;e3ezzdXT\ 6TVI V~~W ~~| \BO9Y DI STRI BUTED CONTROL SYSTEM FOR A SEM CONDUCTOR
. sWAFER PROCESSI NG MACHI NE TE~' HI VI CAL resent invention rel ates
"*generally to a control system for us'mmm”’m”@ m'lconductor 5 vvafer
processing machine. In particular, the pie nt I'nvention 48

di stributed control systemthat errpl oys a p urallty of func |onaF rm ul e

capabl e of i ndeparEet f Qﬁ%ﬁ R Wafer
processi ng nachl ne. ~I % %gg%&gﬂ ,(@ﬁg? n%gr gr ocessi ng
systens exi st for use during e rranu acture of sem conduct or I 0 wafers,

-magnetic nenory di sks, optical devices) and other delicate workpieces. For
exanpl e, chem cal nechani cal poMﬁEchl nes are utilized to
planarize the surfaces of semc . and waf er cl eani ng machi nes
are utilizedrietredeBBihvenibn &8 gbh@albyicl PEtroPEy st for H6ETVRR AR icBRdMMrer S

follow ng the planarization process. Processing speed is an inportant
factdr iwafehprosessingonaghineo rinfpaiculast the presertusveniion rlaies v 4 distribusd dopradduct

o mac et el EhfbsE a Rl of difel iRl 5ATF: PRkl @ hdrtaeriS R3kELAR

devel opgfrtidh @fmﬁﬁ@dndhbt@t whfé@bﬂﬁ&ﬁ&g&ﬁidtﬁﬁeency whi | e mai ntaining
reliability and robustness. |Indeed, sone sem conductor processing systens

now utilize several conbined subsystens in lieu of a nunber of individual
di stinct machines. Sem compdy&t@RORHPS &FSTR N hat conbi ne several
functions (e.g., polishing, 20 cTeaning, and rinsing) typically require
intricate eldotmben af processing suyEneeRist fmmuagnhwmwfwtwaof s¢mm013duarml

oL el B BSE S0 SR R B b 3 St

i nst al | ahb@ibal hRhhnigal ﬁdl@ﬂxlﬁbeﬁiimp)t k3@hinéd dreNBiilided B NSIEnLize tthe sfo&Eé@Sﬁ"' ng
systemnmay al so be directly re ed to the conplexity of the control system

and how semicopdiptaroraterysandiwaferciraninggmaghines erretilized i dean andirinen tie sudfagssnent s
and 25 %‘f%ﬁgﬁ & oR&uctn?& whleRCRAS WIS B 1G4 %BE s&' tPrS&Pélﬁg 2ASE T%H‘ for
a multi unc I 0N processimg system nay enpl oy a pl ur F?ety 0

contr oI xmpdmﬁm facour i &mts&mi@dddcmrdﬂlﬁicamﬁ ihddlstdy(heeetuwmpreakbﬁrmommhrdm’ghlbthe

con dules re .depen ent mast er r ol an
ar c% t edt G?eé dHS@E’ tHdPC’F%*ﬁa pY°[f R4 g‘ c@m’ E{“Fﬁg: g systems, and
troubl exhetibssihg tdaelceglgfevn;ah@ldeéém&xsaemmﬁl& it BlcredRE ISt cRHEGN while

control systens require the entire processing systemto be assenbl ed and
t est ed amaintaining wijabilityans wbustpessr Ixme:d,@gﬁtersgnu@yéwmprmsmpyws now

|nd|V|d tr S for their
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system
architecture of the control system. Furthermore, the cost of installation, testing, troubleshooting,

and maintenance of the processing system may also be directly related to the complexity of the
control system and how the control system interacts with the various functional components and
25  subsystems of the processing system.

A prior art control system for a multiple function wafer processing system may employ a
plurality of control modules concentrated in one central location, where each of the control
modules are dependent upon a master controller. Such an architecture does not lend itself to
independent testing and troubleshooting of the individual subsystems. In other words, such

30  control systems require the entire processing system to be assembled and tested as an integral
whole. Prior art control systems may employ individual control modules that are considered as

"best in class" for their particular functions. Unfortunately, the "best in class" modules may be
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Prior art control systens nmay not be adapted to independently control the
different S subsystens in a nmanner that enabl es continuous batch-specific

‘> processing with different polishing or cleaning parameters. Such prior art

systenms may be limted to the use of one processing reci gOERMBAHROTR
wafers. Furthernore, such prior art control systenms may control the -
oper at i Qfjafiffadii@d By Qi tRBMPATEL Whith FnayHrésthe ddnsatibitiy Bobie s%d'cm%edua'
subsystens may be Configured in a daisy chain arrangenment. The use o

seri al ioveralLeartohsystem t¢ badifficultte supparhantbmpingdine Imaddition, ttie waaiof "bdstin

- between progessing stations and, .consequent| an.undesirably | ow

or ocessi Tt RPBROTRI Messieg ity Feanfid e bedtsombiandopirp{ Yo,
_sem conduct OPrigi 8¢ RBAIrsI0syseRisCitay Ayt be adajted télihdepetdently edneblothe ditérdnt he
application software associated with the processi ng_ system Wth such an ~
ar r angerfUREYSIeR% Ay ds mapnsrhbal gpables| cominiQus PatehracHicoprosegsingaveth (different ¢ ype
of 15 proGeRae ar JEMR 8is! YsucRRiRlaht {35 bElmi '

subst antpi%gl? x?rlg(ﬂrfl cat |%%§%Po tshe uccoﬁﬁogl g%é@e&%] Igap?eratlflﬁ%edrs{g%{%\g%gé{&e

Si mi | ar Ipreceasipg cheigreges runef waera ppirtheamdrosudpprdrfartcoptdisysteme oiagitcentraltheh t he
processi ng_syst may require correspgnding.changes to.the control system
bpor at | FFSEUPRRI S PGS Ve Y SPRRERTUROED U e o yosypems nape
advant ag®nfifuleR€inPs AARP chialtV SdrigeMehth aThaisé AT RYBIdirg eIk n_sac?s 1@mthoin use
with a multrfunction sem conductor processing systemis provided. Another
adviht agwaeseptahle apraseef waithimee betipen nogesgng statignsgod.dessequentliit aroimdesirablym
that in . fi,ciency, reliability, and robustness of a

mul ti fuﬁléﬁﬁ%ﬁ&g%n E:%%l%hﬁlgr processi ng system 25 Another advantage is that
t he present A mintironofrad\systes: progiast forbaisedicoadiai@l poyassig dyarmmag be
plurality of independent control dul es_ associ at ed, wi a nunber of

C by st dMePEHis NS BaE DA o5 SO EAmaEon SR B ELSMRA ) Birh e POTGP TR afotem
advant aggitRfsuti1gn dirdhdentint, QHat Rt Bk BHBSINYStem hdidhvaRarRoBWRRYE e Wy pBr be
individually tested and diagnosed wi thout having the entire processing
syst®m acedessor. iBemanycabasity aaperating sstagt, etddemay equine substaniial imndifiogtionsde thet

provi des_a control syst.em abl e;.0f; 1, | ati] ontrol.ling the

ool | catPBIOLR it cBVeliFe s R, MiBuAE U e e PR RLOA B srte ¢ un.
4 Decembggocdiwith tHerpriREsimtdyaRinans refuitd wrespdnditly chitdes 1o the cohRb! sytemBy
control and regulate the various subsystens in a parallel manner to thereby
reduce OBFFHINEGEOHEWAS ncr ease waf er throughput. According to one aspect of
the present invention, the control systemis designed to utilize a separate
software application that is conpatible with the application software
associated with 5 the sem chdNIMAR tHSEYWENdY@Nem Thi s enabl es t he

oy of ySt LR, B9 RS AAIRIRNdet: Lol ARPL BRkbAA AL D8R

wi t mi ni mal®%R i‘on
for use with a multifunction semiconductor processing system is provided.

Another advantage of the present invention is that it provides a control system that
increases the efficiency, reliability, and robustness of a multifunction semiconductor processing
system.

25 Another advantage is that the present invention provides a distributed control system
having a plurality of independent control modules associated with a number of subsystems
employed by a semiconductor processing system.

A further advantage of the distributed control system is that each subsystem may be
individually tested and diagnosed without having the entire processing system active.

