o sRiE o p By Af BoPEsiES

Ho , . . i i . .

el e openi g B Ve D PR P88 KU e
t he exhaust iaboaf 56%, et abdve téscribedstarpbereniplayed sewencbmprgssion ineathean
vacuum exhaust punp 2 of the Japanese Patent 10 Opening Gazette

No. 129384/ 1998 wilizeddanhest effeptively teedmy YRCUWR tHU(E‘I‘FésG\%PW)@@Uﬂ?dt fram Huum

rocessing c A ' ' (g
bbi cct - of ot naBPRetig ABREU 5nFiB VABR uepbuinf EBranat Hahn ke ws s
much ener gy %%naﬁ@bﬁaérid)ﬁem%?ﬂ éﬁétrbéé%, ‘i’t%%di%c@!sé’iﬁfrt% ﬁﬂé{ithbcu}y%cﬂjﬁm
sinple constructifon to a usual dry vacuum punp. Further object of the

i nvention i s pummrAvcordinglyda dnevariuimo gunfp, thes ecnsumed pewet otwhivhds as littte ch
can effect slow exhaust w thout any machine or apparatus for slow exhaust.
20 [ Di scl osues psrssibiedarequiteda Al dhatinasextheuisroughpait af the Rurap £hambes ofihehod

O A s Al M hBdohah R R A e A1 A P Bl L5
auxi | aryspurgp e fifs? SRR 24 that AeCtie &nstintidl Péwér e UHiABREpredbuR &arfld! e
be reduced to 30 to 60% of that of the dry vacuum pump in which the throughput
of the last stage is about 50% of that of the first stage.
When the throughput of the pump chamber of the last stage is less than
20% of the throughput of the first stage in the dry vacuum pump which is not
20 required to be heated at the high temperature, more energy can be conserved.
However, mechanical trouble is apt to occur. For example, when the throughput
of the pump chamber of the last stage is about 25% of that of the first stage in
the dry vacuum pump of the class which is used at the maximum pumping speed
of 80m®/Hr, the thickness of the rotor of the first stage is generally about 30mm.
25 At that case, the thickness of the rotor of the last stage is equal to 7.5mm. The
mechanical strength of the rotor of the last stage is little. The right angle of the
rotor side surface to the axis is difficult to be manufactured. And the gap
between the rotor side surface and the partition wall is difficult to be maintained
0.1mm to 0.2mm.

30 On the other hand, there is disclosed a vacuum exhaust apparatus in the



25 stage or of a last stage of a main punp. It is preferable that the

t hroughput of the auxiliary punp is smaller than that of the main punp, and
that at | east one punp chanber of a latter stage of the nmain punp is

smal | er than punp chanbers of a farner stqe:ge of the main p An exhaust

pi pe i s connddpaneseoPatent fdpering Gazetts N 2%%%1%%%@?/“'6#?%3‘1 ¥aguuip

stage of the_nain hec v i ] I in the
Sta0e, of Che UmpLPHIE cansDCpiIh it SUAEL Phdh b8 i Pebiaid |
i's preferabl gmbhat blil\Gapbié bf 8UNICRINEY |6W pressifRe! 8 tohmddtéd Wath eddhothBe
check val ve. Plural check valves may be connected in series with each other
i nstead of taerd dyewhitk kotabelestrid power wasf be atedacetaPairticularty, deshewbadh|

val ve body floatable in a 5 valve chanber. \Wen the pressure of the exhaust

gals of bt f Fﬁiqe%memm?ao%T 'g?q@@nnqungaa tisbaxhaystipeeld frmed ak amigge)
fl ggebggiynseﬁﬁbﬁbé@%%@?ﬂsﬁmeq éﬁnx%ﬁanevt“e“@%naﬂéd@%ﬁﬁﬁﬁﬁiﬁ%ﬁ%éﬁ%ﬁ@ﬁhﬁf
Uhe valve TRENE ol BbT 1iinka 3Rk chialinbeie of 1HE boRind B

pref erabl e t Aadoritied valvef & ianbngéd foredpanimgahdiclosioy thedxhandt pipé Feat. the
Further, when the two check val ves are connected in series with each other,

it is preferaidemesion anddtis aRengdand ¢lesed\y HrepressHre eithesustionsidef t o
the inl i f.th N . _And h t f
Tl 1 s Bl s e L B

tl et id t i i ; iSatl i i
o tover a1 eI PR BlRfeel Tl s InF R aclLAY AL STRGudIaE 288 1)

wi th the cheakacalnepuaprofc dicedtactingtype.| et side of the main punp.
Thr oughput of the auxiliary pu is smaller than that of the main punp. It
i s preferabl e t héreferenggiumeray sepresestscian adsoration éewen faireating reaqiien2o

unpi ng speed of the in. pu under the inlet pressure 400Pa. It is

Br req‘)ergbl g aPag ﬁQFpa@ég'qwgte%ﬁé‘_s}d?ﬁrgﬁspunp is tﬁ_e posi tive di spl acement
type dryjyacuum ByaR -t & bpﬁaﬂakfwz%%ﬁétﬁé 'aQQhQ?o@Wﬁqf’]é: FG 29 SRbiAdTPS
of the above type connected in sefies wth each other. Further,” It IS

preferabl e t b siplatiodl dirsetip after e staet ofahe exhagsti The@batrbblalvé Bhs epehed.
other, and an auxiliary punp is 25 connected at the inlet port, connected

to the outl eiffhpdirskand sesendwiumpsudRnd égredrivest yherolet ipsessure afghe first
ferable that t | ti mat t il ' t h

20kPa. and | ¢ PRERS & SeAutFoaHE FETae) of ihe e AT Ha of hE SH6RURY pe.

di aph t - : : iy f

exhaust appabat (g ape; RRle/BE) oot Beifi of WSt Bl A nbafg IR

processi pg cliwrbtie ainedpteke,valby dycthiensatond pump Redfven atitHeesamiedime] thehe
mai n punp and an auxiliary punp connected to the outlet of the main punp in

paral | el wit gontiel valee |8 isaonenest 3gs of sulligiently igh clensity ish eubaustpd dyathes
for exhaustiﬂ t he vacua%r ocgssi ng chanmber, and when said vacuum
processing c d §ecopdiuiaRSd @395t t he at nosphere or nearly from 5 the
atnosphere, sai d1lgkdin’ j i dy4 : tgrat of
sai d vacuum pr ocesaél%ﬁ%hg’r@éﬁéaéugéegg gdéft @5’?5’33@@%@&% praglége?fiet{ %sai d

nmai n punp i speédutesdined fresslireviess tHanishd BemesghereXtiiatis secoref pagiped, the
w t hout using the nmachine or apparatus for slow exhaust. Further, it is

possi bl e2% haconte! walxe 18 ke glopedpT higs,fonly thelsecend exbaast port Grvfarmeduatpthes
started at the | ow speed or the | ow t hf oughput. bef or, he pressure of. the
Vacuum pr oce ShAGS SRR ELITS secind Blme b RoRER RInRRs avi Ik aRiausl fide fLne

rot ati onal S%Fﬁb of the main punp is gradually raised in accordance with
the pressure of the vacuum processing chanber. 15 [Brief Description of the

Dr awi ngs] At that time, the outlet side of the first pump 1 is maintained at the
sufficiently low pressure.

30 The back flow gas to the first pump 3 is greatly reduced. The power



Fig. 1 is a schematic view of a vacuum exhaust apparatus according to one
enbodi nent of this invention in which a nulti-stage Roots-type dry vacuum
punp is used as a nmain punp; Fig.2 is a schematic view of a vacuum exhaust

apparatus of one 20 nodification according to one enbodi nent of this
i nventi on i nreguited far Rushing dhekrversr 0as bagkwaid,carnbe sHgly redyced, JBds dbea

anot hor moci PRy e BERSHRRY Seciloluel ot RHE BHRES afROFINEY, wni cn

a multi-stage Ropfmgdusreindine VaGUUHT SRt %gHéFéiu@% ahavéﬁbrgyrm:tha%ﬁbla- 4

is a schematic view of ‘a vacuum exhaust apparatus of furthef nodification
accordi ng t ovatwimrxhdusesystedn inbiugdingitherfirsopump 3voanotsheralwaysseféaptively
Root s-type dry vacuum punp is used as a nmain punp; Fig.5 is a schematic

vi ew of a5va@glnﬁﬁwa%aagrﬂow\om%cg@swe@telwtrleanvmrof i first MUNh 3ae&b P8I ng
to one enbodi nent Oﬁ{}gﬂt Bi s invention in which a 30 nulti-stage Roots-type
dry vacuum pﬁHﬁ?'YEe €d- as a main punp; 10 Fig.6 is a cross-sectional

vi ew showi ng one &gﬁﬁ:tk : S ' é\ﬁgpéjﬁb;é?é'ﬁl

appar at us accor diﬁ%gﬁlﬁr@ gﬁ%o |rre%|;éal(')%fﬁtﬁi %qﬁaﬁglejﬁ’t }égﬁ; Fig. ISanf the

schemati ¢ copeor tarar conmrgsi@it tovizewaghom Ngoeessing uchamberusor appaofactging

according to another enbodinment of this invention; 5 Fiqg}. 8is a

cross- sect i ofaMieansiNctaioinng ¥aeUWRaAKhaUS appaates Whide Figsed ian vBgeUM

vacuum exhaust apparat,us as shown in, Fig. 7 according to 61e ot her

Enbo meld o ProdiReMa At s £ Ibdhnegdd 8.4 ABAZATET Bits 20'8t PunBingesneast cw

show ng one %ﬁ?Unﬁiﬁﬁh%gﬁfaﬁ Q%éqasq?wg ?haust appar atus according to the
of this*®10 on;  Fr

ot her enbodi nen I nven g.10is a crass-sectional view

showi ng the det aiA nifin tvatvec 18 @f largevdiabfetel israrrdiegechinuthe extieust tpigppar At us
as shown in Fig.9 according to the other enbodi ment of this invention; Fig.

