PRECONDI TI ONI NG FOR VACUUM PUMPS  Rel at ed
[0001] This application is a continuation-in

nding U S. Application Serial No. 10/750
v@ﬁ?f%W@HS"Apparatus and Method for Control, PCE@ﬁﬁWﬂﬁfmo
and Abatenment for Vacuum Process Chanbers, o filed
Decenber 31, 2003, the contents of which are hereby
i ncorporated by reference in their entirety herein.
Field of the Invention [0002) The present invention
rel at esFOREELINE FRECONBITIONINGOFO RACACTUM PIRIPY. and
nore particularly, to a nmethod and apparatus for
providing high vacuumfor mnultiple chanbers with
i nconpati bl e exhaust conponents. Background of the
I nvention [0003] Certain research and manufacturi ng
Redated Applicatighs r € t he use of a process chanmber with
hi gh vacuum The vacuum nmay be required for severa
8eMéns. | Thisapplictiontiancasinuaibis pREsH ©-FealRe TNt S
that could cause a chem cal reaction or physica

drepphigaiod Seiial ot hE7 50,3090 &Sit1BR SA ppaeitdsQHB WethddedC ontrb)
vacuum nelting of reactive netals such as titaniun.

[Funinpemd Abstaee €5, Vaatu PR des CHaBBerk® filéh 54diberaR, 2003,
equi I'i brium condition existing at normal room

alnetintdnarog whith @f ifebly Mncofpd R byGeéRthad in theil dnflkd P PLin.
occl uded or dissolved gas fromthe bulk of materia
(e.g., degassing oils, freeze-drying) or in desorbing
gas from surfaces (e.g., the cleanup of m crowave
tRisIa 9f ehenuGtigrNuUf acture). Vacuumis al so used in
processes where the 1 WD 2006/ 060275

PANU2PS2 00 STREAZSS8AE invention relates generally to the field of vacuum

MO 2006/ 060275 PCT/ US2005/ 042730 FORE- LI NEMMWIHM"WII"W'H'

pumping, and more particularly, to a method and apparatus for providing high

vacuum for multiple chambers with incompatible exhaust components.

Background of the Invention

[0003] Certain research and manufacturing processes require the use of a
process chamber with high vacuum. The vacuum may be re;quired for several
reasons. In some instances, atmospheric components that could cause a chemical
reaction or physical damage during the process must be removed (e.g., in vacuum
melting of reactive metals such as titanium). In other instances, vacuum is used to
disturb an equilibrium condition existing at normal room conditions, such as in
removing volatile liquid or occluded or dissolved gas from the bulk of material (e.g.,
degassing oils, freeze-drying) or in desorbing gas from surfaces (e.g., the cleanup of

microwave tubes during manufacture). Vacuum is also used in processes where the
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di stance nust be extended that a particle nmust travel
before it collides with another, thereby permtting
the particles to follow a collision-free course

bet ween source and target (e.g., in vacuum coati ng,
wonbdspbkRraccel erators, tel evision picture tpeesk005/042730
Finally, vacuumis used in preparing clean surfaces,
by reduci ng the nunber of nol ecul ar inpacts per
second. That decreases the chances of contam nation
(Gstgnee muyst beexiepdedsthatiapariclsmuust wayehbeforsrieqolidas with amdther,
pure, thin films). [0004] In sem conductor wafer
pihEreR By Miting the pastislessto feltow alenllisiap-frérecoutse hetwkéd svurce and
deposi tion and etching operations, prinmarily to reduce
clareet(sien 4t Yaorum Teriingpacticleracesterttors, Elevision piatwe atbies)n,
whi | e described herein primarily in connection with a
siantlbe Mt drusedinarenmingfleant surfaces, ypreduatnigaits, nuirthér b
used in.processes and research activities requiring
angleoflartimpackipey secommk sThef devmasesithe ch@RQ5)f chitemirRabi tel£5n
of vacuum punp design are such that no one vacuum
palerp-shefacebmdies bud prepdratioh ofpurt, thipdilate in a pressure
range from one atnosphere down to a "high vacuum' of
1O00@#Ht on ok semiw@nhducdrtvufen pRidéssing] it R ErHR YR 0
neet the requirenents of sone applications. Instead,

t flmadepbetion aad vehing Wpdratphs, erialagly thesduct binbmfihdtidhCeRE | N9
and ot her high vacuum applications, a punping system
tveatum sysletceshe ibodntion, wiile d8Schbedl Herdi @ HREH1P in SHnkedBBARith
and a secondary, high-vacuum nol ecul ar punp is used.

Thenmi@haicyor diafer @@l Retubig di)%ﬁéﬁ@ﬁ,idi@r B R pfREssEOLAPUMD
or backing punp) "roughs” the process chanmber down to

areschiRW abtBrities BquMTRSS Y 6EthOIbodD 04k 0fvaeuln. after which
t he secondary hi gh-vacuum nol ecul ar punp and rotary

H0005) ar € UBELkehlities 5EVdcBSm bgn H@ﬁ?&%@ dch BhaPh OGRS,
chanber down to high-vacugn1feve S n%edeg for e

uapeas baed bufliA0A 6]l Op&ate AR BsshRrad JASrdS e thc'isw r& W
nmechani snms in a high vacuum punping systemis t%at

;th gl“ﬁi gBR@ulO 0PIy Siofrdh 10w WilhS shefictRSlifife dRe PTG e
requirements of some applications. Instead, to achieve a vacuum high enough for
thin-film coating and other high vacuum applications, a pumping system that includes
both a primary oil-sealed or dry pump and a secondary, high-vacuum molecular pump
is used. The rotary oil-sealed or dry primary pump (or forepump or backing pump)
"roughs" the process chamber down to a “low vacuum” pressure of about 0.1 torr,
after which the secondary high-vacuum molecular pump and rotary pump are used in
series to evacuate the process chamber down to high-vacuum levels needed for
processing.

[0006] One reason for the use of two pump mechanisms in a high vacuum

pumping system is that there are two physical regimes to consider in pumping a



WO 2006/ 060275 PCT/ US2005/ 042730 vacuum In the | ow
vacuum range, down to about 10-' or 10.2 ton, air
nol ecul es interact. Under those conditions, air has
viscous qualities and flows like a fluid, and can
woemnebaes be punped using an oil -seal ed or deyusmbassyso
punp. [0007] At hi gh vacuum pressures the nol ecul es
ar e i ndependent of each other, resulting in
"mol ecul ar _fl ow. must mork on egach nDIecuIe
UFFGFBW {hiedow E@Haﬁntrmﬁgwnﬁa ARAURAY ' 1sl0F dofF. 2 maleRpledi ng
a point of no return (or |ow probability of _return)
inieract s Bdes thasp senditions. i dias Yycops Avpdites i dlews ke a fluid, 4nd
novenent. A nol ecul ar punp provides such a point of
Aen therefgrarhe qUOTGE psitg i @jkserled opfMISERmY™@ry rotary
punps are both used in vacuum punping systens as
BRAOR] ng puidEsh yasuge pesssres thronpleewlgsase indeppudept ofepgh ofber,
confining a volune of gas in a punping chanber that
resultiaglind webl¢aqulay owieA pump masewerkentepthign@lecule. Hénder Ghse
pressure side of the punp. Various geonetric
comfitiqyesir‘atmping” Hrealiypeayiding a pantafyno veiwn Gon lpw ppdability of
i ncluding rotary vane punps and interdigitated shapes
rettua) inragystemn chanactetizetl by aflers mdl@QBOmoGinkens ed nedecntat pumyp
vane punps conprise a single shaft driving a rotor
\wirdvides buct iapgint afiestettrie rot or and vanes rotate within
an eccentric stator. The punp may have a single stage
qo00spy haveil tsubedsiuage and dry seary @ampswrt hoth lieed iavg@um
first stage exhausting into a snmallef secondary
PudPig sydieneatbacidnnPeianisganesl, boeyee df pumppoiely orf confining
'ubrication, sealing and cooling. [0010] Known
GORINGT @hd DRSpuaipinl Harpbe it isreduseinvolknedetbre éxhapsting on
tongue and groove and screw geonetries, and Roots
REEEh pragsaredsidy dTeliepumph Matioussgeomeiclcoifipuratibes e ysef i
nechanlsn1 sealing is instead effected by cl ose
YR} agneh pahpy) eRfuding \Wtidy & atk puniisraps inserdigigaedeshapds yotating
nore difficult to manufacture and therefore nore
Confatalel shifpy are preferred in the sem conductor
manuf acturing i ndustry because they

[0009] Oil sealed rotary vane pumps comprise a single shaft driving a rotor
with sliding vanes; the rotor and vanes rotate within an eccentric stator. The pump
may have a single stage or may have two stages in series, with the larger first stage
exhausting into a smallef secondary stage. The entire mechanism is immersed in oil
for lubrication, sealing and cooling.

