; €3e6) 6\ R26T] ] [Nane of the Invention] Vacuum Exhaust Appar I ve
Met hod of Vacuum Exhaust Apparatus 5 (Technical Field] This lmmﬂﬂ@ﬂﬁm“m
rel ates to a vacuum exhaust apparatus, for exanple, for sem

manuf act uri ng equi prent and nore particularly to a vacuum exhaust®¥appar at us

of the energy conservation type and a driving nethod of the 1o vacuum

exhaust apparatus to reduce consunedspECRICATIORVE' - [Backgrj
Technique] QO -sealed rotary vacuum'punps were used for earl mmmwmm\mmmor

manuf act uri ng equi pments in nost cases. Consuned el ectric power Gfewdhe 15
oil-sealed ro um punp.is generally little and it has the
construction W%%ﬁﬁ% Iwgﬁﬁ)’}]nate pressure can be easily obtained.
However, the yadu pmi | re the ojl-sealed rotary
punp i s used in theEg(g%B%oﬂs ug?@%%nan[ﬁﬁ\éeg%ﬁ? %ﬁ%ﬁ%ﬁf‘ba‘ésﬁ Appafatugasses
used in the sem conductor manufacturing equi pnment are 20 strongly reactant

I n nost cases. When such gas is exhausted) it reacts wth vacuum punp oil
and so produc@?%'@ﬁ%’tﬁ'@'ﬁ] mat eri al s which make sonetinmes the vacuum punp to

be inpossible to r th u oil to be deteriorated in lubrication.
(2) Vapor of the VlEdFeRonSrtBedbia veeuim st apaeteus. oo sxasmie, dor 25
processi ng chsgrhiebndl ' ; ok s C oi | contains
arseni ¢ conpound andr&gﬂg%@%‘)&ga@ﬁﬁg&%ﬁ% %ﬁi?@gﬁaﬁgﬁcﬁﬁﬂ nOBsYaqUsige s
Treat ment of @xhelshappdratusi ofcthe tenieady @?@ﬁdewmmttyb@%nwﬂriﬁﬁatméﬂggto?%e
nunber of _the managenent procedures is nmuch. Fromthe above™grounds,

recent | y '8y XARHHTHXNAHSt ARRRNEiS t9Ireduen conumed eleettiommmerm punp” accor di ng
to the international standard |SO-DI S3529/ 1

[Background of the Technique]

Oil-sealed rotary vacuum pumps were used for early semiconductor

manufacturing equipments in most cases. Consumed electric power of the

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 olil 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 ireatment or

25  processing chamber and contaminates it.

(3) 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 1ISO/DIS3529/



(I -1975) which does not use sealing oil, is used instead of the oil-sealed
rotary vacuum punp. The dry vacuum punp can vacuum punp a chanber from

at nosphere and dose not contain seal oil in its conpression chanber, It is

so-called a 5 nechani cal vacuum punp. Positive displacenment types as Roots

type vacuum punp, crow type vacuum punp and screw type are used as the dry

vacuum punp i th-1878) vedisiedoed mes sy sedling BilBusallindiaxé o‘i‘!ﬂ?ePfP—Qéél'éH%{a p of

two axes to which a pair of rotors is fixed, spacing a little gap from each
ot her. The pXPFEUMYRMIOPs are rotated in opposite directions for the vacuum
punpi ng. The Iifel.i s long because of non-contact portion. It can exhaust

al so solid corrpon_é?ﬁ S%Hﬁ?léli"ﬁeﬂ"mﬂ T VERHUERURER af phambere frenatraenherer
manuf act uri NGrRALLSETY: - cdritbihN&dal JifH ﬁggfﬁﬁq}ﬁggféﬂ;&ﬁbwé%gﬁ%n%ggﬁ?ﬁgﬂgs' 'y

inparted to the positive displacenent type
been subsi t ubechariicai vabeuwi purmpaPesitive diipladetneRIUsE BY LS tidey
sem conduct or manuf acturing equlppment. However, there is the pt)};roblztlacn"%ut at

the required PNRRBLAPY ReracHM puMyr and sctawntynerpre sistdragethet gnvdduaim of
the oil -seal vacuumpunp. Jt is required to save the consunption of
energy from @%@%8@?@?@5;%%%%0%%%@19%" githe gongiryction ©f twaexesst
of the manuf A ' ar . bove requprenents, it
is requestedﬁwéehdﬁ gli t er@@g%?dﬁﬁéegﬂ gpg{::'ﬁ éiaclﬁ’l)%%#?%ﬁ Fﬁ‘éh afvg\ﬁ%ﬂ?ﬁ np
to I ess thanrews afe tdietedrinoppbsitd-directiongHbEtheVaRUBRASTMBINBE THE YifeidG

punp is Erovi ded with plural rotors fixed to the axes, adjacent each ot her.
The pair @ r HE6RYSR PENQRrgeBIRChpORIODS Iticantexbaysirlse solidacmponérts conthimed at ed

in opposite g j nd_exhaust gas. The rotors constitute
normal 'y thr g'é&'?%tdggﬁgkﬁg%@ﬁﬁéﬁgr?mlfﬂ@% pERHASIHING, eaHRmsEr sFdtherct
punpi ng act i egsistalce 86 Corbsve YR GRPbe BaSi) h&ﬁﬁ sSlad) ced
fromthe earlier or forner stca%%s tob?he llsgﬁ%%%rﬂas g)ggfsé. e"%‘zﬁ'?aﬁg%@‘ghfe
rises with tHh¢peadi spl acenent. Accordingly, the throughput of the 30 latter

stages may be smgrller t%?n that of the earlier stages. 2 In the
mul ti-stage Root SNHpp@ Q1Y \VaGHUmPHIPRARS hean subsiituiad Wit the aif-sedled raiany s

all are de j ] . of the sinple manyfacture
and the gncﬁ%gﬁrﬂ?a‘tl @n o¥ teérﬁ %d%t%ﬂnlﬁx@&a%@ngggg}pgn%qtvﬁﬂgeﬁg;é 81 For
the above redtsprotidve thhi thenegaired elditric pbAEs bt ENW=EURBIMB ds
the 5 outlet side fromthe inﬁlqet si de sopas to redu@g sat%gb'vm se‘JnFr{seliéw@'r

t hroughput s &han hat giiihe ehsealed yacuumtmunRoot s-t ype dry vacuum punp, gas to
be exhausted, is ' confiped in a space forned an inner surface
of a casing and étt E%F?@@Hdn)(? kF@@uﬂ}eaSBn%LI’mPﬁ@ roét?ﬁe"ﬁ)‘noﬁgfﬁeﬂ'@péé@og'ﬁﬂ’es to
comuni cat e wrdthefnheaswti ; Y a O f the
rotor. On thgt (_:%m"run'?wéadt ?%fh?ﬁ%dlggt ﬁg‘?egiwg Sgsst Fé%%\?@%géﬁ%@%o‘&egﬂq nt o
the spaced AsemicdneuctorpFesmuthe alhowe ceduifenhents Oftaiscriguestedbiciredibebihe he
Root s-t ype drx vacuargégung. The gressure fromthe ultimte pressure to
about 3kPa i §9BSWBEtHICHFE AW Ofrthe i VaeuW eRWDPEto; lesanthannslss helr the

pressure. Acgpg jpgly, in order to maintain the inlet side at the 15
reduced pressure) the gas reversed into the rotor chanber in the

conpr essi on procfes exanyle, the Resteaphagl. vARMY ﬁ%ﬁ%@@oaagﬁwgﬁgﬁﬁ?pf

t he total electtrlc_: power of the pu IS c_onsurredtqrecwet e ba | ow
o[ pushI t h;ahfq 8% fhead orthmaxes, adjgoepirach mt{'lﬁt. ﬁ@erpﬁlmdfm{tlﬁ'st?e sp;t'acéc{]by gast
st age. ~type dry vacuum.punp e power 0O e final stage
becones %b I ﬁuE ;b%&)\?\fﬁ% e[aﬁg Oég%rr%rﬁgot&edﬂh@pgeal& Irggtiongdo gaisk @pdmxhpusthed
back. Accor dgag! ARSI i 1 tor of.the
tatter st agegi S -ltw?]el ﬁﬁgd o) ggﬁ?@ﬁt@g&gﬁ?ﬁg& tg h‘%ﬁ%ﬂ?{“b‘%ﬁ%s‘;&v«%&%‘w&

t hroughput = opumpecharnberscéfted qunaing ectibas tin se@gar iseqsenssdl e §&s b§ be

little, the requi rgfg, power of the punp is reduced in the range 0f the

nor mal  pr ess&AUsierisQsplaeed famgheasissarfoimer stagenitaihadatienstages. Mae
present. The ringi .he crowtypbe dry vacuu u is quite
the same as ?ﬁ%ﬁ o% {rﬁeﬁ%oo@éﬁt@%e&'%ﬁ§c%8wu cﬁﬂﬁ%qulé{'l ﬁ?‘?og]ﬂaugﬁ@-‘ts?fafﬁés of
the rot@sc aatterisfageseny b@%ﬂ@%rﬂ%tﬁﬁ%ﬁthb%ﬁé@ﬂaé&e crowtype. On the
ot her 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 fornmed 3 by the screw grooves, to conpress the
gas. That is equal to the Roots-type dry vacuum punp. Since the screw
grooves are continuous, the pitches of the screw grooves are continuously
reduced towards the | ast stage. Thus, theathroughput is made 5 smal |l er
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

e, N - o, | —\— s x g e e e __n oy .



those of the mddle stage) as shown in Fig. 19, the punping speed changes
with the inlet pressure as shown by the letter b in Fig. 21. Wien the two
rotors of the latter stage are further smaller in conparison with the case
of Fig, 19, as shown in Fig. 20, the punping speed changes with the inlet
pressure, as showl;rirg 20 Fig. 21. Fig. 22 shows the relationshi ps between

t he consumed el echrihe muoliestage Rootestvpel dy vaE an.1tAet [ ases
of Fig. 18, Fig. 19 and Fi g.ggo. Under (ﬁ;e |§‘§§L‘{)ﬂ%§ﬂ$§ﬁ@§%§@53§%ﬁi ch
is a normal pPRAYSuRE e midde denbeothtusame reomufthet viswmpirtgubprinat si

d el i is th |lest in the 25 f Fig. 20, that i
ot Lort han TRRSEEERE Anadne sYndiianiasian.ef he romdorsptBetrotars ahtheproserds
Fig. 18, A o thit | Qf t '
esi gned in achans SoUETRRD, g intknBStlofine rdBRoNBNlSE eridlfer iR R ' °
mul ti-stade Rusle sidepironr thevintet sidepsonas tbreaued Btepwide !HEtI‘ﬁHﬁ@[?ﬁ@B?ﬂ{e of

