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represen#s-?rxn1551n1réﬁtvéktﬁ the transfer chanmber 102 is to operate

(e.g., a set pointThprpssaeetf bnveheibnanslieteshaobeact?) tethnology

and more particularly to methods and apparatus for
maintaining a pressure within an environmentally controlled
chamber such as a vacuum chamber.

15
BACKGROUND OF THE INVENTION

FIG. 1 is a block diagram of a conventional system
100 for maintaining a pressure within a transfer chamber 102
of a semiconductor device manufacturing tool (e.g., the

20 Endura™ (shown in FIG. 4) or the Centura™, both manufactured
by Applied Materials, Inc.). The transfer chamber 102 is
shown coupled to a first load lock 104 and to a second load
lock 106. The load locks 104, 106 are adapted to transfer
semiconductor wafers to and/or from the transfer chamber 102

25 asg is well known in the art.

With reference to FIG. 1, to employ the
conventional system 100 to maintain a pressure within the
transfer chamber 102, a user (not shown) supplies a user
defined input 108 to a mainframe controller 110 of the

30 conventional system 100 (e.g., a conventional fabrication
controller such as a manufacturing execution system (MES)).
The user defined input 108 represents a pressure at which
the transfer chamber 102 is to operate (e.g., a set point

pressure for the transfer chamber 102).
1



WD 01/96972 PCT/ US01/18992 To maintain the set point pressure within the
transfer chanber 102, the conventional system 100 enploys a nmass flow

control | ewolohded@ adjust a flow rate of nitrogen (or songp@itisdert,
non-reactive gas supplied froma 5 regul ated gas supply 114) into the
transfer chanber 102 and enploys a throttle valve 116 to adjust a rate at
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mai nf r angi eppgenl (ehdlafyt ochbe tmssritovsceathobhbeoxfd@nantdalOate the
throttle valve 116, respectively, as shown in FIG 1. The painfrane
cont rol | @t 198sprevEded BhpnebARPFE WRbhE! of SsPYHBEIt 5¥a™f FRSt i sol ation

val ve 12 t fiiEstgi 0BuNa! Yes120 aadoakhiaw,bitrogen
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(e.g., aMllipore distributed b S. .Filter, c.); and the inframe
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flow rateabtulpbingss flew rebat #eF| epintofandthhemdssi £16W of the throttle
val ve 11§ontroller 112); and (2) calculate a pump rate of nitrogen

15 (and any other gases) from the transfer chamber 102 (e.g.,
by calculating a throttle valve position control signal for
the throttle valve 116). The flow rate set point and the
throttle valve position control signal are provided from the
mainframe controller 110 to the mass flow controller 112 and

20 to the throttle valve 116, respectively, as shown in FIG. 1.

The mainframe controller 110 provides a pneumatic
control signal to a first isolation valve 120 so as to open
the first isolation valve 120 and allow nitrogen to flow
from the regulated gas supply 114 through the mass flow

25 controller 112 and into the transfer chamber 102 via a
nitrogen filter 122 (e.g., a Millipore distributed by U.S.
Filter, Inc.); and the mainframe controller 110 provides a
pneumatic control signal to a second isolation valve 124 so
as to open the second isolation valve 124 and allow the

30 wvacuum pump 118 to pump the transfer chamber 102.

After establishing the flow rate of the mass flow
controller 112 and the position of the throttle valve 116,

the mainframe controller 110 employs a first pressure



the mainframe controller 110 enploys a first pressure 2 WO 01/ 96972

PCT/ US01/ 18992 transducer 126 (e.g., an MKS Instrunents' capacitive
manomnet erwoen1Bas7at ron capacitive manoneter, a Ganville RUT/U$/18992
convection gauge, etc.) coupled to the transfer chanber 102 to nonitor the
pressure within the transfer 5 chanber 102 (e.g., by periodically sanpling

the out puf,nssGR&t 95et *@@.%i.ES,Ianpm%§Sﬂﬁ§t£ﬁﬁéﬁggceéaé§§iti@ésed on each
sanpl ed output signal of the first pressure transducer 126, the mainfrane
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to achieve the pressure originally defined by the user defined input 108.
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position sed thereon. ﬁhe pressure variations result In the transfer
chanber 488pledgoutdue sdghhé opebhagfpfst heréssstel baantdeker 202404 when a

fer is_t f d into the.t harber, 102_f the first load |ock
104, t hotBheHaE BRTENECBEEBRICE] bLA FOeR: 106=GRRnal KAFcTFE TFansiorred

out of theintressfeheChapBer1df2cbaribeisecond hoadal eekodfbe daTyer Wwhen
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val ve llgé ggetgOggﬁggbgn%hesﬁigggh%gooéggfnally defined by the user
defined input 108. Note that some conventional throttle
15 valves may include a local controller for monitoring chamber
pressure and adjusting throttle valve position based
thereon.
When pressure variations result in the transfer
chamber 102 (e.g., due to the opening of the first load lock
20 104 when a wafer is transferred into the transfer chamber
102 from the first load lock 104, the opening of the second
load lock 106 when a wafer is transferred out of the
transfer chamber 102 to the second load lock 106, and/or
when a processing chamber (not shown) coupled to the
25 transfer chamber 102 is opened to transfer a wafer to or
from the processing chamber), the mainframe controller 110
detects the pressure change via the first pressure
transducer 126 and accordingly adjusts one or both of the
flow rate of the mass flow controller 112 and the position
30 of the throttle valve 116. The conventional system 100 thus
employs a feedback control loop comprising the first
pressure transducer 126, the mainframe controller 110, the

mass flow controller 112 and the throttle wvalve 116 to



enpl oys a feedback control |oop conprising the first pressure transducer
126, the nmainframe controller 110, the mass flow controller 112 and the
throttl e walo®ed726 to 3 WD 01/96972 PCT/ US01/ 18992 nmuai nt @&aT/tdee/18besi r ed
pressure within the transfer chanber 102. To control the pressure in the
first load lock 104 and the second | oad | ock 106, the conventional system
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first load |oc I's neasured by the mainframe contr ol 110 via a
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contkbl | érdiyPdual by §9§a§§é§1P598e§Préﬁ}?CWHEGéﬁn@EﬁFPGHQIe§9§téﬁﬁ@00 of
L b TARERLS SUATAERy2 DUty o8 AN0RRkE, EOR SHAIDLS o S5
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116 baseg32ncgup g utodboth the first load lock 104 and the second
load lock 106 via an isolation valve 136 and an isolation
15 wvalve 138, respectively. The pressure within the first load
lock 104 is measured by the mainframe controller 110 via a
second pressure transducer 140 and the pressure within the
gsecond load lock 106 is measured by the mainframe controller
110 via a third pressure transducer 142. Note that an
20 isolation valve 144 that is controllable by the mainframe
controller 110 alsc is provided between the regulated gas
supply 114 and the filter 122 (e.g., so as to allow the maés
flow controller 112 to be bypassed if desired).
The conventional system 100 of FIG. 1 suffers from
25 a number of drawbacks. For example, the mainframe
controller 110's empirical calculation of both a flow rate
for the mass flow controller 112 and a throttle valve
position for the throttle valve 116 based on a measured
pressure within the transfer chamber 102 is a complex
30 calculation that (1) is not highly accurate (e.g., as the
method by which a mass flow controller measures mass flow is
prone to error unless repetitive calibration is used); and

(2) may be time consuming to implement because the mainframe
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pressure within the transfer chanber 102 is a conplex 30 cal cul ati on that
(1) is not highly accurate (e.g., as the nethod by which a nass fl ow
control | ewomaasemes nmass flowis prone to error unless reuarvoiAgs92
calibration is used); and (2) may be time consumng to inplenent because
the mai nframe 4 WO 01/ 96972 PCT/ USOL/ 18992 controller 110 may need to
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Addi tionally, the conventional system 100 is expensive 10 because_of the
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a separate punp (e.qg. m pu to contro e pressure within
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within &% adtahifeRhd EE@% t PanstePthamb8r bt™&’ seni conduct or
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first aspect of the invention, systemis provided for maintaining a
pr eddur oeqpunenof thanbee afich abrattlanwévecl’qanﬁer thepkbeessiag

charber giitheilbicandhe sustem bpcludesoltlaa g anbeghe(agsgf?ffo ari abl e

speed vacuum punp pressure controller
coupl ed é@nthelméﬁnbﬁn) Thﬁdpbeeause ofonheotberofsaadapaethOpumppare a
set poin% pressure with a
e.g., the vacuum pump 128) to control the pressure within
first load lock 104 and the second load lock 106.
15 Accordingly, a need exists for improved methods
and apparatus for maintaining a pressure within a wvacuum
chamber such as a transfer chamber of a semiconductor device

manufacturing tool.