30 Another advantage of the present invention is that it provides a control system capable of
regulating and controlling the application of different processing recipes during a single

continuous run.
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The above and ot her advantages of the present invention nmay be carried out
in one formby a distributed control systemfor use in a multifunction
"sem conduct or waf er processing systemhaving a plurality of processing
stations. Such a control systemmay include: a plurality bef:QmBHFQ us
application control nodul es, each being configured to control a poriion of
a sem conductor wafer processing procedure; an autononous naster control
nmodul e confA gurtied aﬁmmagﬂnﬂldi&aineomytshnafsdhm&gmhﬁtmtfdl Qano p&fuddte 98 vhficus

applicatjon control ﬂml es; dwg da%g comuyni cation |ink conf‘lﬁ%‘gr ed to
-connectsuPWé‘e&HﬁPPcPé{qUG aRE r“bi Y Epdice dpvmtime apd HicEFase Wafer HirovEant e i nt o
a network 8% I rCRven npl ete
under st andl ng o e p?%égt?r@: rgl’?tl ong%’%%d’}n VM re @rrl ngﬂ%g

det a| | @csepkrate sotbmre mpplivdtiarn thanis compatibdo mithdbe mplncmmufmare ansomatbdl wﬁthe

where Like reference nunbers r gl simlar elenments ghout
thaF dh SERIcandcle BRCRSg SR, v Srblsn B SRral S B dd Bt dant or
pr oces shddpesdeht SMht BE1icEBON Sfridre 6F Wh &lifingal Shadoks Mquﬁ%thoﬁVﬁé emin
accordance with the present invention; FIG 1 a’is a side view of a portion

of the waf dihegbeveeans atker a¢ansages R Presert igvention ma, bexarmedous ithesreefoim

v or oY S AT et P S S0 R BB Rl i o

prior aavingantluralitysyfsirecessihgstatioys. bBuchzecbnitl syseemvaiayr indlad@r 0pRsalit@fsyst em
sgwn in FIG 1; FIG, 4 is i i agr am_of an general autononous

ﬁ sch‘ﬁmatl C g

t r oPUGRBATPES ﬁm{tcam oprirQl sBed s 1eAEh ArigErGopligwad d8rionBpl 3 poruam ehdwn in
FI G 2g5edicbhduetdr Swafer r&@sﬁhé‘ﬁfo@éﬂtﬁé a%@uﬁiﬁ%%h?ﬁ%st%)@&ﬁf?l%ﬁfe@on 19'9@55
that may be performed by the wafer processing system shown In and
30 FI Go Gommuaxcﬁﬂeowtfdaraigregniam‘ tharoperatiom it 3ppdipatian coatiodb modrizs.essl atdma may

2002 ARGy eSO COr R LTI Lo RY) Ty 8 i PREb 1 0

performoqh@qhﬁalnemgﬂk@ﬂag@dmml ishing (GWP), cleaning, rinsing, and drying
.of semiconductor wafers is illustrated in FIG 1. A simlar wafer

processing systemis discl osed in United States patent application 5 seri al
nygber 08/ 926, 700, ent ¢ G B Gl eani ng Apparatus and
Associ at ed Met hods, " tNe W ncor por ated herein by
ref er ence. A\idre corpplateamdcragn&;xgbﬁhc ﬂx@ﬁbng mvemta:lnl ryay becdenided byreferdnd wnhoad

statlon an, |ndex statio statign 1Q | eani tion
T08. | aSetRiEt de5CHptan a0 CHAs e CPrRgTE R SPIRCOR M e ALEEh W B egoi ng
stati Ofb?e@ﬁcne el efd td :ﬂmﬂﬁﬁ'@lhﬁémﬁiﬁir@ﬁéhoh?ih@%gdx&s ah@ul d be appreciated
that the present 10 invention is not limted to t he processi ng of

sem conducFHs. hisfatop vigydof aracxemréarpsrsergmnquﬁme\mfﬁbprommgesystemtam mpay

c flg i bi rkpleces
(200 Cheiber o a Rl Fohisbiey el AR PRE Hiurthe Beser RGN £ E) °5F v er

cassettes EIG. 1:0is Aside vievs ubs périibh af the veader processifg @mérﬁtsh@uan of Fuafer

processi ng Sé/st em 100. At | east one wafer .
2 is a schematic diagram of an exemplary distributed control system that may be used

in the wafer processing system shown in FIG. 1;
FIG. 3 is a schematic diagram of a prior art control system that may be used in the wafer
25 processing system shown in FIG. 1;
FIG. 4 is a schematic diagram of an general autonomous control module that may be used
by the distributed control system shown in FIG. 2;
FIG. 5 is a flow diagram of an exemplary system control process that may be performed
by the wafer processing system shown in FIG. 1; and
30 FIG. 6 is a flow diagram of an exemplary optimization process that may be performed by

the wafer processing system shown in FIG. 1.
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cassette 1 14 may contain a nunber of wafers to be processed and at | east
one wafer cassette 114 15 may contain a nunber of processed wafers. In one
preferred enbodi nent, wafer processing system 100 processes all of the
wafers in one cassette 114 before continuing on to the ngtjedensiséidon2114.
Processed wafers are returned to their original positions In-the-respective
cassettes 114, ‘Abm*AItED'leé@RﬁfTIQNGFtAPRE £ oISAGENYaf er through
the fabrication process. A casseite 114 T1Il W Th processed wafers may be
r enoved andAm@psbmpbcy mm@ndmortmfemewmesystemlQOhanﬁamecttorpta’omctmnmatrber

. of unproc sse =rs Ldin waf e sin te 100 s, capabl e
of proct¥ el? (ﬁﬁgﬁ w%n%fps ‘igﬁ grﬂ?% C%‘Xﬁ éﬂsulb’tsg e

_manner . 1d\FI@0NeA,snﬂﬂﬁ6Wﬁ€r mt@&m@r@g@&ss aBcioyet i UnlRA Seakd Shaf applicaasns. and
dries the wafers in one continuous process, there is no need for separate -

macRi neserigh unher D846, 780 gt { Combingg (@VIP cangs BafersC lﬂmﬂﬁr@mﬂrﬁ@i’edﬂd nt o

| oad/ un Q QGE Ofyy
processjlqg%glazt&?%e%d% %%@%Ir%\@é@&\l/\tla ersalﬂr? ﬁf‘hgr? ﬁff:%?seré{fesaffi4 and
noves t m:nmsSmglsysiem 166 genemilijﬁduddataboud/mﬂ@dmaabeﬂ@ﬂ) b:y iridex btatders 104, a CMP
end- ef f ect or shown), ¢ igured to. h le th fers as_necessary
during ¥, c%E AMg8 EVQP%?géégﬁlsmtaé’lﬂng o ‘é‘gé@%’n 1i%| Eé@s"féh"sensor
for det geddoiiy sttttﬁmpaﬁscfeme@rn BBAEMN i el v, VR ERJul OB 4 ﬁ'ecﬁaétrtﬁttftﬁ&;sre ent 1T a

wafer is lost froman end-effector during transport (gﬁst he waf er,
serd8or mvtnthnrx@nmllrylt@éo dmprowmownmonan@ors‘eﬁdsanéﬂgh@b ptasemmvcnmt

control|er.and/ ne _cont r.ql | e rocessi ng and
sound arHaydPe Funa%i?ff lggret%?f) %ogm Fl’aﬁlélelg Y &t a angr? {)f%tgng I5%%s each
waf er devi cEosiigiffoatioitationn 0D iscsvafighred t@hcwbﬁirmddﬁtd)afplhﬁﬁ@ ampﬁet caksetteesi4li ng
on an index fable 120. Index table 12 so includes a Decenber 2002
pl ural |'P5Pe8¥“t\ﬁ)él?5é?m‘aw ?Pé’él“’é‘t’]ﬁsoljir??o ‘t‘,‘ CRRPTOERSHES gystﬁn; hOQ dé‘de%ﬁj[%%e wafgr
After a @rlmﬁla«}%e%tntaeﬂm%eﬁ@aets th tsstcygs@& lo‘ﬁ@@va?ét%ﬁss 114 ndex
table 120 rotates"to appropriately position a new ot 116
t héh plmapsontam meumbwaff@romsddh&afnsw Ie mpe y)rdfcmdi e:mtp)diment Wafes pproassigs

conti nues un&'(#] all gﬂ 8 are fil \Q‘b; | ndex table 120
o o or AR P pftisaees Al of HH wareE: fichedsssei 1 PRHR PSR o Be ek - a
nul ti he@@set@ 124, PRICEIEd whieAS RimABSREYN oridiMiTpbvitichd In tR\tbf@ctidiavdetits|
wafer carrier elenents 123 (see FIG la) aligns itself over index table

120, suki thlfa%htp@éﬁﬁf%veaa%of@a@m#@rsthmsh thedabsicgtion praesss.ai cassettsy
above t I I | G
o ont y AR RL pEetel hebets FES IR TEhfed el vt BodiR cpSel | W tud
sui@ abl gonfiadnsed mugmnieed oﬁ\mmodemidxvafabl Aca)minglm—w&feﬂﬂmcdsmng systanin ¢0C Rcapabie

el errent 123 i.nto praoxim.t iyh t he vvafe S .such t%]at the arriet elenents
123 carPEREGESREWERE AFUSEnTR,S s ReeE and Uinerropie QReqver. BCaia ront

123 obt@msp@cv@t@{ systeR€1 0dpofisAedl clemsesnd difesGRd Whidfs 13'0%3%8ﬁt§1u133§ Meésy, their
respective wafer aterally into CWP station 106 and positions tﬁe waf er s
above dherslis spinees foabiparatomachinesangditbs/esspripted Howptimabl e 124, the MHTA 121

| owers the to
operative e‘ﬁgéé%%ent% r%s%te}l%(%gl ?%8@ tljotr P Ea%aéltogﬁg%\%ﬁs(g fe? ﬁ"cg%ﬁ?’?éﬁ??tngpt abl e
1225 DurG0rsgt foo prachssirg, apabat 4 hé nsgnct\&b Mfe:ts?mdandhaﬂlh e?ropobassdsttelsg 14 und amees