) e

the last stage is so designed as to be about 50% of that 30 irst
stage. Mich PE58MBSTHeat generates within the range of the 4  normal

tenperature. In j ui.pment and a | ow pressure CVD equi pnent for
sem conduct or rraﬁ'ﬁf@%ﬁ#&%ﬁ@%g& YRGM pUmp, 99819 (e, gxhausted; is dempprsmily
process cont aionfinea P ansylc " } i terd t as
concentration begond t @sgﬁvﬁﬁ gg%@?ﬁ%@ s;l}r?*edscgudrf% ‘?‘#‘ﬁgﬂg&ﬁﬂ% e%?ﬂ%t 5
appar at us. | urleseexftthegptosfarsiitie grme oy 1o/ GMEUNKET valhOtHelo et Rt ed

to a hi g(l;;l t enper at ure sucp' as about 100 to 160C, in order to prevent
deposit df scPAGer IR & Trthergtationef the retes On thal compaunication te ottletside ng

d i d i b | i
ot eval on oSS qdverdd e Y e’ GRe. AR iAo S b i A B
Gas exhaust ecahr benobireindd Gysthet [Redts tgper BRAYAGUM %FEZ?‘%/ gﬂ%rsuﬂ?%ﬁ‘! tﬂ-e?g

apparatus mainly inert gas such as_argon ‘and helium at case,
not necessar HiirpalecRressue tarabouk Skidenipamormatpressineg The cutlét prasacreliglapunp,

t he consuned %w% of which is.as |jttle as possible, is required. At that
case, the thregua Eﬁ?”%#’“?ﬁ%é"%uﬁﬁ%fﬁw edn Grdemto maiptain g inlet sidedatsthgned
as to beqgbo o0, f : of .the first. stage.
A that asse egiced Pressifeling g rBlersp e 1RV BRBubR I i SmpieRiioeq "t o

30 to 60% of proeassofhauibbeipyshied back, JALBUL 70 tyB0 PerédiRagds et@RRbEal efecie
| ast stage is about 50% of that of the first stage. Wen the throughput of

the punp cham9¥er &f thepumpsis eqnsymedsto weseivertha bzoksflow ohpush tiw §owgasof

the first st i whi ch, ] t .20 ired to b

hoated at ¢ e b elifodberd BEMMTLRI TRAMACE Bt ok B8 stide crved Hovever

mechani cal troubliethe Fﬁbts—fyﬁemvéeuﬁﬁrpuﬁﬂlgﬁz d/'i‘ﬂi%f Eg[)vr\]lﬂf[‘&‘t}hkpﬁqaﬁ P{aggq;g%}negf “the
o) at o e fi

punp chanber of the |ast stage 1s about St stage in
the dry €#8cudifiiepuithyths desrease afthevirneuntiof thesgas & bé besmbmﬂmﬁmiﬁ?yﬁ peed
of 80nB/ Hr, pckness of the rotor of the first stage is generally
about 30mMm %gea&to% hatscrd%%‘g)th? Hadmﬁsév?ﬁﬁg%f ofgr qfitle Hﬁeélsgwe isinned so @sage
is equal to Yo k8ilcethe i [ T=TeTe R ast. stage
is little, The right aﬁ%@gagfm?ﬁguf’o"gor s?&gioéﬁp?g{:gtﬁé ’ﬁi?étcgg'i"i’ergf t?ue

di fficult tolasssingeiisant seteas totel litlbpthgaeqbredpenet BE tHedpOmpSs FedieedliAce
and the partition wall is difficult to be maintained 0.1 mmto 0.2mm so
the ot her hah?f’, range < the ngrraal ressirg, 3p@ 50 Mhe RAGIGY coapprvation s oblafried
Japanesegfat g n/dagAt Ng Gazette No.129384/1994 in which a first vacuum punp
of |arge exhausltD anount and a second vacuum punp of small exhaust anount
but capabl e of sThkiaxhaost prid BESetbR- LR, er,
and by which total el ectri%r pcgkvélrafcan gg V%E?e@@??@&&hpﬁgﬁ%%ﬁgm in
5 Fi gdl 23, aﬁsé&ﬁaf%fsmedﬂwﬂme;dqovmm_ 'pgmp, hithsm%mu’;ﬁasﬁépémﬁﬁth‘é rfgwrﬁed at
a m e porijion: connect.in ortion between the first punp and the
second punp, 5}vﬁ g‘ﬁfgéerggggﬁﬁe%%ﬂg&sﬁw? agdithe grav-hre: R0 thenether handidhef t he
second punp 4as A ®& ; i openi.ng, and cl osing the
exhaust ipe'§7 at theﬁoﬂieg\é%ééqgoa??’il‘%tn@%gﬁ%n%@%eﬁgﬁéﬂwgw@ T EYHOBYPS: he
pressur e3bf InHdeswrewdypaiThe ofis bhihef duthst pRHBA i3-flofvedaifts A rmed
apparatus 2 is disclosed which can reduce total consumed power there% , T n
Fig. 23, the first vacuumpunp 3 is nodel ed as a vacuum punp of a direct
acting type. A reference nuneral 9 represents an adsorption tower for
treating reaction gas contained in the exhausted gas. ~ 5 The vacuum
exhaust apparatus 2 operates as the follqgwi ngs: Fig. 23 shows the situation
directly after the start of the exhaust. “The control valve 8 is opened. The
first and second punps 3 and 4 are driven. The inlet pressure of the first
punp 3 is about equal to the |evel of the atnobsphere. The anmount of the
exhaust gas is large. Wiile the outlet portion of the first punp 3 does not

"~ N - o, o o o o



30 The back flow gas to the first punp 3 is greatly reduced. The power 6
requi red for pushing the reverse gas backward can be surely reduced. Thus,
the energy of the consuned el ectric power of the first punp 3 can be
conserved. However, in the vacuum exhaust apparatus 2, the energy of the
whol e vacuum exhaust systemincluding the first punp 3 cannot be al ways

effectivel y duhtherscrdw grboves)db cohpressthiengss. ahegiy eGuAl W e P{footst‘gp&ior t

punp 3 can be surely reduced. Fig. 24 shows a conduit diragram o vacuum
exhaust appar@4¥MbPUMRe prior art connected to a vacuum processi ng chamber

for manufacturin m,conductor. In a vacuum exhaust apparatus 10 of Fig.
24, a vacuum 1 ogﬁﬁ’ggéﬁiﬁﬁ@%ﬂm% afe FQ“W@C%%P'i%’eg%ﬂW sareuumpuaqagzo

of PuMBi ng_srerechoHAAobd 7y Sad ool R0 KRR StaoB! Phiyd 2o /TRl ek ads

| arge dianeter is arranged 1 n the exhaust pipe

smal | di afet emalerdowandethe aghastadge, edlthoiuigh mbﬂhf@dghpW@'ié/%rﬁiﬁarilg%w@éd a
pressure gaugle 19 for neasuring the pressure of the vacuum procéssing
chanber 1 is awaepm@e lag} stage ndthaiRaotptype dry vacewarmainy and e oraewiype dry

processing c h m.conduct or _nmanuf act uri ng apparatus contai ns
fine particl S%IEB mﬁ‘f"cé“"ﬁi’eh&g‘@?& tﬁ? fﬂﬁ%,CRaﬂgeﬁ B;ﬁ'@ HEWCHegVeDHae limited to
sem conduct or. tad i VESI6 LIk i ' 8 e ting in
bad sem condusc?}thgér ?ﬁfguﬁdgg n%'ﬂgly'vgguum 'g&%@@ﬁ%ﬁg%gﬁggﬁ% pr%paiéﬁa%ﬁ%%
from at mos pheoghined adtueact btherssntovraiduce e AMdubhputbyt PRIEsYSYE plindr

cl osed, qﬁd the dry vacuum punp 20 is driven, Slow exhaust is effected with
t he openi'hg 6*‘ fby-pass valve 14. Wien it is confirned that the pressure

of the vacuum proc—ﬁf‘ﬁ' redet erm ned pressure, or
when it is 25 confi rW%W{ﬁg@%ﬂéﬁéﬁ%@ﬁ%@fﬁ?ﬁ@oxg\s | apsed, the main

val ve 13 is openedWhéntie fhtbrs 418 eiialmcsizs aden . st
is effected with the valve operate?m;ln) or' ngmel gw\ﬁ/\mr?q]ﬁée]’ ﬂg??\% e@%gé%@*s

ef fected wit ¥heRgepwitiathe intet\nsessurar(Pangeshownpay tetieela ini Fig. 21havien theval ve

14, a control_a r at for opening the in valve 13 in 30 accordance wth
t he pressurebgf)prgﬁ)és\?ﬁﬁ%%?rﬁ? c%?@gﬁ{)e EAYALBrSiZe,  those gf the middie Btage are

15 smaller than the former two, and those of the latter stage are further smaller than
those of the middle stage, as shown in Fig.189, the pumping speed changes with
the inlet pressure as shown by the letter b in Fig.21. When the two rotors of the
latter stage are further smaller in comparison with the case of Fig.19, as shown
in Fig.20, the pumping speed changes with the inlet pressure, as shown in

20 Fig.21.

Fig.22 shows the relationships between the consumed electric power and
the inlet pressure, in the respective cases of Fig.18, Fig.19 and Fig.20. Under
the less pressure than 10% Pa which is a normal pressure for the semiconductor
manufacturing equipment, the consumed electric power is the smallest in the

25  case of Fig.20, that is smaller than the case of Fig.19 and that is the largest ih
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 10 be about 50% of that

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



addition to the by-pass valve 14. Further, a butterfly valve capabl e of
control of valve opening nay be used instead of the nmain valve 13 and
by- pass valve 14 for effecting the slow exhaust. At that case, the valve
opening is made small at the early stage of the exhaust, and then nade

| arger in accordance with the | owering of the pressure of the vacuum

processi ng cirambar K in Lite GuAhg" EiuioRhY ot S by R BB EPSORS,

control apparatus for valve opening are” ex sive and rarse cost up:
other hand, &agiProgrinforsemicoadiston maplifasturid apparatiss dds gendrdiifg In aRd
second punp 4 ir}.the vacuum exhaust gaﬁr}p 2 of the Japanese Patent 10
Openi ng Gazet F2°UQE RP§883 COWUNS, COIDRBNRNT whieh flepgsits gelid malenalratitbe qgasf | y

