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WO 2004/ 032224 PCT/ US2003/ 029037 METHOD AND APPARATUS
FOR CONTRCOLLI NG A FABRI CATI ON PROCESS BASED ON A
wORBRMEIREDY ELECTRI CAL CHARACTERI STI C  TECHNI CAL PET/EISEN03/029037
This invention rel ates general ly to the fi eI d of
sem conduct or devi ce manuf acturi ng and, nor
BEHPR RN AR U8 Bt %%T%%Ugﬁpﬁ%%@fféw PROCESS BASED ON A
controlling a MIXSURED ENEGIRICAS SHARAETERISTAC Measur ed
el ectrical characteristic. BACKGROUND ART There is a
constant drive within the sem conductor industry to
i ncrease the quality, r&FCHBIGALKIERRd 10 t hr oughput
of Thit egedibe delgiésl gauérillydRVthe €8ld oF . sgrmcorﬁiufdir Q@ﬁ&cﬁ&ﬁlﬁ&ﬁnmg and, more

d t
pat{i@:ﬁ{mr Yo 9%1%&806 grfccjl a%?aratushor (i%)ntro?lméalryatincg{g% Rﬁ)cetss baged orﬂlaa meaSLXed electrical

eman er g
Chaé‘lcfeféﬁtl? oni c devices that operate nore reliably. These
demands have resulted igAGKEROUNDURIT | MProvenment in
;[: P:ﬁ erenuga?és%)%s I‘ g dr\?\élvfcit lrgst eio%gl?cﬁlid%%%{gﬁ%létcg? 5 rnécreage the quality, reliability and
thrqugltpetgef dntegrhiadi gircuiti deviday¢ £ e@icioprocessony a¢mongdeyigeshand the like. This drive is
fuefeﬁ @f‘@dlﬁﬁﬂy §e-mand°‘qg| htléth&rkﬁlglhy con{pﬁtgxg %J‘Qec&r&ﬁc &i@fc%%a% of)epate more reliably.

acture of the conponents of ypi cal
o BT o L0 F oA e, HEIe ) aheapuiesiEy ofpigpiconductor devices, e.g.
trarfsistans,S S velt aaSn wWel hamgactireofc mﬁetg,ramd clrqulitedpviag¢sec@porating tsuch transistors.
Adﬂ&(}ﬁhlﬁ)ex%ddcﬁg e Q&Eé&t ﬁl '3Q n%aH&fQ:tL&J &QI’?EI c%ltn%{ng‘ms C%Q}g)chll t#a){sisto@ also lowers the

Er ocessli ngg{sste IS er ornme
0‘%11‘0%# eef Rpipiey ag Welbas the cget %ffmt?ﬂf’éf‘é S5t Agyicpobomorating fegh aRsitgs.
phoGeletally) agét aphycesing BtﬂﬁﬁS'Sperf&hﬁJnoﬁ 0161 oF wafhe PAS 4 vafddy of processing tools,

mclﬁlcgﬁ)% p%btoﬁ)tgclr%l'pa?l? s%ggeﬁ‘so&ihtstb { Qe% s(ijt 0% Qo%[ﬁ{) ll%hEI)lr EC 3 |1<§] tgermal processing tools,

implaRtgaen t9qlsn s ahg lechaelegias @pdeﬁylgg:@glgpqﬂgctqr@mcgss%\p@s have attracted increased
attefficn lofét it ast 402 & resuRing ﬁf&bs&ﬂﬂ@%ﬁﬁeﬁeﬁ@ H@&chs&ypﬁﬁ ﬁl@ advances made

ears ubst anti al
in tgls ared, imanyt Sfllehe eP docgssm tosl 3t arezcalrrently tci;'rlmerma g avasl%e su¥}§r certalg{bdeﬁcwnmes

vances ma
In Rﬁrt’e@es%IFMgolft dish tck ddgancedpeocese Aatemenityring ormaklités, ahqhyts the ability to provide

histNcal ﬂaﬁb&tﬁc &iﬂd‘ he ﬁlseﬁﬁfeﬁcﬁj} farnﬁﬁfad wdien @deﬁﬁeggm}; ReaP@thd érﬁi)‘ﬂicﬁ rdlsplay of both
tools often vanced t? ss dat aénn&)nl t or

ck
corf Sl Pt fud, B Eroprtaee By SF §F o
wottdwideomnengering p Bresmndstisi¢ncictian angprrdelalomslemaf onte df qltléabprn@ssmg parameters,
sucﬁ§s Wk hp@sdc&ﬁ/a@ﬁtstalgl@tg Ghd\GpeatifiR, ﬁdcgﬁng{ef'ﬁﬁlﬁnﬁ' &l mehSRLkAYo! parameters,

ot YOCeS araneters and th
a”ﬂdpt @% ing daf PSS TG 4 UBERY Taish e dipisties and tookto-ool
disparitges that @ gﬂop@ate etoadediationin |pchdiia @ualitymnd pedfointagre, WHegsan ideal monitoring
and%%ﬁo@ﬁc@ Qgtlexﬁ Yor G&tH 1dold %{ﬂg SJOVIH@EDH)&HSI df %Jnto ng rlaﬂflty, as well as providing

critical DFOCGSSI ng paraneters, sSuc a roug put
meaé?&f?ﬂ?pé’{?i?mg§?ngbll°lf?rt“§/alaﬁﬂnetteéﬁaeat ab| I ity, pr OCGSSI ng
t enpey adhhi@sfor impohiagihe aperdiobf spaic@iRtoR pHeessiiile dRdes using a factory
|
w1dL> &ﬁol s}!t::grlitg \A‘Q{;‘J{‘J%?Allg céx%rﬁﬂgé’% e%?o}nt If{ehrg %%lrc{gs ;?&e % Q) {] ti"# manufacturing
toola F@ﬁ%ﬂnwﬁ il ¢ malaetine pﬁa@pya@lafr@ Tietwors of arppestiiegrpgulpsy Each manufacturing

toolPi @Ehdﬁtly euaidciell Yo aneuipRéd: Qﬁeﬁ'ﬁﬂ:@ €The Wﬁlﬁﬁrﬁﬂﬁm@ﬂacb Glse@imected to a machine

mteﬁD ace wiliucfl faci%ta‘gs Qognn'(ljulnl% 1onssl¥e een %/ I%gq% ﬁlcturtmﬁ tosollJ englr F a ;inrlﬁa?tglrmg framework.

Th@&sacmeﬁ llﬂtelé@e pqncgvnemllhge patm:énlsadeedamqemcznnng(%’@hmteh Glfe APC system

1n1tﬁt@§ 4 doftd] scRA AR [yfh 8 maiBiche ﬁ(ﬁ@lhﬂll&%n e sofevPHRY 36kt Othat automatically
er atéegn of sem coinductor essin ({I ne

e 1 R R R e P ROV G e QB decs e staed tongh
mulgiplé owmifaciodigl tyole fon multible tplpeeserp egedration datd retathgs tv alrei qmeify of the processed
semPbRE8SSkNGs t 00l s. The manufacturing tools comunicate

with a manufacturing framework or a network of

processi ng nodul es. Each manufacturing tool is

general ly connected to an equi pnent interface. The

equi pnent interface is connected to a nachine

interface which facilitates communi cati ons between the

manuf acturing tool and the manufacturing franmework. 35

The machine interface can generally be part of an

advanced process control (APC) systen1 The APC system

Y

remote, ze gocal site and
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retrieves the data needed to execute a manufacturing

process. Oten, sem conductor devices are staged
W kooesp224 mul ti pl e manufacturing tools for nul PCPUS2003/029037

processes, generating data relating to the quality of

t he processed  sem conductor devi ces. W) 2004/ 032224

PCT/ PRIISEI9E ProceER YoroH; YeRts mpygiei Plast 1185 4tiist G eesfgrmance of the devices
bemgfabldnatsd eVientssvanteriont aakite fbrizatien pploadss bk estlt inhRvice performance variations.
Facﬁ’&g stth "R RGire thtl&lh@?ngﬁl\%scg in %vglg cfnﬁrgz[ fegggn%g parttae pqpal aminatlon efc., all

