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APPARATUS FOR PRESSURE CONTROL | N VACUUM PROCESSORS 5 CROSSSEBEPRENSO2TO
"RELATED APPLI CATIONS This application is a continuation-in-part of U S
applicati No. 08/627,712, filed March 29, 1996, t of
which is ?ﬁ%ﬁ?%gégted herein in |ts entirety by ~0 referen?? BA%%%%%UND OF
THE | NVENTI ON *159159* Field of the Invention 15 This invention relates to
the field of sem conductor wafer processing, and in particular to a nmethod
and appar at us {Roepntil | Jied QR 198 CHADQIOPFRNSUNE Jalkuym

sem conduct or wafrer processing equl PREAEgHRPESCT I ption of the HEIated Art
Ful |y automat ed wafer processing systens are currently in w despread
comercial use. In such systens, wafers are roboticaily transported into
and out of a reaction chanber or process chanber where, under a controlled
2S evacuated environnment, various processes are carried out. One exanple of
such a wafer processing systemis the TCP"'" 9400 single-wafer plasma

et chi ng sgBOeAr REFBRANCHr 80 BELarDRaearcATCONgoration. In the case of
pl asma et chi ngy, senicoRductqr wafers 30 . arg e 38 be regacli on chamber

o
by exposing the mafe%ggo roni zed gas compounds ?p Ba under very | ow
pressur esapPyprasaiby, Sdmﬂpﬂngro@@§§2ﬁg7lépe§S&ﬁésMB§wa2§ne1?@ﬁn §&ed to
be mai ntagpadehp bRe,heas! QN ;6RAIREL, BROGESE 1 He¢hPEEsCRRiTecY pg Series
of steps controlling gas flow rates, 3S chanber pressure, RF power, gap
spaci ngg Eﬁéﬁﬁéﬂcﬁenperature and waf er t enperature. Preprogramed sets of

process recipes are typically provided fromthe er. The operator
*~00002* g t.emper 2002 7\6@1 | 50730 , PCT/ Uﬂﬁmma@“mﬂlm&heither sel ect
a progranﬁ%é—gggﬁ%ﬁggﬁ—é§e;éﬁ—aﬁ&3di or custom . en the
etching process starts, selected gases used for proc88%hg are m xed and

i ntroduced;LRKO, -hghg Lg@gpng chanber at rates according to the process
reci pe. a coil in the upper part of the reaction
chanbegsand is tune@his asvestiioni zelekesprocebs §asés. ORF power is al so

del i veredskb@iEBRaWRESE @B¢<hS 4Reds3A5ASaha kﬂdgﬁﬁtﬁcggab'%% annkhReowaf er
thereby controlling 10 the dlrectlon and_energy of ion bonbardnent of the

waf er . DuRPAg2PREYEFERI A§~pFEeesslERE phaskHB3FEARE EHéWP@aIPVeﬁﬁﬁﬁethe

waf er surfacesh@cbafbve orbi@fied proteceeiagedqbypaesk. The plasma and R=
electrical field are conpletely contained within the reaction chanber. An
evacuation system 15 contlnuously renoves gases fromthe reacti on chanber,
and t hggpeb ) g dgsure. The evacuation systen1typ|cally

conpri ses é turb02p§g§1§egﬂr g%dehrgvgbe nggggog Q?Eﬁ%&sbﬁr% contro

gate valve. A pressure control uses o=&ssure roma nanoneter in
the 20 re&btFﬁﬁtéﬁaﬁﬁeVlﬁﬁséﬂeﬁétCPW@“Hégﬁéeuéﬁ cI5§uPBCBo§VFF8W50f t he

control gatg€eval vee ThBoRHCSIURC ceaRLHOkER @peBSaaldotk0sgs at Reagatienval ve

to increas d _decrease the um s lied fromthe tur unp to the
reactlon_Eﬁﬁﬁgef.Ornpfﬁc§sﬁa§ aﬁﬁ gggﬁre“BSnFrBlF8Fta933ﬁ§ts to maintain

tire 55 €vacuated environment, varlous processes are carried out.

One example of such a wafer processing system is the TCpP™
9400 single-wafer plasma etching system manufactured by Lam
Research Corporation.
In the case of plasma etching, semiconductor wafers
3¢ are etched in the reaction chamber by exposing the wafer to
ionized gas compounds (plasma) under very low pressures.
Typically, during processing, pressures below one Torr need
to be maintained in the reaction chamber. Process recipes
consist of a series of steps controlling gas flow rates,
35 chamber pressure, RF power, gap spacing, chamber temperature,
and wafer temperature. Preprogrammed sets of process recipes

are typically provided from the manufacturer. The operator
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2~ desired pressure—n-the reaction chanber as the gas flowrates into the
reaction chanber vary from one process step to the next. TH&eptessmn2602
‘controller conpares the data fromthe reaction chanmber manometer with the
set point values 30 programed in the recipe. If either the process _gas
f1ow rat e)V@P¥3H® desired pressure in the reaction chanber PERARJEL%  eat 1 y
fromone process step to the next, the pressure controller nay not be able
to adjust the gate valve position appropriately. For exanple, if the next
process step 35 requires the gas to be_introduced at nuch higher flow
rates, tmeYgsidheal velemr inicicgdammsdrrefipRdey epehsat eere8sakting in
the wong RiessWs idedie reaction chanber at r 4 - 2 19 Septenber 2002
V1' O 991 50730 PCTIUS99/ 06961 the begi nning of the ste To alleviate this
probl em current|y “ea [tAIS € SETERPIRI$OT Nt 22 s nsg}%‘&te‘a re288ch tine a

new rec: RedS fesebrotesdiery (rjaxfw QEiechH &-ﬁ@cﬂ ediesodudad| enod the approxi mate
gate val ve positions required for 5 eac rocess_step_in_ the reci pe.
i ng 2 FETEREN SUREBE € dith TSI hS T oris BeP SRet APt o t he
process Kfepoweir tive deddivesedaiy thecabhtiml tee vopes paet gatethal ve
positi On%era‘%‘l‘i:orneq:ﬁa%e@rag&dﬂieso-tﬁlé‘d Eoblem i fh fhe cperspbesystens is

that a néw | O learn procedure is requjred every time a new process recipe
is used @*s&SmacR@owrtuds wHEP tdrl birFed oo atheratee #8ei b By"efangi ng

the set RQ Rfs RIELSHAROR GRS il H 108 wafdher I Aa8p Scshepslligg
necessarily incurs the tinme and expense of

y eriying a pew table. Running
new | &8 & Hes Pt dite S04 #5E arth c’tﬂrérl'i’?fg?"i‘?é“%’g%s -%e wheheT -
experi NnemuAigighitie REWNIEY REDcAW! hte N5 DR Méddk § heheni ¢ D1y SystRNs s
that the results from.the |ear neérprocedure wé/il be inval igl i f an‘ﬁ o% she gas
19t i Driaged:

suppl y valved25RT R AR FEIR I3 el Aed 26701 ¢ For
exanpl e, TiHfe grlessfa tédm@d Gas elrfdomiasl viese1d arne orommelétyeal ¢dmed sgedur i ng
the | earn,;R0¢eAY L. LNE jfes Wi £ abl g, of S P93IV will also be

i ncorrect.” Furthernore, the error in the table may not” be detected until
sever 5 \FRNEASUAYS LiYh dRMad&s Bt ot . LS Yertthen prlommedy wi 2RCt he

current | ¢ ravaidyabl8 SRS HeS dal it e d herdpvermitewicideigat e val ve
itself. During processi.ng, a certain amunt of waste materi al generated
fom t he SHTHI G YBFGRITY SEMRECHSE Dif (HE RU TR STPATR- Gt X 9A) vee
Whenever rdwetgatre atadnkepesi ta aortsrahangesl, va8Dvpar tA cotedeunat ter i s

rel eased Jp Lhe Ul nounding ey oEnte, Jue. Lo ddje. extremel y, row oper ating
pressures, back “di'f fusion may carry the partTcles back upstreamto the

r eact i2én asFatian cilfertenundesidiate Wontdegnet i oh ofoshee vpdeithey otcur

35 A furtder ddifdat ipn Mt Jde Gd ehte SYSEEMBoAS SR thSe kL aisht i ON
time or stabilization tinme my sonetines be undesirably |ong. The

transiti GrGEStHE 198458 VG S R iPerepse ?Eﬂfgﬁﬁ¥ﬁﬁﬁﬁ B0 2V H#NYY| 50730
PGTI USO9Kifiilied from the turbo pump to the reaction chamber. 1In

this way, the pressure controller attempts to maintain the

25 desired pressure in the reaction chamber as the gas flow
rates into the reaction chamber vary from one process step to
the next. ,

The pressure controller compares the data from the

reaction chamber manometer with the set point values

30 programmed in the recipe. If either the process gas flow
rate, or the desired pressure in the reaction chamber changes
greatly from one process step to the next, the pressure
controller may not be able to adjust the gate valve position
appropriately. For example, if the next process step

35 requires the gas to be introduced at much higher flow rates,
the gate valve may initially over or under compensate,

resulting in the wrxong pressure in the reaction chamber at
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the tinme required to stabilize the pressure in the reaction chanber to the
pressure set point for a processing step. In particular, WfA&eptemberRadder
‘'starts out at relatively |ow pressure, such as at the beginning of

pr ocessing,——%%ﬁ- 5 next step requires a relatively high sﬂﬁ% fBeospuch
as 80 mror r‘,‘ t ltgbéﬁabi lization tine typically takes around 3; secgndqs

dependi ng on the set point gas flow. According to the current practice,
chanber stabilization is achieved by introducing the process gases into the
reaction chanber at 10 the.set point fl : i next
processi ng Sted THIE Y P tasds wHet e tﬁﬁgev é_n%( Jbgrtg%g%é?%gg%?%g&?'equi res a
rel ativel y dwowdioly avel ldel e handenpressieen nusteden  peeesdere each
substanti al the st abiligationddde isofienyndesisably £a0g:ed 5 SUNARY
OF THE I NV Tem$'el“}1'us,alb%tillg§ %% object of this invention to inprove the
present tecrtkue it ARRF@X IS 259 YHEVS | RS bFORdit BPAPt BressPhg by
M Ni NZi NG5 tAE- MRS s 08t red e they 2 gnte. vadyei sirt g pedeessi ng,

t hereby mnimzinpg the amount of $arti culate vvagte material i nt'groduced into
the reacti GFRFEHHRS . FUOTE ¥R e dby RTES BT tFFCT IR FINRD i nprove

t he presentptecddd Griced HFf esiseireecipd ;f cdnd nchdecdnetol bér 250was erhe
processing by, elimnating. the need fo erform arn procedure
whenever tl"%gtseet"apqo‘fentp%gle"s‘é%?se %?q%%secflb%vpr%%g %tr%’éﬁ'subs'g antially changed
for a particular process sreplen widheks QUIRSNE etVpeems Lsethattainey
further o) eeleOipddilSabdty Ol | Al O d RSy 3011, DRES D060 Sipn o

pressure control 1n the field of “wafer processing by signif]j cantlé/ reduci ng
the stabiliYatyerf ¢?n 13 dPRFRIRA- t i TRRT edtRee - RRrORFILPH PtoeesstRe eps
having a setePphdtoPressid engi Gk fidcantd inhi ghessore | omegas halow et one.
the previous_st e:g.mC_%S |n order to meet thesgjdfmd‘. ot her abjectives, .the
present ipv%;ﬂ;;ﬁ) #soﬁ??%g‘gii; ne ﬁﬁ%méﬁ%mim Zﬁ% nzrh% 2005 Y0
pressure ine $& OSL SEe etew St ro ing ne enmber
991 50730 PTLISOR106061. By, | 0 roduiei 101 5 Dahl Aty 835 gt gubhie evacuation
system and The fTowrate oz TS gas 1s adjusted according to the
measur ed presBeNrEMEmting Wiotessy eekRemer. Also in order to neet these
obj ectives, the presegt,ondAVERLL DN |91 &hh I €6d efutfee NBY HOSnANLs appaF at us
wherein the_ set point pressure and process gas flm%e retrieyed for a
pa][ticul ar “p}r’%;:’é%%’;ft%pfé%;}ﬁ% b%:@v%f%e%‘b%‘?t‘i’ ;;i EEEJ_PY 1 d;%y:/\’;y .
ref erenci ngogat ige Ved ¥y esPES1 i 081 €54 | st 1105t CtiaesSs Sdos efntorreaoly Wine
correl atg chanmbey.pressures, 10 gas flows, and gate valve posjtions, Al so
in or derf? o°ﬁe%?‘t’ﬁ‘5§tée bj ectT v ’g?m? 2 pT esent ‘?Invtgrrlﬁi 7 gmélicr“éc\{ae%iv % a
{nﬁt hodt and aﬁpfnagsazolyraﬁfthgatm Peessyrehe n1§z1§x;$pzrmes§h8ng;§mg ter to
e set poipto],gvel Wherel Nt g PL05ess: 089s19iiDi118b! Yo | DheSHLCEd at a
first ~S predglflerm%edgﬁ?%woraﬁe V\h?‘tigch IS hisﬂ%tller t han the set point flow
rate, and afvEEharpeeeet eRfi aEECRNMRNED®ItPhe BRY UpRh Rendehechedtparil
pr essgre of sghgrglngéfggaggamﬁérﬁ@@ip@p@f@?eggfdset RIOi nt | evelj, t he gas
moet thetS ob] 6ot veshhPRBSHrBSERLEm THEBN ForoF X aRt Bkt 84S L bR et hod and
appar at us whgeeenst he selapedntoptiessuoecaedt ppbHcess gaseflalwaretselfi eved
for a partigiLap,Process ohew: 1208l & YaLXS HEede (0,200 UL BEESPUT e, [
pre-positioned after e he gafe valve 1s 25-adjusted usrng proportional
and i nt egr agecenaretl Hfueudtba ehehingfprenees bephbent § hennehsusedfane gét

POi Nt pressupesg HaWGY e . | NhREhBLe £OPREOhat s NOiveNghLedi Yntis @hhgkea,
predet erm ned poi nt has been reached. ThiS_prevents over/undershooting the

desi red PPeB2yF&CHAREBIMBYLER &§r 2R bP23P Windhpe Surrounding

environment. Due to the extremely low operating pressures,
back diffusion may carry the particles back upstream to the
reaction chamber, where undesirable contamination of the
wafer may occur.

