10 APRIL 2006 SPECI FI CATI ON [ Nanme of the Invention] Vagy ?EEZ(?@ st Appar at us
and Drive Method of Vacuum Exhaust Apparatus 5 [ Technica e lf‘l Thi s
invention relates to a vacuum exhaust apparatus, for exanple, for

sem conduct or manufacturing equi'pnﬁmarti cularly to a vacuum
exhaust apparatus of the energy co e and a driving nethod 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 cgngmet@frthermmﬁtmp uring equi pnments in nost cases. Consuned

el ectric power of the 15 oil-sealed rotary vacuumpunp is generally little
and it has MasuuonExhaustiAppasgtustarchDrivevMdthodaf YapuugsxkausiApparatusi | y
obt ai ned. However, the followi ng points should be cared where the

oil -seal®d rotary punp is used in the sem conductor manufacturing

equi prent : The s used in the sem conductor manufacturing equi prent
are 20 str%@'%ﬁ@iﬁt in nost cases. Wien such gas is exhausted, it

reacts with vacyyminsmiof #elé'%@ t%oawafaﬁurrg%xﬁseﬁtéﬁé‘arﬁﬁlse,gbﬂ'e%amﬁlé,{‘fdmke

sonetimes the vacuum punp to be iInpossib to rotate or the punp oil to be
det eri or at edenticonduntorc afdnufiactGang \eqopmeht tanel wazeupatiootarlgi fo di vaases i nto
the vacuumtreatnent or 25 tgrocessi ng chanber and contam nates it. (3) Used
vacuum punp eshaugloapraratisefsbei enargynsonservatian fyrs prdrudriving mpethed afsheoxi c
material _in nost cases., K Treatnent of, such harnful industrial waste requires
muich codf aNaCHH® ‘?’ﬁsﬂ%’éF agparatys %@W%F@éﬁ%’ﬁpﬁ? RAW€mich. Fromthe

above grounds, recently dry vacuum punp (called also 30 "dry-seal ed vacuum
punp” according to the international standard | SO DI S3529/ 1 10 APRIL 2006

[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 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.

(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 ISO/DIS3529/



Il -1975) which does not use sealing oil, is used insteggdpRirLbdee ©Oi | -seal ed
rotary vacuum punp. The dry vacuum punp can vacuum punp a chanber from
at nrosphere and dose not contain seal oil in its conpression chanmber. It is

so-cal | ed a |51 95 \RRichadoeLRMUBPYERING OB iid LYEd Hh<tBha & MR billsBARY RTarkfoot S
type vacuum punp, ‘crow type vacuum punp and screw type are used as the’dry

vacuum punpvacaumpumpases. These vacuum punps all have the construction of
two axes to which a pair of rotors is fixed, spacingaIittIegapfromeach
ot her. The pai r eihe rdiyofacuaime RUGRRCER YaFWwHpey M adehambeoiront gimesrhergcuum

ing. The |lifge is | 0 b . of - ' At haust
0150 ool i o bk SoL ARG AFal O] rhts GRGACRDY PRORPERCt dectORIAth for

sol i d cBpshe i ! )
e ¢ o TR ANETPcu BT Podif BBRcErld b a dl e Rabiuaes! 1Y

been substi tpliif, Bdw tpe vatlosepleg a%d atdew lype/ afe! UFeBUad the) dhhQacuum
sem conduct or nmanufacturi ng equi pnent. However, there is the problemthat

t he requi r echughpdn mast gases. Tdfesehaadiuyn pamps @l have the coastectiontdfdwotadnas of
the oil-seal ed vacuumpunp. It is required to save the consunption of energy
from t he ecdPoMnichia PyF ebratafs iafixed; spacing qitie gapdrare @aek athrr- EBeraied: he

e ens oo ¢ ooheriie PR SONEHRL e T B PP SRS TR e i s
ess thalh S08luskltt ndi-ERAEt pbilionSH AR AihaliSCaB Yok cbRhoelta/@srtHieaU
is provided wth plura rotors fixed to the axes, adjacent each other. The

pai red rotoria theegapaaekedfrom tBe dentitbrdgagr framufactahingteuygipmert. Fafribiegd i n
opposite directions to suck and exhaust gas. The rotors constitute nornally
three to si xegist@neshtmberresivaigasreaspbe iagly impated tewtive posiive displaramentg

actions in regular sequences. The gas to be exhausted is displaced fromthe
earlier or ftéfg?rer stages to the latter stages. The gas pressure rises with

the displ ace”E“tTH%,C%gd‘& @S&Mumtﬁl‘ﬁnbgia‘a%ggéy%u@tit&{é% wit? thé'bh SeaRicPisry MY

be smaller than t he earl’ er
15  vacuum pump in the semiconductor manufacturing equipment. However, there is

the problem that the required electric power of the dry vacuum pump is larger
than that of the oil-sealed vacuum pump.
It is required to save the consumption of energy from the ecological
problem. And it is required to reduce the cost of the manufacture of the
20 semiconductor. From the above requirements, it is requested to reduce the
consumed electric power of the dry vacuum pump to less than 50% of the
present.
For example, the Roots-type dry vacuum pump is provided with plural
rotors fixed to the axes, adjacent each other. The paired rotors are spaced by a
25 little gap from each other and rotated in opposite directions to suck and exhaust
gas. The rotors constitute normally three to six pump chambers. The respective
pump chambers effect pumping actions in regular sequences. The gas to be
exhausted is displaced from the earlier or former stages to the latter stages. The
gas pressure rises with the displacement. Accordingly, the throughput of the

30 latter stages may be smaller than that of the earlier stages.



10 APRIL 2006 In the nulti-stage Roots-type dry vacuum gupg bdsg €xternal
forms of the rotors all are nade to be the sane fromthe viewpoints of the
sinple manufacture and the synchroni zation of the rotations of the rotors

at the present. e fiifti-SRQERHEBS QablNirpiiiffAp, Ble &keri0%&nss bfthe
stepwi se snal |l er toﬁardsltg%g 5 outlg?eg?%eafL;omtheﬁl nl et sEde so as to

reduce stepwoterst lad the omghputs d thbe samenrothatheendewpointsheof Rt ssitnplge dry
vacuum punp, gas to be exhausted, is tenporarily confined in a space forned
by an inner ®anpasturerand bessyngheanizationodf|tbe retations of the raleks ajfthemsesasitor
and the spacge cones to conmunicate with e outlet side 10 space, W,th a
flrther Tot douReqbaRaeATRE e ByctHEsS oot Rl sRPWisrsmalaD b el s
is reversely.f i ) t| SUT OPa
can' be- ont a AP, RIS TIBhBES o ts s relRLE sRsiRd e dhrtiepbbidol el
ulti mate presgHpeHamisdigut 3kPa is a normal pressure. The outlet pressure is
an atnospheric pressure. Accordingly, in order to maintain the inlet side
at the 15 reduceth thee Bootetypehdrygzcuuey pusyy dastto baéexhatusteds i teraporanilyt he

conpression process shoul d be pushed back. About 70 to 80r‘£ercent ages of
the total el@¥ifined ingbspaceformes byiap iNRercBitAceRf a 6apiaganta hpdowkthg ow

Stage. 1 n cheTRsr et iha bRt R 4B6 BRRBA e FBvil el BRR e bl i<
becomes 120 Liddd wit 4 Rudfh 8RIRANan8 FolbOATRMtoriihuhBAS o BfatRENSC

back. Accordingly as above scribed, the thickness of the rotor of the

latter st age?é@ id foversaly siowasdl intootheeshime. Ameultitvate pigssure D abounheo 1t0Ra
t hroughput of the rotor chanber of the last stage is so set as to be

little, the ¢cambierektagmieby dhetReotpdye dey vaeuwadpump. tThe presgereofrothihe
I ressur.e, . and so the ene conservation is ohfained at 25 the
o ont " Sheillitiatd Bresiirads sPBLENE R & BTiael bssySn it Bl e PresBure B A ( ne
th - ; t e t he
Cotors ar o SnispreRcBRisSute PRoCERMINGRE Y BrkfRy AplaHImel Mt SRR He t e
hand, thes og&siucedtprassmer tiesl gaxiralérgedlimaothehotGaeempenit tHeut@spbassidre two

screw grooves, 30 in the screw tgpe. The gas of the outlet portion is flowed
into the spap@cess sbduld be pushed back. About 70 to 80 percentages of the total electric
power of the pump is consumed to receive the back flow or push the flow gas
from the atmosphere in the rotor chamber of the last stage.
In the Roots-type dry vacuum pump, the power of the final stage becomes
20 little with the decrease of the amount of the gas to be pushed back. Accordingly,
as above described, the thickness of the rotor of the latter stage is thinned so as
to reduce the throughput. Thus, when the throughput of the rotor chamber of the
last stage is so set as to be little, the required power of the pump is reduced in
the range of the normal pressure, and so the energy conservation is obtained at
25 the present.
The exhaust principle of the crow-type dry vacuum pump is quite the same
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



3 10 APRIL 2006 by the screw grooves, to conpress the ggaprIh#josi S 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,py tHe sdreugipves] B t@flpreds therjdse ThaPwRéElfal it ehé MulotsStyagedry
al t hough the throughput is arbitrarily reduced towards the |last stage in the