20 SUMMARY OF THE INVENTION

In accordance with a first aspect of the
invention, a system is provided for maintaining a pressure
within a chamber such as a transfer chamber, a processing
chamber or the like. The system includes (1) a chamber; (2)

25 a variable speed vacuum pump coupled to the chamber; and (3)
a pressure controller coupled to the chamber. The pressure
controller is adapted to compare a set point pressure with a
pressure measurement for the chamber and to adjust a flow of
gas through the pressure controller based on a difference

30 between the pressure measurement and the set point pressure.

The system also includes a pressure measurement
device coupled to the chamber and to the pressure

controller, and a main controller coupled to the variable

5



pressure neasurenent for the chanber and to adjust a flow of gas through
the pressure controller based on a difference 30 between the pressure
measur enewo @ndItzhe set point pressure. The system al so irtalushessm?
pressure neasurenent device coupled to the chanber and to the pressure
controller, and a main controller coupled to the variable 5 WD 01/ 96972

PCT/USOléﬁgggzva%Q%%dﬁﬁ%@UUEhQUEBes%U%epE%§§96§1@9n5h8|E%F ?Qgsgngepressure
nmeasur enment devi ce e pressure measurenent device is adap ed to neasure a
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i s adapte p he“vari a vacuum “punp; and
(2) providevthe aepraesukepmessu&emb&tthe phessueesueentokirellelr-n a second

aspect of the invention, .the chang is a transfer chanber and the
syst et i ABAUQES 8 FH8dMPARK CORREPSH eF - prEB@s@?ﬁ& ERRABEL LESupFed to the

transfer aagﬁziéar to /M?' 865 8sPUEP sFREGPUEP that k}akasb&éa%fe?ea ¢hagper and the

| oad | ock umrer ous o aspects are provided. O her features and

advant agesmpf; &he ﬁQéSQMDV1Ee|nhense@npwuht breepureore frllel prapparent from
t he follomnn% getalled description, the appended clains and the
acconpanyPRYT@t&%ngs. BRI EF DESCRI PTION OF THE DRAWNGS 20 FIG 1 is a

bl ock diagram of argoavestbaBabspyetedr tae ARvBLAHBIWNY thePlcBSEBES W thin a
transfer chanber of a sem conductor device manufacturing tool; FIG 2 is a

bl ol di 4§r amtaRIghcEx SRPNREY aney EHEl v¥SEEE: dnriorerapnilarsi A§CK pressure
wi thin a_2a transter chagher At 8e3eThagRductar (Hevi¢e eyl agbhkkpg tool;

A single pump may pump both the transfer chamber and the
load lock. Numerous other aspects are provided.
Other features and advantages of the present
15 invention will become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a block diagram of a conventional system
for maintaining a pressure within a transfer chamber of a
semiconductor device manufacturing tool;

FIG. 2 is a block diagram of an exemplary
inventive sgystem for maintaining a pressure within a

25 transfer chamber of a semiconductor device manufacturing
tool;

FIG. 3 is a block diagram an alternative inventive
system for maintaining a pressure within a transfer chamber
of a semiconductor device manufacturing tool; and

30 ' FIG. 4 is a top plan view of a semiconductor
device manufacturing tool configured in accordance with the

present invention.



FIG 3 is a block diagraman alternative inventive systemfor maintaining

a pressure within a transfer chanber of a sem conductor device
manuf act uypig@seel ; and 30 FIG 4 is a top plan view of a mamwengiyst or

devi ce manufacturing tool configured in accordance with the

the needs of the prior art an inventive systemis provided
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bet ween t he
convént i #hadrsybee@endirafid (hhe Bheowndiveoshsmemifa00uaed: bg5Applikd mass

manuf actured by Applied Materials, Inc.). Wiile the presen

devi ce npOuEACLULL NgnLO0k| t el bey cundor stoad Lhat Lhey]

enployedcmn any 15 énvironhen y-controlle chand

conveni ence, only the differences_between the conventlonal

functi ons th reference e main differences

202.

1 | ler 112 | L] h
out put SPBREFBHE - (FSt | ot MT bSSERE PFSREARCEPVIoBPE +RAIEARERT

below with reference to a transfer chamber of a
semiconductor device manufacturing tool, it will be

understood that the invention may be employed with

any

15 environmentally controlled chamber, whether the chamber is

operated above, at or below atmospheric pressure.

For convenience, only the differences between the

conventional system 100 of FIG. 1 and the inventive system

200 of PIG. 2 are described herein, and like refere

nce

20 numbers are employed for components that perform similar

functions. With reference to FIG. 2, the main differences

between the conventional system 100 and the inventive system

200 are:

25 1. the mass flow controller 112 is replaced with a
pressure controller 202 and the output signal of
the first pressure transducer 126 is fed to both
the pressure controller 202 and the mainframe
controller 110;

30

2. the throttle valve 116 is not employed;
3. the vacuum pump 118 is replaced with a variable
speed vacuum pump 204 that has a speed that may be

35 controlled by the mainframe controller 110 (via a
pump speed control signal); and

4, the vacuum pump 128 is not employed (e.g., the

7



the pressure controller 202 and the mainframe controller 110; 30 2. the
throttle valve 116 is not enployed; 3. the vacuum punp 118 is replaced with
a vari ablwo@apeed vacuum punp 204 that has a speed that n@CTES01/38992
controlled by the mainfrane controller 110 (via a punp speed control
signal); and 4. the vacuum punp 128 is not enployed (e.g., the 7 WO

01/96972 PCT/ USO1/ 48992y, yari,ablie SBasH ¥aGEUSLRUNE 3081b5eamBhopaspt 0 punp
the first load |ock,l04; Lpe 5§a0m§ck0§64toehelgécoﬁadlgaa ipaRshgE chamber
102). 5 The pressugﬁdc ﬁgrg iﬁ&f@@ HBYLEQTRELSE, for exanple, a

volunmetric flow controlTér "having a proportional integral derivative (PlD)
cl osed- | oop contro& unj t ge.g., an Nﬁi In? éunents Model No. MKS-640
pressure control | er<t REESSEDRpEPES Ph&SSu % t MY gHRIOF FEft A8 pr essur e
transducegadgbelOat 9oduset rpei Bl ofr 55861 8st-ahhishgdabyprbbersabnhiame
controller 110 and that adjusts the volunetric flowrate of nitrogen into

the transneegehanBeriyepive 4BIPo RAPAEAr hAOPReCOBELOhoHAL EprlesSur eaas
descr beghBel 8l v fREL BULEIOLE.PIRSSHLE BRALLALLEESIRYINAG) LRl Of
rolle at enpl oy S,

exanpl e, pressure con rst neur al networ fuzzy | ogic,
etc., fobmpaedbatkecontpal. sAbheilndtrbmekite phespuessurensdonerollbér 202

may conprise a flow,controller such .a roportional vyal ve that |acks
f eedfack tCoft FEF, PRRBTt RESRERRS EﬁﬁﬁggFFBFglgg Hﬁ? Q&fﬂ%FaFFOM/rate t hr ough

the pressype-8916entngl han 202:baggdsen PhLESSHIEmERASHN €MRAL $atEOBYt he
pressure transducer 126. In either case, a particular advantage of

enpl oyi ngiarpgessancocther birhpefeat kbambRan182 Aasssf Fowvedntash| &hei s t hat

unlike a2 LE?%ECBQEEQhre (as described below). Other suitable

pressure controllers may include, for example, pressure

15 controllers that employ neural networks, fuzzy logic, etc.,
for feedback control. Alternatively, the pressure
controller 202 may comprise a flow controller such as a
proportional valve that lacks feedback control, and the main
controller 110 may adjust flow rate through the pressure

20 controller 202 based on pressure measurements from the
pressure transducer 126. In either case, a particular
advantage of employing a pressure controller rather than a
mass flow controller is that unlike mass flow control,
pressure control. is independent of gas type.