11 i s a schelbytpassaaheul 4 ohsmah giareeter ig avargroiinpAratieltwithr thesmaibaialve 8. on

f th h ' he ot her enbodi f thi
R e S R P R R

appar at Ugs of processing chamber 1 is attached to the exhaust pipe 12.

Generally, the vacuum processing chamber 1 of the semiconductor
manufacturing apparatus contains fine particles which are apt to fly up, and to be
attached to a semiconductor wafer put in the vacuum processing chamber 1,
resulting in bad semiconductor.

20 When the vacuum processing chamber 1 is exhausted from atmosphere to
vacuum, the main valve 13 and the by-pass valve 14 are closed, and the dry
vacuum pump 20 is driven. Slow exhaust is effected with the opening of the
by-pass valve 14. When it is confirmed that the pressure of the vacuum
processing chamber 1 reaches a predetermined pressure, or when it is

25 confirmed that a predetermined time has lapsed, the main valve 13 is opened.
Such driving method is adopted.

When the slow exhaust is effected with the valve operation, or namely
when the slow exhaust is effected with the by-pass valve 14 arranged in parallel
with the main valve 14, a control apparatus for opening the main valve 13 in

30 accordance with the pressure of the vacuum processing chamber 1 is required in



t he enbodi nent of this invention, show ng the relationship between the

I nl et pressure of the main punp and the consuned power of the whole
apparatus; 20 Fig. 13 is a view explaining operation of the vacuum exhaust
appar atus of the enbodi gent of ﬁhi? i nvention, showi ng the relationship
bet ween the BAALIOAJOIR@OY-RESEIVEING T4he nain punp to the auxiliary punp and

t he consuned po i ' i), d J oy Kl S
(e, consured pon £ el B ot Sohfe) LG Bh¥nRU By Fihdet
consunmed DPOVEHstO&Ad Bf theRhaR! vahveXi 8 iapthbyPpess vaivd 14 For ffettingate Slweeaddte
consuned power characteristic of the vacuum exhaust apparatus according to
t he enbodi newt tdt ¢cases thenvalveiopenirg ig. made issnall ati they eslrlyvétage oh¢he exhaust,

rel ati onshi p between the inlet pressure and tge EurTHi ng ,speed of the yacuum
exhaust aPparcBduiepsmade laraesdn Aseerdanaenyih 30e;lawerng &f; thepresgyrg pirthes 5

schematic conduyjt arr nt, yvj show riher L f i f um
exhaust apparvgfgﬂémagéﬁz%:gﬁ@ tc8¥trﬁgr eﬂbﬁé’%&fﬁr Eﬂb t%?@pfb{“yéﬁ{el @geﬁlﬂ%oal S
a schematic W b fehagiRe 519@5 i R&FPubn

whi ch al |l of \é’IIpE}eA{I ot ort@g?gag%%r&i n size, I@??gxﬁéﬂgvggﬁg%tésc Vi gEV

showi ng a nufti - Dagee Bher hangdpalsdrwheratheueximusp is effedted withhtaerfosopempr3e
different in size at the fornmer stage, mddle stage and | atter stage Fig.20

i s a schemat iandvsesonshBuMmpg4 dn rihet vacsugh exhaestspufape2 @f ythe alapanese RaRIARL i n
which latter £wo.are snal l.er of. Fig |9 ,Eig 21 | . Vi .1 he
rel ati ondRi p %%m?ﬁge.@?é?gﬁﬂiggﬁsﬁ&%ﬂe ;5911?‘5? ﬂbeirbéééaﬁ'gyes’[efm‘% In

nufti - stage 'ﬂ?é’tv“achﬁﬁ\ep?déés?éﬁ‘féueﬁér%@? 1nam4 rtﬁef Rnt&hiate Qﬁﬁ!:ééilni%nd&tgr 19
and Fig.20, respectively; Fig. 22 1s a view of the relationship between the
i nl et pressumngafend the 15 consunmed power of the nufti-stage Roots-type dry

vacuum punp having the rotors of Fig.18, Fig.l9 and Fig.20, respectively;
Fi g.23 i s schematine obigat 6f the inveotion éx kR pEavidg gayaquun exhaust apnasatugrby

which much energy conservation effect can be obtained by mere addition of

15  simple construction to a usual dry vacuum pump.
Further object of the invention is to provide a drive method of a vacuum
exhaust apparatus which can effect slow exhaust without any machine or

apparatus for slow exhaust.

20 [Disclosure of Invention]

A vacuum exhaust apparatus and a drive method of the same are
constructed for achieving the above objects as following:

In a vacuum exhaust apparatus of the invention, an inlet side of an
auxiliary pump is connected to an outlet side of a pump chamber of a middle

25 stage or of a last stage of a main pump.

It is preferable that the throughput of the auxiliary pump is smaller than that
of the main pump, and that at least one pump chamber of a latter stage of the
main pump is smaller than pump chambers of a former stage of the main pump.
An exhaust pipe is connected to the outiet side of the pump chamber of the last

30 stage of the main pump. A check valve which permits gas to flow only in the



whi ch can reduce consuned power; Fig.24 is a schematic view of a vacuum
exhaust apparatus of the prior art. 20 [Best Enbodi nent of I|nvention]
First, one enbodi ment of a vacuum exhaust apparatus according to this

invention wil| be descriped with reference to the drawings,of Fig.1l to,

o oT o esCIoTIowRIds: he aRMpSoRStR. S comnaciod doq the Sxhaust BlRerolt iss
The nufti - st al r i I Ly i S i , In
(he enbod; meRteig RN, 1 A8 AR B, BuRl5 B npetean WAty HEEShHQICHNR: o
RL, R2, R3, PfyraFehédidy ?éh?asydbé RnBYte@Nn&defies With BRERotREr MERRY brihged
in a main body 21 of a nmuifti-stage dry vacuum punp 20 (nmain punp). And an
inlet port 28nesheckaabed It is prefaraplerthakltlincbdesha badf valeadbodly fioatabtaiimabody
21. It 30 conmunicates with a rotor chanber of the rotor RlL. An exhaust

pi pe 25 pfovivale ehambey i Whensthepeessuwe ¢fsthe @xbavsligas ah thritmaip BEMPI on

24 connect ed QL nher o e h 4+~ FUrt her,
a check val ngg%’%PéqE@i?{gtE‘?Bc? P?ﬁ‘%ﬁ%'%égslgf eZR?hé)batl P{él\)&?‘lﬁ@iﬁ&&%éo olhs?b
check valve @& parBl VWhéithd réés%%'tue igXhbl§t gas %?tth@rﬂnéiﬁv}ﬂirﬁptd‘é%omes

at nosphere. An auxiliary pu 30 ich is small@r in 5 the throughout than
t he mai n pungmaller cthanettiee hredetehainzd velvepothiei dall 2¢alvélebody opeatat oonthef
this enbodiment will be described. Wth the drive of the notor 22, the
rotors Rl, REOwWRwardsvaie seedbrihaselfvwaighide aleseihtvalve ghlae bahyalygdady

i n"or Ger 10 GRRGRIR o BUBRCTISA Al PLOe(elie TasiOHR) S EA R 08 reaal pdl 5 et
port 23 1s e’éB@éﬁ%H‘Withdb%e?.rlﬂnﬁﬂﬁb’r?wﬂ nEﬁ@WSh?%k fﬂ{/éé are %nr%cté@méé’rﬁis

st age is nearest to the at nospher e. ccor I's I nventlon, e outl et

portion 24 i sitbxéacks otttbr! it is preferableshar @ space etween ehoftwbhehepkxvdlves is
punmp 30. Thus, the load to the rotor of the |ast stage for exhaust is
greatly reduceanediad te ke idelsside of he-auxiiayy PORR. of 15 the notor 22 can be

greatly smaller thap the prior ar{ﬁ Fi g, 2 BRWS onei. nodi fication of the
vacuum exhaust  agpil avaSudn sxbalstanreretis AR imeiiof eornRises 2 Mat eHPon.
Th t $=Whi j [ :

