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&MJ«}Klmmmmﬂwmﬂmn NTI ON Fi el d of »t hesl nvention: The present inveA}Pg%
relates t haust system for exanple, for use in a sem conduct or

manuf act uri ng*gpoetess. More particularly, the invention relates to a vacuum
exhaust system capabl e of exhﬁy§@bggﬁq At gaghghptively large flow rate
e IIE

froma vacuum treatnent chanber or t e. Description of the Related
Art: Conventionally, a sem conductor manufacturing apparatus or a liquid
crystal manufacturing generally conprises a vacuum chanber for perform ng

etching or CVD processinggxcﬁgﬁ%bhbe,gaqug YRGEWPIRHP for evacuating a
and redu

process gas from the vacuum chanber an cing the pressure in the vacuum

chamber toFgquﬁugfdtHglq§:éﬂk£@ﬁgral as a roots vacuum punp whi ch has an
ultimate pressure In am aﬁe vacuumregion is used as the vacuum punp.

When the higher vaeyn | ¥gkeint r eOhi B8R 1o t UFEPa¥BGUUM PUTR SULIL @Sma
turbo nol ecular punp Is used as a nmain punp, and a vacuum punp such as a

roots vacudghpEx Wi sR efgs il Ubkhhplie Pressuitel M 41 ddhe cvariittn 6 egi on
is used as an auxiliary punp. The auxiliary punp is disposed downstream of

the mai n prapuaduttestigaed preyvassiat e t heMowien pywgrthéull atche backthe
pressure of the main punp becones a perm ssible value or ower. The main
punp 1 invention relates to a vacuum exhaust system capable of
exhausting a gas at a relatively large flow rate from a
10 vacuum treatment chamber or the like.
Description of the Related Art:

Conventionally, a semiconductor manufacturing
apparatus or a liquid crystal manufacturing generally
comprises a vacuum chamber for performing etching or

15 CVD processing or the 1like, and a vacuum pump for
evacuating a process gas from the vacuum chamber and
reducing the pressure in the vacuum chamber to a
desired value. In general as a roots vacuum pump which
has an ultimate pressure in a middle vacuum region is

20 used as the vacuum pump. When the higher vacuum level
is required, a turbo wvacuum pump such as a turbo
molecular pump is used as a main pump, and a vacuum
pump such as a roots vacuum pump which has an ultimate
pressure in a middle vacuum region is wused as an

25 auxiliary pumnp. The auxiliary pump is disposed
downstream of the main pump and designed to evacuate

the main pump until the back pressure of the main pump

becomes a permissible value or lower. The main pump
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1 00 EC2002 and the auxiliary punp are connected with each ot herl b§EC 2007
pi pi ng, and a necessary val ve device?*is arranged in the piping. The turbo
vacuum punp i ncludes a turbo nol ecul ar punp and a nol ecul ar drag punp,

whi ch have an 5 ultimte pressure in a ultra-high vacuumregi on and cannot
evacuate a gas directly to the atnospheric pressure. The auxiliary punp is
normal |y ddBBosd® fetfiiheryaiRiPRnpr ehROMSC bedi Wdftd | @Chway kYt , or
on 1O a different floor. The exhaust speed éL[nin) of the au iLiaay gunp,
now gener @ 1H188Ire @AY, 2 BESFEFI At VAHY § ATBL6F tife AMANIEIspded RE/ sec)

about 0.2 REBERG- The Hhs | FHEP DurBerL el dvhel y hs T T i Sk ARG

aui 11 ary TersCrd g ERRLE GhBTag T 2 KOkt AL BR Y 2 o o

oS L LAPCEed e Le, Locel e pue ia | DR AR sl Lo, on @

ocat e, DeBiphus, "RAAlHRaInGL B IELELELTY | S otk PLRRBGd LT
pressure.

The auxiliary pump is normally disposed near
the main pump, but may be installed away from it, or on

10 a different floor. The exhaust speed (L/min) of the
auxiliary pump, now dgenerally selected, is such that
the ratio of the exhaust speed (L/sec) of the main pump
to the exhaust speed (L/min) of the auxiliary pump is
about 0.2 to 1.0. The auxiliary pump 1is relatively

15 1large in size and high in cost.

Piping as a connection between the main pump
and the auxiliary pump 1is usually thick piping with an
inner diameter of ¢ 40 mm or more, if the auxiliary
pump is located away from the apparatus unit or on a

20 different floor and the piping is 1long. Even if the
auxiliary pump is located near the apparatus unit and
the piping is short, piping with an inner diameter of
® 25 mm or more is used to connect the main pump and
the auxiliary pump.

25 With such a vacuum exhaust system, the diameter
of the piping and the performance of the auxiliary pump

(especially, the exhaust speed) are determined by the

flow rate of process gas, the length of the piping, and



the auxiliary punp. 25 Wth such a vacuum exhaust system the di andtfeBE{o100?
the piping and the performance of the auxiliary punp (especially, the
exhaust speed) are determned by the flow rate of process gas, the | ength
of the piping, and 2 1 8 DEC2UU2 .~ the perm ssible back pressure of
the main punp. Generally, however, the perm ssible back pressure of the

mai n punp RBSns RRFBLGSikdie unbafk hPBEeRUBLesUE e EORII tTBRE, Pump.
continuous _run is possible (rated speed 5 can be nmintai ned wi thout issue
of an al ar AFerRlal X dd'QWRYE v ur BBEnoP BEBLES I5Uh® iRAGK s RRRF24rE nafn

punp, for example, it actually occurs that exhayst performapce at a | ow
back pressﬁﬁﬁngﬁhﬂbtp%ﬁpnﬁ?ﬁi nBAT Geford dhet BEEK §§H§§ﬁ?8 r B3&GTESU T Re

perm ssi bl e ressure. A detailed description mﬁll be of.fered éater
Phé e

b .
or W ih refQRaicqE & BT buRST S o diP ] NLPHE actEGRd SBe
Sonconducig, rputge o popiah o1 L S 57 Vatal amytactuin,

appar at’us, ore, ici ént ma or pe? N s8i'Bl e

pressur e of 1he PRLOCPUR: s bl 6LL-S ! Il b eilipust dRerLonmege oan

be done. Consequen er of t pr ping i ncreases. 1 n an exXhaust

system usi pupl Pl BN e sYEN a1kar 4R iAMDY elocbhrisne il Nelifah 889,

the piping 207itself occuplies an expensive space In the clean room

i ncreasi ngpbhe GeR B ef apl %ntl@ﬁub%ﬁn?réébﬁf@ easth®f KeNMERLBhed
| ar ge- di anet er piping, straight pipes 4a, 4a of a |l ength adapted for

on-site copdifbirensthed wack! foveddueenstedcheby théepkfiviss OP1B As&ck
prepared 25 and wel ded beforehand, as shown in FIG 21B. This requires
conpondént spsecis e t heh ellbaw idlxd | deseadiptgidiewpldc Wenefif ecest katder
handl i ng cost. Furthernore, advance inspection of the workshop is
necessary, oanyixh reference to FIG. 6.

When a pump is used in the actual semiconductor
manufacturing apparatus or liquid crystal manufacturing
apparatus, therefore, a sufficient margin for the

15 permissible back pressure of the main pump must be left
so that full exhaust performance can be done.
Consequently, the diameter of the piping increases.
In an exhaust system using piping having such a
large diameter, if the piping 1is 1long, the piping
20 itself occupies an expensive space in the clean room,
increasing the costs of plant equipment. 1In the case
of conventional large-diameter piping, straight pipes
4a, 4a of a length adapted for on-site conditions and
an elbow 4b constituting a bend portion B are prepared
25 and welded beforehand, as shown in FIG. 21B. This
requires components such as the elbow 4b, increasing

the procurement cost and handling cost. Furthermore,

advance inspection of the workshop is necessary, and



18DEC2001 | arge expenses have been invol ved for operations in addiL@ ;ﬁﬂ
wel ding work itself. For |large dianeter piping, a'bending tool suc

bender cannot be used. Even if the tool is usable, the resulting piping
poses 5 a problenlabout strength. The sane is true when a flexible tube is
used for glng to be assengfed at the wor kshop.., SUWARY OF THE | NVENTI ON
10 The pre]s ¥ nGERENGT Shast be’en bd%%’érrp‘rri”é‘%ﬂefio BFveCPRE For DI nin

bl t of th t d haust t
Whi ch can $84RFIET2P reatERiGh w&&; 23.V'ng%.orre %.”r‘r‘ge”é Eé&%é? e =
sinmplification of pipin dconstruc ion g q% g SO on. t rst ect of
the. present Pm)gm.%ﬂw% ZRGa N eRREd 5y BRI BG4 ROt a2 Fadtit

hanb t

For oxnaustTag i boELa hatsor b o°rté%ucﬁveﬁs§&£%?%a£eéi RS
chamber, to, nﬁdre Shig pasaagest% AL1 aryn BuP, gLSPRged: founslpegm Ly om
t he naln pu and pi pi ng conn ing t Wherei n-an outer dramefer of

connect | o PLRAG A% yE008°cH O PELIGED LIP FBI BoPUTR: A bhe A hLary
d'a

punp is 1/2 25 inch (12 or |ess, | ength of the connecting
pi pi ng andygapabidd !y of the aUX|I|ary punp are conbi ned so that a back
pressure of the main punp becones 5 Torr or nore. 4 1 UUE C 2002 The
background for establishment of the concept of this invention will be
descri bed. The rel ationship anong the pressure before and after the
connecting piping, the di an@UMMA®Y tdEe PHPI OYVENTIORe | ength of 5 the
piping is generally expressed by the foll ow ng equation (1), provided that
t he cdfnecting pi pThg iprasentai jhvepitgen has been accomplished to
solve the foregoing problems. An object of the
invention is to provide a vacuum exhaust system which
can realize cost reduction through a saving in entire
space, simplification of piping construction work, and
15 So on.
A first aspect of the present invention 1is a
vacuum exhaust system comprising a wvacuum chamber,
means for introducing a gas into the wvacuum chamber, a
main pump for exhausting the vacuum chamber and
20 reducing a pressure of the vacuum chamber to a desired
pressure, an auxiliary pump disposed downstream from
the main pump, and piping for connecting them, wherein
an outer diameter of connecting piping as a connection
between the main pump and the auxiliary pump is 1/2
25 inch (12.7 mm) or less, and a length of the connecting
piping and capability of the auxiliary pump are

combined so that a back pressure of the main pump

becomes 5 Torr or more.