' th ' : ' te th
2Bt Conduct or oy MR Bbthd Bty raual abif b8 Th b oadim, exhpush
exhaust apparppesatby. nthe lexhagst of REEEYas OABAY VAIILLH Bﬁﬁpeﬁou‘ﬁf‘ﬂe PRty ned
a

by mere addition of ~ 5 sinple construction to a us dry vacuum punp.
Further obj e@high temperaiuemsucinas aibout pOOYS A60E,dniordemntt present deposcetum

exhaust appar whi.ch_.c ffect slow exhaust w thout any machi ne or
appar at us f ongQ#Jﬁ‘\ﬁ‘SE&‘?ClaﬁB%agsuwgc? G50 r ¥aGUM RYER: SfMMping speedationefust

apoat al s gy AR Bochley SN BORT A SRR3R |

above objects as oW ng: In a vacuumex i on,

an inlet si dbeqﬂtiliaadatUXthéeltaéfsecﬂ%l? thé d@pwae@@rﬂ%drﬁp.aeae%ih%hs@ddffmﬂfth@ punp
chanber of a mddle 2s stage or of a |last stage of a main punp. It is
preferabl@ t FRULSNHNG AAPFEYHpand e vaporaspositianyagpanatus snaintyl ihert gabasuchhat

the mai n punS B0k AL RS beftuih B B8 gieceopaniir 258 cby vaReima n

o The' 1ast o 5 aooo st egeedubIA Y chRumca BoRer b e S BE T

fl ow only i nasipessible, is required. At that case, the throughput of the pump chamber of the
last stage is so designed as to be about 20 to 25% of that of the pump chamber

15 of the first stage. At that case, the consumed power in the ultimate pressure can
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



direction towards the atnosphere, is connected to the exhaust pipe. It is
preferable that the auxiliary punp is connected in parallel with the check
val ve. Plural check valves may be connected in series with each other

i nstead of the one check valve. It is preferable that it includes a ball
val ve body floatable in a 5 val ve chanber. \Wen the pressure of the exhaust
gas of the neiapapese Ratenim@penirghGazttierNe.120884M 801 iRaRhER! & Firsit R Al |
val ve body fl oats %g@open t he val ve. When the pressure of the exhaust gas
of the main FYRP B&YRECRIST amaurhand e speenth vacutim qrlimmlof sm4lhextzast

Vhe valve, yemiduftbl endBRS e d6uiEeisind opriconnaciad wihleachotter,
pref erabl ¢ tlaad biowih 1888 AlcthpoTRrbarP B! reBo88Y BLAM Mt LuBber

Further, when the two check valved are connécte il 8 her,
it is preber diig.83; antexhasgiqipe Pds vommedting 2 et eXesist Yo \CHIrBdR RN to
the inlet side of the auxiliary punp. And a vacuum exhaust apparatus o0
this i nventi GRTIGHEF AscINgclag Popisfpbetneen thiadirkt panpearubtiveeséathd purpge

I id : i ]t fl ly f h [
Sﬁﬁrﬁei over d 1 '3 B LB R AR €M 21 BoBrist o othecsesencimuminal | o
th t ; ; .
Thr oughput of L he au 1) oy pinaey o pd i e Bt sl Pating 1o

i s preferabl &iddigtpartien,aand it issopenedrand clostid etheajrebane df i sddonlsidd16r 20

punpi ng eed of the main punp under the inlet pressure 400Pa. It is
pref er ab?@ aﬁ"% h?& PUTR: 3¢t AacuHE exhavish ahpaniatus Eds gisslosied avhicis pan cedmoe

type dry vac SRR i sksting of plural vacuum punps
of the above%%{)g/’pe cor?‘rpléedc e‘&g{%%zéeéfgiy@%%?@%bﬁsxﬁ%m p@ﬂ?f:lﬁé?mc’ﬁ?'eﬁsas
preferabl e t hatacplor phmpesfra @it aciigtypennected in parallel with each
other, and an auxiliary punp is 25 connected at the inlet port, connected
to the outlet pofeferencaaumsral Hiensesents @ecdsoeption twet femedtingirsaction
preferable t ‘ jmate pressure of the auxiliary punp is less than
20kPa and |t5?§céng'¢%¥ Wgﬁ\? apﬁtﬁgr%?svacuum punp (cede type), piston type,
di aphragms t ype ( mhgbja08nt &k | oiRge O BV @cuum
exhaust apparatus of themit nventslf)%?f&%mﬁazl %ﬁ%ﬁﬁ%é%ﬁ\g&é%&é@ﬂgﬁq%g,@gﬁl um
processi ng cHeensituation diteetk aftat the star oe tHeeekHaust. MheScont@I{AI0E 8Sk @BeRbdt he.

mai n punp ang _an. auxili ar unp connected to the outlet of the main punp in
paral | el wi tﬂh?ﬁlﬁg‘cﬂ%@ L%es?én“s@uam $apdi4ate drven.vEha inketaxeasise aftharfimstus

f h ti : i nb d id
b ocess g cPampis @RI RIEAGTRE |l o118 Bihnaiikte ol o8 afount of Peamausthe
at nosphere, gas ts kinge) Wanilg themutleB pbitibAtofdhé Viest 3 & nbi FedlnfS Rddse Of

sai d vacuum processi ng chanber has reached the Bjre eterm ned pressure, said
mai n punf? i sthanadheeatmaspherairalsahy i sscert:peinpw driienist the sefbaihe the

W t hout usin Lhe or apparatys for s|ow exhaust. Further, it is
possi bl e t ha‘?orﬁtﬂg %erbi'ﬁrc{%eﬁ'ﬁﬁp&l‘? ‘#i Cighitiv igh gansinds exhausiaapyi toe
started at tfiet hﬁ@/sgggﬁgjpgfnptsr@aﬁ@w t hr oughput before the pressure of the

vacuum pr ocessi ngl;_bchanber reaches the predeterm ned pressure) and the

rotational speedlbereafier,mahen ghemoutiet gided oélthy first pampl 8 i9SPrbdaRECIoOMt D
the pressure ofd %he.va uum processi ng chanber, 15 [Brief Description of the
Drawi ngs] Fi jecgigranne EFRQ%@W s5i @ dhe atpgspheredyhthes secqnuapampss, the

accor 0 s gl SRR TENodt TS LAYA hoh SHED S Latlede

Root s-type dry vacuum punp Is use

Vi ew of 2 vamvauseyiueusting uBacnd und]  Q0fithERAS U IPHLBIEP LR he one

enbodi nent of this invention in which a nulti-stage RootsS um
punp i s usedW8Pa nain punp; Fig.3 is a schematic view of a vacuum exhaust

apparatus of ano dificati according to one enbodiment of this
i nvention in \/\hi%ﬂ?}é\at I 'r'-té?aﬂ'gpeho?ﬁ%-‘gytﬁg sy puBH dmis ungintainask atl the a
mal n punp;  sufficiently low pressure.

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



25 Fig.4 is a schematic view of a vacuum exhaust apparatus of further
nodi fi cation according to one enbodinent of this invention in which a

mul ti-stage Roots-type dry vacuum punp is used as a main punp; Fig.51is a
schematic view of a vacuum exhaust apparatus of still further nodification
according to one enbodi nent of this invention in which a 30 nulti-stage

Root s-t ype drgquiseditannushing the uewastsagas baekward¢an bd Surelyedubed ST KRus, the
cross-sectional vi e{/ showi ng one exanple of a check val ve used in a vacuum

exhaust appartdY LW eANsyMad eJaeiric power oé e st pumpsS ¢cavkecopserved.g. 7 i s
a schematic condu r ' oW ng_a vac exhaust appar at us
accor di ngI to anoﬁ?}%\’rvg\éér{ggg?'%S{%lclxﬂf'%}t,v?fﬁ%u\ﬁﬁgﬂ?ﬁa@ﬁ légr{??ﬁ )é,”elEJQYl ef ) e whole
Cross- sect i onacuMmeskr RV e AR cRMHENS 1Rt ﬁhrﬁgglc%ﬁf@g‘ﬁgh%@gg%'gﬂeétneely

vacuum exhaust apparatus as shown in~Fig. /7 acco

enbodi menb ofdonseived; mitboughothe Eopsurfied leathe poiet of AR Uirst Mirhg HER He Vi €W
show ng one m)dilf i cgt i %i; of the vacuum exhaust apparatus according to the
ot her enbodi MERTY 689446% 10 i nvention; Fig.10 is a cross-sectional view
showi ng the defi g fd c val sed in the vacuum exhaust
appar at us as shO\T;nlé'lz(rBf %‘I—? g. gaaéb?o%rﬁgi ﬁagwt&i@ S &FE'BH?‘T%WP&TBW% g the
i nvention; Fipgior 14rti somnettddnat iaC vaengvi bhraddsaihge th ' shQaw t her
15 nodification of the vacuum exhaust ap?))ar atsu@@accgbgi\éhgw{oﬁ%f%{lﬂ@%
enbodi nent  ofSeH¢@Nquelaintinog; vakum 1exhasish apparatsphai of Fig.operatiaegusl t he
vacuum exhau rat,us of the enbodinment of this invention, show ng the
rel ati onéﬁi pit%{j% Hambey, {e'ls °[9P5§§1§F’g§@fdw YaCHEMPUSRMAB0 8HBUMpingcsnesdned
power of the1000LniRARRA ' {gan is a view expl ai ning operation of
t he vacuum exhau%)?n appgirl@r@ %%L@egrgr?bl%di ment of this invention, show ng
the rel ationshi p Aetaiesalvehts pilgrge dignerd is ahiaﬁ%éa in B @ﬁﬂ\g{hﬁ%ﬁg phe

t he

auxiliary pu and the consuned power ratio of the main punp t
auxiliary puggw,pqsﬁd/_ajvg 14 obsmakdiammaion is grieinged i paiatielswitiptheanaiperaitees.
punpi ng spee¢ Ad: 4 pressure gauge 19 for measuring the pressure of the vacuum

186 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



25 the consuned power of a typical auxiliary punp; Fig.15 is a view show ng
t he consuned power characteristic of the vacuum exhaust apparatus according
to the enbodiment of this invention; Fig. 16 is a view show ng the

rel ati onship between the inlet pressure and the punping speed of the vacuum
exhaust apparatus of the enbodi nent of this 30 invention; 11 Fig.17 is a
schemati ¢ condfiditiornta thedyrpass valeevidhowi ng further nodification of vacuum
exhaust appar at us t he enbodi nent of this invention; Fig.IBis

according t
a schematic view gw&wrnﬁ bﬁ‘ﬁﬂ&t‘@'ﬁ? sapats of sontyplofvajve,apening Snayube used
which all of j 1 ' | ze.  Fiqg. ' h ti [
Showi ng a muf FreerardienBievadts i )68t ror sifbelRo Firsigishatst o
diff t in Afthet ehisd, ke Ve iR t i g. 20
s B sohemmt o v ew Shon g s naTHRSR mEuSSHiI 06 <BNP e e ARG O )

whi ch | at fer @btharemadel laegertinaaccondareeotitiFitoe 10werffig 0 1hé préssurs of e t he
rel ati onship ' speed of the