re? efgaczsnu%%ﬂfqﬁeﬁiﬁ?%? g?s%wég;%%gf g@%ﬁ?ﬂﬁﬁ@ﬁ#?ﬁﬁbéé@nnhﬁ@%s 20
Accor di ng t ot iow emipdebrene maiRgunp tewarptheoatn?dsphierd BRid, afid & agRiligfy t he
mai n punp 20" is connected to an exhaust pipe 25 through an opening of a
mai n body 21pumeagangeddn paealies vty thegetpaknvalye cornecied toithe aalesidenot s
b b f ochb it ROl R B e B Bl R0 o 581
which is 25 il g &h

auxi i ary punsHo 1t & phAelbig tiar Bl Ry cibn 0 aBen 2 10K Indhl o361 the

t he checkovalpuenpifg speéd of thel iiah gurhpdindenthe ihfet peessugy 400Pacl ¥apieperadld ect
can be obtained simlarly to the enbodiment of Fig.1l. Further, since the
auxi | i ary pumbtat ¢asecthabdioe awinpysap és the pasitive displacereentayse ¢y aceEmand
heck val 28 h t aof th is f dth h 13 . th haust
ook Al Y Ao e SondBiad 3t A hck B hadhr ad FBoiabRR
Thus, perfor;&?@ﬁﬁct‘é& hi'SerfBY WithUeder? Btner@RuRRef ™t ESE ?E&S&blg 'that IUPAOMRin

anot her nodi atron of a vacuum exhaust apparatu
pumps are connected in parallel with each other, and an auxiliary pump is

25 connected at the inlet port, connected to the outlet ports of the main pumps
respectively. Further, it is preferable that the ultimate pressure of the auxiliary
pump is less than 20kPa and it is a sliding vane rotary vacuum pump (Gede
type), piston type, diaphragm type (membrane type) or scroll type.

In a driving of a vacuum exhaust apparatus of the invention, a main pump

30 connected to a vacuum processing chamber, a check valve connected to the



according to the enbodi rent of the invention. 5 According to this
enbodi nent, an auxiliary punp 30 is connected in parallel with the check
val ve 28 through pipes 31 and 32. It is clear that the sanme effect as that

R L e
port i ons. 24" T e fF BEEPLAh g R e, oEF bIGie0 ) % Yactiln Pt

20A and 20B ghpartetol reQﬁhhﬁﬁ’:?Dliﬁé Bfadlir iﬁ?ﬂcé’s@iﬁ dhagnBetstlandt d4en 346
auxiliary punp 30" is connected to the outlet portion 24" or 24". The

pressure of vaeuumubeessirgehambdeis exlsadstéd friohe theatmpspiere 20 /mearly f20B.
The | oad of the rotor of the m ddl e stage for exhaustion can be reduced. 15
Thus, thed coﬂ‘ﬁlm%ﬂéﬁ: ssid pxxiliaryiRymp s tirshdren. andeafteribe erespvie Pﬁéa'ﬁr i or

Squal {0 cachRBNRBrPERCLfBE Siapktd, 8 ooty o08 arBeinel Py g, Sala ' °
smal | er tovvaﬁq;;ngbﬁ]d Bidishe$tFBE drivkni S evident that the consumed power can
be smaller 20 than that of the above enbodi nents. Further, the dry vacuum

punp i s not |im (Tdstthe tstow exhaustds ffeciRaorvishautpesing thevanachinepomaippdratusi t
may be, for exanple, a screw type or crew type. The sane effect can be
obt ai ned al s#nsjow exhausie furthep kis Massibim thsit the auxiiapkpwmpJe fipe dived and t he

o7 ovi e ¢ 11 DS 16 S niel e taiectel o e AW Beldie s
bal | val ve bPPé'Afs;ﬂlﬁeaGl‘ 8hé Oyaiftim OBro%Egsiﬁg gl;ﬁBﬁi'b%F efbelchgs) tﬁehebréﬁfégrg i L 45

and a stoppe The housi ng 40 consi st an upper cylindric 41
posi tioned aprédserat andpther istiohal apged oL ntaihi pumpcial gidivatiylyrais2d in
positioned at side of the main punp 40. The valve chanber 44 is 14 forned
bet ween t he @appeidapgewitrtheqiressrg of theivacuyra nreorssing Fha@betal body 42.
The val ve seat 45 is formed at the |lower end of the |ower cylindrical body
42. The stopper 47 is formed on the | ower end of the upper cylindrical body

41 for regul eg%%ééz{%’ﬁ% drise b‘?‘édvin§§LV€ body 46 to a predeterm ned height.

5 An annual I'S I nterpose etween the contacting surfaces of the

upper and | ower @&id.i hdsg iacethdrdlicvieM ofiadvakliunt lexhaastcapparatls acemdimgotoher
by plural bolt nmenbers. Thus) they are air-tightly forned as one body. The
bal | val ve b&a¢ erabedmsind 0§ this inusintion iz which adsulliztage Rootsstypedry e@cuiim

thin rubber film. Accor n%t.o t he enbodi nent, the self-weight of the ball

di
val ve body 48YMP §trgd as amain pump;
Fig.2 is a schematic view of a vacuum exhaust apparatus of one

20 modification according to one embodiment of this invention in which a
multi-stage Roots-type dry vacuum pump is used as a main pump;

Fig.3 is a schematic view of a vacuum exhaust apparatus of another
modification according to one embodiment of this invention in which a
multi-stage Roots-type dry vacuum pump is used as a main pump;

25 Fig.4 is a schematic view of a vacuum exhaust apparatus of further
modification according to one embodiment of this invention in which a
multi-stage Roots-type dry vacuum pump is used as a main pump;

Fig.5 is a schematic view of a vacuum exhaust apparatus of still further
modification according to one embodiment of this invention in which a

30 multi-stage Roots-type dry vacuum pump is used as a main pump;

10



10 to about 50 grans. \Wen the pressure of the inlet side of the check
val ve 28 becones about 700Pa beyond the atnosphere, the ball valve body 46
is so designed as to be lifted upwards. The stopper 47 is constituted by

four nails projected inwardly fromthe | ower end of the upper cylindrical
body 41 at the afiflif ¥ agresnzactionabgew hovdag ong examnia of aheck Vaawsed i s

st opped by the r T is. fl r.Q . . n the
i o 47 owlrebGRERehhusraitalis forordHE o e YHbA BRI R HEE rEEIGE"
the gas flow. It Fgap i@? seRERRMcROnAut atehBeRieht %Wsmwiﬁrqoé vadlfurh @kRAug de.
Accordingly, it cdn follow rapid pressure change. Generally in the positive
di spl acenent appaatusaccadingte amitimerpempodither2 ®f this imeention; pushed out from

t he punp chanmber and reversed into the punp chanber, repeatedly,

Accordi nddy, gas Fig-e® daeCiogsiapstional Wewpshawipe one ieé(amW%&tfi%sh?C‘&NéWQi ng.

When t he anount ,of ..t he sucked little .t | v, 6 is
repeat edl y sgﬁ?%w H}?dv%%w QE‘Q%?%?%%%E&F‘;&%SW){@ \paljl'?@j) éléédqr&ﬁg @tﬁﬁ%ﬁ%

pul sating ch : ﬁtﬁﬁi”e- When the followability of 25 the ball
val ve body 4%% eteg{rﬁl?fotgﬁigg,é thé ball valve body seats for little tine.
The inlet side i Fig@ritsohsnati cdraduiteairanyemeenttvisvarshowimg one medifieation @it
that tinme, the pressure of the inlet of the auxiliary punp 30 does not cone
to be reducethe Macuum exbadstrepparatyse aggprdingdaythss other emberliroant, of ABisj s

t he ball %al ye bﬁdx_ 46 and the valve is opened and cl osed only by the

sel f-wei §ht BVePH8"hal | . 30 The fol lowability to the pul sating pressure is
high. 15 Howeyeig 19hed diiSs 6iminaP VRl SRAflgthe 'defaif StRe chleck WaIvERisedPUNP
20 is higher, the Theck valve cannot sonetinmesS follow the pulsating
pressure. Foin ¢x@naicaun exhagstyapparatus psnghown imdFig.or apcdrding, tovties dther
rotational speed of the rotor is under 3600 r.p.m, the check valve can
perfectly folenhedimenpeof thiginngntidir essure. However, it cannot follow the
pul sating pressure at .the rotational speed of 6000r.p.m The ball valve
body does hot - becate Ho R chy SR (SIUMs Birahaenal r dew ghoyihg Sother
consi der g t?ﬁ&diﬁ&ﬁﬁo{i’laldf YR VGa %th@stp%%?at%t %cbgﬁfir‘éq?" ot L@Ea.totﬁér by
a spring having small spring constant and so havi ng goo | owabi'lity to
the 10 gas pepssodimentof®icinventiors met hod requires nmuch pressure | oss of
exhaust gas line due to the spring force of the spring and so higher gas
pressure to |ift Rigeldis @ view explaising aperadioncfdhe vgcuwn exdiaust appanaiuy ef