variations in rrca rocess Ste resu
may aofengially 3Hct BF FRmpedorpance %ftﬂiledﬁ‘élce Visgeus ol in m@nceessag lne are controlled in
acdogladctl fweth @Erifdringhad mddeseto SrbdﬁEHS prodaﬁl;ﬂig ngmluexv elcomme t@&blled tools include

particle LI may .
ph(;tcﬁgﬂeﬁrta&g%ﬁ}p olls}{m% tﬁ% s ee rf %) ’or rra 519101'% to?lﬁ e P]& é){/c?/ cesging and/or post-
Pf%%rltl&m%mb@ma@ i yyprlisdtopragese scetrrilgrSIffrrrtte teplse Qperating adcipe plardnppters, such as
pro'5esé1ﬁ‘gCtQﬁe§j @06 Rcuttelt IEy e rpfdéésﬁr&ﬂﬁﬁlem&h Sn 1@ pErﬁﬂh'd?r@e model and the metrology

ro variation. controlled too
in rmatr 30 a egtﬁ Olio Oalcﬁfvﬁ 636?1 gﬁ)ﬁvs% ré%xa% PSs closE) 6? Fgaﬁgeh éahfeoqﬁ'pgsmble Reducing
var@gtionhinfilgjs tnarobrsleads krdinetegomisthrbughput.tredutegl. cof®y lgher dreies sdrfagnance, erc., all of

wmﬁﬂgbaémmﬁﬁéwdﬁ£ﬂ9§§§lng netrol ogy data is Supp|led to
ess controllers for the tools. Operating rec

par BT 7S T ffiepyaripus prafesseseelimmy! 5 gracralbybased o GegiE by for the device
beifgy fabrivatedd r Kyc esgipleonpartphibereeds dayetnag hatehetape nifiekhd¥B NORrating recipes for
deﬂl@ Qs totﬁsngldﬁop ﬁolﬁﬁﬁé’ 81319% bé mt aﬂamr chlfrl)lgd% kﬁlﬁg tvargagont about the target

chi eve post - processi ng results as ose
thichapt e1n§§°t‘t?6 gepplegthe Fiéa%é‘iﬂ?fgsqe o0 FTREPLAS Gl sy have an associated
tarjacagge I Theeaetsting eeciperaif glisutithogriphptogh pxlmfor et?eﬁt\rf]eﬁ&h& @tbmatically controlled
hi nce, etc. a 0] I ch equate

¥ |ﬁ%ﬁ§§§g'%l %%gggallt Target val ues for the

var Ibigae §isese gecsise] rp@ﬁtr@rene éheteterrajenibe Birfoynaeesed dhe dpricated devices are
notdesiu@ét wieil rel@srelly Qite h AL fﬂ)ﬁthlSIﬁlﬁ-oceﬂeénﬁ GorheBRES oBlrRlihe Fil test stage. This
lag%ﬁml e fab%c%%‘)rrlto @g dea\‘/E Iesg %ng ?hZe:n?e sut‘rel g%egthE ??af ﬁnag%et ggjcterlstlcs makes it
diffigiy roeldtmpellctﬂg oL thecfehrlsatnwowesa@r abivee thomiforpase siaksol | ed

to fl‘%i&mﬁ thar élé‘&ric?ﬂ p@ﬁ)ﬁiﬁtcet Q@r&ﬁﬁ@i@st @, tspée@k@&?a%t résﬁtance power
e Cr

AN R W ———
chqaaﬁergs@gs ojgﬂe WleviceT hasecopretha tesian) valwe iqy@mingf for the dimensions and materials for the
feafaRROt @Ariaﬁdﬂ@ﬁﬁl@&@tﬁaltd%e%ha@a[&gﬂﬁﬁs Fdnfie {at%gtl ValubEYus gorrespondmg variation in

o R BRI SO S0, 8C L e L 2 9EL o may combie n
additye Sshi@rte pius: theneldetridd trerfonmanee dhhvactqpistich of thacvalell dévives to be degraded or
entkARMmh&Et8E. devi ces are not conducted until relatively

late in the fabrication process, and soneti mes not

unt i Vplcla% tl}erlfeﬁ%ﬂy bF &uore t§t“a‘§‘% set -Pﬁiieélgn gbta{gggva}g%st%éﬁt heppsed to achieve a
parficalor ¢lecaickl parf@harcd ehatdetetisae goal Midbviete, HeeasLEh em&s& m@lflod of controlhng the

1&&&% NS r f

B BELLOUARRCE S APLAEASE b5 BEShd Bl SHvnion, o
or IJ¢H P’e‘t?%fat’rffénoﬁé’ﬂ“ﬁ?%ﬁ& davg Jitficylty reljablycmdeting, lfSttftﬂieﬁt VaﬂOUS factors, such as
tooledle@iintss,Ciad of@fisiRELIBIRGS, e@d]&ﬁrﬂéffe&rtheﬁietf&ﬁlar{c@ adl contfoRSAAfy of a tool. This
vari t?olﬂtﬁggltstar ?gel etrt% RS a’ff atpgelecmaﬁ Ip%rg}lr-rrg ce 061?11:??1%15111% 8P t&i/completed devices in
am@@ﬁﬁk@ﬁPWﬁ@mbﬁemBWW§W@ahﬁH@hamH¢ter|stlcs of the

devirkgseshammticis Hltb@te(ﬂt%%lvfg&m\tél d%%tsleéjﬁlecﬁﬁiﬂﬁ 16 Serek-Rbf, bilk&r more of the

nmse?rg gwand materials for the 25 feat ures.

PIORAF° &t 7708 Fn t he act ual deV|ce characteristics from

the target val ues cAISELQYIIREQGPINMENKIONari ation in

t heOﬁ‘é a@ﬁet:tr df %lpragcglf fn@ern%nig: &erﬁﬂ@t ﬁltbg [hatsthéhﬁh?s pr?laf&’m‘ﬁlgggleast one process

for G8S ﬁ% urality of sources of variatlon
or e s Sl OF G OPEQRIGHR FHcioR perordems Wihewt HoRHIE rope. An elcirca

perfornance characteristics of the conpl eted devices

to be degraded or entirely uhacceptable. Typically,

there may be nore than one set of design or target

val ues that can be used to achieve a 30 particular

el ectrical performance characteristic goal. However,

because an |nd|rect nethod of controllrng the

. Y e Y |
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tool cleanliness, age of consunable itens, etc., can
af fect the performance and controllability of a tool.
wQahdiog/o3222¢ i ati on fromtarget del eteriously affBCI/ES1008029037
el ectrical performance characteristics of the
0 et ed devi ces |n 35 a manner that is not readily
Pef%’é%n%ﬁﬁﬁh@a‘:t?fﬁ?" By PR Bdreawtstt 1y meapHed glicliselperformance characteristic is
compaxed i d t@rget vguedbrrtiecdegtticd]l perfouhGahartgristiol Ablbast 88 irameter of the operating

one or nore of the problens
rec{pggt&% e e&%%gsréﬁlg%%%%&%mz OF | NVENTI ON One aspect of

t he APPRE iRect PRI nveision is 69¢n jiorp systeppingledingtaraecess tool, a metrology tool,
and NednticlRs Perfr@esidag 1s&bnﬂg&1&$ to &ﬁ&np‘ft Qa8 Dhe plﬁ&ssf 8f forming a feature of a

f 146,95 i S S &
senrlé%ﬁcmctalgde@lce S%(% ﬁrdance w1th an atlng rec ’ghe n}iﬁolgpetgctl i cezafigured tp measure an

erati
eleqySaD pRYAMBIEE ZhacRATic wsz@o@megmmconp@hexr Brenetizeed to compare the measured

ele&ﬂ'baf }ﬂﬁ‘&ﬁlﬁﬂé Eﬂaﬁct&fstut e t& Bl abtle Gor k2 HIRAGHeRBmarkd Sharacteristic and determine
rical e characteristic is

t
ot IR e Bh B it P st L SRBTBIoCLy | o
per f ormance charBIEERPESCRIPTIGN OF gt DRAWINGS anet er  of
t he Tﬁ’@ﬁ&eﬂttldn%y bE nﬁlkl@t@od lﬁ/ rgf@xrelﬁzg 'EH tﬂ@gllmeﬂsc Etloﬁl I't]a?(en in congunctlon with

th glﬁparl son. t her aspect of esent vent
e%“é aPﬂn%ifag%f éwhlﬁ#&lmafeﬁaceamwﬁi:lé@gfyﬂ%eoqlemeats ﬁectwhlelgy
t ooFigure § iangimplifiedbibekalidgem. of T henyFcaERs S stéd @l actdSdance with one illustrative

em&gﬁ{ehtg%ggesteguggﬁl&prm at | east one process for formng
a feature of seni conduct or devi ce in accordance