Il vi ISP S RRE AP o Foopb o e e SEE (e e peiti

verticab 48R BB dvaPSs lad h@Je@saH"'ﬁm‘i\@é ﬁfeﬁar@@géin%aeptlé OEhLdh ad-O%&trYPrbfeRibRg

table 124 as the wafers are pressed agai nst ol i shing surface. In this
manner , inglydesposensarfercdetecting this @raserias os abgeeced|aj vgafﬁ@dmahmmst-effﬁcmtatﬁaz@fﬂ After
an appr r f he
o0, BDD @R T 8 ch Bl PABSENP LA B G, MBS AU bdhgpbame e
t ha0 wafeatar amlysehé apignas ve cheorobat sentotier gal/érsthe mgachiablcentt@ber tb fstopesistend.
Next, the IHTA 121 lowers the individual carrier elenments |23 to deposit

t he wafRIPESSFIRES™ ﬁ?‘&i’(f“cat?ﬂﬁ‘ 122. After a batch of polished wafers has 25
been deposi h@er didriy gqﬁﬁé%as@atﬁﬂn@4 1880t 1180 Racet BRImSvaESQlek Rleal RS oMbt dIBne

carrier elements 123 are again |lowered to receive a new set of wafers from
| oad cupisr pleslityef loed cunsi ing.residing entahdndsEsieblod?@r kndey whlsel Hplssoinelyfese i n
CWP station |06, robot 116 | oads a new set of wafers into | oad cups 118,
and a flipper arm 128 renoves the recgntly processed wafers from unl oad
cups 122 and transfers themto cleaning station 108. As discussed in nore
detail below, flipper arm128 lifts 30 the wafers out of index station 104
and transfers themonto a water track 130 resident at cleaning station 108.
Cl eaning station 108 may include a nunber of water tracks 130 configured to
transport t he waf ers |n a wet environnent and in a nmanner that mnimzes
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4 Decenber 2002 of the wafers. While on water track 130, a wafer is
supported by fluid which is projected upwardly fromthe plane of water
track 130 through a plurality of fluid jets such that mechanical contact
between the wafers and the water tracks is substantiallysedddamsareto2Vat er
tracks 130 may al so include a nunber of fluid jets that are-oriented to
urge t RurdBlyRtwadr@ftbali bps 123 Mdidhiat€rnateMathSad cdps R18. NAfidr ladbdf@ s é‘@gﬂﬁay

enpl oy a nunber of timng and stagi ng nechani snms to ensure that the wafers
travel onngedtheplaghiymy 1MP%H 8, pgex table 120gatatasde appiaprately (Dloelaqm agewt ati on

star ofogbaR 1k RanBETLE eh e et Sl 8 el e Do BEE B FE" 5
st ati ofgodes? caﬂﬁlmib34mﬁt el ecraatﬁups i1 8 heeOile@inwith &dadiasir Endeg table 120 prafesiBlgr box,

'cont ai ni ng atp urality scr UE%I ng rollers, The scrub 10 stations 132 and 134

may i nanciadesiivg lgad einst! 19 gpe &ive H’E}Pa%ﬁ&ﬁﬂ)nto facilitate the application of
sui tabl e C'r@é&l;{%@hkﬁ@%@%&%@@&%@%@ (mhmr)qzlmﬁ m%@dk\ﬁa | Yafer

preferably arranged in palirs that are co~gured drive ers through the
scr ubbenrrizoglenedtst1@3 $seqlill Gabaalighsitself @sier index taldp 1 Ahdutinthatorspettite caurief aces

of wafe S ssi.ng theret hr,ough. . The, ro irs_ nmay r.ot at ui t abl e
drive & "F?‘%c@gsggB%sét ned diy ‘%l |aR&veJB%Wa{° §§ |’%fﬁs c“\X&?"@ﬁ CBP%E@ysFS

reci pe.cladyy, FIGaI1h owlytipREs &.@@mk@wemnemmmlw Wﬁ&i Mmr@ 1206 shﬁaayl onal
speed of the roll ers, substantial processing flexibil 311 is achieved in

sctub elignedowith indexdnele 120, METén] Wilopees tbwamersql@mms\& 810 predinligywithy

i ncl ud | t fer t he
sor ubbar Yl BeD BAF 18 et o SHENM 1 Pbarl B BB A YO Rl B B 8T ke
boxes. eddt cartied @ementi 120 @btaind Wexptmaﬁmdelzalnmuvessthé I:mheﬂ elaﬁaﬂeﬁzmrthl cles

do not settle 20 back .on s the fer. exits the scrub
st at i oMEIrgsPestye Walkrs lalesa YH&%A%%&MH@?@& POFtiQRsithfgvafes 3haNe aRplishiae ¢ he
i nt er mggjiaf . roﬁ&laagv@mlsﬁag BBROITR ths NESTRY 21 w&aﬁe Rekrikt Sbdedd @29 dubn t he

appropriate wafer track i 30 at the location the wafer enters such wat er
t rbck K30 the wathes aneemesscd mmgatm:sngmmaewnhy polishing surfase disposed upon

oY at  oRSHohiRRR 1 kcleith SRhingcpo R Y T2 e Bk B s RERe S BRRIC T

et chi neghepdonirotife AR ﬂhexr vergiodl pRésa Satulidntsusty) medﬂ@wauamrr&r vReiehts 12 Rgin | 30 or
i ncorporated into the design of rinse station 110. The hydrofl uoric acid

et chi néheswalersabawh shettespegBve vertiend @xes ank onsHlateathg vyaters @é‘é& wnd fosth as5g58si ng
the wabgishd BbRYBUA tAhErsHH fresiBll HELiRR the Thd slrfadel B2 BhiShhidiind 10 13
configured tO receive ers in ser ma horough y rinse ‘each
wadler M&nesnﬁt}mrwafensarepalmhccgarslédrwﬂmriaedsuch as dei oni zed water, and hol d
each ri nse%iiiFé 0 waf er ret ro %?ar h,t.her aft
transports alnlafli’gléoc? p@pogg B?Ofif R "gs{rﬁ? |%‘?1wf PHJI SGJWBM ati) S}ng

| ncr eas@thacdyarf trankhared B 16 ifideR Sialign 004.hAtL s mae,&he aaftrd @WEbe polishages of
each wafer. The particular rinsing _solutions and the duration of the

ri nsi ng SeFcepRlisbingsipblodi2f, ¥ dstiedr Qlessthe YIHTAckd dowers the individwal earrizg 02

elements 123 to deposit the wafers into unload cups 122. After a batch of polished wafers has

,/(.)

25  been deposited into unload cups 122, index table 120 rotates and the carrier elements 123 are
again lowered to receive a new set of wafers from load cups 118 for polishing. While the next
wafers are being polished in CMP station 106, robot 116 loads a new set of wafers into load cups
118, and a flipper arm 128 removes the recently processed wafers from unload cups 122 and
transfers them to cleaning station 108. As discussed in more detail below, flipper arm 128 lifts

30 the wafers out of index station 104 and transfers them onto a water track 130 resident at cleaning
station 108.

Cleaning station 108 may include a number of water tracks 130 configured to transport the

wafers in a wet environment and in a manner that minimizes physical contact with the surfaces
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Drying station 112 is preferably configured to receive and hold a wafer and
to spin the wafer at a high speed. As the wafer is spun, the centrifugal
forces applied to the wafer draws water droplets radially outwardly and off

of the wafer surfaces. To augnent this drying process, a i dggdul e
(not shown) may be nounted above drying station 112 to d?’r%:‘ge-réﬂ@g—m of 5

forced aigmacifss. [WhilkRASKadPhRk B! hather FaBpSRIdby AYidIhicR isC@'g}%Icﬁhe’
ried water to the sl ot

robot 116 retrieves the dried wafer and returns the

of the cwpseedly &ofn thenplane of wetsriragkfl3p tupugh aplursdity of flwidistsrsud thetemerbarscalny be

o or 190014 iekp KRS B PR GRS BBy P Ribie el Redtn ol
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of control nodules confi ureqi tg carry out a nunber of functions ‘associated
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the control nodyl es..are ysically. simla [ . each nodul e is configured
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descri ption, "autononous" mneans that each of the application control
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di gi tal Dboar
30 wafer for retrieval by robot 116, which thereafter transports the rinsed wafer to drying station

112. Throughput may be increased by simultaneously rinsing both the upper and lower surfaces
of each wafer. The particular rinsing solutions and the duration of the rinsing procedure may

vary from process to process,



| O of these boards and conponents are coupled to, and operate in
conjunction with, a backplane el enent 312. Except for processor 302, none
of the other functional boards or conponents are capabl e of independent or

aut ononous operation. This control systemarchitecture dgnssidsn gohe
reliability and integrity of backplane 312 and processor 302; it backpl ane
312 or processor 302 fails, then control system 300 nmay fail. In this
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waf er cl eaning, wafer rinsing, and wafer drying. The function of the
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nodul . i ach processing station nay be
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master caontrol mdul e . 204, ich is preferably configured to conmuni cate
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nbdul end202 rantiqudarpenméiguration 1oé sgch proceesingTitation3002y ivaiyt frami applisitiarh® waf er
processip%}t rocedure. Master control nodule 204 may al so downl oad (or
peri odPed &ni ssue) process sequencing instructions to application control

nodul es  20@sfedrinptdesy HOFIG. 20Ratee brovesiinddysierrLloepréRblpeRpRl €4 alitributed
configured to nonitor the processing status of wafers within wafer

pr oce$8ntgl sysemeR0 maccordance Withothe perseRdaANEORrR /Nl Praer askgoniro} BstaEst 5 and
recei | li.cat i.on I- o, f.aci litate such
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sub-procedures,.i.e.. an Si.C changes ..t 0,.t-he waf ers. duri.n r.pcessi ng
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abov e wdféepreedssing 8y sttau80,Nghioh al@sé i txoniipet ofwafdisao 2R4piimyzede physical ly
10 simlar_to each ap | ication control npdul e 202. Furtherpore, although

t he oper atGWHRI system m&’r&mﬁﬂyy vagtydes gplyality ofsemired mqdylescapiigyrem g carry

conpo S i b dhs B r : S imlar to
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200 to enploy a reduced nunber of physical nodul e housings by incorporating