I:}Pi’ en the inle ressure and the punping
nufti - st age (% gﬁf YRR, & Gﬁm%uh'p"lﬁ&(ﬁvﬁ'g TthﬁebLTg@T@VsV@Ve Atsplfi and Fany. | 9
d Fig. 20, j anEl ' LLew. h | ati hi.p bet th
ol et pr essurPand bBtofpeBafuce o vl bRg ald FileeRia it e e ary
vacuum punp havi n@ntthe otier drasidpalsbivihdrBiheFedhalSt Rsretied Wi %Hee_ﬁr%iﬂg&hqﬁ Y
e prior ar

Fig. 23 is schematic view of a vacuum exhaust apparatus o
whi ch can recﬂfgsé@ﬁf%ﬁ’émppﬁmﬂhe Nagugen exhaust guenm of tHeeapdneseVReernm

h fath ' .20 [ B Enmbodi fol [
Firet: on ergbtnd aesgielle, Seodid/isdiat Shawn i Biass dbe sneipagicies By i
i nvention W lthe BRacBBAT prR@Esiflgt hdrfb&r $"%5 Wiey BEnEhMiLR%%e el dndudiSs

Fig.S, in
wafer.

The object of the invention is to provide a vacuum exhaust apparatus by
which much energy conservation effect can be obtained by mere addition of
16 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.

Itis 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 outlet 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



which a nmufti-stage dry vacuum punp is used as a main punp. 25 The
mufti-stage dry vacuum punp is schematically shown in these figures, In the
enbodi ment of the vacuum exhaust apparatus 10 of Fig.1l, pairs of rotors R-,
R2, R3, R4, R5 and Rs are driven by an electric notor 22 are arranged in a
mai n body 21 of a nufti-stage dry vacuum punp 20 (main punp). And an inlet
port 23 is ardiEaeyen towaids ippertimesphest, isheohrédtednid e taxhat@ Pipeody j@1.

It 30 conmuni es, W th rotQr chanber of the rotor Ry. An exhaust pipe 25
rovi ded 12 r?r%hrﬁblg @PF &%@Vx'%yipé‘"ﬁbﬁmﬁtqddnd?ﬁfaﬂﬂl Ivdth therchiesk vaive,
p

ted t t h f the | { st .. Further,
check val ve Ja|a Hlock VAIRSImel te Voriesla, Wheties'vifh e35h aliinstsad phahe heck

I 28 ]y 7 | [ T i )

val ve 28 per ronssciyeck valvé. IoVs prifrable mfahtghgﬂgéé{ ﬁrbatllg OLétib{,@gﬂg%%g@ﬁﬂie%e

An auxiliary punp 30 which is smaller in rou

punp, is Gonnéiveeheahete When dhe mressure G#4théNexhaustpgagtdfomeonaimipump
enbodi nent vm'FgI be d sF‘ri ed. Wt&the_ drive of the notor 22, the rotors
R-) R2, R3, RECOREZNGNES PrRdatemined yrivgu the hak valvadagyloats to open

t ted f i t the d d side,
1o or - Ca D8 DalViE WRERAL pHESRE Uy g MREIS GRS tis ki PURTR BeGarRRs i ot
port 23 is exmaalierethanTiiee pyredstermindd WvaRredUhbebal Oidive by %Eafsht%ﬂl find

stage is neag&est to the atnosphere. According to this invention, e outl et
portion 24 i SOMNWAIGsyaMecseat bythpselisvaightdp ddse itheivaiveoThet el vaive body Y

u 30. ,fhu to t r r. of the | ast stage for exhaust is
grggt ly r@du%@&%gi%épﬁﬂéo%mﬁi}%ﬁagﬁ {18 Prefer a@rﬁ%@ sgéa@mefmmetatta&ém be
reatly small i i B t i ificati .0of the
8acuumyex haus@ggﬂgﬁ Elgo trlég g‘éré'?;ér’aY”ﬂgh ?1 et ae%%ﬁ#e% bocpﬁpﬁ?tggi"h%rﬂﬁﬁ on.

The parts whiwth each etipanit is préfecsise ithatFa gpace deRvstHELtvP¥hENEVAR s
reference nunerals, the detailed descriptions of which will be omtted. 20

Accordi ng t o PRNECEIIBANe et side of the auxiliasyPUe. 24 of the | ast stage of the

i 20" i t i 25 t h i, f
i n body 21, Thdud pIebam&ra0sCIE S Hs RebIRA e PRReRE SRR ANER. s
further dénnectiestktvaivelgbnmediede he élﬁle@sﬂé%f‘fhé?ﬁ%ﬁlp%mpt ﬁﬁ@ﬁéﬁnﬁ%@% ed

W p

to the atnosphere. A pipe 31 is connected in paralle e pl
which is 25 d@heucerly fram dhe ausin puany towarg tBe atrhnsphereetidecarid af athiﬂala/
e of

il 20 _j rect hrough a pjpe 32 to the at h i
the check vaPyesah@aBed i pafslel kil hekk Vanmecanectsy! inocolet sise of f oct
e s S. ! . . h
i | ary punpe DEUSBURD. hiducknft 68 tBaly Simp iflrhaysiibad Het of icRab ano

check valve P8mpmitfs praferableothat ltee gasiliasy plepsd drivefughedStharl 58 SRS

pi pe 25, .even thr.ough t e{ﬁ occurs sone trouble in the auxiliary punp 30.
Thus, pef? or FYARING FPeeR ohe mainRymmundsrithe inleterassurad@OPe; Y is Breferable

th di i ; t 10 di to th
ooon e op St Qibeial whe i oI She MRB IShACaRRE hRe Al Yartimar
punp 30 is ceumgrord compoaitehym considtinghst muhap#aecmfrw?uﬁ%%gﬂélaﬁom g/f,aﬁ?’é

and 32. It is clear that the sane effect as that of (he enbodi nent
2 can be obt &PABRFIBY iprsesiesnwiaiieasht othew. d-urtheanitl is-ipgeferatie whatoplufdl aasinons

of the vacuug)gxhiayst appanatus &é)raﬁél 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



Fig.1l and Fig.2, respectively, According to these nodifications, other
outlet o portions 24' and 24" are arranged at the m ddle stages of the main
punps 20A and 20B different fromthe outlet portion 24 of the |ast stage.
The auxiliary punp 30" is connected to the outlet portion 24" or 24". The
pressure of the mddle stage is decreased in the main punps 20A and 20B.

The | oad of tdullet sideof tife min purdp aad shagsilkey pemiashheSades thdsutl . 15
Thus, the consuned power of the notor 22 caﬁ’rge ?educed nor e tﬁ%negtgﬁg’%gri or

art. In the JABIVPUNDHYPRERIIEE WithHbe rahiesk yalve arRzprorBledRn, a REcaurd gRbiagsi ar e
equal to eac ifn.size. lnstead, the sizes of the rotors may be

sﬂgl | er towa:é(@tahﬁgs:fg[ t%‘f‘%g?%.tﬁ? tvﬁcguapttiqﬁﬁlqghagamﬁ@r.mm{qm gaider
can be snal | t ; i t e

atuom punp. T ocn! §r80e4<8 cRambRP I PSR ROl TR SimdSHhERCEY neel iy,
but it ma§ bdhe Atnosptens said ausizgwumps first divew, axd aftel e ;ﬁlﬁ!g@r@foff 85id can

be obtained also by them_ Next, construction of the check valve 28 used in
t he enbodi meYBCWHM| PIgcessing iambrsdhas reachedythen predptermined prassureyshide 28

is provided w i ' val ve chanber 44, an annul ar val ve seat
45, a ball v\:ﬂ‘%/@ p@&ﬂ@g?égg%élgd P%dg_&ﬁ' on and be separated from the valve
seat 45 and a st Omerthd dlow BRhAR 34 aﬂeét@d%mﬁugt;?igggpégny oP¥¢¢é§g{ cal

body 41 positioned at the atnosphere side and I ndrica ody

42 positi onedorglowiexbayst. Fgheniitris posgibléGthatithe awadiliary pbmphierfirst4riven khd
formed bejween the upper .cylindrical body 41 and the |Iower cylindrical body
42. The 3Q| th%éafemﬁPm@ '$ &F%F&dir &t ?h%@vv SRERd idthet lownrewghsut beferedthec al
body 42. The ppéstis’ i S e | n he_ upper. | i ndrical
body 41 for eégul ati%fgﬁél}f\{ééyflﬁ?gf)e%g%%ﬁa ve %%dge%e%oﬁ'ée p&gﬂﬁtt%ﬁpmeﬁed
hei ght. 5 An paessueé, apdlithegotflional speed pAspg rlna_trwgamft ke Fazﬁdaﬁfrtriaf&ed in
surfaces of the upper and | ower cylindrical bodies 4 ang 42. They are
fixed to eacl@ceendanceyithithe sressure ofthepaosunmpresessing ghambeai r-ti ght | y

formed as one body. The ball valve body 46 consists of holl ow stainless
ball. It is covered with thin rubber film According to the enbodi nent, the

sel f-wei gbt @BrigiDeddribtion af HR: DAY is equal to about 50 grams. Wen the
pressure of the inlet side of the check valve 28 becones about 700Pa beyond

the atnosphere, i bis A schiematicodgw4d a yasuurdesirgnstiapparatusbacddréiihgdo

upwards. The staopper .47 js,constituted by four nails projected inwardly
fromthe | om@Pee"E@’?ﬂ'mﬁﬁfaO{ﬁ‘&Wewqfh'&rw%!alﬂ aypHli-siage HookstyRe iy Xrcwimches

of 90 degreegy s UdedkRl A mah ody 46 is stopped by the stopper 47. The
gas is flowec? {Tﬂplrsiough I%e spacggrn@ét ween the nails 47 towards the

at nosphere. The Eig2kisval weh@matiasviewwof esi vocanne &halibe appardthover bhecan
be openeggby a |little pressure rise of the inlet side. Accordingly, it can
id

fol l ow r PB BREOTGNS drnepe) embpdiment pbsthis Javentiopl icemioh aype
;igdr 2\5/; ggdﬂ?drll |gf£{¢%§?%%rsmt%’e HRAVRE SuRBI68edYs o' th mgur}ﬁp;purrp chanber
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