Root s-type dvacwiatpumpunp and the crowtype dry vacuum punp. However, the

pitch changes of the screw grooves are limted to sone extent. Accordingly,
bl ocks di f f er ent SINGeHLSLTBVIFPRELCREE FOHFMOLE, thﬁn@ﬁ&@s Qfdh%isﬁé%"’ WePYeSach

other s 0 4l s VeONBAT by s 5 EC KR 0B M BT e <,
25 shoun o 1 SSheProy s NERSEDsERRe L BIBRORE Al 4 straPeSeIR o)

equal in sizewdrbofte Rkt stagerth dtk Rodthgpealrg vabusmaddrep ahtahe chew-typergry t wo,
and those of the latter stage are further smaller than those of the mddle

stage, as sh@auunm pEmp. However, therpitely chprges ohtireyecrew gloovesare dinted to
pressure as shown by the lefter in Fi.g.21. Wien the two rotors of the
L ter ot agesaln aAtBECaAIdNs HlpcBHRaN i Can HNes aLucar ad Gigo as

hown in 2o gt Wb ¢ BnaRas tpaeAlpg nd b oRBL B Fle PIFS™T R AR,

el ectri gggpowearaper, the inlet pressure, in the respective cases of Fig. 18,
Fig.19 and Fig.20. Under the |less pressure than 102 Pa which is a nornal
pressure for the Teaiecwiihetuther desaofilbed abouttheqbigveent , t he consuned

el ectric power is the smallest in the 25 case of Fi %,20, that is smaller
than the case of Whgnmibedptorsiase enyat Nesize pgSEEWNHN Higd 8c gePyPINIgSPers as

ecordance. oiaraes w8 Iftef presSoERIPAPHS Mok By 18 £ 1E%Fa,ed, MERERR" "
Root s-type il YAEHUBT mrgg?;sg%%ﬂ@% eqBhl ih&z8UHdse G tRE mRIdId Beadeaste

stage is so designed as to 50% of t hat
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.19, 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 102 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 in
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



30 of the first stage. Much conpression heat generates 1¢iaPRuN2dobe range of
the 4 10 APRIL 2006 nornal tenperature. In an etching equi pnent and a | ow
pressure CVD equipnent for sem conductor nmanufacturing apparatus, gas

generating Inprina$ teh@iThiuPE. MH OGRS Btchiny %c:!lﬁprﬁ@ﬁpoém_taw@vﬂpr‘é@,ﬁeﬁ tgvpol i d
material at the gas concentration beyond the saturation vapor pressure in
t he vacuum equipreént fapsemiatonducton maeufachaingt apparaiesd) gas ,gesmedaiyng/ &t utsm
punp shoul d be heated to a high tenperature such as about 100 to 160C, in
order to prd&9aflionipresiss gantaigs|Gampriastivdich deposiiaisoid rpatasial at dhg 9a8cuum

f [ d ' b . 50% b d i bed b
Gl oyed =i oBleBiaroR dexhircte SaRaua fapt pReNEe Bl RREERD eRfoute ary
. h '
daposi 1 n Sparafii M eprielRtbt Biort Gad R bR AR SHE RIS hifratey”

case, it is gpighneegssrailre isuchen) abbgt oy to/ 260N inkvraRr tdGFevEhtn@dpositeofdr y
vacuum punp, the consunmed power of which is as |ittle as possible, is

requi red. Atsdlilanatesiak For tikattgurpoasgypudryof vadueinp pump bbpbeping spéed rdtsef
stage is so desi ngd as to be abogut 20 to 25% of that of the g_urrp chanber 15
of the firstabouh§O%.mas ahaye ggseribecheap hesemplPygevince gompses ipnrhaad can

Bt oh t he « e HRFASEE o BPat Rrertulel B veCQymipublini e ekERUSRUTR, 18,
stage. \gen ép@?tef*ihﬁr ugPé'ths‘Hndt e \F‘#HH? SdpEheh é’p%patraﬁﬁ ﬁ’?atinlgtiﬁ&? dad JuRHS

than 20% of 'the t put of the first 'stage 1n the dry vacuum punp whi ch
is not 20 regnatgordand hettumedtebabtadd)at v ght hesgssaa to deatthe deyeagyuman be
conserved. However, nechanical trouble is apt to occur. For exanple, when
t he t hr oughfump.chceaidinglynp deyyaseumarunipahe gensymggaraviersiiovhichssastittienat
of the first_ sta in_the dry, vacuum of the cl.ass which is used at the
mexi mum pun RO STRIEd'S BrRUBHALIPAL care thi RGP of TS PR PhasbeRdl e <
stage is ge n i f or
’Tg%taétééfe ?@Qb”degﬁtﬁgbﬁtﬁe %ﬁgﬁt %9‘225‘? "6 thit 8{‘{}%@@{) cﬁ%lgnﬁ&t

of the | ast age”I's equa ani cal strengt r ot or

of the ligst dittagéirststadd. tAtahafltese, tithtorsighed pbwehén tHedtiRimategeessuréasd t o
the axis is difficult to be manufactured. And the gap between the rotor

si de surf acéearegiucre tp30ttp 608n ohttiat of thejdmyfvasuum pamipdniwhiah dhe drroughput
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



0.1 mto 0.2mm 30 On the other hand, there is discl osgdagriv.agssum exhaust
apparatus in the 5 10 APRIL 2006 Japanese Patent Qpening Gazette
No. 129384/ 1994 in which a first vacuum punp of |arge exhaust anount and a

second vacuugypaiEsPatérR! DoBii iRt elazeREONB!1 20dBarBADIP il o Fitst At | oW

pressure, are connected wt other, and by which total electric power
can be reducpdmpPaf targelexhiayst amasinowand a secbnd.vaguuam partpaot snallpexhauss
connecting a first exhaust port 5 forned at a mddle portion of a

connecti ng paMmoush byépap@tmletqfesumm@mﬂypl@wppr@saurtqa@rg é@aﬁecﬁsﬂrﬁwth each pther,

d exh 6 formed at the exhaust sid t
ontrol vl vaNg ok WIRETARE SHGHic KNG CARCPeL FRGRY- 1 @Iéﬁl‘éﬁus@gp%avw e

the mddle ngf:éfioéh ﬁ?ﬁ'%l . Sqlbé 7%%@%‘3&“&:8 it &S %ﬂ%s{&f’n @rfﬁ eéi%fmmﬁe

suction side uum exhaus appara

di scl osed whpehiohasf é%ﬂﬁl@ctlﬁ@tp%'m&%éwmh BRVRFst RS ind e SéebrBpurnpe

first vacuum punp 3 is nodel ed a vacuum punp of a direct acting type.
ref erence nuwmithad sécmrupemlswﬁts;oahs dotsmegat the éxherst Siae mfrtbatsamgndQHMp an
gas contained in the exhausted gas. 15 The vacuum exhaust appar at us
operates as £\heortel|velMendds aragaed f@h@nsmngre@ds@lpa@gutbﬁ eihadist pipeaf taéﬁhet he

umps 3 and T8 RHTYREnRE dinal g€ clsbd ofRRE Riessyep d She N uaghELL

equal to (5 hetH Hizh pR ed QeAﬁd&%ﬂhgkﬁ% #git?&ﬂ@tz %fdléélﬁséa Wgﬁ cafldedl)

| ar ge. |Ie t e out ortiron o oes not becone Fess 20

than the at mar@rr%un&écspowr theBy:Qﬁm’(ib QemﬁlrdfvmmbuHmSwmdeld&asthe
control valve 8 is opened, Gas of sufficiently high density is exhausted by

the first aad/a@yuahaurpmrq@ diregicaclingtyee.ecaf t er, when the outlet side of the

first 3 ted t det d
at mosphor 6 by ¢ hé\ GaEHGegIARerAl BIrReressoit. an LR AUAN JavET I ErasSasioR.

only the sec Qgcgﬁﬂﬁh‘%ﬁ' eeﬁéﬁiﬁﬂf t he exhaust side of the second punp

4 conmuni cat e ex t he punp.
15 The vacuum exhaust apparatus 2 operates as the followings: Fig.23 shows

the situation directly after the start of the exhaust. The control valve 8 is opened.
The first and second pumps 3 and 4 are driven. The inlet pressure of the first
pump 3 is about equal to the level of the atmosphere. The amount of the exhaust
gas is large. While the outlet portion of the first pump 3 does not become less
20 than the atmosphere, also by the second pump 4 driven at the same time, the
control valve 8 is opened, Gas of sufficiently high density is exhausted by the
first and second pumps 3 and 4.
Thereafter, when the ouilet side of the first pump 3 is exhausted to a
predetermined pressure less than the atmosphere by the second pump 4, the
25 control valve 8 is closed. Thus, only the second exhaust port 6 formed at the
exhaust side of the second pump 4 communicates with the exhaust side of the
pump.
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



At that tinme, the outlet side of the first punp 1 is j Nt aj at the
sufficiently | ow pressure. 30 The back flow gas to thﬂ%@‘ﬂgﬂ’ﬁp 31is
greatly reduced. The power 6 10 APRIL 2006 required for pushing the reverse
gas backward_ can be sure Thu

| . d d. . th f. th d
electric poméerq%ﬁedtfﬂépl“?'?'égrtﬁﬁ:’i%\?%rsﬁQﬁsE’@CEWﬁE%fe:%bgyﬁqgﬁ%&g&fg‘%mW’ & uum
exhaust appaéﬁ%@ thb *&%ngﬂﬁ{eﬂyele&gt: RWH Bk ?m? ﬁ@ﬁ?ﬁﬁ\e{fé Q‘ﬁgsﬁe SYTdeRURd.