[0010] Known configurations of dry pumps include hook and claw, tongue
and groove and screw geometries, and Roots pumps, among others. There is no oil in
the dry pump mechanism; sealing is instead effected by close running clearances.
‘While dry pumps are generally more difficult to manufacture and therefore more

costly, they are preferred in the semiconductor manufacturing industry because they



3 WD 2006/ 060275 PCT/ US2005/ 042730 introduce fewer
contam nants into the system and because the oil in

an oil-sealed punp tends to absorb corrosive process
gasses and thereby degrade the punp. [0011] Severa
wecebusleiies have evol ved for punping gas on aciFRis&Rsharso
| evel . Those include the diffusion punp that inparts
nmonmentum using a jet of vapor to nove nolecules in

t he vacyum chanber toward the exhaust. Gas capture
plafprice fesieh Gentappingnts intodhegystean aethivecanserthntojl if peeit-seatpd
(cryo punps) or by burying the gas under a constantly
JEFPSPRds dO RYSPTR qofTostit RIPces @8 and thedsby tegnls thopuntruir bo
mol ecul ar punps) utilize a turbine-like rotor that
a0Hiler at egew@e}l deshhigeesihave dvelvest fapshpid gecdn omplecular level,
increasing the probability that a nolecule will nove
olhoseinclufiethe Wiffision ptoopdratiinhgeets haeichtog ysingp. j et @hpor to
techni que has cone to be used in applications where
chevgrrhdlenades i the yrduninchbmbdrecwits ehetekiene:. iGas Spture hERhEM
with the back stream ng of any materials used in the
pempyatgolaaddsdryiismentrapment, frédaing mmﬂ)ﬁ@smﬂ%&hkﬁﬁg {18 gas
dry. [0013] None of the nolecular punps (diffusion,
gaderciaphsiadlyateposited idn ofsmetalapabl e of effi ci ent
operation at atnospheric pressure. For that reason, as
68121 i bed Taibopempa(ov achimblbai i Rmps)Sitifikd SturBNAGALRd
to a roughing pressure of about 1 ton to 10-2 ton
ubatagrekeratesgblecidesiinithp extidabt ddebnDMcrbasidgiBE p@¥ AR HPD
by a hi gh-vacuum nol ecul ar punp. The nol ecul ar punp

trheleanfeonitl thomei duabf thie dhambaito %Ak aciBh £SHE. eTioh tecRP thﬁs
1ton to 10"2 torr throughout its duty cycle, althoug

[P o bR irfappficationd Wakksd £184h1h6ss & SiFEAlRLaRE BRIUL §, ar €
known in the art. [0014] Abatement equi pnent nust %e
ipsetdenh withalybaok fkdaitol (7R8y EndtefiRll diell irPfRe pBAPAY Sechdhism:
order to control the rel ease of dangerous gasses Into

tilee tirtpuBHRzah&halén sQry.r €capt ure materials used in the
manuf acturing process. One exanpl e of an abat enent

[0013] None of the molecular pumps (diffusion, gas capture or turbo) is

capable of efficient operation at atmospheric pressure. For that reason, as described
above, a vacuum chamber is first evacuated to a roughing pressure of about 1 torr to
102 torr using a roughing pump, followed by further evacuation by a hi gh-vacuum
molecular pump. The molecular pump therefore typically has an exhaust pressure of
about 1 torr to 10 torr throughout its duty cycle, althoug'h pumps capable of
exhausting to a greater pressure are known in the art.

[0014] Abatement equipment must be used in many applications to condition
exhaust in order to control the release of dangerous gasses into the atmosphere and to

‘Tecapture materials used in the manufacturing process. One example of an abatement



4 WD 2006/ 060275 PCT/ US2005/ 042730 device is a
scrubber, which renoves material froman effluent by
injecting a liquid or gas into the effluent.
Avai | abl e scrubbers include wet scrubbers and dry
wonabbens. [0015] In a wet scrubber, the ppotesSHos042730
exhaust is forced into a spray chanber, where fine
wat er particles dissolve gasses and entrain dust and
particles, removing themfromthe gas stream The
fg¥ice isarigrubbr which emenes material fromtah effluenichatiadcting arlizmisvoe
the captured material. The water may be recycl ed.
[@91] the gifhery Yvaidablaromibbers inghide weiysbmbbers ewt drgl s¢rmitters.

t he exhaust to chemically change hazardous gasses in
tIASEx hausin svetsembbeDrthe mocashbrbrst ivdyrcersinten spaayi chtrybeaf
techni ques to renove the unwanted gasses, including
twheraviite waterghattictss dissdlve gasses wid dnosih daddhd patieks, Fanedvingr
oxi dant, adsorption (hot or cold), and catalytic and
pheas fram the grsesses . ThSclustbinelrseluser ledenl veter Knibem trédiéd to remove
conprise a dry stage feeding a wet stage. [0017]
Theapptuagdomabiad. Avavdtabthey Hehadycld.npl y col | ect dust.
Those traps nay be atnospheric or |ow pressure. They
ifégi6lise a Inid drgscrobbes a@chaybe infe®ed Slo he erhdu¥itb Smically
vacuum system for the manufacture of sem conduct or
whirege hati ddus Basedshie the Rkt s1€arg ABTyREAGBES By usk SVaiSly®f
turbo nol ecul ar punp and a single backing punp are
pechuiqdexto rdin@e theamwantes @isvdsCRCIAdiE hehnal BLIBRSSwMAGUUM
chanber, the turbo nol ecul ar punp bei ng nearest the

weithsutadahideileiic] ofeXidany, AG0HoR (1R 65¢1d) CHRAMRRSic A Eplasma
typically provided on a single manufacturing tool. One

ProcFEReS ScktbeR AR Hisod@¥WE &t EoRpriBEa SQethot %edﬁl? R S,
excess process gasses fromthe exhaust.” If the

gomrpent ey 46 aks am%m&ﬁt LRgly RO ANITIRAE kb gnaly be

punp, currently one abatement Unit is required pe

GRAGRRErc driiow PRssARATRBE Rhy QW fAfr bS kRspheric, i.e.,
downstream of the backi ng punps, one abat enent device

et R R kR
wafers or for other reactive gas processes, a single turbo molecular pump and a single
backing pump are provided in series to service a single process vacuum chamber, the
turbo molecular pump being nearest the vacuum chamber. Four vacuum process
chambers are typically provided on a single manufacturing tool. One or more
abatement devices may be used for removing excess process gasses from the exhaust.
If the abatement device is between the turbo and backing pump, currently one
abatement unit is required per chamber. If the abatement device is atmospheric, i.e.,
downstream of the backing pumps, one abatement device may be shared among

several chambers, provided that the unabated gasses are compatible, or provided that

the abatement device acts sufficiently on the gas streams to render the gases



the abatenent device acts sufficiently on the gas
streans to render the gases 5 WO 2006/ 060275
PCT/ US2005/ 042730 conpati ble before they m x. One
- backing punp is currently required per chanber
wor@sp@deisi ve of chanmber configuration to avectus200s042730
pressure fluctuations in one chanber disturbing the
pressures in the other chanbers. [0019] Various
syste ve peen_inplenmented for regul ating pressure
ﬁ%ggle E%@r%fw% mﬁ%@m PUBIP A GUrEE Y Tegyisedener chamber
described in U S. Patent No. 6,419,455 to Rousseau et
aifrespepiive pd ghamey copgiguraperpto ayeid presuiseiSucstationt ia oheshanbern
turbo nol ecul ar  punp and a backi ng punp are
c‘gﬁq*\%&ﬂgl thpressgs indheethen ghamberachi eve a predet er mi ned
pressure profile in the chanber. [0020] Another
WO m  dederpussystems Imye bpradmpemeried foxpeduilatiag pessufeinside
1014427 A2, published June 28, 2000, uses a
i veqyrechamber. Beane merdirsysteth.olgsoried imy.S. Pater Non6,419,455 to
evacuating a plurality of process chanbers. The
SReusEran eyal pisersd Pl 86,520y the dpeeds ofirreattondf b aurbu mblesaguum
punps. [0021] U.S. Patent No. 5,873,942 to Park et
aump 3nd 2 backifiwmpeary c@rolld@yltanstisiysto achia@upiedehaiisd
system wherei n several high-vacuum punps are backed by
dressimggradild mihexemben punp. Gate val ves are pl aced
bet ween the hi gh vacuum punps and the | ow vacuum
QP3N Abat dmethér systein desaibpain Birbpeay Patnit Aplicfias Epve
gasses is not addressed. [0022] A system described in
U.0344272A % piblished Jund28! 20d®) uies a Bayitile-alletaboonddry 860 Facuum)
August 31, 1999, utilizes a control valve placed on
trenpein lepacastingiaghiuraifty af briogdds staBULR) The SRondEREUEheRImay
valve is used for regulating vacuum i nsi de the process
dieanobmscted td DGR dcuiippumps. sem conduct or waf er
processi ng systens have several vacuum chanbers with
dA021) de peneth Pateatdt 5)8TBIKI 10 Parkys LB Thshed Fébneay 33)gogy)d
mai nt ai ni ng
shows a vacuum exhaust system wherein several high-vacuum pumps are backed by a - -

single low-vacuum pump. Gate valves are placed between the high vacuum pumps
and the low vacuum pump. Abatement and incompatibility of the reactive gasses is
not addressed.