35 A further limitation with the current systems is
that the transition time or stabilization time may sometimes

be undesirably long. The transition or stabilization time is
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In a first aspect, the invention provides a nethod for cqntrollin [es
i n—an evacuat ed processi ng chanber conprising the steps 3P:Se|p&"?'?‘%.\?59€

- electronic nenory a desired pressure value reflecting a desired pressure

| evel for thefﬁrocessing chanber; retrieving fron1e|ectron¥ETRngg 612
t he

desired g¥O ¥

Whal ue representing a desired gas flow rate throug

processi ng chanber; - 5 19 Septenber 2002 positioning a throttle val
to an initial position, the throttle valve used to control pressure in

processin
cal cul ati

. chamber; neasurjn re e within the processin er.:
gﬁeat di°Fr & Fgﬁéz%ﬁietc\?ﬁegﬁf EES%]«;II Jd"fé%v: trré% Bretdure %%Zékf%eﬁe%eaégu#%d

pressur e; cahrdbsubsequéet rressaink post tpoihgEet 6, PTEpss INPETRP + heln

throttle

pressure rac € 1

reposi ti ORFR§SHEepeFholmed Wi rigpriop@rintiohloarRFQIRTYFAT - ASH 1Hd1€ wi t h

integrak geRtr gl;e?%eauqeiie@/%d zf@fa@ixpéﬁdq{ﬁ%mn, vesk ferd 0Gkudh & sreond
r

aspect,

the i nven

é%%\{?ﬁéiaEea%%ega“%%ebW%%%%J f&lence zﬁiita}’\ﬁeﬁfélt asesire

e nedsured pressure c lzed int © sa

i on "praovi des an appar ét us,

rocessi n rials un
a cont r ol PEATF owtPreSS@Pd lRAT S THEM ™ onfit i &y’ %é&ﬁ%éﬁ%§$%%%%hanber
gas introgduebhas aypeading fdolithe aeatinciaid aasMiowal dhqracHEss g

chamber ;

configure

processing ch

sure
from

ve
t he

d

der
a

in fluid i cati,on with said i hanb
HPEEHERBUE BAE TS st By Oecodi g IR 1% AT e Val ve
mount ed béhweedusand phecessiqep<imades b sdial nerahippuhpmbagaiat
thrott Lt | ; t f
rotthg KQszgﬁngsbtbLhQ”%ﬁg‘%u E%Jee&%%@%&goﬂef‘ tgﬁenregf’c; rﬂf‘d& rjd om sa

y said vacuum pu r controllfing th

id
e

pressure FheRai dTPRScedd MRSSHRMRIT YRR MG M WRSIINDITIP FAVETSF a
pluralitysofetBEQLEhe RER tH 1S, salectvd Mamid GaEHoHd eustvirrein a

first throttle position is pre-selected and wherein subsequent throttle
posi ti ons 1BFECEEPE: BRE SR HE 1o r'dh§ et aRised ot The i et &FEEDet wee
desired prasssgieadi§ aomeasured pressure characterized in that: the

contro&%er uses proportional and integral control with the integral control

bei ng

20

25

30

35

SUMMARY QOF THE INVENTION

Thus, it is an object of this invention to improve
the present technique of pressure control in the field of
wafer processing by minimizing the movement required by the
gate valve during processing, thereby minimizing the amount
of particulate waste material introduced into the reaction
chamber.

It is a further object of this invention to improve
the present technique of pressure control in the field of
wafer processing by eliminating the need for performing a
learn procedure whenever the set point pressure or gas flow
rates are substantially changed for a particular process step
or whenever a new recipe is used.

It is a further object of this invention to improve
the present technique of pressure control in the field of
wafer processing by significantly reducing the stabilization
or transition time required for certain process steps having
a set point pressure significantly higher or lower than that
of the previous step.

In order to meet these and other objectives, the
present invention 1is directed to a method and apparatus

wherein the pressure in the processing chamber is controlled

- 4 -
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del ayed for a predeterm ned period. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1is aright side view showi ng sone of the major assenbl i tSeptemben2@n2
"processi ng nmachi ne according to the present invention; 5a 19 Sept enber

2002 WD 991 5 /1 US99/ 06961 FIG 2 is a schematic depic}i .
del i very sys%(g?wroe ction chanber, and evacuati on system of£%%$/g%%

processi ng machi ne according to the present invention; SIG 3 is a graph
illustrating exanples of 5 stabilization tinmes under prior art nethods and

accordi ng t gyt g BRREMG INHaA0LAR; ghLGindo | shdladediragharyskbhsiaat i ng
sone conponents_of a control Sﬁstem and.var%/ous i ht erconnect i onshbet_ween
such conponEAs® 8 arti@h FLR8Shr 888nt S i FvEHi16h29°F*Fr&3 5°i §°4 graph
illustratingeexanyd esreafswgat dnvaheepposess omg egtamimtyi.on curves according to
the present invention, Gy, %éJ_dératél9&9'agé@éﬂaﬂflel&tmg',ngh@n%%&wat' ve

pressure control schenme accor |ng to the present I5 invention; 7 snows
char act er PsEPEeRT RN tisacBg egieegr E8sair Be R A RRPGHRGHENYRRFBER UFRE set

poi =.t changes Fbint §ar«<imive antll pekcdsaggsen flow 'ar@ cemvesteanfidby Prior
art, PID CO%?Q&&PJNI%%&%%S{%%S 2QqFAL i SR Shaws 2 hleck i ggramof a PID

control for ation_accor )~ an al ternati ve enbodi nent of the present
i nvention. SETAPEES DESCRIFFEORiCE FRUC VI NKENASANPS PREIFBFLSM ng
enbodi ment scefvédesquraein imewenti ORivh| tobhee dascC dhaetberNpire sSugent ext of

an autorr%egagiP%vgzs-,\A@‘r{e({]gglltt%ﬁggéggc%ggtdf&% em al though those skilled in

the art WwlF Fecognize _ I sctosed nethods and structures are
readi | y adaptabl e fortlsiodderrdppl Feareoh. tiRse ©PIRFtdveshetBe P¥RAF oNn i s

readi |y adaphabhe€id® i REfrelc¥Rastaf a Waé Sliod ! HRESPpAGa@UL PBENEa fdithy/acuum
processi ng eﬂw nent. Note that whenever the soamé rg&er ence nuneral i.s
repeat ed wi FRe rREPERETS o it FePERTS PP €9 MH%Tr &Fe 8%t 8SF nBOTRT rdtfindi ng
struct ure ivwheaein siteh dricpese. 985 As plashea Bl Higosipcednr Q0 first

i11ustragedpi8aftGmiheRGARKAr-Eget AniPE P& asRMe RYRRAL kAR, skt SboW d be

noted that the present i pvention is |IIustratded l%)(x way of .exanple - 6 19

Sept ember 20 ow_rate, and aiter a predetermined amount ©f time 0¥ upon
sensing oif the pressure of the processing chamber approaching

the set point level, the gas introduction rate is re-set to
the set point level.

20 Also in order to meet these objectives, the present
invention is directed to a method and apparatus wherein the
set point pressurs and process gas flow are retrieved for a
particular process step, a gate valve used to adjust
pressure, is pre-positioned after which the gate valve is

25 adjusted using proportional and integral control based on the
difference between the measured and set point pressures.
However, integral control is not enabled until after a
predetermined point has been reached. This prevents
over/undershooting the desired pressure caused by integrator

30 windup.

In a first aspect, the invention provides a method for controlling pressure in an
evacuated processing chamber comprising the steps of:

retrieving from electronic memory a desired pressure value reflecting a desired
pressure level for the processing chamber;

retrieving from electronic memory a desired gas flow value representing a desired gas

flow rate through the processing chamber;



WD 991 50730 PC T/ US991069b 1 in FIGS. 1-2 as used with the TCa"" 9400

singl e-wafer plasnma etching system manufactured by Lam Research

. Corporation. Based on the teaching set forth herein, a pdPSsptambes200Rary
skill may readily utilize the present invention with any 5 suitable vacuum
or wafer processing equi pnent which requires control and mani pul ati on of
processi ng pressures in an evacuated environnment. As shown in FIG 1,
etching system 100 poining@Shidfile QRIOE 3 A inkidl REiliGE theaRtditc QAVE &ed RARR01102,
fromwhich the 10 operators nonitor and control the various processes and
features of Rgseureindhs piecessngeBsbeSender and recei ver wafer indexers 104 send
and recei ve waf efgashiingdéhsdrt Qthih iR RéRBMeRIAORESI Ng assenblies in etching
system 100. In the case of the TCP" 9d0Q0, the wafers axe raqboticall
transported fronfagiainga diffsrencerhgteen thy despgd pisure apd the mgesugs Pfeﬁ%“f‘éﬁ'l‘%i ng
systemto an ent LaRGRert Qﬁs‘did%iﬁti&rﬂn%tste%h@m)tionﬁg%tﬁrbﬁe QAL ANGS QAR
wafers are placed into the reaction chanber 106, where the pl asma et ching
process t akébe ¢ifference betwesmythg desipadressure anditheamepsiged pressiifber housi ng 108,
quartz wi ndow 110..-2Rf,4Q, Ghanber manoneter 112. Alter processing, the
wafers enter the exit |oadlock 11", and are transported back to indexes
104. Al so shown $aif lEpaitioning fsgperfergne gsingroporinalangintepsal coptrobwighyintegral 24, and

turbo punp 128101 8 Wiof D oiididembBRa f&rgri bed in greater detail below. 25
FIG 2 illust rg)t esx}gﬂayscﬁengti C rﬁ‘mor mi;l reacti on chanber 106, gas delivery

system 128, exhaugt, Syl §edi3Me i Bidiot SRviRE aS Y o ol he etching
process) a vvaferuﬁsasp‘?/aceﬂ;eo’r ?:Fgrrpgg?)on a iifg.v@r gﬂfecﬁogdgg ngggéengﬁy W thin
reacti on chaundera cooBolleddowrpiessurei envizonsent qogiprisidg:waf er - et ch 30 envi ronnent,
reacti on chanmber 106 | er vacuum at all tinmes except during

mai nt enance. Exhaus p}so;%lggtéﬁ%hl%gg%erves to maintain this vacuum by

evacuati ng gas fromatgheintreductiongisterh ainifleid com@Basicalieh iwithis3id pyoséssing diddber;

i ntroduces process i nto.reaction.chapber, 106 t hrough a gas ring
134, “whi oh conprt sed o ity WiRid SRR I lctetel b SpRRe
the | ower el eotmodeasEsesdtl proassihgichaniwgf er. Gas del i very 19 Sept enber
2002 VO 99/50730 PC/SARAIRD HoutihI LEMARd bl lE: $8UKA Aol pE0R! O
system 132. Gas delivery sys em 1 suppli e8 process gases 1o The" Peatti on
chanber vi a said thiopleeralyeposftiopablqra rdgslatetihechte ©bgas réramyedritom adid ploadssiog fhambérv e s
136, primary t-Qof f | ves 140, mass-flow S controllers 142 and

gas- m xi ng rr%ila#lovf%uglf. Al t hough four separate gas flow paths are shown in
FIG 2, in general avpntmllehénr coftrofjag thel poassypainisaid progessiog ulsetedtycieding ghet o

t he needs of icul ar i [ . Fram - JH X ifold.14 he
process. gaselfulteig it Al BE LRI oA QR TU AR OH-AL o aordd 0
chanber 100" positian Gapse-selentgd aBUvheRoTubsshuestthtottin phSomiareselested bpsthp eamiblier

I nterface 139aséd°on9{9eed? %El{ie BuPes: Méﬁregg%? f 'ag.)%’ g@%g@' [&hfe 142 to regulate
the =l ow of gases to 1IT € gas-m xi nc nitold 144 Aclor Ing to currently
avai | abl e syst ensharattarigetgin ¢hagt abi | i zation step IS or a transition between

two steps requi ritﬂl%gﬁtg)lu'eﬂiééseﬁ%gn%aﬂﬁ&{nge%&?cénﬂoﬁ%Fh tﬂé’in%m%o%ﬁ?weﬁl the

control system woul rect mass g controllers sinply sét the

fl ow of gasedelayed fohepikdetanminad periodqui red by the next step. However according
to the present invention, it has been found that 20 for steps requiring an
increase in pressure, the speed of response is a strong function of the gas
i nf | ow rat e.5pTS p-aeePbdl 9O &0 Qi pRakeRAat i ve enbodi ment of the present
invention, stabrtizatron tinme or transition tinme may advant ageously be
seduced by initially BfFectihy & HdHEsS$195 VB THRHI 19 ©F £PBw rates
much gr eat emdijltan aseaybhees efiili 4 adh fear prbespexhg atadthing: Hexprdiugt her nor e,
it has been J oundretshagé_1 ml gn'&?&(,eased gas flow rate during stabilization
has m ni nmal cPeet Fvent al on the process, because the RF power is not
bei ng used during the stabilization step. 30 FIG 3 shows exanpl es of
curves which illustrate the stabilization or transition tinme under the
prior art nmethod, 200, and the nethod according to the present invention,
202. In the exanple of FIG 3, the reaction chanber needs to be raised from
only a few morr to a process

ba



35 step requiring 80 nlorr pressure and a set point flow,éaaée of . 40 SCCM
Usi ng conventional nethods, as shown in curve 200, the ga %Pt%mﬁfﬂ%fmz
"introduced at the set point of 40 SCCM and _ g _ 19 Sept enmber 2002 WO

99/ 50730 PCT/ US99/ 06961 the stabilization tine is approxi %%9 @?9 econds.
Usi ng oneV@ ¥Rt i ve enbodi nent of the nethod and appar at WP ng to -
the present invention as shown in curve 202, introducing the process gas
during stabilization initially at 5 a rate of 320 SCCMresults in a
stabilization tinme only. about 3 seconds, Such a decrease Jn. . -
stabilization tine ﬁ'%hs at2s? i RS s lpsTHR T &t ] it aass??lnlﬁ‘r%ughput.