T~ D" plz _p22 10 ~~- Q... (1) 12 s r~L 2 where Q flowrate (R ﬁﬁgﬁﬁz
of gas introduced into vacuum chanber 15 D: inner dianeter (m of p
l ength (m of piping P,: back pressure (Pa) of main punp Pz: pressure (Pa)
at inlet of auxiliary punp P2 - QS if the exhaust speed of the 20

auxiliary punp is S (nm3/s) r~: coefficient of viscosity (Pas) of gas
i ntroduced i nto va&t€m FBEPUALS fRE t REL 34 BS hRERtWES th@ é¥HHE%PFn t he
25 vacuum t

ea nent ., chanber f d. at
Fater “the St Fdyl BAGR b sBie lo e LABCeT T7Efhr t he M Ee Lo 1CAEH bBas

shown in Table 1, .provided that the_|length t | pi s _set
consi der at3BA"Ef Fﬁgllﬂﬁ%ﬂﬁ%f?on ggﬁ&qn(ﬁﬂ§ rﬁf%% €g80n98&ﬂ%é§ﬂn9nner
dianeter is,25 mmao this 5 - Z0 . orf .or
more is surpardn s s Rebaids e FiBikl MRE €I 18ngckTos
5 the piping 1is generally expressed by the following
equation (1), provided that the connecting piping is a

straight pipe.

T D* P2 ~ p,?
10 - : = 0Q ce. (1)
128 nL 2
where Q: flow rate (Pa'm’/s) of gas introduced into

vacuum chamber
15 D: inner diameter (m) of piping
L: length (m) of piping
P,: back pressure (Pa) of main pump

P,: pressure (Pa) at inlet of auxiliary pump

P, = Q/Ss if the exhaust speed of the
20 auxiliary pump is S (m’/s)
n: coefficient of viscosity (Pa-s) of gas

introduced into vacuum chamber

Assume that an 8-inch wafer is etched in the

25 wvacuum treatment chamber. When an N, gas is flowed at
a maximum flow rate, the main pump back pressure
calculated from the equation (1) is as shown in Table 1,
provided that the 1length of the piping 1is set 1in
consideration of the installation conditions and the

30 conventional inner diameter is 25 mm or 40 mm. In this



back pressure of the main punp. Table 1 1BDEE4MZ
BackFl owRoughi ngl nner Lengt hpr essur er at evacuum punpdi anet erof I nstal | ati ono
mai nsccnexhaust of pi pi ngcondi ti onspunpspeedpi pi ngL/ m nnmmilor r 7003000252 Sane
fl oor, about 0. 8appar at usnear 7003000255Sane fl oor about
1. 270030004020Upst ai rs, about 0. 9downstairs 5 Table 2 shows the results of
cal cul ati on?#fde MPhe PANSIOLR ahBt EPIHII R i BEnd IS REFMAS SERAEI |
val ue of ~ 10 mm under the_s conditions so that on site piping assenbly
work can H%aﬂgnPFQ§ﬁ%¥?e°5iSﬂﬁb’T@lﬁsggﬁﬁTy refers to a method by which
pi pes are bent at a site, where the apparatus has been or will be
installed, by use of a pipe bending tool such as a bender to conplete
pi pi ng at iggl%iag. For exanpl e, assume that a vacuum chanber 1, piping 2,
puAp—3 j

and a main of a-va Ist systnn1aLe_LnsLaLLed_gn_an—uﬁper
floor, whijle anjauxiliary punp 5 is ipstalled on 6 1 8 D KL 200l
Flow | Roughing Inner Length pressure
rate | vacuum pump | diameter |of Installation |of main
sccm | exhaust of piping conditions pump
speed piping
L/min mm m Torx
700 3000 25 2 Same floor, | about 0.8
apparatus
near
700 3000 25 5 Same floor about 1.2
700 3000 40 20 Upstairs, about 0.9
downstairs

Table 2 shows the results of calculation made
when the inner diameter of the piping is set at a small
value of ¢ 10 mm under the same conditions so that on-
site piping assembly work can be done. On-site piping

10 assembly refers to a method by which pipes are bent at
a site, where +the apparatus has been or will be
installed, by use of a pipe bending tool such as a
bender to complete piping at the site. For example,
assume that a vacuum chamber 1, piping 2, and a main

15 pump 3 of a vacuum exhaust system are installed on an

upper floor, while an auxiliary pump 5 is installed on



a lower floor, as shown in FIG 20. In this case, a bend portion Bis
created on the spot by means of a bending tool, such as a bender, tbt DEC 2007
conpl ete piping, as shown in FIG 21A Such an operation involving bending
5 on the spot is necessary in nost cases even when the conponents of the
system are arranged _on the sane floor., For _on-sjfe piping conpletion, a
fiexible tdibéO bﬁ@?efdf i A5t QWP erl i Ef&t-ers Bf coﬁhegﬁ% bREeng s 1/2
inch (12.7 or less. 10 Table 2

Fl omoughi%%n&r%hwﬂl ﬁ%td‘lsl atF6ABESkr 8fevhRGurfipot by means of a
punpdi anet.er of condi t i onspressur esccnexhayst of pi pi ngof .

mai nspeedﬂ?%’i‘ﬂéBgrrptL? AMPAFGt r 79030 %;gﬁmeq?(:f)o%g?‘gﬂrgﬁte piping, as

5. Oappar at r 2QO0 10 me fJ ograbqut . . . .

7 07063000530 ipari FEC AbadProwtStal r 415 0 SFHA 2B Y v a8 8L ¢ ha
when {he aUki Ll Vo RUM |8 iflalLgdyneny Lhe APRALALIS WL dRehhe piPi ng
| engt h™ of mther ebetween, ‘a nain pgnp aving a perm sSi bl'e back presSsure
of about % dppbnkhiiecessant (W doupshee e PLRLRICHO ik | S8Rk dhawter 7
18DEC 200% gf ~ 10 mmor | éss. Whé% tﬁgﬁggiglﬁafy Sﬁﬁ% ?gﬁinstal ed

apart fromréhe appaf 8EUS G h§e AFLdL 980, Of hQ .ARPRE akhb ANdahhepe
auxiliary punp are installed upstairs and downstairs, and the pi ping | ength

is 5 m5 anged0im tRepecitere! HiametRN PEMRINVEREiAgPY I By blie back
pressure of about 7 Torr and 15 Torr, respectively, is necessary to

downsi ze timechi gilrkg T ommh bmndresk aneter of QLO nm or | ess. The present
invention is based on the above 10 findings, and conprises a conbination of
a pi plfAg path having a piping dianeter nade so small as to enable onsite

pi pi ng assenbly, and a vacuum punp which can be run while maintaining a
necessary Babkepressure of the main punp anticipated for the small dianeter
pi ping. 13 A sefond aspect of the invention is|a vacuum exhaust system

conpri si ng Fd°VarRemdteiignber , | Fiats f of "eR¥tbducitAgtal s oinng Baghe vaclium
chanber, a main gu for exhpusting the vacuum|chanber and reducing a
pressure gf % Re| V4T R ¥ 5 dpsf red pr ¢ SEBPES B an| BEXFF15T v | punp
di sposed cg&gstrgxngggon1the gpin punp iaﬂg pi pi ng for connag%ing £p§m1
wherei n ar “Gitef S & Aiet er of connecti18 |ﬁfng as a connect { on befWedn the
mai n punp |and tng auxiliary pymis a| val ue which enables thg,gonnecting
pi ping tobe assenbl ed by on
L/min mm m Torr
700 3000 10 2 same floor, | about 5.0
apparatus
near
700 3000 10 5 same floor about 7.0
700 3000 10 20 upstairs, about
downstairs 15.0

The results of Table 2 show that when the

auxiliary pump is installed near the apparatus with

15 the piping length of 2 m therebetween, a main pump
having a permissible back pressure of about 5 Torr is

necessary to downsize the piping to an inner diameter



25 site piping bending, and a length of the connecting piping and
capability of the auxiliary punp are conbined so that a back preséJ}gﬂbmm
the main punp becones 5 Torr or nore. 8 ~ ~~ 0 E c zoo2 Athird aspect of
the invention is a nethod for constructing a vacuum exhaust system

chanber. @ fraif B or SR T ng ¢ M Phcuiies BHAddar Sha PLBECI A0 &
G Sposea AONATHLAR, 1HH Ene ardh n ems PRGBS raPs o7 LoRAR | RySeem
Qﬂifai:.sgr y P50 1L RS e oty I tsfﬁ%tip?%a.“@nﬁsgéﬁﬁam%?gl ﬁfﬁagggfffﬂﬁl N
R R e 2 s s A

stati ogary, fy adeg ar [,)\qngegegkte%rtriq;éaiy; angd af, 1%, : eglatm Paly g t e bl ade

exhaust portion nmay be constituted as a dianetrica ade exhaust™ portion

havi ng prqj&aehi ossnand glepkepHnpufor prd dub @t heasdr Pngnefl ©0PPosed,
surfaces of the noving blades and stationary blades. 20 The use of such a

new type cfedpébeivaquum psinpectRicdarty ©6Sabkins {He PEREOPDR B§abbe sgxhaust
action even relatively high back pressure conditions. The nmain punp may be

of a w de iarartjpam@dmngod Yl eagimgbeovieesexhaust portion in addition to
t he bl ade exhaust 25 portion. A valve elenent for covering an inlet
openably and cl osabhg, mndsantal iavemtieomechanilsas&dr openthg aathosiensi ng
the valve el enent may be provided 9 1 EE DE C 2002

10 findings, and comprises a combination of a piping path
having a piping diameter made so small as to enable on-
site piping assembly, and a vacuum pump which can be
run while maintaining a necessary back pressure of the
main pump anticipated for the small diameter piping.