Wi t ﬁlglgﬁ 2 8ﬁéllmg{1ﬁeﬁ aloi;lggqgﬁ@ of Fpatiqief ﬂlgm@ggﬁctpr@(gpysregl of Figure 1; and
conFiggs Bﬁdhl’bligh D234 ErBss &bctioe hiewd 61l 46 allusiR@ivd Bdviva B&ify manufactured by the

ma&ﬁ@?ﬁ% fs'Ee Sotfi:igurg the feature. The controller is

con to~conpare the neasured electrical
per Figierethésea cimplified; Blegks dipgram of zant alieryative \ezibedimdup rof tikveportion of the
matﬁfaetﬁxﬁlfgls%&h]dﬂﬁlgﬁraﬁ rance char act eristic and determ ne
%ﬁ%gtg olso Q %m ggeg IEE‘?( glrag%@ % at M r ec%agﬁ?a‘ckl)&sp?ocess based on a
lem@ﬂﬁanv@mrwnﬂmy be under st ood by reference

t 0 Winge fiel hRwhiBg il @BGEknL | t@nvaﬁf@\lﬁeﬂodlfbaﬁ'&lm éﬂ@ Ce @Rty ﬁ)rl?ns spemﬁc
ke reference

e e D
Shoq}d paundergipadpliot e thabthoddkeriiiagrmimob fpecdfinmmbudiaetis ha gitended to limit the
mveiﬁ&lt t@ rfl‘le' ﬁnﬁﬁ&%ﬁlﬁ NiGsBlodd, Lt Qrp fhe c!)rltllir%t 18 ¥8on € %)?Qq rrgl%gntxodlﬁcatlons

1 resentod3 ventlon 15 Figuré 2 is a si
eq“‘ﬁ? 8’&51( &H’u altgrpatiyss fpllng ithn they spirgand Fféperr%fﬁliﬁ igyeptign; aﬁ@‘efg% bxeth appended
claipf. Figure 1; and Figure 3A through 3D are cross

section vi eWSNfHD]%@ FAR é‘&#%@ﬁ\fd’ﬁuﬁ%ﬁh‘iﬁvﬁﬁ

manuf actured b cturing systemo igure 1;
Fi gElPsérat&ve exgbognrgptﬁﬁq qlef IP‘@EPOB |a@éRscré1e<gbqloa\mI@)fhe Hgrest of clarity, not all features
of aalattﬁdl ragtlénvetatiimbeddesceibid iafthié kecifd@fidni anwf oftcbi@se be appre01ated that in the
{tao?'taw .L,u ac%l}{ilsén%&l%ent lérrogs Jtmil])lelaer?atlon-s ec1€cr oelclrswrﬁ d’nugtabe made to

ow di agram o
acmP‘&tSl?ei developesh sprcibie exls, %ds?é@or@mla@e witbsystem-esthted |andhusingssitelated constraints,

whighewifl Oaﬁ'jl'l’ﬂﬁiﬁ: &e&h}ﬁ&]&ﬁfaﬁfnl t& briother. Wtrdo@er tiNi1 b8 Xﬁ%l‘&t@@thﬁt%uch a development
arious.no alternative

s a
etof ARAERL o SRR Rl oA o B o Eh el o thos of
ordipggy ﬁkﬁlyln thﬁ arghezinghebenefit pitis discomirngs and are herein

desl@effénkﬂ%dtolmguﬁet ad bimpitfled bR Wlagla @ YN %ﬁ]@tﬁ'i@eoglanufacmrmg system 10 is

t hat e description herein speci t
o R e LG e Bty s {3 5Bk i pemincucor
devipes. pHpugahd incuticars degrib®! aditse) osi@lembitd i0f sdrfk@nductor fabrication facility,

the ﬁloml&afs)ﬁot m@mﬂe&laﬁffm}% é?)hetdoco BauE) erhanﬁ‘%ac @gdeh&r'oﬁxﬁén sONB techniques

lé val ent S, and al téernatrves
"-‘e“&g‘i MPIEIn F3YbSARBliSA 19FF Vatigteofi wevkgisees erﬁnaagfac@éﬂ ifyeg ingipding dut not limited to,

appended
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clainms. MODE(S) FOR CARRYI NG OUT THE | NVENTI ON

Illustrative enbodi nents of the invention are
walemansaed below. In the interest of clarity, POI/US2003/029037

features 30 of an actual inplenentation are descri bed

in this specification. It will of course be
MICZIPFACEIArsa EBOTY Aeyices Aisiah sisnaliuostserp Failication spspifjc inigerhfed circuits (ASICs), or
otherGsimiat d@1FE0 drhaBdhniquBd B 40 e | apfte € PEMSrRIidc@Nor R Gchked items other than
send&C 2O, qust be made to achieve the devel opers’

spe0|? oals such as conpliance with systemrel at ed

and Ablwmori%%%mﬁe@wm@dvaeeﬁ spmpaneptssof theyyhangfrchying [systegy 19, allowing them to

excﬁ&n@é’&nﬁﬂﬁtléﬂ"r?héfﬂftﬁdgﬁt?k @R fcRiri Jte%ﬁﬁfo md)da&s%q;}ﬁenuyt dftoomzd) 80. Each of the
Cla a D ef for m
oofgo BB 0k ey eaﬁneh%fwﬁ¥°rﬂﬁ U Y Tragepray Bloots 30-80 e

grohyeed Itar sets v like tagls.che A¢nakd brgletfecad stffirs eFap PxamB, thyr s off gioly 30A-30C represent

tooﬁ K)f h Icerﬂaﬁ t}p@ %u@ir'c{s ar&ﬁ’éﬁh&gm&nﬁnc@%%zgtlogftootl hA%artlcular wafer r lot of wafers
di scl osure, erring Fi g , a sinmplified ock

PrOgfeS S e fihea WL IR Hﬁﬂlﬁ“&‘@f‘u?"?hn?jw‘k%lt B portrging o spec
fungrioo i ttleprocebsiflotvh Exenflans pro@tsivg t@isifadi samiaéndudidi@evice fabrication environment
mCMJﬂ%E} oblp ?)h&%ﬁﬂo%%%e I‘Sagélpth(ﬁsd deep%snflcﬁqulsc g&h@llmég tools, rapid thermal

sem con uct o . adevic I nvent | )
Proggssingr Popj dmeigm'«}tlen el #e iThploelieisB gy Huskated iy & &kl ged Ble srouping for
illut@tivel pagpbseOshlyf. A6 i dckud] impleli@rtakioty €8 tdoBI30486 mBPbe af@nged fiahyeshysical order

or E\@mg‘;%dﬁ% n%Rp[Fﬁ%Skuécﬁ tbhtween gcﬁ sa Eltau %arﬁéougm% are meant to represent

nne n que S esc r
Cm%@“%E§FWEGWP$2Qr#ﬁ¥ﬂ@@?m@ﬂm%@mkbﬁeeéﬁwéwhﬁﬁﬁ&factured
I t eABmanhfdridg b)i’é@].tlmb@ﬁtexﬂ QiEd)istdr @d dfre@ts high Bvéeberation of the manufacturing