chanber, repeatedly. Accordingly, gas pressure in the outlet portion 24 is
pul sati ngly changi ng. Wien the anount of the sucked gas becones little, the
ball val ve body 46 is repeatedly seated and separated on and from the
val ve seat 45 with the pul sating change of the gas pressure. \Wen the
followability of z5 the ball valve body 46 is deteriorated, the ball valve

body seats for |ikigl€dsta cress-Beetiond elewsstitaving chersxampié of @ cRbAL ed
towards the atnosphere. At that time, the prgssure'of tﬁe Fﬂ%g{(@%?etﬂﬁ@:?
auxi | i ary purlp2ecHYEsexhAust rparatupaceardingdd onerernbediaTenb of thisiinvehih: val ve

body of the checkzval; is .the ball valve body 46 and the valve is

?pe[}ﬁd anfl c![apseg:lg'ra{: ';g/e%%ﬁ%‘i:}%‘f%ﬁai%ﬁngsmeﬂ”ﬁé‘y%mw'gg ar\ri&u{um exﬂlﬁa&stl i 'Ejy

o the pul sa 208 : Wk .he rotational spee
ritUS BB RIiNG tdhSthe ﬁpgﬂgﬁﬁﬁ%&mg’g@)&n@gﬁ

of the rotor of the main punp 20 1s he 'C I"'ve cannot

somet i mes5f ol | ow fiide8pial & arossgsavtionalview Ehxiwiﬁ?%“ﬂé @xarinbleaofj"aYc:Hﬁ‘klk@é)Uﬁp
of the screwtéae, when the rotational speed of the rotor is under 3600

r.p.m, the MFEHIN AP VACUUR exbansianparatys laswhome ipfig.ataccgrding te theuotaer

However, it P i ‘ | sating pressure at the rotational speed of
6000r.p.m The alwe\ag})ﬁg%@@?}q S not becone to seat on the val ve seat 45

perfectly. It is Rignsigiestsinifitaboridif %?Pésdge}‘t?éﬁ{%ié%?g%oﬁﬁgir@egtﬁ%ﬂg@?ﬁ@ g{)t ne

val ve seat 45 by a spring having snal ring constan od

f ol | owabi | i t jhe ovackemL @xbaustpappanaties adowwiiray to tthiesolifet Nstbe @SNt &5F fFch
pressure?boss of .exhaust gas line due to the spring force of the spring and
a

so higher¥g énvﬁrné'ggure to lift the ball valve body 46 for opening the

valve. O it is ' ressure qf the outle ortion is

nore rapidly r edﬁgﬂb§§%gﬁ"%%%é?tf“g‘?{/g‘g@r%'%”%Fh%ﬁﬁtﬁéP?Ehﬁ B’?Fg#ﬁ&ﬂ‘{e WRRfever

in this methindthé hacoans exraug! BsddratisPENVSholh innF@?@%g:@of‘diﬁ%%qu}ﬁhgper ay
I sa age of t

conservation effect is decreased. To overcone the vant e above
met hod, two EAMadimgniekthissiaventioresb are serial |y connected to each ot her

as shown in the u xhaust apparatusg .10 of Fig.7. The nunber of the
serially connect wcﬁg]c \/aaﬁf%‘?"i%'cl icﬂpa%'EI ARG Ro Viey rshowing canatber es
may be copneediificatiohaldfy ife® eadunet 0 ck. val ves, 28a
and 28b is constructed simlar tgn?hgﬁi%uesgka @é@%é@@ﬁé Ec'a@’esﬁ%uﬂ in
Fig. B. In a emhagdimerhefithts inpeationt us 10) the screw type dry vacuum punp was

used as the mai ngpun{p 20. The rotor was rotated at the speed of 6000r.p. m
to exhaust the vadhuif Srdvievsexjaipingranaratiomef teccEcuunl exrUBEappadi B8l wer e

out ot chambi® SEesEent'Sh S HYERER] sBevines o rSherhub bahere b o inicln
bup. In.a farther DO At o e e B B o b elscan  ne
first 20 Fig. 13 is a view explaining operation of the vacuum exhaust apparatus of
the embodiment of this invention, showing the relationship between the pumping
speed ratio of the main pump to the auxiliary pump and the consumed power
ratio of the main pump to the auxiliary pump;
Fig.14 is a view showing the relationship between the pumping speed and
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



30 check val ve 28a and the second check val ve 28b is connected through a

pi pe 29 16 to a suction side of auxiliary punp30 as shown in Fig.9 and

Fi g, 10. Thus the outlet portion of the main punp can be nore stably
exhausted. Fig,l1 shows a schematic conduit arrangenent of a vacuum exhaust
apparatus 10 according to the other enbodi ment of this invention. The main
5 valve 13 and a fi8ddsf e agashemmedict sondeihsarrangemantiuviepr estowing afigther
connect ed tong ﬁé‘?e‘{ 12 ];:onnecti t he vacuum processing chanmber 1 with the
mai n punp 20 "CEHEYFURY YVaRAU EXRHSE agparalue agReTging.to rphedinerdiof higs i s
connect ed tOiﬁ%ﬁEﬁE n punp 20 through the exhaust pipe 25. The auxiliary
punp 30 is connected in parallel wth the check valve 28. A dry vacuum punp
is used 10 for awbgliBas)a selgmais vieWesHdwia i it 30
is equal to about_gOI.O of that of the mai ng%ﬁn\lg‘t&g@ggﬁogﬁﬂéé ggg@%the
same as tPat PYSHYIN whichgllef the rotars argeaquahin siaé] val ve body floatable in

t he val ve chanberg. i.ch floats. fromthe seat at the pressure higher by
about 700Pa than F’E'gngng FosfifEpalic Yigwahawing @ puitvalage:Redtatype dnovatiaimval ve

by th i ' he.. h
o ocessi ng. atait (e e thiors e SRRt NREE ot el By st MBMRI g

exhaust pi pe apdYattér dtagé vacuum exhaust punp such as a turbo-nol ecul ar punp
may be connected to the upper streanside of the main punp 20. In the
enbodi ment of t hifd9-2AvE @ sehematiqpdewt showing spinatiestage Rogie-tyrey dRova@mmim

it ed 187 RAR pUfe et b P el SeRndnBEr BhFE 12 may b used as the
dry vacuum pur. g BB @ik CHBSHIRATSHEChEb RN I BLLGE! LE e

construction is used for the auxiliary pu s p

punp has sucRuowisg speedool theamulitstagel Roetssfypehéry2gacuimysime asaviles sases
i n conpressi or}8 rof[c ss.  Accor di ngﬁly, a sliding vane type (‘Gede), a piston
type, a di apf? B?T? @9@%#&%%&6 Ig.88) respgcvelyrol | type are suitable. The
punpi ng speed of g il tar .S, .suitabl elected within the
range of a few peFﬁ g%? géﬁﬁ%iﬁﬁgﬁe%%‘ﬁ?mmﬁ%ﬁﬁp‘f]ﬁgm RUgsHrerand g n
punp 20, 16N gsoRsurAed qrowdrt & MeNRURFSARY KRG HY U Xﬂ%i}r@
apparatus 10. 17 Next) operations o? t he \g)‘g%%um eﬁ%@:‘ %L;l)magra u 1%0
accordi ng t o"9tRes ehfeditnEig. 19endiig.@0cespectivathed, wi || be described. The
vacuum processi n%. c?n;;mber lmjaﬁ exhauzt ed fromthe atnosphere to a |
predet er mi ned vallfIfY IRFENEMGHE VieW O} aYaquum, exhawst apRaratusrof theeprianart i ary

S punp 30 i swiomeedn AduB ton¥lisRqtdiaput | et side of the nmain punp 20 is not
exhausted to the pressure lower than the atnosphere by the auxiliary punp

30 due to much eFipPR4is gashématic iiety 6B DadUUM exfaust eItk of dhe Bridfart S
opened) and the exhaust gas is discharged in the direction shown by letter
a. The exhaust of the vacuum processi ng chanber 1 processes, and so the

inlet O pr es%s?E% éé]ﬁ\eﬁ?bf'ln%ﬁ@?n%o decreases. Accordingly, the gas anount
t t po

decreases at e outle t he mai n punp20. Wen the gas fl ow of

the outlet side Pirsy@ne oWeBdAtritlci’d fatturRGSEEBs! S5Farali” &EJFB&@W%H%@V

t he exhaust action of the auxiliary punp 30, It star?s to %ecoma pul sati ng.
The check valhygnten will pepdracelbied viiereferemcd tol theedtawifgs-oMBIgeT 1o Frqé.s,cmeck

val ve 28 of M]e enm (M nt J&?s t he construction which is highly followable

to the pul sa H’& %g@* -g%&e YBPTARWIP SHésesbauiaMARPABR. appar at us 10 of

hi . ! o ! ! b gy th _

o ot et T8 miditade i Yechuf SinpTs SEfrmEfchy SARB R RS otk

val ve 28 is per fkrttleyembodiesbrarnd ihe vaadirfrexhiasoas %Qt%oﬁof‘ﬁg%lf,l pﬂéﬂﬁé‘fthe
Sho

directi on shown ﬁ%lnthe arrow a, but flows only in the di wn by

i rectl
the arrow shQHSHY. tFiee Rar RevRoand s e deixen bytareelscoic mbtdria2 arexarraraged punp

the rever se B M BRI bl Fuhra e BRaind uineced (mabopumpy And s
consuned el eilstiporiP2® & 4rangdd fgn Bp8r PR e Pﬁf%ﬁgt%?ﬁ% ﬁ%@;aﬁg i 5g

exhaust gas anmount of the nmain punp I'S SO nuc

i s opendd, temmmuRidaten witharptadGhambeoof e roter Ry, AnTédthdust Ploe B SoVRIRd

el ectric power of the vacuum exhaust apparatus 10 including the consuned

el ectric power of the main punp 20 and that of the auxiliary punp 30 is

| arger than the case that the auxiliary punp 30 is not driven. 30 However,
for exanple, the volune of the vacuum processing chanber 1 is 18 | ess
than 100 liters in nost cases of sem congéjct or manufacturing equi pnent. The
time when the outlet pressure of the main~punp 20 reaches the pressure at
whi ch the auxiliary punp 20 becomes useful, is equal to a few m nutes.
Accordingly, the above energy loss is negligible in view of the energy




5 conservation. Fig .12 shows the characteristics of the consuned electric
power (the consuned electric power of the main punp 20 plus that of the
auxiliary punp) to the inlet pressure of the main punp 20. In the vacuum
exhaust apparatus, the auxiliary punp 30 of the punping 10 speed 1.8 nB/Hr
is connected to the latter stage (the outlet side) of the main punp 20 of
the punpi ng sYéde@ $ienaer26 isTeennedted jaran 20tletspotienm2aonhetiad 1BNE e

ti i i t hput of the fast st desi d
2 to be equat et tBs "ok Fe of herlat e Suiiys, a pheek yalve 2etis sonneisd
i e =~ g Pl 30 i t
a!t '? :c gled. 15 t'?ﬁoeudsho% P@éﬁi}gﬁg %%\?gn%%?ec 22@ Cﬁ%k v?ﬁé%%%"ér%?{%&%“@ﬁ“hnd
the check valingh@8ireckoratovang s affiesghere 2am kakil ip‘ung;i; gpg&éhﬁp)ﬁ/ %dgﬂéfér N

represents Iogarithm scal e. Consuned el ectric power | reas
bel ow t he Spr 858 thughoyt thes the main pampyis tormecteditpinduiet pbaion 340 Fi g. | 2.