[0022] A system described in U.S. Patent No. 5,944,049 to Beyer et al., issued
August 31, 1999, utilizes a control valve placed on the exhaust side of a high vacuum
pump. The control valve is used for regulating vacuum inside the process chamber.
[0023] Typical semiconductor wafer processing systems have several vacuum
chambers with an independent vacuum pumping system for creating and maintaining
a vacuum in the chamber. Process cycles within the chambers are run independently,

with reactive gasses being admitted as required at various pressures.



a vacuumin the chanber. Process cycles within the
chanbers are run independently, wth reactive gasses
being admtted as required at various pressures. 6 WO
2006/ 060275 PCT/ US2005/ 042730 [0024] The initial cost
wo 2006@60d | Nng such a systemis high, due inppauk2005042730
the many duplicate conmponents such as abat enent

devi ces and backi ng punps. For simlar reasons,

mai nt enance costs for such a systemare high and the
d0RAL M oc c s iaisial eost ofingtallingisueht 2 dfstespiadigh, uo OBt tA the
sem conduct or wafer processing systemtypically has
Jrapy dgplicaty sompansnissuch asgbatmeniipibes and bisking atmps. For
sequentially exposed to a series of reactive gasses.
FieLE reps@snainterangt easts fonsudtepsystermearp high @sdthe aystemmccupies
chanbers, and involve different and often
iadggppacubpEspaesact i ve gasses. In those cases, the four
or nore vacuum chanbers on a single sem conduct or
8231 act ur Asguiconuctonyaferprocessihgsystem gpisahat ketralmay
not be m xed unconditionally in a vacuum exhaust
sysesive sfePORBYhidlr apdsifayis sagmenitiatig expdstd fola@eridsPOfcattives
are avail able. For exanple, a systemdescribed in
\dasSes. Peitoemdterisidakes]ad8 ih Bkifatt proléeds ay@im cbbmbérs, and HSHINE
Novenber 15, 1988, utilizes an absorbent and process
fdofferere and/ofixg inadhipatibie raa@tive lghabs Th T cHey)ihe dnE BEMBfe
processi ng gasses. Simlarly, U S. Patent No.

YaQih cHamhbtrs ofrlayigleiserficondattor mbamsrb@ahidyayol hhy eA@¥haust
di scl oses a trap for renoving several reaction
lpygpeotinahsy not bofiicd anexlidbisdlly e 2 FachRGhkRausEyeaNdUCt OF
processi ng chanber. [0027] There is therefore

oe2SENt | Y BrapeRRel trédting biplEnpuMBE B RN Stor example, a
apparatus and nethod that uses a single | owvacuum

BysIgm Bescribeiak g ParMEN@ L, 781 8817 toVIRiEAAth BUTPR RN Rovéhbaad
several process chanbers. Particularly, the apparatus

aBd1938Riteck MBstrend gndpidcediberetdNind i RakMBs 86m

nmore process chanbers having inconpatible process
REthRbhdcfr bdcéstial baesh BusilargagIe PatedtNd. B4, MABERY Sk et

know edge,

al., issued May 18, 1999, discloses a trap for removing several reaction byproducts
from the exhaust of a single semiconductor processing chamber.

[0027] There is therefore presently a need to provide a vacuum exhaust
apparatus and method that ﬁses a single low-vacuum pump for backing several high-
vacuum pumps evacuating several process chambers. Particularly, the apparatus and
method should be snitable for use with two or more process chambers having

incompatible process materials in their exhaust gasses. To the inventors’ knowledge,

there is currently no such technique available.



there is currently no such techni que available. 7 WO
2006/ 060275 PCT/ US2005/ 042730 Summary of the
I nvention [0028] The present invention addresses the
needs descri bed above by providing an apparatus and
webtbmdsi2as exhausting a plurality of processcrastidsng73o
chanbers w thout requiring a conplete vacuum system
for each chanmber, while tolerating inconpatible
exhaust conponents fromthe chanbers. In one
eteeaREt{ithe Inyenfion,um exhaust apparatus for exhausting
g@ﬁ ér om alr | east two process vacuum chanbers

18i ni ng Thy eteR} inygntign addaessesdhapegds deasibed plrove by
apparatus includes a sub- atnospheric abatenent
JHavies ahaRprs ghd methed for gshausiingtapluplity afprocass sacuumhe
at least two inlets receive the gasses fromthe at
| hgmbers WEhot FraBEing wsempistereuvbesystemThreackglpambat, wehile
further includes a backing punp connected to the
dalerasing yromppsible sishaugt seopphents frone Herebenberst dn one embodiment,
mai nt ai ni ng vacuum wi thi n that chanber. The sub-
& YASSph ebiaust apneratwseint exbinstibe gasdom aileast tard preeastvacunen
pre-conditioner for conditioning at |east one of the
rabgabee conjpanisedisfimilan gasses ip porvedsd. Thcappatatmk andelesa sub-
differently from another of the gasses. In that way,
tatmogpheraabatamentvhateber banieg athiéast thvorinlets xhdeg. oufle 29k al Jeast
t he vacuum exhaust apparatus, the at |east one
pwe-iclets dictive the igasvey/frorh theanlead av e pretdss devine @hambers. The
Specifically, it may be a plasnma ionization device, a
cipparama furtherr inélndes d dackixg, pusnpcdoandctsd lto 1he giitled bf tha kN
device or a filter. The sub- atnospheric abatenent
ctrandphericchymbercfon thaintindhg Waglnirh withfn thd akefRAt TEMbCES,
each for conditioning a gas froma respective process
clrandpberic {b@BREHt chivaber acnyaine & 1duatisik pfjoaditlbnts feraynditioning
further include a turbo nolecular punp connected to
can leastivaeisf thp octived gadsep roR@SSProtas R um ¥R Hifrently from
exhaust of said turbo nol ecular punp connects to an

| anbther affthesgasdts Shiltha twip ahgashes ardraid@¥BMpatible for mixing.
[0029] In the vacuum exhaust apparatus, the at least one pre-conditioner may

' be an abatement device. Specifically, it may be a plasma ionization device, a
chemical burning device, a chemical neutralization device or a filter. The sub-
atmospheric abatement chamber may include a plurality of abatement devices, each
for conditioning a gas from a respective process chamber.
[0030] The vacuum exhaust apparatus may further include a turbo molecular
pump connected to an exhaust port of a process chamber; wherein an exhaust of said
turbo molecular pump connects to an inlet of said sub-atmospheric abatement
chamber. The turbo molecular pump may be capable of exhausting to a pressure of

over 1 torr, or may be capable of exhausting to a pressure of over 5 torr. The



«chanber. The turbo nol ecul ar punp may be capabl e of
exhausting to a pressure of over 1 ton, or may be
capabl e of exhausting to a pressure of over 5 torr.
The 8 WD 2006/ 060275 PCT/ US2005/ 042730 appar at us my
weauvascasoktsr ot t | e val ve connected to an exhaustrakthes@abizo
the turbo nolecular punp. [0031] The sub-at nospheric
chanber may be proxi mate the process chanbers, or nay
be renpote fromthe process chanbers. An interna
VBPYAES BRY have 2 thrghle yplne sprmestedtoah sxltsust sifgyf thedube an
ef fect of pressure changes in one of the process
CRUBAYF BUB pressure in another of the process
chanbers. [0032] The backi ng punp may be proxi mate the
%13t nos pheersub-agespleanie whambsh avey be prokd0ESfhe Phoeess
apparatus may further include an atnospheric abatenent
ginlesss, opman e teawie fionathe privessshasbete Axf intdnen] beloke Bfjthe
punp. The at nospheric abatenent device nay be a
calraeosphetie chastbef meywetine agredfiagt of pressusst dhagped fn eheEthe
scrubber, a dry scrubber and a conbination dry/wet
FeeagtssbambdrOGBrEssTiven ayitter af ths proayss beanfters. exhaust i ng
four process vacuum chanbers, wherein the
40032kt nos phertiackiapmingnmag belprokianitd thssubQitkhodphbi@d fhatement
[0035] In another enbodi nent of the invention, a
shmnigonduct or  manufacturing systemis provided. The
systemincludes a plurality of sem conductor vacuum
AP@8ssi ndliehpphrens magfigthar ift10¢H £ SHEPREHTDRRREAGevice
abat enent chanber connected to receive exhaust from

eandtced tosal clhaRCHd B HeAREE6E PEnE MHRGHSphdrt doh@kent\WB¥ee
all of the vacuum processi ng chanbers exhaust into the

ShayQle@ devibe 1dUREIAT the groap SRR ofGRANRGlibbel Rery ¥Rt R

al so includes abatenent neans in the sub- atnospheric

alhéh estEbihatioh arpeet sk@pbegoNdi tioni ng exhaust in the
sub- at nospheric

[0034] The apparatus may be for exhausting four process vacuum chambers,

wherein the sub-atmospheric abatement dev’ice has four inlets.