t he apPPopForagarinipict spasHic sufiohanedusy may ke \oFMeh @TR1BaR Roda I RrYOYH | nt o
mast er, : S - of the
R i S T R e L R RS G A
I3®avi rgnSgured of a tdrapaapaondryhaigosedves doMpater control nodul e 204 may al so
i nclude or_co nicate wt man- machi ne interface (MM) nodule 206. WM
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MM nodul e 206 may be configured to facilitate manual operation of wafer
pr ocePEPIegsing Pregpdnrocarizs: o byrsyager WRECSHBE Y BerR0Onain B eessexdidtt®® with

i nputs and out puts comruni cated between 25 master control nodule 204 and a
touch screen display, a manual keybgard, a printer and/or other peripheral
devi ces enpl oyed by wafer processing system 100. In response to various
user inputs, MM nodul e 206 may be responsible for reci pe nanagenent and
sel ection, alarmand error managenent, diagnostics, calibration and setup)
and the starting,-stopping, and pausing of wafer processing system 100. In
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by, master control nodule 204 (or any other nodule) to be received by a
plurality of other control nodul es for individual processing,
interpretation, and response as needed. 15 Referring to FIG 4, an

exenpl ary application control nmodule 400 is depicted in g Bbasknef Am
form As described above, each application control nodule 202 1's preferably
configured in a simlar and conpatible manner. This feature all ows any

gi ven agRbdigiahi @tcHBRone! mEmd 220D R JPPlidation TR thddulds 20D QOEBRBIRES | N
accordance wi th the desired sub-procedures and processing stations.
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conf i gunedul¢ or Tixkplahe zIri'lﬁgébmmI irhmamnomml]f inawatd effapplivation bormd toguiddo2and to
perform vari ous processes_ by executing software programm ng instructions.
Pr oéess‘?ﬂabl&%) emdo pg Hidi g o A e sieTHgHE aath i B exgribsy stemylavel.
functions 4 Cia i td fyaly S5 ofRdur e.
25 Such apgﬁi %(glt%ﬁ% ggniol E%Oﬁsgﬁgﬁ m Frrlg} %geélgﬁa%(\%éa{péﬁﬁig ové;g gftP&‘oper ation
of one anfigured ipraoekscnyithgirioons s¢mpenducBr iafanposessmgpastymn @ackplane
description) or e cifically. rel.at tq one or nore sub-proce es

por f or HetTEyY Sy P SasTEE appERer o Bt Pekts SR EP R it HHLSHT 4 hmy be
sui t ablaydigedriveed4by mdpibosrit 308Na sHafiuhicaticrobiA@B 68, a8d Adi@tA o 3ot AG
particul ar wafer processing system 100. Thus, eontro! system 200 may be
eakd | y ofdhgse baartds ang sempprentsaarg aonrded oanst opgirate it erjupntioe 8wdl, sdaskpiansns by
speci fyi i iatlon- I esir
st emeigien p2 DG Hos BB A GEhbAE B Fhe PRIl bR G ec ach
appl i cabpadle cfaidepeddennstabindfdusoperagon eThie dodiyol sytdmvarcaitéonst dewehidompnt hat
are specific.to, and resident at, the 10 4 Decenbper 2002_respective
appl i &8s @Hala@m%mtﬁ%&mog%%@?meﬁlaee PEPSATSEr 0% if Rirkplaasd b4 ogrogegeer
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software for controlling their réspective sub-procedures, and the software

i sl5not contzalsthe operdtigreofisacimotipp functioniabhoasds disk Krine 80f, @sd s@fovgotlisedevacey

o e

par anetaglositrof P tindhg Bad, and e€Rt vieghehts dliat mast iR utilized b lthdh@bliéna BdardSuch
functi onal _&ar aneters may i nclude individual processing paraneters such as
pol i shilhys, ifareesssasgd02 anbrckplars fky filhdhetherqeaponents PL eentiol systerp A0 MaY ce,

pol i shibggegdg,%q%@g?aby@f er carrier speeds, and the |ike. Functional

paranmeters na ransnmitted in the formof processing recipes associ ated
wi20h 10 t h®efeaning leack & FEGUR; jprthe exbmpdary einhodihicst desgpmdthereda eichafppli¢ation

rocessing,statio associated with er, processi ng system 100. preferabl
P bor ot Sanfal ERIOAR RRORI AT Boecttionhs ¥ Lol e RO PR BRI AP R akee " 21
Pr oces pidigssiC E%{t‘&nf 0. t Ne tHBr Ediskt,S bl D'sEH-pRREMTES n@ybéiﬁnpe;ﬁordgﬂﬂ%ag upon

the particul ar batch of wafers bei_&g processed. For exanR e, different CNi P
reci peSCRENAEIQIIrOdeseRE ProchiERpATOMP W byithe prHpHlagRystem. sy deschbed diove

conpostt | . n i , %ﬁé, f 04 may
sel ect h'}a‘l: P gcrtg,nln'f{sﬁg eb?’gvg%tgr ﬁggsr%é% isg’gésﬂ.l flg ru 25%&??19?1 Eﬁgbgt?ﬁgét:gs@g ch of
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300 a1 SHTY REFERIEE. WHEF SR S TS En T VHEC T HE o P N EiRmber
;‘Sﬁ% rg?fﬁcieﬂiiﬁgegtaﬁ&usf A6l | Het @rerofledby ippatdtion @httol McIuNal 263, gmakiondt be
appreciated each processing station may be associated with more than one sub-procedure and/or
governed by more than one processing recipe.
30 Control system 200 also includes an autonomous master control module 204, which is
preferably configured to communicate with and regulate the operation of each application control

module 202. In the preferred embodiment, master control module 204 is configured to download

setup data, e.g., processing recipes, to application control modules 202 in response to the
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20, system 200. Communi cation and signaling block 406 may be realized by any
nunber of conventional devices known to those skilled in the data
processi ng and control signaling art. For exanple, conmunication and
signaling block 406 nay enploy various el enents confi gur @iptgehbansnad .
receive, and process internal systemdata that may be transferred between
application control nodule 400) nmaster control nodul e 204, and/or any
nunber intatiap pif itieawafenprocessing iprdebduradiiaster @GZrol Godule 204 Atz aRo dowhnisady@al | ng

bl ock 406 i af | d_t i t abl temdata to facjlit
- pr oper PERAGHFO b phReesscrsniing infRhtat s epiokibh Gebh ki 2

COMUNFGéierBBrel ifhstet bl MEdilk 00Kis fREerhSly Ro& Rk @b YndnktaN B Iblob&GnY kidrus
_communi cation |ink 208 (see FIG 2). To accommbdate efficient regulation of
appl i cefwalerswittip sraferpasessingysteaiO0m magiar eqntiol srodulsimay, petigdically reqnest o
nodul e | § i . ferably .30. configured
o supiaFoRPe SRR AT IpERANOR Lo M RIS 20 Bl R @ ndpitinet 0 L7V

t wo apthk ipeattired embotingdnt, agkresn22moayle Q0MAYES f@idircbty vaRIb] QRE pRysdaher

wi t hout having to communicate with master control nodul e 204. Application
contr o?a-’%ﬁﬁTseaSﬁ%atﬁ%W@ItE‘bS‘{E’nEIPERﬂ’é”eé’ & ARty sicalbengrstp the vafermenting 08.

4 Dec : t %Fppn;g I L ed to receive and

provi de ﬁ%%léggé%%ttég%wrﬁ%%otp elp%thnﬁ%ﬁtrgfmgﬁ@%va%r processi ng procedure
cont r ol | edApgesappéd atwive,ahe ederiar bbusimgiof mastd@ontral punduda 20duhaychecphgsicalli0 8

provi des..the cgntrol signals th e used b er  processing system 100
I8 ekt s sl chreils 2PE Bt dtipierBhe SEehspel S or
dur i ngng) Ree §6d dagh nlodulehihe fndtivEHRSmpoh&itdRMthalin BhREFRBArAQRodute 204

di stingui shabl e from conmmuni cati on and signaling block 406, which is

associmdetismbe Bimilar &9 Hgse ermtainedhia applissios controlanieiwdsei®2t o t he above
conponent s i i L0l i ast on nor
coment agts RGP B0 ORI IR Tl oM SRodtlc 26AR), RAGTRIETY

conf i dutieidnbidtypsfoatilehst sy appiicationrepatre hinodind 26k e ¢h bhe akengmipeeibodfigerdtor t he
nﬁgul e itself, comunjication. link 10 208, ~power connections, and the |ike.
T