15 A second aspect of the invention is a vacuum
exhaust system comprising a wvacuum chamber, means for
introducing a gas into the vacuum chamber, a main pump
for exhausting the vacuum chamber and reducing a
pressure of the vacuum chamber to a desired pressure,

20 an auxiliary pump disposed downstream from the main
pump, and piping for connecting them, wherein an outer
diameter of connecting piping as a connection between
the main pump and the auxiliary pump is a value which
enables the connecting piping to be assembled by on-

25 site piping bending, and a length of the connecting
piping and capability of +the auxiliary pump are
combined so that a back pressure of the main pump

becomes 5 Torr or more.



integrally with the main punp. Wth this construction, a single vglxﬁ
devi ce can concurrently function as an openi ng/cl osi ng val ve (gat EQ@WZ
and an openi ng regul ati ng val ve (APC val ve). Thus, an exhaust system5
around t he chanber can be constituted conpactly. A heater for raising the

tenperature of piping. n rOV|§ﬁ9 an arbitrary ,position_of, a_piping
portion which connécg§Jt aﬁhetHé“ﬁ%&FFPQrﬁjbd%pmeVWFﬁit%

vacuuntexhaust syst.em of the i nvention, .10 th gre sure between .the nai
Wi

purp and (REHEKTT a3 pufip MR cGHBEHLS wi ' e&bnv%%tpae@l%cuam
T

et ween thE- RV pURBERE  nECHA | Eary BURBOHS Havenc Sefoghlhg ohiEne

i ke of the. 15 LRGN | S, e LGl ¥anEo 4, tseemfugt% 0 EIPSLAL LG Lo

t he tenpera ure correspondlng to I on ‘vapor ssure of

exhaust, o5y ghedhi ghar JERpEL AL §'ery§tﬁréyo at, } gas; 4t Olerfrfiook ! 19

trap and a eating tr enovl ng the product nay et ween

the main pugp anddé%ifﬁ%'|b§é%dﬁﬁq) 3¥n50a9%ﬂﬂlaﬁff0§§mbhe&i st ggas
accunul ates in the piping as a soli d product, the aust gas i1s forcibly

cool ed to geWwh@itfdeah i OFrdi | LwoONVardied | pumP} herardibstAnSendd byoa
t hernochem cal reaction, whereafter the resulting nmatter can be renoved.

Accor di ng ¢onhletdaig ouzx haspect svidréhe preasemnéctivnent i papdescri ked akhove,
t he exhaust systemis 10 1f ~DEC2002 conposed of a conbi nati on of a piping
pat h havi ngoangiqti ign db ateeen nede meisngummsand dmebl euohlsaty gssepbl y
of piping, and a vacuum punp which can be run while nmaintaining a necessary
back plessiuseasfsentizl @di hy5 opurpibat pépgated¢ndinge snal | di anet er pi ping
This construction can decrease the sgace occupi ed by the plplng itself, and
sinplify pHﬂr@ asd@ntit e wyrle U4k e PEBR USih t § HE t@FWP Bn thife Beshost far
vacuum exhaust stemas _a whole. 10 BRI EF DESCRIPTI?N OF THE DRAW NGS
onst ucting a vacuum exhaust system, the main pump may
have a blade exhaust portion composed of moving blades
and stationary blades arranged alternately, and at

15 least a part of the blade exhaust portion may be
constituted as a diametrical blade exhaust portion
having projections and depressions formed in at least
one of opposed surfaces of the moving blades and
stationary blades.

20 The use of such a new type of turbo-vacuum pump
makes it possible to perform a stable exhaust action
even relatively high back pressure conditions. The
main pump may be of a wide area type having a thread
groove exhaust portion in addition to the blade exhaust

25 portion.

A valve element for covering an inlet openably

and closably, and a valve drive mechanism for opening

and closing the wvalve element may be provided



The present invention will becone nore fully understood fromthe detailed
description given hereinbel ow and the acconpanyi ng draw ngs whi ch arfeD 52007
given by way of illustration only, and thus are not limtative of the
present invention, and wherein: FIG 1 is a view showng the entire
configuration and Ig out, %fs an enbqdi nent of a,v%c:jjf m exhaust system of the

i nventi on: 13¢9%E 1 bY i Wik hsdch § oAy iRHR howl 1§ Pa oTP e Yt Lon

FIG aA | %0 PR Endii NP af SaCehi PP Hof PEBR =6 R B PP e AR AR

i | i of th ial i,on; i h show h
Ei?ié?’ﬂincé'p%%f%&i@%ﬁ%ﬁ&h@%ﬁgs? BaRD YA PvertTan iR cortet 18gn
. . | / . EC F . .
\émxaaugt ng}éggtéllulr ves%?xt% %ﬁeacﬁér%cex %iu%%)) éyst%%)%‘f EL;‘ ﬁe éls)ﬁ}tl/%lr]l anSH Eiémgw: gg

a CharE/‘SShg\f‘-OQJq} USLnSRRRACUL YRS Bk .oCrPs!”‘é’PE‘#xitc%ﬁa'co‘ﬁ%é'H’E‘lﬁXhaUSt system

5FI G is a view show ng anot her enbodi nent o € vacuum éxhaust system of
the invention; Fl G5, 8/ 2pd -8B gF € L\uiiens, hg%ng@&g%@g@q,_ i ggnt pﬁgiﬁae

t ur bo- vacuum punp tor usein thevacuum exhaust system of the iInvention” FIG
8Abei ng alfiuevhshedigi @8 aessentdml a PRA kirdi f pbldiix fFRodisreat . andi RHG 8B
being a sectional view of the essential portion; EI G 9 is a sectional view
of stillanpbhiarisodhient @inhbetisurgioe vAaUuMpuAp bera usken aheilbyaeyum
exhaust systemof the invention;FIG 10 is a sectional view of

af ur t her enpacipnentwofh t ha et wraos wiac eutnameatp § ps teseiot tbkgadmwve exbanst
systemof the invention;FIG 11 is a sectional view of a

still fufy t héhZ0epbedismere between uthe vasdom punp fordudsie ehevikluany
exhaust system of the invention,FIG_ 12 is a sectional view of an

addi ti onal NSl et Bidhhe FRMBATE&c Ul Punpaf o€ OISes Mt LABRdC UM @R HBRUSt
systemof the invention;25FIG. 13 is a sectional view 05 astil | additi onal
enbodi ment SR aANRE t BY BEEFac uFrhbimpf Br 4$t hgafa 2xhudU V2t BRy of

he i ion; FI G_ 14 | i onal_,vi f_afurther 12 1 8 D E C 2002
2didi 1 onal 2BmbGdi REAH  (RESHHPo. PEANAR burb P or PASE: n P | lim ThE

exhaust sys Of 4 i nti g F i iqnal.. v f; |

further add%ﬁ@ol%alfé{eﬁbggl}{%ént gb t%geYé?go%vlgozflﬁ%]hgu% f%}?&ugég%ns(%%ejcegcuum
exhaustssyshamiafg f hetl Ryerid 00e £5 8. tH0A-4 0dED: flee psiepfih?!‘@lem‘ﬂeeﬂ@ture

show ngnodi fi ed exanpl esof the manner of providingprojections and

depr essi ongao nthd urbempelacules pwPacepbdidigid 0 tdhe tReenkiadiiddEi&h. 17A
tol7E are sectional views show ngother nodified exanples of the manner of
provi di ngpvejpert | ops eamsd Whepr essi obbei n éxteat stbo-gad ecwmar punpoighke
invention; FIG 18 isa view showing still another15enbodi mrent of thevacuum
exhaust sy$EaRYFaERERAvention; FIG 19 is aview showing a further

enbodi nent of the vacuum exﬂgust%ﬁ em of theé{jﬂventi on; FIG 20 isa view

showi ng a still furtiferbdetBodi eFti RAFainfeSRAS NGy EEaR #nd 2

t hei nv tiggﬁ andFI??. Zlﬁ %nd21B are Vvi,ews sh% i ng_ a_bend_ofthe igigg,

FIG 2IAsh g Fhat FitR ¢heTi VERTYoRI dritfer B hBRi¥hg° Ehdti Y 7€

convmﬂlonggﬁaggfnkhe main pump and the auxiliary pump. By so
doing, before the exhaust gas accumulates in the piping
as a solid product, the exhaust gas 1is forcibly cooled
to solidification, or is converted into other substance

25 by a thermochemical reaction, whereafter the resulting
matter can be removed.