Ot her r atsestofm,i meouctnh onhamyehe @ dedepesith oy IWE tdwe P ceasxsier

require Cag% [ Ity Of i ased, ut. In .
gener al m?hllec’%s“ta |4$§%%%#%|Qn%cgnﬁ?ﬁ%l tl;(gdt%% E%ﬂ%r'f ow¢ramé}g&@?f be directly
proportional to th&f¥hanyels e FeaRlyr 8l 1ugtFRfE 1M LFaGDhi p, for a

desir e iSEEASE 4tk PN OSSHE €, 1 APPF DOF | € héivpdatandycderdhiosenot 0 .
decrease the stabilization finme. 15 Referring nowto FIG 4, a block

di agr am 6P AT Sy SPEREEF i s il lustrated, which conprises host conputer
1BO, bus 184, gas mEI®l 4 nierHhsck 13Hagun pi Eosstrentwciony resddeer 160. host
comput er 1445 RONNEE LA Lo A TEIPLYe 4821 WL EIL L Rl dori At d e
process recipes In the Torm of a e of ~process steps, an e

corr espofdinwpsshastbehr qrepcueRss Proerdibngaso il ongsent RMvsoweroset ti ngs,
gap sgaci ngs and tegfperad u } NS5 Fey-Toll £ 'S 184

typi cgﬁ y conprises a é?éan%ir%e%%%@st%%g%s Vwﬁ%?‘%\i‘h%lﬁse%ommni cates with

t he host VES(YYS/iRPH. 4R S Hea hEPRMOT KT S8R RSP EEL N & Hdte REESSIthel

i nterfacqgpkahtGpuni cates with bus 184 typically via analog lines and D to
A and Ato D converters residing on bus 184.. Through .gas panel interface

136 and bus 184, hOéJ[G‘lB%) hay? ng[ov“ ’V\?ﬁ’%‘?'%sl]ald‘bs“r’%’&dgﬁ settings to and
from mas s fdexmanointe qb e sud< 2cortionel esch e acoarding twe tdhe prresssnic

i nventlisorl,m;;eg_géisog_l ow controllers 142 are also controllable by pressure
control'l ér” 1 vi'a converters 188. Pressure controller 160 conmuni cates

with the bus 184 viBIRSZB2skhewheetdodCrridield itkdane Rresy @ camasiver 160

recei ves LSSl & €80 Hgsnd ore SBNOLEL oF :Jéi%t 35 LUJ 0l s gate valve drive
motor 162, and controls balTast gas nmass flow controller 164a or 164b

(expl ai ned in nore HEfai$2 behowy 2 Rlock dnggan Gh& sPoERtionayp
99150730 RGNS 069D Thent AET efsenulad 1oy afndrocess gas into the
reacti,gn chanber e gontroll ed ither pressure troller, 160 or by
host £80. In the ggés&e Wh@‘? e’y “ésss%rée)y%%ﬁt%]]oﬁlgarm ﬁoacgﬁﬁ](ﬁo?tt‘ﬁel i nfl ow of
process das;mprasson cadcouhinglterand 69l setsat e igrdagintemta dii gined | ow rate
and moni tors.t4he pressuys,in reaction chanber 106 through chamber nmanomnet er
112. When the pressure 1 n reaction chanber 106 cones within sone range of
the pressure required for the follow ng process step, pressure controller

160 re- sggssrAmBSSD Iteddorecomt ror | ers AdeeNDrdmt roduce gas at the set point
sul tabl e. threshol d pressure for

rate qf the foll ow process. step.. A

re-setting the fl ovﬁ?%t’ge%ff%mf% 5’&‘?%’0%&% |V T ETEREIN T B THOFh f og
each par twicll dve cdedcgilved i dm tifie ecpmpaentoseart hatt amameid sdeattd wpfert he
set po'mbfgéﬁgngééhing system, although those skilled in the art will

recognize that the disclosed methods and structures are

readily adaptable for broader application. For example, the

30 invention is readily adaptable to other types of wafer
processing equipment and vacuum processing equipment. Note
that whenever the same reference numeral is repeated with
respect to different figures, it refers to the corresponding
structure in each such figure.

35 A plasma etching system 100 is illustrated in FIG.
1, according to the present invention. It should be noted

that the present invention is illustrated by way of example

- 6 -



15 is obtained. For exanple, it has been found on some nachi nes that when
the pressure is within about 100 of the set point pressur &9 Septenfdeo2002at e
'shoul d be re-set to the set point flowrate. Alternatively, the host 10B
may contr&L >§ s 20 inflow rates via gas panel interfac

control | ed"? e host, the process gas is introduced at hlg ra e for
atimet, lifter which the flowrates are re-set to the set point |evels.
It has been found that the proper time t, for changing the flow rate from
t he high Leve set 25 p0|n Leye ca i d.t

experi ment? ;G$ % 2ga§ Hafdy % B h#SS hgéﬁgegg% %D%Q?OY Egggﬁ% tine
required eovheaghSYheemehapurattpre§sbVeLth8°$¢ﬁ§Ch Canpoapséobe

cal oul at edobuaushngng celabiiaRstip ERatnhas-besn esbablbaned bhuough,si mi e
nodel i ng o? he chanber, as s P=arn*  t~ t =P/ ”ﬁ The val'ue of

al pha varﬁbé1&AEHYtﬁea§aﬂv|@&paﬁZéoﬁPPgBFaﬁﬁaﬁ SRVeRti pRet tNa 2Pyl ue of

appr oxi gegek¥a8213 bééuﬂﬁeﬁrfQﬁ”@rfQEoceéﬁlﬁépgﬁuﬂEﬁéﬁt whgBhneedanukact ur ed
by Lam Research_ 35 gbggorat accor ternative

enbodi nenfCBFIPhedp R{-PH VéﬁPPoﬁ% Ph8°§?§b?8|95??8ﬂr? Pre"afill t he
transiti oavacthted ¥va26h6édQ .19 Sept enber 2002 PCTI US99106961 tine during

pressure step changgs Ry be . S|ggtf|can L¥h§ﬂ§ %9Q§g tTSBeQXmgQEEQQ %EfG

process nore effici ent angnl ncreasli ng t errin
2, the evapeatkon syseeﬁB5813®dwpbht§@ldnééﬁlbé@2bnf§®@avbicbetéﬁl The

evacua hoBnay st 805 ZA0nI EEYEEnkO cBhedbE €h¥aGHUﬂth %b@céggeglaﬂdchanber
106. Evacuation system 130 conprises plenum1 e valve 124, turbo punp

126, and 53?F3§@speﬁt§hﬁ|ﬁt§ﬁaﬁslSVﬁ§8§homﬁ8Pﬂeﬁ|%? OTeSPANGH Waser
conmuni catasedlereCliby wehh heacteenite chagbertdOfndBetuymenhpl eauey’ 22 and

turbo punp 126 is gate v%% .that altho 5 va&ve %24 s _shqown and

rezerred POo55°§* @gt§S§§ éle§h0§e88F P@.ﬁ&?&e@kfﬁ i n"Ph&"ar FERELPY

reCO (', ntBe trbhat" pany,crhe=palfkre hypesobbtVahlep maynbpoused Wihtooh have a

thrott&gnghgffec% onsthe flow gftg?slé5 bgtﬁgeg;t?ﬁ p§?8ﬁ§ﬁ CQ?EQQR and the
e u

vacuumi punp vesTi fcla of “exanple y vaFves, vane-type
val ves, Iéuvenédanypelvaﬁﬁesk dn@tlﬁh§hﬂype ﬁaPWeéheA@ﬁFFFGﬁally) t he

evacuat i oOnogysbem 139 raRy ahso qarRAEi $8t8 Packiag-pPusR ERahnahowak Which is
used to 20 initially down'reacti on chanper Z06 fro tnDs heric

pressure V8e£erGﬁghpéééﬁﬁnFﬁF§§§ﬁrE*BFeﬁﬁoEgEESn? 2re- CbﬁEPBP Pstdf-132
coor di nat esiepehengppad ¢chambeg hsakahgonosal wesrthavindoneti ogaehdpunp to

t he chagbe%p%%Sthaéeﬁgégorpq 126, %on:énPln]%Qn%ﬁdyﬁ$h35g§§%rgn@g§n t he

backi ng “pu s -l W préssu e backi ng punp has
punped dowhet kzichambddorh i1fig .| ewdprassurentpartedtbadl panpnd2gers

engaged t@o&edu9§sbh§hgu%”9%rrﬁhesauegoteagegéxtbﬁa 150dA0k 1zbn %g&@ently
avai |l abl e systens, pressure controll 30 uses ﬁressure data from

chamber niR8YEt 8R41] 2nfo tHEP @w@pcﬂaée Fﬁé eétéh%E veiidgbpndgeged beg
control the pressuredeRakigagiiien . chanber 106. Fbmever according to an

al terngtive enboding t of the present |nvent as been found t hat the
pressu?g in reaction Ehaﬁbéaiféérﬁﬁﬁsbe *Bonf 8T?Eﬁc gorm Teact

chamber 106, gas delivery system 128, exhaust system 130, and
control system 132. During the etching process, a wafer is
placed or clamped on a lower electrode assembly within
reaction chamber 106. To maintain a controlled wafer-etch
30 environment, reaction chamber 106 is kept under vacuum at all
times except during maintenance. Exhaust system 130 serves
To maintain this vacuum by evacuating gas from the reaction
chamber.
Gas delivery system 128 introduces process gasses
35 into reaction chamber 106 through a gas ring 134, which
comprises a plurality of gas outlets arranged in a ring about

the lower electrode assembly and the wafer. Gas delivery

- 7 -



35/i,ntroduci ng_a ballast gas into the turbo punp through alla ort.
$J§§§@qﬁpﬁﬂboﬁ

In FIG 2, ballast port 150a and ballast port 150b ill ust
- alternative placenents of a ballast port. - 11 19 Sept enber

2002 WO

991 50730 PCTNS991069b1 Bal | ast port 150a is placed i mediately u ream
Nentiy

from gat e WAPY¥TAL4: bpal | ast port 150b is positioned downs

val ve 124 and inserts ballast gas directly into turbo punp 126.

it is preferred that the placenent of 5 the ball ast part be as

i gate -
I n general,
far

downstream as possibl.e, to reduce th Ss | ast S

di f f usi ng SYFEE™t He & e (e % cﬁi’r?oéﬁoni:ﬁgﬁl € ?Oertt%lrooi Sﬁlt?rﬁe p?oceg ® In

the case dleliakhystsypaem 1560 sulplpé.ll&éﬂ Ipasicegsass gaag;ewm ethadl yepet fon ced

direct!y idas0e. At the SAGes Al MG, (e, R 1obher ebVngheat | v
bil fusiton

reduci ng t € possi |s al so

erable to use as

a bal | ast sgas @frfet}’tarlalleSgas?Ssu@ﬁla@rm rogerP hichl YRS B So BRSEsEHCY or

ot her pu RRSRS-IN r2€ 19SS LLIN geer-%lﬁnl rmarfm mmm Thethd
bal | ast gas is preferably 15 c¢ontr ol }/nfa mass_fl ow cont r ol

the di r ectSS®RIG e GRS ALY PREHAS ?Ee

|3y Tt rof | B 898253 4

raderof the .
er, under

RPY64b

contr ol thﬂnﬂaleQWdfatg%sofflltaJ lRtthsgasyf We halddstcqamrdsng . SOat e thdsdd

respectivel As ow controllers 164a a

control | e(?f)tg)? Eragz:éfﬁle‘afo a@é’ﬁtlrc(?ttll@f) 166:|r°f‘hegﬁ1t Tt i O 0;1;0 a

cgll{il HAb are

ast gas

t hrough t héleb@lﬂoaﬁsaogatsempammnag@ushwmwmb tbl*mcle@s@d hehspeed
of respNSe ALY RIES S8t IR RE; C Q.%E;g as active control of
e

t he chamber préssureé 1n place of noving

gate 25 vaI ve. During

operation, the bal| &ntgss isystesudtiofingr i s agnebnireeriaree pkdssure
in the Ch%rg)%{ SV ein A AU ald HadAHISWIcEFSItldiEs PI L5 Sts efegulate

advant ageousl y reduci ng the need for gat.e val ve

on chan es. The gate

0si t
val ve may B€ pdsit iGn&RSEF &S dWSpREFsterni e dd JX“Z‘HI%O‘ Dosi tl%?l%*ctrhfereby
ext endi ng ddheurarge: 16f aﬁ@ltlrawteb)é;ytslt@ntw,l Ida.&hr@sa Wbil&"&tﬁdﬁﬂ esto@er ati ng

range ﬁtf reaction chanber Llffr essures,

e st s nee SRR Bie e M Gnie R PEEE

a been foundvi n

2WsiNY the

bal | ast ga:eq*rea(scmhlmastetorpamrtth pesistureni nghe homgatel 35Sy saévevomid hr ee
different Nogidy £k =1l 196 QR8N MO ﬁ@;&i Psed: ande T by Sk osed,

provi des coverage an adequate range of con

anices nor the evacuation

system - 9BBeS to tseptrémrrazeoze%m 307 3P PEIF SO BB 96 IHAWRIEET

bal | ast gé&:d&al&@/aﬁ agROYSISEdif IiHVaIGRd, Vi Hadabéast tpond ehaect |y
into or rmedl at el% g stream fromthe turbo pur therebp{ effectively

cont rol4 r‘Fgo‘t 3 W IGMG R SRS HAmETS SR Ut

T hePreed¥or 5

adj usting ztet@q)fsaz:esss g as rianfd di\mrca:tzeqn arf ad-pejsgas\glmf\boxtmrbbe purﬁme@eed
thus, mnim Vijetoar%‘t%n a3 We s, %ft‘i' J}’i~ Oéct@ﬁ g%tgsgg{ ve.
e 1o

mnimzing t ment- of the gate val ve e anmount
i nt r oducediradh ttilam ¢ reradeis] igfatgan itdumeatar c‘bﬁﬂfaﬁ‘ﬁmm oﬁlm Be

rticul ate rratter

process are

10 greatl yaa\ﬁéﬁ&egieoﬂﬁpr& %é&eaﬂ%w%laéltﬁmtdyﬁe@@mgl fROtnefst he
present_invention, nunber of__conductance curves may be uUsed to estimate

the postit i fc‘ftfﬁerq‘falteerﬁ/eﬂ%etlf%? TRGS G AT HEPrE’E PR set

poi nt, thefefyitld idating ddie raethif®yf step. Furthermore, it

has been

30

35

found that this increased gas flow rate during stabilization
has minimal detrimental effect on the process, because the RF
power is not being used during the stabilization step.