& Tirst pump ectively

including th cannot be "al ways e conserved,

al t hough the congovesies| Brtid vapawar extfausbapbiafastus @) nMpe3esengybef thrundloje
reduced. Fig.24 shows a conduit diagramof a vacuum exhaust apparatus of the

prior art cowadewimexhausat sysiammingtudingstherfiyst pamped chonohbe alwaysieffeetively
sem conductor. In a vacuum eg&aust appar z?t us 10 of Fjg.24, a vacyum 10
processi gy cRansrived, athougihthe €ansyngd #lectiig RAWEHENFNEHSS PYTIP f8NBReed
1000L/ m n through a haust pipe 12. A main valve 13 of l|large dianeter is
arranged in Fﬂké%égﬁ%g? pi pe 12. A by-pass valve 14 of small dianeter is

arranged in paralgiebgWidid BecoRdui M@\gv&nlo?r-a \Fa‘éhhﬁ%xhéué%rﬁ%fé?sggp% 19

for measuring the %ressure of the vaclum 15 processing cha

attached to pher exthacsringuted th2.a Gaicaual Iprocédeing achiamber dfoessiangfadtanvdger 1
of the sem conductor manufacturing apparatus contains fine particles which
are apt to fBgmigondustPr: dnba vaewwpheshaustaappaiatendl@tdr RigPér Puacuym he

Vacuum pioceBNReSERARARLA" 1 S Siineciattln § FBR 2 B8 GHARLY 8 PySRIRPeR

o et ORI S e B ol B, ) e, and Lhe by pactun purp
CRarer 1 toarhel e Sele PR A saianaess e ogta ioeom o
a predet er m hggpassmalveats bhpmeadl diametenis arrargediniaraeloptntie maBuediveBvi ng
method 1's ad%h%gh a pressure gauge 19 for measuring the pressure of the vacuum |

15  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 vaive 13 in

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



When the sl ow exhaust is effected with the val ve oper atf'(,%m%%ﬁarrel y when
the sl ow exhaust is effected with the by-pass valve 14 arranged in parall el
with the main valve 14, a control apparatus for opening the main valve 13 in

30 accordanc ki € r f44he vacuum processing chanber 1 is
required in gd%gﬁﬁé@fe %8%%3’%“& 1oj'n to the by-pass valve 14. Further, a
butterfly valve ¢gp@bl & Bﬁttéﬁlvt\fa‘i\}e Shpatit \6f cORABI HOVAIRY ofBningafay ibesigadl of
the main valve 13 and by-pass valve 14 for effecting the slow exhaust. At
t hat case, tinstead ofetheprainn@ive 18add rpdds \alve hé fereffectingdbe stdw eReaust.

exhaust, 5 and then nmade | arger in accordance with the |owering of the
pressure of Ahthatcasgutheyave openiaisdnade smalipitbesaarlytsiagd of the exhaysdl ve

itself and an eni ng .cqntrol. apparatus f al ve apeni are expensive and
raise cot upNd RSN HBAGE Haigehdn el danciwiin thE 1awRng ofi e dresSUE Ot ¢ he
first 3 S pwn the h nese
pat ont 10 ey BETEEsRUNEn gt LR RGBSRy Rpk"ind 28

particles fl Mpyrﬁlinprbohw ¥BPEMIUPIRCRIA HiskriRgEPe bxgerdlve hRBYaReHodUpat e the
sem conductor wafer. The object of the invention is to provide a vacuum

exhaust appar at u©rbthe othiec hand¢llserverayy theosdaushis effectéd edth therfiroepatnpad ned

by nmere addition of 15 si rrﬁ)l,e construction to a usual dry vacuum punp.
Further obj eeRd fecORE PWYENt iiBrihe svacyupt g¥h@estappyve aidbolrrsnege\Raigim

exhaust apat ich,.c w_exhaust w thout an chi ng or .
appar at ull T oPPeiihg Gerdng Mo Seo /180 £ 8RE0R h ey B M oaRG (R Dufain.
apparat us anghed\dehi BRIGBSUNG' chdlfb8ATCald thof ABHHAMAIERE therseifitbRyLa ¢ he
above objects as followng: In a vacuum exhaust apparatus of the i1nvention,
an inlet sidwatdr.an auxiliary punp is connected to an outlet side of a punp

chanber of a mddle 25 stage or of a last stage of a main punp. It is
preferabl e that (lhe ebieeughihe inyEntiore isatexpravide apyaguuns exhausterppaiatvs: Pt

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.

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



of the main punp, and that at |east one punp chanber ofioapRaiioes st age of
the main punp is smaller than punp chanbers of a forner stage of the main
punp. An exhaust pipe is connected to the outlet side of the punp chanber

of the |ast @fectiol0fowhidshtdBithodifiBre, AisCBBfkedtad Vo W AxrRREMiSe IRSist ©
flowonly in the 8 10 APRIL 2006 direction towards the atnosphere, is

connect ed t oprelferadidhttias tth@igoiliahy pusmp isrevheestddeintgeatll¢liwitathe theckyvavuap i s
connected in Igg;al lel with the check valve. Plural check valves may be
connect ed i nPkisali eheasi vaivessrobesonnastedan serieshwith eaeh cribekinstgackof the i s

e Snedft ook S et ThiC et S S e
i j . t t
Dalve Witn TaiBe TR, WhelpIreE prediy® fur, 1 el S OF e LfiafiPBlimp' N®
smal ler t han?éétﬁneé ﬁ@értﬂhﬁ%dﬁnr‘é@e‘t’eﬁmiﬁé@ vaRrld, @by vlaﬂ;@/b@@gﬂéa@rtotmn

downwar ds val ve seat by the self-weight to close the valve. The ball val ve
body 10 consthet galoé. Widrotherptedsubailof the texhaust g iohlthe mdiat purhp tacofreese of
the netal ball is covered with rubber. Further, when the two check val ves
are connect e¥Malers dharsthepipredetgemingdnhaalve; t thes ball evalvgbbedy hegats epathe

bet ween the two check valves, s, connect. to the. inlet side, of .the
auxiliary pu%v.vmﬁ(ﬁ&f Ve SEAT b){ﬁ%%&ﬁ'g(%gﬁatﬂﬂoﬁ tqenY%Y?'ﬁt%%tbP&HaB’g@qqyses a
main_pung, .é&s@stﬁ*&ﬁ%ll}é@) Y&t YHNC R & BréRrdtlg 1M thElsuptade éﬂftﬂé RfetaPbay RUMP
and permtting gas to flowonly fromthe main punp toward the atnosphere

side, and anc@wfet iwiihyrubenFatHerngRen tie s shécH vawéd atdeormiutéd irabartes
connected to the outlet side of the main punp. Throughput of the auxiliary

punp i s snalwih eachnothieatit i preferakie thatpaspace tbetwepn dhetwbl chadkaralves:is

auxiliary pu is. driven at |ess fhan 3% of the 20 punping speed of the main
punp under t{@‘q‘?ﬂtﬁqt%ﬁ'&@ﬁté"ﬁ%@ e ‘?"Ex'ﬁaé'y&“é'?%rable at that case that the

AR s L b R S
series Wgh gapbcrivARe. cdriidch&d to fHe ot shiecotleembimadumb Wl pémittin S
are connected in parallel with each other, and an auxiliary punp is 2
connect ed attot thewiarilefropothe mainmemptoward: the atmdspheppside, @ndt &r auxilianpunps
pump arranged in parallel with the check valve connected to the outlet side of
the main pump. Throughput of the auxiliary pump is smaller than that of the main
pump. It is preferable that the auxiliary pump is driven at less than 3% of the
20 pumping speed of the main pump under the inlet pressure 400Pa. It is preferable
at that case that the main pump is the positive displacement type dry vacuum
pump or a composite type consisting of plural vacuum pumps of the above type
connected in series with each other. Further, it is preferable that plural main
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



respectively. Further, it is preferable that the ultimafyeapRiESsidr € of the
auxiliary punp is less than 20kPa and it is a sliding vane rotary vacuum
punp (cede type), piston type, diaphragmtype (nmenbrane type) or scroll

type. In a it Biledf the WRfH plhaX AR ah aARMaRADUSpHonnketddeanticeflet af i N
punp 30 connected to a vacuum processi ng chanber, a check val ve connected

to the 9 10 mM&R! hurpdf partllet wish diee chetkealvei arepprgyidadiirea \acuuhi axlgapstnp
connected to the outlet of the main punp in parallel with the check val ve
are provi ded@AR@ratugatiuexkRaysing: theaypsHemuracassighghambes end whenusrid

i hanb d wh id . i h i ted
Prom the at NGCHRET brBSaEia thAm e iseot, BOR B S eEe A ey Wi
Feached the e ZYioSphete, 5B ARARFYDAIE) i¥RECureit AHTTAATAS pLaRUBERAD, Don.

Thus the sl auceyhnpsécdssirtf hahtdrwhddeedched e iPhedefeamineel pres3PPE! 4ids
for slow exhaust. Further, it is possible that the auxiliary punp is first

driven and maintpempes atgneddoitse diiven.ed at the | ow speed or the | ow
t hroughput before the pressure of th&@vacuum processi ng chanber reaches the

predeterni ned pladsiiicsionnexhatst inetestsd arthosd sging thenparBing ¢ aRParatus

gradual ly ragis i ce. W . sure. . t i ng
Chambor . 15 PBra xR BRI 7S bHabiERer Bl BB P T GRLETERD: oo
of a vaggumiRXNAdR gawrsagféﬁeacspfrm Ry lspeeBNGr BIEPRAW TRIJugPbUt Beforeningnt i on
in which a nmulti-stage Roots-type dry vacuum punp is used™as a nmain punp;
Fig.2 is a guwbesmel of vinewwvatuany grooessing actsimbepaeathiss otheopeedét@rmined
modi fication according to one enbodi ment of this invention in which a
nul ti - st age AREBSWE; Anel He rotadionah poeed i theemaliy RYMRiin gadpally-irgisediis a
schematic view 0(1; a vacuym exhaust ?ﬁ%r at us of anot her di fication
accordi ng t FGREAHMFY PESSUFS 8 \é‘?ﬁ‘ﬁ“&pr%e\ﬁﬁlr@nc%m Fti-st age
Root s-type dry vacuum punp is used as a main punp; 25 Fig.4 is a schematic
vi ew of a vacuum-exhaust apparatus of further

15  [Brief Description of the Drawings]