According to the various aspects of the present

invention described above, the exhaust system is

10



25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nment s OLBHﬁiz
present invention will now be described in detail with reference to"t %8
1 8 DE C 2002 acconpanying drawings. FIG 1 illustrates an enbodi nent of a
vacuum exhaust system according to the invention. This system conprises a

vacuum chanber 1 for performng, for, 5 exanple, etching or CVD treatnent, a

mai n punp FPRPRSRLuCH pﬂrrp?o@,g%i&atéﬁféué’tfi ng PpPOREssPELE fRBMI%i Be t he
hanber, 1 vi i pi 2 d duci h f th

chanber 1 Pobd™des el Bes Radeans aunF hrdry Fdmpe8 dFEFRIE AATALFEam

fromthe nagn 1gppu f3 Vi a, connect'gg ghgin 4 and a_ag;ed to exhayst the

mai n punp 35GMNAY ¢ b&’&l?b‘?%gsﬁ;r‘ C gu p%?%?sgl ehb?i(a;l? resktife or

el MBS ERREREh A Soand ony oLl 09 navELvES. B fligRoced

in these piping as a connection between

th i 3 \ ili ! di ¢ i neh
or 1 oo HHTRR FREIEIEALN () EHED SnAFE 3 awbrert AELRD .| thEd M°
di ter, i oY i th 0
Mol Ge. an SoRSERMLEIoR REAR ekt A PR et WL POt e

di anet er OFibll?agOi Pifged fi,S siml!  sARAOVEF., BRApPSinie PAPEBALASSENHbY KIS

inf
possi bl e, thus reducing the equi prent cost markedly. The perm'ssi bl e back

pressure otheheHuroadd ivarudowauh 3the abdteast thEorvaculins dxi®aswacuum
punmp 3, as shown in FIG 2, has a rotor (rotating part) R and a stator

(fixed parsysSemwusedai whicdee a cylindrical punp casing 10. Between the
rotor R and 14
10
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are

15 given by way of illustration only, and thus are not
limitative of the present invention, and wherein:

FIG. 1 is a view showing the entire
configuration and layout of an embodiment of a vacuum
exhaust system of the invention;

20 FIG. 2 is a sectional view showing an
embodiment of a turbo-vacuum pump for use in the vacuum
exhaust system of the invention;

FIG. 3A is a view showing an essential portion
of FIG. 2, and 3B is a sectional view of the essential

25 portion;

FIG. 4 1s a graph showing the performance of

the vacuum exhaust system of the 1invention in

comparison with a conventional example;

11



1 8 DE C 2002 the stator S, an axial blade exhaust portion L, and1a{f DEC 2002
di anetrical blade exhaust portion L2 are constituted. At upper and | ower
ends of the punp casing 10, flanges 12a, 12b are forned. To the upper
flange 12a, the 5 piping 2 extending fromthe vacuum chanber 1 to be
exhausted is connected. The stato includes a base 14 joined to the | ower

S
flange 12b in suchF&Grran%erlsasatSIi’@cF erSRRBLRG: t %\“SFhJéS &S 10, a

fixed tubul ar _portion 10 16 erected aé the center of the base 14, and a

fi xedsi de Por FHén ACTRE SEAYTT OB LERaCS Hort i-BReEL 91 the i amet 1 cal

bl ad haust ti L2, A tlet 17 is | dipn.the b 4. Th t

R {ncl udes a main EAGF 48 Pnsbr PBaTEn e ENSece DRI Er SETT 0 e Shnd 15

a rotati ng, ”ch?{]n\Pé)ﬁ%wﬂﬂ%o vagdé&%egxh%ut&e_é?ggeﬁlhaft 18. A drive notor
or R~ an a

22 for rotating the 7o an upper radi earing 24, a lower radial

bearing 26, and angad al;bearing,28.f %héHEHQLHrP&tﬁQ? :eg:gboédﬁnieﬂtaf%Pls

non-contact nmanner are provi ded on an outer ace O mal n Sha

and an i nnepeSYifALen 0fxhAG st XGfs £ BRULE Y t{RPehfiote axial bearing 28
has a target disc 28a at the |ovier end portion of the main shaft 18, and

upper and | ower el ealgeomaongt Sag8b @B t hersi deialys2S dHwy sH4t Ohndther
According to this construction, the rotor R nakes hi gh speed rotations

whi | e undeggbbdd.nfénve- axf s #Hté | ieucbat ralkcuuloughmtoWE deanisgs 29a tind 29b
are provided at two (upper and |l ower) sites of the 15 1 0DCC 2002
fi xed tuburacupar texmadst GystremppEer thet empent phary FIG L h@Ar bteditriqnga
tubul ar portion 20 of the axial blade exhaust portion L1, disc-shaped
movi nd Obl adésw30s ewihgr ned ieftsgpwisy. portion of this embodiment,
and FIG. 8B being a sectional view of the essential
portion;

FIG. 9 1is a sectional view of still another

embodiment of the turbo-vacuum pump for use 1in the
15 wvacuum exhaust system of the invention;

FIG. 10 1is a sectional view of a further
embodiment of the turbo-vacuum pump for use in the
vacuum exhaust system of the invention;

FIG. 11 is a sectional view of a still further

20 embodiment of the turbo-vacuum pump for use in the
vacuum exhaust system of the invention;

FIG. 12 is a sectional view of an additional
embodiment of the turbo-vacuum pump for use 1in the
vacuum exhaust system of the invention;

25 FIG. 13 1is a sectional view of a still
additional embodiment of the turbo-vacuum pump for use

in the vacuum exhaust system of the invention;

FIG. 14 1s a sectional view of a further

12



5 On an inner surface of the punp casing 10, stationary bl ades 32 g%qg 7
provided in such a manner as to alternate with the noving bl ades 30. ng
of the stationary blades 32 is fixed by having its edge portion pressed
from above and bel ow by stationary bl ade spacers 34. 10 1n the noving

bl ades 30, ere are radjall, rovi ded .i nclined vanes (not sho , each of
oo et AR EEaRaT | SRPP LR s T SHA B T RHoP U3t | ERE JTo% 't e

ing blade 30 and a f 30b t i ph f. th ing bl ad
50 1 gh SpbetnPorABHA T5haR 4oL baNed ot ARVERGACT ipact on gas.

I I h h ~ Ih ' ical .hl ad h [ L2 i
or ovi ded_downst r eabtPromS) LB, 2 HEf BRLCIE S AL Vbl e oAkt PR L1
Near | ing th (=Y bl ad h i L1,. di sg-sh
rovi ny bl W SR (EpBElAmait PR RN RUT RS At o RS

rotatigg ti lug %s@%gédxﬂﬂ 89hai9§:e%h§¥]é’88ﬁlr osf”tfl"f‘&eiﬁ’izseh[’cgd;f”p casing 10,

stationary are prov such a manner a ternate with the

noving bl ades 25 3161@5610h%% thg siagpi Oé‘ﬁéy dbadesn3g | %ifeiwgedsg;wfﬂ'%ng
e spa

its edge portion pressed trom above and bel ow by stationary bla ers

40. Each afodieislati aednphbbade 3F is dRemedpamme 6 ofd 8 PrEvad
hol | ow di sc shape. As shown in FIGS. 3A and 3B, on the face side and back

side of thersfjatitdry Ahadedddresd icuhs (Vial uke)tdirBgemode i Bapr pfpd
froma central hole 42 to a peripheral edge portion 44. Between these 5
ri dges 46,agroondéengi&areheoimecenfThenspiral ridges 46 on the face side
i.e. upper surface, of each stationary blade 38, are fornmed such that gas
mol ectPes flow i nWBEES -as1i7Adi tat etl7By areolsechirowlB, viiews cehdantegwi t h
the rotation of the noving blade 36 10 indicated by an arrow Ain FIG 3A
The spiralotr8gesm2didi@the aeRPIEGe, Of e thundtarReFracef oPreyciiing
stationary bl ade 38, on the other hand, are forned gych(%ﬁ;%ggas nol ecul es

f1ow out wRTPIEStilNTaRRE BYRF e heBSarTovt e FRIROCEH Wit P YRE
rotation of .t 5615 nnvigg?blade 36 indicated by the arrow Ain FIG 3A

Such statfﬁ%a bI*&de™3 g;nornally formed as a half nenber. A plurality
of the stationary phades 38 arje asgen) gd t ogano%ﬁ;(?l i ts){__iﬁﬂ‘lt h%ntrgqyliigg

bl ades 36 via the stationary blade spacers 40 suc hat” the 20 stationary
bl ades538 adoihmemyi NG bl adgs 36, A6 @ual t edpREELY argppged apd thene

resulting assenbly is inserted into the casing 10.
invention;
FIG. 19 is a view showing a further embodiment
of the vacuum exhaust system of the invention;
FIG. 20 1is a view showing a still further
20 embodiment of the vacuum exhaust system of the
invention; and
FIGS. 21A and 21B are views showing a bend of
the piping, FIG. 21A showing that in the invention, and
FIG. 21B showing that in a conventional system.
25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will now

be described in detail with reference to the

13



According to the' foregoing constitution, the turbo-vacuum punp of étﬂ N
present enbodi nent has a | ong 25 exhaust path which zigzags downwal I$LZW[
bet ween the stationary blades 38 and the noving bl ades 36 over an axi al
short span in the dianetrical blade exhaust portion L2. Thus, there is
provi ded a turbo-vacuum 17  1f 3UEC1001 punp havi ng hi gh exhaust and

conpr essi oACPRPPEERS AFeMdIS ncreasing in its axial length as a whol e.