FIG. 3 shows examples of curves which illustrate
the stabilization or transition time under the prior art
method, 200, and the method according to the present
invention, 202. In the example of FIG. 3, the reaction
chamber needs to be raised from only a few mTorr to a process
step requiring 80 mTorr pressure and a set point flow rate of
40 SCCM. Using conventional methods, as shown in curve 200,

the gas is simply introduced at the set point of 40 SCCM, and

- B -



ow is made for a particular step or whenever a new rec IG S
| ustrates exanpl es of such gate valve estinmation curves. In parti cul ar, a
famly of curves is shown for various flowrates. It has b@g@ g&wggﬁlt hat
the 2D curw@99/8033d t o converge at high flow rates; in the 4

the curves tend to converge at | ow rates above 100 SCCM A preferred rret hod
of deriving the gate position estinmation curves is as follows. For each
flowrate, step 25 through a sequence of gate val ve posi tlé) d. neasure

the resul tdrt predsdurzatfiom dadte posi 3RRFPXTRF 10w G &% Vi ded BY ' he

measur ed RILESSHIE i it GaRshietanae dorcidate gadd aral \apgrosition. Repeat
this process for each flowrate. [It. has been found that; oncethe,gate

posi ti on ERAGIRHIGh CQuUrtR BOESRE dF ST O he}” refai h accurat e absent some
drastic Cﬁ&f&%ddtit'{'g? 1 s e eeges aya s hbughne steiviel 1Zpfin datir i hY tat t he
inventiq the cuqﬁlas%ém%cae DeL @%%nﬁ]lya sianed 4 Judhs e Yoofodhe

cont rol I's shown as part, of pressure
controll erabkﬁﬂ: ahbecopief er%llb¢ly YRR B 7 oF PR M ¥ hdsiPT on

est i mat | Oﬁﬁﬂyﬁte&qn@éamé&sw&fw Ve§cr@ysdeisiniashghpurenory 190 in
(0]

the form a matri x or - Sept egber . 2002
PC FI US99/ 069~1 arr &Jter vEat@s, Obrl TnbroRRCt 0% B V\E‘?ﬁ n‘ﬁ%‘g ‘gero BHERT ons

whi ch have,beee fihtdeds s ortfei expent seanal tye deeswkdimurhenef Catel val ves

and controllers currentl vail able typicall p & essure
cont r ol 14otREEF2H |T$Uﬂzgg Yht rof™ n%ﬁg ?% %?gséiééfc%ékf%ﬁﬁeilﬁét he
control | ermt!iTDtﬂiIBDi’édthﬁ phesslioe rateheithahbedipgery i REORRT WBPRRAI ROt he
set pressure b% %gsghngrggquQS|tbgmngftﬁhg ggigtygﬁgﬁapmmiég &n pOS|t|on
control no 2 ntrolter srnply - poSitions the gate valve to a_se

posi ti on. desnrdﬁngncoeaﬁe1®naPF9$ﬁa¥FveaBnBBHFﬁBﬂ% %%%pr%E%nTav be

i nventi on, BgsLhalequEEeQQEetMé|¥€a§hQth*b6nOQEﬁated in position control
node, whi ch prepositions the valve to ? poi, nt ng |§1£8r @lgg &Qgﬁsgstenr
near theSpressure seRepBERENITREYPESi F8n Confr ey~ esti nat

pre- pOS|tlgpsgghni3ﬁr9§1EmngaEetedslWhmnnlaoepruaa$|bmseu¢Q®@Us@§ré§0r
menmory. For exanp if_the. proces et [ i r £SsuLe Wsbh 100
SCCM © | ow, Phfel BresgﬁFe°88ﬁ} rreF$8§r|%§§e§5d érgg?gggoéfffon fromthe
curve storgrdsktncoeporygr LBOt he casaecter| &0 S)mﬁﬁ@rbosg?roﬂ highl d be

appr oxi mat g 1§§91 V\Qggrte@etﬁrae SHES sisS YWick beB @n20h&Mmabimpef cantapeeof the
set point, sure controlfer is referagﬁ\r/lg \f,?\lbtc ed to pressure
0

cont r ol 28D@8. PF@ﬁeéﬁaﬁﬁﬁ@srl fRa§ PEe ERTFETRE™ thi Res FHaf’ when t he
pressure cgpbaklehaiss raW.t eheed st,0 Rpr pesute seantngk, modp wpeninge pndssure
is within 5%of the set point pressure, %r}%%egszgtggastgﬂg {gat he set point
pressure geﬁé‘r?al-laﬁ’“é’écﬁres'tl §&ce SPAVETHOST T stimation curves nay
al so be usewm\@ora:bmiﬂnsm@ tahestpm@es@r dugsi sychapEa¥MERHS, VAiGPder to

cover a wider range of uGhAan @% date 2vabvai1myehensetiokh aushal |
nunber of SPg‘S‘e ectae-' SpOSI qll o%ns% %% gate \?al ve estinmation cu;\v S may be

used t o 2$eleectetisiraietgat @aﬁalnﬁ@eeoslﬂtreé’r?arcse Be$t cPBFUaIFAFERCHL P&cess

step. In eral: J0n R WS tBE1 & a8redl hidange ok bakl astof Dow is optl mal
for controI]1 I ngytq':lheaprgésure in tOh%']e reaction cqu% Assu ek

st
gas flow nE@NYETESHSI GRFAING Thdvss 8F  atite ggagf pﬁzral[e gas aﬁ%
rates) addiyyg thad B e do, tHsstsetsaiayt geat a-,loamartresnaaidvir@an!g ey

nglened f[foev)t/:trlargges by, the, sel PN RIS WS MdihHsthd 22 capductance

30 according to the present invention, mass flow controllers 142

|5 performing a |l earn procedure whenever a change in set int pre re or
il 1%3. PlemBet
il

are also controllable by pressure controller 160 via
converters 188. Pressure controller 160 communicates with
the bus 184 via RS232 connection or the like. Pressure
controller 160 receives pressure readings from manometer 112,
35 controls gate valve drive motor 162, and controls ballast gas

mass flow controller 164a or 164b (explained in more detail

below).



19 Sept enber 2002 WD 991 50730 PCTNS991069b1 Thi s conductance value wl|l

i ndi cate, when using the gage val ve position estimation c1f Sertempar 2002
‘the few presel ected-gate val ve positions is appropriate. For exanple,
suppose the ran e of ballast gas flowis 0-300 SCCht 5 for i

conf i gur atY@# ¥ e process gas flow set point is 50 SCCM ﬁﬁﬂkégﬂ%6r
pressure set point is 15 niforr. Then .50 SCCM the m ddl e of the range of
bal | ast gas, added to the set point f1ow and di vi ded by the pressure yi el ds
a conduct ance of abo#% 13. 3 SCCM, nro %%. Lb;ng t he curves. 5@0 Wl G S, the -
i deal gate position BTl FHESAPOUt 1 BHOOYaRd PRECHERr 8 pP&Selact ed
posi ti on sheatdite chaskar haytbe case*ollading ehtberpprsekuceed gate
posi tions, I | o t d o] t on of
Poo- thi r dscShEEaEPeR 1 a00¥ By Bale B8, B b o g e R e vas whi oh
represent thetzgdiem pedptagtspredthe anfhﬁwtPénpeP”@éﬁvéaébo§u?§5uaﬁso

known asspHBthSl§@feQ6§O£é€£aEhanﬁEBS%'QBSaahﬁgBSEQBbISBQG dader
conditions which approxi mate actual process conthlons S| nce

condrtronsm%BbF%R?nﬁP% EE?%%P*%OHHl??%ﬁElOPhé FRPGE 26%pb FPPgh EHATREThave
a certain aghonéref 1DDer enherr the phesstisedifioredatyenpohatnberni ngéeand
pressure control under act ual roce sﬁgonditions. D'fferggcgg tggt may

exi st bet weBRRUFVERIBsPRBF | 5ATH Pt PORESHAG ACEUAM “Pr 6céss ‘condi ti ons
i ncl ude théolhbwnn@fprheespestépc baéssunel eontaclheirghtd, re5setaparsaisur es

and the, hi ke, ?§n9§£i§£95p59£e§86§ EPBéuEQhQEQnEteEBQrSQQEEOQHE rate
srgnlflcant eCt pressure s abi TTzat on trhes inothers it may | ead
to undeslr@ﬁlyhﬁohgls@v%hgng*©¢ﬁ§§ stRe- sohushdhalbal hpeshelgeRErgsETRRNY

val ve pOSIEbenv£U§¥€§1H€deﬁenﬁrawd+££e§eﬂ& Eﬁedbét0ﬁ§1n6”f3@waEhEénat|Ve
and nore preferre solufion_is srng e correl ation curve and

se a
account fofPPHLEd PR oFh Rf?ﬂlﬁofh%aﬁ?eggﬁFécBeﬁtrSPngéﬁéﬁétﬂﬁBs
si gni fi cankbMipReHei BE thettsﬁeoenneuahﬁgngreeesheoéeesbabhtsbregsﬁ&ey

correl on_cuyves hus,. in another alternative t he
presen?iangn? bﬁln?%e vEPTeSPoTPt Fon* é S %egﬁ cgggg S use maChgg & to
preposrtlonhahewhahvebbasedssnrehescurtbnn &boucsépPspoifnthanden point

predet er m {1 OF1Lhe PEESSHEG1a DR re-18tSER! eRREL 20833 WP
99150730 P%T% % g% g%i gé% p5?n§ ﬁ ?ragtrgn ?s chosen tg egsure t hat
t he pressur &oWi FRtencr ease nonotoni cally towards the set point for the

process rGQUIrlng anpl pergacEve Dy preﬁéUhestamdathay bbﬁt@besauéeguell

decr eas gonlcallg t owar d the S? ﬁOIn% gé Ess steg gegglrrng a
decr eas rRYsHREESWEROHES eRANBL t 1 8F§hodP - or VifilleFSREEPE
respectrveEyonUBhaghaspredhéepnbnedsfgastnenlntrbhecpde35uaeh$gh peicet is
advant ageoys,i g prayeqting.BLesRUCR PXET shoat shundensBoghs sdue.hoche

i nherent error “wthrn gafé val ve posi I'mati on curves,

di scussed &Bsveoinn gewetal, tﬁehpﬁebeﬁerﬁbned thééthﬁ Rrpperaﬁg@ebébmeen

about SO t90%59%%9515§etﬁée§§HQeY§QE PQthtﬁadhEgﬁfQé@QhYtBekﬁeeBeébOUt 70
to 130% _A value_léss“than 100s ap géles to steps_in which the gressure set

poi nt i €5 ROABEsEBYeandCanvRPUBSERRALERCENERTPBIR0BFPSHPIMEBS 1 BYst eps i n

whi ch the puaasHgeasatmpi Bhfes tRe68gRedncknaadohbak takiagnahbveime
enbodi nent _of the esent énggntrog the val ve estrnatggg gurves are used in
| v e

order to preﬁgsfF °t h&3¥ b3SedP8A"s BAFEGHATed tiVe 7 nf'féw, 20
wher ei n thelebfbetcaécuhhted/bs deisgnenedlbyioosbipi hhathbaegbaenon for

Conservat'%%tgklﬁg 2d EH gﬂrﬁgmgVHPhBaei agdogotLhel ahlaneand, %hehgaasured

pressure In this a terna I ment e val've T's positidned to any

sui t abl 80 pedps: posrtlon and after the flowis stabilized the effective 25
inflowis calculated by using the masgs;, X ion equation for the
chanmber: n'in nmon=-V~~Pnex|dt . Where min i1s 'tile mass flowrate into the
chanber, ndie V§luge cka3ddPhRoVRFALE Wikhokheheagharpdrr wonsigHEaERRFber

vol une of equipment; a value of approximately 0.3 has been found for
an experimental machine manufactured by Lam Research
35 Cerporation.
Thus, according to an alternative embodiment of the

present invention, the stabilization time and the transition
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30 aid dPmiX/dt is the time derivative of the gas den5|ty thin the
chanber. Substituting for the mass flowrate in terns of em%mE?t@xand
‘voluretric flow rateat standard conditions and using the i deal gas | aw,

t he cpnse&xﬁﬁ%%n of nass ' 35 - ~s 19 Sept enber 2002 V%}@ﬁggﬁ%égﬂ
v, = m x

equati on ~s'"" dP. mx .. ,Q-Qo~
PCTNS99106961 5 Vhere Mis the nol ecul ar melght t he subscrlpt "mx" refers
to the gas within the chanber, P s the gas pressure and T is the gas

tenperature It has been inplicitly gssuned thag dTm x/dt - _0O.and that
Mri x=Mo~~F1MBYYet FHi RESeFt %t?Eéplﬁ PPEGS PRY-PonShPRALMBGEPE End setting
t he parameherL@§@6rFEHérﬁbyVthtng the pPoequatmonmesefipicfiees tod e.