[0035] In another embodiment of the invention, a semiconductor
manufacturing system is provided. The system includes a plurality of semiconductor
vacuum processing chambers, and a single sub-atmospheric abatement chamber
connected to receive exhaust from each of said vacuum processing chambers. In that
way, all of the vacuum processing chambers exhaust into the single sub-atmospheric
abatement chamber. The system also includes abatement means in the sub-
atmospheric abatement chamber for conditioning exhaust in the sub-atmospheric
abatement chamber. The abatement means is arranged to treat exhaust from at least
one of the process chambers differently from another of the process chambers,

whereby the exhausts are made compatible with each other. A single backing pump is



:abat ement chanber. The abatenent neans is arranged to
treat exhaust fromat |east one of the process
chanbers differently from anot her of the process
chanbers, whereby the exhausts are nade conpati bl e

win tdvseaets ot her. A single backing punp is 8c¥s2005/042730
2006/ 060275 PCT/ US2005/ 042730 connected to the

sub- at nospheri ¢ abat enent chanber for naintaini ng sub-
at nospheric pressure in the sub-atnospheric abatenent
RERASEF to fhe §9B pmppRbers shatamenbighamben fadmaininagmbpher i ¢
abat enent chanber connected to an exhaust of the
PRSP RS CHusRsUre DD 8 ib-atmesphere ehatemeyt dhacberde a

plurality of pressure control units, each of which is
d8ti%bct ed The HREMmaydeciuderny athespbeic sbapment abamticl aginthed
chanber, and is further connected to an inlet of the
doBn exthaps ghide beckigaewent chanber. Each of the
pressure control units may include a turbo punp

d8®¥ibct ed Tl syevmanagtincigiea plnatiyspressifrdoatol vaid eah of
throttle val ve connected to an exhaust side of the
twhidhds permpctedEmaine proossting khanttiet fodkvdch@inglthy dhlbinber, 8 is
pressure control units may be connected directly to

thgher sarpectedrosp detiof thelsab-atiyapheeio AbddeRent arBY Fch of the
connected renotely to the sub- atnospheric abat enent

Preasie contipDAE8maY e lalbattet® pimpeaisctedifor BRicuating a process
sub- at nospheri ¢ abat enent chanber nay be sel ected

fchambes, and atiprotie Nalvs tdnngeif toan RkiRHHRide ORIE AlrbOPurkiE VE LS
a chem cal burning device, a chem cal neutralization

danttot eniabfiha plukdlityesf prdsQ0S8 Sdntledrits fay b GoMREHA Bectly to the
processi ng chanbers nay be located within a clean

oD amosterit batéunbat cHafden behb e baRRMRIRIMGBRTIDRE iRy be
| ocated outside the clean room The internal vol ume

afmdspieeris ubatathem siadet. ¢ chanber reduces an ef fect of
pressure changes in one of the processing chanbers on

[9038FUr € | Theabarthet n@and Aehe R6AERSFREHY 26RAABR tHmber may
be selected from a group consisting of a plasma jonization device, a chemical buming
device, a chemical neutralization device and a. filter.

[0039] Each of the vacuum processing chambers may be located within a
clean room, and the sub-atmospheric abatement chamber may be located outside the
clean room. The internal volume of the sub-atmospheric chamber reduces an effect of
pressure changes in one of the processing chambers on pressure in another of the
processing chambers.

[0040] In another embodiment of the invention, a method is provided for
exhausting gasses from a plurality of process vacuum chambers, where the exhaust
gasses from at least two of the process vacuum chambers are incompatible with each

other. The exhaust gasses from each of the process vacuum chambers are received in
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f 0040] In another enbodi ment of the invention, a

met hod is provided for exhausting gasses froma
plurality of process vacuum chanbers, where the

exhaust gasses fromat |east two of the process
wacwaseetsanber s are i nconpati ble with each potistoosohbso
exhaust gasses from each of the process vacuum
chanbers are received in 10 WO 2006/ 060275

PCT} US2005/.042730 a subat nmspheri c abat enent chanber.
vﬁ“ﬁ?iﬂ‘ OPETE Z‘i“}f‘ﬁ%%@?% r{gﬁg}ﬂ SirsHeatmesphpmrabatepgrt
e&hagst&%asses fromat | east one of the at |east two
pP808Y s 1y sEhliTheas Aleash oRa Ry thee dnsprdtp prasesy yawws
are.precondi ti oned, whereby the inconpatible gasses
aﬁhémgi‘e‘ﬁ BYRENEARAZEPIe BRSSES arh areeqndoned hershh e éncomastie
are punped through_a single passage fromthe

SIBEE ASIpierer compaiiblendiie compatblerexhenstizasescié prgnped throwgh a
punp, whereby the subat nospheric abatenent chanmber is
releht Rastage fral thesyybamesnhistie rhaterpnbeiamber to a®akirg VEveum
met hod may al so include the step of transferring the
P Sherghythe subpingnspheric labgternent nsangfer tsherigriogiess vacuum
chanbers to the subat nospheric abatenment chanber with
$ubyimgephen¢ meshugr punp. [0042] The step of punping the
exhaust gases fromthe subat nospheric abatenent
dfedder nmafhs methbemay aspinckide thaistep af wamsferidpahe exhaust gases
subat nospheric pressure in the abatenent chanber
Hesmneldpassorered the@recessrvaci@dBinbaiseo tieapbanfiospheric abatement
precondi ti oni ng the exhaust gases may i ncl ude
shbtnbertwithp tubhendedubnptmpases to at | east one process
selected froma group consisting of plasnma

i[60d23 at i on Thedtenifpampingnin expaust faed £éh tRUbatabdpEeaid on
and filtering. Brief Description of the Draw ngs

. [ab@drbnich@nbet miag farttec trenmise maihtAgh@he stinhaghdrit@ressure in
functional elenments of a vacuum exhaust appar atus
dbedratinregt ¢thamberdetvdbndiand i toaf t he i nventi on.

[0043] The step of preconditioning the exhaust gaées may include subjecting

the exhaust gases to at least one process selected from a group consisting of plasma

ionization, chemical burning, chemical neutralization and filtering.

Brief Description of the Drawings

[0044] - FIG. 1 is a schematic diagram showing the functional elements of a |
vacuum exhaust apparatus according to one embodiment of the invention.

[0045] FIG. 2 is a block diagram showing a method according to one
embodiment of the invention. |

[0046] FIG. 3 is a schematic diagram showing the functional elements of a

sup-atmospheric abatement chamber according to one embodiment of the invention.
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[0045] FIG 2 is a block diagram show ng a net hod
according to one enbodinent of the invention. [0046]
FIG 3 is a schematic diagram show ng the functi onal
el ements of a sup-atnospheric abatenent chanber
wocuws®s2gs t 0 one enbodi nent of the inventi opcTudioodMaz73o
2006/ 060275 PCTI US2005/ 042730 [0047] FIG 4 is a
bl ock di agram showi ng a net hod according to one

i ment t.he_jnvention, Description of the
ﬁﬁ@@iti on Fg%iéﬁal?“?gk EaBS1OYIRg amcthed aposrdingstponem and
nmethod for.evacuating a plurality of process chanbers
é:'ﬁ'h’oag[i‘en&%fﬁj??&?’?‘}t‘ﬁ& the pressures of those chanbers.
The system reduces capital cost, maintenance and space
requi renents as conpared to the prior art. [0049] The
invention wll be described with respect to one
SSEraptienQf the\Invepgiom four semi conduct or processi ng

\(‘]Mers a,te evacuat ed and mmi ntai ned at process

E8lim pr e SR RTEsCeRiCAYeIERR Is|2gystemh ardethed fonevacuating agni ze

tgat.th system may be wused_in other applications
PLERHY Pﬁw%%swav’é?&{mﬁ? fog sentieHingties Rressures of thdwe chambers.
e%lgcuatio of nmore or fewer than four chanbers.

[0 SUHCTATSYRSE &3pitabeast glapipnanse apdsHapyreatiteprents $s sduopaned to
FIG . 1. The system includes, for each of four process
GFASLAE A-D (110, 115, 120, 125), a pressure control
nit 113, 118, 123, 128 that conprises a turbo

x%“é?h ul ar ‘Hegpveptien il badepcribed with febfct H2be erhBEiiand i
means_for controlling exhaust back pressure, such as a
Phichfoyrsemigpydictor procassing cli@dhersk?d evanuatengé thatn@ained at
throttle the exhaust.of the turbo nolecular punp.

- POGSSE|vaguym iesserge fpk akijledintiedireilitreqeisenhtabe S8R May be
t he hi gh-vacuum

used in other applications requiring high vacuum, and may be used in the evacuation

of more or fewer than four chambers.

[0050] A system according to the invention is shown in FIG. 1. The system
includes, for each of four process chambers A-D (110, 115, 120, 125), a pressure
control unit 113, 118, 123, 128 that comprises a turbo molecular high-vacuum pump
111, 116, 121, 126 and a means for controlling exhaust back pressure, such as a
throttle valve 112, 117, 122, 127, arranged to throttle the exhaust of the turbo
molecular pump.

[0051] In the exeﬁplwy embodiment presented herein, the high-vacuum
pump is a turbo molecular pump. As is noted above, other high-vacuum pumping
technologies such as diffusion or gas capture may altematively be used, and the
invention is therefore not limited to the use of a turbo molecular pump as the high-

vacuum pump. The high-vacuum pump used in the presently described system is not

12



punp is a turbo nol ecul ar punp. As is noted above,
ot her hi gh-vacuum punpi ng technol ogi es such as
di ffusion or gas capture nay alternatively be used,
and the invention is therefore not limted to the use
wb 2006062150 ol ecul ar punp as the high- vacuworpymoso42730
The hi gh-vacuum punp used in the presently described
systemis not 12 WD 2006/ 060275 PCT/ US2005/ 042730
.caggg%e of exhausting to atnospheric pressure, but
miEebisaf ehpuiing topstmaspherrRresage iyt map beginablstof srlwwsiingdo
that is higher than normal for a turbo nol ecul ar punp.
WA Fehaust Pressyrecthat is highss then semmiahfor p turpo exlseulatmmpp While 2
about 1 torr, the systemof the present invention
r BEtfel wRomolstiter numpashausis p éxdbauist torrgthe pystem efftberpresent
10 torr. Such a turbonolecular punp is wthin the
s Eopaiiogfreduijes kprswncanehle ofzmbangiing uptthebet 6r-dOnat. Bech a
described in detail herein. [0052] The pressure
c Byberenleculat pusnp i 3vithin B¢ scdPSof tHlrommertasrmdanit] elkréfore not be
control pressure in the chanbers A-D independently of
t Hescopedimddtghberéint he backi ng punp 140. The pressure
control units 113, 118, 123, 128 are preferably
| ¥atled on Thheresswsnedhaclunits hip, 1 18H[128q08 pERAERgE fo EdiErol
presently described enbodi nent, the units are nounted
opressurmih thechirabdre A-I3 exibmodtlg b Dihe BptatioadE theibagkih®plmp
with each pressure control device nounted on or near
al4rThe pssut coptrohatiteet 3, 118) 123,t12R uerefampll I eatet 08 the
the tool is contained in a clean roomto reduce

comhahdtragttsol eqhipmpitite &StHE fresaiy A@kribddRibsdidka:, thbiits are
123, 128 are also contained within the clean room