25 The variable speed vacuum pump 204 may comprise
any conventional pump (e.g., a mechanical pump) having a
pump speed that may be varied (e.g., so as to allow a
suction flow rate of the pump to be varied in accordance
with variations in a motor speed of the pump). Conventional

30 pumps that may modified (e.g., by varying the voltage that
drives the pump motor based on the signal from the mainframe
controller 110) so as to have variable speed pump rates are
well known in the art and include, for example, various
mechanical pumps manufactured by Edwards, Alcatel, Ebara and

35 the like.



pressure control -is independent of gas type. 25 The vari abl e speed vacuum
punp 204 may conprise any conventional punp (e.g., a mechanical punp)
havi ng a wounpéespeed that nay be varied (e.g., so as to alHcawsat/i1s9eti on
flow rate of the punp to be varied in accordance wth variations in a

not or speed of the punp). Conventional 30 punps that may nodified (e.g., by

varying the vol tagg;thaterdi-bhes therRENP2MOLEr RRIEY @Rt hOvehgngk from
the mainframe controller 110) so as to have variabl & speed punp rates are

wel | knoawskiemt B€0atb wmadniadhudepretesuarawpkbbinyaheotsamsdleani cal punps

T

PCT/ USO1 rence to | oy "t he T nventiv system

200 to mahptiai M08 pobeaswaendirbhimencbherbraasf enocbanbae 10engiwvser (not
shown) supplies the user defined_ .input 108 to a mainframe controller 110
of the i AVEREMNVE005 sYBEeHsetodefRBedsdrPYEf LA PRPGECTHS Pepresents a

pressur epRballh o NERLEANSHE! ceAAThel. L02ybext 909nEEALE, cffallee @ SCt

poi nt pressure e transfer chanber 10 0o maintain the set point
pressur e (gi.ghi,nat Bett panstepreskambefot02het heanstfent chembest @02200 enpl oys

th 10 troll 202 .t dj ust Tet i | t f nit
(or Soms 81 HER RGP ERoREF oBELF Ve DG RE SURpHR Bl LIy bHEaC " PEGIEE od gas o

supply 1ifhmbBio1bhe thansheenehasberst@d a0d <REPLYYS thike prakkakbke speed
vacuum punp 204 to adjust a rate at which the nitrogen that flows into the

t r anst er CORaKDAA eT52982tps aglipEd af VeRIIRE T Eafid PEr rekanedr niZoIeRher
orse i Sprlcasmaec.ngen k0 IR e UIELIOR gy ansle
204 servesgalaaedr gas puepldyr 21ad) aatoenheandansfer chamber 102 and
employs the variable speed vacuum pump 204 to adjust a rate
at which the nitrogen that flows into the transfer chamber
15 102 is pumped from the transfer chamber 102. Other gases
such as degassed oxygen also may be pumped from the transfer
chamber 102.
In general, the pump rate of the variable speed
vacuum pump 204 serves as a gross pressure adjustment and is
20 employed only when large pressure variations are detected or
expected within the transfer chamber 102 (e.g., when a wafer
is being transferred to or from the transfer chamber 102,
into or from one of the first load lock 104, the second load
lock 106 or a processing chamber (not shown)). Accordingly,
25 after receiving the user defined input 108, the mainframe
controller 110 converts the user defined input 108
(typically a digital signal) into an analog set point
pressure and supplies the analog set point pressure to the
pressure controller 202. The pressure controller 202 then
30 employs a closed loop feedback control technique (e.g., a P,
a PI or a PID control loop) to calculate a flow rate of
nitrogen into the transfer chamber 102 that will establish

the set point pressure.



20 enpl oyed only when | arge pressure variations are detected or expected
within the transfer chanber 102 (e.g., when a wafer 1is being transferred
to or frowmahmetmansfer chanmber 102, into or from one of rdTUSNINEM2| oad
| ock 104, the second |load |ock 106 or 'a processing chanber (not shown)).
Accordingly, 25 after receiving the user defined input 108, the mainfrane

controller 110 conygét gatherdper ceéatirBedetnpid 3980 GhvBieakkYaapdingital
signal) into an anal og set point pressure and supplies the anal og set

poi nt prepsedecontraé sporadubasednprother seD2PoThE piressuie.candrol | er 202

t hen 30 a.¢lo I e CQE chplq - , aP
or o b ooRBReYSr H s pEftg' SERCLrERRRLE; Catbhe EETRRLINEL S, sBeb
t ransf er vabaahepuhp22bhatowakl tesktabl thb vhbheabkt ppertl pressur pumf WO

01/96972 PCT/ USOL/ 18992 @ The mai nfrapme controller 110 al so generates a punp

speed® coRrPFOP BHYRaFPB&deliCof FRESsERGHONMLLpPBLRGAET SRE PLGFFHFEs t he

punp SpeéqtﬁQEtEHé glgnakekochBRLKRr hghl §rSpegdveYagudm puaRiddd §ReaS to
set the variabl e speed vacuum punp 5 204"s punp speed to"a rate that wll

mai nt ai npreespressanerohileli A0Rhmakimnsf preehanberahg? gpnirpével Fohat
provi des t he ressu controller 20 i ressure range ntrol. For
exanpl e, SFATPH 'p?gséﬁFepESﬁfpgﬁlSpngﬁgﬁﬁgg gb?|§aﬁrgt£5?gn§g%§f 1
mlliliteshgengtertpilililteeifiviuiee tbe1puapeiPmspeed, okhkhgumari abl e

speed vacuum punp 204 may be set at. a speed (e.g., an enpirically
det ek néRespeed) thhavasipbks sPRedpVasystmePEdRt FORI BRY2b2 £6tcdht fol the

maxi mum ur, var Lat | At AR Rt g r e 2 t he
pressuregﬁggﬁtégr?éf 5@2E@@fggkghgﬁéagF%&ﬁgg%g 8?g%?$r35é% ??%%?% 15
mllilitehtnprabeure &ohitredleirnape. thotenthal the mamimbmapeesenteol | er

110 2l so provides a,pneunatlc contrel csignal 18,t el (oL Legkatien valve
controller 202 adjusts the flow rate of nitrogen from 1

15 milliliter/minute to 1 liter/minute. Note that the
mainframe controller 110 also provides a pneumatic control
signal to the first isolation valve 120 so as to open the
first isolation wvalve 120 and allow nitrogen to flow from
the regulated gas supply 114 through the pressure controller

.20 202 and into the transfer chamber 102 via the nitrogen
filter 122. The mainframe chtroller 110 further provides a
pneumatic control signal to the second isolation valve 124
so as to open the second isolation valve 124 and allow the
vacuum pump 204 to pump the transfer chamber 102.

25 After the pressure controller 202 establishes the
flow rate within the pressure controller 202 and the
mainframe controller 110 establishes the pump rate of the
variable speed vacuum pump 204, both the mainframe
controller 110 and the pressure controller 202 employ the

30 first pressure transducer 126 coupled to the transfer
chamber 102 to monitor the pressure within the transfer
chamber 102 (e.g., by periodically sampling the output

gsignal of the first pressure transducer 126). Based on each
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first isolation valve 120 and allow nitrogen to flow from the regul ated
gas supply 114 through the pressure controller 20 202 and into the transfer
chanber 10® aaisa9zhe nitrogen filter 122. The mai nframe coeamwedoesilo
further provides a pneumatic control signal to the second isolation valve
124 so as to open the second isolation valve 124 and all ow the vacuum

punp 204shappHAPoLiBgut! anghen ehagher r1Pdr 2reAbLieE thenBHESSH! g2g0Ntr o0l |l er
202 establishes the flowrate within the pressure controller 202 and the

mai nf r anéheonreepher cooteslabli sA8srepalpubpteat @ lowhwateapfabl e speed
VaC”“"‘pHgPﬁégé%ngﬁggetEgogganﬁhégethgoEkéﬂékgk éggmseglggs BéeﬁégEﬁo the

controlle first préssure transducer couple
t ransf er achhawbethé02etopounit prekbharpr essheemathliiirambheocheassier chanber