Ceduced by afamradREnakIRRoRYENHG IOWRE DB rRlAtoAsbi, Fabed i et

nmet hod) the %%qﬁ? E S, ?ﬁ’écf t .
conservat i on%g ec glfgjn'ﬁ@tgﬁﬁegts@@ oﬁ'c%;v%%rre ﬁoe\;qgll’ Qf;@’\?a‘»ﬁ'ﬁ%'gé%gg‘ Y?tHg’ above
met hod, p@o checlFigald gsa 2ikw erplaitity apersgioni gflithy vaooecé érhuspapparate oer

as shown in the vacuum exhaust apparatus 10 of Fig.7. The nunber of the

serial | y conikeembogiment afdhisdgvention, showingttbetrakationship ietween te: pumainges
may be connected se{.i al I¥ to .each ot h% 20 Each of thg check val ves 28a
and 28b is cSREEH fatiRfdheimaip RUMP e the suiliary pumpzapd the LopsymedrpRwmer n

Fig.B. In a Y%Hmh@%%wﬁqﬂgqgﬁﬁé Hﬁxii]ier F;l{}g?screw type dry vacuum punp was

used as the maln punp rotor was ’rotated at the speed of 6000r.p. m

to exhaust the va&igumigrodewsshoyving evdmlatiolshir bemlearatheqsuriBingapeéeddnaner e
25 accurately operated, not influenced by the pulsating pressure of the
outlet 25 the consumed power of a typical auxiliary pump;
Fig.15 is a view showing the consumed power characteristic of the vacuum
exhaust apparatus according to the embodiment of this invention;
Fig. 16 is a view showing the relationship between the inlet pressure and
the pumping speed of the vacuum exhaust apparatus of the embodiment of this

30 invention;

11



chanber of the screw type dry vacuum punp. The consuned power was reduced
to about 70% of the case in which nerely the screw type dry vacuum punp. In
a further nodification of the enbodi nent, a connection between the f| rst 30

check val ve 28a and the second check val ve 28b is connected throug pi p
29 16 to a suctFlﬁvﬁ7S|'§Ie%fSCQGmatICar%Q"GHHp@@a@QemWnVIQW FﬁBO\g'nanfUﬁhgr I O

s, 41, UL OB B A R PR SER SBGE 8 AP SRR B .

10 accordi ng it gﬁ ot her enbodi nent of this invention. The main 5 valve 13
and a pressure gaugé 19 for neasuring vacuum pressure are connected to a

pi pe 12 connect i rRigHigeisvasohematio views showirigearineulti-stage Rootstypei drypracaui?d
constituted by a single dry vacuum punp. The check valve 28 is connected to
the main purrppumptmwg@@IaIWethexaqu)eg@alzaSIzahe auxiliary punp 30 is

connected in par wi th the check valve 28. is used 10
for auxiliary puﬁég%@ 'Sﬁéc?ﬂpﬁﬁﬁﬁw S Wmeagﬁ@ %@%&%}@GHE@ AU t o
about 10% of I at
ased i n Fi g. GU P WHCHEIERR 4B, diferehtfh 88 48 iipercetls, ke Made
chanber, whi cathdhnetsta@eomthe seat at the pressure higher by about 700Pa

t han the at nosphere, to open the valve. It seats onto the valve seat by the
sel f-wei ght of i tFigt2® 6I@§ehemeth50emsImWIng ga{@ulaaamm@t&rmwwvacuum
apparatus _(not shown t he gas exhaust pipe

15. A hidR vaﬁ}umm%% gﬂ%céq%ﬂ%ggérgﬁgn%%s Ie%@tﬂgar punp may be
connected to the y 9 §tar9% F%é’ﬁel&ﬂ@néﬁb%&%@a%ﬂe ihfet i 8355?@095{% of

this invention, ositive acenen vacuum'punp of "t

Root s-type Iqaurﬁ@df;fspeédﬂe:f tRé ﬁnnmﬂmaQQ R&)tsctsiplésd?y vdcuusn rpump inavireg the
that type, but a claw type and a screw type may be used as the dry vacuum
punp. A punp rotors@vaFIg;m&ulﬁing?ea@d:Frg 20,pespectively;ef f ecti ve construction is

const ruct i on t hat B2 FhALMEVoP! e, rSaafsi &enaen dbe faB dRerdiieci 422 on
G aphr agrety i EREISS et EAE (ARGRUP T ATe 4, Vet pURB-nding e

speed of the ratofsldf ®ig.18UR; @anéﬁ?g,uggalabpegwegﬂt ed within the range of a
few percentages to about 2 % of the punpi hg speed of the main punp 20, in

accordance with aFig*issschemaliariemyoba \saouaouanhauﬂaamzaramsa@pmueapmm an.
17 Next , opergél ons of the vacuum exhaust apparatus 10 according to the

embodi ment asVRIGBFANIEAYES GEPSHMEdiPOWEEe descri bed. The vacuum processi ng
chanmber 1 is exh vel
VWil e the main pﬁﬁ@ % éQ@?érﬂ&@hﬁ%%&? qu%xgéﬁwpﬁ%f\m&?g%?men.
When the ggutl et side of the main punp 20 is not exhausted to the pressure
| ower than the atnosphere by the auxiliary punp 30 due to nuch exhaust gas
from t he mai {Beshfrimdimest ehiaventien]ve 28 i s opened, and the exhaust gas is

di scharged in the_direction shown by letter The exhaust of the v um
processigng chanbeFirgh BPSC%'EQEQ‘m%md%s%V?Wéumrﬁ)@\au%aﬁpé@z‘ﬁ' @Cﬁ?rdﬂrﬁb

punp 20 decr i I h c ort
40t “the. mar T g iarb B bR f¥tetine 1P e te METARANG BLFIPT %R 18 g 20
starts to beoqRghlemulti-Sage é@uhﬁhﬁ)tﬁﬁpid“@swaéﬁ%awurﬁ of the )
auxiliary punp 30, it starts to becone pul sating. The check valve 28 is

r epeat ed|3p openedT bhemuiti-stage drysvadomeypumptis ecloématicaliyl smv@slrdheseéigures
enbodi nent has the const tion ich is highly foll owable ta uI sating
gas flow. Accordi 'rﬁb?"f h@g M@%NQG%"‘ 5t BRPaat 19I9fsr't' Glrﬁé)ﬁt

can be dri venr?ggr% :%2 3és aﬁ' éh&ﬁ?a‘%ed?w%ﬂeoféﬁ eﬁﬁﬁ@ﬁgﬁ%ﬁ% la%nﬁétﬁie

of main punp e atrnosph

perfectly cl oped nﬁaﬁlﬁi boely e bfea rhlilg-Aage a%{]da@mm%urﬁb@o (nﬁlauhhmrﬁp)r AHd an
shown by the arrow a, but flows only 1n e direction shown by the arrow
shown by the intet PorH23 Iﬁjatraage&haaatummrmail aff theHeft aundi d)ﬁmeynalmntpndwm Thus
the outlet pressure of th starts to be reduced and_t he
reverse g¥s £ FUTMURIR e WTa rﬁtth@nifcencgt%mre@& AR esPaisiqiine eRPrevdedined
el ectric pressure of the main punp 20 decreases. 25 Wen the exhaust gas
anount of the main punp 20 is so nuch that the check valve 28 is opened,
the auxiliary punp 30 is not so useful. The total consunmed el ectric power
of the vacuum exhaust apparatus 10 including the consuned el ectric power of
the main punp 20 and that of the auxiliarygpunp 30 is |arger than the case
that the auxiliary punp 30 is not driven. 30 However, for exanple, the

vol une of the vacuum processing chanber 1 is 18



| ess than 100 liters in nost cases of sem conductor manufacturing
equi pnent. The tine when the outlet pressure of the main punp 20 reaches
the pressure at which the auxiliary punp 20 becones useful, is equal to a

f ' . A dingly,.th b I | S. | i gible i ' f
the. gﬁ;gfgm nacHpAEPY 26 e gPesiah it pulehapdetcd? serpeciad fa,e Tou
ol us that of CTREPSh S Ble {OFRERNHTER SabE) Eofndt: BEhelk yaVE kiR

I'n the vacuummeyghispipaRraoahs silehndts 28 Theighietk MdR ZDpeimitd'gaPtoiovianhO
speed 1.8 nB/H I's connected to the latter stage (the outlet side) of the

mai n punp 20 imfhe dieegliomiongrd freedtnidspiieter An aogiliagi pupprad Bbichds shallpuimp  of
t he energé conservation type in which the throughput of the | ast _stage is
d

so design e I"UOHEh@éfJBﬂ”tﬂée pein gHMh 48 comnqated 1o the O%ﬂ%d@”bﬂﬁﬁ g.12, a
dot-dash line (~y.3 fncnw e jliary punp 30 is
not attached. 15 hﬁfg’ g%%r@&%p%ﬁ@w%%ﬁg&ocﬁrﬁgﬁhgg@% hggcrﬁ%f auxiliary punp 30
and the check valwgh3RealrRedbf BadRfdtor DL thar oS8t R], AXiM,, (R)IRE aRd R HFeL)
represents |logarithmscale. Consuned el ectric power is st eeply decreased

bel ow t he pr estaiec tof egthd&lit gas.h Theegasxisl trangpgriep fBiImathes tespedtive Frajot 2.
Consuned el ectric power of the 20 main _punp 20 without the auxiliary B;gp