[ B053td drCiiuliif chaibBerl3e RS HHuCtof AT itdoY, wWiltPeach pfbssure
123, 128 exhausts into a single, nmulti inlet

suint@t devp heuiied oh ariar a d3@spohditg Shibntat MBSRRREC pplication,
chanber has one inlet for each of the exhausts. 1In

otte tevtisedhtaied inof cléAi@odndiwaBdice Bontdrt@artd AR @k essikd Qoritd
| ocated renotely fromthe pressure control units 113,

- lilits 1123,18,1128, 128kl alsOvRBREE oithi tRx@msdorh i Nnes 114,

119, 124, 129. In that case, the sub-atnospheric
[0053] Each of the pressure control units 113, 118, 123, 128 exhausts into a
single, multi inlet sub-atmospheric chamber 130. The sub-atmospheric chamber has
one inlet for each of the exhausts. In one embodiment of the invention, the chamber
130 is Jocated remotely from the pressure control units 113, 118, 123, 128, and
connected by exhaust lines 114, 119, 124, 129. In that case, the sub-atmospheric
chamber 130 may be located outside the cleanl room and may be therefore be serviced
more easily. The closer the sub-atmospheric chamber is located to the process

chambers, the lower the cost of the system, although maintenance considerations of

the sub-atmospheric chamber may dictate that it is located outside of the cleanroom.
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«chanber 130 may be | ocated outside the clean room and
may be therefore be serviced nore easily. The cl oser
t he sub-at nospheric chanber is located to the process
chanbers, the | ower the cost of the system although
waiosesmarsce consi derations of the sub-at nosgheiiedsnsz730
chanber may dictate that it is |ocated outside of the
cleanroom 13 WD 2006/ 060275 PCT/ US2005/ 042730

[ 0054] The presence of a turbonol ecul ar punp and
{0054t t | e Ak preserice pﬁ@mrqsme@ulﬂépwﬁéhmgkwye pithe

118, 123, 128 provides a degree of isolation between
piessurephizeismits § Hed 181 128, 138 provitipsia deppg of iglatipe by rerdbs
chanbers 110, 115, 120, 125 to allow the exhausts from
aktaugt hipesgrld cElSs 124 d2frmd shegmodehechambérs U 5,i130¢ 18 to
present exanple) to be connected to a single chanber
3BEv the laximestd froincadishe frocess/abambéra e thededl yfoar inithd presgnt
response and therefore do not conpletely isolate the
eheaipds tsbe conaectédib esingle crahband3@f THohedeyides,diowespiare c
chanber provides additional buffer that reduces the
ohlyadimiefl r3pass uidthedfrgiandt bomapleteisidetheahdrmeiotd. rithe
the pressures in the other chanbers. [0055] In a
piteha Vo ReheTRGuBRMMossHerit Hitanibey prolvideraddatonsitbatfentratt
device 131 is provided wthin the sub-atnospheric
GEHRPdR Ble ROt oflpAsihde cHahiges abareiamberdeidting tHe3dressures in the
ef fl uent gasses, particularly PFCs, are caused to
loBREthaR¥e®] asma or ot her neans to convert the
effluent to a water reactive or water-soluble gas. The

QiosBy 0ductmiaSreferrdieniiotithchOofthdRGKitbs, v AbsteieR dece B1 is
pl asma abatenent device is known in the art and wll

SR QiRin 8t sitFatRdehhbicihainby 136S Giside &t dieteRient.de@oe131,
skilled in the art will recognize that other

%Yﬁehtag*a&s%s,%laﬁfcﬁﬁﬁgmt@ 6R1ALLRE Yo B bPBlaktELEr dthertnk¥@ns to
presently described systemwhile remaining within the

SoRRa 1o ettt tdWRRE! ©fbtivé 80RAEr-dofibRdds t TIRIbyLSroliReis
function of renoving gasses fromthe process

efchdusiElo 2 B RRIngRALERRpd AV 168N aladlteMBM d8liSOislkibwh ir0fe art
to provide additional pressure
and will therefore not be additionally described herein. One skilled in the art will
recognize that other available abatement technology may be used in the presently
described system while remaining within the scope of the invention.
[0056] In addition to the function of removing gasses from the process
effluent, the abatement device 131 may also function to provide additional pressure
isolation among the process chambers 110, 115, 120, 125. Furthermore, the
abatement device 131 protects downstream hardware from the effects of cross
reactions from the chambers.

[0057] The sub-atmospheric chamber 130 is evacuated and maintained at a

backing pressure by a backing pump 140. The backing pump is preferably a dry
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isol ati on anong the process chanbers 110, 115, 120,
125. Furthernore, the abatenent device 131 protects
downstream hardware fromthe effects of cross
reactions fromthe chanbers. [0057] The
wohembemspheri ¢ chanber 130 is evacuat ed anthcr/us2005/042730
mai ntai ned at a backing pressure by a backing punmp
140. The backing punp is preferably a dry 14 WO

2006/ 060275 PCT/ US2005/ 042730 runni ng vacuum punp as
ITENIARAYASHILY PUsp s is porimenlyy mgad inrthe industry rand tmusebe compatible
conpatible wth the exhausted byproducts fromthe
atitht therexitausted hypedugtO 868 thelimatbmpkdaviggepunp nust be
properly sized for the required pressure and flow.
ToR58%i ze oThe beekibgpknpoupiingprapgkdly diepdfod he@eqitee pfebsay and
rate requirenents and chanber pressure requirenents
dlowt (Ehesizs o the bBaiigipegppidodepéride on the dlo®Qata réduireintdfand
of the distance between the pressure control units
Théinbet pressul? quitedfenarnd theltgs tetb Backi s pliedizcis aRaahektion
130; i.e., punp size increases wth distance. The punp
rofiyheliistarlco b etivech tht pre@uicohtio] &1 B0, 105 N 126 asdaebey-
130 or renote fromit. [0059] The size of the backing
RUAFsphéricdhabe 1B0AG!, bRRp eizetifBednd Ghihiikstands. CSB hiltnp HilEbe
greater the fore line pressure in a vacuum system the

yoeatddelost bethe BacltinO@heitGhafiiér P30.or RRSALEEm AL, hi gher
turbo punp exhaust pressure than normal is wused in

t[bEs9Ppr esentrhsyisd e Hableing phiplid I HRHSH bLtHe Dadkirgher
and a smal |l er backing punp hay be used, saving

GaRblr8! TR SreRRRROMrORR pRess@¥adn & PREEH )b $RAGRanef BO60]
I'n accordance with the present invention, a single

%&&Q?ﬂﬁﬁﬁy 1408 dcsuse YSGhet Ruﬁf;ﬁ%ﬂpﬁe%?iug#@ééﬁf@tﬁﬁﬁ%ﬁ&l is

pressu or"a plurality of tur ar punps,

Waid 8 thd\reRPGRESR, GO D ke PrESAC gxigi}fatﬁ%'h 9151?1&% RAGH! Y

controll'ed. That 1s made 7possib e placenent’ of

t t . . , sub-
a‘?%g s%%’ggreit‘%g% E?ﬁ%g:cr% pl%ié cgin% é‘%e\%%ye%&t%haél& %g%sgﬁg“ggt %g‘ﬁp 140

306607 e t UEbQIRIRRE WA the present invention, a single backing pump 140 is

used to provide a vacuum exhaust pressure for a plurality of turbo molecular pumps,
while the process chamber pressures are independently controlled. That is made
possible by the placement of the throttle valves 112, 117, 122, 127 and the sub-
atmospheric chamber 130 between the backing pump 140 and the turbomolecular
pumps. The sub-atmospheric chamber and the throttle valves both contribute to
absorbing pressure pulsations and otherwise at least partially isolating pressure
changes among the process chambers. That effect is further enhanced by the
abatement device 131, if used.