Sys qﬂl 91% 4s§rF\>'{(=.:rTﬁfOLrjnso%1g ors the s%%us 0 the v?nous <P 5tge|(s: ?nst ?0 lgm%ﬂfacr:]t’&mg s%tem 10 (ie.,

ev ces, processo
lotss foele P4-BQ) andmoetgﬂserh@@ovwframm of PANGHESY (¢-20 Jots ofséntigonductor wafers) through

the pobdsé Bdw. FEWBRS serveh ﬁ)OtléeﬁWHeg W &oﬁiﬁydaﬁ ke?é?edt?@th@ RS @ the bRious entities

ol R TR B BaTIPER 198 e UGRR 20 AL ORfdfprgtion non o o
data; sierpsoll8.  Elendetz e tirsludd pre hlecqasaamd Pestpracessgetolpsit darm O, states, lot priorities,
acallowng themto 5 exchange information. The

iIIFstrat% manuf a turln system 10 i ncl udes a

pl ur XA § %? inyeg s eprraHon Eﬁéﬁa‘lﬁ‘f‘ disprption Fppreseresig fymppf software, or
algdyithngsoang | sgdbolio repras@mpots ef operaitons hovim) bito withintaccohatemgemory.  These

desWipEghs taﬁl?reﬁ@s%ﬁm{)& ageothe J@?b} ‘QlﬁJ: gh(gg 01]80Qdu@arr§5esk 3??1@ foécmei} convey the

sets of |ike tool denot e ere | Xes.
subfige RALHFPIOR o P Sapdisry Kd Ee b AratRer B S G s g, and as it
use® feneralye s t@icéivel Y, a sSifFedusigtent eqEdn&af etehs lm@ﬁﬁldeﬁd result. The steps are

tho%[ar?qg?iéé Eléa?ﬁarﬁlg@a 1onsAf }H@{u%?i @J%tgl V’(%[la%% Otg(gléll 190'.1 necessarl g/ these quantities

rogresses th
takey &fe rff Ptiset electigal, g mpgnetzfcﬁgmlwﬁpa@e -o8 beipp sipristhrifangiereed, combined,

conﬁjﬁe&;iaﬁd &hel\Qsef hdGlulaRd It Mad ﬂi@veﬂ E(ﬁh@@feﬁt & hﬁw prE%i@ﬂE'f&rryasons of common
usa? él% tFeg% 51%1n|s gs bfltsg ::\%hﬁe $ ?emelﬁi dféne aracFers i€ Ir'l%e,rs, or the like.
phott éllquidﬂve deraphymind, eyysaiersthat @l ofithese mdsﬁnm@epmelatei tghe associated with the
app?o@ﬂit@phy@@i uﬁlhitl&gin(ﬁ 20 nSrely caRbbbnt MR HBlied BUREERSHDG. Unless specifically
tation etc. The toogls 30-80 are

0ol s,
statfcf) Pthgr%qsea{rg &s 1sn a%)arlelg malqla ﬁllﬁc‘JSélmb rtg‘mslsh zrs rprocessmg or "computing" or
"calcyliting't erdti¢turminpgt po'Siéglagny” yor therlikgnefercto ulad action and processes of a computer
sysaeﬂmlr SRR AR compiing BRACS, (2 m§£ apaetraegf&ﬂ@ 9&9 rebfdseBY as physical,

si cal . order oupi ng dltlona

el“&f&lﬁh@wtl&h@thﬁlet{lwé’%‘%frﬁésweb*dwqrwné mepries i %li*er grtptipilary represented

as ydcal@anttied withirefhe esgter sybfom OMMoR&t dr @&pEteksOor tofher el Wediléation storage,
. I nterconnections between the tools

Hm%%?g%gFaﬁﬁﬁﬁﬂﬁg%turing execution system (MES) server

90 directs high | evel operation of the manufacturing

system 10. The MES server 90 nonitors the status of

the various entities in the m&nufacturing system 10

(i.e., lots, tools 30-80) and controls the flow of

articles of manufacture (e.g., lots of sem conductor

waf ers) through the process flow A database server

100 |s prOV|ded for storlng data related to the status

o a1 o ~ N o o Y
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data stores 110. The data may include pre-process and
post - process netrol ogy data, tool states, | ot
w@erioens2ees, etc. Portions of the invention apdI/us2003/029037
correspondi ng detail ed description are presented in
terns of software, or _algorithns and synbolic
r epr®s Esmplty offfforrgption, FEhnes GRG PERGesE OB Famevigrk (ppifpbly for use in the
mafEEkih g Systame MO iy an Ahased Pdbesdleatbl @IPCy ﬂﬁn@vrdﬂ( such as may be implemented
usnrx%?tgg ERS 'i %{El!eﬁgr&fer%& ?;hkfﬁ F nrg:(?rs {,n?y TKVh ¢ (%agysE sa/stené ysef ﬁeémconductor Equipment

Ctlv
an%Mbtsmaés tarnggfongl KEN) (erpiputer @tqgtaf?é Mangfhctysing] (GTAD Yragkdrk cnppliant system

tecﬁﬂ%ﬁglasr tnd Arbaﬁaldgﬂef %HMed qiioctﬁg Qlohﬁcfl r(lAP@) F‘ﬁﬁ@lﬁoﬁ@r SIMABEMI E81-0699 -
is.c ei ved

exBer sisRigrdBE iy SO0 Sl prut BREEHES ARG Brgsgops Provisions

Specédisation for THé Femepek adwenced Roses ¢atfoli Gompenehypsdifivations are publicly available

ﬁomEMﬁ’WhﬁBls‘ﬁ%qtﬁfter%ﬁicﬁ@dmﬁ%@& ties. Usually, though
not necessari hese quantities_ take the form of

opt i’ B%|Pf°°€é?l%gc€1¥% doat Storaﬁe EgIeR: pe drgiist emengsiathp gliffspent computers or
wolkethtivgs is Figmed, to proditesdeadral éndepeioib mmbdntraBiformitipast@abe. afkurse, different
ru i b e BB e 8 B QU8 MR B B st an scope o
theyinsiRiinveniioRhese si gnal s as bits, values, elenments,

Sy mrid sanuEda@iiRCiyees 10 taR6 WBluddd Lhﬁ’&&fztﬁcal (pﬁrarhel'ﬂ@ coit¥6Ber 140 executing on a

wogéré}%%g I‘iISn(%b ?\as ?Qs{;:{ébr%ﬁ%nr%er%gr %taﬂ gaow Yhe elec ? {ehcoPtﬁotllerelﬁg receives feedback

datg Eﬁgqxréipg 'fllva@l@trfgpiwqf@gpncq gg:ﬁ]?eieef gg; tgagxmgteé teviogés g fom one of the tools 30-80
opEAnY & ﬁéﬁblehﬁb&lb sndaieieintiRél ode@r kbR TBerfling 'PJcipE b@ﬁnetegmf @&Sor more of the
too? %% %g ogera%Jn %rocefs et?o?ﬁs 0‘%:3‘6‘8?11“5 easurreé) glg%écaﬁ%esaig%agcg r}‘)‘::iramerte?s may include
contagiorppititnch gme agsis@Epe," drivk curreat ippger ognsumm@n,eemm i pagbralpthe term electrical

perfoithaaiy &Mhd?dﬂlstlcQEferE Ren lel'eéﬁ%al rﬁeﬁgu?eqneﬁt%a{ ﬁﬁca@eg the Q8fofMce of the feature. For
es ..of mlar_ electronic

m@r 00(8 I?u ti % Cv(e)n’c ut dlza %{ t t
PR e Vi B SR i esslrt Bt AP B wRP(eP b Y SR Tefipae paramete
asspaigtad eg it @dtaa§quhey @p\@eabr the @ppdicitipon tbe Guentit tsinetssoviintited, ras it may be

apﬁhaﬁtoc(ﬁ’l{@p Ul%&ﬁcaﬁye?ﬁ)ﬁmlc% ﬂaﬁﬂbt@tg e'}ﬁch(ﬁgkg th%gmﬁé @rﬁltlésr}feﬁcted in Figure 1 are
ot h data simlarly represented as physi cal

shoy & F’% PBY i OPHT H“’fer?éth&‘?)ﬁf%ﬁeé‘liegﬁf’gf”é‘fﬁ HsledRit-es or
reg RSE@D& n@y todigner2, sumjshf’nemlmkm&mammf 8 p@ti@g#E the manufacturing system 10 of
F 1gtn% QH? \ﬁgbldo Iiirogéss gbl§ EJ)anl 0d %e % i s%leyég i%glpéié Q)glﬁ g@ él)g processes wafers