Qln Qout - =, m-E' _r ~ Can be eval uated using the knomm or
Q%D%% g% ?hrou%ﬁﬁug

estimated™C a measured or estimated value for T~ :X 15
Referring to FIG o6ReBeorimfeagatn hovalGe %vepbgl@Véﬁﬂﬁ§1@6n§V§FeWoop

according: 36 @M alLergatiyeneqbodi geahel §Bgapiesedhel 8¥8BLARRORBOX 302
represents the inverse of the gate valve position estimation c

u
i nput of %y#t?ﬂt%3%o§egﬁ?5rE§uF¥§aFﬁ & 86?P%§pbﬁth§ Yaree19o F%%WPrEn 8.
Box 305 repseseptschiei gat Sy¥abme1p0StbnpRieati phéhon LDRYeguber €adnei nput

o~ a valv osjtion results_ in a.c ondi n P. val ye, . Box 308 outputs Q
(dP/ dt) . F2E  nHUTEP RYRR: 196 cRBSIPREAESO-PPhES %éie'ﬁ?gi Rvent fgnsh
sa_[ Ps~tinknda@n 2roniéhEmrEBBpeommuahsemberé;réstlypuithnreabbxoﬂoz 25

whi o, ysLagebbe §a¥er se.0gLen VRl LRuROsLY aflaeaLLABt LR olyes soLputs 2

first val ve position; |npu ve con | er
310. Val veatvat 13| erNG1e bhptisedthhugharedveospti ba ab@Uﬁdﬁﬁély and box

304, US'”Qa?bﬁrQétEOVééVE €9§étb9mv§§ttHBEéOBICH¢a§nuPytQMR§1C@n~£Be wher e
30 P- pneasured aSSUml e curves are_conpletely accurate . g 1S
y

mi |1t pl | 885y Hnaésﬁ?%’a’ 1#1 theX BBy GhEFEALlvashYRAS 13T pY%NVaéd“
nanoneterbslﬁsedtﬁhgtnehavéba thrﬁbt*lngSeﬁﬁdeﬂ 60 the (dPbdtof tAsbox 3lo
to give-an eff ecthve vol unetrigc 35,8, the di_vi ded

by B TacbeSutEh b DéﬁﬁeaﬁdCPﬂéESEtsaﬁ & varufiniipeq shin' PRLuES o

box 302 whnchudesi figrt ekempheerbetterfly valves, vane-type valves,
louvered-type valves, and iris-type valves.
Additionally, the evacuation system 130 may also
comprise a2 backing pump (not shown) which is used to
20 initizlly pump down reaction chamber 106 from atmospheric
pressure to a rough vacuum pressure of about 1 mTorr.
Control system 132 coordinates opening and closing isolation
valves that connect each pump to the chamber so that turbo
pump 126 continues to reduce pressure when the backing pump
25 reaches its low pressure limit. Once the backing pump has
pumped down the chamber to its low-pressure limit, turbo pump
126 is engaged to reduce the chamber pressure to less than 1
mTorr.
In currently available systems, pressure controller
30 160 uses pressure data from chamber manometer 112 to open and
close the gate valve 124 in order to control the pressure in
reaction chamber 106. However, according to an alternative
embodiment of the present invention, it has been found that
the pressure in reaction chamber 106 may be controlled by
35 introducing a ballast gas into the turbo pump through the
ballast port. 1In FIG. 2, ballast port 150a and ballast port

150b illustrate two alternative placements of a ballast port.
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gate val ve position estinmation curve, outputs a new valve - 17 19

Sept enber 2002 WO 99/ 50730 PCTI US99/ 06961 position, B~e,; 19 Saptember 2002n
used to position the valwve via valve controller 310. In using this

t echmi-que;—the—-positioning of the valve is subsequently corrected using the
cal cul at eV ®I¥WEW0 ve i nfl ow, thereby reducing potential S PEEYS206961

over shoot s/ under shoots which may occur due to the inherent error in the
curves. The | oop may be repeated if necessary. Furthernore, the control

| oop may be used by itself to regul ate prgssur mnthin gro essingﬁchanbers

or alterRatiRsYy ?ﬂﬁtcbﬁP?oFsl86ﬁc yiB@EeHiEqea¥ 4PpreedB poSitt ¥8hFfng step
prior to \Fﬁmﬁle ngzt;pnbépkagyepotafe asdbf Eerpatslcmahéal dgohsﬁ’ﬁeazuﬁhoas
roportiona and/.or. _der co ntrol SCE | re
Betnrl  bore ke Bes oraRngnrREL S, RabhrsEnvan: FohechiR bheEheblaRy
positicwlmmmmnha$on torgesestdy edti dsnprecyriSdadhant ajeopdbgemenhi aét es
{he Meef dige NS PLOL A0EW et PLACGOUGEWRSRCKE! pA-DEM BY OLESSREELPC | ¢

used usi ng t W, an ressure set pol nt rmation wth e stored
punpi ng §§§édx@%$%%¥b%Fﬁn@I|ﬁa@ﬁésbr§§§nbaphv@h€F6ﬁlnﬂhén9§l9@6

preDOSItlfsaaﬂlaaycbsmbeklahhylaeézeéﬂﬁﬁgewgehweﬁa p20cE86i perghgnges are
|ncorporated g&rast conventlongF Eéqisure control schenes oféen rely
o)

on savi ndifR ‘P aght BOYAl veBosF Brtedefi QREpPHFLETFRLY pBE

menory, aﬁﬂréeﬂpﬁyréeeayl1hbesenéeafnedevataeasfof pheposrboopumg, t he val ve
at ea ste This tec WO .sa 2 C n

epoat Bl SR ERRVEFESF V1 AESPELPEec e RBHPAPER ST BT BREBiBrFufiOHew

reci pe |sIuseﬂ alse beataedb&aluesuSEOBedalbahéastygﬂayanerDeahpgaepriate

for the nayieglng;cHeNcE a: Uiy, vater bs Usualby.ruPnal Lheostact «of

each newrecipe to a e contr earn t appropriate valve 30
preposi t i OFe vayses™ eperatiPE aI1MpiBEABRN6R-wafers are processed

identically. Accordirpg EpowheaEée§en£nénMamubge g&Be§§ gy@ﬁyrmsiﬁr runs are
el i m nat ed and ﬂﬁ ﬁe t ool ggct|V|tﬁ i npr vg Q greferred -

2l t or nt | SROEHBOUPTERY BfMERS 345Kr EOBRFOLAGANt PBHEE NG aRVESFLA PR QF
prepositiomedratcoydtag LB2oneMatst itoabovarpodpesst ienangndl 1e4bati ves, or
sinply a sition o] r n 19
Seprener o050y b osPaE botPirclaluask tis thr pebfetBhHEy 1508
proport i orrad {@@bpr@ppﬁctéMaﬂYandAaeshoanlve)Féﬁntﬂolmassa§b¢wed until a

predetern&a@grgopgggl9@4gsaﬂgL @5595r$hb8htk8§§9535y0 pLEelrés al so
enabl ed. By |n|t|aII¥§a plying only proportional proportional and

derlvaﬁ?v%QnEBﬂ%%%F fe pressure is b=ought close to the desired set point

with no overshoot/ urter sheebdusttibaubfupdesesabgesvahyeugnt thad. ballast
Subsequently |nte ral _control .is enabl d to.reduce any stead %ate

di f f er enc®” b%tﬂ%%n ?KénggﬁeBSF%Y andugé uiP 6re§§ﬁ?%s Ee?ﬁﬁlng he 10

onset of rasegnaé domtngl pekbeurkveky pbintnahesgpsesaareell as active

over shoot sbHpgBY SBeot A BhehbEeSHLLLLOM | A B9LALO e hBgflg oE i N ggEat oF

over shoot, caused e nonl 1 ne rltx and er order nature o
syst en®#> valve. DLrlng operation, e ballast gas introduction may

precisely control the pressure in the chamber over a
substantial range of operating pressures, advantageously
reducing the need for gate valve position changes. The gate
valve may be positioned in a few predetermined fixed

30 positions, thereby extending the range of control by the
ballast gas over the entire operating range of reaction
chamber pressures. For example, it has been found in certain
machines manufactured by Lam Research Corporation that using
the ballast gas in combination with positioning the gate

35 valve in three different positions, e.g., fully open, two-
thirds closed and fully closed, provides coverage of an

adegquate range of conductances for the evacuation system.
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In a one alternative enbodi nent, the valve is 15 initiall¥ pr eposi ti oned
based on a previous run or fromthe above described positi'8Sergmber 2002
‘alternatives. Follow ng the propositioning, proportional (o= proportional
and derivative) control is applied until the absolute value of pressure D
-p err0=, WOPB0R¥as~ed ' sec) ~ ~ fall S t0 bel ow about 0 P%S§W69620 sec
preferably bel ow 0.05, after which integral control is also enabled. This
pressure error criterion for enabling integral coat=of works very

effectively, espec'r?a}'lxl in.cases where the 25 valve is osi tioned based
Y9 Sol

upon a previous rurm SHokrerd YHE-T ef%llsn%{i on of val ve
preposi t izommgiwaret prigpaor thadnad st qroxr opiorad wial irtel aerimeegdiayekont r ol
may not ' : e .ern I tﬂﬂQUQt!Ft '

i nt egral ont(t%ér/e(%u?’;1 %ﬁ%‘? stg‘{rfepglg Imes “happens, o%%i%%pg%];} irlﬁorg&:)gf_s%le %r e
the prepddia iRpAsRPIS Pasdd WRAFdPe ety Wider e Jafs igPSpeed
correl & iRyudtiddi hs I dMRtdan gﬁs | 1% fAdUANE RAEOUSy T3 ANADI 8y tdiee | DR EBH AL OF

after a time criterion’is nmet. This tinme may be(gfstinat_ed y measuring

dP/ dt and®PURRFRSRS dPtR: S HeHAAE P RYETHRE (F reBh T PRt i s
(dP/dt)' o thd ,gate ﬁ«EELI\Fea) BYAngirdieRi g tithe Sidveiend hef tile dace eachht he
set - 19 19 t ember 2002 WO 991 50730 point is to use the rel.ationship:
XV ~-se~|§6_]hv~e~' craT. PEunt @‘Ietpi’é'lll%g@tleo “Shher oeéjugca%%ha{/% véek?éposi tion
esti mat i arhaowrese, ol pdrutcwCarrectammpnirstused ¢ob hepositdon are val ve,
tinme naKes & d-&hid&iion for enabling integral control because of the

i naccuraclies that may exist in the stored punping speed correlation.

Cal cul ating the intARgperdmaddayEnarhey rRItHENaklVe SHhRGMefeds Bher
using a fdxaddntagrattionlel Ahumdb basausshd @it £36h ANBLES Susf Bk thged
integrator delay tine can be minimzed zed, which can increase the

product i i yEHIMHE t'0¥ . PIH HRN G Ehe F45A A3 hGE thF i htEgrt or 1A%l ay in
this way dsxadiadimoesisroRit iy, tdieddsf SpGiflatian itHegieddrfdel ay
time for each ]Eriocess tep, because nq .15 operator, intervention is. .

r equi red PRirther iore, ~ 5o h pro et ve process cycaf e with aturﬁry waf ers
are requipmszsswrenr riled |is detds figre & RUptdwEdr istegyret otheledegrtane. F.
skilled ardjsan-mdl;seadidy reqogni 2@ tders May S ofn2b 844 MBIdNgLhe tine
required to reach the pressure set poi nt. I'n another _"alternative

enbodi nerfal¥heeFinatigh FHVEhabl IThPa Tt et By contianily a8 Hdn t he
tinme deriyatdvewdfsdhe sEasiy efh g essise. My enspasddi cabding tdiead ntegr al
controJa is p\g%% enabl ed after the aglsolky&% val ue of 25 dP/dt has decreased
bel ow 2bdit* BT he® i R © dft ue St Y T T ded 101° tHRETUPT ent

reci pe SteyG ors sethporumtvepnnd ars . caivesregsraodi Toow raieessimove he00
rreasurerrtg}g?@f dP/ dt and the expected characteristic variation of dP/dt
with time. FIG 7 shows characteristic time traces of pressure 30 and dP/dt
fol | owi ng pressure AaRrpmried Hegidad febrAorioing the 2R @ISHIi@D const ant

flow of 200 S&M o Nl PlSs exanpd esoheds I hepdr essdl er j8F RN ddep eases
fromQ to 40 mlorr, the pressure nonotonically j ncreas<fs and subseauentl|y

| evel SLRFFRIPGRA mBSALRCH Rt (YR 1 5i PR VRS MeFITfRpdfed ' 35
val ue of rd¥dltamt tpoésyutaci@nsesch Qeokdriand ttten Hasw epses abvided
measur ed \pressure approaches_set point.. The peak in dP/dt_typically occurs
when t he r?éatg}l]ﬁerae re %'gr F T heart® hrs;ehe condiEtance For thdt ga‘?te

valve position. Repeat this process for each flow rate. It

has been found that once the gate position estimation curves
30 are derived, they remain accurate absent some drastic change
in the turbo pump or the gate valve. Thus, according to the
invention, the curves may be permanently stored in the memory
of the control system. In FIG. 4, memory 190 is shown as
part of pressure controller 160 and is preferably used to
35 store the gate position estimation curves. For example, the

curves may be stored in memory 190 in the form of a matrix or
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- 20 19 Septenber 2002 WO 991 50730 PCT/ US99/ 06961 mi dpoi nt of the.
initial and final pressures. A sinilar trend is observed ¥heepterneers®i02yoi nt
-is changed =tom a0 to 20~ niforr, except that the sign of dP/dt is reversed.
In-anot her_preferred alternative enbodi nent of the 5 present._]| Lon, a
novel appl‘?"ga?’f’q;ﬁo of cancell ation conpensation is utili zedq’tcglf‘%ég'géggpt he
nonlinearity of the overall system FIG 8a shows a conventional, prior
art, PID block diagram formul ati on of a pressure control system wth the
val ve preposlyi gpi 0gs|8g! c QML edof oo ] B ) SN 1 G uchmveRd onal PID
pressure control system ‘thé pressure error is input to a Pl D conpensation
bl ock, whvehcehavat bsean fittest 6o &ihgnakrerdmensaddit deg ivee SPHVER - The
system response (inghRkSvga%es RLESTHnRrold eblerurrasungdaviagd dpaek and
conpared to the%ngressure set point to determne the IS systemerrar.. The

val ve actt¥Pbrabhy PRETALEsdlr @1FBETUPERSF Fe FORE ¥ Otn "PREs Fomraiti i SHial
forml as i etnrace headi.| y ippgeledsetiras cantirodt maidee it hey sbamrwiltlleran
exponential tine response. However,.,in this conyventi | .fo | ati.qn) it is
di 111 cul t7PB RAt RehBE] PAFEFUTSdAn ThE (‘:%ﬁp Ete as”;%‘s%?n%%o t&s?“n@gingtt“‘é%‘dard
control theergedupressuire honlidieartiing chet posislive/ ofavber aafst ealvEhe

val ve/ chagheq S¥ﬁtﬁ8‘s'k§o%h'c% ‘I:%‘ie"rhtddl%.”%ef%r Lahher sitAkf ectively
conposed of the co Vol ufion of the nonlinear outflow) gaté val ve position
esti mati dPOSLREPNBNLARRISEE VRLYGr L0 ISEke PRFUGAO0f  PRECTIiFaMer i . e. |

pressu @ ihcbPgathoBbenpbaidRiner @angleb?Sr@%%ntt' MRvientedng! iefictikaly

di fference between the rates of gas inflow agnd outfl.ow of the_chanper).
Thus, in SRcafRbEn¥plye sheres &F é’ﬁ’ﬁ&&itﬁgntmof’qsﬁélﬁpe%’ Lol BGSan, the
i nverze ngEEhOﬁrﬁi)obﬂeilgﬁfse t\h%lh\i)%.l% Resiat &;@gzﬁsmﬁimtaba@ iy \be-,iln:§- the s |

i ntroduced ipto the e as shown in FIL.G_ 8 i . t i ancel s
t he nonl iﬁ%ﬁEF?yHS?rﬁg‘EVQr\?é’ﬁeﬁgnﬁgrt PP&PEMm Tt ?s; lgﬁt% Z‘r %%Enlt\%é) %‘re %f erred
enbodi nenhayrefeimpng theFp@e -$osittheonppedsyr € rony hej gatigp@ostid iRPnD
compengat b, Rbecks: clieeldd AULR sof rehip-BLD cemensabien iy eifectively a
volunetric flow command, Q wth units o tandard cubic centineters per
mnute (SBERTES® F&Lt REANE Visded B PFiePIGESULE Wilths 100 SC&HM flowg