102 (e.g., by periqdically sanpling the output signal of the first
pres§%relgpaﬁ§5ﬁcégjﬁ§§?.¥B§sEHmBn%@5€h°§0th)U?FQB@?? PRFEOSTRFERGI2

sanpl ed Bukgusosi gRaLnAf pilestitshiphensthe LransducenlaBer Lhs pressure

controller 202 recalculates a flowrate of nitrogen to into the
t ransf er cehnabebe 162f§dcasntdy aohirvéletieviet thei prepeassure. The

mai nframe _controlle 10 only_adjusts the p rate of the varjabl e speed
Vacuum  BERBEObESF( 2PRe Br@ssurd @ LAFACL HGLFANS! BF CERURBer =109t Lo8mnot - be
suffici epebMi€antbothad vha Fhewpi-gassusgjusenthel kahgd038r(eng., if a large
positive pressure variation results so that the flow rate_adjustnent range

of tH: 1DrpFedsar €oBbHPLSFIFer 02025 inpdadeghat Eot 6TELFILENEAY] fere-
t abl i i iati [t inth
esta ISQSEEE%%%& ggén%gegﬁ§§§5e£reg@ﬁgep(essure vari ations resu in e

transfer ue“to the opening of the first load |ock 104
when a wafer is tr#whehepredsumtovhheéatiansf eesauhanter thd t@a3néfem t he first
load Tock, I0fe !t D520REMNGN9 et 08 88SO88ening of the first load lock
104 when a wafer is transferred into the transfer chamber
15 102 from the first load lock 104, the opening of the second
load lock 106 when a wafer is transferred out of the
transfer chamber 102 to the second load lock 106, and/or
when a processing chamber (not shown) coupled to the
transfer chamber 102 is opened to transfer a wafer to or
20 from the processing chamber), the mainframe controller 110
and the pressure controller 202, via the first pressure
transducer 126, detect the pressure change, and the pressure
controller 202 adjusts the volumetric flow rate into the
transfer chamber 102 accordingly. As stated, the mainframe
25 controller 110 may choose to adjust the pump rate of the
variable speed vacuum pump 204 to aid in rapid re-
establishment of the set point pressure within the transfer
chamber 102. However, in general, the pump rate of the
variable speed vacuum pump 204 may be held approximately
30 constant.
The inventive system 200 thus employs a feedback
control loop comprising the first pressure transducer 126,

the mainframe controller 110, the pressure controller 202
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| oad | ock 106 when a wafer is transferred out of the transfer chanber 102
to the second | oad | ock 106, and/or when a processing chanber (not shown)
coupl ed twgdhdeotar ansfer chanber 102 is opened to transferp@E/viggoobo or 20
fromthe processing chanber), the mainframe controller 110 and the
pressure controller 202, via the first pressure transducer 126, detect the

pressure , u n I 2 ) t vol unetric
Flow r at aisnPaE; yaPeabTe O8RS kRpubRTBhRL 20s e AOLHRETn Bied” (e
mai nf r amde@bre@npresbarelifithay cheoseahefad] vhambbe paop rRteaanket he

vari abl e speed vacuym punp 204 to aid in rapid re- establishnment of the set
poi nt prQESEF% ﬁ??ﬁganﬁBOP?EnQﬁthecﬁﬁﬁﬁﬁngoﬁpnFﬁﬁi@EF,29% general , the

punp ratecpht{ipe r¥arhabhgispeafevacHerbPyap 294 mBY be bgkdraperextmatel y
30 constant. The inventive system 200 thus enpl oys a feedback control | oop

conprd si Mglvaeli6r §¥IGreddur eher anvdntévelggstemt REOnmpwf rahber¥ensr ol | er

110, the.pressure controller,202,. .11, WO 01/96972_ PCT/ /18992 and the
var! abl SBREREH | SrEERLER ORI ona i hhdbedDahanbEl IS AR er L 1 1€ e

transfer rgpaabg; 403. mBecausetadh the dapidedeppensaref wibaiprersure
controller 202 relative to the mainframe controller 110 and to the
thrott!| etsapafes ¢hgmpprGlo?) tor pemiahehiphECEy PRI 200Ny @B BFe a

desired ggﬁgéﬂ&goﬁéihggaggﬁ tpgngkegrghagber 102 nuch nore rapidly, and

may maintain t Sir pressure wthinthe transfer chanber 102 to a
muchi@ i ghter tol erdncepntlirad the preasenei dnakhsy$tiest100adf 16tk 104 10 To

control She BLessuLe im s LLERtuhgad.ock 404, aadat e aesgpd |oad | ock
speed vagupMbPyNPhe284met Batpl SeUged tRepvaRibbeet EasHEtachambplimp02.
204) that is used to pump the transfer chamber 102.
Accordingly, because the inventive system 200 employs only a

15 single pump and no throttle valve, the inventive system 200
is significantly less expensive-than the conventional system
100 of FIG. 1. If desired, a separate pump 302 (e.g., a
non-variable speed pump) also may be employed with the
inventive system 200 as shown in FIG. 3.

20 In order to not adversely affect the wafer
throughput of the system 200 due to the use of a single pump
(FIG. 2), software within the mainframe controller 110 may
be configured to pump the first load lock 104, the second
load lock 106 and the transfer chamber 102 in a sequence.

25 For example, when the system 200 of FIG. 2 is first
employed, the pump 204 may be used to pump the transfer
chamber 102 to a base pressure, and the isolation valve 124
then may be closed. Assuming the transfer chamber 102 is
primarily leak tight, the pressure within the transfer

30 chamber 102 should not rise significantly and there should
be no flow of gas into the chamber 102 from the pressure
controller 202. The pump 204 thereafter may be employed to

evacuate one or both of the load locks 104, 106 as required
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Accordi ngly, because the inventive system 200 enpl oys only a 15 single punp
and no throttle valve, the inventive system?200 is significantly |ess

expensi vewigh@amedfae conventional system 100 of FIG 1. |f pdgsidoedsoot
separate punp 302 (e.g., a non-variable speed punp) al so nay be enpl oyed
with the inventive system 200 as shown in FIG 3. 20 In order to not

adverse'¥o§féﬁB%t&QEe“@E%hsFEQr0”@9&@&19& tQﬁes¥§%ﬁgké90cﬁa%b%?eﬁa§ use of

a single punp tware wt he mai nframe contro 110 may
be conflgayehetpuppﬂﬁ tibenf tpst baad poekst®4, afhersevendr boald béck 106

and the ansf er. e 021 pence. For exanple when the system
200 of F %? ; 7 i &gép 69§dﬁaYﬁe 5ﬁﬂpe§6&uﬁg Y%be used to punp the
transfer chanber iQZat01éaaaseneremgaaemeﬁed the tseliahl plm FatU@ 124 then
may be cl osed. Assuming the transfer chanber 102 is prinari | eak tight,

t he dﬁes@Drénﬁﬁgﬁﬁﬁedhﬁoﬂﬂén§feﬂssopéﬁﬁnﬁéPUE®2(§h€uhdan§ﬂmplgbat is
S'gn'f'céﬂkk¥c§89tigl%ﬁaig ghd %98w”9hé'§§h§ftgaﬁf g&BCEBG ghgnber 102 from
er 202. 2 ter nmay

the pressure contr € punp herea be enpl oyed to

evacuatesemécondbotbroﬂewheelmaduEackariﬁg td06 as cequi tkhd H2sWVWENBE/ 96972
PCT/ US01/ 18992 Rﬁr substrate transfer kemﬁsg, the transfer chanber 102
may be pBRbEESHo etgaguﬁgsBuBPeggﬁréngfFb? dRelaripst Kadve Lh& F8ad | ocks