2003/ 037 exenp ornmati on exc

2 PR BB PRIt b0 82 30 irslmaoufeaing i,
Thﬂﬁmlﬁblaciflﬂfel thgs Z0PS2®M2IDN230Sn EmiAgl ¢ antieR AreRic@EBESn (fidnEeOdo Figures 3A
thed: framewor k, such as may be inplenmented wusing the

Cgt al'yst system of fered by KLA-Tencor, Inc. The

Cat ¥ Qe tllvgipisd erbadinent, the poeesiael 2PDis aEqieh (PREWP confisered to cich a contract
opddiag €00l il hiSindultki®s 1@t 310 mélgl; ”(E@gMo)v-k@HIHBME)QB cdnRAEieg ﬁﬂfe@ﬁlng conductive layer
2 Qe i8R o Db LATRUR RS SRR el YR LR Rpmpe o s voicay
gOV(eIAPCQy ty ‘aﬁ‘élvsrﬁ ithe , cojspeindimEpeniFEEmEE 39a phoRreyigi leyenthepugh which the contact
opeR€ &lefchdadhé Qﬁrafu%r re&ﬂe rh BN Kot PRITBI00 (£, Qvtlh LRE %Hgn%)power pressure,

9 Pr ovi si onal ecifica
ens e P 0P AL B (RSB GRERG o S o the contac
opesipgirfaseathé @nisct asigtarpel i thegbrypleadaohtadpieereasts: om SEM
whi g ﬂr&e!?ﬁ@)qj gH)aiE b @Jp@s%oh @oo{\@lld QBﬁigﬂeMo%ﬁ@ thg‘ebntaIt ?%nnlg 300. As seen in

rocessi ng dat a storage functions are distr
Fig ﬁé%d‘éetdem@ma'i°?lf2é? EoFes adBisURsE 304¢-2» BEEIU FRIEEL T I}I‘ﬁ‘de titanium
nitrfdie, 1 Begne LomGingfio0uf tithee) Greline rﬂalcontemd@ﬁﬂﬂgimn asd adgel [een340at.g., copper for a
copb&ff(ﬂr p’gtglilsﬁ{ao dl‘mo £ ?L ten gl resb%mmd fa §§0e nIthE be{}}ilen?aa/ers_’ﬁg Lelps to reduce

rs an erent arran emnen

eleW‘Pﬁ@H‘tﬂ o s areterial gsefl fodifh therpentepgi qpﬁmngéﬁ@(egc eqpaerpifito the fipsulative layer 310.

i nstant invention. The manufacturing system 10 al so

i ncludes an el ectrical paraneter controller 140

executing on a workstation 150. As described in

greater detail below, the electrical paraneter

control Il er 140 receives feedback 15 data regardi ng an

electrical perfornance par amet er of a fabricated
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operating as a netrol ogy tool) and determ nes one or

nore operating recipe paraneters of one or nore of the
wo owk®320+ 80 operating as process tools. ExenpPEr/ys2003/029037

nmeasured el ectrical performance paraneters may include

ont act resistance, |line resistance, drive current,

In %8@@?“%@8 PRIy fe Pestion of g barEisrdpyar 330 ahige bastonof the contact opening 300 is
rengivelq. ¢  usiag othqd @robws swmn o daslsrﬁ;e@cphﬁrtm fotmhifig trles‘e&rlsyet A0 AMthough this feature
ma? Ll&%g f)lje&ﬁlm W%U&ﬁ%ﬂtmg l;'e%& la&eql giog)?(gv?ﬁ? § ? T a Subosgqurl‘?lh gletmg process to

feature. For 20 0ses
filk tWélﬁ%cr SIS TGRSR of i haigjerjged B4}, 1Rt th ticknesss of

thecwompanedts 4rR& |t c&ﬁlﬁcﬁ re@iﬁtﬁrﬁéfﬁi 8 con@&ﬁa@c F&teﬁﬁnp\w Inrh lﬁmer layer 330 including

tltaggmtag{ gitanu%?l BlH‘lde %‘educmgI eqm%knt(%p gf tﬁeD t%%dllﬁgv{rlg%reggﬁﬁ? %étd)f lth& titanium (i.e.,

whilg Ihféliftaﬂéll%%:fixﬁql @mbmgfbthrﬁl@wb&m@ees Fi!a cafretresisginceAl t hough t he

var iTae $ro€dsd tobll 29 1@@@1&1%&901'2@0 Eénﬁ%\fn% t fﬁlr(ge ?ntgl\éﬁlpg?tlé% or electroless

par at e,
plapl?%b g]g gong ct oafnéngtm £ cor%gcfnéer IFXeﬁ%Oﬁ%ﬁl\i CPEP aé alfogn 21 Fl%lre 3C. Various plating
pargmq’qepst, isch @dltetnpenatice, dolatipn avncarfratang eppliedovoligk, fldneg time, erc. affect the physical
f(f?@ﬁeLUohJﬁgtlv% M%&leg]fl %raﬂlf sme? Qhe:i-:e'b&l uffe%tu'ilg 1Ihe$‘ f:(;?llc’a&\/%&?agw of the contact

[ O cess tools
°pet“l’i‘é FHERY: %ﬁnagﬂ)graﬁ‘r%zé é‘%‘%t%%" Wé‘fc%‘P @maez ZFB‘StﬁIBe f or m cont act
ope mhengscetshenl 239Nis a felSlingd6cd e Btizmed to2&kbve gokibns 22 condddve layer 350

extlarﬁBF %%ﬁg tRe ‘89[9);%181% I3gt% SJ S%&lll‘?lﬁ Fi II?»B fPBﬂﬁ&% é)arr]asme%rs stulélleas polish time,

tool's 200, 21 ng cont
doypiuree inghtiing rpad eypesde Relishing, afm Qéﬁﬂ@gonsmagrvweomghﬁwnw, pslurry  chemical
corfodition] fetipdranat, 4., et At of hil@iaPeaees Sifh 9&{10n23@@ oft tfe BRuctive layer

356 (Nﬁll;ln ttl%oéé)al%cq Rgn?r%f d094¢ Feg}olt 0 % gh g en?(;,l%g\grt ?e?erred :f%o.l.ﬁ(ﬁshmg), the contact

openi n I nsu
r“F%M?E“Hﬁ@P@Ctrlc) to contact an underlylng conducti ve

| ay @he madQctlrdg GystemSd Mér@ﬁlud@@'niéﬁélbéy@&nﬁo c&ﬁigbﬁrm%edsﬁ}e an electrical
perF %ECS)M%FT]EI‘VW% a featurel}o \é\é %1 tpet %aéer\%n gln itlﬁtg(? g&odungnt theometrology tool

y ~governe
25%’9 eerEseshid imeeputs lesrriontert fesﬁtmdof the @mphf@dl omtagti3g (shampen Figure 3D). The

mefrd)8e9 UgHn ZWb&hdJsh& Iﬁéaﬂﬁéécéiecmé)a@ BtoRthnkeSpafifetde 18, 2tcr)}ﬁact resistance) to the

elec?uil)ca g}%tralmg% C%o%%%) Eﬁ % ?‘fg\ﬂg(fve tvgg%lg tggFPaéI‘I:lgo 9&:@18% parameters may affect the
congaofreststangeaptf the n9mld®edhamze:t M. &hd dectricd ipartrthater whnttbliter 040 ibtbréaces with one or
moﬁ%ﬁﬁm@%ce@squﬂ 398, 238920, A50 th BEerWin€ bR oPhhork BELE ﬁ%terecipg garameters based