[0061] The backing pump 140 exhausts into an atmospheric scrubber 150 that

may be a wet scrubber or a dry scrubber, but preferably is a combination of the two.
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punps. The sub-at nospheric chanber and the throttle
val ves both contribute to absorbing pressure
pul sati ons and otherwi se at |east partially isolating
pressure changes anong the process chanbers. That
woOhaeisi2s f urt her enhanced by the abat enentpc@eg206€042730
131, if used. [0061] The backi ng punp 140 exhausts
into an at nospheric scrubber 150 that may be a wet
scrubber or a dry scrubber, but preferably is a
dohESr e B?Fnéﬁeat?%@ theyib-atragspiyTic 20 @6MEBRIRTiEE 131, then the most
PCT/ US2005/ 042730 |If PFCs have been treated in the
S0 eHeshys frebralesyad ebniorite adest farebbes 2lthauigh thehtechmoisties
cost effective technology is likely to be a wet
ey PstepIop@dte-hough ot her technol ogies may be
aﬁgéopriate. [ 0062] The conbi nation described above

I s sevBredomhihationt degeribed wmve bifers several @dntanaapds.ovbithe
exanple, no throttle valves are necessary at the
icwirestt ertoFort xemplardoghropienqadyes By nevessangat theanleR oottt hebo
val ve to the exhaust of the turbo punp, particles
gemes.aBeohovng teprattiedalvy td theexthhiiso bt the tured Mengs) patitiag
less likely to find their way back to the process
ghaamied ommplured by it tirottle valveafedsr 1644 likal§@o fiftihb GEFBER to
if the throttle valve is at the exhaust side of the
therdyocepuchambértad pesiblyf tora walrRirERaNEersmbleCi the i €d,
fromtypically an 18 nonth period to a one nonth
welve dcht thddahdustani! of Yhe tarbo Yahy,eheRed &rinitintatané iDhaher
pressure may be smaller, cheaper and | ess susceptible
realucéd &lss tasickliFah N eRatGRriod RAGIE nfonfd Reibd. ARatidiRly, a
presently descri bed arrangenent, the size and p05|¥|on

ohlve bperitagiet ABighttPResAlr@ nidPbe &RNRE, CRYPEhnd YesP ERGSESle to
chanber pressure control. That is an inprovenent over

sakealnsitehdnye. i npl ement ed sol utions that control the
backi ng punp as part of the process chanber pressure

O SRR A
of the backing pump are not constrained by process chamber pressure control. That is
an improvement over some currently implemented solutions that control the backing
pump as part of the process chamber pressure control. In those systems, the size and
location of the backing pump are critical to system performance.

[0064] The presently described system utilizes a single sub-atmospheric
chamber, backing pump and abatement device for exhausting four or more process
chambers. Such an arrangement has clear advantages of lc;wgr initial capital costs,
less maintenance and lower space requirements.

[0065] Another embodiment of the invention is a process 200 for exhausting

gas from a plurality of process vacuum chambers to achieve a process vacuum

pressure. As shown in FIG. 2, the process starts (step 210) with evacuating (step 220)
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[ 0064] The presently described systemutilizes a

si ngl e sub-atnospheric chanber, backing punp and

abat enent devi ce for exhausting four or nore process
chanbers. Such an arrangenent has cl ear advantages of
wows/0s7st i al capital costs, | ess nmaint enapegudngsons273o
| ower space requirenments. [0065] Another enbodi nent of
the invention is a process 200 for exhausting gas
froma plurality of process vacuum chanbers to achieve
' P@&%‘gé’a%}waﬁmbw s fub-atmyesplnis\shatement ci@mber. THoee
process starts &step 210) with evacuating (step 220)
18PPr a6 BBeET § PANCOSABSY0UET BB ssurhg cperoiaghe process
vacuum chanbers and a sub-at nospheri c abat enent

CYREHHR Presspip sidie chirabrnears erretawsingattedkibgpup connected to an
i nt ermedi at e vacuum pressure greater than the process

- vaeigueh the @gtsment chithberc Aheibermediate vamanpadsades thay Bgb@ween
backi ng punp connected to an outlet of the abatenent
chandbéYiorrThe i nt er medi at e vacuum pressure may be
between 5 and 10 torr. [0066] The nethod further

i §86aldes t Alee mkidpd Girthenidelpien dentdpyof endagenatrt @vAcaAaR (step
230) to the process vacuum pressure each of the

p330) testhe pracassivacoinapoRsise callof thp pARES FastafUUEMERaMRR S
are evacuated using a plurality of high-vacuum punps,
preces§ vacuen chuntiessnbesvacizad hisiaf aphealhy ghmpaciium ?h‘xﬂ?§ one
exhausts, directly or indirectly, into aninlet o

t foecash bhantten SPdeR bf the Akt R puEkiRERBdusts] BREHR] orfhdi@biyy
the nmet hod includes conditioning the exhaust (step
240)anfinlemnf tHelvab-atiosplidhe Spiaidne cialdleement  chanber using
an abatenent device. [0068] The nethod may al so

i[j0odTde i nepply) desthéthodiatides béddthnlrbt iRPexB® (steB940) from
pressure in each of the process vacuum chanbers usi ng

athe Q- empsphetiobateiett dhbiibey adiN@an MMatedlnfaddREst si de of
each hi gh-vacuum punp. The sub- at nospheric abat enent

gbesger andhé hethbdinay bls@inViake/B8efdh@hhg Cortidlii ¢1t65¥50) the
i solation of the process chanbers to

pressure in each of the process vacuum chambers using a corresponding throttle valve
at an exhaust side of each high-vacuum pump. The sub—'atmospheric abatement
chamber and the throttle valves provide sufficient isolation of the process chambers to
permit such independent control.

[0069] Many of the agents used in semiconductor manufacturing, and some of
the process byproducts, are highly reactive. Exhaust gasses from the process
chambers are therefore frequently incompatible, and it is highly undesirable to mix
untreated exhaust gasses from many combinations of chambers.

[0070] On the other hand, vacuum chambers used sequentially in a wafer

manufacturing process, and producing incompatible exhaust gasses, are often

collocated on a common tool and are idea candidates for the use of a common
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‘permt such independent control. [0069] Many of the
agents used in sem conduct or manufacturing, and sone
of the process byproducts, are highly reactive.
Exhaust gasses fromthe process chanbers are
woedmshen® frequently inconpatible, and it i schioglvbsfosz730
undesirable to m x wuntreated exhaust gasses from many
conbi nations of chanbers. [0070] On the other hand,
vacuum chanbers used sequentially in a wafer
nBRBIMeERASHS pRptosreat eemberand bpakintmimpos dersnrgzabp 1. €lhe
exhaust gasses, are often collocated on a comon too
aRyeTire havg discevernd anaprasatisand t¢bniggethet peamit temwnofla7 WO
2006/ 060275 PCT[ US2005/ 042730 subat mospheric
atvaaeretbatmhankions ataterhentacbiinbey fpinponamtivle sximibigdssabove.
The inventors have di scovered an apparatus and

t 8RNI que Hhate-lperoonditidnire system@00 dnchelgrmnb-atmospheric
subat nospheri c abat enent chanber for inconpatible
edthatersnt dambeS10 p@ORg tdtHednentibmie skowtin FIGIE. Mhreysbems
300 including a sub-atnospheric abatenent chanber 310
adembels 30, 31,1332 produenhreodifferenshdntt pitsds) 6 thd exabiplge
process chanbers 330, 331, 332 produce three

dibbives theiexhensh gassds foasmrecess dHarbbie3 I eaaPlotess SH@War 33 N@e
exhaust gasses from process chanber 330 and process
clinglth edactd@ Wvithr dach bthgthy with &t dxisiMiréh pRA&S cRinhiRf 3 8nd
with the exhaust from process chanber 332. [0072]

HaoT2|of t hEaqh (Talessochathebss 38338332 mapaiciBY a hid ude

a turbo nolecular punp or other high vacuum punp (not

sholenjlar pkip of biaetiesiEvaexRapshp (HohsHRWEN Tﬂer&ﬁmﬁég%}%&&,

342 into the subatnospheric abatenent chanber

[ 165030 Lirds 846, B8 IR b e ls@bat RGP RER Hhae R RRIMRA 910,
i ncl udes several pre- conditioning abatenent devices

3B073]351. ThOSBaB@EPIRASaRement afmn@,éla;mli&;ud*aﬁsevgﬂaﬁ%@
i oni zati on devices, chem cal burning devices, chem ca

nedutiitidhinZ #atedibntl@ie €50, 391 I THBESdeHoeOh e Ford@¥hHE She
known in the art, or any conbination of those devices.

plasma ionization devices, chemical burning devices, chemical neutralization devices,
filters or other devices known in the art, or any combination of those devices.

[0074] Preconditioning device 350 receives exhaust gasses through the
incoming vacuum line 340 from the process chamber 330. The preconditioning
devices may exhaust directly (as shown) into the interior of the.subatmospheric
'abatement chambpr 310, where the then-compatible gasses mix and exit through the
line 360. Alternatively, outlets of certain ones of the preconditioning device may join
outlets of other preconditioning devices before exhausting into the subatmospheric
chamber.

[0075] The line 342 from process chamber 332 enters the subatmospheric

abatement chamber directly, without passing though a preconditioning device. That
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-[ 0074] Preconditioning device 350 recei ves exhaust
gasses through the incom ng vacuumline 340 fromthe
process chanber 330. The preconditioning devices may
exhaust directly (as shown) into the interior of the
wohakosapheri ¢ abat enent chanber 310, wher ect/@€2005/042730
t hen-conpati bl e gasses m x and exit through the |I|ine
360. Alternatively, outlets of certain ones of the
precondi tioni ng device may join outlets of other
FrEREFRIrt P dhsclgt trdxbecised indhonisteaxdfduerrésant invenbion kere an
subat nospheric chanber. [0075] The line 342 from
prbrisksss ERmmnsecessrhambardy eonufatible whtatprasepditieried gasses from
abat ement chanber directly, w thout passing though a
pitheg pigasss Plamibety- devi ce. That 18 WD 2006/ 060275

PCT/ US2005/ 042730 arrangenent may sel ectively be used
i[B0%6he sysThersubdtmpspherpr drgmber I l0veshnatedwlrengh kit 360 by a
exhaust gas froma process chanber is conpatible with
Packdegplinth Hife Thghakmg phimp maidsinethe pitatesphaRaADAES at

[ 0076] The subat nospheric chanber 310 i s exhausted
tshbatmophéricpees3Ge. lye tmckibg phrop glsp haptadd@achldrhdacki ng
punp nai ntains the subat nospheric chanber at
yuvandibeiipsieviced s roentaibise withikhd @b hdEphatis Shamber, at a
mai nt ai ns each of the preconditioning devices 350,
3blatloasphericpeebswet hi N t he subat nospheric chanber, at a
subat nospheric pressure. [0077] Wile the inventive
4067em | S Wailethe hedntie shasth Rolcpére® Bttt ing Hra8ndidsiL es
for treating two of three lines entering the
sletiadsTaspatig & oTaFReines O6ringSthé bdb@chokghetib 8h@hter Wi |

recogni ze that any nunber of other configurations nmay

kRilles Rdhe drOwiEBEHg8iz@ 1ALy GRHBENGHRP Son@bndati IS ay_ﬁqe élsed

entering the subatnospheric abatement cha
ex Baidle@uitt b@hbindtiodNlofinks erfl@RRMA: LBkhBR5PheAR al i Enent

reactivity and conpatibility of the exhaust gasses
@Rl AThd bxbit @offubation bl ddpehi® fir R & the'%aliBfy and
compatibility of the exhaust gasses carried in the particular lines entering the
chamber.