Fig. 1 is a schematic view of a vacuum exhaust apparatus according to
one embodiment of this invention in which a multi-stage Roots-type dry vacuum
pump is used as a main 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;
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nodi fication according to one enbodi nent of this inventjpQpri2ei ch a
mul ti-stage Roots-type dry vacuum punp is used as a main punp; Fig.5is a
schematic view of a vacuum exhaust apparatus of still further nodification

atic _ t “apparat us of stil modi
Root s type. dry vECLO B & ionar deMTRARG b Mot 3MeP Bl R4l |

a Cross-sectinangacirf\Exphoel AgpdaratusLxdidingad ohetdbsdivedntftisiednverhion;
vacuum exhaust apparatus according to one enbodi nent of this invention;

Fig.7 is a schenfid.¢ isasdhemadicrcangeit@ntangesent vew algowingae Maou Wi exhatst

apparatus according to anot her enbodi nent. of this invention, 5 Fig. 8 is a
cross- sect i oRRRargiusReIBAiNgdoAnOtasepbadigrent of Mg inVeNtied: used in the

embodi mem of ¢ nF Gy fans etgohd VeR AAREE ShEBahi B ARTER BN o
showi ng one [y t*@uﬂgxﬁ&%t%ﬁ%ﬁ%ﬁ%@%b?ﬁ HECHERR @ A8 dtRet NE

ot her enbodi nent of t i nvention; IS a~cross-sectional view

showi ng t he embadiment dfiiRisdheeltioral ve used in the vacuum exhaust apparatus
as shown in Fig.9 according to the other enbodinent of this invention; Fig.
11 is a schenati Eigéhiguichematisrepnduit arvanrgersehwieny shovimg ene rgodifigatiarcat i on

of the vacuum exhaust apparatus according to the other enhodj nen f, this
Chventi on: A VAgUTE SR ERPRE RCOIEIG o e O e STAHITERK LSS
appar at Ofinv{anfor?”b()di ment of this invention, show ng the relationship
between the 1 nlet” "pressure of the main punp and the consuned power of the

whol e appar at us; Fgf1frida cteksd-Se@ionat \HedxshawiRgHe @REdiPS tAB dHeck Malveagsdam
exhaust apparatus of the enbodi nent of this Invention, show ng the

rel at i onshi pinbttereaoutirmeexhangst mpparptisd as aghiowvrofin thig.Snaceorpingo ta dhe hagher
auxiliary pu and the consuned power ratio of the main punp to the
auxiliary pu%?oﬁlf'@‘?’i@fitﬁ'sdnw Showi ng the rel ati onship between the

punping speed angig. 11 is a schematic conduit arrangement view showing another
15 modification of the vacuum exhaust apparatus according to the other
embodiment of this invention;

Fig. 12 is a view explaining operation of the vacuum exhaust apparatus of
the embodiment of this invention, showing the relationship between the inlet
pressure of the main pump and the consumed power of the whole apparatus;

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 powef
ratio of the mair-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 vécuum exhaust apparatus of the embodiment of this

30 invention;

1



25 the consuned power of a typical auxiliary punp; FigadapRe. 2o¥i ew show ng
t he consuned power characteristic of the vacuum exhaust apparatus accordi ng
to the enbodinent of this invention; Fig. 16 is a view show ng the

rel ationship betmgery tige 4 ”h@l’ierﬁéﬁésﬁéﬁilﬂﬂdarréﬁ@erﬁéﬁp'ﬂ@ws@f%@vﬁé gracuum
exhaust apparatus of the enbodinment of this 30 invention; 11 10 APRI L 2006

Fig.17 i s a motiéoatiorc of vackurh exhaasappartatys agcading tmgthiatembemmemd:ffthlsatl on
of vacuum exhaust apparatus according to the enbodiment of this invention;
Fig. 18 is dn¥R@mtic view showing a nulti-stage Roots- type dry vacuum 5

b i Show o= e B Sg6PRRaTe 5uMRind S e R e
are differen ?ch-éu bt f.%'i&FErarétr?u%ﬁgl Tdisill e stage and latter stage

Fig.20 iS a'scC erra icC Vview s ovmn | -stage Roots-type dry vacuum 10

punp in which | atigerg 1@ s@h@nﬁamwl@w shidaing bcmaltpétapegqé&s -thp& dAl vasu@mVvi ew
of the relationship between the inlet pressure and punpi ng speed of the

nul ti - st age froop $n Whieh tre/ ratarsuare diffepertdnising ahthe foomer stage, FnigdBstageg. 19
and Fi g. 20, respectlvely, Fig.22 is a view of the relationship between the
i nl et pressu’=lrrl§i lakier sta@€ 15 consumed power of the rrultl -stage Roots-type dry

f I
£8P R b RSttt SR
whi ch cg rgg}éﬁ ﬁePfW@’ére Efr% %flﬂg% gt&?%g vi ew of a vacuum

exhaust app of t e prior art. nbod nt of Invention] First,
one enbodi nent omgazvastwmewmuaé reRishshipsbemeanditegiriiet pressure lamenmeon

will be described with reference to the drawings of Fig.1l to Flﬁ ,
pumping speed of the multi-stage Roots-type dry vacuum pump having the
rotors of Fig.18, Fig.19 and Fig.20, respectively;

' Fig.22 is a view of the relationship between the inlet pressure and the
15 consumed power of the multi-stage Roots-type dry vacuum pump having the
rotors of Fig.18, Fig.19 and Fig.20, respectively;

Fig.23 is schematic view of a vacuum exhaust apparatus of the prior art
which can reduce consumed power;

Fig.24 is a schematic view of a vacuum exhaust apparatus of the prior art.

20
[Best Embodiment of Invention]

First, one embodiment of a vacuum exhaust apparatus according to this
invention will be described with reference to the drawings of Fig.1 to Fig.5, in
which a multi-stage dry vacuum pump is used as a main pump.

25 The multi-stage dry vacuum pump is schematically shown in these figures,

In the embodiment of the vacuum exhaust apparatus 10 of Fig.1, pairs of
rotors Ry, Rz, Ra, R4, Rsand Rg are driven by an electric motor 22 are arranged
in a main body 21 of a multi-stage dry vacuum pump 20 (main pump). And an

inlet port 23 is arranged in an upper wall of the left end of the main body 21. It

380 communicates with a rotor chamber of the rotor Ry. An exhaust pipe 25 provided

12



which a nmulti-stage dry vacuum punp is used as a mai n pUAPRIRZE0dhe
mul ti-stage dry vacuum punp is schematically shown in these figures, |In the
enbodi ment of the vacuum exhaust apparatus 10 of Fig. 1, pairs of rotors

Rl, R2, R3, \itth aRSilentérRe as eofihbdted teyanrnowlletPoriien at ednektéd aoad rafiged
in a main body 21 of a multi-stage dry vacuum punp 20 (main punp). And an

inlet port Zhantbearofdhgedtor MRsani thippest stege. Fafthehea treddk \ealde 88 is kenmedtedbody

21. It 30 communicates with a rotor chanber of the rotor RL. An exhaust pipe

25 provi ded through aapRe 22 tothesilencar 36, Bk eheckovalve 28 pesaits @asdo davornly et
ortion 24 connected.to, a rotor .chanber qf the. rotor of .the | ast stage.

Borthor o dndts aspye sivad 86 avERReTe, Andfid pime 39 it esrBilerber

26. The ghe i f; i i o toward the

atrosphere. e {RaUEnB: B e SyaRTrp s irRered tbitnd REnRl BEREha | ONE

the main punp, iNeﬁtQBB@t‘étRﬁm dfthishempodihednt vl beesddbedext , operation of
this enbodi nent will e described. Wth the drive of the notor 22, the

rotors Rl, R2, R8jithRhe @bveofl tis naster 2Rpthe eotot RexRaufs, HasRs |nel Basares
transported fromthe respective rotor chanbers towards the downward side,
in order. A f%ﬁiﬁ@mﬁ"pr&?ﬁbéé@ §Sc heMbedas1 6 ("Fﬁi’tSF’@HSdnﬁfO@bﬁh%c@Be%Vec Ketar| et

' TSR ol Db RO AR Hhg,
por 100 14| RoPHHR Srhcitd QUnPIRISHE Ve O ltas Phe Hhesadr ey

greatly redunskt partibrt D4 of tims lase stagleds hearegydovhie afmosghdree not or 22 can be
greatly smaller than the prior art. Fi g 2 shows one nodification of the
vacuum exhaust apgearding tadhisdprentiomdhe outled porbeniiddein ehausied Py dowi on.

The P LS el SRR S S el o TGS IR P B o
necor g Liebl g RISk Ll LalcAPARIIR Bl istue bRy e
][rﬁirtnhe?q@y 2he nibter D2 cAicke gPdatiyssraslicannad theptibeagxhaust pi pe 25 which is
Fig.2 shows one modification of the vacuum exhaust apparatus 10
according to the embodiment of 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

13



connected through a pipe 27 to a check valve 27, and i sjecapagebgd to the
at nosphere. A pipe 31 is connected in parallel with the pipe 25, which is 25
connected to an auxiliary punp 30. An outlet port of the auxiliary punp 30

i s connect eghet BXHUE AP R2nt thrbligh FEPRSHIRITS sHNSEE tdubldfh ehe aluxiiahy e

28. Also in this enbodinment, the energy conservation effect can be obtained
simlarly topuhpeteiing, performanée of the mairt pemp 20’ waa Hehmaintaineidary punp 30
is connected in Ear allel with the 30 exhaust pipe 25 and check val ve 28,
nuch anount of t Rl ghsShows epREert mediiigatian of oa AERUUM GXbatfle apRAEATEE 11 pe