@g ?detj Cr eases, the contact resi stance of t
on REMEANTHEFIRGIt act  decr eases. The process tool 210 is a

depdkd dl4cioal tparahet@ Tohtrolben ﬂ40gnaya@le d @ntrdl medel bfthecoomtotlet process tool(s) 200,
21(9%”@3@9&) &%gnméﬁe &)@ﬁﬁ]ng r&lpe &Q‘M&Ee gh &olﬂi?ol 91%5)&(1)% g’ ﬂe%nveloped empirically

00i O forns a barrier ayer
“S“tgafﬂlt’%i’%hlfm‘f'%me%ﬂ o Agorfinga Feeiéﬂqu%si f %ﬁﬁoatrﬁl mﬁﬁk’% miychs 2 r%w@bﬁ@ph equation
basedondgieln@k.l hiearéxpbriRBBE Wveikifed dvéitpel 4A0) (ﬁ@ﬁﬁo&%mﬁl%ﬁécﬁg 51131095 a state space

o By KGR MO (s prafiPRRRSy b, B ek BERSppi is 0n
moql@éféﬁ p%etwnm Blepfastrpqiuses @Ia%} &yoded 3Bherppoifis mdemeeamneofm@ ‘model may vary

* depaldeg oh ﬂhmn@ﬂe&iﬁg 19¢hnighe st1BRedBtif thdonis 8ddd, Qhefelelc&wat F€ameter controller 140

maf ne;t%n?ngl% ItOP/e(r) lfl%r % gTEfne(ters % r%cezgaglﬁ ]1(%% 2121‘% 4contact resistance of the completed
confacty’ ﬁWO@@P@@Q@@TmPSWC@ blectiida] pegformance garandied i #rtareet, vatubl or the electrical
perf3fahdeQarafted hl@le Qﬁﬁcrula? Eonﬁ@%@eﬁar%?t@peﬂﬁs & Igﬁ{cﬁl&} Qfof Injaceess tool 30-80
bmc%ntaﬁt opening 300 is renoved .e., using o

IEr%F@ §1steps not descri bed) prlor to form ng the seed

| ay&he 8e4Bgck ahth hdlaghi tiyithesmétebbyitoel 250msy BOtised @ YPHAS BE tontrol model(s)
emﬂk@e@i)}l th& E‘i%l%ﬁhgter c-EHt?ollecfel%Sj bﬁyrefgedg’aﬂigd# 90\{1 c(tje%so %th? x?e%rology tools

for a subsequent plating process t the cont

openi ng. The partlcular makeup of the barrler and

| ayers 340, and the ratio of the thicknesses of 5 the

conponents affect the contactéresistance of the

conpl eted. For exanple, in a barrier |ayer 330

including titaniumand titaniumnitride reducing the

thi ckness of the titaniumnitride relative to that of

t he tltanlun1(|. - mhlle nalntalnlng a flxed

Y N Y o " o . o .
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10 paraneters, such as tenperature, solution

concentrations, applied voltage, plating tine, etc.
wa@bdoeos22ehe physical properties of the conductP@BUSEYE029037

(e g., grain size), thereby affecting the contact

tance of the contact ening. CGenerally, a

(nog ﬁﬁ@étga&%% Pi*t%l Beririgios t’fgﬂ‘f‘r @afa%%fo dont %zet@ct opening width, grain size,
planazityi, &t pmayalso Bdsedao gelas the tanabl nidddd, i s a pol i shing tool

230 h‘f%fh@&%g&}n&p sl{omvﬁ%lpéjl ttlL %h%/ia%& K‘olggss ‘t:ogp QH(F ELPO 820 230 may have

| ayer endln% e CONt act op
th35§w’é PFB%FF WFO#?Y@%HZ@I 322, lﬁé? el gpryrgl tbeacrpaﬁtmgé?csve pewrsd@sed on feedback

datp &llle@dd régerdidg the Hlysickd WafaOkE@Bes op b b&tabtmgop @Bk 3264 parameter controller 140

mag Fl etfg'clg W'IE th%sre &rpro?eség (I:olntlroz?lers I O A g%yZh%g? 1{%1?%% hg g%l?agtcrgslxsfag(aat the contact

levelpy élﬂmqﬁum elqsfrlcqtmremeiteatontrehbkﬂ@ @nd thefpregesp omtrplisrs 2850120922, 232 are shown
as §ebzﬁ‘at€ eRiElekC brie VR ndoRYd® 'them3n5a9 bicbhMiRd e a GiRAL Bfity, 9@%&@ @n the particular
nngmm LS reaned (i.e., a phenonenon referred’to as

SRR the contact resistance is increased. The

man Jhmmsi qgroders 2212022021 232 ey cinirall thidterssodiatereirocods agpys 200, 210, 220,
23¢ lﬁﬁéld of BRir Ssgéﬂfl%waﬁci!arée@véﬁE§§M cBlleBtth i@édﬁ&l{ agc?ﬁ’lle elec?rgal \/Ba ]gmeter controller

” er or nce aranet er of feature fornme
Bld co9 “taf?éts C?It“a’saf?Oat B té’ﬁ‘BBH’F REHE Proqeﬁéorrtf@tlfirwag%ﬂtza%|232 based on
the Z@@ulle$ canrifresgtance decltackrFasexueplé, ircone emiiodident! BS tl&cktr&MGaraéter controller

140 RE FORR 'aﬁBﬁsgt e 91@%959 ttar%? xgxg;é %ﬁlﬂ%d ANy tn%% iog’t@llér 255‘%12 222,232 In

netrology t ool € neasu

anoffier FHPHHR Fft’:éhepf’étf‘ﬁﬁé?aé?me(eé cqgtrolleg: ki iy proyiges st ecet}le ‘taé)e operating recipe
pargiinger dedr@inéd Hyaialprodas amedlier 202,0n1, ped, bar 140 As descri bed

abo v S recip ar anmet . af fect .

i he¥§r the %l(-:at ;gsﬁgté%{elg&dgﬂl%e?t ctaig,' 1? t}@ 11{ aocn %&t%nc% were too high, the
electrifal r@tﬂ@@ﬁfr%@ﬂ%éﬁ @ edtan ofiet to @1e |bep etghypine; deterairfed bisthe process controller

2020t the @EME0AROID iHIREE tHRTsizé Hr-hdHoRER Sifenih (ﬁlrﬁer%@&tmgzél&:crease in the contact

eterm.ne. o or nore of the operating
res1gtgrxge fog.%gseﬂuentg tprocesseg wafer& 9?00 n the measured feedback The

eI eé’t qut’ﬁlSH implgmeiiatipe Pmploitgr b Itasget 1 Ginrvaly emtwdimantcthetelegtical parameter

conﬁ‘&@BMOQfoulH REanEOHE 53¢ LaRE: RLOGRIR iBR |o{‘ §1}, c«%@a@b operind)300, and the process
det ermi ne t he operat

conl%zlgt %Qé tweoxrﬂ(j gstermtfxﬁ 8ew ogﬁrﬁt}n&lrec Bame IFFE%& Bf ct E"“\f@i‘”@b e%mllar scenarios may be

ané’mglilt?q forthe sther opsiating recipipatainsterk thahaffect thaearactoesisnam (dei, pedlier controlled
ele&lﬁﬁll'b@ﬂf&h’lﬁﬁe pa-lralﬁﬁte %gcﬁtedmg t‘or {ﬂ@yang% p?ocgsﬂo@lg bdﬁe& M 220, 230.