2SR GRRERk edn 20t "copistnsc adoashiriend{dlean meduls 40400 hvaimrisentalins v to
Mast elengiBs eehu@m%@{neg]egaé 10 @gw& keduled nlrms,t bE 9135%5?%&&%“%%5@3 fsbg_r

control nodul e 20 not 1ncl'ude 1 nputlout put enment 408
unl i kéncemsirating the appropriate funntiehal sdtvad@ef lpad/gdesl/siean nbdwe 203a intnmassér any of

the process stati 5 Referring ha to, FIC 2..control. system 200 may
el SRS Indehft 201 Sguch 3n SRt 3 o Sivahties 8f BB PO ing AT ar v
enbodicapieity o ph3e domttol Gasdal d Z04i ratheiibhh lé&ﬁfr@rsoﬁfe@fﬂ&sdag&i@)ﬁ.ﬁlh%. 100,
control system 200 incl udes | oad/ unl Qad‘/écgelsean nodul e 202a, a nminframe

dul e 20243Ste BTG 48+ PN SR ABCIELS BHBPPIURGRIS) WiB FuMenFusdineEach
appl i ¢RaLirQR (ALY ROITDSHY, VRA InddR1LER YR, NrkldisAhe Ug%&ﬁon%dgﬁeﬁaiow c

waf er processing functions related 20 to on€ or nore sub-procedurcs.
Fur t hef theeaartinteplptds@ssociaredoitht waser prockssing S6RmG0. He this mspica MM wictthlenor e

th i tLon. d i bed ' nect i ith.FIG 1).
L1 onalF SR SPAFLE FRlictS enrR CORerer X RSB PE P IRy Dt i o
syst eexansle ! MIMI tbeul@PPd ingabé Bd3osiaRt ath IAPGY beS oapE6 cbRafinh@feginatvidea

configured for conpatibility with wafer processing system| 00. 25
1%Gad/ HFSERETHEI SIS RO g B Sonich esresndisnlar: 8 mansrlkerbosid3 PrintsF and/erth®ns

assochat it b %gg i ir#@% i X j : ni ng
stati Bﬁﬁ@%ﬁm&%ﬁ : ex rlrzf)lBP:J é‘%ﬁ%"ﬁ? Edrflg%a / thgg@gbgﬁ%g;dggggwné?/“%g%tlﬁ% ga waf er
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and/ or_pl anar_.orientatio esirable to enable the detection of .double or
o oo MeRRE P Rn R EPLTEs, FReOT PR, R RO BB e S5 PR o M3 ey
al so BfhcaBing §fstdrl @ORI RGP NANIPHOEES 206 tha§ latrekponiibR S mY@tRIngwintihi n

waf er processing system | 00. Mdul e 202a preferably contxols the | gadi ng of
A8w waPrveying the tasset waler progesing syslen Ki0xandghe ishvidw) waless oviihemaNafy of

polis £ [ ' 4 bLgani '
Do ¢ Pkt Eltybickd ), UIRY BHAb QB oy HBRD MG BloBbicobetlng lect
pr ocedffe@onahe phedcad ptocessing of the wafers.

In the preferred embodiment, application control modules 202 and master control module
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12. 4 Decenber 2002 by cleaning station 108, the rinsing procedure

. performed by rinsing station 110, and the spin drying perfornmed by drying
station | 12. After the wafers have been dried, nodul e 202a nmay control
robot arm 116 such that the dried wafers are suitably st |

appropriate cassette 114. Mainframe nodul e 202b is pref e(rlg ?/é@gﬁr?%%zred to
control a nunber of functions associated with index station 104 and CW
stati omgQBe cd %%?ééi'h'%@mfo&ﬂﬁ% E@S KaBA iR thiSbtfon B g
system | OO.G(I:\/b lu e 2102b control s Iinndex sat atoi on 104 Fo%\g@éﬁﬁg{gﬁﬁﬁgd

-| oadi ngtoanedplerthe adrings mbdwles wgsthen bnttie exemplatyeedvbidimest shownNh ®IGL 2, R202b

. i table dri i ' bl
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configured to control the novenent of the NI HTA |21 between primary
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control j: . | yolel] Lhg table 124
and sec i TR thalle Sl Gal R S 4Bhob il BBl aboR Tl 2B 09 iy
appr opreoafigurgbdd s passige cofducee eleant. | Suchdgiabdi encdmiuciontledkht gy bditably
rotati onall%ggdreeds of .the polishing tables, nodul e 202b may control the
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of the polishing surface cated on primary polrshing ta uch
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sui t abP¥ masteseangrohmedule 284 (pr anyjathermodide) fbereceived by ¢ plyratify affothen eoniesf er
carrie i 00 ' jqn 106. Modul e 202b
is al sgﬁ)gg[r% f%jc}?lcel%ugf értﬂ)l %%%‘F?/‘“ ~ g%ﬁﬁ%d?ﬁsg%s%%? cLet(ai on-and flow of the
C:\YE sl ur[ih Bsfeusl 'xegjtmct .ni?ameieimf?mgppmca:ihxm?wcﬂrrﬁodullél'lﬁ)tOﬁaEiié]jiﬁtHﬁ &l a ny)Ele oft
slurry,.the flow rate,, start ang stop tines, .he like, may be se
forth PieEm 9ppr %%F?ﬁ“@e% e eﬁgbﬁpﬁg@“ﬂﬁ%‘ﬁoﬁ%@%@%?és prefoprblyeRpnigwsd
contro : | {dnQsiiBe: Rathes BihiE Fdabird | r r
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cont r o282 to beipingrarofed pe reprogammed [imeewrddcee wvithhthe Nesived sRb-pasredurae and

i ndi vi dual wafer. carrj.ers, 123, For | e,. MVHTA ul e, 20 I s preferably
conf i gBPETFSYE SEHRPT d‘ﬁmhouﬁ}ﬁ ﬁ%tépo%? mrm rms)aptply’[llﬁ?tmé’oc\?ggﬂ ‘T“Hjé‘%%gog)l W‘?ya’gfl&} € and

r @0at i o Aumbert dfaddRiont! catponéts fot perfotmmhiForfventiont] @pat@ilsnsal SO controls the
anount of down force applie each wafer carrier 123 via, e.qg.

) d b , a
pneurmat i ¢ AEPKFALPE RO osile PR pRelkepel inchages & BEACpEOT R cpgfigured fo control

the function of application control module 400 and to perform various processes by executing

software programming instructions. Processor 402 is configured to control a number of

application layer functions 404 associated with a portion of the wafer processing procedure.

25 Such application layer functions may be related to the overall operation of one or more

processing stations (see FIG. 1 and accompanying description) or more specifically related to

one or more sub-procedures performed by any given station. The application layer functions 404

may be suitably defined by application-specific software associated with the particular wafer

processing system 100. Thus, control system 200 may be easily adapted for use with a number

30 of different processing systems by specifying the particular application-layer software for the
desired system.

In the preferred embodiment, application layer functions for each application control

module 202 are governed by software instructions that are specific to, and resident at, the
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4 Decenber 2002 dictate, anong other things, the specific oscillation and
rotational speeds, the oscillation ranges, the down force, and transitional
ranp tinmes between different speeds and down forces associated with the
operation of the MHTA 121. WMHTA nodul e 202c may al so conty Blec¥|?1rbiepf‘260§| uid
and pneumatic systens that performthe | oadi ng and unl oadi ng of Warers from
the wafer carriers 123. 5 S uch | oading and unl oadi ng typi ealiy~-0ecurs when
the MHTA 121 interacts with i nge t,)at' on 104. Application control nodul es
202 nayFeERSTHVE|2PRIRALRA ASEHOH MO Héif “onkt 2690Rdanro NathBRe agRset pf el prysent
~descri Qﬁdgﬁlf‘cfnf?hﬁblicgﬂéﬁ BGHP Rdule®Rbs ChchehSlISTURRLkt IBHwhiRGOF Al TRGE OF

| ess application control nodul es 202 dependi'ng upon the conflguraglon of
waf er pespstive syb-pysedwed,cantdohe safiwasee isphatrtgangfsrred dletweencappdic80@, conbbbh may

be carried .out.in fhe context o far, pHOC in ystem 100, i Lcted
as a fl%ﬂﬁi@ﬁ%??i ?rnb%vefn %’.aﬁ r S &8%@@3@3 agggf?'e%fpgiéﬁté%f‘ f)‘if’%i%moﬁﬁgez@;st em
2005 f orR2R&H) shét edbdafe-setifie SoftMaRe dtrigions GRertipeuthae tubeticial pRRMeRA boN,

process 500 may include nore or |ess steps than shown, and process 500 nay

h h
be i ncsopbpkdasarereives fom mysiep eepuiol Hipdplg 204 pPedefynstigalaarasaniers oraysudivdee.
Control, . ' | sk . I Whi ont,rQl _system
200 caiZBRAES BroRlbllecidl i Ik Ry, Rgnf b DAL, SR ol
node. Tagker A nfascecpalizhingadtds amt wakes sarrigr pyadseandlhe like, cal i brat e not or
speeds, can-ier, dgwnf or ces, %wi s ali ntgepts, and of her functional .
par anet er s.FUPRROTLPATRTEEIS FBaY lﬁaf’?f@mﬁﬁg‘ B IOrB of BISTSS IR ferinas Assaciated piths )
W id T €Rhe?ParGRRIR AL prloBsiukdiC ih RS respBA! Qich RT A RHYRHNE Y0BR! ASoGaki AL 1 on
processes. Automatic calibration processes may be initiated by the entry of
any numager ppbcessihg systerm HIP pueferbbtapestdsnn tesponseifotad [siagt ona réspeciitve procsssingwar e
program .Any I,resi dual r.ecilI%ez stored in a %I ication ﬁlpnt rol nodul es 202 are
R T L L S A e
vaf er s pariealas 8itbiPo PivaRADING pidiésRB! BbrexampRIPigkRh: OMilecipesRa) 8t adlisdt h t he
processing recipes _and/or the 25 respective sub-procedures performed by the
var i oué e ategligerant Wafer sizgsandorpomBesitinTge In FeERONsE 19 APSAT iBgLtARAHPer at or
ofy swaf j LT ]
ordor | S ESIRERR T8 R & O O oc N Rl F R i A BER i of
cur r enwvalfers.cThe sélected déaimps gre recesied B9 Zheraspeatiwapplidatiom centml nrodnles 88F priorbat ch
desi g\rll\gc%i OP from an operator of wafer processing system |00, automatically
by a WIS RIFTYat i on device, or in any suitable manner. 30 A task 504
is perfor mchrkchiin édhtld] £1088ISI400 2o Welu@ésSoneRir #hdtE @Bpohéhts RERRNBERI LY an
operator_ input, task 504 causes master control nodule 204 to select a
pl ur al refgrenée punahes 486)rrgniigwrepiosfagibirate epmmuonicatigaraad igfemebsignalipgdncestsiire to
bgnper ! iveky, may be
- 20honsy e 200, LB iuRRAEE S84 Minakisd BB e B B PEMAE Y ad SRENLTR
Decenbesnvafidnaldéwces khowh® thoeckileddn thAdad psceishechnd loomen! signelinvgart. dtes

sub- procedures may .be perfarned i ccordance with.the processi recipes
Sol eot BEATRIE: S igigh 4hd At M A0SR R gh kit SRS SonTRderts ¢
t ransf ghndniie rileREESTRI pIOcdsEMmitdIRa shEteRD dARSthmA05Y thasfoid WeBvetBhpbRcdibe

appropriate application control nodul es 202. The processing recipes may be
t r ansf eenteel woduWe d6Rnmasien erptioh sradute 2 endian Av nuaber of apRisAtiemceadtdlon

| hak 2Q8. [ Walol o] . J I ontrol
il elogyps 28 CABRRRAERNAN R NA5 s LANRRUE U B Rk sler 0