104, 106ohaye 86680 avaedat gd. ob?o@édlgésﬁpoﬂg eghogdiLrBat whkheavacuum punp
204 is 5 an integrated point use punp (IPUP) (e.g., a punp that is

suf fiki eaohyeshaphai opampowst kepparpdl o b&hgl asedodnan ISERI spaddst or

devi ce nanu? cturln t ool .so tha the d stan%i bet ween.t.he yacgum punp 204

and the %o ﬁsg B Eéwe|8“ Fy5580u9n 88t “as o 68§e8 toup to 100

yards Mhé?sﬁe&OZOOnV@DQIQnahepU€§uu& pupboyedy. ofhehyseystean2bBYPsspeeds
up the rgsggngg ;agﬁsg%eggetguckgogukgoggggEEO%lgﬁeogagngm pump 204
makes a rapid adjustment in suction flow rate. An IPUP also
15 is less expensive than larger pumps, as is the cost of
installing an IPUP (e.g., as only a short distance of
plumbing is required). An example of an IPUP is the Alcatel
ADP100L IPUP.
FIG. 4 is a top plan view of a semiconductor
20 device manufacturing tool 400 useful in describing the
operation of the invention system 200 with a single pump
such as an IPUP. Other tools or vacuum chambers may be
similarly controlled.
With reference to FIGS. 2 and 4, in an exemplary
25 operation, when a single pump is employed, the transfer
chamber 102 may be connected to a shared IPUP 204 (FIG. 2)
and a pressure controller 202 which is sized/configured for
the correct operating pressure. The IPUP 204 may service
the transfer chamber 102 and the load locks 104, 106. The
30 Dbase pressure for the transfer chamber 102 is set via the
mainframe controller 110 (in response to a user-defined

input 108) and the transfer chamber isolation valve 124 is
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system 200 (e.g., the vacuum punp side of the system 200) so that an

adj ustnment to the punp speed of the vacuum punp 204 nakes a rapid

adj ust mrenwa a/9sert i on flow rate. An IPUP also 15 is | ess equersingt han

| arger punps, as is the cost of installing an IPUP (e.g., as only a short
di stance of plunbing is required). An exanple of an IPUP is the Al catel

ADP100L LEUR. 3 Fl Gndei 6nd8 tPRnPEER MhaMbet BaSEMEOBEUEL 0L 208RMACE
manuf act uri ng tool 400 useful in describing the " operation of the invention

syst em 20ge vi ransfef nghanbenpisslehies walveUR24 Giherlesells or vacuum
Chambers may be. SWLLAL!YuSQRLLOLIEQ- (WVAD pELELEnCS Lo flERng and 4. i1
n ena single p i S enpl oyed, 't

an exenplary 25 opération, € transfer

chanmber 46&1 nayopeacsnpectatet catrsdar 02| PYPL28ded Flfko2pne anfl g@hpressure
controller 202 which is sized/configured for the correct operating

for
presSur elCaRhel PREP 204, rh)6sét9rdel Othel Pt akBf BFCchhbber TH9214Ad t he | oad
| ocks 1 0 T, 0.4 ba suLe r r e h e IS set
Vi a theoﬂ%%%n ?%ngﬁﬁﬁn%?o?fggéﬁﬁog%i%ﬂgeg%%ﬁgg ?%gg %ggr?%gfégéggn?nput
108) andisdkatiansteivehadberandoliat pompedl dewl2dsi sed@iv@ioi¢w6972

PCT/ US01/ 18992 d. _Once the t f hanber _b ' hed,
the tranSHRPCERARDEFANE6FaL (Sroval V3. 124 PASE| B5RE- Hher- a-Stibstrate is (o

be processgfstethéRakiBer 109} . 408otR suhat18tRscapL| er060Raisbeoaded into
one of the 5 load |ocks 104, 106 (load lock 104 in FIG 4). The | oad | ock

104 0herbw@pestpesedl eneaasstat badeplpedo4 (by opening isolation valve
L30) A Lo BUTPCHRNN S SR 1adk 9y SRR ErlraBbter(gre- Lo Lhe
be 10 puppedssirayl dantoustylivé desi deédposed between the transfer

chamber 102 and the load lock 104 opens, and a substrate

handler 406 located within the transfer chamber 102 extracts

15 a substrate from the substrate carrier 402. The substrate
handler 406 retracts, and the slit valve 404 then may close.
The pressure controller 202 responds to pressure
fluctuations as required to maintain the transfer chamber
base presgsure.

20 Once the substrate is located within the transfer
chamber 102, the substrate may be similarly transferred to a
processing chamber (such as a processing chamber 408) or to
a second transfer éhamber 410. For example purposes only,
it is assumed that the substrate is to be transferred to the

25 processing chamber 408. Because the pressure within the
transfer chamber 102 rises very slowly (e.g., assuming the
transfer chamber 102 is primarily leak tight and/or does not
outgas significantly), it is expected that the maximum
allowable transfer chamber pressure will not be reached

30 prior to the opening of a processing chamber slit valve 412
that separates the transfer chamber 102 and the processing
chamber 408. Accordingly, the pump 204 may be employed for

other purposes (e.g., pumping load locks).
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Once the load | ock 104 reaches the appropriate pressure, a slit valve 404
di sposed between the transfer chanber 102 and the | oad | ock 104 opens, and
a substraw® oilvasmdl er 406 | ocated within the transfer chantreT/uD2Z18%er act s
15 a substrate fromthe substrate carrier 402. The substrate handler 406
retracts, and the slit valve 404 then may close. The pressure controller

202 responds to pregsHbgnsfLyctyat LaRscagtLeayi £88 pPoBBESL AN the transfer
chanber base pressure. 20 Once the substrate is |ocated within the

t ransf erchahbabet 0802thehproobseiagechayber slihi|vrlyetthisierred to a
processi ng chanber_(such as a _pr Si cha r._.40 rt a second
O@%%?ger iﬁo'reﬁg?gse tﬁ?gggé Ple pr%?glfrei‘?ltﬁln Phe

transfer exafplre puf poses o 'sTassuned that the

substr aterdgsterbehanbBesft €02 edet pebbes28dne oeespimigishabvpes ¢88uulbecause
the pressure within the transfer chanber 102 rises very slowy (e.g.,
assuri ngP¥re (F?En§h@Wnbh§ﬂBE?e@0§oiEhﬁrPﬁﬁF?F§1¥%aRh%W%ﬁ¥ éﬁayor does not
out gas STH@'é££§§&£§)coh£r%§1§%p§ éegeéﬁéﬁdéh@o”@ﬁ%&“ﬂhe?&é@&@b|e transfer
chanber pressure wll not be reached 30 prior to the opening of a

pr ocessipgmphagbspesdlf raval bg 4ldwingatorzepaibtegenhenteoanbéer chanber 102

and the processin chanb 408, Accordi ngl t he pu 204 may be enpl oyed
for ' of HOFSRerpbosbatiach. T0Panph 8o FaaHEr cebasi iy "heRsrEc0es

PCT/ USOL4d8892t ed O£ L6@NEHET t 8B B8PSERakBet 010D e r eeESELBgesBaRger 408,

t he processing chanmber slit valve 412 is opened. In response thereto, the

preddur echipmhen £h8 (erdnsfetletidngeforopraeereiBesIpauebabepanpl ng by a
VaC“””‘5rﬁ8”pré$$&réhg%QAigﬂHpaﬁﬂ%tB?tmsiﬂ£8§§§é'59 EQﬁ%bsé ¢08) . The
ntroll e (6] pu In

pressure cO r2 responds hi's” i ncrease g sSpeed/rate by

fl owi ng maxkemaint Kogerow Nt rdte rdadnsi er Nd@artidratlh A girees sursei mgyladi ent

thereby égmp configuration (FIG. 2) or a dual pump configuration
(FIG. 3), the pump connected to the transfer chamber 102

15 typically is isolated from the transfer chamber 102 before
the processing chamber slit valve 412 is opened so that the
processing chamber 408 is the only vacuum source (e.g.,
thereby maintaining the desired pressure gradient) .

With the slit wvalve 412 open, the substrate

20 handler 406 transfers the substrate from the transfer
chamber 102 to the processing chamber 408 and retracts, and
the processing chamber slit valve 412 closes. Once the
processing chamber slit valve 412 is closed, the pressure
controller 202 reduces (and/or shuts off) the N, flow into

25 the transfer chamber 102 (after the transfer chamber base
pressure is reached). When the system is off-line or idle,
the transfer chamber isolation valve 124 and the loadlock
isolation valves 136, 138 may remain open. The pressure
controller 202 may continue to respond to pressure

30 fluctuations to maintain the transfer chamber 102 and the
load locks 104, 106 at a desired off-line base pressure (if
the slits valves between the transfer chamber 102 and the

load locks 104, 106 are open).
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generated fromthe transfer chanber 102 to the processing 10 chanber 408
(e.g., allowing for processing gas abatenent). The pressure gradient wl|
be mai nt alwead/9ee2l ong as the maximum N2 flow is not reachgdyudyptigpebhat in
either a single punp configuration (FIG 2) or a dual punp configuration
(FIG 3), the punp connected to the transfer chanber 102 15 typically is

isolated fromthe ngs%ﬁéFc?ﬁgbg&egg%rgggﬂggggh%gFgégg%%zjF%g&%ﬁgger slit

val ve 412 is opened so t processing c vacuum
source (@may. be thedabpriannt pemamgtere ddesngedupsesatee tguadifent).. Wt h the

slit val%e 412 o En, tEE substrate, 2% handl er ,406 .transfers the substrate
£rom t hel BFaREPBPLELnATbERY 188 5 SLRE bFoCBsEPAR OinBeP RS ERA & et racts.