Consuned el ectric r of. the 20 in._pu 20 wi thout the auxiliary punp
30 is equal to 1.%‘%%%“{“98 q%ftlglﬁﬁg@a@dyﬁgggw@e deserivgd. t he mai n punp 20
wi th the auxili ary; J ugl . he, ult i npt e pressure.
Ener gy conser vati\z)vrlltﬂEt!ilitgeaﬁ}’rel @oﬁguﬁr#gy 'g?%ctﬁrahﬁlt"ggﬁr e cﬁ‘a‘o 5rafﬂdz 6@ @bout
76 %1 s obt aimtdedytot kxhausti basir Theugas 38 trafspdiRdl Fof tHé?r%%EE@tiv‘égggtﬁr of

n punp

~ the main punp 20, the consumed el ectric power of the 25 mai
Wit hout the AM@Mmbearsjowards the dosvnwrdiside in osden, ANaguuof processing ehamiser 20

ith th i) 30 | | . 0. 67kw, Th i
% equat 100 ABBEEHaBH BoitertSa 85 1R 4B PO i primstebathe PTesRIOk M ar y
punp 30, e daneepbitRrcs b eNed MaGORYMIESh I LifoBSE 0 MR butp 20

starts to decrease, 30 noves right s 1n ro t 1 kPa or to

the higher inlet Avcssdingeto this invaation,dthegbytiett hrtion eais iy exkandsd WiL by he
energy conservation . is effective, can be w dened. However, the consuned

el ectric powndeSTUreihy the.drivetihe amgliany purp 88s Ebusithe load:topinepiotg of teed
dth i f t . d . Ge lly in th
exhaust syst ARG 1P EULSE, Bt YaBERE i g Commed leCte Bavter of

amount ofist heh® hestera2 8ak beSgrebfly\Smallér thahlife BROMAD PY ocessing chanber,
mai ntai ning a predeterm ned pressure, to trea I'm form ng process or the

like. At that caddg.2 Isbows| ene pmesiicationfoft hee nEEcoupLrgxhaQst appatials t1o
1500Pa at hi gh . and _so the object of the invention can be achieved 1 o
by the fact %I?§$}¢%t%ﬁé? &V‘%&f@é’ﬁ&%ﬂ%'@ﬁﬂ%@- théh PBES o¥tieh serresponchio
range of inl ¢hodd §$ ik I [ onsiders. that a
nuf ti - st age Ro%ts-typqu%revggiot}%nap rrp(’mg;g an@?%gkég%c{ﬂ@%%ﬁ%cﬁﬁa %a'ﬁﬁﬂ

| atter st age descaptiansbaf-whitkeaill be omittgd. The rel ationship between the

punpi ng eed ratjo and the consunmed electric power 15 ratio is shown in
Fig.13, fRere maifiPSOIMRY taifes embadiment, therputieti fation4 of thenmststhgebhittte i n

TP P e ol Bl 261 W ARA18 AL 5 K oF i e e
The. consumed o scrrl o ooy o 5 ataed B e BRad®, dip8 s uhfch i ke

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 vaive 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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20 consuned el ectric power with the auxiliary punp, to that w thout the
auxiliary punp. Accordingly, consumed el ectric power 100% neans that there
is no effect by the auxiliary punp. The consuned electric power with the
auxiliary punp represents the total of the consuned electric powers of the
mai n punp 20 and 25 auxiliary punp. The consuned el ectric power without
auxi | i ary punipenexheust ipie 85, even timoughuhere btcuts Isone treDBRY # #R0al

Fig.l13 that the c SLILFnEd el ectric power ratio decreases wth the raise’ of
the punpi ng sPEEE Y Hs-aﬂﬂi%rmﬁme of the iR puRBraCicanbeahaintainedi ses with
that. And it wllghe rst t the .redyction 30 rate of the consuned
el ectric power r at o #gﬂg\ggt%g)oggéﬁﬁﬁ’gh"cﬁg% (?L%h% VAGHPM §xbaust appasatusal 9 o
3% The reasarcordihg ke itttkeembblpsentdf i Blvenfigipm t he above, it will be
understood that the energy conservation e?f ect can be sufficiently obtained
by an auxi®iary phegerdingatqdinipi empbegieeht] ancautifearyg ﬁﬁmgf 3bhiat cofindcheq i n
punp 20, at the ilegl e{h[tﬁre sure 400Pa of the main punp 20. In the enbodi nent
of this 5 i nRHBIYNVINRE hGHValye L8dbwughhireo31 and 32ultis cleaythatithe same he

mai n punp 20 d t 0 i Y | ul fil.l s, the above .

requi renent, %&s%cggg%atd@stﬁ? ?ﬁgg{%ﬁﬁﬁ@défﬂﬁé@ ﬁ%%gﬁﬁPéa'B?éi’MZh'ﬁmP%mnto at
which the energy Rignsend#id.eshehf medifisittnsofte PSoRit alR ta{ﬁﬁ&?a‘iué % ds a
hi gher pressure with the rise of the punping speed ratio 0 € auxirlrary

punp to the FigInand g, respectively. Aduerdingsiontibsel roidificationsiesinef duiet
auxi | i ary,pu 0 ipgreases, with the punpi ng, speed. The total consuned

el ectri cxgowggr% r@qns[ 2‘3 ?@ggi p%fﬁpaf@%ﬁaﬁs rg\ﬁ’ié'i)q $laggs iithe BrimeuoPS20/r ger
t han the congdyeshely j ' N under the
above conditi on. T%eﬁ%‘é%rg?fdgﬁm P%%$§&°c¢?€8% l%%ﬁ,tég%#@ﬁ%gup ¥iRYMl and
Fig.15. 15 Fid§ iMdcarimeetechto thpictalet petiohicanshpgr, bet ween the punpi ng speed

and the consuned el ectric power, of a vacuum punp usable as the auxiliary
punp. Fig. |5 showd'& pespelefitae smddestagaisdectrased:initme maire pdmpstiod arfd t he

: o A kol o am and L
P and the poes: HsIoBNr b8 ol e ReBR, oS o ianstas cerdereduopdm o
‘the inl eti520 Thues the corkdpi pbwensr tBirolr BB %ﬂig@@%at@@%gggﬂgb%; ric

power. In Fig.15 a dot-dash line ( ~ - ~ -- € Cco

el ectric powdtof only the main punp 20. It decreases steeply with the rise
of the punping s ratio of , the auxiliary punp to main punp 20. It
converges to theqﬁgaﬂra%@aﬁr%@ﬂﬁwm tthetREradthdte e Rods and Reall ate n

P eoants t RQuBlfo RIER, difed BESEre! Hetdad "ine?8i2dl 81106 Bibrk B8y e smefiey

represents the relationship tween e '‘consu

punpi ng speetowandsdheflattérestage. Itiiseyidenthab#vé BEnduiRed PRWAFIcah 5 Shmafilr

Fig. 14, t he in punp 20. The total consunmed electric power of auxiliary
punp andgﬁhe%ﬁlﬁ&'aﬁeﬁﬁ’qusﬁ ¢rBbpdiemsd by the solid line in Fig.15. O it

is the total ' f.th h i tus. 30 It
w11 b under ot ondTPbr ety BRI HuRE i e i B Wl wBH8 et B 1 ¢
21 power ignsvatdurs tpusip, 1R itPWER B 1GPeefnpble! hl%f?%ﬁﬁﬁog& ?ée&ﬂﬁ)ee{a?ﬁ liary

punp to the main punp 20. Wth reference to Fi g grgy
conser vat i onSRReLEPYcanbembtaibedialsechyatherne punpi ng speed ratio 1.2% or

9.4% of the auxiljary pu to 5. the main punp 20 and at the inlet pressure
400Pa of the mai h‘e%hrﬁypnfgﬁcmoﬁre, chegk \Aﬁw e8asedoiinihecembadimaniithes peed
ratio 9-@$@i8eé@mrrei‘é};iﬁ%¥@[= @n the auxiliary pump 30 of the punping

speed ratio 1.2% according t e enbodi nent. The forner is disadvant ageous

in the arrangeneiihesheck valved 28igayvified withrhagding 49z LAl Fl‘,ﬂﬁ?n

Accordingly, it is preferable to Fgel ect the auxi Wapyaguﬁrrlg 0 ttF]eer 4€ﬂ%i ng

speed ratio PRR4aF Malve srat #hug ball valve bodyids abledo seat on and be separated
from, the valve seat 45 and a stopper 47. The housing 40 consists of an upper
cylindrical body 41 positioned at the atmosphere side and a lower cylindrical

30 body 42 positioned at side of the main pump 40. The valve chamber 44 is

14



obtain a vacuum exhaust apparatus of totally high energy conservation rate,
On the other hand, the auxiliary punp of the punping speed ratio over the
ratio 3% reduces the energy conservation effect. As shown by the solid |ine
in Fig.12, the consuned electric power is alnobst 15 horizontal or constant
within the inlet pressure range below 1 OPa. That neans that the

conpr essi on iormked he%mﬂmﬂﬁﬁ@%ﬁdri@l B&dy) hﬂia%)fhg Mg}!ér RinGHEd ndd) ?fg

outlet pressure of the main punp and the consune ect’ri c power
equal to the MEHaiNe &Rt REJs formedat the lowarrgnd26i thEhiewepeylindtibap beey ubc