30 ihs ﬁqual @Famwﬁwwwdtsr@elﬂqwm?ﬁré sidedaarder. ﬁﬁﬁ@c%rnﬂﬁ‘éc%iﬂg pham
ooy cas ORE B ed e S8Rk B B 2 BB el TP B0 B
76 % is obtaiggdy Bbfrtitohez@b‘ﬁh'egééﬁystﬂ Raret td %ﬁmo%ghere%ssure 400Pa of
the main punp 20, the consumed el ectric power of the 25 nmain punp 20

w t hout the auxi |Acoordipgnto s iirsvetion| the olitidk portibmaR4dé éxhraustadtpamow?0
with the auxiliary 30 is equal to 0.67kw. The energ)éi conservation rate

is equal to m@%ﬁurgp@gbt jdrivet¢fdhe jasiliafy pu@ppithpling, Hireloadde thadotenef thear y
30, th t which th | i ' 20

DD 20 o e sBSR3H5 S0P hallet e et RRMITRE - R8Tt o, Blep TR Bo BBy

the hi ghgg 'Qh@fmcﬂb?éélbfaﬁ];belgr_eaﬂ@%ﬁ%ﬁtﬂ@&ﬁthemr rESSure range which the

energy conservation Is ertective; can be W de .V\BVGI’, t he consuned

el ectric power ofFiglee shiowd iomey npodificatidni of ribhes gacwirnh ekheaustuappactep el
and the energy conservation effect is reduced, 5 Generally in the vacuum
exhaust syst @ecpeting He tBe mnakeditendof this invention. The parts which correspond to

those in Fig.1, are denoted by the same reference numerals, the detailed
descriptions of which will be omitted.

20 According to this embodiment, the outlet potion 24 of the last stage of the
main pump 20’ is connected to an exhaust pipe 25 through an opening of a main
body 21. The silencer 26 is arranged in the exhaust pipe 25 which is further
connected through a pipe 27 to a check valve 27, and is connected to the
atmosphere. A pipe 31 is connected in parallel with the pipe 25, which is

25 connected to an auxiliary pump 30. An outlet port of the auxiliary pump 30 is
connected through a pipe 32 to the atmosphere side of the check valve 28. Also
in this embodiment, the energy conservation effect can be obtained similarly to
the embodiment of Fig.1.

Further, since the auxiliary pump 30 is connected in parallel with the

30 exhaust pipe 25 and check valve 28, much amount of the gas is flowed through
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manuf act uri ng equi prent, a small anmount of the process gas is flowed into
t he vacuum processi ng chanber, nmaintaining a predeterm ned pressure, to
treat filmformng process or the like. At that case, the inlet pressure of
the main punmp 20 is equal to 1500Pa at hjghest, and so the object of the

i nvention cath®&xhaustenipg 4% eyen Hrough thergapceuis %é&ﬂl@&%ﬁ%tﬁwﬁaw

effect can b t gl i r inl e, I 235s. L han about
3000 Pa. Fi gﬁugppcghgr @é%,g)eﬁ'ﬁgpa38%fﬁq ﬁ%@b“&&oﬁ@%pﬁg H@ﬁégggﬁm punp as
main punp is conrggt gdsphews NhdtRért RodicaEBnodf 8 Vatien "BXHaedt dppBrdtds 10he
rel ati onshi p betweén the punping speed ratio and the consuned electric
power 15 r at iagccoxdisgtomine embodiniéht oftlee mvemtion.punps and auxiliary punps
different fromeach other in punpi na, speed are different Ig/ conmbined with
each otheP. The iAfcordipgetssihis embpdinenti Ananylliny oymp 30 isiepaectedein

Bt ary” purprale EREERERE Vale e Bl fornhinbe S B SRR AohBama o
represents thigrabpbt thatlof the effhdNeHIBICFig! Sehhl _6’8]‘éﬁfed’w thid BRRIdithbh@r Y

punp, to that WI'[%OU'[ t he auﬁﬁ Iary punp.” Accordingly, consuned electric

power 100% nmeans Figa4 ahd@Hig 5ishomometiffieatiorsy/ot the vaiguum exhaustiapparéhes 10 of
consuned electric power with the auxiliary punp represents the total of the

consuned el edtig.lcapdvieigs?, ofespretivaly. nApesrding taithess raadifications, sthpr ontlet
d.electri ' t il th f th [ :

Tt o0 ol Grbed andhreRty p3sthed B thd e iRGes Bt mal BBy

q it , ot .

O e, o e A BTt 1 BT oA 13 i Sty M

reduction 30 3Raiscaindcied twtheuemibt Poetdr 24’ qgp@#er ratio tends to decrease

near the punping 20 speed ratio 3% The reason will be described in
| ater. From the abg pressurewi thegpiddinisiage dvdeeneased fiethendmaly pemps 20feantn

Chver o SR U oS X b R in6 S B R ol B a0
the main gUNPrHRR tﬁé‘céﬁ%ﬁé’@‘rb%w&%? i nidibsoP BH.‘b%”Fe'd% d rhGr P@@%‘tﬂé’ piBeed
ratio of the auxiliary punp to the maln punp f S equaF to f 0

Accordingly idrt.fulfills the above requirenent. As above described, the

inlet pressure of the main punp 20 at which the enerrgFé conservation effect
starts to be obt adnnie, abeve emhodimestsa the gotors fe Hourtts, 4 R Bad iRl afe t he

i d i f th il the 1 i . Ho
Phe consunsd S-ELP1 PBoABETdN Tre MAAG 45 He ObanF relus B8y §e ATet
Phe aui 1| aryonie Y Bltef SRR oo R Bf B Lofturhalf o T Siheier
W t hout tge ahan thatrof the gbove easbodimentove condition. The details will be

described with reference to Fig.l4 and Fig.15. 15 Fig.l4 shows a typical
rel ationshi p bet viewitherhthepdiyyagyusp summiscnattimitashtoithedmeltstege R eatadype of

bl th il . Fig.l5 sh th | gt i hi
between the (HHPERYIELBYEMPY BH § DAY bRe FOT MHATRISs BAHCW VRO STSW V8% TR
havi ng t he C@ﬁ&%ﬁé&fﬁéﬁbéﬁﬁ%né@a&gwtﬁeﬁpd t he punpi ng speed 150n8/ hr of
as e main punp at

a dry vacuum punp ~theinlet 20 pressure 400Pa of the
mai n punp 20, andNéxie copsipucTh 6f Bt chatkPeaies 28! ilsdd th o embddimeashilll bare (
~ - ~ - ~ -) shows the consuned el ectric power of only the main punp 20. It
decr ease@5st digsicyibed refermirg td Big.&f t he punping speed ratio of the auxiliary
punmp to main pu 20. It caonverges tq,the.power corresponding to th
mechani cal | oss ofN§ ﬁ@e%}’%vﬁf%qgsi’@mﬂdﬁqw %Eoﬁﬂﬁgi@gas \é?ng%mPSr Z@ba@S
The dotted Ii ~ 3 <R e i i
consuned el ec rlug:arp\(l)a_-vTv\éer .83354%%%@”%@2%%3};&&6 rsgﬁt ’500%?5'[{[ ‘ﬁ%%g@;ﬁ?'gbgﬁé%dnp
havi ng the cHedractrer valve eeaf 45iamd d stdpper 37, Maehdusifiy 40.cohBstd ef ah upper
consuned el ectric power of auxiliary punp and the main punp 20 is
represent ed oylindecal dady #i rpositionedgatithe atmosphesetside tamdaé lowes wykintdrical

be under st ood

el ectric power of fhe vacuum exhaust apparatus. 30 It will )
fromthe 350},\‘&{?(& f Qﬂs'tﬂ'&dingt S °§ ﬁ'égdﬁﬁ'é‘uﬁ’é'@pef@c{rhpc\’alve chamber 44 is
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21 power is smallest at the punping speed ratio about 3% of the auxiliary
punp to the main punp 20. Wth reference to Fig.12 and Fig.l5, the energy
conservation rate 50% can be obtai ned at the punpl ng speed ratio 1.2% or

9.4% of the aUX|I|ary pu to 5 the main punp 20 and at the inlef pressure
400Pa of t heformed &Rer'-ltm@\f/évhanlﬁ?@' hogty i ang therewer CY'W@”&BHB&% dpeed

Speed rati o ?h's?iaiﬁésﬁ& A58 S0P Bhislcian SRR ot e R B oo

in the arran%@% SERSE iSRANRIEEYhd Hwdroent QHHHUP Sert ERinBHER. body 41 for
Accordingly, it refera e to select the 10 auxiliary punp of th

punpi ng Speedegulatlrcg life o thenball Géh/elibdy 46itb 4 pregeserntihed heighbt ai n a vacuum
exhaust apparatus of totall %h energy conservation rate. On the other
hand, theSauxil i #yapuwg serling48ds ifempseghaiwean tbe sostacting sugares ghthe