25, even through there occurs.so ouble in the auxiliar u 30. Thus,
per f or mance %‘f&m’é‘gﬁﬁﬁhe Oﬁmeﬁgh{f&ln@pﬁq% ned. Fig. 3yshgwsrrpanot her

nodi fi catd on of J X US,n1Q i j : i pent
of the i r‘islventi ongC cC rtgi ﬂg&%mgﬁ@@e@%bg& %%ﬁﬁg&gﬁgg{t}gﬁofﬁ )%%Bﬁgrrgggoﬂas
connect ed i npaeRNitEthe\tlidck ave R8akroughUepeB3 1 Rha B Itk RR:ir 3atdnd same | t

is clear that the sane effect as that of the enbodinent of Fig. 2 can be
obt ai ned by ¢ffect asnthatlofithet embodimentaidFigi 2)can dlecvbtaineidfycthis embodimente
vacuum exhaust apparatus_10 of Fig.1l and Fig.2, respectively. According to
these nodificati 64 @%E@-%ﬁhp‘dtmo%c%ﬂﬂﬂsi‘?fg%e yacugRepauskrpaatumyear at

LQ?} Ton 24 ofne Ttk dio S, TEaPediBRE Atordhe (s afdialintatdr Bl
Che. mai nopurka 805 2 37421 19, BN ARIAT & e eI TSIAGSR o RSN EARPERRRY o "

exhausti on camd BOBrdiffeeet froni thelbutiet polntto rc 24 ©ifi theel 1330 wirgeo Thieheuxilizirp puip can
be reduced nore than the prior art. In the above enbodi nents, the rotors Ri,
R2, R3, R4, 3& iaganprectgditodhe oudgtipertiop 24aeh28t-her in size. Instead, the

Fhoes oL Lhe 1ot Bha TRk e B o SAB0 o gdEabal et A b SOaAA e
gggfgi {T‘;gtes - 268" THE "load 6F tHE Yol T YRR PHEBId Stag8liol eXhha&idP chR®dMducedt age
15  Thus, the consumed power of the motor 22 can be reduced more than the prior
art.

In the above embodiments, the rotors Ry, Rz, Rs, R4, Rs and Re all are
equal to each other in size. Instead, the sizes of the rotors may be smaller
towards the latter stage. It is evident that the consumed power can be smaller

20 than that of the above embodiments.

Further, the dry vacuum pump is not limited to the multi-stage Roots-type
dry vacuum pump, but it may be, for example, a screw type or crew type. The
same effect can be obtained also by them.

Next, construction of the check valve 28 used in the embodiment will be

25 described referring to Fig.6.

The check valve 28 is provided with a housing 40, a valve chamber 44, an
annular valve seat 45, a ball valve body 46 able to 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
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dry vacuum punp, but it rmay be, for exanple, a screw typarriLesww type. The
sane effect can be obtained also by them Next, construction of the check
val ve 28 used in the enbodinment will be 25 described referring to Fig.®6.

The check V%Yﬁea%étﬁleﬁh(?ﬁé@Pﬁe%&lho@icﬁpﬂéd 41 4Ad the @N¥ECHiRARBEIrbdty, 420
annul ar val ve seat 45, a ball valve body 46 able to seat on and be separated

from the valhe vabat sddt 4hds éoratenppethedlbwerrendholiienpwtd aytingdrical boafy 42

upper cylindrical bO(ZjI 41 positioned at the atnosphere side and a | ower
cylindrical BoestepperAnhissiormedean Hie iwes asd efnibengpprerppiipddenl bekly 4hfere

chanmber 44 is 14 10 006 for tween the upper, cylindrical body 41
and t he |Omrregy§ﬁtmgﬁr§!aﬁhe§zﬁg,va4\f Bgaﬁgg\}&wegsfﬁmﬁ%é Ee%bt‘med at the | ower
end of t | ower aAgyl i kLeaf i : | ower
end of t% upperA@yE%rlﬁr{r%%;I F%g'”%gis ﬁequ;geﬁrb%g\ﬁ at thegg?':\%tc {"_gq g_tﬁﬁ%&%af) \?al ve
body 46 to ayps&@tgh@iswerceylimerigll boSiedn1aanyab. Tealidre M@&d o éddreomesay

bet ween the contacting surfaces of the upper and [ower cylindrical bodies

41 and 42. Tpleyalab@t fmerabetso TEawsh tbephare air-tightlyr fdrmesl s neebbody. Thaialk hey

are air-tightly forned as one bod?{. The ball valve body 46 consists of

hol | ow st ai nY&lke begl|46 ¢ansisis epheliey siainless alk it inervered with thigeruibbgr AN+ o

t he enbodi nept, the self-weight of {he | ].val b i gual.

about 50, gr AaecotEn Tt SR 1N sl eiatd of T B Ve BabliB POt
becomes apoulo Z00ASHYWARS. Wike RN DRI fe of ite Bik] sikR! drethROchieckbvdige 8
designed as to be li1fted upwards. The stopper 47 is constituted by four

nai | s proj echecbrneseatduyy 700Fa bbpond dneratemondpiodret Hiee Wgtlevaley Ibonyr 484 dwody
41 at the angul ar pitches of 90 degrees. 15 The ball valve body 46 is

st opped by t@esigned@srtope liftageupuardss f| owed through the spaces between the

e T Quar U B o et o IS 193 NS Pel R e H R 0o
S o o1 SOH LU NS e 4 e RS g g e
t he punpischamhebatindiveebedy ad is Btappgduehbpthgstopper 47. The gas is flowed through
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.

15



chanber, repeatedly. Accordingly, gas pressure in the optl &gt Reeti ON 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 valve

ith th [ i f ) J .
Forl owobl 11 1y of HEWERY' el 2 Gietionh S daP oPHEE TP of tREMaloump 20 i
body seats fgighkt tthkechddRevallBecarnibt &onsétitfes JolfoWRAS WSM@P%M.QPSHM

towards the atnosphere. At that tinme, the pressure of the infet of the
auxi l'iary puexardpleddirea driotvacoom pumpeftieelsceav type, hendhbadtatiomia) spéed vhl ve
body of the check valve 28 is the ball valve body 46 and the valve is

opened and cihes@doroialundsy 3608 raet - thei gieckoriMenearbaerfect\ailtpmeteopuleaking | ity
to the pul satin ressure is. high. 15 10 APRI L 2006 However en e

Fotat ondl - opiesqub. FRbeTst of ek dOIRI NBLAIsaE SerrRert 1 dolale!

val ve cannot } i I I j dry
Vacuum punp SroRhe! 8809 o DAL RN BodPupSRab oorhGte EFRR e Ve
under 3600 rsgatms pbHectgheck val ve can perfectly follow the pul sating 5
pressure. However, it cannot follow the pul sating pressure at the rotational
speed of 6000r. pltris cohsidbedd thaatheebdlbdsivel bedy #6tis basied onto heatalensedtedal ve
seat 45 perfectly. It is considered that the ball valve body 46 is pushed

onto the val ¥ assyingBaving sallsRring eenstact anhse hayindngeed falloxrmbilgnio e

aui T es PR et Tk midofd BelieRaHi o RS Rl BRR s o1
the spring af 898%9@§pr9%3f0%@§§mreesé§rt |e.irfcf%6eﬁgggﬁ hs pY&ds(Fe RO tHESDAIPT

opening the valve. O 1t 1s considere at t ressure of the outl et

portion is neudlee baayde/ forepentd the ivallr itiscongdeqedIBadthehgaheressure of
t hroughput. However, in this nmethod, the consuned electric power is
i ncreased 1theapdtiethpodiear gymesmdapidit rediaseds by an sugliareavew. 39oofohbighebne

the disad f ot b t hod, 1 heck val 28 d_28b
Serial ly contERuatPiior oA ebiAdRAZe e FOtTEa ARAERABRTS TgpATeH us

15 ohor i AR UTEsy GSiE stk sennaeed check velves s [ e
' To overcome the disadvantage of the above method, two check valves zéa
and 28b are serially connected to each other as shown in the vacuum exhaust
apparatus 10 of Fig.7. The number of the serially connected check valves is
limited to the two. Three check valves may be connected serially to each other.
20 Each of the check valves 28a and 28b is constructed similar to the check valve
28 of Fig.6 as shown in Fig.8.

In a vacuum exhaust apparatus 10, the screw type dry vacuum pump was
used as the main pump 20. The rotor was rotated 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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20 Each of the check val ves 28a and 28b is construct ediGAPRIL2006 0 t he check
valve 28 of Fig.6 as shown in Fig.8. In a vacuum exhaust apparatus 10, the
screw type dry vacuum punp was used as the main punp 20. The rotor was

rotated at they sp&esh 8fdebOOIxiRary pliAp36 diastidwh e FIGoUAE FI¢ESThOY the
chanber. The check val ves 28a and 28b were 25 accurately operated, not

i nfl uenced bytlehpopionsaftthegnaingasop eanfbet herestabht exhahustdrer of the screw
type dry vacuum punp. The consumed power was reduced to about 70% of the
case in which merigily shewsca esgheyrticd QnJuit @irangemant ¢h aavackymegxhaust

o 1 o 00 oh e AToRSIER o PR R L S i, TR 16",
10 APRI Lo 20080 13 S o Brabelfecbadi 16 ot RUERAMANRBND prasEls Srand

Fig.10. Thus the out ortion mai n punp ca e nore sta

exhausted. kbéinddtedimone pipes & b aitrineetis@ fisk! vhc@lirh aiteeasiing ehambeaduwith akdaust
apparatus 10 according to the other enbodi nent of this Invention. The nmain

5 val ve 13 amaingpympeXHucansgituigd byoa simglerdasvaduugn waompunhiher el ealee @8 is
connected to a pipe 12 connecting the vacuum processing chanber 1 with the
mai n punp 26°8pASkE: t9itea MRIN RummMEP dhrgpghdhe auhryipPe Fhel RgBBXIlIgRY RHMRS | s

connected tq.t.he i.n thr. i Lliany
punp 30 i s%gdﬁﬁgﬁﬁgﬁtq%ﬁ[{%aa?g‘fﬁl&'W@@%&%%géVE}@&%@UUE@H@%%QE%@,] punp
is used4a0 f b HHER Ml & b PAEBLL30 s
equal tg)éabg)ﬁ){a@%gégyo@jr?‘%gmpéﬁﬂreo%ipghgﬁrrp ZO.MI?'ggh?ﬁ%gE)i%/gF\a/éyﬁos thé sane
as that usedO09% of Fhat 6 thetmaimcpunes20. thdbethéckvadive idtry sdneadsatiiat usedtine

val ve chanber, which floats fromthe seat at the pressure higher by about
700Pa t han tfM@BaftribsipHes éhe pall valyerbadyefleatpble. inthe yakveschaipler whichalleats seat
by the self