ti.on ase el I near
o pEHERER ectneeémgﬁweacegw&a%ws o b o sprvice include
polysdida] sheet uesistas on gaid adlieges pEeeprocosss ehat may bé bontrellell Mpdadl SE the electrical
perﬁ)ﬁlﬁﬁ&r}ﬁe%s&ﬂeﬁ) fem:g@mcluae Wn{%t %%M &) d&ﬁﬁl& ate @1dth silicide formation,

al conponent anal ysis
dep tt?f‘ &5 ﬁ?teo%tfw Byelf thickngesesangd E?&‘tel‘.ﬁ(éé pobrsiiyon dersats). Th e
s peTurhihgndwnip [Fizame 13] adimglificdflov QiggraDerel mdiRY fof @brirolling a fabrication process
basg%ggg}%%?l?% ﬁ&trtcazyrr%g ‘nl:é Jﬂ% Ce?%tﬂ:ﬁn %léloerda%ceel wett%ttéur?o%mcea lrg]{sstratﬁ'ra embodiment of
the pueggnt ifpeegtion dt BpvH- n béﬂﬁ’eﬁ% Pirlepst e mees?afwr frping p Seatury of a semiconductr

devic€ kU pefoshed | id tac@dffanck Nyithn@ 6RRALIRC tecip& S IS HABE 10 fant éﬂa%trlcal performance

Y R e —
compyied a2 dasget Ya@a Ifor ﬂp@letfmqal‘mrfeleialpa clarmetedtic. MhkckpEs0}dt Bask oure parameter of

the@f@ﬁtu{getmpsqs&e@mued%&ﬁﬁ%c alifdg particular type of
controlled The feedback

rogess t ool

dat EoXBT ¥ %E‘f%f(‘fa fa{nﬁt&f ‘i‘?%t?"t”‘éfl 148 pterfaist wissene 1pp jrons Of fhe gigeess tools 200,
210£ 33041436 auted t¢ foen dlemntaois 37 Gterhaly SYntroedPhrogesscht kg ntothde level (i.e., the contact
3708 la@&lp!;s'e@ Bl thdBIRIRYLT In%%; &/&hg £ el%‘éxg)c'al gaﬁ'x@t@r Jog%(iilpral% directly controls

data col l ected by other netrology t o0l s

2004/ 032224 PCT/ US2003/ 029037 (not shown) regardi ng

t he physical characteristics of the contacts 370

(e.g., contact opening wi dth;7-grain size, planarity,

etc.) may al so be used to update the control nodel. In

anot her enbodi nent, shown in Figure 4, the individua

~ process tools 200, 210, 220, 230 may have their own
process. controllers 202 212 222 232 that contro

Y e |

o o o o, o e s o



5 data coll ected regarding the physica

characteristics of the contacts 370. The electrica
w@asaneRes controller 140 may interface wth tPEBES2003/029037

process controllers 202, 212, 222, 232 to influence

t he contact resistance at t he contact | evel . Al though
the; GRatat et PR MaripigisaffErteed Eoifit FBioreRroopssiag Starinay he accounted for without
imfsing £&#f Bnithd dbite@ tmta@0Ristatt Faluer 22, 232 are shown as

?ﬁ??h@&)%lcﬁlﬁf lexliﬂo@lﬁmnt? Ekgcl die%g\;eﬁare ﬁlus&r'%ﬁrgpoﬁgyafs Ikﬂl% lﬁ?v%mn may be modified
ami Ppftiendem differens ﬁut emv temwesw@@emﬁ trthese plilted & thegrt haping the benefit of the

teachdrgs hot3r, FUBNerddd) hdS mhltatlm lafe uﬂ@ﬁ@l&b At thilp Bﬁbﬁlﬁﬁ&tlbmld&lgn herein shown,
thterotgdn S ]desbrlbeg i’ the ¢ alms %’fl ecshé 1 goafbeVé I%tﬂ%tj %I ?%chﬂar err?bodnnents disclosed

arget values an

abeyk @y bp eltgredpy m@rhﬁ@@md @b ryegholatiatipns ated@nsidyred dvitbio dredicommtad spirit of the

invkrttidn. CAYAbARLLY, 3R bl oRBion \é\éu%lkl hérBits a0fet BN 8k chidS bSWRCESS
control lers 20 212 22, 232 based on the neasured
contact resistance feedback. For exanpl e, in one
enbodi nent, the electrical paraneter controller 140
may provide an offset to the base target val ue
enpl oyed by the process controller 202, 212, 222, 232.
In 15 anot her enbodi nent, the electrical paraneter
controller 140 may provide an offset to the base
operating reci pe paraneter determ ned by the process
control l er 202, 212, 222, 232. For the operating
par anmet er adj ustnent case, if the neasured contact
resi stance were too high, the electrical paraneter
controller 140 could add an offset to the base etch
time determ ned by the process controller 202 for the
etch tool 200 to increase the size of the contact
openi ng, further affecting a decrease in the contact
20 resi stance for subsequently processed wafers 240.
In anot her inplenentation enploying the target
adj ust nent enbodi nent, the electrical paraneter
controller 140 could change the base target value for
the width of the contact opening 300, and the process
controller 202 woul d determ ne new operating recipe
paranmeters to affect the change. Sim |l ar scenarios nay
be inplenented for the other operating recipe
paraneters that affect the contact resistance (i.e
or other controlled 25 electrical performance
paraneter) as described above for the various process
toolg 200, 210, 220, 230. Exenplary electrica
performance characteristics that nay be controlled for
a transistor device include polysilicon sheet
resi stance or gate voltage. The processes that may be
control |l ed based on the electrical performance
nmeasur enent feedback include inplantation, etching to
define gate wdth, silicide formation, deposition for
gate stack | ayer thicknesses and nmakeup (e.g.,
pol ysilicon dopants). 30 Turning now to Figure 5, a
sinplified flow diagram of a nmethod for controlling a
fabrication process based on a neasured electrica
performance characteristic in accordance wth anot her
illustrative enbodi nent of the present invention is
shown. In block 500, at |east one process for form ng
a feature of a sem conductor device is perforned in
accordance with an operating recipe. In block 510, an
el ectrical performance characteristic of the feature
is measured. In block 520, the nmeasured el ectrica
performance characteristic is 35 conpared to a target
value for the electrical perf-& nmance characteristic.
In block 530, at |east one paraneter of the operating
recipe is determ ned based on the conparison. Because
the el ectrical paraneter controller 140 interfaces
with one or nore of the process tools 200 210 220

P . Y T . T e NN e '
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resi stance. Variations introduced in the various
wEe@emsxeng steps may be accounted for w t houtPCT/US2003/029037

imposing a drift fromthe desired contact resistance

val ues. The particul ar enbodi nents di scl osed above are

illustrative only, as the i“hdMS on may be nodified

andlpraCAMQ&ddkmmﬁkmgerent but equivalent manner s

‘ggﬁg?rp fngnéﬁ a? %st gnegyrc%ceesg %’: I?Orlimlél I’e F ! iglrl]l%vlﬁlugor dev1ce nh %:cordance with an
Iinttatlmm@mﬁﬁ¥mwnended to the detalls of

con %Jsmg DdlecBical §& Sk cd WBirRtRAstRdOMORat@b;NEr than as
descri o re evid

C b Eomepe e phastiEp Sl simce. EMERIR A SHHE Y the clectrica

be al t er pdforansrgblirdciegslicaandl al | such variations are
con ﬁét&lﬁﬁlﬁlg atMalt Iah%ba;aﬁ@teﬁﬁ? B Epe é&ﬁerbhsred & thd J&ﬁlpanson
i nvention. Accordingly, the protection sought herein
is as set forth in the clains below -8 WO 2004/032224
PCT2.US20 0B 280 3 lairfCL AlrilfEs codprisibg:met hod, conpri si ng:
Per bkt of
g s(,’e n]%’ga al{t:}tﬁog?}o gs\r/élgtg ngr:th%Z%tél];oef npqgcggs HQJI}{@ aL gp%ta%gerempe and
Opefké?ninﬁtjlg lateléqstp@e oBer%&gqﬁ?meﬁag obyife encating feeipgs for a subset of the plurality of
per f or mapeeseiatach @k talphisof the feature; conparing
the neasured el ectrical performance characteristic to
the target value for the electrical performance
chaPact efhespathed ofplpin fdurtherepmirisijeiat | east one paranet er

gf aﬂemmmgaedsé %ef&@ie@&rﬁﬂ@@gp&ﬁraﬁlaﬁ &@nparison. 10
e si ng:

i
er PRI Sttt B iyt st oh B Gl o1 't he

feature, each process having an operating recipe; and

det gr m nirRGnddfod bBAEH 10NRreANRIPAIckdD Gas RBER IRIEYal® hissddbBed with a physical

erati reci for subset of the plurality of
chagbigut dE TRt s el UENRRFPEST. 15 5. The method of

cIadﬂwmmmﬁunﬁﬁennmﬂnpﬁmgﬂw@mbmﬂQMHMnmming a base val ue

for dété?ﬁmfﬂg afal feeﬂgorf‘e %Qﬂarﬁ&er Rehe G}?&a@tﬁg re@Pbasdd&h @leMadd! ekt value and the
an offset to the base val ue based on the conpari son:

4. The mBfod of claim 1, wherein the process has a

base target val ue associated wth a physical 20

C hag act erl“hesngi tlﬁ)d gf ¢lztmg% &'I?e &nutpgglurgi oftd?ﬁ:eg%amglsgs%r E(chsg for forming a

rlseS etermnln et se tar e
con%ﬂ qpening 4% eyt terayer 'aﬁew@etce Fith dfiisiereridne dtcive gpppceyy iy forming a first
prof@ay layeelindg thef cofithve oepiag itacddiatice Ofith @ sfasiegeraihg Trd&@e bq&ﬁess for forming a

sec&llag{rgo%gsi\{a%r%%eratﬂe ﬁ:%t{?oce%flii)/% 1th acc%?dfaéce w-mea tHEJ opera‘frérrem%a a process for

wherein rocesses
forratngﬁ @e@g@veﬁad?r t§ %‘PWH@ yé‘lll ﬂ@@pﬁtagbqpexgxpgeﬁ pageyddnee with a fourth operating recipe,
andipFoSeth foF pdhﬁnﬂgabéandu&lvaﬁ%B fdansea Nrtl(h‘l Athk bcrnatcnm@relaéxteﬁtﬂng beyond the

confag olpgnng tuhac@orga%%%zv?:i{hfaotr fih oQeraing 9e01ge tﬁer S sure cr?cﬁt?%lerfa %‘%ﬁ aharacterxstlc

e con openr ng CCO nce
furthyy eqmepripes g contacti reséstancg Obthe e, fé detdrpining thy atdeastope enadting parameter of the

opeffi s FoRY ﬁibse@yfeﬁe }f'l]tﬁﬁ gf of ﬁ)ﬁ)EesQE Rk ts.onhp@iYe@ ﬁetérfﬁmmg at least one parameter
ir recj process,
of i g onp g ¥y Sac%ﬂgrta&étﬁﬁwgte %‘%P 92 BRSO PP Spmparisqn.
the contact opening in accordance with a fourth
opegating systefn! (R£100), comprising:

a process tool (30-80, 200, 210, 220, 230) configured to perform at least one process for forming a

feature of a semiconductor device in accordance with an operating recipe;
a metrology tool (30-80, 250) configured to measure an electrical performance characteristic of the

feature; and
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renove a portion of the conductive |ayer extending
whegoask2ehe contact opening in accordance w t PCHUB20D$/629037

oper ating recipe the neasured el ectrical perfornmance

characteristic further conprises a contact resistance

of tAFERTOlH (Kt coniigyeed ipetompars e Mepsirereslegtricd] pesfrmaprecharacteristic to a target

oper at i ngalpafoatetletricaifpeifdi@ancOariaddrisfiOnl 8GérRRS af 19t oBe parameter of the

subset of .t he Fgggﬁﬁ%xmg&) aI%gesses further conprises
deternrnrﬂ % ast one par ane of at | east one of

the first, second third, fourth and fifth operating

recizpes hase,&exﬁ n1e, heo)réﬂrmﬁr@ B ¢ r1§n8g a%l%l%t &fsz}o(;e"sQeools (30-80, 200,

[ ss .t ool

216 902 Bl o et S vl of Bibois o ramdle e : 5B @iogess tool having an
opgrging fasipen Vrbgre!a thef eatrelkeismbnfmms@m Getnoive ttoleasdend i op@ating parameter of the
opRAOFEFR € a WibkdhofBik PARAIGAE b sst&ateBEn e d¥plEB) 09y t ool

(30- §o 258) co%frguregakg n§ESufe %n gﬁ@cf&?ca

performance characteristic of the 40 feature; and -9

WO 3004/ 082 82m POT /1520 013in0& 9N 37in aheCdftdlled (Ilal) coulp9ds a first controller
( l4@%ﬁ 'thg E'}rsl%q ﬁtrﬁler(r:glﬁiﬁégsed sEcJar?d Jgﬁ?o‘ﬁéfr(ﬁ)q fﬁ %E r2'3@% sor%rated w1tPI the process tool

Op aracteristic to at va
@ %Oe%OPr%le A p?éP)r 158 RGBS A HEin6 AP PevcActhelereesi Trapearametor, and
whéreigght fisrventpderdmp) i tonfifurddiedeteiiifd A loffidgto iR Ghsd QaliRASLE ordtRe comparison.

the conparison. 5 7. The system (10, 100) of claimS§6,

further conprising a plurality of process tools

(30: 80 ﬂ'ﬁ)systelgitp lg)zgf clm wheypift ﬂlgmor@t@ll@rdlﬁ)@ jcfmnrisas @ first controller
(14p) and &k kyistym Qfo, PIOPRAKS EGnpkices b Qcshdch@ofi® @lopl ey, 2@@@2) configured to control
the@FoQ& ?]](5(9 gH 26ba¥ n920a£13 blcr)lelgcror tall%cg ?/h%; ﬁgasgfafqet \gELF asaﬁ;i:@telc? with a physical

I'S Confr
Chaﬁﬁsfé“rlsﬁf phriy fprdiren mt@rﬁr@fwmh@r (169 és fathiengpnfigacil predstefngine ag offset to the base

targetNase basaf onttﬁk&oﬁi)dﬂlﬁrﬁﬂ ah& e .Q:f:onﬁ COHEERS £92, D36 QQZ Qﬁ) ¥sr&gnﬁgured to determine
[ ai m

the \%ﬂgf@t onelbllpa{aﬁwtercogF1 e P%ﬁra[tlg% re{ Be AP@aed rbtﬁ%k}afe t@')get é{al‘f ain%tlhe offset.

controller (140) and the systemfurther conprises a

second C @ﬁg iy@énl b, 10 8)2 iél%l%]i% bvr(l)hgr%g 'the%gégl}e c%ﬁ%%gi aat}aﬁ%stcwla&d%e electrical
et e “rfrs%a%r SPRHE " BAZ o A PRl ol R g et Brmigr and g

VdWenm@eﬂparaneter, and wherein the first controller
(140) is configured to determ ne an offset to the base
val ue based on the conparison. 15 9. The system (10,
100) of claim6, wherein the controller (140)
conprises a first controller (140) and the system
(10, 100) further conprises a second controller (202,
210, 222, 232) configured to control the process too
(30-80, 200, 210, 220, 230) in accordance with a base
target value associated with a physica
characteristic of the feature, and the first
controller (140) is further configured to determ ne an
offset to the base target val ue based on the
conpari son and the second controller (202, 210, 222,
232) is configured to determne 20 the at |east one
par anet er of the operating recipe based on the base
target value and the offset. 10. The system (10, 100)
of claim 12, wherein the feature conprises a
transi stor and the electrical performance
characteristic further conprises at | east one of a
pol ysilicon sheet resistance paraneter and a gate
vol tage paraneter. 25 -10
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