25 the i n pump PR 5 bbIMBSERAGRE wih PEPGEEENEo ¢ GA 4VaRFaR T
expl anation Wl be offered in ¢ arison wWth a conventiaopal vacuym
exhaust sy%f(ﬂﬂm‘lﬁgi r?gy%tﬁgn\?grﬁq]f)‘ﬂgﬁgvgeu %uﬁﬂvﬁﬁﬁﬂfa per hf s S Back
ressure o 0.Torr or less..lnt ing, ~4.1S ' ion urve
gf a 10 co (\Jlrgﬁfril%r?a{ vécuH%%élx us?ﬁggét%\gm &nde#ogergg&%@%’h%%i’on?%%l, D,
n, . eThe tio t 14 uti,an LS o ,nat i

par S)mtBerse?%H¥§e% ’arggéggwﬁe&%i Slﬁp 3régﬁggglrtéaa%elﬁ§%l ﬁ]‘%ﬁ}gu?&gylﬁ_the

i nner dia f QP I ~ ; ~10
mmor | eas) o8 i B R e e e e gt B To oo Ehe onybati ansl Yacuum
exhaust syghem@gehibieschambdowar kiine bAdihgy dnavwepg (rsdddidde the
drawi ng). Thus, the constitutional area of 'the vacuum exhaust system

further naprewgur?d of StaeCandudmt tRAAbeUryvet6f at Be siaca@mpexhauste syst em
of the invention in which the main punp 3 is a turbo-vacuum punp having a

per m ssi bl anbaak pr easyr eowip P { bsPoad downerteleamdeéromhetbanmain
conditions (P1'" (5.0 Torr or nore), D (~I0O mmor 25 less), r~, Q. The
const iltut i pnmp rAangéa cohhsctdse isiphagarkaaod tddaptght b exdhawstea
bel ow) the curve. The use of this turbo-vacuum punp nmakes the perm ssible
back pressthe ohaihe pa&inP pdnpumitgher itin hackheongssure becomes a

permissible back pressure or lower, and a flow control
valve 6 and opening/closing valves 7, 8 disposed in
these piping 2 and 4.

15 The connecting piping 4 as a connection between
the main pump 3 and the auxiliary pump 5 has an outer
diameter of 1/2 inch or less, and has a length L of
about 2 m. Because of its small outer diameter, this
piping 4 accounts for a small space, so that the space

20 inside an expensive clean room can be used effectively.
Since the outer diameter of the piping 4 1is small,
moreover, on-site piping assembly 1is possible, thus
reducing the equipment cost markedly.

The permissible back pressure of the turbo-

25 vacuum pump 3 is at least 5 Torr. This turbo-vacuum
pump 3, as shown in FIG. 2, has a rotor (rotating part)
R and a stator (fixed part) S housed 1inside a

cylindrical pump casing 10. Between the rotor R and

14



~ 0 OEC zooz conventional vacuum exhaust system as shown in the draw ng.
Thus, the piping length L can be increased, and the exhaust speed B0 L 12602
auxiliary punp 5 can be decreased ( ~ 0 in the drawing). 5 As shown in FIG
5, noreover, the above turbovacuum punp can be operated, w th performance
such as exhaust speed and achi ev.ablll_e ge ree og vacuum bgi.ngll1 nﬁi nt ai,ned,
even when tHe BAALE P eSsurdh | & ¥4 rob L adF t AXB 205 v eRPESHE™ t Tir bB2fol 2cul ar

havi ng, a 1 i ssible b f3.QT t he . ot her . hand,
Pho. exhoust - SREEHTER b BAGK Gr BSOS bf BTt 1907 s bkh SUEE LERTED hat

back f 0, | LSl f [
Accar i g . PRESFactiih SRt 2308t ih 15 BoRaMIR (TR BT (F) 5 SRR Tgi on
of auxi!igfy, punpygxnaust £pepdas | BPathiCulgiler Gasingeducid on And

space savihg bf e vacuum exhaust system can achieved in addition to

t he degfea%@r%ﬂgt ihg géﬂ@gdqg@mf%m Ocher dvanifyes, set:ha% sigyce,dhe 20

auxiliary ownsi zed,” the auxiliary punp 5 need not be iInstalled

in a remtgpihkicby SRACL gHEk tasg downst airs, but can be installed near the
apparatus unit or near the main punp 3 (wthin the apparatus unit).

Therefore, as showihin dit&xof, 4 hgnauxidéary A5apemMm 6 gaAnkel i st alhed on
arelatively narrowinstallation floor. Thus, a marked saving in space, or

uni tizati onowet thea@ykausisystremseah be reanmad. dd Cio 8Acrer 8B isdow
anot her enbodi nent of the 19 1 8 UE C 2002 turbo-vacuum punp usabl e as
t he mai n poopt3mofof heheacpumpexdesishg syt emaoff ixedi rudntlian. porttivs
punp, spiral ridges 50 are fornmed on the rotor side. That is, the spiral
ri dged 050 he eefreatetl i atoutlee eyt eor piforish® bRsthel 4acarsl de ik edck
side of a noving bl ade 36. Between these spiral ridges 50, spiral grooves
52 are forfrbde DL GIPRaOL ofhe S%6kabnhApds 2Eh38Sits RPRF 28Nt dibea R at .

The spiral ridges 50 on the face side, i.e. upper surface, of each i ng
bl ade 36, &Re %&@ﬂﬁf%hﬁﬂll@]{andﬁ SégwfecBnglﬂrbv;‘Uutvéﬁd?uﬁ eitn(rjrfzat ed

by a solid.arr.ow B, .,in accordance with t rotati f, .t i 36
Chabcared be SREmEbuIn i eASg AT dn. By Fio¥dHoR g ik T dBK L A0 A P o
i.e. |ower a i , d; £15

f ormed suciﬁgﬁgtqg%sgﬁgﬁg§%¥£gy??gmﬁ%ﬁ€£¥§§ égnTﬁggﬁg?Eﬁﬁﬁggg égéhéﬂﬁgrrow
C, inigccogdansceawihly t hapwlati gpoptibhe povi Agthicanted 3G nditcat agh by t he

arrow Ain FIG 8A
shaft 18.
A drive motor 22 for rotating the rotor R, and
an upper radial bearing 24, a lower radial bearing 26,
and an axial bearing 28 for supporting the rotor R in a
20 non-contact manner are provided on an outer surface of
the main shaft 18 and an inner surface of the fixed
tubular portion 16. The axial bearing 28 has a target
disc 28a at the lower end portion of the main shaft 18,
and upper and lower electromagnets 28b on the side of
25 the stator S. According to this construction, the
rotor R makes high speed rotations while undergoing

five-axis active control. Touch-down bearings 29a and

29b are provided at two (upper and lower) sites of the

15



According to this enbodinent as well, a long 20 exhaust path, which zigzags
downwar dl y between the stationary blades 38 and the noving bl ades B6,0ET900?
formed in the cross section including the axis of FIG 2 in the dianetri cal
bl ade exhaust portion L2, as in the preceding enbodinent. Thus, there is
provi ded a_25 turbo-vacuum pu hayi_ng hi gh exhaust and conpression

per f or mancE 1iech il EFeQQQéF$R X@s axial length as a whol e. Conpared

with a wide area turbo-nol ecul ar pu 20 1, ~ E c o, having . a, .
conventional threa Ier@ve“@Bﬁﬁnﬂ°4§%¥icﬁﬁrfﬁpgrﬂUrﬁé?vﬁ ﬁhmﬁéﬁﬁ?hﬁg t he
fol |l ow dyant . _That i in.th i | .th d haust
por t1 on, “cPeRiAie PSTFOtbd2Pn € he thsdi af Alr dEL1Sh M VEen KHE Fotor
dth t at : J s i i i
olastic derorniiron Sumreg fovand Pariss Therae SoaEfomt fos art g an
noreasp Bul ool ihAEeT Shuk e ANdr CaRD BRRGY TS PoASROCT Bhad ALy
conti nuous operation of the rotor at a 10 hi gh tenpe?ature. hus, sta%le

performancgiagied T2 Colk LI APL@EA: ihD yth 04 aRBhNIGAl 4 b1 BH€ a@tNAUSA t e
portion L2 in the turbo-vacuum punp of the present enbodi ment, on the other

hand, eachygkpcl edanmviind OWEsdL8 the, axi ahchi r 8at i @hbebwran dnRry
adj acent 15 discs, so that the shaft and the casing are mnimlly

suscepti bl p1bades) ashi add oadxarmd benpenatiiy eitBangege Thy i D6R, pried Hed
presence of elastic deformation, thermal deformation, or creep deformation,
cl earance fhows abbtlee zhdndgeelblendey sttalll moperfyorhade camaber20 34.

mai nt ai ned, and durability to overload operation is excellent. FIG 9 shows
a nodilfd edIoxanpée fvimg thikddescudmm pdheshoarea nraddallly Tiprpvided

t ur bo-vacuum punp has a val ve elenent 62 for covering an_inlet openably 25
and cl osabRpCldmPd vERTESdr (W frechR@Y B 64 eRsth opégi nghafd cleosi eydehe
val ve elensnt 62. The Xalve drive necgagis 64 is gromided inte rﬂgl¥ W th
the punp b8d@FMefl §CFhfVe RRYWEEN & cBPAbI RV Bf OfpehPng BYEL Periphery

of the moving blade 30 and a frame 30b on an outer
periphery of the moving blade 30. High speed rotations

15 of these vanes exert an axial impact on gas molecules
to exhaust the gas.