DY i Sel L Bhah o o RS Pt BT 0B e DR oBERER Y,
Lonmecr ' SRHLRCEKI) BB o YR LA R SERBIHRUR, YR8 o
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
construiction 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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In the enbodi nent of this invention, a positive displaggxpriLiee dry 20
vacuum punp of the Roots-type is used for the main punp 20. O course, it is
not limted to that type, but a claw type and a screw type nay be used as

the dry vacuum . uggg%%% oy\& . ef f Lve
construction is rﬂ%gg oF?rré)[Hﬁa% Q{Jﬁ%yg?g&gunp lt "’{.résh“%re earcggfhéﬁ ﬁgt%g_ punp
has such corshbotitried aboviehsnstludtar, Wil b8@leséfb&ikhaust gas decreases in
conpressi on process. Accordingly, a sliding vane type (cede), a piston

type, a di aphr aghhe ypeuymepnbeessing gipanbantl issesftausdted frppe the atmaespheadtea The

punpi ng speed of the auxiliary pu 30 is suitably selected within fhe
range of a MPERAPIEFPEIRGIYRSUY Iﬁﬁ@%‘?‘@’/&ﬁ M3 Rﬁh%i%‘%ﬂ@wsoé’et Aexibalyn

Poparatud 10U SO Bty At R her GRS e 1 e “Dal B AL T8 ot
appar at us 1%)(‘?\%99(«3@' Mhb?rb@@ure%%?‘ 'tﬁ?rﬂhé‘étn%’sjﬁ%‘r&?ﬁféﬂ’\%‘é&ﬁn@ﬁ%‘ﬁgﬂn%ggher .

descri bed. The vacuum processing chanber 1 I's exhaus

to a predetgigmtiotradch aghamst! gaschromMhe Ingaif pRIM@R0, Wienghet® vavelp8 eopehdd
auxiliary 5 punp 30 is always driven. Wen the outlet side of the main punp
20 i s not exmuthedxhaushgaprissdischaigedein theadinegtiont sheyphdrye ldstert dae The
auxiliary pu to much exhaust gas fromithe nmain pu t he check

30 ?u 20, [
Valve 28 i 5 GXDaH8H O TBAVAFHHIEHRGERSHASCHAMRRTS dhRIQREFSPR ERE &9 1B IN!
h by Al et t r i c
o oensodg Csadte, PneYialS buftlo, @t deRresRsP RECRIY SRR Bmount

Accor di ngl y,ddch@agiasatafB Wiklet BBRIRBSEPeFhaihfuraped et port 24 of the main
punp20. When the gas flow of the outlet side of main punp 20 starts to
becone | ess t hadWhanrtbe gasfliowef theeutiehsidetof atdin gunyd 20 Istartautol héconge mssp 30,
it starts to becone pul sating. The check valve 28 is repeatedly opened and
cl osed. 15 IIB%\,&IF',OSPEETQ:H¥c"lbev8m/%15'2830§9nt‘ﬂetr@nﬁ%'i'?r%’np MPs3Pnd starts to

constrett Bl enlha e EALRITBE, 8. 5 T ARl BB A e
driven wit h thd\gbvdretieaBhéélk Yalve 28 of the embodiment has the construction which is
highly followable to the pulsating gés 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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When the gas pressure of outlet side of main punp 20 begoimarhkews than the
at nosphere, the check valve 28 is perfectly closed and hereafter the gas 20
does not flowin the direction shown by the arrow a, but flows only in the

direction sheygiah 100 1AEIOW #B8YBades bhSeidondubioriahiMcRifiRgusquipdienen of
the auxiliary punp 10. Thus the outlet pressure of the main punp 20 starts

t o be reducékhatinhe when tiee euiet grasstilecat thenuain prinmm 20 rpacipe2ibei pressunecatd.
Accordingly the consuned electric pressure of the main punp 20 decreases.
25 When t he VéxpRuthe gaxiliapormpr2Q Recoaes pisefHl2ds i ausd euéhfavnahinuies.

consumd o1 deriardnSReal e " et ishaRE e BIShs Y Ficithen AiSe ™

consuned cel i r of the main punp 20 and that of the auxiliary punp
30 is lgrggcﬁatr{s'ﬁgvna‘ﬁ;&‘ﬁﬁ case that the auxiliary punp 30 is not driven. 30

However, for exapigl el2 ishewgotHerehafactdrstic@cafuiNeptosaehed kletwiobeswdr ithel8 10
APRI L 2006 | ess than 100 liters in nost cases of sem conductor manufacturing

equi prent . chmsutriateeleiotric powenoftthetmaingssop @0grius that whithe puxiaryPurep)cloes
the pressure at which the auxiliary pt;?g) 20 becones useful, is equal to a
few ni nut es.theRlebPeassyrs of theemaPBMered-gy 1 0ss is negligible in view of

consumed ol ect 18 Bar o X Bust Andd i F ABRRRET R e PiRipano

plus thap ofsgdt REXHIar 5 BemICted to tRE léﬁéreéta@ée@ﬁ%ro@nfef Eq’ﬁ@? ofahé P 20.

In the vacuum exhaust apparatus, the auxiliary punp 30 o e punping 10
speed 1.8 nRuinpi2d efthequmepingspekd 150n%4r. Sthegea(rt pempud istthe pde)p of thehe
main punp 20 of the punping speed 150n8/ H. The main punp 20 is the punp of
the energy HHI¥rGRASBHRLIHAYPS Rhwbicht e tthrayaimpilitofothe fest| glagesisage i s

ot - dash T sy 38 8BEpal G0% oluNe of ine %t Y. 5 iR, cdsticshi;
hechonk SIS Sae.) RSuEhuealpug 56 linir Agrpel LBRUnBYR 20 e
represenss | ogarThérsolid line shows the case that the auxiliary pump 30 and the check
valve 28 are arranged. The horizontal axis (inlet pressure) represents logarithm
scale.
Consumed electric power is steeply decreased below the pressure of 1kPa
with the auxiliary pump 30 as shown in Fig.12. Consumed electric power of the
20 main pump 20 without the auxiliary pump 30 is equal to 1.35kW on the ultimate
pressure. That of the main pump 20 with the auxiliary pump 30 is equal to
0.32kw on the ultimate pressure. Ehergy conservation rate or consumed electric
power reduction rate of about 76 % is obtained by the auxiliary pump 30.°At the
inlet pressure 400Pa of the main pump 20, the consumed electric power of the
25 main pump 20 without the auxiliary pump 30 is equal to 1.4kw. That of the main
pump 20 with the auxiliary pump 30 is equal to 0.67kw. The energy conservation
rate is equal to about 52%.
With 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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scal e. Consuned electric power is steeply decreased belgupRrig2dd6essure of 1
kPa wth the auxiliary punp 30 as shown in Fig.12. Consuned el ectric power
of the 20 main punp 20 without the auxiliary punp 30 is equal to 1.35kWon

the ultimate preggardingifhte Srestiie e wHiethilenérgh doRgeAlatibhiigesfestiva 30
is equal to 0.32kw on"the ultinmate pressure. Energy conservation rate or

consuned el eahbiecwidewed. Hedeoer, tme cahsuméd abenhitic géwes obthebdwalilieey poynp B@
auxiliary punp 30. At . the inlet pressure 400Pa of the nmain punp 20, the
consuned el BlreagesoMigt the pHePI mReedpang e \anafgyitcansergtian iefiegt danp 30
is equal to 1,4k That of the main punp 20 with the auxiliary punp 30 is
equal to O. me he energy conservation rate is equal to about 52% Wth

the risesof the GuBlly RPCfb OVadiifn Athaldl YoyRteM 8r e MARIMUBOtARL

whi ch the consu ectric power of maln punp tarts to decrease,

noves ri ght wedrlgactariig ®glfrheptnaaéaell aindif o?thé prodesshgaRy flowe@tintprirgsur e.
19 10 APRIL 2006 Accordingly, the pressure range which the energy

conser vat i onacsuraffirecessieg chaabehanaintimiad a piedeterminedpressuse;todrest éitor i ¢

power of the auxiliary pumr)\ 30 increases with the punping speed and the
energy cons &g MroedTserit thedikey Aithat gase, thenbled prgssuyie ohéhe ain RuBYhalst

systemfor the sem t.qQr . nuf upl ng, .equi -t I J f the
o ocess gas'S a7 Rdqo0has Ve RE Y e Bl H B e lior i nE ARtRNeC:
predet efgi _”%? tREGaEUHHat the ehefdyf cohddRatidi BifeG PArPHeSshtainetiNg thek@ngéloft hat
case, the infet pressure of the main punp 20 1s equal to 1500Pa at ~hi ghest,
and so the aleepteselird tiless tteart aboutc300MmBaachi eved 10 by the fact that the

energy conservation effect can be obtained in the range of inlet pressure
of | ess than abdug.13oemsiersithat a snuthsiagse Roothbredmiacuus RYEPRBS MAINy pe