L?S?‘iif the EBRECHnE BREE EindRital bbaiss 4f And 2 Ay, sl I eddt] Rl v
wi thin the 'EJuﬁal Bﬁﬁﬁgaﬁﬁe@”ﬁﬁtﬂ@%@ ArEPR -t.ahw ORGP a%hé‘ﬁetﬂb%gcwﬁr@aﬂﬁ' on

work in the er is ne | bl'y sma at” such a low outl ét pressure

of the main paive E&m)amlcbm'stsmfmﬂew aalatassmaupu\n@coveredqmm thiro rubiieer film.
mechani cal |1 oss of the main punp 20. The consuned el ectric Bomer gradual l'y

i ncreases Wi ﬁCCQFf&n@ﬂ@@lﬁ%lB"mdlm@'ﬁfeMSQW weiight; of the hallagdve Body 4Rds @dpahp
20. That h k of .t N t

20 whi ch e doanat BOrganBNRag ER S Pesip el e 0D 5idE SEhrencek e ™
remar kabl e. T)té% (RRSHTES POGSA be gPHH"iﬁé éffng%?ﬁef@'t epb'éTPvﬁIQe'ﬁo &y 2895tdpnal

to the outl et pressure. Accordin I'n or to obtain t | ow consuned

el ectric powelesijhedadto bdpftédupwards.line in Fig.12, the capacity to
exhaust the gas to the low outlet pressure is re wred for the auxiliary

punp. The sucti onThfasteppsiirm? i consiuteskby dayu smr@pptecblrmmdw omitie
o5 SR S ol Bl ROt e
L?gsgﬂﬂa' g?r yreh;égb an ?ﬁ:z)dggie is"GofBERRbY e SRPPERAYS Tk a8 Sidwed thfough
the spaces between the nails 47 towards the atmosphere.
The check valve 28 has low resistance to the gas flow. It can be opened by
a little pressure rise of the inlet side. Accordingly, it can follow rapid pressure
change. Generally in the positive displacement type used as the main pump 20,
20 the gas is pushed out from the pump chamber and reversed into the pump
chamber, repeatedly. Accordingly, gas pressure in the outlet portion 24 is
pulsatingly changing. When the amount of the sucked gas becomes little, the
ball valve body 46 is repeatedly seated and separated on and from, the valve
seat 45 with the pulsating change of the gas pressure. When the followability of
25 the ball valve body 46 is deteriorated, the ball valve body seats for little time. The
inlet side is sometimes maintained opened towards the atmosphere. At that time,
the pressure of the inlet of the auxiliary pump 30 does not come to be reduced.
In the embodiment, the valve body of the check valve 28 is the ball valve
body 46 and the valve is opened and closed only by the self-weight of the ball.
30 The followability to the pulsating pressure is high.
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20kPa, the consuned electric power which is equal to the mechanical |oss of
the main punp 20, cannot be obtained on the ultimte pressure. Fig.l6 shows
t he punpi ng speed characteristics of the vacuum exhaust apparatus of the
enbodi nent. The solid line shows that the auxiliar is 5 used. The

dot - dash |ine shél@wveves: whae thexptationgl ﬁﬂﬂ?ﬂ%t%Fg@E«gﬂnﬁhqﬁﬁaiﬂtﬁWH@%%ed

of the vacuu alst SR Lk j i % n
that v t nout Ngeate FERE VBl aEodivied SirhnPe Xl s ARL oBRSshE, £8F
wi th the auxiglkhaipfe, it %Pd:?s/acﬁaﬁpwﬁpta the Berdw 8/Pe? Whenthe 4BRAChaPspeldd 6
that of the apparatus w thout the auxiliary 10 ‘punp. That neans that
reverse gas thevoteniswmdareB08asem. wihehchdok iy ears perfectinfoliowt thet puylsatswur e
of the main punp 20 and so the volune efficiency has been risen. The

ef f ect i veden@ressusentiomayer.olt eannobdolew dingepulaating Prapsire ahéhrifpiatinnakt

apparatus. Wth th LlLiar ...the consuned ectri G _power n
etced.  and SPEPHIRE EDREP sirtnd 538 yalv& oo RES el hRtobe i BBET P BR Y4 15
i mproved. Wﬁisbﬁt&@?e%@ﬁf”ed enbodi ments of the vacuum exhaust appar at us
have been described, variations thereto will occur to those skilled in the
art within the sdpgeopkidened that tienball valgetbiody 4608 peshed vhiathearalvelseatisat ed
by the follow ng clains. 20 For exanple, a single dry vacuum punp is used
as the nai n PyrgpspiNg having wmal sping eensiant angpghaving.geed ligwabityte the pe
dry vacu punps may be, serially. connected.. Such conposite ty y may
be used 40 ¢ MESRLPRYEnHOBEVEkHisiethod require BUch argeiffioms ofdxbalstgas o
punp i s conn t i ; ! L e ,

pl ural main giﬁrbrp%saegg&ﬁ@%ﬁg%g&g%y g%cége{ls S Oc\ij\%é‘lﬁlrg Isi ghﬁ?%'n%%"%% I(!onneeéfﬁred
in parallel wale bedh46threspenihgtiivalos. O itds cohsitibredmiviab theigas pressure of

connected to one auxiliary punp 30. In the shown exanple, check valves 28a,
28b and 28c &he aidieh@ortian imare rapidiye cedueedhhy rarn anpdiapo pump 20@f gheher

Ve check valTEuBsRE HaKSvatinsB Rt io e b aumed RiagEe sover 8 fassedoc
are connggt e%n%h@éﬂe‘?@ﬁ%né@r&? : aﬁect iggggpes%ieBg chanbers, respectively.
unp cha

Suction gas anount 0 e auxilrary p nges with the nunber of the
driven main punp RO4velobmartte dadvahtagelstithe abope etetho ] tio etk veness8anf
the auxiliary pung 30 may be changed in accordance with the nunber of the
driven mai n @28k are seriaycromnettied tw eagh odheroas showndn iae yaayexhexhaust
apparatus of this invenptiaon w be described in detail, with reference to
he*y acuum eArmagatud kot Fla 7ot her Gubsr  die seBalid canheceac kAR e
1 i s exhaust : t t

Firot the auiicer D Bl TRIESERSol Yalk s pArHE BoRtofeg o RH7 i eEn Hhher,
opened t @ost &dch dfethexdiickivaidlseP8a tnd @8hais dopstructeds dimilafidothet difedkrativalr e
gauge 19 that the vacuum of the chanber 1 has reached 104 Pa, the nmain punp
20 is started8offigG aeshowntim&ig.8: ati onal speed, for exanple, 3600r.p.m

to exhaust the vacuum roces’? ng chanber 1]qto t he pfﬁess%&e 1 Pa. Fine
particles are preléhVacHYB exnaus apparatusyl Q. tae Sqra, MPg: dyeSHHE BWRRDERS 1
by the above VA . t
the. drive of e, q e BRI Pumpl2ts THsFcRerWag HORHS] abte SpbeloChORTIR N (o
val ve connecteg¢haust thef vaduRim Erddbstsl?r@ cRambargThe. chifckeralvdic28aanddiwere
reached the pressure 1 Pa, the vacuum exhaust apparatus 10 is sequently and
st ati ona®p draoguratelyt opareted,i net influenerd aly tthgapulsating ipsessurel ef dmel autlet
check val ve 28 cl.oses, . The exhaust i,s effected only_by the auxjli ar¥ u$rrp
49 s

30. Thus 20 IRRLAOk R (3 RWpRYREr dBF VARWURIaPUTR: W LONSURIRS: ROVE
reduced and J i e | Ol L L Dal i i t t he
exhaust pi pe TEhaced fo RHBEY F67C0t tiefbaceln nigh LAY, 1 DI o/ ot
sequently thajurgp. the main punp 20 are small. Accordingly it can be
substituted with a pipe of nom nal outside 25 dianeter 10A (bore I0Omm'= 3
/8 inches). The phmfusther moditicationafrtbe embdsimbpet)ta ¢anmectionoetween the fiistl so
t he manufacturing cost_ of th i pe arrangenent_can be reduced. There has
been deséPi beﬁ!l‘epﬁé(a ﬁ%ﬁ%@nﬁ’r&eﬁ%%qm% Cih%’ﬂ\)/ ReigRansec FoHARsa RiRePY he
reference to the enbodinment. O course, this inventionis not 30 limted to
t he above enbodi nent, but various nodifications wll be possible on 24

the basis of the technical concept of the invention. For exanple, in the
above enbodi nent, after the vacuum processi ng chanber has reached the
predeterm ned pressure by the auxiliary pygp, the main punp is started and
the rotor is rotated at the rotational speed 3600 r.p.m 5 However, before
t he vacuum processi ng chanber reaches the predeterm ned pressure, the
rotational speed of the main punp 20 may be so controlled as to be
gradually increased fromthe | ow rotational speed of the small throughput