7% AT W R P B b oty ohdor
sLege of Lhe eBUBIRYI of bl ol gy 401 LRGRIRHLG, T everse TTow

punp 20 i § proporAm anabaltsealihg 48Us ﬁmern@@ésmweerﬁmé%dﬂtwh@ Lirf“ac%%?'iheto
obtain the | ow consuned el ectric Eovver shown by the z5 so |d$ Inein

Fig.12, the ¢PpgEany loweerpindsicat hedigadtitand Ke. They ans fired o a8k iothdrshy
required for iLiar . The suction gas amount to rise the

coﬂsurred el ec"?‘g}?&?’gﬁv@%@ﬁ%d Y [RE€ G dfoameetas engdaady. divet ball
ultimate pre } ; f i li.ar unp i s
cqual to 6. ok pnera HoEbonsng T HRAL SaRREs B I 8icol SfecWith v kbt M ¢,

to exhaust tHecgeding to teembesimers, te $etsweighasf tHaehaPvalve BB 46tiS equal
consurred1§Ie tric Pgﬁer which is equal to the nechanical loss”of the nain
purp 20, 'RanAdEPeUt 3Bt HAMSy V¥hen ke prasskes ef Hrecisdatrside of ¢he ehetiowalve 128

punpi ng spee C [+S¥d xhaugt aratus of the
Do et - TRCORR; 400 Bevilf s RGPy BRRSaRe BodeatiSmme
dot - dash | i nelesigped dstatbd Madaupwardar y punp is not used. The punping speed
of the vacuum exhaust apparatus with auxiliary punp is higher by 10%t han
that without the T®BloParY 4Fuispcortituted thynfoue naile gwofeztaf invredRPPemates

' o0 1 Pa from 2Pa in conmparison with

w th the auxili unp i s inproved ]
that of the appar al g anguiamp ¢grees.
1A T8 el Foned oy icical o] ot iveangulamhisehamalieo ¢
reverse gas ANRNE A f the qQutlet pressure
of the min Do Do e, pEaF RIS SEphel by B S I2 TR ok b ffuih
effective en8ryypacasshmiwatn dine naits &7 tovrdras Niesl apfodpgrerehol e vacuum exhaust
apparatus. Wth t]he %uqé | i ﬁry Bﬁung t he, consuned el ectric power can be
reduced, and fur t/&®C VBlYRrShlbassiouergsistancerie the opadlow. hcen berapenad bye ~ 5
i nproved. Wiyl herr i_hent f..the yvacu exhaust appar at us
hgee been de?c‘ﬁl%%?&\r/@éi@% i %ﬁ@@ﬁﬂ%ﬁlg 'ﬁchrqﬁ%@ﬁr&{tc@nﬁ%%‘@ reRid) H’"@ggli"ﬁ t he
art wthin ¢ bharsgsGendrallin MeqaRivel diARLHENOPE 58S WHG b Bufif 2o e

by the follow ng clainms. 20 For exanple, a sing ry vacuum pu Used
as the ngfn MfPasdsinished euwiovemeihisopumpnthanier ahd mevérses tinigethBoptmpt Y pe

dry vacuum p y eriall onpected, Such a conposite type punp may
be used as tH'ggérr'ngﬁ Eﬁb?%ﬁ%fﬁ% M‘%’ﬁ@ﬁl& rBa5h 8resisHR 18 nthedPHEett porine 24ixis! i ary
punp i s connggkatndi t i i I 20.. However ,

pl ural main punpsn%gﬁlaggmgogeg%%&% maoghgﬁg\?\ﬁm@glﬁaﬁ%g%%%"ﬁ@ '@Jﬁw\#ﬁﬁt ed
in parall el i Nalygdrodyt #@iis réfreatenly lsehtesi aied soparabe] BRI dhdPHERS Y Galve

connected to_one auxj lLiar 30, In the shown exanpl e) check val ves 28a,
28b and 28c %‘?% ﬁWﬁbélP%BY'FQH'EEéh?@g?)Ef:the\ﬂ;ﬂsrﬁfﬁﬁswang@‘la%)metfolldmabiliﬂ}mft her

{Re e oI bl S PRI OBLOR b B e Bz Soc
are connect eidlelsidt kfsontatimeseaiihiAéd 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 Vaive 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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processi ng chanbers, respectively. Suction gas anount of the auxiliary punp
30 changes with the nunber of the driven main punp 20A 20B and 20C. The
punpi ng speed (rotational speed) of the auxiliary punp 30 nay be changed in
accordance with the nunber of the driven main punps 20A to 20C. 5 A driving
met hod of the vacuum exhaust apparatus of this invention will be described

in detail, with ridpweeerevhen theerovaionahspadtios theARRaF af Use ﬁfairEips]n[?lzoV@en
t he vacuum processi n%[c&hanber 1 is exhausted fromthe atnosphere by the
vacuum exhaué't'g'?ﬁfpé'? gC yalvie earnatrsoraeiimes dollovp thep paisatingraressurebEor

driven and t [ ; [ ened.to start the exhaust. Wen it 1 o
has been comtla?< 2 @A&b‘ba% ﬁ& %‘%é@@hggmaﬁé'&e serepniype, whey dhe, (otational speet afer
1 has reachedhd @étoPs& uhber 28H0,HHD i t E%}(ﬂg i .
rotational speed, for gxan{ﬁﬁgr@g{g&h.%&ﬁni%kﬁng%ghs (ﬂg fég'gc{'ﬁ’lhﬁ? é&lgélg%I ng
chanber 15t o Rregsyieesinwayet, Racarffiohdolaw tthe | misatirey pressars ed the fotatidhagh up
in the vacuum Erg%gsez)lg%g cha.Fber 1 blYY t he above driving nmethod. Thus the

sl ow exhaust ®5R PiRcllee bgll valve badvdoestneirhegometeaseati dnathe vaivp 30,
wi thout the sgBfbhs 'e%%{lgr by-pass val ve connected in parallel with the

mai n val ve. After the vatuum has reached the pressure 1 Pa, the vacuum

exhaust appar at udt BQGonsidepadieit the BADvAVSboANAE ¥s Bﬁéih‘é%’bnt@ﬁrl?]é %%E-ééf% the

exhaust gas flowis little and the check val've 28 cl oses. e exhaut 1S

ef fect ed onl PV SPHeg haxingisangll spring Gstaitumd2d having gedddbksidtiny BowRs of
t he vacuH§1 e?éhaust éﬂ)gaﬁat us 10 .is reduced and noise is suppressed. In
Fig. 1) ndnm §5F PEBTRraarae: tis methofraduiras sauohi resaweiless aiexhaket gachaust

t of th il 4} ; .. t i 0
STl T Accor e deltb ey sBHIBIREs o il SEb ki hidfler i PRSI R P freBHE o5
di amet er 1 Obalvedyaslyl 4Bror-op2niry theoke). Orftie donBRIcRéd e 1ROGS phassareap be
e

bent for manyfact gri ng and, so the manufacturing cost of the pi
ar r angenent onEe} partiosdis meee sapidly msieired dycan mailiane purip Bogofmighed of

t he vacuum e I M LNt reference to the enbodinent. O
course) thi sﬂ}ﬁ@@h'f"?‘g%@t‘#gt'"éﬁ'slm?ﬁﬁ’gd hecansimadoslecisicawardsincrerged
various nmedi Ghaahe @nsrdy tondepvARPEicEi he basis of the techni cal
concept of the inventi%vn. For exanp g, Isiq%cfﬁaesea'ove enbodi ment, after the

vacuum pr ocessi ndoghventame fhs disadedraage betherabdet endthba vy SfsckiVanvRY dge
auxiliary punB c#%g mai n, urg) is started and the rotor is rotated at the
rotational sp&f & ?‘?rﬁﬁq% oANEEIRE\IRreachathekas showadndhe yaowws sxhgust
chanmber reachggaidigs BHe ' the. rotational eed of the

mai n punp 20 ﬁE@, be Eg ﬁﬁﬁﬂﬁiﬂ"@@ﬁﬁ‘@h&%@aﬂ Icénpﬁéﬁgaé&fﬁf ¥ e t ow

rotational slimédddd thédwsrBhieetdhcek yames rhay BE COhHases é@rk%i&@a&?ﬁﬂw‘é@
degree o£ th vgg‘%utﬂm processi ng chanber, by the inventor. 10 Thus the rapid
Q:haE@E i

pressure §Eheeigyvalves 28aang28h isueansirocted siméaniocthaatheck vaivet he
mai n punp 20 t nagt. S0 as to inpart load to the auxiliary punp.
[ I ndustri al igg’?f?ég%tﬁ'&ﬁ%'”%’@cor ding to the vacuum exhaust appar at us
and the drive nethada=etiutrhéxhwets @ré’f!%uﬁd [ ALl on
can be nore greatly achi eved by aﬁﬂéi npl e cgﬁéé)tg%e?{@ﬁ cﬁﬂg’%g\z’w@%ﬂﬁﬁ%wa&t
and the sl owieschaadhe ceain ipamya20. Theefdtecwes rotafed?at the speed of 6000r.p.m. to
exhaust the vacuum processing chamber. The check valves 28a and 28b were
25 accurately operated, not influenced by the pulsating pressure of the outlet
chamber of the screw type dry vacuum pump. The consumed power was
reduced to about 70% of the case in which merely the screw type dry vacuum
pump.
In a further modification of the embodiment, a connection between the first