Y VAU B, 38, BBy e PR e BeL BB ol g anc
;Eg 282??@?@"3#}5&%@&%\?% rt]tgrer’ Pp@ﬁﬁg 55esd P ARd thd cdRsutiB8 dfedtht PoEPS
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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each other in punping speed are differently conbi ned WiIOhAﬁaqu&t her. The
inlet pressure of the main punp is equal to 400Pa. The punping speed ratio
represents the ratio of the punping speed of the auxiliary punp to that of

th i . Th d electrji \ ti ts.th t f
e L Pl R BESHIETaELT ] GaBRUERRAT BB e L] o
U1 Y B e BB e U R B 1, o

auxi i ary pusilidrgpieseot 8 guitpihgtsplecafiowee tepnswetihat ettiid mapepar 20, t he
42

mai n punp 20 and auxiliary punp. The consuned el ectric power W thout
auxil i ary puatptheeimiet prieasureof00Re ofethe mairp putrtp @0I In Blee endeedicend dof rtbis
Fig.13 that the consunmed el ectric power ratio_  decreases with the raise of

the punping iByeRiPT d0e FUEIRING SPEeE ratiphine AbHRAEY PAMEP Rier @ain PURRLWS: h
that. And it_wll o t that. the reduction 30 rate of the consuned
el ectric plov%qvﬂe}'é? ?gZ%gggégrfiﬁ%ée?@hﬁ%%gﬁ)ﬁ%é%ﬁm{g- 20 10 APRIL 2006
dratio 3% hhK- i i ter: it
ot ber under st Sad FRE T etbal B ARETILRSeI theflin AUARATE AMRITNE

obt ai ned by mrgguacmsiewatid@wmfe@f famsinpi bg stardd, oweves htewasds o Hiblaér of
the main punp 20, at the inlet pressure 400Pa of the main punp 20. In the
enmbodi ment gireshure withtherriseoeof, thehpumping Apeeheatid phthe agkiliaryepanp 10 ey

to the majn 0Ois equal to 1.2% Accordi ngl it fulfills t
oy ot BakPUMAD Hebiera 368 opsmon Bt sophoL ihe iR R Murmp

D e O ibfeasBISKRY HOMANAL| GRe] T 1A Tu kR P IORNE O br SOMRD

towards a hig pressuré "W t I'se speed r

auxi i ary pumgirt puﬁr@ezé_(érmaiﬁé awdRaryHWRBE30 bbbemesnatgEe dhah aré rddhspawRr of
the auxiliary punp 30 increases with the punping speed. The total consuned

el ectri c povalectic pdveer withqut puerpugilagyrplirnpeurxerithe abpve wopdBionbdberdedailsar ger

than the consunmed electric power wthout the auxiliary punp, under the
above condi tWirbe qescripedaviths refgrqncede faddranskion2-h 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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15 Fig.14 shows a typical relationship between the pumpagrapmes and the
consuned el ectric power, of a vacuum punp usable as the auxiliary punp.
Fig. 15 shows the relationship between the punping speed ratio of the punping

speed of th o%@?'é's?ﬁdle@ﬂgpthféa&rﬂﬁl éé@ﬁfﬁﬁtéﬁd@@%oﬁfmé"@ukﬂaﬁ} Burkp t8nd
the punping speed 150n8/ hr of a dr vacuum punp as the main purip at the

inlet 20 prebssuiangdia20f the main punp 20, and the consuned el ectric

power. In Fig.1l5, a dot-dash line (- - - -) shows the consuned electric

power of only tWithrraferepgare Big.13 andi&ig. ¢5s §e§16é@bp9nwwntl@mnéatﬁw 68Nt he

Phe power " oo eBigitesl Altne Sudningereh PRl 11256 BF of o B BPiHE Aulin BURE TG er °

t he pu n 9 s the
punpk géﬁget Weéﬁ[fﬁ[ﬁZﬁQndzgt tﬁg?nlgfé?;et%@u ld BGofa of the E‘r}]éﬁ@'hﬁ%?%

rel ati onshi € consune power "an ng speed

ratio of the auxibwaydr, BHETRURIANY ﬂuﬁwb%f tﬁ@%@@;&ﬁg's?ieb@ atioFd. a%listarder ihhe
mai n punp 20. The total consumed electric power auxiliary punp and the

mai n punp 2Gidestheapthes autitaryhyurhpestsof the pumpirighspeed tatio 1.2% accordingite
total consuned el ectric power of the vacuum exhaust apparatus. 30 It will be
under st ood fthe@mbrdigent. dThq fesmer |$p§adygnttqggpus§ e the AFaRgEMENt 8PRFR apd 10

glhfg.' t.n é??%fﬁ%@ég@ AR DS HRRTTAS ?%ﬁ@\givnd{s?s{ BraBEREls &R, ‘P‘%Eat N
gy4% X %r%?hhﬂj)L Iar@@ﬂg‘?r@aé‘peégréiﬁ)te@s%ﬂaﬁS% h?h@é”ﬂ)ﬁé‘?oﬁﬁl%cb

1. 2% or mai n punp 20 and at the inlet

pressure 40Qaainfa Vacuumiexhpustrapiaratisvefvietallytiigh aneidy earnsgrvatiorofatehn
punping speed ratio 9.4%is larger in size than the auxiliary punp 30 of
t he punpi ng tepedaerkand the 2uxiisgopempgfitbe pumpiegispepdwatio ovaetiaratior3%s

di sadvant ageoHs in.the arranﬂerren% %grc and energy for manufacturing the
purp. Accor dPAYFSS the eneray copseyafian e§fe| ect the 10 auxiliary punp of the

punpi ng speed raAéQpbf& %gltﬁé%oﬁﬁ’?{nghr‘r'ﬁ 45 the cBﬂ%?h@deelé éic‘b%‘;l/@érr?%élﬁféﬁuum |

exhaust appar atus o ener conservation ra
hand, thg aworizoatal d@wmsfa‘nttvhmurpmumet praedre Adrige belew i DPal Thab midéns

reduces the energy conservation effect.
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 proportionzal 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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As shown by the solid line in Fig.12, the consunmed el eciorApRripeswsr 1 s al nost
15 hori zontal or constant within the inlet pressure range bel ow 10Pa. That
means that the conpression work in the punp chanber is negligibly snall at

such a | ow  Siis.£tinRLERSHHYBaie e pBWeR whiEPis Xyl th EmERRaNIEAoRL BF i ©

power is equ he nmechani cal oss of the I'n punp he consuned

el ectric poweairgpa@sipard,\cannet Bevptainkd ontthe tiradieapresélrd.ncr ease of the
inlet pressure of main punp 20. That nmeans that the conpression work of the

| ast stage of thEigrt® ishpwisptheopwinpity speet ehawadterisiics gluthiei vacuume axbagsise

fl ow back, cones to becone renarkable. The consuned el ectric, power of the
mai n punp 202RPRATBRSHBE fheoﬁﬁlquﬁnﬁﬂbﬁlﬁﬁgﬂd ﬁ‘ﬂ% gws. thah e iligny PUmp i der

to obtain the consu e i i i i
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pressure is mh.thahwnmmsme@xnprr@paméﬁ of the auxiliary punp is equal to

6. 5kPa to 20kPa. Wen the auxiliary 30 punp has not the capacity to exhaust

the gas to the prssulﬁrreatﬁfpneesgs.tretwt)a/thetap@azatuamimnhma}m@%y PORTReIS impeoved

oo 20, cantiol PBARSERH BHCORPEHSOR ity ideb O 1S eaparates gttt Ronaucha
in ee a CLSLI .

ot welt - CHERSTTA MebRS i Blelsi oAl BhitiR UstroaRRYIR R Qoo of

dot - dash | i ngeshis ptdiuré Bettiald UnpROTPahd sbahe ¥oRMne EHRidHOYHAEb&peed
of the vacuum exhaust apparatus with auxiliary punp is higher by 10% than

t hat wit houtrisére Ehexeffective gunergy consenlatiometan pe ebfained afs theevhplpaeauus wi t h
the auxiliary punp is inproved to 1 Pa from2Pa in conparison with that of

the appar at u8X Lﬁﬁ@wa{ﬁysaﬁ\ﬁh ther JUXitiarypRIFAP. FifafORBHRED 1 HBRrF ARYYEseLaflas
Low aount, G SER58E, e o HEA G el B he RS ol BB T
conservajg oningp%vgg. obt ai ned as the whol e vacuum
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 1ic 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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exhaust apparatus. Wth the auxiliary punp, the consuneg g&mthideC power can
be reduced, and further the punping speed and the ultimate pressure can be

15 inproved. Wile the preferred enmbodi nents of the vacuum exhaust apparatus
have been qﬁééééé?#tjjché(ﬁib'e@é'r@@éeét%lyesgcﬁ‘bﬂl ba8eeburit@f thwaexikaylduep B0 the
art within the scope of the present inventiVe concepts which are deI i neat ed
by the fol | changescwin rthe 2imbBer ofxthepdreienansimgiuenplr30A 20Buangdu@@Ci Jhesed

as the main punp 20 in the above enmbodinment. Plural multi-stage Roots-type

TR ety e ek b ool
u i

punp is conr‘ﬂeccgpgga ‘Bl{%%ﬂym ?ﬁée 'f'vefrh@aén R{jf‘hpsﬁﬁg méﬁ% 20. However, Y
plural main punpg 0, r’r%ﬂ?&eoﬁﬁ% facuufy ﬁ%@gdg?af s of i ePBoRMITBet €d

in parall'el with eac e main punps are

connect ed t qjeegibad h detdily wthnieféience fo tHdeacihprexpXasid gharafuecdf Fighves 28a,
28b and 28c are connected to the respective main punps 20A to 20C Furt her
val ves 1la, 11b Aenltbeanacusonn@otessingt ceambehelaixi exkaustedinfro80 thed t he
check val ves 28a, 28b and 30 28c, and the mai n punps 20A, 20B, and 20C are
connect ed t RHNOSPBEE LY RBUYRRUE Fhawe %P%Qﬁispﬂgcﬁé%lthﬁ auxdiape pymp 30

respectively, X t he
nurber of {18 a6 b8 R g mAinblie T S 6bBha B e SREDEETVHeA R
(rotatigpal spRessd Ha”@a fibdance