The diametrical blade exhaust portion L, 1is
provided downstream from, i.e., below the axial blade
exhaust portion L,. Nearly similarly to the axial

20 blade exhaust portion L,, disc-shaped moving blades 36
are formed integrally on the outer periphery of the
rotating tubular portion 20. On the inner surface of
the pump casing 10, stationary blades 38 are provided
in such a manner as to alternate with the moving blades

25  36. Each of the stationary blades 38 is fixed by
having its edge portion pressed from above and below by
stationary blade spacers 40.

Each of the stationary blade 38 is formed in a

16



1 8 DE C 2002 regulation, and this single valve device can concurrently
function as an opening/cl osi ng val ve (gate val ve) and an openi ng r édgulldt g
val ve (APC val ve). Because of having the integral valve device 5
concurrently serving as an openi ng/cl osi ng val ve and an openi ng regul ati ng

val ve, an exhaust system around the chanber can be constiftufed conpactly.
FIGS. 10 awel42¥sHdW Ot HRAPEMbodiSeRQWBF 1Phd L& bo-géaanﬁn %’érrp.onFl €10

bor 1 on Lot B By  SEAC bARR OB AmE adl I biie tBEnabER Coa bl e & !
di tri | bl h t ti L2, That i .rotati bul i
20 has & (HPEALgrCOVEI B | HHAGEShabf nd i (i 8B4 EDobE OBt | SRR A 15
t f i ddl.e- t] tati t I ti
Rt 13 L AR vy o s DT S M e He T DA
thr ead 01 0pY§4XNGUSt PRELLAL SPRCELESG il ovi R ACCAILl BYaLed i g
etu 0 dr I

construction, “gas nol es are agge or evacuation as a result of

hi gh speed, p ot Q:tﬂé)nsfgfcdé hegEQeor. {nefl Guﬂ]%r%ra tf £RE T, 00VE s exXhalish
ed do a

portion L, Is provid wnstream from a di trical blade exhaust portion

L2. FIG I1g¢aksensd fRgenbad] nepé e reli s @c RS thhreagh 91 aee cihayst
portion L3 is provided downstream from a di anetrical blade exhaust portion

L2. The thread¢ grneaewa Exhaust pagticerdd iwy provigedian ahedsacks si denof a
rotating tubular portion 20 constituting 22 ~$n~~z002 a di anetrical bl ade
exhaust posttomdahcdhatitls, tihmarditation fe tios r espoimgnd ladehe3 6

di anetrical blade exhaust portion L2 in the rotating tubular portion 20, a
gap i 40f or iedibetbsebnbyhemw ciatowg 25 tmb&I&. pbhti ofh20 smirahe roidees
surface of a fixed tubular portion 16 of a stator S. In this gap, a thread
groove exh&fistoporthen Have $BAAavi Agea t HONRK grdoyéassa fd?ﬁec?%‘ﬁhan

outer surface thereof is inserted. The thread groove exhau%t Rprtion sl eeve
58 stationary blade 38, on the other "hand, are formed such

that gas molecules flow outward, as indicated by a

dashed arrow C, in accordance with the rotation of the

15 moving blade 36 indicated by the arrow A in FIG. 3A.

Such stationary blade 38 1is normally formed as a half

member. A plurality of the stationary blades 38 are

assembled to a plurality of the moving blades 36 via

the stationary ©blade spacers 40 such that the

20 stationary blades 38 and the moving blades 36 are

alternately arranged, and the resulting assembly is
inserted into the casing 10.

According to the foregoing constitution, the

turbo-vacuum pump of the present embodiment has a long

25 exhaust path which zigzags downwardly between the

stationary blades 38 and the moving blades 36 over an

axial short span 1in the diametrical blade exhaust

portion L,. Thus, there 1is provided a turbo-vacuum

17



10 is fixed onto a base 14 via a |ower flange portion 58a. The thread
groove 54a is forned so as to exhaust gas nol ecul es upwards by a dré@UECZWZ
action due to rotations of the rotor R As a result, there is formed a
channel starting at the | owernost stage of the 15 dianetrical bl ade exhaust
portion L2, ascending between the rotating tubular portion 20 _and the

t hr ead grcR)%Pexlh%ﬁﬁéggpoPt’-ﬂgn §P‘@é\?(§t58,a%rfzﬁé‘rprd°e£%éﬂ8i et BPFHFTERe gap
bet ween the.tﬂre%d. roove exhaust gortion Igﬁye 58 and the fixed tubul ar
portion 167*HAQY HoE3E NG e buEl ar et LeR9FAi AF o YAPLCenbodi ment,

he di i cal bl h ' d the thread h
por tion L3 ar e proghfed S SVERRBBA n& T n T ne ARFAR Gl Bt Toh. PURCStner e

port i on L _ g n ¢he’d U

per For mance® WERGUC ndr caig v RCKRES il RERGHRe BRSPS R &1
h t j t of 4 hei ti | i -st -

U | 8 EnoSg R O P ek haudt poFbLan Aot

provided, Jpyf)aljet h%ﬁcﬁﬂgﬁea& ce iQBaa di; Rmpet %Caéom_@%%i st

portion L2. Conpared wt above-nent1 oned type conbined with the axi al

bl ade exhapgtuRAr td:MaubRi S0 €8R0AIsTBIY Rr edufesn £ DEnghif acdctial pudp gh
flowrate can be fed in a hi'gher pressure region than in a nolecular Tlow

region in wovehgan @ehmaky ibWed BdERCBIras 1P 68 8sed.Tdt 6 ol IgEws a

t hread groove exhaust portion 10 L3 added as a subsequent stage to the
enbodi nentInf th& dBawlimdg he@resent semoadigstedtytdogradove wxdhauss £ poat i on
sl eeve (a second fixed tubular portion) 60 is provided between a rotating
tubul 4 porenvanzGamal a fiacuunubdehapett i oays6emA t hndaedt gr oot Him i s
15 forned on an outer surface of the groove exhaust portion sleeve 60, and
the thread ¢RBé¥dodehaustPporti®n L3Niks f&)red bet Wdeh t heorBeatiipalibul ar
portion 20 and the groove exhaust gortion sl eeve 60. Thus, an exhaust

channel reTPPFEEAUIPLRALL RENDE alS 28 GOMEHRIINIPR Por iR RAERBRLSLS

t fordi hi_gh h t t b tit d. FIG 15
Shos & LUl BoEDSCRAADURD S0 FARE hep Zerkidth rehEAoP Sil | nbBR: CSHEYS h
whi ch AN [ . | d i 54
25 formed St RPEad HiTeny Siakdte® 08 Blbshd [Py, 2edu¥ (e OLaRNE Paras on
precedsng whage, md¥k p dbapet rigalo limdsrexbaust, My mn 12nis RO Ked as

a succeeding stage. In conparison with the conbination of the axial blade
piping length L of the conventional vacuum exhaust
system declines to a lower line in the drawing (@ in
the drawing). Thus, the constitutional area of the
vacuum exhaust system further narrows.

20 @ is a constitutional curve of the vacuum
exhaust system of the invention in which the main pump
3 is a turbo-vacuum pump having a permissible back
pressure of P,’ (5.0 Torr or more) under the same
conditions (P,’ (5.0 Torr or more), D’ (¢1l0 mm or

25 less), n, Q). The constitutional range in this case is
the area on the right of (the area below) the curve.

The use of this turbo-vacuum pump makes the permissible

back pressure of the main pump higher than in the
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24 18D~C-~UGt exhaust portion L1 and the dianetrical blade e4aﬁﬁ bﬂ
portion L2 shown in FIG 2, the present enbodi nent obtains the follow g 02
effects. That is, the axial exhaust portion delivers its performnce nore 5
effectively in a nolecular flow region. Wiereas the axial thread groove
exhaust portion acts effectively in a pressure region of about 1 to 1,000
Pa, thus pEhYERAG L oPRF AP F A US b S¥STELT | 3% FBGYON orklSinilar to

th t . 10 In.th b nmhodi t, the dianetrical blade.exhaust
port i on LAREELPFo} cdfitivs GRE Boprdihi LRROEE TsG AR BPederdan Sad shapes

formed in on t he statjonar | ade_38,and t he nmovi ng bl ade 36 s shown
o Fros | 1S ahh e BETAERE, BPoR ShShnths mustL TREV WS 187 ahe e o8
17A to 17E, _projectjo and=depr essi o 46, 50 may be arranged, as
necessaryfj%ﬁrS%sﬁggs@E%ﬁg g? f%e§§Spg§EH”%%g$aces of the stationary bl ade
38 andct he novi ng a SUC arra y i fied ppl i ed
in each stage of tﬁé %%1 |%n§$r?%a 'bPddgﬂggﬁggggapdggfggﬂtéégFFéﬁng shows

still anotpgeygbqtifipnica bBe dgweatban, +Ltphifdl £, hRghele uLar daising

the tenperature of piping I1s pro at ‘an ar y position, 1ncluding

an openi ngégh QLRI Y3l 8an®f AckAAIPHNE 4quhrel ceRNefhsudinBige PAFP 3
and an auxiliary punp 5. Wth the vacuum exhauSt system of the invention,

the pressufigihebverid | heven nwiisp I hand pake agﬂéésﬁwepm@ 95 s THEn.
conpared with a conventional 25 1 8 DE C 2UUz vacuum exhaust system
Thus, an exbahst agascdéendattional | dtupbas md Isodw Ua pr ogudp | Nhatr iswy f age of
the piping 4, and may thereby cause cl ogging of the piping 4. To prevent
t hi s, 10he peanésstblie raok ded-essuneseofheéd.0 Torr, on the other
hand, the exhaust speed at a back pressure of 3.0 Torr
is much lower than that at a back pressure of 0.3 Torr,
as shown in FIG. 6. This is not feasible.
According to the vacuum exhaust system
15 constitution with a small region of auxiliary pump
exhaust speed S, in particularly, cost reduction and
space saving of the vacuum exhaust system can be
achieved in addition to the decrease in the piping
diameter. Other advantages are that since the
20 auxiliary pump 5 is downsized, the auxiliary pump 5
need not be installed in a remote utility space such as
downstairs, but can be installed near the apparatus
unit or near the main pump 3 (within the apparatus
unit). Therefore, as shown in FIG. 7, the auxiliary
25 pump 5 <can be installed on a relatively narrow
installation floor. Thus, a marked saving in space, or

unitization, of the exhaust system can be realized.