[0078] Because the preconditioning devices exhaust into a single
subatmospheric abatement chamber, the advantages of using a single abatement
chamber as described above continue to benefit the system. For example, the volume
of the abatement chamber acts as a pressure buffer, preventing a pressure rise in one
incoming line from adversely affecting pressures in the other lines.

[0079] Further, there are clear economic, maintenance and reliability benefits
to using a single abatement chamber and backing pump to service multiple process

chambers, as noted above. By preconditioning the incoming lines as required for

compatibility of the gasses, the present invention reaps the economic benefits of using
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:chanber. [0078] Because the preconditioning devices
exhaust into a single subatnospheric abatenent
chanber, the advantages of using a single abatenent
chanber as described above continue to benefit the
wyadoenso2fsor exanpl e, the volunme of the abapem@Bioosns2730
chanber acts as a pressure buffer, preventing a
pressure rise in one incomng |ine fromadversely
affecting pressures in the other lines. [0079]
Fungiebacking grap grdebaicagnt chewherid servipminnitipleamesessahambers
reliability benefits to using a single abatenent

e 8BS PumRs. BarcRRdiPHRA e exhavey of theprnudss ¢hpinber pemdts she
chanbers, as noted above. By preconditioning the

i peterriof the [iveaBordg be Bepdite exhabissequemiabprobdss thambenfwhiteahe
gasses, the present invention reaps the economc
trxhasst gagsep oukl nooth@wig® b2 00BpBBB275 PCT/ US2005/ 042730
a single backing punp and abatenent chanber to service
nd080] pl e pAcuethsl 400 acdvedisg toame etmbicdimen WATS invention is
Precondi tioni ng the exhausts of the process chanbers
pBustriated by He floswaie of BIG. t4h & fienthe ptocess id Warled 4US ke dxBaust
exhaust ,sequential process chanbers where the exhaust
gassseSomeadhbfiind prodelevasinge chenteanpaietdi . (sthO PR In the

nmet hod 400 according to one enbodi nent of the

| sobatmbspherid sbatendehtithbmbire th Hyretehred EhBNiGHA! the Bissdsiem -
After the process is started 410, the exhaust gasses
fleasnaoeal tiefprodess AAABES Sre YaRWUATEN ARRAES AL 6 fufteei ved
(step 420) in the subatnospheric abatenent chanber
Imolecupt pingpd. ed enbodi nent, the gasses fromat |east
some of the process chanbers are received from exhaust
H00815 of t Widhér thé®ibeeidspteriB dpRément SHABBLr, WeldRhdhst A&es

subat nospheri ¢ abatenent chanber, the exhaust gasses

fironatatas! @B tHRACleAR tWwdSroddss kARG chiifbel IBGRS InbAPAIHTR
chanbers having inconpati ble gasses are

RESROYbicb TRt 150 4430 e TS RATRALc bletnassaRcRle
- compatible. The compatible exhaust gases are then pumped (step 440) through a
single passage from the subatmospheric abatement chamber to a backing vacuum
pump.

[0082] The backing vacuum pump maintains the subatmospheric abatement
chamber at subatmospheric pressure. In one embodiment, the abatement chamber is
maintained at a pressure of about 510 Torr.

[0083] The foregoing Detailed Description is to be understood as being in
every respect illustrative and exemplary, but not restrictive, and the scope of the
invention disclosed herein is not to be determined from the Description of the

Invention, but rather from the Claims as interpreted according to the full breadth

permitted by the patent laws. For example, while the system is described in
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s:conpati bl e. The conpati bl e exhaust gases are then
punped (step 440) through a single passage fromthe
subat nospheri c abat ement chanber to a backi ng vacuum
PUWP [ 0082] The backi ng vacuum punp maintains the
wob@komspheri ¢ abatenent chanber at subat npgpRSicbos2730
pressure. In one enbodi nent, the abatenent chanber is
mai nt ai ned at a pressure of about 5-10 Torr. [0083]
The foregoing Detail ed Description is to be understood
eswbaiongvithithe we of yeverabgremplant prersondatidning taehaiqussanhear v,
but not restrictive, and the scope of the invention
slitamhaspksaticlvbangien, induding plasmajenizitiveroiemisd! Yurong, chranical
Description of the Invention, but rather fromthe
phuaializatias ahdfilering adtiea peecorlitthining t¢cbnighes thayt be usede dtiis o be
permtted by the patent |aws. For exanple, while the
& @60d that dissepibiobi@tbnissh@h AN 2OPI6EDDEAR Bre only illustrative of
PCT/ US2005/ 042730 connection with the use of several
GeHatipley ophe pessitinytaidhagl thavhribomsdificativleanay be

subat nospheri ¢ chanber, including plasna ionization,
ﬁﬁﬁ@n@xﬂbd ByithbdeRBilled et Sodvithdi® dépasting Zain BB s@peland spirit of
filtering, other preconditioning techniques may be
WiS8ventibn.i S to be understood that the enbodi nents
shown and descri bed herein are only illustrative of
the principles of the present invention and that
various nodifications my be inplenented by those
skilled in the art without departing fromthe scope
and spirit of the invention. 21 LLOYD WSE CLAI M 1.
A vacuum exhaust apparatus for exhausting at |east two
process vacuum chanbers containing dissimlar gasses,
conprising: at l|least two turbo nol ecul ar punps,
connect ed
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‘5 to exhaust ports of the process vacuum chanbers; a
sub- at nospheri c abat enment chanber having at | east two
inlets and an outlet, said at |least two inlets
receiving the gasses fromthe at | east two turboLLOY
nol ecul ar punps; a backing punp connected to the D Wisg
outl et of the sub-atnospheric chanber, for naintaining

_ éib within that chanber; the sub-atnospheric
a

atement chanber containing at |east one

pre-conditioner for 10 conditioning at | east one of

the received gasses fromthe process vacuum chanbers
~differently from another of the gasses, whereby the
lgAswaedurg eshavgtiappetatgsabr dihaustinrg at déaxi te. précesd hgcuvaLeH4Mbers
exhaust apparatus of claim1, wherein the at |east one
comteinggndissimémegasies, cohfprizmea BeleaiBwb nd8Y hitfeSfl %glin%g, connected
froma group consisting of a plasma ionization device,
t@ex!R08HoeBlof BerHibRSs HRYILEShafbERE 'xﬁﬁ%- | bzBH.Q
device and a fiﬂla_ter. 3. The vacuh?ngex tg{}g}?ﬁeg%palg%%%lﬁg
cRimBdrdaPing RS &HE ; - spher.i.c atepnent ., _
chamber 1(:%r{?lp_ri gg{geéﬁlgﬁgﬁﬁg |t% %H%f gaé(g%ttl%%‘?gﬁvo HUSJS pesgiving the

- r..condi tionj a gas froma 20 respective
g%r%g%%é‘g‘ s %tgaﬁaesﬁ byl o (lar gy, &heeking pampreganested to the
c| aié)gn 1,%$herei n the turbo nol ecul ar punps are
optley o ihe Wo-atmpsahsxic phpmbsr.fopmagdainimgohcwme withirt it chagiber;
LLOYD WSE 5. The vacuum exhaust apparatus of claim
the subtaginesphetit abatemdyn chahisar woatairugd ek 6ne prRRDAURI0BEr for
exhausting to a pressure of over 5 torr. 6. The vacuum

cendithershg agipast aheIsf thé reebidbdpdssed H6MNBE poLERMaShBY chambers |
throttle valves 5 connected to exhaust sides o t%e

differ&Rly el : a appar at u
of cl gi m 1?Hd\ktﬁéerrdgﬁ§1@§dﬁsee§’sﬁg-ggtb %Dﬁ%#ggre?)égcrﬁg‘#b%ﬁq%ﬁe f3r
nf%kiQyl mate the process chanbers. 10 8. The vacuum
exhaust apparatus of claim1l, wherein the

sub- at nospheric chanber is

2. The vacuum exhaust apparatus of claim 1, wherein the at least one pre-conditioner is

an abatement device selected from a group consisting of a plasma ionization device, a

chemical burning device, a chemical neutralization device and a filter.

3. The vacuum exhaust apparatus of claim 1 wherein the sub-atmospheric-abatement
chamber comprises a plurality of abatement devices, each for'conditioning a gas from a

respective process chamber.