Sept enber - RO08r VO Q250432 rRTTIYSRP/AGARe sSNMEYE ghtlet Beks itthenpresul ites et

poi nt or neasured Er ssur?r@to cal &ul ate the qu%tl g@t rr%f P. Thet uot i ent

i s then i fiPGYSt 3EPREY AvelETFate VA VEHGETH &F 36 nari SACRREE ™ | to
det er m newbhddnbw wabvrexiasitidlgn 3s@nmamthenwtiheh presismreuris Sithgomt at o t he
val ve n e plied,. t new.val v 0Si Ll h the
hanbet CotrRTbuP B SO0ACHRG oy e eI G oy Do e RS A e 45
nmodel | ed Bsefhzalave svaltwdegodia iroe sesriemeandy dumpde -F. Flox eagple,

fornul ati of hBe bBRYEr $SUFRL & rValorR RRIHINRR @HatMhi=0n thidl W edGhuTeas a
system 10 gal n t?ut nore inportantly, acts to subséantl ally cancel the
¢ oy

nonl i near FEPEEPILRE ¢&1 FAATRASE I % PISSTRUTERSGR T Lo APCS!
st andpoi npresengeculsi va thlieckss idf aHy eek gicdgramraseumnsl,t ispldozd The
produc£5020~"1.and F i_s nomnnall.y unity; however, i.n_real.i L t heir product

[
i s not exaC?F‘ylaﬁi tt§’ tHTe SE5 B8 We BETEFE g(ﬁnrefrgrlg%ggcggt Vieen the stored
and actual punpi ng Shecdace rvellatd EEtiurives ext yrmtiioms coovest imarys .2 18gr mi ng

e o G5l A A A IR LI g gt BT B
Dynami ¢ ARER§E §ocarevRaedbatidezD ranga ¢if Zopdurd@ncesw e igasef oddiYeat i on,
the systefhgapebaetnaly zedmisi Nhirdy i 1 ctleie ok ittQ et i MR t he
Controgb gate valve estimation curves may be used to select which gate

valve position is best for a particular process step. In

general for a system, a certain range of ballast flow is

optimal for controlling the pressure in the reaction chamber.

Assuming a ballast gas flow near the mid-point of the

35 suitable range of ballast gas flow rates, adding that rate to
the set point rate, and then dividing the combined flow rate

by the set point pressure will yield a conductance value.
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Thus, in this alternative preferred enbodi nent, the valve is initiallg
preposi ti oned base on a previous run or 25 from the above18&&ptenhes 2002
‘prepositioning alternatives. Follow ng the prepositioning, proportional (or

propor tiongl gg)shssker i vative) control is applied until a prege}gesdesd
condition is nmet after which integral control is enabled. IS 1S Just as

previously described above, except that in 30 this alternative preferred

enbodi ment the inverse gate valve position estimation curve is applied to
subst anti apyl ys Canc&lceahbe POMLLNGRIAL Y nak chBE, Vahyg/ QEQHQGEh_§Y§E€Q1 Wi | e
it is preferred to preposition the valve, a skilled artisan will . readily
recogni ze YHE{E POPLF :PBNAFL INAE YR aFUaNBFor YBECRePEVERPVESKONtrol, in any

conbi nat i Ghre SOLEEEE3 Wi Pet HR1VAVEESEr@3he Y3l ¥8ppepirihea.cuFye to cancel
the nonlinearity of the valve/chanber §y§t?g1 as disggosed hﬁrghﬁ. Eﬁy .
used - 22 eXaWples, FURBASS BB T#88| 867581 PeTF UERS/ H68E1 i PR wrtHout
preposi t3 ofvnoe t@icont cohf pgessuienw thenprbeeshaghsr fGewesat| poinn PsD
formul ati t ptimal gain_appli partional, s kn | a
derivativgﬂ%o€§¢%1 %$§ 8%?%?%¥n§%é§%%%§igé?|§55*ﬁ ggz%gg&2§¥%fco?gegchene,
zor 5 exam$@,SC@. Fchermhfiiia, of. thepoapbegoA. behhasat - S&si naddfedetback
Control of fynadl oSy st eFPol, 0324081 (1886) by the pPELEBLe0QiBSd6aR be
related to the reaction_ rate and | ag_of the system respopse. The gains

sel ect ed FAYEARGE cOhsRAALS b7 - Ar SCSHABERFEd WERREoRhBepSHEKESet r el at ed
to the o OFsysteMmehd {18k8]1 aghesnpbsyeiphevonladbenabdiiesboi sahdscheen
found experinental | thft ogéinal.gressu e ?gngrol S achigveg byC
schedulindn?7ﬁﬁ?ht%%?§? FaFRe WP R éPVeSBSB' i BR, CRRBFE -t h&"Cal'R F&5§i ven
by Kl = (cmhstsing €kfBarpraseleéctel’ yafé- phsFtisenshewgdeeopahyeipddyti on
estimation . K--.apd Ka, .=5_p i opal, : L Vatki A} NS+
respectivé?@g%%§’b%n%gﬁg 2€?§“§?,Egc%égﬂlgg“m??%lpﬁégﬁg ygggaﬁhsgPﬁes for K
and K~, forligeed nwewad ebepebeeesi ng chanbers, are on the order of unity,

while Kdsis general lyhgebato faitachbeRt9bnKeutfesIwhnilhlrepréBeMbi tRet he
above described alternative preferred enbodi nents ?f thgagresent i nventi on.

use proporfYohaT BWEP}REefPEPdcdRt RoF URFRheOBKPFI ¥EL NPt FSQRUERY I 21E8Sdi | y
recogni ze khedn des i yahbvRgCoOpeLal corpedddibhofuhiot poapoareoasaadlishegr al

control, may.also be.used at, any tine atter pre 25,pasitioning qf the_valve
W thout exUaT neoPRbt EE0Bc BT Y hePBr SRaRE e O ERERBnE e Per ERer vapat LeTer o

ways of pr@poséttbai ogntheivasuappreyintbePhDiysht Fohchavenbeenhdessivbed.
The sk'iéegoéiﬁi ﬁncg%bgsrﬁsdﬁgx Egcegﬁhzﬁmégﬁ%OH%P%PHEQEBt“@¥§OOfwhen

prepositioning the valve nay be used prior control _w fhout
exceedi ng ¥hedséepevalvehropi bieRingnaBAt PEASSYWAR| EOPEEPSr RRECENBBETAENL S

of the invepbtesshasgaheebndescpibedrehbesdengti phiy08%igeebaeleEY curve
illustratiye andla:g.no; intgnded to Ihnit th present invgngion. For
exanpl e 35 FECFELEEBHRIUNGRPELHOT ENED aFFﬁBﬁSh-FﬂBeFﬁvéﬂP oh*®B8 descri bed
usi ng an exanphédeothwacauivpbésthewapecifiocksstag mqlepodnat, wehghtaventi on

is appliecaple to. 0 e fy:,.23 9.9epte | 50730
PCT/ US9 ioB%@%‘ga %gg%réﬁgngggléﬁﬁfpngﬁ% g§'§%f géoggggﬁ%igh?gpes of
vacuum pr otebsragtequrpredresThas, soaridfcandiliarffekr| prasERreecogni ze

that the ipyvepthoRatsoRdbahby 8RRl inabkeet-e 9thgLyt YRGS o gHHERFBALIYhere
there is a_need to mani pulate 5 and precisely conirol |ow, near-vacuum

pressure i HOBE E6RELAPEJLAMERber One solution” would be to generate many
valve position curves under many different conditions. An

30 alternative and more preferred solution is, to use a single
correlation curve and account for the error within the
pressure control scheme thus, significantly reducing the time
consuming process of establishing many correlation curves.

Thus, in another alternative embodiment of the

35 present invention, the valve position estimation curve is

used in order to preposition the valve based on the current

flow set point and a predetermined fraction of the pressure

- 15 -



10 15 20 25 30 35 2~ _ 19 Septenber 2002 ' WO 99I50739 PCT/ US99106961
What is clainmed is: 1. A nmethod for controlling pressure i' A Septemper 4802 d
‘processi ng_chanber conprising the steps of: retrieving ,fromelectronic

menory a anbgggﬁé pressure value reflecting a desired pre /ggkﬁéﬁy for
the processing chanber; retrieving fromelectronic nmenory a deSifed gas

fl ow val ue representing a desired gas flow rate through the processing
chanber; 10 positioning a throttle valve to an initial position, the

throttle valye Used to-GONELAL.RLESIUr EnbRCbNE PLACESS R Ghanher

measuring pressure w n t processi ng chanber; calculating a difference
bet ween t her@eshredwplésineseand PhachPasgredYpEPYSIES, thed SBF RBdEquent

to said poghti eAbNgrsteRs LERASHIhGNEAT i hBe-kREOLN prealsvgeat dipsthLance
based on the difference between thé desired preiiure and the nmeasured
pressure chBfaBrepPyEd WAlLhSECT83FE MEPBEPPRRGALAY OWFerY FsiRy 1t
proporti snabrapdocBbegeakpeonthal rihyhai Abegeake2if gRRissairdieiwig iritayed
for a predetetgined period, 2. The nEtbog accoLdin% Eo clain1%kfmherein t he
reposi t i onFHGLEtEPTPNRYEASECREI Ry HBPRTRPPOL coRFPSFE1Y8 LY - THE WS fod
accordi ng poedkakmmintdr flrertdonpoisthyg: peaksulrat seg pangbsa ut e val ue of

2 ract i ongh ehegr BaLSAN LG NP anH' 60, DEASSUEG-200chEe Misidamdprassur o

wherein sa erni ned-perrodi en theé absol ute val ue

of the fradupohal thredshrzentr 6Fral FitheRodaaepvadde PRSEEASIN val ue. 4.
The net hgdegespbding tarehbai ma3d) gnBenssaat Bsotbr eshal geviahda i $Heess than

about 0. 25. . . .
predetermined fraction will range between about 50 to 150% of
the pressure set point and preferably between about 70 to
130%. A valus less than 100% applies to steps in which the
pressure set point is increased, and a value greater than
15 100% applies to steps in which the pressure set point is
decreased.

In another alternative embodiment of the present
invention the valve estimation curves are used in order to
preposition the valve based on a calculated effective inflow,

20 wherein the effective inflow is determined by combining the
equation for conservation of mass, the stored pumping speed
correlation and the measured pressure. In this alternative
embodiment, the valve is positioned to any suitable initial
position and after the flow is stabilized the effective

25 inflow is calculated by using the wmass conservation eguation
for the chamber:

Myn~ Moy = V"::Ipmix/,dc -

Where m,, is the mass flow rate into the chamber, m,, is the

n =
mass flow rate out of the chamber, V is the chamber volume

30 ana dpni/dt is the time derivative of the gas density within

the chamber. Substituting for the mass flow rate in terms of
the density and volumetric flow rate at standard conditions

and using the ideal gas law, the conservation of mass

35

- 16 -



35 5. The nethod according to claim3, wherein the threshold value is |ess
t han about 0.05 - 25 19 Septenmber 2002 WD 991 50730 PCTIU8epietbe62002 The
met hod--according to claim1 further conprising: estimating a time required
for the chanber pressure to stabilize, wherein said predeterm ned riod is
substantiéVP?”@H&bl to the estimated tine. 5 7. The nethodPQEGESﬂW§g‘to
claimo', wherein the estimated tinme is calculated by using the equation

t - pdesi zed* Ychsnbe=~(desi zed 10 g. The net hod according to claim®6 further
conprising: storing in electronic nenory the neasured pressure; storing in
el ect roni EIHBRDPY TREVCESEtR: which the pressure i s measured, wherein the
estimated tine is calculatedppy: 1S (a) cgl&ul atdmg the change in pressure
with respect to the change ig~tir@n, Cand ,dirvigja1g the measured pressure
by the change in pressure w tf¢i nspect to tﬁ@Xchange intime. 20 g_ The

met hod according to claim1 further conprising: storing in electronic

menor y %h@hﬁﬁasﬂréé ghesggiecudesr wagahha. et bet FBRFETABROI PLENe TELRE Sat
which thergreaguggsi &iB3suLed; chaheulat bngst hge CHaBIErbBsR-ES auEe TWiish
respect to 2~ the change in tinmg; storing in elec rinlc menor.y hhe change
in pressuFBEWPER FEEBECALEEEt helEhBAGePERTt iMBLICIELY eBFFHGCEEDRRXI mum
absol ute galuedof-=tbeaghangeri & pr=agsure Bév tde TiRERRE te f fo d thitr € NANGE) bW,
time, wherein said 30 predetermned period is established when the absol ute

val ue of pIfE ahange /M pr essuse it taspeckahetkhe pelremge i nVATIE, fahés
beIOM/? preset t hreshol d per cent age of the nmaxi num absol ute val ue. 35 10.
The ne %odqaat@pdis@mpdiéﬁabnt@; wherein the threshold percentage is |ess.

t han about 50 percent. - 26 19..Sept enber 2002
.0 - =fJedP dt.

an our =~ mix
The paramscer f8 can be evaluated using the known or estimated
chamber volume and a measured or estimated value for T,,.