and thegphaeesnsi patyRanbar pebbbs¥ahye chhabek-0888. t@ace rbR@reRr ocessing
chanber slit valve 412 is closed, the pressure controller 202 reduces

(and/®or shambest £p ihndume Al SWowniotesthreprraasséndchhatberi®2epabt er t he
transfer EQ ngg& gag% +RLegsure g nre%%QﬁBEr gﬁeﬂ t he EXSt% is off-line or
tﬁe ? § |soFa§| Vel “an He Foagk

idle, ranst ér “chanbe n-va and t 0ck™ sol ati on
val ves 136rv£38smay. hasetngapepurdke fpiressui-esieanbiokkel o2@2nmay continue
to respond to pressure.3Q_fluctuations tqQq maintain the transfer chanber 102
and the 2P8k8™ehtks 168, f108 Spla2d8Si redusrf Lhenampass Sﬁe?@ﬁFécé?F t he

slits VahﬁeéthEWEEEfE?echéﬁBéEeb¥C@QBQthlgﬁea?QrE@@lego%%tbogkieé94’ 106
are open). 15 WO 01/96972 PCT/US01/18992 “Note that the pressure inside a

t r arigf er céranbpromagsheganhanpert and patanst prngupifngheubsiocaseinganst ers.
o xRSk THoRE ! L30T 8T 8 BLgo o, gl beteen o
processi hgtwhanrbar pwbeasaingl chawakyeaafl the prasessi-ngnehdekenoopens. This
flom,canmay produce a large initial burst of gas into the processing
chamber that stirs up contaminants within the processing
15 chamber. One technique for avoiding such a gas burst is to
limit the gain of the pressure controller 204. The correct
transfer chamber pressure can also improve the conductive
and convective heat transfer from a hot substrate during
substrate transfers.
20 An exemplary operating regime for pressure control
within the transfer chamber 102 ranges from less than 1T to
near 100T (where T=Torr). In such a range, there may be
three pressure regimes: low, medium, and high pressure; and
pressure changes due to the vacuum pump 204 and the nitrogen
25 flow (from the pressure controller 202) may be different
within each pressure regime. For example, in the low
pressure regime, below 1T, the system 200 may run in a pump-
limited mode where the response is slow if a negative
pressure change is required. However, the pressure
30 controller 202 may respond more quickly to a positive
pressure change, such as from 100mT to 1T. Between 1T and
10T, or in the medium pressure regime, a higher N, flow may

have less of an influence on pressure because the vacuum
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serve as an inert gas purge for corrosion or explosion abatenent. The fl ow
can al so reduce the anount of particles in the transfer chanber by flow ng
the partiglea/deetz0 a | ess 10 cl ean processi ng chanmber and potigso1gp9pp of
the processing chanber. However, too |large of a pressure differential

bet ween a processi ng chanber and the transfer chanber 102 may pr oduce a

Lar ge | Nl JBUr 5, 0he0d I AihG AEOCERRLL oghamher (that Shits, U

contamn € processing e "t echni gue f OF “avoi d| ng
such a g@s*elsmus*e regtoe,| itet viskeugaipmmpf 20I4em|ayebeuwergomfrfalcllemt204 The
correct tra fer chamber res ure can al so i rove the conductive and
convect i \Ei‘éldh vet Pa ?‘FgF Kot PEGFSUFSt & substrate transfers.

20 An exenpl ary opghahi eesrl@gilr@ fon or 9&%@%@&0@;¥s@em MWhiRiRpike transfer
chanmber 102 ranges fromless than IT to near 100T (where T=Torr). In such

a range, thhaér maapebsakikne dnfce ssgoante gngpadel okormegiammland il gh
pressure r a S u u 0 t ni trogen
25 fl ow le%%(}nf’iﬁe%%?g{sngu(rgef c%g%t r%iéﬁgtfgfogﬁa%n%%%b i’ 1Er1}‘%elr‘?eeleltu?ﬂl\;n%trh|B§f each
pressur epuggien®oihes, exaaeptrﬁtrldgehheels@wlcpﬁeslsudaer e@ e ltkelsow | T, the

system 200 nmay run in_a punp- mted node where the respagnse is S|OWIf a
negat i ve (SpPesstife ERdnGE |1§2r)eéﬂ? CERLTHEREPEREN R Sis D& g6 cont rol | er

202 may iC t p t Ssur \ ch as from
100mr to%I ?qudp\%g%ulg}% aﬁlcki]>é f%‘?%eo(raﬂdnb%s%ét?r%ﬁl %% %P%Q?E%%s’?%géu me, a

hi ghk® N2rEneducey 1B&ve lliess Safzaan amdf ltheneed zen ofr édsupadsecagse t he

16001496973 PCTIHS01L L b £ ] Ab
20T, o ERACRERFEN < OB, Sadare FRgi, CEHER, SaHNCHEHy SOA Iy Sosyery

ef fici engpeadd Pavegaihgr g@ldaftfhectllm pr es:empeaegra@@e@on\éhm desingdieng a
| ow pressure S\ést em vari abl es

a 10T Baratron pressure transducer 126 and a 1 slm pressure
controller 202'w1th a proportional gain set to 4 and an
15 integral gain set to 0. The vacuum pump 204 (e.g., an
Alcatel ADP100L IPUP) may be run at its full speed, and a
nitrogen pressure of 35 psi may be employed
When designing a high pressure system, a higher
flow pressure controller 202 may be used in conjunction with
20 pump speed control. One advantage of pump speed control is
that a system with a slower pump speed may waste less
nitrogen. In addition, the response time of the pressure
controller 202 may be faster with a slower pump speed. The
pump speed and the pressure controller P and I (for an MKS
25 640 pressure controller) may be set, for example, so that
the pump speed is 30% of maximum, the P term is 3, and the I
term is 1.
The foregoing description discloses only exemplary
embodiments of the invention. Modifications of the above
30 disclosed apparatus and method which fall within the scope
of the invention will be readily apparent to those of

ordinary skill in the art. For instance, other pressure

ranges than those described above may be employed. The
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5 that may be taken into account include, for exanple, the internal volune
of the transfer chanber 102, the nunber of purge points, the nitrogen
restrictiwosoiddggr2to filters (e.g., the filter 122) or ot lraT/compsneent s,
the nitrogen supply pressure, the range and position of the pressure 10
transducer 126, line size, and the size of the pressure controller 202's

fl ow bodyarfh bgla¥api-aBkasel Behtdel pueB, shegd. aRiDogRER, caffohdst ki ke.
Exenpl ary conponents include a 10T Baratron pressure transducer 126 and a

1 sl m présserébedohersinerr20Penply axprBHRFYF ondFhgai Alwélaroardéad an 15
'”tegra'sﬁ%&&bﬁstc§ﬁP8ne£E§ MQ%“H%‘QHﬁgoégé.(ngr’e%ngﬁécaée' ADP100L
a s Tul'l Speed, a

| PUP) may bBé run nitrogen presstré of 35 psi may
be enpl opeds¥hes dessgrengna Heglhcpr eashr essyat eon gahgghea résddupl essure
controller 202 may be useg in,conjunction wth ég punp sgeed control. One
advart agg28f 2PanBZehesd LHft Ldlei BaviRgrugedydPeMI@FENCL SP8wer punp speed

may wast g -LEesSr8i L+QH8AuCk? additiRRi1bhenteppanaqct i ABeAtibhenpEessure
controller 202 may be faster with a slower punp speed. The punp speed and

t he presbeer deatrbbedr pPimadily(Wothanefkeense6o pemisanducbarrol ler) my
be set, for.exanple._so that the peed i 0% fmum the P term
s 3¢ anderige M BpEr ARy 1Ay o Oy P LT e R SR B B R haPa RS

goi ng criptron cl'oses only

exenpl ar ynveAbodhmaisbef appeikavest thambdbdi fisedt tenprotetbeoshere 30
di scl osed apparatus and nethod which_fall within the scope _of the
i nvekt i oRYRES| obeskbgHIRyEpPErEnt Tb2BR0SEPBETAbRE RERPYO¥RE L0 Alehe art.