. vot er dptar (HCeERBltatd Aproparr exebutiods, oftheArdlaakt S08pmegdubss. p&atorsmediated d@bki gnat e
the tenporal —order far execution of the processing recipes.andlor
respecgg‘@‘@%@ﬁ? @ﬂﬁi@gﬁ&‘#‘é@ﬁéﬂprﬁ r .%FWB .V"?‘égﬁ‘_ngﬁ’éc%‘ﬁi)?%tzggonpt
mast er fs@@ H1GRh). Y W& malaleQ AWK Badatiifl SFABb R atiBS Lo MESTindiRulds2 CaRIking at | ON
control nodules 202 prior to wafer proeessino. Alternatively, naster

cont r owafrgodcessi@4 masiyr gona0l rdedude 20 andeppliretiproepntrobmedielps re pErferably
CQRtrol dule 202 as the. wafers r wa 017 LRg stem
138, ' Troletied Petapit ok ffigR R 0RRE s RUAR TRl D RESSAGT B

det er mapsiiaafiios ftoftidl- odted202emag comitiunidaretktwadnesnd frethvarwidhut having to

sub- procedures are perforned ang, i,)f 15 necessary, whether a particul ar
sub- pr GeBMHCaeVith FRHERPIUPhinedrle 2t bi | ity al | ows wafer processing system
100 to vary dine 08 dNfhoteaen ofy MiPGerat AGusie sl tRchewt LR,

di fferent wafer batches. Follow ng'task 508, a task 51 O ray be perforned
by master control nodule 204. During task 510, master control nodule 204
controls the execution of the various sub-procedures 20 associated with the
respective processing recipes. In the preferred enbodi nent, master control




modul e 204 transmts control signals to application control nodul es 202;
the control signals indicate when to initiate and when to term nate the
respective portions of the wafer processing procedure perforned by the
processi ng stations. Accordingly. task 510 may be perfor qgge'émlgg,sme to
the tenporal order designated in task 508. 25 As described above, naster
control fﬂgﬂb‘é@%&%n?&?‘ioé‘%tcoﬁﬁggﬂe&?ﬂécgivé &Y@é%@ﬂie'dﬂtatdtggociﬂw&{tl?ﬁﬁlpoﬁlgugt r ol
of the individual processing stfations because application control “nodul es
202 per fafrthe Wafer pradessing procddues comrodled by appicptiampdned] mpdole406r Ipatidutmit
- modul e 2Q4, application control dul es 202 . are capabl e of independently
Cont 1o | HFHCTALS ProvAES Sp R0 R P 0% STRE R eGSR SISyt S Btk 1
_accor dangfnyéstdd a8 %h?‘éi@aﬁ@,iat@(f)f thBQvaTér8 DL B moDY el wardds dudiml pedd@sdie. 3 this
performed in a parallel manner for a plurality of application control
nmoduf es reemect, Sipuy optnus ElemientcH)$t is distingaiphable fiemecomppruicasion aed sigralingbl@d t o
optim ze t. . I sly process nmultiple Wafer
types th%q@%ggfhrlgé%??%%gM‘@ggteeﬁalg?%éggéﬁ@y'r eci pes. During the wafer
processi ng, lnadditioh tsihehbime20thpoRsnts applivhiioh combrol moJuleM0dinckades at ldaBisdner 15
4 Decenber 2002 control mpdul e 204, the processing status of a nunber of
waf ers VIPEHPRY SAement ﬂroo’é?é@ﬁ %éu'é‘i}’éﬁ EIQT2E0 FARACHY PP Intepag s 6y ponfigared to
preferr ﬁﬂbeﬂtmh 01 4 SeBAGH YReBlioRTol the PARRMERRAScdrithMBRoWhE"
processieér%g syst em 100, ta%s 5?2 ma§ or?l 3110 beopes or ned fo’rccergglg%owa ers or
f or 1@ er t208npdatrcoasectioppland teilike. cont rol nodul es 202 may periodically send

data to naster control .nodul.e 5.204 to. . info ter control nodule 204 of
the current FGERL iRt ERa s Eonticeian it UBRO: B0 hflaBR BhF ly FRstspure

pr ocessifigduid/204e IH & el iy a bfacti¢hll emBoditeiteagitr ¢t inbaille 8N H&¥dot Hclude
detecting the presence of wafers at different |qcations throughout wafer

pr ocessiIABRUONEUE Alepmot 498 bacaussonrltkerapPhgitipe SpRtrR) mrogies202, it fopsingt digestly

waf er s f i . ed for purposes of inventory control,
optim Z%{%ﬁgﬁﬁag ozfﬁlr%to%éﬁ%%ft%{@géovery after an unpl anned shutdown) or the
li ke | O Chfervingvack as F1G0Q, camtrobgygwem 200 gy inolude any humberust dppldution t o
enabl e waf er, prqcessing system 100 to recei ve unprocessed . wafers, w t hout
i nt er r uSPBPL mpﬁulﬁﬁéf)g-a&é B BERR AR gERRAGBEY Om%@ﬂ%&t@ew@ﬁ%w € to
be enpl %@&sﬁﬁ syStaht 100 &8l S8R 20 iNAERE ﬁ)adh%ﬂd%%ﬁxlﬁﬁmmlg% 04 man@8me

andl or 8 need 'not be repeafed. Control system 2 may al so be configured
t 0 enablmodute2@d, iand 2amitltiheask transpor @ssembly (MHTY| mpednle 2020, bEashapplieation i n
accorda i l. Pro [ r I L ' e

opt i i 230TH BRBERNE b B RRERT WA s EBitel Ot sobbifle oS IRbERINE RS RERMBY |,
102G 0 nodhd ot rAoreaiiBprazediees Humber, eschpplidatiors banttoli modula 2P any bk askotinet any
reci pe mgy be optim zed ' durinpg process 600, whether or. ngt such Leci pe is

di r ect | yVifhapare dhpn Qe processing statipR{gedeserped ghovgAdn sprnection with Kl . Itshawldss

600 may Yaeopar ey ﬂE@%é&ﬂ&R&kﬁ&%&?@a@Hﬁfn@E}&é}n @b ssiin Y hal ik %Blié%{tioﬁt her
conponents that handie the transport O0f wafers wthin system 100. For

i |1 ust r &phvel muaduprssiescribpd bereissrsgmiigered ércpimpatibibie with wafer processingsxiternf a
C~IP relcb'gpe. Process 600 begins with a task 602, which causes an
applicatioh control nmodule 202 to obtain an initial recipe from nmaster

corty ol noduload/Zfibaderati@saile 202k gdnetatly coltnld 2 némbasif fiRdosPdssasatediivith
processi ng system 100 to performthe respective sub-procedure in accordance

wi th 25 legunlend: isttiopetiZpeindps stRttony | Bbganth slganingn gtatin 108 i peminee,
downl oagg, ﬁxﬁoatd?@ezﬁpﬁ"ogﬁ h85£ nBRRlohGAL 4 9«9&99&@59@ PIOCkuR: B0%ss¥tthiEdledchen
controls the rel evant sub-procedure. \Wile the subprocedure is executing
(or af t evafethwith whsperificddeatien ad/op pemapenidntativad)iesitbleaokengole timagetprsion of
pronpt ed, Task b06 coll.ect i.st,orical enpirical, d er _pracessed
in accordﬁghl%eorvﬁr?ﬁ'sg%%e% aflgﬁ?t“lng in fhe feseec lﬁgﬁssgﬁ%?‘%&gyfb’ggﬁ%‘ o%@aan?aﬁ&%ger of
detHrt i Qoniion tiRIProgiRtd Ad, prodessiBA StAnR IBE Bichsy gt ewRhihovaib frbdessing tysndne 10t a
related to the perfornmance of the particul ar suPY-Pprocedure. Far exar{ﬁlée, in
down

P.
the contMeduie?0%3 resferaslyiropirels dbioading obBEW Srfeiy irPRIGasRettAn Y Ao dRdfxstE
force, tahl i.6hi i e : i . fxhe
amount o rig R afton iy b B et MR R e S e TP T o
sur f ace.addwioh, r60duler@02may be cordigukddctk ventso! Menaniuad visaning pratedwestarsedbet her
t he polishing process has renoved a sufficient amount of material.
Foll owi ng task 606, a task 608 may beiperformed to nodify the initial
recipe in response to the historical enpirical data. Regardl ess of the
speci fic sub-procedure and reci pe under 5 analysis, task 608 nay conpare
the enpirical results to any nunber of ideal conditions to generate a
differential quantity. In accordance with such analyses, the initial recipe
is preferably nodified in a manner such that the next iteration of the
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The present invention has been described above with reference to a
preferred enbodi nent. However, those skilled in the art will recogni ze that
changes and nodifications may be nmade to 17 4 Decenber 2002 the preferred
enbodi ment wi t hout departing fromthe scope of the presetps A sgho For
exanple) in addition to the processing system described herern, the
principles of the present invention may be applied to any nunber of

wor kpi ece processing systens, Furthernore, the distributed comtrol - system

pisd by SRALLAN S0 o€ 0N ﬁggin@g{&cgﬁgyg@wwmﬁ sliod!t 14, ShEMH spic

unctions and procedure ny giveri applTcation control “nmodul e
may béryimm perjormeati bodryong statioranly. Mfidrahe watkrs pe ekn dped ifiodulopRaaidyons.