15 Referring to FIG. 6, 300 refers to a valve
prepositioning control loop according to an alternative
embodiment of the present invention. Box 302 represents the
inverse of the gate valve position estimation curve. An
input of Q/P into box 302 results in a corresponding valve

20 POsition 8. Box 304 represents the gate valve position
estimation curve where an input oi a valve position results
in a corresponding Q/P value. Box 308 outputs B (dpP/dt). 1In
this alternative embodiment of the present invention, 0Q.,,./P....
known from the recipe or elsewhere, is input into box 302,

o5 which, using the inverse gate valve position estimation
curve, outputs a first valve position, 6,. 6, is input into
box 304 and valve controller 310. Valve controller 310
adjusts the valve position accordingly and box 304, using the
gate valve position estimation curve, outputs Q,,/P, where

30 P=Pp.acureq @Ssuming the curves are completely accurate. Q.. /P

is multiplied bY Ppeasured i1 bOX 306, where P ... ... is provided
by manometer 312, to give, Q... Q.. is added to B(dP/dt) in

. - . - - £s 344
box 316 to give an effective volumetric in-flow, 05 . 0O.5%°

- is then divided by P, ..c...a in box 314 and the output,
£f . - . \ .« . Y .
Ofn / Pressureq 1S input into box 302 which, using the inverse

gate valve position estimation curve, outputs a new valve

- 17 -



WO 991 50730 PCTNS99106961 11 The nethod according to Clahﬂéé’ mﬂE%Ei t he
positioning step conprises: accessing fromelectronic ne epte i cal
“function having a domai m conprising pressures in the 5 processing chanber

and gas flow rates into the processing chanber, and havi ng r
conpri si ngVP8¥Bbns of the throttle valve: calculating a Egﬂﬂﬁggﬁﬁ%& equal -

to the desired flow value divided by the desired pressure value; and 10
positioning the throttle val ve according to the mathenmati cal function by

appl ying the conductance tp the inverse of the nathenatlcal nctlon -
accessed f?%ﬁ*%}%%tr@ﬁft ﬁiﬁv 4 11295%% e PO S oF T NG # Sclafm 11,
wherei n, beibve ¢dmtpokleironitg simpustihg tbrduteaehvegis,dithieded by a

fraction r@@&igﬂoﬂ@g 8POUke 502190 a58UL L E2ARSREFN! colBeclBl TRUN cpe

accordi ng alm wher ein raction a range from about 70 to
about 130 Prteekated -effeet ise houtlevor 8hagePy EParAing PEFEREAadonpri si ng:

est nnt'fﬂ&b?eééﬁ@e r@@é&éﬁéoégyuﬁberghaabgrwpaeﬁsmé@ BéchQ ghabith z@e
wherein sajd gre determ ned period is su stantially to the ﬁ;tlnated

e
time. 15. ?ER¢KEF%Q£0+H|%§Q BUEVEFm 11 %h P@anFﬁe BodPPFENERg 1t ep
further cametssesiy30 F@fthéﬂmﬁgethehéubbﬁﬂtoWaﬂdevpmsytbenpsbéthWEVIng

fron1e|ectron|f% %hﬁ%%% gg%?é?%%%” gua Bgafégggggglgregg e d W ded by

the vol ung* of° erafure; acce55|ng from
el ect r oni cahesonyt avedy hehat coatr8b ﬂgnptmem havuﬁgaaaaoﬁapmeconpr|3|ng

D O ShoR o e Rrbar 005 PO ool DBBALoLRenber ® Sl Ravng o

range conp@?%?ﬁ@lp%%h¢m©n55%¢htﬁé PEPBPEE&oRaLveinfpasalti Agd 5P§Ssure and

tenper at ur@e ¥ vt Dvé @OMPSPSSAQQQEB@EQBEd Sncabedl abtagit Beiskange in
pressure with respect to ' ange . in tinme, calculating an outflow by

appl yi ng the current? Q%Tvea%%%FgrBﬂ £Bet RESFRVEr SBVBRLLRB nHERefat £OK
functi on aggesseds{t Oomedecinanionmeapirgsasdopulit inl Mengrizhe result by 10

the nE%ﬁyrggv r@§§85331v eliminates the need to perform a new learn

procedure whenever a new process recipe is used. By using
the flow and pressure set point information with the stored
pumping speed correlations in the present invention, the
valve prepositioning may be reliably periormed even when

20 recipe changes are incorporated. In contrast, conventional
pressure control schemes often rely on saving the learned
gate valve positions for each step of a recipe in memory, and
simply recall these learned values for prepositioning the
valve at each step. This technigue works well if the same

25 recipe is run repeatedly. However, if the recipe is modified
or if a completely new recipe is used, the learned values
stored in memory may not be appropriate for the new recipe.
Hence, a dummy wafer is usually run at the start of each new
recipe to allow the controller to learn the appropriate valve

30 preposition values, to ensure all production wafers are
processed identically. According to the present invention,
these dummy wafer runs are eliminated and hence, tool
productivity is improved.

In a preferred alternative embodiment of the

35 present invention the valve is first prepositioned according

to one of the above prepositioning alternatives, or simply

according to a position of a previous run. 2After initial

- 18 -



cal cul ati ng an effective in-flow equal to the change in pressure with
respect to the change in time multiplied by the constant, $ofRtepPeP0By t he

tenperature of the chanber plus the outflow, Qn' i = [ (dP/dt)
XpxT~h8", ber ~ +Qo~~ 15 cal cul ati ng a conductance which is eqTLJraI tﬁ t6he
ef fective MR¥58ROdi vi ded by the measured pressure; and poditVGHPAY! he

throttle val ve according to the nmathematical function by applying the
conductance to the inverse of the nmathematical function accessed from

el ectronic 2@ menory. 16, The net hod ccordj'ung to claimil gprghﬁr

conpri si ng*@caf & ?%bt{%l%‘ilar%’éo?%a\'pjr%ré% r i RCPREheREt 0% FHe change
intime;, sdariverivekeleshtonl cisenprliedeuchihge pregeessuinedi t h respect
to the changesin &ine; se tiis ' Sbsolpt esv of the
change in pr egs*sﬁlréeﬁvn\% hrﬁ‘?'gs‘fo‘ecflct%%ﬁe%an eé?nr]&tl n?a;%lv\ﬁzr%ﬁgt he i ntegral
control i serrbPlgRdd WBYiinitrahbs ARREY IRG RIBY RFRPRakeR2in({pPFessure with
respect £ GotdeoLhange i dnd i i Dds: deCY easeerd D, hehovphre pseset i § hheshght

per cent age of the sel ected, nmaxi num absol ute val ue. lﬁéé? 19 Segt enber
2002 17. THPHRtHOERE 2o FRE (LIRS IV I HhdIRi AV e FRPPRpALPEE BRIRGE st ep

i ncl udes ugitigowenhvdd s VeawDatvolve ot Idie. Mesilinsk geaot ty ngitoegtal m 16,
wherein said thrﬁshol d is less than 50 percent of the selected maxinmum
absol ut e VEPREEC1 9 S FraBbaT at UsT FOF ProtesTT Y et &t T al € tnder 5

cont r ol | edbd iowegm esiseir ee enuo ivnnend aorprl pressweres ocedslagivhabbher; a gas
| nt 1 odugd | e sy SLEM L LA A-SOMRNI SAELANMLEN SPIAL L EESSEOgsahaNber ) a
vacuum punp 1tn flTuid co nication wth sald processing chahnber configured
to renpve Yee*$ronk SAMRKPY Deeals b EPanpRFult from integrator windup or

integrator overshoot, caused by the nonlinearity and higher
order nature of the system.
in 2 one alternative embodiment, the valve is
15 initially prepositioned based on a previous run or from the
abovz described positioning alternatives. Following the
prepositioning, proportional (or proportional and derivative)
control is applied until the absolute value of pressure

(P S
error, l measured set I

, falls to below about 0.25 and
20 Pse:

preferably below 0.05, after which integral control is also
enabled. This pressure erroxr criterion for enabling integral
control works very effectively, especially in cases where the
- valve is prepositioned based upon a previous run.

Iin some cases, however, the combination of wvalve
prepositioning and proportional (or proportional and
derivative) control may not achieve a pressure errxor small
enough to trigger the onset of integral control. This
30 somatimes happens, for example, in cases where the
prepositioning is based upon an extremely inaccurate pumping
speed correlation. In this situation it is advantageous to
enable the integrator after a time criterion is met. This
time may be estimated by measuring dP/dt and assuming 4Pp/dt
is constant, the time to reach the set point is (dp/dt)-

35
'{Poeasurea) -  Another way to estimate the time to reach the set
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a throttl e valve-mounted between said processing chanber and said vacuum
punp , said throttle valve positionable to regulate the ré?@eﬁﬁmgﬁﬁzp@%nved
“from said processing chanber by said vacuum punp; a controller for

control|i Jolkg73gr €SSure in said processing chanmber by dirgetiRehidcde
throttle valve to a plurality of throttle positions selected by said
controller, wherein a first throttle position is pre-selected and wherein
subsequent throttle positions are selected by the controller based on the
di fferencexgfnvean @ desé r€de PLessd i 6ndRgpa Measured pressure characterized
in that: the controller uses proportional and integral control with the
integral control being delayed fq _&°peedel &Vmmed period. 20. The
apparatus of claim19, wherein selection @f,.subsequent throttle positions
al so uses derivative control. 21. The apparatus of claim 19, wherein said

period is establisheghaenihgaabsobulbe ¥abveigh astimstionabupreor between
the neasured pressure and the desired pressure is. |ess than about 0.25. 29 -

19 Sept enEHtIE X Tafleiappai &t 8O TR BF PRSI LHRRr PR Y&l ¥ pef 88 i s

est abl i shedhdiem tdwodhsel tiéeiyal fi6robnabl i Agt i nvagrel r ebnbedWebachhise
measur ed pgfﬁzure.and the desiggg pressure %s.legg thanvagou&mgio . 23. The
apparatusO Qi HAY U WREt &P n 3deﬁ§r?6ﬁs s*BubgFafit Par ypequa? to the
esti mat ed spasd regure bt fom . t héatbalbeingressuipteégratabi dekay RiémeThe
appar at us .gf; £l . aj.n 19, £l Ld_pLe I ned. i LS-£5Labk] d
when t hieo éﬁgéfaﬁépbé?dé d%ﬁfﬁgeéﬁ%nagéfgg%$é§;%rg13§§h9?%é Ec?%foé%ﬁg§'
change i nhg9miss feBscatanpadesss 5ot per teat 1BFear ABKRT ndel a¥soi e eCoBI ue of

the change,d fui{@eSE®, WikdchespgCintPetbe €hHANELoEACE I 0By 30f the

tool. 1In addition, calculating the integrator delay in this

he user specify an

rt

way 1s advantageous over having
15 integrator delay time for each process step, because no
operator intervention is required. Furthermore, no non-
productive process cycles with dummy wafers are required to
ampirically determine the optimal integrator delay time. A
skilled artisan will readily recognize other ways of
estimating the time required to reach the pressure set point.

20
In another alternztive embodiment, the criterion

t-h

or enabling integral control is based upon thes time
derivative of the measured pressure. More speciiically, the
integral control is only enabled after the absolute value of
25 dP/dt has decreased below about 50% of the maximum value of
dP/dt recorded for the current recipe step or set point
conditions. This embodiment relies on the measurement of
dP/dt and the expected characteristic variation of dpP/dt with
time. FIG. 7 shows characteristic time traces of pressure
30 and dP/dt following pressure set point changes from 0 to 40
to 20 mTorr at a constant £low of 200 SCCM. 1In this example,
when the pressure set point increases from 0 to 40 mTorr, the
pressure monotonically increases and subsequently levels off
to the new set point, with minimal overshoot. The measured
35 value of dP/dt initially increases, peaks, and then decreases
as the measured pressure approaches set point. The peak in

dP/dt typically occurs when the measured pressure is near the
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. An. AnL. A5. ASn. A A@. AA. A@ . Ay. Ar. A
n. A A AAL[. A3 AL A T. AL A H Ay[. AS. An. AS. A Ah@ A, _. AR Sertemper 2002
- "2qsTpy#*V_ cn[ 9EW et zupkf " [ UU] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] c”a] ca
calca ca a] ca] c”a] ca] c”a] c™a] cMa] ca] c”a] ca] ca] ca
% uo]r zu{okf!a S\H%&iﬂ c!a] c!a] ca} ca} cal I:a] c!a] ca} ca} cal I:a] I:a] I:a] Lg?'ﬁds%m (g:(';] caUl c
a) ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! pq,
\lclul 1 e"##1 %% ' '} (x))) *A*zupkf a\ WJ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] Ca] ca] Ca&&G?Uliﬁél 62 eakcalalical ealcalicahc al-eakeakeal cal @kt ialcal Ay 9+P+
s/ T10&00000000s 1f 1223333e4f 4{ upkfaVtW] ] ca] ca] ca] ca] ca] cal] ca] ca] ca
] caU] ca] caFcRPERFVEFcHPER] Ehg) éé]"—cé’]oéa’]‘-ca]scﬂh@a?@g PEaa]a]3%%] ca] ca] cal
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v) ) F<O<A<<[=>>+ u al ca a c/al ca a caj ca
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&3BTUWz } { 4pjfa cwVhheabutlraakhe a4 CtéﬂeC&_lﬂaﬁzaﬂeGa] .ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ¢

a] i:al]r (rzrﬁg] ;:(JaLGJ] E:a/] i:ia]cca ca] ca] ca] tc(fe;}] ca cgﬁg t. U&AAgaﬁgmdeg\ent of the
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ksS- < X
LS P PR, bl plsals sl slsloant e oo
au<T2Of } N@s ’Hﬂommmh Hid-] (Ba:] ca«]fua:]fcaa]utas]t(m']uaaa]ldar] (cahc&]lcsa]td'm] ca] calcalcalc
al u<t ?P d Z
g]ﬂcg]ﬂcg]ﬂcg]oﬁ lﬁ%lg%glt]gﬁ]ﬁcf?g ?aiifﬂ ca] ca ﬁqﬁ;ﬁw]ﬁsﬁg‘] ca]Jca% Mc% ca] f:)é]sgla] ca} ua]
ca] ca] ca] F@gy@@pyglmge embodiment, referring to FIG b,
@y #10%& @:Os&e(x)r rl 3% %d&c | SL AP0 & de kAW 0% () c]&% 08}‘1’1@ Tp [ xY7!
S’ $10%)o S $10% -17S$10%008& ()-Y. 10 S$10%]J& ()-Y S$I09%& ()-Y
| { @y # /6%’ &l sppRen {9 M ively povplumetric
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minute (sccm). Q is then divided by pressure in units of