FIGS. 8A and 8B show another embodiment of the
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5 tenperature of the piping 4 to the tenperature corresponding to theg DE 200[
saturation vapor pressure of the exhaust gas or a higher tenperature.

19 shows a further enbodi ment of the invention, in which a trap 68 for
removing a reaction 10 product is provided in piping 4 between a nain punp
3 and an auxi |iar u 5. The trap_ 68 may be at | east one of a cool j

trap and a-WERPr r’éc{)‘?"“:-‘g %}/‘“Brdﬁ"@gﬁﬁ sﬂéh her pas8, BEREr &3 anogasﬂﬁ
solidifiable constituent of the exh as accumul ates in the 15 ing 4

as a sm|CV%?BH&neX?ﬂP§tcﬁ%ﬁ??ﬂeﬁt DE oA YE £0Br ed I Tort i Sc ted

into ot her subsgance bg her noc enlc
505D

I ction mherea ter %E resul ting
matter carf BBE ATvE hé Zhot X BEGofherk e TPhE To | ahBRE 15t 20
the pi pi bet th d_the | 5 h he t
LEC PP ok e SRAGE | AT BHTRLE SPELhEE Kb ig%s?f %”OE%? Thiers

di amet gr O(gflltilé ”ﬁﬁc’éﬁysﬁ’ﬁgpra ”bacﬁ?f%%‘ 9% £ thrﬁag%' Etbghﬁ fﬁe Si 76

the main punp nl e |ane e auxiTiary

of a yacuusLEQUR Qﬁe@BeE‘éU“éﬁﬂrQ?nt VFE@%EQG g N EM[H()&% a%t\h@s a%" ALY

pump 5. It su ces for the main pipi dianet e inch or less. 26

| B~Ef ; 2001 bt fpe 320 Ws@r%b'c'é Jﬂr&hgﬁ:aﬁﬁ’ﬁ!&%ﬁ?nbl%fdé heg vaguws exbaust
systenlof the invention, in which a vacuum chanber 1, piping 2, and a main

punp 3 aretbnpralflledt on BRHeUpper a1l 0O dgwki 158 agn atiKkl fae BIPe) 3 ..
installed on a | ower floor. Connecting piping 4 as a connection between the
mai n punp Bpped tsher faxel i arfy gaoip hokdnhqrbbader 3di,areter fokmER suweh or

| ess, and has a length L of about 20 m The connecting piping 4 has a bend
porti @@ B,thaAtchgas cmedteadibys nefhswofoat¥@rivbndiarsy tiowl icarcbdasby bender.
In this case, the permssible back pressure of the main punp 3 is about
15.0 Torr.S@dighea REQWI iFar ylpuar & rdaneid -wéhhed ot apf atsdcmnegunpheor a
dry-seal ed vaguum unp IS generally 15 used. Exanpl es of the %éélsealed

vacuum pun‘Boé’u’-é‘ga 686€ v3 udﬁ%ﬁﬁﬁteéi sEVeV\?Qa(ﬁH}?ﬁ‘ﬁu@p 18 ¢ va@fum
bump. and SR8 aBRAA vACHAS punhd ARTeabar cBSPhr BRBRN| g S ne MOVREI 2 ng
purp, i n parFEehi, e et PLALT ARG TR P ARRARTALAT
size.15 are formed such that gas molecules flow inward, as
indicated by a dashed arrow C, in accordance with the
rotation of the moving blade 36 indicated by the arrow
A in FIG. 8A.
According to this embodiment as well, a 1long
20 exhaust path, which 3zigzags downwardly between the
stationary blades 38 and the moving blades 36, 1is
formed in the cross section including the axis of FIG.
2 in the diametrical blade exhaust portion L,, as in
the preceding embodiment. Thus, there 1is provided a
25 turbo-vacuum pump having high exhaust and compression
performance without increasing in its axial length as a

whole.

Compared with a wide area turbo-molecular pump

20



In each of the draw ngs, one main punp and one auxiliary punp are cfﬁﬁ'-%ﬁz
However, a plurality of 25 main punps may be conbined with one auxilV @
punp. While the present invention has been described in the foregoing
fashion, it is to be understood that the invention is not linited thereby,

but b d | UUI t he Such t
are not tob \Blgrllr“?@galfage‘(‘joa¥eéltdéjdh?f RS o é’ﬁﬁr.%*ﬁﬁ&%ﬂ%@r&rﬂéﬁe' ons

killed
'tRZ_GQH"Qr Fhe chight: h%@‘g‘%ﬁll%@I’t&ﬁ&ﬁﬁedﬁ%ﬁ&%‘agﬁf t el "
claims. 28mat 8,8 C G 2001 Mgt o SLALIRG | Snload VEEUUTKIINL, syotem

conpr|5|ng a vacudm ¢ anber nmeans I'ntro gas I N0 sal
vacuwnchaggg%ion, clearance is formed in the radial direction

5 between the rotor and the stator. The clearance 1is
liable to change in accordance with elastic deformation
during rotor rotation, thermal deformation during an
increase 1in rotor temperature, and creep deformation
associated with continuous operation of the rotor at a

10 high temperature. Thus, stable performance is
difficult to obtain. In the diametrical blade exhaust
portion L, in the turbo-vacuum pump of the present
embodiment, on the other hand, each of c¢learance 1is
formed in the axial direction between two adjacent

15 discs, so that the shaft and the casing are minimally
susceptible to elastic load and temperature change.
Therefore, in the presence of elastic deformation,
thermal deformation, or creep deformation, clearance
shows little change. Hence, stable performance can be

20 maintained, and durability to overload operation is
excellent.

FIG. 9 shows a modified example of the turbo-
vacuum pump shown in FIG. 2. This turbo-vacuum pump
has a valve element 62 for covering an inlet openably

25 and closably, and a valve drive mechanism 64 for
opening and closing the valve element 62. The valve
drive mechanism 64 is provided integrally with the pump

body. This valve device is capable of opening

21



a main punp for exhausting said vacuum chanber and reduci ng a pressure of
sai d vacuum chanber to a desired pressure; 10 an auxiliary punp di $8ddéd0?
downstream from said mai n punp; and piping for connecting them wherein: an
outer diameter of connecting piping as a connection between said main punp
and said auxiljary 15 pu I.s 1/2 .inch (12. or. less; and a length of

sai d conndc®9hapittifrg arftPdapalbiilist y ogfl%%??@mgji’ial]i"aﬁ"y REBL8Fe comt ned
so that a back pressure of sai.d nmain pu becone Tarr_ or re., 20 2. A
Vacuum ex TS EFETan e R EERG 5 vABUBRECHATBOF LoRadIRs Y 1V Fri s ng a
dhanber andhEdici A8%a ShocehPaIsy ched T LRI crERDer AR GekPid)
Plepo e B0 JHxk! T &y PUMR dissppsed, fewnstrgam iom sgid 29 Jevihe ©
5 concurrently serving as an opening/closing valve and an
opening regulating valve, an exhaust system around the
chamber can be constituted compactly.
FIGS. 10 and 11 show other embodiments of the
turbo-vacuum pump. FIG. 10 indicates a three-stage
10 exhaust structure having a thread groove exhaust
portion L, provided between an axial blade exhaust
portion L, and a diametrical blade exhaust portion L,.
That is, a rotating tubular portion 20 has a thread
groove portion 54 having a thread groove 54a formed in
15 an outer surface of a middle-stage portion of the
rotating tubular portion 20. At a site on the stator
side opposed to the thread groove portion 54, a thread
groove exhaust portion spacer 56 is provided.
According to this construction, gas molecules are
20 dragged for evacuation as a result of high speed
rotations of the rotor. In FIG. 11, a thread groove
exhaust portion L, 1is ©provided downstream from a
diametrical blade exhaust portion L,.
FIG. 12 also shows an embodiment in which a
25 thread groove exhaust portion L, is provided downstream
from a diametrical blade exhaust portion L,. The