These_ and,other c es, qr dj fi,cations are jintended to be included within
the. SEBHe! SO Banr e B Arien RS A5 A SulyRFTPR T e SeOPOAs Ffocial 15,
18  dyqDecenber 2002 C I ~L~L. What is clained is: 1. A distributed control
sgstemfor use in a multifunction sem conduct or wafer processing system

h

vi ng 'a Mainfaame ymeduly 268 95 iprrierablyt ¢aigurasatad cesral rao humbert efhfucotignsi si ng:
| i . ' ' t | h bei
cont et S MR 1 0B BR LA S AeCAI, Ll B PRE Bt g

pr oc edifeprodsssiigt BRADLD. IMediws 202bdonablsindeN fakuanfi4guiradlithe tRopatREcat e

with and lrﬂe@gul ate the operation of eacqh of sai (J, application control
modul8d unjgsding Qféfffé'eré&hﬁi?rﬁ%t‘hed\ﬂ}mi‘“nk* le dYipdya el may eentiobe suithlerinige sai d
appl i ' I Q ' r lLe..l

et ve oL P RN e TR G5 100 ARACARC RS R B0 19 LB UALuEBibef oy 1,
Wher stafemoare alfgnedivditaps MHIEA dd1 conhe apprpduleetimeonydodide 2028 ipfadessor

co~gured to,control ,a nunber of | catjon |ayer functions associated with
o pobiied oL et o AP B See T el ohs | Reas  or

Si gn%édﬁﬁaﬁgﬁm%[hg%blw@&t one other of said application control nodul es or
bet ween sai'd master control nodule, said nmeans for signaling being

conf i gur &dodwe 2P2Anmay also cantrel yrumbenaf @rrormetor thiteptail prignasy potistigasbland an

OO LT GRS Rl SRS SO B eyl 00R8t o O
16i st rdclpeseth aduiisdlo coNSblEng the easirtbnabspeedsalfahapolishing ebis/mod ¢ 2@RGheyof sai d
appl i:ocrﬁ;['oilotge gc(:)cggerrgtlionnroagn%l tierge:s associated with transitions between speeds. In connection
with CMP station 106, module 202b also controls the conditioning of the polishing surface
located on primary polishing table 124. Such conditioning may be carried out by any number of
devices such as an actuated conditioning ring that engages the primary polishing surface between
20  polishing cycles.
A number of fluid and power delivery features are preferably controlled by mainframe
module 202b. For example, module 202b may control the flow rate, fluid pressure, and timing
of delivery of a suitable rinsing agent, e.g., deionized water, for rinsing of the wafer carriers and
the wafers during processing by CMP station 106. Module 202b is also configured to suitably
25 control the distribution and flow of the CMP slurries used during polishing of the wafers. The
particular type of slurry, the flow rate, the start and stop times. and the like, may be set forth in
an appropriate CMP recipe. Mainframe module 202b may also control the conditioning and
distribution of operating power for water processing system 100.
As described briefly above, MHTA module 202¢ controls a number of operations related
30 to the MHTA 121 and the individual wafer carriers 123. For example, MHTA module 202c is
preferably configured to control a number of motors that govern the oscillation and rotation of

the wafer carriers 123. MHTA module 202c also controls the amount of down force applied by

each wafer carrier 123 via, e.g., a pneumatic actuation system. The current CMP recipe may
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said application layer functions are governed by software instructions
specific to and resident at the respective application control nodule; and
said software instructions utilize functional paranmeters received from said
master control 25 nodule. 4. A distributed control systery pecehnBePgos?
claim1l1, wherein said nmaster control nodul e conprises: a processor
configured to regul ate the operation of each of said application control

modul €gic@RtarGnBABINAL, 1 HRAL BGiRRINGRE rthtdrEPTee R Q ki Rl fBLd

application cont , 'said neans for signaling beling conkgur
- t r ansmithe dows &9 and trensianslaesipitintes batwees difeeant sipeeds arfd. doAndorsty dsénieiaesd

control tem accordin cl.ai wher ei aid data 19 4 cenber 2002
S ommun il s errRREe e halrRa et T At Sofndu 136 Fortet ypribusutdnd

di stri hiseBrlatONstenls (Bt PeFHPGE WadingGnl AnlbhdhgbiwafsREF o2 the SAKE caRBk 18Rt T on
control_ nodul es and said master control nodule are configured to support

bi - #i r ewch depsingiendannlpaging wpicelhepecyes weenrthe MHTAA 2diinteracts witdindexrtation
system]@gcordi ng to claim1, wherein: each of said processing stations
operates in response to a respective processing recipe; said nmaster control

nodul e i s capflicgtiordorteol arddatds Z02npy abhttol anf ruimberss hdWitisel fiRRGodOfotsai d
sem condug rocessj ng ,prgcedure; and each of_said application control
r

modul eépa%légéyﬁ?qsgﬂb@dl%n- ERSrE0ss: CORERlSYRRm N0 183y WCapOROBRELIriess
[ 8C1 PeSpbRATbR Bbitrol BRI les 905bERnafRUILR thebonfiollafibd bPULRAGEALHO Ly S¥A! ™M

&,
according to claim1, wherein sald ster confrol nodu
coiff i guPed to nonitor the processing status of each of a plurality of

sem conduct,or wafers within said fer .processing ,syste 9. A npthod for
cont rol |1 ng heXTTRIERL TR RESEH 15n TR0 SPTB R 4L Fie FOTY BhivRLes

havi ng peochsiigtdykiesh 10, RIdREIREEIaRE fIskahh@ ASFIG.A. roRkNSoh KB ptiotfled BE St eps
of : selecting a plurality of processing recipes for a sem conductor wafer

pr oces SPHEP! sYsiRradf éoreactatqheativfers dDpgendiag wipam thepapicolae spplingrionysroesss
LTSGR 8 BLEEERS LR PR (O 4RSI I L RN R
mddul elabgsryerdingrogpdsiag ot control scheme.

Control process 500 may begin with a task 502, during which control system 200 causes
wafer processing system 100 to enter a calibration and setup mode. Task 502 may cause wafer
processing system 100 to calibrate motor speeds, carrier downforces, axis alignments, and other
functional parameters. The calibration routine may be responsive to manual inputs, written

20  operator instructions, and/or programmed automatic calibration processes. Automatic calibration
processes may be initiated by the entry of any number of calibration parameters into a suitable
calibration software program. Any residual recipes stored in application control modules 202
are preferably cleared during task 502 in preparation for the next batch of wafers. The setup
procedure may obtain a temporal order associated with the processing recipes and/or the

25 respective sub-procedures performed by the various processing stations. The temporal order may
be input by an operator of wafer processing system 100 during the setup mode. Such temporal
ordering may differ according to the particular type of wafers in the current batch. Accordingly,
task 502 may also obtain a current wafer batch designation from an operator of wafer processing
system 100, automatically by a wafer interrogation device, or in any suitable manner.

30 A task 504 is performed prior to processing of wafers. Preferably in response to an
operator input, task 504 causes master control module 204 to select a plurality of processing
recipes for the next wafer processing procedure to be performed by wafer processing system 100.

Alternatively, task 504 may be responsive to any selection criteria associated with the particular
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20. control a sub-procedure associated with said sem conductor wafer
processi ng procedure in accordance with said processing recipe; and
controlling, with said naster control nodule, the initiation and

term nation of said sub procedure, said controlling step4q§é&gngggéqumﬂ
after said processing recipe is resident at said application contro
nmodul e. 25 10. A nethod according to claim9, wherein: said sem conductor
waf er processing procedure conprises a plurality of sub-procedures; said
t r ansnwhfersg et @pedssedn sas descxa'iquil aboak, thy varfouprsaspesidares ani pe peffsrareddini d

-master congr ol ule to.a uralit f, auto us, a I cation control
modul eASCOREaREs With g‘élpéocﬁ?%‘?:% TS S?IEéF‘gégmlfe'ia%‘ggg ‘iq%é‘%‘%llymﬁ fagk 296 m@¥st one
.of saigl pURFRKQC e WhlTer HelpRReftid r&iittPbhi Mokt 6‘6?1&0? er—HJIQrZUE%'tHe
parallel for a plurality of sald appl ication control 11. A method -

accor dippgproue kppliveti@ conttes] eadulesai (2. r@hm@cefsamg hrenpwnpy b e&mtﬂ;'reedsb}ep of

I gnating .a 0 or.der, fqr executl 2002.
sub. prBetichihe SRANE FOLE e FAER L rdins Py M iofR aroeRe B e g
sub Prage ddumnsaded poliafdanoansl tﬂbdaaascizotzeem@@n;aalbleomdgérforﬂxﬁng feRifielve
according to claim9, further conprising the step of nonitoring, with said