el oyedt Hirs T500ks 88760875 ReR BR0T 1685 nart el ar Cpreseuren )
cont r ol | ebsyepuapsoanbedbhertnospbaent sprdesurebed herein are nerely
exenpl ary. Qher S&Hgl%gi%g%g%g controller 110 and/or any other
controller may contain computer program code for performing
15 any of the control functions described herein, and may
include one or more inventive computer program products
and/or data structures. Each computer program product may
be carried by a medium readable by a computer (e.g., a
carrier wave signal, a floppy disc, a compact disc, a DVD, a
20 hard drive, a random access memory, etc.).
Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments thereof,
it should be understood that other embodiments may fall

within the spirit and scope of the invention, as defined by

25 the following claims.
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sui t abl e conmponents may be enpl oyed. For exanple, a pressure neasurenent
devi ce such as an ion gauge, a residual 5 gas analyzer or the |ike may be
used in pWwacd/e$72t he pressure transducer 126. Wil e t he poageset/igarenti on
has been described primarily with reference to sem conductor device
manuf acturing, it will be understood that the invention nay be applied to
chanber spis eehyirenpr6gessadiigr 140 types of substrates (e.g., glass
substrates enployed in flat panel displays), whether or not the chanbers
are operated abové; atAosybeEowrdzpbsphepi vapnessore. pTaeswuenfrane
controll er n y her _..controller may contain conputer program
code forﬁﬁgéggr%i%gg%?ggaﬁ§%8§l§h§8éontroI functions descri bed herein, and
may i nclude one or noreai auefbexe conmputer program products and/or data
structures. Each conputer program product may be carried by a nedi um
readabl e by a conputer feVgridhlecapeed, VaavETsPYHRI COBPIEBppY HiSc, a
conpact g#éﬁbﬁﬁ;DVD’ a 20 hard drive, a random access nenory, etc.).
Accordi ngly, Ile the present invention has been disclosed in connection
wi t h exenpl ary enbodi meat preheuneef conttrosheul dobpledderstbedchambent her

enbodinentg g %a&l within the s %rit.a d scope ofﬁ%# inventioné as
defined BY9 282PHESs 5P| GAPRGTE &i ARt BSLWD BIFSE95S Berh USGIF18885° THE
| NVENTI QR &b4-Mabht Stot. tReSyBh@PeAdaptiebot adgBENt ai Alawpbesgydse Wi thin a

chanber conprising: a chanber; 5 a variable speed vacuum punp coupled to
t he 1&hatpepugh phespupesusat FentEplisupbagetoonhe ehhfpERNCANd adapted to

conpare ﬂe§$&eﬂokﬂé B£8§§H£8 M@&Qu?eﬂéﬁ§sgﬁa the set point pressure;

a pressure measurement device coupled to the

chamber and to the pressure controller, the pressure
measurement device adapted to measure a pressure within the
15 chamber and to provide a pressure measurement to the
pressure controller; and
a main controller coupled to the variable
speed vacuum pump, the pressure controller and the pressure
measurement device, the main controller adapted to:
20 adjust a speed of the variable speed
vacuum pump; and
provide the set point pressure to the

pressure controller.

25 2. The system of claim 1 wherein the chamber
comprises a vacuum chamber of a semiconductor device

manufacturing tool.

3. The system of claim 2 wherein the vacuum

30 chamber comprises a transfer chamber.

4. The system of claim 2 wherein the vacuum

chamber comprises a processing chamber.
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measurenent for the chanber and to adjust a flow of gas 10 through the
pressure controller based on a difference between the pressure neasurenent
and the s@io @@ty pressure; a pressure neasurenent devi cecqaudahgghob o t he
chanber and to the pressure controller, the pressure neasurenent device
adapted to neasure a pressure within the 15 chanber and to provide a
pressure nmeasurenent to the pressure controller; and a main controller
coupled to the variable speed vacuum punp, the pressure controller and the
pressure neasurengnt dekécsystde ofi oleomt tovhereadaphedveniaBleadj ust a

speed of the_variabl e speed acuum ; .and, provide th t i nt
pPessures?%@§x%aéﬁV@sgﬂgg %%n%?ofﬁ%?ggggéé.pqﬁgéséttgﬁ?oguﬁfaig?hnmherein

t he chanmber conprises a vacuum chanber of a sem conductor device
manuf acturing tool. 3. The systemof claim2 wherein the vacuum 30 chanber
conpbi ses a transf@r chBh®epysemTpE gsi®niovheraim Phonheresflrie vacuum

chamber CORPLLSES,a;r QCESPLRG, £aMBELy A8n0,04L96972 PCT/ USO1/ 18992 5.

The systém o arm 1 wherein e vari abl'e speed vacuum punp is an

i ntegrated point of use punp. 5 6. The systemof claim1l wherein the

pressure controller is a volunetrig ;iom/cont oller. 7. The system of
I

claim6 wherein thé-pres8araySteht? PiPng| HRBECHRobBrt PHREFUFRt egr al

derivatiyenel8edsr 1Rc108Ps CORLHEOL i8naTnentygtem gbrelativd wheLehn the
chanmber conprises a transfer chanber and wherein the system further

10 loop:control.

8. The system of claim 1 wherein the chamber
comprises a transfer chamber and wherein the system further
comprises a load lock coupled to the transfer chamber.

15

9. The system of claim 8 further comprising an
additional pump coupled to the load lock and to the main
controller, the additional pump adapted to pump the load
lock to a pressure that is at least equal to a pressure of

20 the chamber.

10. The system of claim 8 wherein the load lock

is coupled to the variable speed vacuum pump.

25 11. The system of claim 8 further comprising a

processing chamber coupled to the transfer chamber.

12. The system of claim 1 wherein the main
controller is adapted to:
30 determine a pressure at which the chamber is
to be maintained; and
maintain the pressure within the chamber by

employing the pressure controller to control a flow rate of

20



conprises a |oad |l ock coupled to the transfer chanmber. 15 9. The system of
claim8 further conprising an additional punp coupled to the |oad | ock and
to the mawo oiwever ol | er, the additional punp adapted to pwar/tdee1soad | ock
to a pressure that is at |east equal to a pressure of 20 the chanber. 10.
The system of claim8 wherein the load lock is coupled to the variable

speed V§§HH”1HHBDth35cﬂémePeaﬁ&SB?”bﬁblé&@h 8né WA hesHLEAMBEESANY A .
processi ng chanber coupled to the transfer chanmber. 12. The system of claim

1 wher ei vachemnabmp toncpbrret asfagupretetof ga@sdéremnihe ahpmbssure at
whi ch the chanber is to be maintained; and maintain the pressure within
the chanber by enploying the pressure controller to control a flow rate of

20 WD 01/96972 PCTL®S01A1898Pemgadapbtd tbemebavhen andrbyseampl oying the
vari abl e sgeed vacuum punp. to control a flow rate of gas fromthe chanber.
13. R sy¥tehiBdapteanebeharitEPAT aCpPRE4ELBI 5 within a transfer chanmber

conprising: a transfer ghapbgrLs-f LAadpLpck coupled to the transfer
chanber; a processing chgﬁger %oupﬁe@bto'the transfer chanber; 10 a

vari abl e speed vacuum panpogdupbed touphed toankéetrghafber chadbeon;the | oad
| ock; a pressure controller cougled t %ge transfer Chﬁﬂbe% and_adapted to
conpare a set point pre3sBr8“HPth'd Cﬁ? Shr EOHRASYr EReht'St 5F2ERESE r ansf er
chanber grgmberadj ust 15 a flow of gas through the pressure controller

based on a .
10 a variable speed vacuum pump coupled to the

transfer chamber and to the load lock;
a pressure controller coupled to the transfer
chamber and adapted to compare a set point pressure with a
pressure measurement for the transfer chamber and to adjust
15 a flow of gas through the pressure controller based on a
difference between the pressure measurement and the set
point pressure;
a pressure measurement device coupled to the
transfer chamber and to the pressure controller, the
20 pressure measurement device adapted to measure a pressure
within the transfer chamber and to provide a pressure
measurement to the pressure controller; and
a main controller coupled to the wvariable
speed vacuum pump, the pressure controller and the pressure
25 measurement device, the main controller adapted to:
adjust a speed of the variable speed
vacuum pump; and
provide the set point pressure to the
pressure controller.
30
14. A method of maintaining a base pressure