W th the nunber ofnte %ﬁrgrf‘?@g%mr?aﬂ%ﬁg %A@?QSEE%BQA%‘WP?@%%H hod of

t he vacuum endmrsschedptd aPas tioé ndinspumy @t isostavtet!| anzk driders ¢o ithe dotatiodatt ai | |
with reference to the vacuum exhaust apparatus of Fig. 11. Wen the vacuum
processi ng cif@eseforiexamplghae@eaunT. rt@@p(gmstathmyggh@nbpmeweg@aémhﬂréxﬂ@aust
apparatus 1 rst t driven _and the main

Pt 15" & Mg onedbuts TPRr Fine Fatidle e nris et o, By i o tB ekl by
the pressurﬁ%.ggggg é%h%lprfﬁerﬁh Y@fﬁb‘&@ﬁn%hﬁ rﬁme"rh&shﬁé sfo‘%@%?ﬁguét%apna

t he main pu Isstarted and rven to the rotationa
15 be effected by the drive of only the auxiliary pump 30, wnthout 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
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

24



speed, for exanple, 3600r.p.m to exhaust the vacuum prQCassi RehsChanber 1 to
the pressure 1 Pa. Fine particles are prevented to fly high up in the vacuum
processi ng chanber 1 by the above driving nethod. Thus the sl ow exhaust can
15 be eff ectird bRyist drandrtb¥ienieal &Hcept betheuxvénttg, punp 30, without the small
di aneter by-pass val ve connected in parallel with the main valve. After the
vacuum has r eadfadekbmpie,ebsthe dbove, embedinaent, mftechtnes vaapyrar ptacessidgi s
sequently and stationary driven. At that tinme, the exhaust gas flowis
little and tGR@mbfschas spdehedthe prrdaiermingd gipasidie by the rasedliday GWMP.iet he

il . 30. Th 2 d.el ' f.th h
oY R RS SR BT GBI (b SRR e
di amet er gof {Ae fé?,h% rept'p%e dcudnd 8&953Tr% ch&iRY S ?ﬁ@é‘%e tbfre&élﬁrrﬂh'fé'd' | ary
punmp and sequen? y' that o tY1e mai n punp are smafel . Accordingly It can

be substit utmdsyvrehttfe PitABoRAl SpYBANGH th@uﬁéinqwrﬂg ) aret e sdédntloned ak0am _ 3
/8 inches). The pipe of the above bore can be ent for manufacturing and so
t he manuf acthe gragiuadlyg increaséa froinp éhatovangiatiemal spemd bitheesioak throlipbpet inas
been described the driving nethod of the vacuum exhaust apparatus with the
reference tAACREIANASoMItRethe vaguwp dagree¢fi hej MIHHMoProces$ing cChambernibyed t o
t he above er{ﬁgﬂvr%qér but various nodifications will be possible on 24 10
APRI L 2006 t a "of the technical concept of the invention. For exanple,
in the ove en‘ogg\i,m i mb@r, ed
the pr eigt erm ned pr essLangaggéﬁnggadtﬁ%ﬁ Fg@ﬂ%ﬁ%}%ﬁ ?ﬁtgeqﬂrrgi n pnt}?rpagq ggrit%grted
and t he rot civoided. Othalsettheathatrhpumpt 20 candle stated NdBE0 ds o impdt Hdadetoethe
before the vacuum processi ng chanber reaches the predeterm ned pressure,
the rotati or@MXil@seeUdM¥T. the main punp 20 may be so controlled as to be
gradually increased fromthe | ow rotational speed of the small throughput in
accordance wth the vacuum degree of the vacuum processi ng chanber, by the
i nvent or. 1C[In-5hdé§riél})€ppﬂi€95mty@ressure change on the start of the nmain punp 20
can be “

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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avoi ded. Thus the main punp 20 can be started not so agoheriumaest |oad to
the auxiliary punp. [Industrial Applicability] 15 According to the vacuum
exhaust apparatus and the drive nethod of the vacuum exhaust apparatus,
ener gy conseryation n be re greatly achieved by a sinple construction
than the pri of%Pe ffdeRRdd| ow exhaust can be easily effected. 20 25 10
APRI L 2006 [ Scope of Denmand] 1. A vacuum exhaust apparatus characterized in
that said apparatus includes a nmain punp, a check valve pernitting gas to

flow only in the djregt{Qhum QNALLS SHBSr ﬁh@&%@&@uz&@%e%a&d shid tab?az%&é et
side of said main punp and an auxiliary punp of smaller throughput than

that of sai d pRiviepummatomRegt, edchatk wAra@bbahitting pasaiodlehealy wakie dadctide
outl et side of said main punp and said check valve includes a ball valve
body fl oatfabl @warda thalabmositrbeeonnegied tpathecowsdrtysifie @htssid mmibypuamp exdaarst
gas pressure of said main punp. to open the valve and if seats on a 10 val ve
seat by sel f - WFHRALY BRE®rO s%{vauaxﬁgagg Hg%fsthape@@&ro Saih MALR PRI SoRRgClRd 1D

A vacuum exhaust llgpﬁ'atlﬁllasgalilé cﬂ %t tt}(m)e ouﬁet Sla? opsa | Ch Sg‘%gllpbaréi saA\c/lalggﬁhm

body consi st sPHF oW e and 84 Wi
exhaust appar giiys n?c@&&hfsdé Bal lev%'k%ﬁWﬂ%atJblm GRaBA ﬁuam?e‘%ksalé( FhWRe KRYHELS

of plural nenbers serially connected to each other. A vacuum eXhaust

appar at us accaeyp 8y ag exhaGstajadpdessurebl edid A paenp bﬁi]:vwﬁﬂhe&&ﬂ\da Pditakatyember s
is connected to the suction side of said auxiliary punp. 5. A vacuum
exhaust ajfhar walue seatdor ilhyeigbt wndensaidienhamstdasares st togheseche vpluep

hamb t the latt t d I th 0
Chanbers of (he farngr Vs Shasat APRATTUSHIPERE FaCiaRe L (Al ShuR Haotall he
latter stage 41§e %&?}L J:o%r stt?rghpal_wﬁgw%e t’ahgalﬁ gﬁﬁ‘% ccfattg‘(ggvlthGru& ey.acuum exhaust

appar at us accordrn I'n wh auxi
3. A vacuum exhaust apparatus according to claim 1 in which said check

valve consists of plural members serially connected to each other.

15 : 4. A vacuum exhaust apparatus according to claim 3 in which a space
between said plural members is connected to the suction side of said auxiliary
pump.

5. Avacuum exhaust apparatus according to claim 1 in which at least one of
pump chambers at the latter stage of said main pump is smaller than the pump

20 chambers of the former stage of said main pump so that the throughput of the latter
stage is smaller than that of the former stage.

6. A vacuum exhaust apparatus according to claim 1 in which 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.

25 7. A vacuum exhaust apparatus according to claim 1 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 main pump.

8. A drive method for driving a vacuum exhaust apparatus characterized in
that said apparatus includes a main pump connected to a vacuum processing

30 chamber, a check valve permitting gas to flow only in the direction towards the
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punp is driven at the punping speed | ower than 3% of thaiam{iLaed6d nai n punp
at the inlet pressure 400Pa of said main punp. 25 7. A vacuum exhaust
apparatus according to claiml1l in which a plurality of said main punps are
connected in parallel wth ea t her . and, t inlet side of said .auxiliary
b 1 s connebeutPhEre RuTeelabe s e G Rap BUfgD SR G
met hod for drisd RGBS thANSh i@ A ACS ezl iR
appar at us inc?fvué e%leg tF,rlal n punp connect e lt?%n\?gc u?n prgcesg%rahgg&lcﬁ?ﬁgder,
a check val vecleekmdltd R tBaSodtletl $i0W Bayd maihhewdp! edielrby, tvolvar dsidt hgeuzén 10
APRI L 2006 at nosphere, connected to the outlet side of said main punp and an
auxi l i ary punprocessirsnaidnebertihesbaiated farimathetdtatosphersairdramminaapthemtomspketed
in parallel with said check valve at the outlet side of said nain punp

wher eby, VhenfiEshisgid, aetiliaTy proveissdtivprciathBler Faidevashyst BEPCPoving chamber has

at nosphere or_fr near.the atnosphere, 5 first said auxiliary punp is
driven and af‘teélfﬁgaa?ar?fgémlﬁgg’ég%%irﬁgsaé%%%mﬁ%m %é‘é%hed. a_predet er ni ned
pressure, said maigl pUgR, ﬁle({!fl&yﬁﬂ'drg/iné‘adzrabg@mr@(thgggt L%ar‘éfﬁé’&l{&a&ei‘é&&'ﬂ{“
exhaust apparatus characterized in that sald apparatus 1ncludes a nain punp
connected tO ghatasidMpPRSSRSSintludeshagln, panpheslnatddd €o RE AL b Prddassitd
flowonly in the direction towards the 10 at nbsphere, connected to the

out| et side ofhegaliad, ariheclpwapyveanermaittiaggalsi tar flovpomby iwfthe niirdogiont tomaudsh ph
than that of said main punp connected in parallel with said check val ve at
the outl et0 sidfEespherg gonpactedimibe amtltst s, of iirichmean & WRRCARAAD SIS HEaTE PP
chanber is exhausted fromth t here.or from near atposphere cfirst
cad auxi T ard) SRR BRARAT G S gt PRt R R i SR
reaches a pregdel-gryiiNedt RhESRHIR siddiod AR B HRuh MIREISA WiferPaifll §HERnAL
the |ower speed or the | ower punping speed and the rotational speed iIs

rai sed in acg@ceanaechdhber eexhRs8ed €ronf thdatnasgihem P FEAA Sidag atharbedre, 20

25 30 27
first said auxiliary pump is driven and before said vacuum processing chamber

15 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

accordance with the pressure of the vacuum processing chamber.
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