30 check valve 28a and the second check valve 28b is connected through a pipe 29
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[ Scope of Demand] 1. A vacuum exhaust apparatus characterized in that an
inlet side of an auxiliary punp is connected to an outlet side of a punp
chanber of a mddle stage or |ast stage, of a main punp. 5 2. A vacuum
exhaust apparatus according to claim1 in which the throughput of said
auxiliary pug‘g is smaller than that of main punp. 3. A vacuum exhaust
appar at us acdBraiSHglieM stdeaphauxilary pump3thias shewn inaBig. 9 and FigHeNThebamver s

at the latter f id main pu is smaller than the punp chanbers of
the forner st°a%'§?gﬁng’§i‘§‘a{hﬁi"??’ﬂw§“£&ﬂ E%t’“‘?rﬁét@mt@ﬁh@u@ﬁﬁut of the latter
t i | i d A haust

appar at s accor ding o hays cSehpmeft  Eindhi Bfangemen 25 4 Vgl st aishe i s

connect ed t o appacatubel0 sicderdig td)ehed BEierCérABE&M Pt dfbtﬁisl ﬁ%&nﬁétﬂ%@héﬁi d
mai n punp _and check valve permtting gas to flowonly 1n the direction
t owar ds t fle a\’?ﬁ@sﬁ@e@é‘di & PEPRRALEE cghruge I8 dorexheassiringi paculbh PlesAunAcisim

exhaust appar, r di claim4 in which said check val ve consists
of plural ner%‘eﬂr‘lgcggﬁgagW%cigﬁQEP%{ﬁntgoth@a‘@?”Uf'hB'PO.CEB$'”9\ chamhen lewithdiee
appar at us acegdidi o] ' ' I ' | ncl ydes a,.fi.rst
check val ve ner:bep}gnm%i 8ﬁd®r?fzﬂlui%degy%@@Fﬂﬁ\?@%&uﬁ'\gﬁ?%ﬁﬁ? Yﬁﬁ\ée 3§I'§/e
charmber, sai ¢onaectediodye fiaimpsmprRoireughebaxpuSIBSpE 95 PTRS ﬁHﬁiﬁar&;mﬁ@% d
mai n punp togﬁgen t he val ve and it seats on a valve seat by selt-Wweig

under sai d exXNABSPNgactep iR patallel with the eheck vadve/28v & denacaurepamg is hesk

val ve negRer 1. ' | rst chec | ve, said first and second check
val ve ne ergéﬂbge[?iﬁ'gé%?%ir@?;ag' t%%hev@&@#ﬂ‘%aeﬁﬁwmp 70 inequalitaraborhaust
PO 15 connacteq (i onn IR imi2a; The tnb balvd 1€ e Oyl Ahia Bk
appar at us ac€43-8i ligneledes tienbal vaivevbody fleatepicie thevakercremiserf ihich vtk
second check ﬁ{ é%a merrgetﬁmi s connected to the suction side of said

auxil i ary puﬁ%, 1€ 2E9LE SOELS highgr by abouh 786Paithan tthe @tmpapleerentashi ch
sal d ball 300peh'fe Ras. 1S biitc el LN BPHR' sdiPheighl Bt k1" 93LS 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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10. A vacuum exhaust apparatus characterized in that said apparatus

I ncl udes a main punp, a check valve permtting gas to flowonly in the
direction towards the atnosphere, connected to the outlet side of said nain
punp and an auxiliary punp of smaller throughput than that of said main
punp connected in 5 parallel with said check valve at the outlet side of
sai d main punp anﬁleé‘giqpeéé&qﬂﬁ af $hepapuurs exhiaueh apparates pOngEcogdingetedhkower

than 3% of th . Sal in _pu at. the.jnlet pressure 400Pa of said main
punp, 11. A v%@ﬁgé%@%gﬁf;%%’&%ﬂr}%?%?e&c&’dir%ﬁ ﬁ@s‘tpf@eér aim 10 in which said
main punp i s a drYh¥as FEAY I sl e or
conposite type punp coﬁg?@Wﬁgeo nép{ﬂﬁarrgﬁédﬂf %%H%%dgﬁwécé‘hﬁ%&@&e toa
serially to epredetarmined Yacuun\eacelliVigkeesinaippampt 26 iLeF0ss e é@xiﬁévl\?‘i m
' th

10 in which a plurality of said main punps are connected in parallel
each ot he”® anRMMRSQ i aiwaysqgdrivean. I han dosiautiet gideueibtties maimpaaiedotis ridie

respective o sali mai .n pupp. 13. .A vacuum exhaust appar at us
accor di ng toué(:’}%%tq ﬁie&g{%gﬁurpﬁgwg[ {HD%%'E aﬁ'?‘é@%‘?r@r??)f theaaukiliaiy ipumg §0 punp
i s under 20kRgue f&fmubh | chakim 13 |

Whi Ch a1 d aul] oy eXRHUST QRN S RRR hitp S R ho Vel 2 el
type, a di aprarchiheexhapst gasnibrdisehdrged lin ohesdiredtiont ¥Rewn 1By Iehterag UHR

exhaust apparatus characterized in that said apparatus includes a main punp
connected to %f‘tf\%ﬁm%fﬁﬁo&%%nhgorem chambeeck pragassepeanidt $6 rthegalett o

Si e of 53 o WEFRS ' tRA-laNChAe! 26, pTRASSY Eratrlhons o dasoRemtint har

that of said detreagesa thewutiet Skt 28 dIetlai pWnpPosai d check val ve at the
outl et side of said main punp, whereby, when sald vacuum processi ng chanber

i s exhausted for nYea the g8s nerad the otfletrsidecalrmaingpuanpras startseto Hecoate fesé d
Feached & pr aja axfiisteist B afe Sl ariitr oh i AUsiant pamp 0. fotam tecuum
exhaust  appargddéene ISR I ARE chBek Nlive P01 @RBREARHR, Bfened 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 g, 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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i ncludes a main punp connected to a vacuum processi ng chanber, a check
valve permtting gas to flawonly in the direction towards the atnosphere,
connected to the outlet side of said main punp and an auxiliary punp of
smal | er throughput than that of said main punp connected in parallel with
said check 5 valve at the outlet side of said main punp, whereby, when said
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Wit the rise of the pumping speed of the auxiliary pump 30, the pressure
at which the consumed electric power of main pump 20 starts to decrease,

30  moves rightwards in Fig.12 from about 1kPa or to the higher inlet pressure.
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109%& 10984 M 109& ()- y@ 10%& () -
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1098 () - & 109&' ()Genergity 7 T8 cheaBpculps” &)G’WAS()syﬂé@f’/&og)théizsé;ﬂ%&namc@,l

10%: (- yzméﬁ@%‘% I gné‘clﬁ%%g%fs 8 5%all @05 o Becaroges gas i  flowedrto “‘,;?38
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109%& () - 1$2 %Q/ﬂgfe(féct that the energy conservation effect can be obtained in the range of
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 eleciric 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

20



MLO%& ()- /109%& ()- L- 109%& ()-
ggBBgB* qu)DE~ =11 @#(1%)0/&' ()-Ym10%& ()-!nt1094JU& ()- 10 10 10
ok ()-| 7H#109& () - |

Eﬁé%ﬁ(f&r(lz;& -lfg% '109%&' ()-F!f3("10%& ()-F"10%& ()-!S"10%& ()-! #10%z& (
) - Y! N#109%& () - YYKKKKKKELLL~ @fy 10%& ()- y 109%&' ()- 10%& ()- 10z 10z 10z
<10%2& () -! 3(sp1a@daraﬁp @yé. FLiveheANOri ik Be_d@spribOd® (Ater. FrorhQHE abbveé St will e,
1098 ()-n 10% 0%q& () - Y!' SY" 10%& () - YZOOOTPqPPPaB~ @ f &' 10%& () -
,$' 109 () - M%?‘ %@(r“l@@&ew cpnsention effecheEn he sEtioqmFeltaRd g A7

AT Fa e bingy o1t BoRerd SPess! 64t ials of el ahbnamoin puree 20,
S310% ()= 100 '?23* P Tone (TS S AP R el the elEEs Rt () -
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1> 109 () - 2?»/‘(%% f¢'!§g|uwtgfutf§|$@e abowgrqquiremema®’ ()- * 109& () - F(
109& () - S&#l()%& Ad abg\#ezgé%ﬂéd kit pressure of the main pump 20 at which the
energy conservation effect starts to be obtained, moves towards a higher
pressure with the rise of the pumping speed ratio of the auxiliary pump to the
10  main pump. However, the consumed electric power of the auxiliary pump 30
increases with the pumping speed. The total consumed electric power of the
main pump 20 and the auxiliary pump 30 becomes larger than the consumed
electric power without the auxiliary pump, under the above condition. The details
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 shawn 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 pdwer of the vacuum exhaust apparatus.

30 it will be understood from the solid line of Fig.15 that the consumed electric

21



=10%& ()-s7" 109 ()-6 10%& ()- @4L10%& ()- 210%& ()- @L10%& ()-
%?Ml?[[!\h\xg/?/ 10310%'(%)-10%'()- , S10%& () - 109& ()- 109%& ()- 100& ()-
10M\\JP]]]dE / 10 10% ()- @10%& ()-S10%& ()- s10%& ()- &10%& ()-Y
109& ()- ]"zMn A dE:/ 10@10%& () - @! s109%& ()- 109%& () - #10%& () -
Ft 109& ()- 109%& ()-A E "dE:/ 10 -109%& ()-+ 10% ()- @ Ss10% ()-
F(10%&: () - &10WYE)S emaigskat the puraping ispbee ratid ABGIIHY (he abxiiQABUmp 164

109&' ()-2 109, () -@10%& ()-/-#10%&' ()- UbXbYbZb[ bcdde{ Y7
10! as;ﬁ)lO%&' (){ﬁ‘? ﬁ@&%ﬁz{a) 11 s#10%=& ()-!!6s#10%& ()-! 10 10

igil%ff‘;%&?{ ; 9%@@{%&%@'«? &0 FgIZ 08 Fio 15 e sneys.copseation gte BO% f2i 4100

5 the main pump 20 and at the inlet pressure 400Pa of the main pump 20.
However, the auxiliary pump of the pumping speed ratio 9.4% is larger in
size than the auxiliary pump 30 of the pumping 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 constumed 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 8.5kPa 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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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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1 P iose 1) | b A Rl hd IO b st boparaiis of Kb 1)
When the vacuum processing chamber 1 is exhausted from the
atmosphere by the vacuum exhaust apparatus 10, first the auxiliary pump 30
starts 10 be driven and the main valve 13 is opened to start the exhaust, When it
10 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 prévented to fly high up in the vacuum
processing chamber 1 by the above driving method. Thus the slow exhaust can
15 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 efiected only by the auxiliary pump 30. Thus
20 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
25 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

30 limited to the above embodiment, but various modifications will be possible on
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be gradually increased from the low rotational speed of the small throughput in
accordance with the vacuum degree of the vacuum processing chamber, by
the inventor.

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 i

by a simple construction than the prior art and the slow exhaust can be easily
effected.
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11k) 10% () - 3( ‘?‘ .ocy% \;e?chum exhaust apparatus characterized in that an inlet side of an
auxiliary pump is connected to an outlet side of a pump chamber of a middle
stage or last stage, of a main pump.
5 2. A vacuum exhaust apparatus according to claim 1 in which the
throughput of said auxiliary pump is smaller than that of main pump.

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 latier stage is smaller than that of the former stage.

4. A vacuum exhaust apparatus according to any one of claims 1 1o 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 S. 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 paralle! 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,

8. 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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pump at the inlet pressure 400Pa of said main pum‘p.

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 majn pPump 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 vacuurn 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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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
throughput than that of said main pump connected in parallel with said check
5 valve at the outlet side of said main pump, whereby, when said vacuum
processing chamber is exhausted from the atmosphere or from near atmosphere,
first said auxiliary pump is driven and before sajd vacuum processing chamber
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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