within a chamber comprising:
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di fference between the pressure neasurenent and the set point pressure; a
pressure neasurenent device coupled to the transfer chanber and to the
pressure w@gifogdher, the 20 pressure measurenent devi ce adepiEe@dihgpopeasure
a pressure wthin the transfer chanber and to provide a pressure
measurenent to the pressure controller; and a main controller coupled to

the variable speed vac?%gégHgHingggrg%géngggggg er'%éééﬂdathe pressure

25 neasurenment devi ce, e main ¢ r pted to: just a speed of
t he vari ahbmbspetd twabaumeputpinadd pndvi de the set point pressure to the
pressure controller. 30 14, A.nethoghof naintaining a bgge pﬁﬁssure W t hin
a chanber conprising: 2T2HWBF8iPe8g75PBRAERRF 8885 HetErR fiffig a base
pressur ecabmbBi-Chy acfpaBhehgl 8 becB8urBi BbatheliledndomBbAtabli RYFLBR base
pressure within the chanber bﬁ enpl oying a pressure controller to contro

g

a fldw Batatefogagasniat bhehehanbabepndnbly bgmehpYopngrspeedfof a vari abl e
d : . 15. Th
spee Vgﬁ&gﬁgﬁHQﬁﬁb§ﬁaOOE%BQQ?BLﬁgﬁ%QSEgnB%BQa§ e16gM.LPE ghagber €

met hod m er el base pressure comnpri ses
recei vi ngrambake phesbere at which the chanber is to operate. 16. The
met hod of claim 14 wherein nmaintaining the base pressure within the

chanber conprises: 15 determning a set point pressure for the pressure
control l er based opstherRasgePh83SHECc1aim 14 wherein determining a

10 base pressure comprises receiving a base pressure at which

the chamber is to operate.

16. The method of claim 14 wherein maintaining
the base pressure within the chamber comprises:
15 determining a set point pressure for the
pressure controller based on the base pressure;
supplying the set point pressure to the
pressure controller; and
setting a flow rate of gas into the chamber
20 with the pressure controller based on the set point

pressure.

17. The method of claim 16 wherein setting the
flow rate comprises employing a closed-loop feedback

25 technique to calculate the flow rate.

18. The method of claim 17 wherein the closed-
loop feedback technique is selected from a group consisting
of proportional, proportional-integral and proportional-

30 integral-derivative closed-loop feedback techniques.

19. The method of claim 14 wherein maintaining

the base pressure within the chamber comprises:
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supplying the set point pressure to the pressure controller; and setting a
flowrate of gas into the chanber 20 with the pressure controller based on
t he set pwigdespnessure. 17. The nmethod of claim 16 wher eipr@doihg@2t he
flowrate conprises enploying a closed-1oop feedback 25 technique to
calculate the flowrate. 18. The nmethod of claim 17 wherein the cl osed-

| oop feedback techni quegis $6kaghedal %ga%asgéeaps&‘apahs%@gth@f ump
a ro

proportional, proportional-integral ortional 30 integral-derivative
cl osed- | bapefieedbabk besknpgeesurt9. The net hod of claim 14 wherein

mai ntai ning the base pressyre Wi ﬁin t he chanaer.co rkse . 22 WD 01/ 96972
PCT/ USO1/ 18992 det er nmi AR Xlﬁﬁm% SpBBUPsFRAST FoPPhe“Buip® BYYBA on the

base preggyre; supplying the punp speed signal to the punp; and 5 setting

the punp speed for the punp based on the punp speed signal. 20. The met hod
of cl@im 19 wherein set8eh§ingethguppmepergefof orhEhgurp®oRpErdesiset ti ng

a punp s d t p i des a maxi mum pressure range for the pressure
controllggg §§Q8Tﬁ8é%%t%g§h%$'clain114 further conprising using the punp

to control the pressure within a load | ock 15 coupled to the chanber. 22.

The met hod of claim 14 further caonprisin measyring a pressure within the
chanber. 20 23. Thé%met R Hﬁt@PéiﬁﬁzﬁiFthﬁérw Sﬁﬁgpsﬁﬁﬁ IPgcEPEul ating a

flow ratg,h gpschintBrt heeChAMReLoRR$ede8Nsetting a pump speed that
10 provides a maximum pressure range for the pressure

controller.

21. The method of claim 14 further comprising
using the pump to control the pressure within a load lock

15 coupled to the chamber.

22. The method of claim 14 further comprising

measuring a pressure within the chamber.

20 23. The method of claim 22 further comprising
recalculating a flow rate of gas into the chamber based on

the measured pressure.

24. The method of claim 22 further comprising
25 adjusting the pump speed of the pump based on the measured
pressure only if adjusting the flow rate of gas into the

chamber cannot maintain the base pressure.

25. A method of maintaining a pressure within a
30 chamber comprising:
determining a base pressure at which a

chamber is to be maintained;
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t he measured pressure. 24. The nethod of claim22 further conprising 25
adj usting the punp speed of the punp based on the neasured pressure only
i f adj ustwaopitdagr2f | ow rate of gas into the chanber cannotpaTaiSvi/Aage2t he
base pressure. 25. A nethod of maintaining a pressure within a 30 chanber
conprising: determ ning a base pressure at which a chanber is to be

mai ntai ned; 23 WO 01/ 96842 Pfd A Y3914 18988 S?gggrgﬁghgg dopugPpsRged signa
for a punp coupled to the chanber based on t he base pressure; supplying
t he punpcegekedsignihet ghanbepuhpsedsent tag Pasepprpsspeed for the punp

based on 5 the punp sp i | ;. de 1 QJ a ojnt e e for a
pressure controller cou%ﬁgaiygﬂghghghéﬁéélQggggdsgﬁﬁ?ﬁekgaggé %ﬁgééure;
suppl ying the set point sptesagrehéoptine spedr Essuthecpuinpobbeed setting a

flowrate of gas into _the chanber wth the pressure controller based on
the et pb®PUR BREEHeS1HBESAring a pressure within the chamber; 15

recal culating a flow ragg:@in9asnynhostbeposAaMBeEBasedr@R Lhe neasured
pressure; and adjusting the punp Speed of the punp based on the neasured

pressur eppasgureé adnbsoilhgrt heupled tat ehef chawbernbasetieophahbebasannot
mai ntain_the base pressure. 20 26. A system adapted to maintain a pressure
within aPChaRPETY’ conpri si ng:

supplying the set point pressure to the

10 pressure controller;
setting a flow rate of gas into the chamber
with the pressure controller based on the set point
pressure;
measuring a pressure within the chamber;
15 recalculating a flow rate of gas into the
chamber based on the measured pressure; and
adjusting the pump speed of the pump based on
the measured pressure only if adjusting the flow rate of gas
into the chamber cannot maintain the base pressure.
20
26. A gystem adapted to maintain a pressure
within a chamber comprising:
a chamber;
a variable speéd vacuum pump coupled to the
25 chamber;
a pressure controller coupled to the chamber
and adapted to control a flow rate of gas into the chamber;
a pressure measurement device coupled to the
chamber and adapted to measure a pressure within the
30 chamber; and
a main controller coupled to the variable
speed vacuum pump, the pressure controller and the pressure

measurement device, the main controller adapted to:

24



a chanber; a variable speed vacuum punp coupled to the 25 chanber; a
pressure controller coupled to the chanber and adapted to control a flow
rate of ga® jipkeat he chanber; a pressure neasurenent deviga/eRupsesd to the
chanber and adapted to neasure a pressure within the 30 chanber; and a nain
controller coupled to the variable speed vacuum punp, the pressure

|l dth ' j I
controller and the pressurep%gﬁgégéfggggagggbﬁge ﬁ@gﬁﬂﬁéﬂeHanf8% er

adapted to: 24 WO 01/96972 receive the pressure measurenent
from t hetlps esseiseureasaasneanedevieeicad) ust a speed of the variabl e speed

vacuum punp based on the pressure neasurenent; and 5 adjust a flow of gas
through the pressure controPaéVSBageﬁp%ﬁg?ﬂt Bﬁ%sgﬁFéahgﬁsﬁP% nt. 25
vacuum pump based on the pressure measurement; and
5 ' adjust a flow of gas through the

pressure controller based on the pressure measurement.

25