Y b1 o o



10 Thus the rapid pressure change on the start of the main punp 20 can be
avoi ded. Thus the main punp 20 can be started not so as to inpart load to
the auxiliary punp. [Industrial Applicability] 15 According to the vacuum

exhaust apparatus and the drive nethod of the vacuum exhayst. at us,
energy consel/8t$ °Eaﬁid‘i‘>é’(ij lagy PHMRA02%iSE0WH 'Byﬁa-iﬁﬂaf%ﬁ@g’{mﬁcﬁﬁon
than the pri r I t i cted. 20 25

[ Scope of Deﬁ%tr@]60{&3&9&/&&@%%%@@@%%%&?%& C g%ﬁ%‘?éetéla'z_ed in that an
inlet side of anpmyxi|dhws RUBBhémati® ttRRiLRdatrangémert lofta SigduR’ eRhAUSI
chanber of a mddle stage or |ast stage, of a main punp. 5 2. A vacuum

exhaust appaepparatus dOr accoyding tol thierother rerabodiment eoft thisoinyleption.oThe anain

auxiliary_pu is smaller than that of nai E(Npurg) 3. A vacuum exhaust
appar at usd® ac¥8vei A§ 8BdcRaPiASEUER GRYAR IR Aeajug yaeUYN PIRESUES fffer s

at the latter sad ' i fhe of
the fornmer sfgéé&ggdgéiad&:‘?gi ?Bﬁﬂ@%%tﬁg%gﬁﬁBFc{h%gglugh%ﬁm%?rcfﬁéﬁﬁF@% ter
stage is sma 2 hstut e - pUmPaTHE Bhesk aHRE 28 i
appar at us acb{o%ipygﬂjtqoorabﬁysgyeéd;fsy%ﬁ;ﬁ@n& dIyto t:éwiﬁhnpWhF‘ch an exhaust pi Ige S
connect ed t ocannected ¢ the nhairopumpeQothngughhtiietexhaast pibe 25 Thestuxdiarnppuspi d
mai n punp and a check valve permtting gas to flowonly in the direction
towards the 8Pri®spRaededin paralebwita thechReglkvalyd 2fstA gnpr¥acuum pump isisedm

exhaust patat us.accor di to claimd in ' ' ) RS
of plur a?g me @' e?@‘"%gy ﬁgﬁ’d)ggom% bﬁgﬂg?%meoat?ﬁé %H@?M%&aﬁﬁa%m% %ﬁé@tt

apparat us ac%zﬁbﬂﬂwﬁs%f%é“rﬁaiﬁ gdhd"@b?*‘l’fhé%h@cﬁ Waf/e 1$ah¥&dm ke dRat d@sdd inSt
check val ve nenber ich I ncludes a ball valve body floatable in a valve

chanber, sai Fig.@l Héndhadiys tHeobdlbvalpe bpdpifloatdide it theawalv® chambeyrwhiol flsatsd

main punp to open the valve and it seats on a val ve seat by sel f-wei ght

under said eXeRuifie §aat gt tesprassuie, highes by aouta/0RPa Hiah Hiesataesphers, to

open the valve. It seats onto the valve seat by the self-weight of it, to close the
15 valve. A gas exhaust processing apparatus (not shown) is connected to the
downside of the gas exhaust pipe 15.
A high vacuum exhaust pump such as a turbo-molecular pump may be
connected to the upper streamside of the main pump 20.
In the embodiment of this invention, a positive displacement type dry
20 vacuum pump of the Roots-type is used for the main pump 20. Of course, it is
not limited to that type, but a claw type and a screw type may be used as the dry
vacuum pump. A pump of low consumed electric power and effective
construction is used for the auxiliary pump 30.
It is preferable that a pump has such construction that the volume of the
25 exhaust gas decreases in compression process. Accordingly, a sliding vane type
(Gede), a piston type, a diaphragm type (membrane type) and a scroll type are
suitable. The pumping speed of the auxiliary pump 30 is suitably selected within
the range of a few percentages to about 20% of the pumping speed of the main
pump 20, in accordance with a necessary capacity of a vacuum exhaust

30 apparatus 10.
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check val ve nenber simlar to said first check valve, said first and second
check val ve nenbers being serially connected with each other. 7. A vacuum
exhaust apparatus according to any one of clains 4 to 6 in 25 which said
auxiliary punp is connected in parallel with said check val ve. 8. vacuum

R . A
exhaust appar at udexdcepefiatigns f dhgi yacsum exfpust apRyalus BBt arcordingdile ¥er st
and second c | suction side of said
auxiliary pu%%@Y'ﬁg¥€3€§W%gﬂg%g&gg’g\@&%uég%%@gpd| ng to claim®6 in which
sai d ball 30 val yelpdiuaPpRicebsing chantbidr 10 expbasteddtdmang atfiostidradow th
rubber. 26 10. A vacuum exhaust “apparatus characterized in that said
appar at us i npredigterninedi vaguunp Jevel.cWhilk thel mainppumipt 20 rig dyiven; the baxilianyl y

in the direction towards the atnosphere, connected to the outlet side of

sai d mai n5 puRPMEn80dE alwRys idiivenpiviRenthe eatlet sidenpbihe PiAIN tERP t20a1S Bet
said main pu connect in 5 parallel w.th I d check val ye .af t | et
Side of sal doRarTEBES naressbS ke inaf g ARoPoRaE B e Kby b o
speed | ower 9 ' hAi i ” Pa
of “sai d i nonang A Xl oo YO HTrRIE LR, WA cheefFvaltt S P T
whi ch sai d nmand themexhaust gay iy atischargedin othet tieegtios showndby jethereae Tthet ype

or conposite 1 o type punp consisting of plural dry vacuum punps connected
serially to &xbaust pkithe acupm, pcaerasinthshambesphrRiegaessrsc ot #9 the dlei m

cach ot e aReetsES: i SpSrih oriEh: aCatReieraPy AGR dG0¥oihBcRRY Eholht”
nccor di ng. t o S yeR #tTRe CuleL Bt D e et B et d aux! |1 ary pump
i's under 20kPa. Mhenhthv@gas flo@dfalis bubigtsidebiimatpamgiatstarts td beoorhs less

whi ch said auxiliary punp is a sliding-vane type (Gede type), a piston
type) a di aplinay@tposphere byrdherexhaust getiornof stge Auxiliappepumiz 304 it stantsnto
exhaust apparbae%grsnecrb%rlsaacﬁ%ar i'Izheed cihréck h\?atlves aééj ié‘pﬂ%%%%%‘d?y opened and closed.

15 However, the check valve 28 of the embodiment has the construction which is
highly followable to the pulsating gas flow. Accordingly, the vacuum exhaust
apparatus 10 of this embodiment can be driven with high reliability.

When the gas pressure of outlet side of main pump 20 becomes less than
the atmosphere, the check valve 28 is perfectly closed and hereafter the gas

20 does not flow in the direction shown by the arrow a, but flows only in the direction
shown by the arrow shown by the arrow b, by the exhaust action of the auxiliary
pump 10. Thus the outlet pressure of the main pump 20 starts to be reduced and
the reverse gas flow into the main pump 20 is reduced. Accordingly the
consumed electric pressure of the main pump 20 decreases.

25 When the exhaust gas amount of the main pump 20 is so much that the
check valve 28 is opened, the auxiliary pump 30 is not so useful. The total
consumed electric power of the vacuum exhaust apparatus 10 including the
consumed electric power of the main pump 20 and that of the auxiliary pump 30
is larger than the case that the auxiliary pump 30 is not driven.

30 However, for example, the volume of the vacuum processing chamber 1 is
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inlet pressure of less than about 3000 Pa.

Fig.13 considers that a multi-stage Roots-type dry vacuum pump as main
pump is connected to the latter stage of a turbo-molecular pump. The
relationship between the pumping speed ratio and the consumed electric power

15 ratio is shown in Fig.13, where main pumps and auxiliary pumps different from
each other in pumping speed are differently combined with each other. The inlet
pressure of the main pump is equal to 400Pa. The pumping speed ratio
represents the ratio of the pumping speed of the auxiliary pump to that of the
main pump. The consumed electric power ratio represents the ratio of the

20 consumed electric power with the auxiliary pump, to that without the auxiliary
pump.

Accordingly, consumed electric power 100% means that there is no effect
by the auxiliary pump. The consumed electric power with the auxiliary pump
represents the total of the consumed electric powers of the main pump 20 and

25 auxiliary pump. The consumed electric power without auxiliary pump means that
of the main pump.

It will be understood from Fig.13 that the consumed electric power ratio
decreases with the raise of the pumping speed ratio and so the energy
conservation effect rises with that. And it will be understood that the reduction

30 rate of the consumed electric power ratio tends to decrease near the pumping
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will be described with reference to Fig.14 and Fig.15.

15 Fig.14 shows a typical relationship between the pumping speed and the
consumed electric power, of a vacuum pump usable as the auxiliary pump.
Fig.15 shows the relationship between the pumping speed ratio of the pumping
speed of the auxiliary pump having the characteristic shown in Fig.14 and the
pumping speed 150m®hr of a dry vacuum pump as the main pump at the inlet

20 pressure 400Pa of the main pump 20, and the consumed electric power. In
Fig.15, a dot-dash line (- —*—" —) shows the consumed electric power of only
the main pump 20. It decreases steeply with the rise of the pumping speed ratio
of the auxiliary pump to main pump 20. It converges to the power corresponding
to the mechanical loss of the main pump 20 b over the pumping speed ratio 4%.