4. The vacuum exhaust apparatus of claim 1, wherein the turbo molecular pumps are

capable of exhausting to a pressure of over 1 torr.
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‘renote fromthe process chanbers. 9. The vacuum
exhaust apparatus of claiml1l, wherein an interna
vol ume of the sub- atnospheric chanber reduces an LLOYDwisg
effect of pressure changes in one of the process 15
chanbers on pressure in another of the process
chanbers. 10. The vacuum exhaust apparatus of claiml,
sTeE G . i f Oxi TRLe.
S Do OF e A B SRy 1706 molecylar pumps are
em 1,cfurther conprising an
cg?%és’%{]ee@lﬁgﬁngggggg{;ﬁﬁﬂeﬁlg\g‘y%r’es ©fhnected to an exhaust -
side of the backing punp. 12. The vacuum exhaust
apparatus of claim11l, wherein the atnospheric

f@%ﬁtenent device is a device selected fromthe group

& VaquuALerbRuY apparalis ofiplgim |, furtheycameprigitgthroti valve@YD
WSE and a conbination dry/wet scrubber. 13. The

opardstat te xkbanst sidgspefithe tisbomotdcalanpimpd.or exhaust i ng

four process vacuum chanbers, wherein the
sub- at nospheri c abatenent. device has four inlets. 5
14. A sem conductor nmanufacturing system conprising:

7 ThE Vi %hﬁﬁst%?ﬁé.tﬁﬁ@ deelafh 1 %ﬁ&%ﬂﬁg@ Eﬁﬁmsgﬁeariﬁbcgﬁmber is

chanbers; a single sub-atnospheric abat enent

Iﬁ&gﬁs&qﬁ BK%%gkﬁgﬁ%gg.exhaust fromeach of said vacuum

processin ers, whereby all of said vacuum
processi ng chanbers exhaust into the single

sub- at nospheri c abatenent 10 chanber; abatenent neans

i n, the sub-atnospheric abatenent chanber for

& dheIVasuym sidaust RRpaTatus phcleire 1swherainrthe puteatimosphericenember is
chanber, said abatenent nmeans being arranged to treat
remmbigfim fheqoeess Cleasterone of sai d process chanbers
differently from another of said process chanbers,

wher eby the exhausts are nmade conpatible with each

ot her; and a single backing punp connected to the

% The JAMRMPNBENG aBPRERITBPLIarN 3 RErein an internal volume of the sub-

atmospheric chamber reduces an effect of pressure changes in one of the pfocess

chambers on pressure in another of the process chambers.

10. The vacuum exhaust apparatus of claim 1, wherein the backing pump is proximate

the sub-atmospheric abatement chamber.

11. The vacuum exhaust apparatus of claim 1, further comprising an atmospheric

abatement device connected to an exhaust side of the backing pump.

12. The vacuum exhaust apparatus of claim 11, wherein the atmospheric abatement

device is a device selected from the group consisting of a wet scrubber, a dry scrubber
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-contr

15 for mai nt ai ni ng sub-at nospheric pressure of bet ween

5 and 10 torr in the sub- atnospheric abatenent :
chanber. 15. The sem conduct or manufacturing system of
claim 14, further conprising an atnospheric abatenent
chanber connected to an exhaust of the backi ng plhYD WISE
20 16. The sem conductor manufacturing systemof claim

gqg%' [ plurality of pressure

a%ﬂad%%@h%ﬁp?g’ eat%*@gFg pressure control unit

connected to one processing chanber for evacuating

sai d chanber, and further connected to an inlet of the
%UEB at nospheri ¢ abatenment chanper. 24 LLOYD WSE 17.
Hh %ié%ﬁ“l%’arf‘d‘f}é?% APPARIYS alelaim hgfos gxhausting four proggss @acuum
wherein each said pressure control unit conprises a
champbessithasein|thy syhuaimosplienie @batdment deyicedaa fourgnlets.

process chanber, and a throttle val ve connected to an
exhaust side of the turbo nol ecular punmp. 5 18. The
‘'sem conduct or manufacturing system of claim 16,
MharseifvoaaehoLRamifattutiig §ys@dm, cbfh%ri@ing[ AblukMitPbf semiconductor
pressure control units 1s connected directly to Phe

[N af] ' at enent 1019 Th
R A h SR o BABDEherit Rogdpeg Pamber connected

rein each.of th luralit of pressure contral i

$RERSe BRI i <ot Bl SrepitprBireSogbam s frsrely al of said
abat enent _chanmber. 20. The seniconduct or )
VAEHHT BrOCERSingchatberspxbaust inge thesinglepithratmespheaic abatement

abat enent 15 neans in the sub-atnospheric abatenent
chrapdserbatemend imsane ih the swh-atmpsplgyicabateinent clgindfer far conditioning
pl asma i oni zation device, a chem cal burning device, a
ezh@sst indhe nenbthalspicici datedRri SambeAGaid dbalehfRht means being

- arranged to treat exhaust from at least one of said process chambers differently from -

another of said process chambers, whereby the exhausts are made compatible with each
other; and a single backing pump connected to the sub-atmospheric abatement chamber
for maintaining sub-atmospheric pressure of between 5 and 10 torr in the sub-

atmospheric abatement chamber.

15. The semiconductor manufacturing system of claim 14, further comprising an

atmospheric abatement chamber connected to an exhaust of the backing pump.

16. The semiconductor manufacturing system of claim 14, further comprising a plurality
of pressure control units, each said pressure control unit connected to one processing
chamber for evacuating said chamber, and further connected to an inlet of the sub-

atmospheric abatement chamber.
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»21. The sem conduct or manufacturing system of claim
14,. wherein each of the vacuum 20 processing chanbers
is located within a clean room and the

sub- at nospheri c abatenent chanber is | ocated outside
the clean room 22. The sem conductor manufacturing oypysg
systemof claim 14, wherein an internal volune of 6%e

sub- at nospheri ¢ chanber reduces an effect of pressure
changes in one of the 25 LLOYD W SE processing

h ers on, pressur n_anot her o 0Cessi .
(nEf S S RloR b Boh g s s a6 Slaithd By RbSEE e g pressure
plurality of, process vacuum chanbers, the exhaust
C@H‘é%légmf‘ioa}ﬂ“aiﬁs 3 wislq mplgsular PumB cppnssisd JoReyaguating a process |
chanbers being inconpatible 5 with each other, the -
chemherdambarthrottle vglve kennsctegdo eh exhansedide ofithe turbo molecular pump.
subat nospheri c abat enent chanber the exhaust gasses
from each of the process vacuum chanbers; wthin the
subat nospheri c abat enent chanber, preconditioning the

18X TR¢I Sdmi SRR for frﬂdﬁﬁfacﬁﬁrinﬁ @9\§cémQﬂr@1a% Tleh@hérein &aR CoktYR unit of
process vacuum chanber s havi ng |nconpat|ble gasses,

ﬂpat I%Fpﬁ‘reé Sl i i E@&%%teﬁrdﬁfrg @n%f‘gx b-atmospheric

punplng the conpati aust

ses through a single passage fron1the subat nospheri c
g%%?% ﬂ?ngﬁﬁnber to a backing vacuum punp, whereby

t he subat nospheri c -abatenent chanber is maintained at
a subat nospheric pressure of between 5 and 10 torr.
24. The nethod of claim 23, further conprising the

19t Ehe sfmicerdustos mann@ctlmmgéxﬁamsxf clais 1§awberefrr aagh af the plurality
| east one of the process vacuum chanbers to the

of pesture spiesliunits Sheemad reatvasth e theistb-anospheric abatement
tur bo-nol ecul ar punp. 25. The nethod of claim 23,

hhep&in the step of preconditioning the exhaust gases
conpri ses subjecting the exhaust gases to at | east one
process selected froma group 20 consisting of plasm
i oni zation, chem cal burning, chem cal neutralization

Z%Wilhé Ise!rrtu%(r)n&%mr ma6nufactur1ng system of claim 14, wherein the abatement
means in the sub-atmospheric abatement chamber is selected from a group consisting of
a plasma ionization device, a chemical burning device, a chemical neutralization device

and a filter.

21. The semiconductor manufacturing system of claim 14, wherein each of the vacuum
processing chambers is located within a clean room, and the sub-atmospheric abatement

chamber is located outside the clean room.

22. The semiconductor manufacturing system of claim 14, wherein an internal volume

of the sub-atmospheric chamber reduces an effect of pressure changes in one of the
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~ processing chambers on pressure in another of the processing chambers.

23. A method for exhausting gasses frorﬁ a plurality of process vacuum chambers, the
exhaust gasses from at least two of the process \facuum chaf_nbers being incompatible
with each other, the method coﬁlprising the.steps of: receiving in a subatméspheric
abatement chamber the exhaust gasses from each of the process vacuum chambers;
Within the subatmospheric abatement chamber, preconditioning the exhaust gasses from
at least one of the at least two process vacuum chambers having.incompatible gasses,
whereby the incompatible gasses are rendered compatible; and pumping the/compatible
éxhaust gases through a single passage from the subatmospheric abatement chamber to
a backing vacuum pump, whereby the subatmospheric abatement chamber is maintained

at a subatmospheric pressure of between 5 and 10 torr.

24. The method of claim 23, further comprising the step of transferring the exhaust
gases from at least one of the process vacuum chambers to the subatmospheric

abatement chamber with a turbo-molecular pump.
25. The method of claim 23, wherein the step of preconditioning the exhaust gases

comprises subjecting the exhaust gases to at least one process selected from a group

consisting of plasma ionization, chemical burning, chemical neutralization and filtering.
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