5 mastPertansmf ity ‘V#S‘diﬂoée°s¥lﬁé—“'ﬁ?‘~@é%5| ng status of each of a pl ural ity of
oTr oo ch ARy et Bl ARG EaR BES23HAM BKRE AR cddith LR

accordi ng r conmprisin eps o
hi st o @t@aksuegmampemu/od&teaeépezftm sammaemdem;he@fomaf lgzrsyp:reﬁcms erdsK 308&16;@0 rdance

th said processing,recjpe 10 podi fying, sai d, processing, reci e I n
VY@spoﬁé%mems"é%C‘Pﬂt@tl mqu@% ”%ﬁﬁq Fpmwgawaa%lrt%?@@; (9 9P alicrtian FEaPH od
Pr oCesRidites fzgﬁlgﬂ&- to WhferProdaldiRd ?gﬁ&%mé‘ﬁ rh&e? &k B1 Fod ¢ 4 8Gy HRRIL Si ng

the step of transmtting said nodif Froce55|ng reci pe Tron1s mast er
cont r etichnpstriasions tosseck aaqdmatxcammlmdu e0}02ras dhe wafedsbprogresti @tmngbu‘teéd

or oceBRy o e fiskOu ehde ba SRR ol SR G s e #Rraon and
a waf Qhi@REeprodshedtbiry ,utidided Wi HR! vasihat Sib-5RIBdUres BE performed and, if .
15 necessary, whether a particular sub-procedure is repeated. This flexibility allows wafer
processing system 100 to vary the order and number of processing steps associated with different
wafer batches.
Following task 508, a task 510 may be performed by master control module 204. During
task 510, master control module 204 controls the execution of the various sub-procedures

20 associated with the respective processing recipes. In the preferred embodiment, master control
module 204 transmits control signals to application control modules 202; the control signals
indicate when to initiate and when to terminate the respective portions of the wafer processing
procedurs performed by the processing stations. Accordingly. task 510 may be performed in
response to the temporal order designated in task 508.

25 As described above, master control module 204 need not be directly involved in the
functional control of the individual processing stations because application conirol modules 202
perform that role. In other words, once prompted by master control module 204, application
control modules 202 are capable of independently controlling their respective portions of wafer
processing system 100. In accordance with one aspect of the present invention, task 510 is

30 performed in a parallel manner for a plurality of application control modules 202. Such parallel
control enables wafer processing system 100 to optimize wafer throughput and to simultaneously
process multiple wafer types that may require different processing recipes.

During the wafer processing, control system 200 may suitably monitor, with, e.g.. master
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a first application control nodule configured to control a polishing table
associated with said CVWP station; a second application control nodule
configured to control operating characteristics of said 20 wafer carrier
assenbly; and a master control nodule configured to connqpbﬁeéﬁlg4§505nd
regul ate the operation of each of said first and second app |caP|on control
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control nodul e conprises at | east one of said first, second, and third

appl i 2atiteanfsmt masterenatiobmodyls 204 ofjthe FuIBeRt AWOEETIES Slatusy Srleamasivelsr(dr ng to -
claim : Jh | Sik a | [ ' ¥ t

connect gty SarrpBLissR Sy ARAL® CATTHILGED Ahich o SRS nher
2002 odemsttefg the ptasetcernd dalees atndi fierantriedanonkthasughogewefet probSssind sgtststrliobut ed
contrgl systemaccording to claiml5, erein: each of said CMP statjon and
ol CBIShonEa o Far SRR 1 o e At el el B rSET T Lo B R eSbect | ve
Pr OCesRRGry %dn%‘?,ggﬁﬁﬁﬂtiﬁﬁéftﬁfou%&%ﬁrt,rr@éngﬂdéﬂe?zn'1 ﬁnaﬁl&ﬂ{eHQH&tQ&wﬁ.%rﬁﬁ'lﬁﬁt a

plurality of processing recipes sal d 'sem conduct or processi ng
BPocedur eCoatrd! pracdss 600 may e pppirined i acontionowsohshmentel aegblamafar prifcesginzed t o
receive atlé(iast one of sai g g?réoces%i ng; recipes Vtﬁ\m sai d master control
modul &5t 1 0ChTO Teqque WErOSERAR VREY S AR RETRPYPTIAY. TAF SRS RrOASSS|Ng rogipes

% Af { hrdt N Eeshing |sOhetneYdRe A3bE &R A Yedor Multiflk bER¢R# s O/ParetsdWes tasks 502, 504,

506, and/or 508 need not be repeated.

Control system 200 may also be configured to enable the optimization of one or more

15 recipes or sub-procedures in accordance with actual processing results. FIG. 6 depicts an

exemplary optimization process 600 that may be carried out by wafer processing system 100 to

modify a wafer processing recipe. It should be appreciated that any recipe may be optimized

* during process 600, whether or not such recipe is directly related to physical changes in the

wafers. For example, process 600 may be performed to optimize the operation of the MHTA 121

20 or other components that handle the transport of wafers within system 100. For illustrative
purposes, process 600 is described below in the context of a CMP recipe.

Process 600 begins with a task 602, which causes an application control module 202 to

obtain an initial recipe from master control module 204 (as described above). Next, a task 604

causes wafer processing system 100 to perform the respective sub-procedure in accordance with

25 the initial recipe. As described above, the initial recipe is downloaded to the appropriate

application control module 202, which then controls the relevant sub-procedure. While the sub-

procedure is executing (or after the sub-procedure has been performed), a task 606 may be

prompted.

Task 606 collects historical empirical data for a wafer processed in accordance with the

30 initial recipe. Task 606 may employ any number of detection, interrogation, or measurement

systems to obtain suitable data related to the performance of the particular sub-procedure. For

example, in the context of a CMP sub-procedure, a polishing recipe may dictate the down force,

table speed, polishing time, and other parameters that impact the amount of material that is

16
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25 control system is distributed in nature and it includes a plurality of independent control modules

associated with a number of subsystems employed by the semiconductor processing system.

When the control system is employed, each subsystem may be individually tested and diagnosed

without having the entire processing system active. The nature of the control system also enables

the regulation and control of different processing recipes during a single continuous run.

30  Furthermore, the control system may control and regulate the various subsystems in a parallel
manner to thereby reduce downtime and increase wafer throughput.

The present invention has been described above with reference to a preferred embodiment.

However, those skilled in the art will recognize that changes and modifications may be made to
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7@ a data communication link configured to connect each of said application control modules

10 and said master control module into a network arrangement.

2. A distributed control system according to claim 1, wherein each of said application
control modules comprises:

a processor configured to control a number of application layer functions associated with
a portion of said semiconductor wafer processing procedure;

15 means for signaling between at least one other of said application control modules or
between said master control module, said means for signaling being configured to transmit,
receive, and process internal system data; and

an input/output element configured to receive and provide data associated with said portion
of said semiconductor wafer processing procedure.

20 3. A distributed control system according to claim 2, wherein, for each of said
application control modules:

said application layer functions are governed by software instructions specific to and
resident at the respective application control module; and
said software instructions utilize functional parameters received from said master control
25 module.

4. A distributed control system according to claim 1, wherein said master control

module comprises:

a processor configured to regulate the operation of each of said application control

modules; and
30 means for signaling between at least one other of said application control modules, said
means for signaling being configured to transmit, receive, and process internal system data.

5. A distributed control system according to claim 1, wherein said data
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module is further configured to monitor the processing status of each of a plurality of
semiconductor wafers within said wafer processing system.
9. A method for controlling a multifunction semiconductor wafer processing system
IS5 having a plurality of processing stations, said method comprising the steps of:
selecting a plurality of processing recipes for a semiconductor wafer processing procedure
to be performed by said wafer processing system;
transmitting a processing recipe from an autonomous master control module to an
autonomous application control module, said application control module being configured to
20 control a sub-procedure associated with said semiconductor wafer processing procedure in
accordance with said processing recipe; and
controlling, with said master control module, the initiation and termination of said sub-
procedure, said controlling step being performed after said processing recipe is resident at said
application control module.
25 10. A method according to claim 9, wherein:
said semiconductor wafer processing procedure comprises a plurality of sub-procedures;
said transmitting step transmits a plurality of processing recipes from said master control

modaule to a plurality of autonomous application control modules, each of said processing recipes

being associated with at least one of said sub-procedures; and

30 said controlling step is performed in parallel for a plurality of said application control
modules.
11. A method according to claim 10, wherein:

said method further comprises the step of designating a temporal order for execution of
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10 modifying said processing recipe in response to said historical empirical data to thereby
obtain a modified processing recipe.
14. A method according to claim 13, further comprising the step of transmitting said
modified processing recipe from said master control module to said application control module.
15. A distributed control system for use in a multifunction semiconductor wafer
15  processing system having a chemical mechanical polishing (CMP) station and a wafer carrier
assembly, said control system comprising:
a first application control module configured to control a polishing table associated with
said CMP station;
a second application control module configured to control operating characteristics of said
20  wafer carrier assembly; and
a master control module configured to communicate with and regulate the operation of
each of said first and second application control modules; wherein
at least one of said first and second application control modules is capable of autonomous
operation relative to said master control module.
25 16. A distributed control system according to claim 15, wherein:
said multifunction semiconductor wafer processing system further comprises a wafer
load/unload station; and
said distributed control system further comprises a third application control module
configured to control operating characteristics of said wafer load/unload station.
30 17. A distributed control system according to claim 16, wherein said master control
module comprises at least one of said first, second, and third application control modules.
18. A distributed control system according to claim 15, further comprising a data

communication link configured to connect each of said application control modules and said
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