- 21 -



CE.
zX6dY: | G "~ $1000W&' () - P4 P"$10% | & () - A "~ $10%&' () - nv4 "~ $1H5eptenben00R1 0055
‘& ()-nPo 9 10%t| & ()~ .1 xzWJedY:, S910%}H & ()-M B. &$10%EE& () - !'P. &$10% | & () -
I, &$10%' ()- 'K $10% |
| & () - GAWEBE ()-nbr| @B#109%Z& ()-! LOFZ10%Kk& ()- "1 WEEAESPI696104|
104|
104| =109%4| & () -, 3MLO%| & () -: oWMU3_@ F &&$10965& () - 3! " &&$P10%&R&& () - 3! P&&$10
W & ()-31T 0 "() -3l 0 " () -3l %i i&()- 11109 ()- -
" 8 ()31 TASSIOMZS ()31 88510% . & () 3L 851000 o) 8,404 B9, LLAPEL0
10Z=10%Z& (c)al[cRi]&%el&%@c@ét(z)e& RS OPAHHET I & - QhdERG10 V=& figrn 3zfipwly: to
Si10%! a8 ()5 S5 A4 & 4D Vv d QBEERH) oL Sund OO (od 05+ 10VEEE ()
wWU3dY: | {1 HEgmranine 1thd nawogalye 1Ipsindog | eopyand; Windaagis)in LSm 0% f &
()-!S#10% li&adie od drd Lol !éé“m@cﬁiiédlp‘yﬁﬁﬁé;ﬂjééiﬁf/@é,( )ehd 0% {d1vd 0 10
10f =109%&' ()-'cf'' 109%KVKV&' ()-!6" ##3%&xV4~ @ ! Y 10%&}4)-'!Vb S
(109 ()-' BRSISiorpoghen -sets ghgophampst 7oy Floy (ffagoygh ' the system
(10% ] & () puspidd ¥pdddWee@., mathematically modelled as the gazte
10G : z109%6& ().-) 410%3G& () -1410%5 G & ()-!1010%EG ()-g! S (100& ()-"!L S
(10%& ()-" )ﬁaﬁwﬁm%@%@sg@@@ s‘i%’z?&e()-- O (Uafs fotdlffeids, 'tné

inverse gate valve position estimation curve acts as a system

10 gain, but more importantly, acts to substantially cancel the

nonlinearity of the valve/chamber system. (From a control

theory standpoint, consecutive blocks in a block diagram are

multiplied. The product of F' and F is nominally unity;

however, in reality their product is not exactly unity, due

15 to ths inherent differences between the stored and actual

pumping speed correlation curves at various conditions.
Forming the product of F* and F is a specific implementation
of a technigue known as cancellation compensation in control
theory. See Edward Doebelin, Dvnamic Anslvsis and Feedback

20 Control 254 (1962)) With this formulation, the system can be

analyzed using standard control theory to optimize the
control.
Thus, in this alternative preferred embodiment, the

valve is initially prepositioned base on a previous run or

25 from the above described prepositioning alternatives.
Following the prepositioning, proportional (or proportional
and derivative) control is applied until a predetermined
condition is met after which integrél control is enabled.
This is just as previously described above, except that in

30 this alternative preferred embodiment the inverse gate valve
position estimation curve 1s applied to substantially cancel
the nonlinearity of the valve/chamber system. While it is
preferred to preposition the valve, a skilled artisan will
readily recognize that proportional, integral and/or

35 derivative control, in any combination, coupled with the
inverse gate valve position curve to cancel the nonlinearity

oZ the valve/chamber system, as disclos2d herein, may :: used

- 22 -



109& () -

Y f10%& ()-!<fl @109%& ()-T! &10%&' ()- 10G 10G 9+F>++)Septemloe 20@7&2
E

10G's109&& () -SyT0%& ()-S 109%& ()-!S109%& ()-g

1 109&-() -
10%& ()-s
10d'!'y @

S100& ()-w, 7= ?--..a?K@10G P! 100& ()- ! 109& ()-!P 109& ()-

Wy 8o/kgh3510%& () - S. s/ // 0&00dBK@ PCT/US99/06961
10%1& () - @ 109 () - +109%&' () - 9*10%&' ()-( 109%& ()- %

109& () - T00000000} 1b@G ! #109& ()- YO! 10%4| & ()-!10%| & ()- 10 10 10y;
109& () - S&310%& () -}1112333WBb@G : $10% | & () - M #10%4| 4| & ()-! P #10% j & ()
“&eh) oY Wit 8%, S)Q:)eo)é's(ﬂﬂ%x@% tb ¥3h4440% Fx YA @G @ h): & LG AAR (

- Y #1009
)-FI K ) &$
) &$10%&' (
& () - Fmlo
A<L=i >wWU3
--1" @&$10
101 =109&

& () -, ! Kp@

L $109% (&

109& -FIG) &
Fnﬁmkg)rmo%n(&ramly $100@IP) FRFPIT28Bb EDE PREEEES 1698RL () -
YEpl)iel, KéO%@obbrtlgﬁb1104hté§%h§1@%ﬂ|&ekiv899ye control are

-"10%

G BRI, (L, G0 o RRLON! el 10908 0

eyahp9e7#lG%Ft&P@pnlep 7#10@6?owe1 & A. Eamami-Naeini,

51)53%9%/0 (fobk) $y: BHAUAK ()-3!y

10@10%&: epmwlwews&ceﬁ @lezyreM@%%x&O( thI Waﬂema(:? sn#y 1g80%£I& () -
3! Zy: $10% @ EEEQHH@HHHHEQ H. The gains selected are usuall

10@10% $

10} JJL9VKRABSRA3

0, | 0@ " 0, ! - 0, ! | 0
10/ gé gr$%gé schg%uﬁeé éi%h(éogéoélga&étegﬁgé g) Lo the

10! "$10URs 5 hPS10% t&i16) a3tdFHAUEVE) pBbte5EeNREPodl NEABYES( had! BERYR' () -
3PQRQ Q@ BIRRAEIANUF )y rutO%RREL)  prdQ2Se(LondBEY 1QPP

15

20

25

30

35

achieved by scheduling the integral gain with valve position,
where the gain is given by K, = (constant) (F(0,..,.,)). whare F
is the gate valve position estimation curve. K, and K,
proportional and derivative gains respectively may be
constants or. scheduled with flow. Typical values for X, and
K;, for 200 mm wafer processing chambers, are on the ordsr of
unity, while K, is generally set to a fraction of K, (e.g
c.1).

b

While the above described alternative preferred
embodiments of the present invention use proportional and
integral control, the skilled artisan will readily recognize
that derivative control, in addition to proportion and
integral control, may also be used at any time after pre-
positioning of the valve without exceseding the scope of the
present invention. Frurthermore, several ways of
prepositioning the value prior to PID control have been
described. The skilled artisan will readily recognize that
many other ways of prepositioning the valve may be used prior
to PID control without exceeding the scope of the present
invention.

While preferred embodiments of the invention have
been described, the descriptions are merely illustrative and
are not intended to limit the present invention. For example
it is to be understood that although the invention was
described using an example of vacuum plasma wafer processing

equipment, the invention is applicable to other types of
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retrieving from electronic memory a desired
5 pressure value reflecting a desired pressure level for the
processing chamber;
retrieving from electronic memory a desired gas
flow value representing a desired gas flow rate through the
processing chamber;

10 positioning a throttle valve to an initial
position, the throttle valve used to control pressure in the
processing chamber;

measuring pressure within the processing chamber;
calculating a difference between the desired pressure and the measured pressure; and

15 subsequent to said positioning step, repositioning the throttle valve at least once based on

the difference between the desired pressure and the measured pressure
characterized in that:
said repositioning is performed using proportional and integral control with integral

20 control being delayed for a predetermined period.

2. The method according to claim 1, wherein the
.repositioning step includes using derivative control.
25
3. The method according to claim 1 further comprising:
calculating the absolute value of a fractional
error between the measured pressure‘and the desired pressure,
wherein said predetermined period is established when the
30 absolute value of the fractional pressure error falls below a
preset threshold value.

4. The method according to claim 3, wherein the
threshold value is less than about 0.25.
35
5. The method according to claim 3, wherein the
threshold value is less than about 0.05.

- 25 -



U _— -

HZ@$1ocyaz&'()-I@$100/&'() Fy10%& ()-3! Fy10%\ & () - 3, 10%&9 Seplehted@00] - 3Ck

" }wX9g\ =0 U 18" 10%& ()-6" ! 10%&' ()-

!‘@$1ow‘% | P@S100& () - | UB$L0%& ()-'U@$10%&' ()-7>?@\S ~ @ U

1310% & ()YPPHA78 ()- 10 10 10="10%& ()-; 109&' ()-!f 8" 10%& ROT/USAIP6%K6~ @
U

| F@ 10%<(<( & ()-4! @ 10%<7<7& ()-4! K@ 10%<& ()-4! @109 7& ()-4! 0@ 109R22& ()
-4"10% & () - MB+@ o

10tS &10% & () -4 B@ 1Wvpprethod 3@aemdi g - 4P L3 2 0030dRE tihe ) REFROIS 0T :

& ()-4P@10%D @& (dstirhi@ing a tlme required for the chamber pressure
10t S=&10% $10%<K&3eh% 1'$10%°LPL& ()" 100% -1 109& () -Ly10%& ()- 10t
10t x VAH@ 167 1 S oadxs ()P SETR :tz) pre *mlnec péridd is

<$1090& ()sdkisﬁﬁ_%@d&}'.}( Jedika B0 c e (95t PrPdOGOYRIME) - >xYNC80t! 10 10

10, =" 109%&’ () -

3U %8&10%& ()-!'U " %8&10%& ()-! ~ U8&10%& ()-!f " %B8&10%&' () -"?NC80t !
10"10%&()-lyFID%&(yhaSﬁﬂ&wﬂ(gcco*ding to claim 6, wherein the

S109%& () - 1008 dalced A%%nd ) 14 JAMBNBULL 2y Yy sxle &hhati&nyY
'10%5PSP&T()--|L yY "10%BwWSw&' () --1ZyY "T10% --er 10%EE& ()--!1yY

=p
- dﬂs"ed’.= chamber desired *

10 8. The method zccording to claim 6 further comprising:
storing in electronic memory the measured pressure;
storing in electronic memory the time at which the

pressure is measured, wherein the estimated time is
calculated by:

15 (a) calculating the change in pressure with

respect to the change in time; and

(b} dividing the measured pressure by the change

in pressure with respect to the change in time.

20 S. The method according to claim 1 further comprising:
storing in electronic memory the measured pressure;
storing in electronic memory the time at which the

pressure is measured;
calculating the change in pressure with respect to
25 the change in time;
storing in electronic memory the change in pressure
with respect to the change in time;
selecting the maximum absolute value of the change
in pressure with respect to the change in time, wherein said

30 predetermined period is established when the absolute value

of the change in pressure with respect to the change in time

falls below a preset threshold percentage of the maximum
absolute value.

35 10. The method according to claim 9, wherein the

threshold percentage is less than about 50 percent.
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mathematical function by applying the conductance to the
inverse of the mathematical function accessed from electronic

memory.

1s 12. The method according to claim 11, wherein, beifore
the positioning step, the conductance is divided by a
fraction ranging from about 50 to about 150 percent.

13. The method according to claim 12, wherein the

20 fraction has a range from about 70 to about 130 percent.

14. The method according to claim 12 further
comprising:
estimating a time required for the chamber pressure
25 to stabilize, wherein said predetermined period is
substantially equal to the estimated time.

15. The method according to claim 1, wherein the
positioning step further comprises:
30 retrieving the current valve position;
retrieving from electronic memory a constant, f,
equal to standard pressure, divided by the volume of the
chamber, divided by standard temperature;
accessing from electronic memory a mathematical
35 function having a domain comprising pressures in the

processing chamber and gas flow rates into the processing
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calculating the change in pressure with respect to
the change in time;

calculating an outflow by applying the current
valve position to the inverse of the mathematical function
accessed from electronic memory and multiplying the result by

10 the measured pressure;

calculating an effective in-flow equal to the
change in pressure with respect to the change in time
multiplied by the constant, multiplied by the temperature of

the chamber plus the outflow, 055 = [(dP/dt)xPXT pamver) *Coue i

15
calculating a conductance which is egual to the

effective in-flow divided by the measured pressure; and
positioning the throttle valve according to the
mathematical function by applying the conductance to the

inverse of the mathematical function accessed from electronic

20

memory .

16.  The method according to claim 1, further compriging:

calculating the change in pressure with respect to the change in time;

storing in electronic memory the change in pressure with respect to the change in time;
and

selecting the maximum absolute value of the change in pressure with respect to the
change in time;

wherein the integral control is delayed until the absolute value of the change in pressure
with respect to the change in time has decreased to below a preset threshold percentage of the

selected maximum absolute value.
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19.  An apparatus for processing materials under a controlled low pressure
environment comprising;

a processing chamber;

a gas introduction system in fluid communication with said processing chamber;

a vacuum pump in fluid communication with said processing chamber configured
to remove gas from said processing chamber;

a throttle valve mounted between said processing chamber and said vacuum pump ,
said throttle valve positionable to regulate the rate of gas removed from said processing chamber
by said vacuum pump;

a controller for controlling the pressure in said processing chamber by directing the
throttle valve to a plurality of throttle positions selected by said controller, wherein a first throttle
position is pre-selected and wherein subsequent throttle positions are selected by the controller
based on the difference between a desired pressure and a measured pressure

characterized in that:
the controller uses proportional and integral control with the integral control being

delayed for a predetermined period.

20.  The apparatus of claim 19, wherein selection of subsequent throttle positions also

uses derivative control.
21.  The apparatus of claim 19, wherein said period is established when the absolute

value of a fractional error between the measured pressure and the desired pressure is less than

about 0.25.
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22.  The apparatus of claim 19, wherein said period is established when the absolute
value of a fractional error between the measured pressure and the desired pressure is less than

about 0.05.

23.  The apparatus of claim 19, wherein said period is substantially equal to the

estimated time required for the chamber pressure to stabilize.

24.  The apparatus of claim 19, wherein said predetermined period is established when
the absolute value of the change in pressure with respect to the change in time is less than about
50 percent of a maximum absolute value of the change in pressure with respect to the change in
time.
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