thread groove exhaust portion L, is provided on the

back side of a rotating tubular portion 20 constituting
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mai n punp; and piping for connecting them wherein: an outer dianeLErEﬁw
connecting piping as a connection between said main punp and said Q1 igWy
5 punp is a val ue which enabl es said connecting piping to be assenbl ed by
on-site piping bending; and a |l ength of said connecting piping and
capability of said auxiljary_ punp are conmbi ned sq that a back_pressure of
said main %unﬁlﬁ&ﬁﬁﬁ%F%lTogiaS@ ﬂ?é%ﬂ%§t3.9ﬁrﬁﬁﬂﬂqumr cord@rtuctifg a

vacuum exhaust S%StGﬁ] onprising a vacuun1g€anber

means for _introducing a
ges 1 nto kiR ChafineP S maPA ey 1T tQhanht nﬁlagﬁre&ma%%m
O g 8 BB e, S0 e o B A R U a5
pi pi ng for §9%{%%' ng, them §’8§;ﬁ3’}, %Ocﬂ.f}‘w”&é' HekuEdl Fond gg%%%%ir?é‘i ‘o

bet ween sa?_ mai N punp”an auxiliary punp is asse ed by on

p1 pi ”gsbe“E'g'FBQ-la‘k EB%tViaoCrP“@‘o‘EXQ%St §¥St é‘? ¢l @ FLER C&?' mlar,.gq or
t he nethpd or “constructing a vacuum exhaust systemas clained1n claim
3, whereingupylar portion 16 of a stator S. In this gap, a

thread groove exhaust portion sleeve 58 having a thread

groove 54a formed on an outer surface thereof is

inserted. The thread groove exhaust portion sleeve 58

10 is fixed onto a base 14 via a lower flange portion 58a.

The thread groove 54a is formed so as to

exhaust gas molecules upwards by a drag action due to

rotations of the rotor R. As a result, there is formed

a channel starting at the lowermost stage of the

15 diametrical blade exhaust portion L,, ascending between

the rotating tubular portion 20 and the thread groove

exhaust portion sleeve 58, further descending through

the gap between the thread groove exhaust portion

sleeve 58 and the fixed tubular portion 16, and leading

20 to the outlet 17. According to this embodiment, the

diametrical blade exhaust portion L, and the thread

groove exhaust portion L, are provided as overlapping

in the axial direction. Thus, there is provided a

turbo-vacuum pump having high exhaust and compression

25 performance without increasing in its axial length as a
whole.

FIG. 13 shows another embodiment of +the

invention as a multi-stage turbo-vacuum pump in which
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said main punp has a bl ade exhaust portion conposed of noving bl adeg g 70
stationary bl ades arranged alternately; and 30 1BDf C~001 at | east a part
of said blade exhaust portion is constituted as a dianetrical blade exhaust
portion havi ng projections and depressions fornmed in at | east one of
opposed surfaces of said noving blades and 5 stationary. bl ades. 31
AL AAA A0 A2 ARRIADR bad ANSARR St RPTALRTA dh. RFOXE. 329 AbuAr ad Iast heas, A{
A Arrw*-14§g§g#lg?g)/cém$%sed of a diametrical blade exhaust
portion IL,. Compared with the above-mentioned type
combined with the axial blade exhaust portion, this
5 embodiment produces the effect that a high flow rate
can be fed in a higher pressure region than in a
molecular flow region in which an ordinary turbo-
molecular pump is used.
FIG. 14 shows a thread groove exhaust portion
10 L, added as a subsequent stage to the embodiment of FIG.
13. In the present embodiment, a groove exhaust
portion sleeve (a second fixed tubular portion) 60 is
provided between a rotating tubular portion 20 and a
fixed tubular portion 16. A thread groove 60a 1is
15 formed on an outer surface of the groove exhaust
portion sleeve 60, and the thread groove exhaust
portion L, is formed between the rotating tubular
portion 20 and the groove exhaust portion sleeve 60.
Thus, an exhaust channel reciprocating in the axial
20 direction is formed, whereby a compact pump affording a
high exhaust amount can be constituted.
FIG. 15 shows a turbo-vacuum pump as a further
embodiment of the invention, in which a groove exhaust
portion L, having a tubular thread groove portion 54
25 formed a thread groove 54a of its outer surface 1is
provided as a preceding stage, and a diametrical blade

exhaust portion L, is provided as a succeeding stage.

In comparison with the combination of the axial blade
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109B&10) - 109B& () - 109B& € ) a¥owEOUBRb O HipEVBS the rdbametrical blade
10%& ()-47k! #~\=-) 109< 109B& ()-!1!109BB& ()-/1!10%J _

& ()-/111109BBRSE) -PIFL109&' () -F32 PEABEIY1AB5& B TbLEFPIFRSIHOR AL Y9~ Y 10%

h&l()-F@l&g/ohgf()-psj‘:\e;gg'geoe/%rq%ln@d 1591?aég§ formed in one of the
stationary blade 38 and the moving blade 36, as shown
in FIGS. 16A and 16B. However, as shown in FIGS. 16cC
15 to 16D and FIGS. 17 to 17E, projections and
depressions 46, 50 may be arranged, as necessary, on at
least one of the opposed surfaces of the stationary
blade 38 and the moving blade 36. Such an arrangement
may be modified and applied in each stage of the
20 diametrical blade exhaust portion IL,.

FIG. 18 shows still another embodiment of the
invention, in which a heater 66 for raising the
temperature of piping is provided at an arbitrary
position, including an opening/closing valve 8, of a

25 piping 4 which connects a main pump 3 and an auxiliary
pump 5. With the wvacuum exhaust system of the
invention, the pressure between the main pump 3 and the

auxiliary pump 5 is high compared with a conventional
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10§#<10%B&f()-§Dv "<bC) 10!5 L$10%h&' () -! L$10%hh&:()-YfSlO%)h&'()qﬁ}ﬁﬁpﬂmz
h& ()-f#10% h& ()-!f#10%h& ()- Pz[<bC) 101 0z10% h& ()-1-!10%
h& ()-!"" " $10%h& ()-!" ' "$10% h h& ()-!'11110% h h& ()- 10% h& ()-
~\ ) 7 $10%h& () - 3! #YF GLOYCOCI&' () - 9" m0% h& ()- 10 h 10 h 10 h&&<s10%
h& ()-!n2" $10%h& ()-+wWJ3~\:! $10%h& ()-3!'K $10% h
h& ()-3!j RAPIRRE gD BES §1 EHHRET) - 31TH %Y 00sfR: BFNATSE 09RRE ¥R BEWE[ { Y7!
! build up as a solid product inner surface of the piping
4, and may thereby cause clogging of the piping 4. To
prevent this, the heater 66 is provided to raise the
5 temperature of the piping 4 to the temperature
corresponding to the saturation vapor pressure of the
exhaust gas or a higher temperature.
FIG. 19 shows a further embodiment of the
invention, in which a trap 68 for removing a reaction
10 product is provided in piping 4 between a main pump 3
and an auxiliary pump 5. The trap 68 may be at least
one of a cooling trap and a heating trap. By providing
such a trap 68, before an easily solidifiable
constituent of the exhaust gas accumulates in the
15 piping 4 as a solid product, this constituent is
forcibly cooled, or is converted into other substance
by a thermochemical reaction, whereafter the resulting
matter can be removed.
In the above embodiments, the outer diameter of
20 the piping 4 between the main pump 3 and the auxiliary
pump 5 has been set at 1/2 inch or less. However, a
piping portion thicker than the outer diameter of 1/2
inch may be present, depending on the outlet diameter
of the main pump 3, the inlet diameter of the auxiliary
25 pump 5, or the size of a vacuum component mounted
between the main pump 3 and the auxiliary pump 5. It

suffices for the main piping diameter to be 1/2 inch or

less.
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shows rther e of

installed on an upper floor, while an auxiliary pump 5
is installed on a lower floor. Connecting piping 4 as
a connection between the main pump 3 and the auxiliary
pump 5 has an outer diameter of 1/2 inch or less, and
has a length L of about 20 m. The connecting piping 4
has a bend portion B, which is created by means of a
bending tool such as a bender. In this case, the
permissible back pressure of the main pump 3 is about
15.0 Torr.

As the auxiliary pump 5, an oil-sealed rotary
vacuum pump, or a dry-sealed vacuum pump is generally
used. Examples of the dry-sealed vacuum pump are a
roots vacuum pump, a Screw vacuum pump, a claw vacuum
pump, a scroll vacuum pump, a thread groove vacuum pump,
a piston vacuum pump, and a diaphragm vacuum pump. AS
measures for promoting the downsizing of the auxiliary
pump 5, the piston vacuum pump and diaphragm vacuum
pump, in particular, are simple in structure, and can
be made very small in size.

In each of the drawings, one main pump and one
auxiliary pump are combined. However, a plurality of
main pumps may be combined with one auxiliary pump.

While the present invention has been described in
the foregoing fashion, it is to be understood that the

invention is not limited thereby, but may be varied in
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xY: )/ KOh ) ) o ,
) the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be

5 included within the scope of the appended claims.
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piping for connecting them, wherein:
an outer diameter of connecting piping as a
connection between said main pump and said auxiliary
15 pump is 1/2 inch (12.7 mm) or less; and
a length of said connecting piping and
capability of said auxiliary pump are combined so that

a back pressure of said main pump becomes 5 Torr or

more.
20
2. A vacuum exhaust system comprising:
a vacuum chamber;
means for introducing a gas into said vacuum
chamber;
25 a main pump for exhausting said vacuum chamber

and reducing a pressure of said vacuum chamber to a
desired pressure;

an auxiliary pump disposed downstream from said
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