25 The dotted line (- - ) represents the relationship between the consumed
electric power and the pumping speed ratio of the auxiliary pump having the
characteristic of Fig.14, to the main pump 20. The total consumed electric power
of auxiliary pump and the main pump 20 is represented by the solid line in Fig.15.

Or it is the total consumed electric power of the vacuum exhaust apparatus.

30 It will be understood from the solid line of Fig.15 that the consumed electric
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10%8& () - aYaWMW%\ﬂUW'SOWZthé%mpmg speed ratio 1.2% according to

the embodiment. The former is disadvantageous in the arrangement space and
energy for manufacturing the pump. Accordingly, it is preferable to select the
10 auxiliary pump of the pumping speed ratio less than 3%. Thus, it is possible to
obtain a vacuum exhaust apparatus of totally high energy conservation rate. On
the other hand, the auxiliary pump of the pumping speed ratio over the ratio 3%
reduces the energy conservation effect.
As shown by the solid line in Fig.12, the consumed electric power is almost
15 horizontal or constant within the inlet pressure range below 10Pa. That means
that the compression work in the pump chamber is negligibly small at such a low
outlet pressure of the main pump 20 and the consumed electric power is equal to
the mechanical loss of the main pump 20.
The consumed electric power gradually increases with the gradual
20 increase of the inlet pressure of main pump 20. That means that the
compression work of the last stage of the main pump 20 which Is the work for
pushing the reverse flow back, comes to become remarkable. The consumed
electric power of the main pump 20 is proportional to the outlet pressure.
Accordingly, in order to obtain the low consumed electric power shown by the
25 solid line in Fig.12, the capacity to exhaust the gas to the low outlet pressure is
required for the auxiliary pump.
The suction gas amount to rise the consumed electric power by 10% from
the consumed electric power on the ultimate pressure is set. The measured
pressure of the auxiliary pump is equal to 6.5kPa to 20kPa. When the auxiliary

30 pump has not the capacity to exhaust the gas to the pressure of less than the
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than that without the auxiliary pump.

The ultimate pressure of the apparatus with the auxiliary pump is improved
to 1Pa from 2Pa in comparison with that of the apparatus without the auxiliary

10  pump. That means that reverse gas flow amount decreases with the decrease of
the outlet pressure of the main pump 20 and so the volume efficiency has been
risen. The effective energy conservation can be obtained as the whole vacuum
exhaust apparatus. With the auxiliary pump, the consumed electric power can
be reduced, and further the pumping speed and the ultimate pressure can be

15  improved.

While the preferred embodiments of the vacuum exhaust apparatus have
been described, variations thereto will occur to those skilled in the art within the
scope of the present inventive concepts which are delineated by the following
claims.

20 For example, a single dry vacuum pump is used as the main pump 20 in
the above embodiment. Plural multi-stage Roots-type dry vacuum pumps may
be serially connected. Such a composite type pump may be used as the main
pump 20. Further in the above embodiment, the auxiliary pump is connected to
the outlet side of the single main pump 20. However, plural main pumps 20A,

25 20B and 20C as shown in Fig.17 may be connected in parallel with each other.
The outlet sides of the main pumps are connected to one auxiliary pump 30. In
the shown example, check valves 28a, 28b and 28c are connected to the
respective main pumps 20A to 20C. Further valves 11a, 11b and 11c are
connected between the auxiliary pump 30 and the check valves 28a, 28b and

30 28c, and the main pumps 20A, 20B, and 20C are connected to different vacuum
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thod of the vacium exhaust apparatus of this inVél)ltian! wil Sbe
described in detail, with reference to the vacuum exhaust apparatus of Fig.11.

When the vacuum processing chamber 1 is exhausted from the
atmosphere by the vacuum exhaust apparatus 10, first the auxiliary pump 30
starts to be driven and the main valve 13 is opened to start the exhaust. When it
has been confirmed by the pressure gauge 19 that the vacuum of the chamber 1
has reached 10* Pa, the main pump 20 is started and driven to the rotational
speed, for example, 3600r.p.m. to exhaust the vacuum processing chamber 1 to
the pressure 1Pa. Fine particles are prevented to fly high up in the vacuum
processing chamber 1 by the above driving method. Thus the slow exhaust can
be effected by the drive of only the auxiliary pump 30, without the small diameter
by-pass valve connected in parallel with the main valve. After the vacuum has
reached the pressure 1Pa, the vacuum exhaust apparatus 10 is sequently and
stationary driven. At that time, the exhaust gas flow is little and the check valve
28 closes. The exhaust is effected only by the auxiliary pump 30. Thus
consumed electric power of the vacuum exhaust apparatus 10 is reduced and
noise is suppressed.

In Fig.11, nominal outside diameter of the exhaust pipe 15 is 40A. The
exhaust amount of the auxiliary pump and sequently that of the main pump 20
are small. Accordingly it can be substituted with a pipe of nominal outside
diameter 10A (bore 10mm = 3 /8 inches). The pipe of the above bore can be
bent for manufacturing and so the manufacturing cost of the pipe arrangement
can be reduced.

There has been described the driving method of the vacuum exhaust
apparatus with the reference to the embodiment. Of course, this invention is not

limited to the above embodiment, but various modifications will be possible on
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10 Thus the rapid pressure change on the start of the main pump 20 can be
avoided. Thus the main pump 20 can be started not so as to impart load to the

auxiliary pump.

[Industrial Applicability]

15 According to the vacuum exhaust apparatus and the drive method of the
vacuum exhaust apparatus, energy conservation can be more greatly achieved
by a simple construction than the prior art and the slow exhaust can be easily

effected.
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3. A vacuum exhaust apparatus according to claim 1 or 2 in which at
least one of pump chambers at the latter stage of said main pump is smaller than
the pump chambers of the former stage of said main pump so that the

10  throughput of the latter stage is smaller than that of the former stage.

4. A vacuum exhaust apparatus according to any one of claims 1 to 3 in
which an exhaust pipe is connected to an outlet side of the pump chamber of the
last stage of said main pump and a check valve permitting gas to flow only in the
direction towards the atmosphere is connected to said exhaust pipe.

15 5. A vacuum exhaust apparatus according to claim 4 in which said check
valve consists of plural members serially connected to each other.

6. A vacuum exhaust apparatus according to claim 5 in which said check
valve includes a first check valve member which includes a ball valve body
floatable in a valve chamber, said valve body floats up by an exhaust gas

20 pressure of said main pump to open the valve and it seats on a valve seat by
self-weight under said exhaust gas pressure, to close the valve, and a second
check valve member similar to said first check valve, said first and second check
valve members being serially connected with each other.

7. A vacuum exhaust apparatus according to any one of claims 4 to 6 in

25  which said auxiliary pump is connected in parallel with said check valve.

8. A vacuum exhaust apparatus according to claim 6 in which a space
between said first and second check valve members is connected to the suction
side of said auxiliary pump.

9. A vacuum exhaust apparatus according to claim 6 in which said ball

30 valve body consists of a hollow metal ball and is coated with rubber.
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+, p] xY:/ auxiliary pump of smaller throughput than that of said main pump connected in
5 parallel with said check valve at the outlet side of said main pump and said
auxiliary pump is driven at the pumping speed lower than 3% of that of said main

pump at the inlet pressure 400Pa of said main pump.

11. A vacuum exhaust apparatus according to claim 10 in which said
main pump is a dry vacuum pump of the positive displacement type or composite

10 type pump consisting of plural dry vacuum pumps connected serially to each
other.

12. A vacuum exhaust apparatus according to claim 10 in which a
plurality of said main pumps are connected in parallel with each other and the
inlet side of said auxiliary pump is connected to the respective outlets of said

15  main pump.

13. A vacuum exhaust apparatus according to claim 10 in which the
ultimate pressure of said auxiliary pump is under 20kPa.

14. A vacuum exhaust apparatus according to claim 13 in which said
auxiliary pump is a sliding-vane type (Gede type), a piston type, a diaphragm

20 type (membrane type) or scroll type.

15. A vacuum exhaust apparatus characterized in that said apparatus
includes a main pump connected to a vacuum processing chamber, a check
valve permitting gas to flow only in the direction towards the atmosphere,
connected to the outlet side of said main pump and an auxiliary pump of smaller

25 throughout than that of said main pump connected in parallel with said check
valve at the outlet side of said main pump, whereby, when said vacuum
processing chamber is exhausted form the atmosphere or from near the
atmosphere, first said auxiliary pump is driven and after said vacuum processing
chamber has reached a predetermined pressure, said main pump is driven.

30 16. A vacuum exhaust apparatus characterized in that said apparatus
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reaches a predetermined pressure, said main pump is started to be driven at the
lower speed or the lower pumping speed and the rotational speed is raised in

10  accordance with the pressure of the vacuum processing chamber.
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