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manuf acturing process. Oten, ~ 5 sem conductor devices are staged through
mul ti pl e manufacturing tools fox rnultiple :processes) generating data
relating to the quality of the processed sem conductor devices. Many tines,
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o o o,




'S DI SCLOSURE OF | NVENTI ON I n one aspect of the present inventzg i@ﬁ Shod
is provided for control of final critical dinmensions during préece ngﬁ

sem conduct or wafers. A~manufacturing run of sem conductor wafers ~ is
processed. Metrology data fromthe processed 20 sem conductor wafers is
acquired. A final critical dinmension control adjustnent process is
performed using the acquired netrol ogy data wherein performng a final.
critical dinmension control adjustment process further conprises cal cul ating
a final critical error based on the netrol ogy date, and nDd|f¥|n at | east
one 168412061 i nput -paranmeter in response to calculating ~

critical dinmension error to approach a 25 t-arget critical dlnen5|on. At

| east one feedback/feed-forward nodificafi-on process is performed in
response to the fatal critical dinension control adjustnent process. In
anot her aspect of the present invention, a systemis provided for control

of final critical dinensions during processing of sem conductor wafers. The
system of ' the phesent fanwerkt Tionmadbr e si gamealbttalpardefasi ti on process
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the etch process tool el ectr all34.l qoupl ed to the
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met r ol ogy dat a; an Inal critical nmensi on. control "al gorithm unit
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critical @i nension control algorithmunit being capable of cdusing the

conputer systemto nodify aﬁsmﬁﬁ};mmﬁ}rol input paraneter in response
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error relatin toa rocessed sem g difying a control
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di mensi on er r @ftica élmg@wemfféa@ﬁtﬂﬂéa@fﬂssdwéeropmpam ealcefiing R ﬁafﬂd feed forward
adj ust ment  dakdicdd &Re basdd 30 Fhe SdttolbgAfiB) and mbdifyisyal lei diEOEkDApRI r Or, t 0 approach
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i nventi on__may er st oo erence 10 w ng description taken
in conjuntti oﬁ“g%c’i‘tﬁa {Ensige &% }‘“r%%l‘f‘ff/f“ "é\ﬂﬁr\"f‘gds‘““‘ifff‘“W%ﬁS i ke reference
nuner al' s i denpabrped ik kegporsd te trefmelsritice] didherision opfviolafijustmentplogesr e 1- i | | ustrat es one
enbodi ment of t hen Rk e&mmesebtynvm& psryﬁe%ﬁmmldsuvf@rebd@rbf, Figure 2

illustrates a_sj ie i ine for. performng the 30
met hods t aughf™ chaih=":)'sr’°e"gguﬁ' °°°“‘“ f gfmeongie IR%RSEB Bt T 24 JAN 2005

16- 01- 2003. Lﬂrm.ezzlswm opy Epmgrisg: wq%mma*tné@cessawkomw ¢ffigpesifingi agr am of a
processi g | i oged ebstanfrapdnrstifatethf p kealcaldictohe g aplosoligatdgredi ng; Figure 4
illustrates acapabxgx\rdaﬁmgn{cmae@%ﬁmgmgoﬂﬁesg nd}&ot,u Sy tea ght by the present
inventton; - wb Figure 5 illustrates therr detal ) a flowhart
representation of performng the steps of processing sem conductor wafers
and acquiring netrol ogy data) ds described . in Figure a; 26 AVENDED SHEET
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2 4 JAN 2005 WO 02/ 09170 PCT/ USO1/ 22544 Figure 6 illustrates, gi IAH‘{ qm

detail, a flowchart representation of the steps for performn he final
critical dinmension control adjustmmt preocess, as described in Figure 4;
Figure 7 illustrates a flowhart representati on of one enbodi nent of

perform ng control input paraneter nodifications; and 5 Figure 8
illustrates a bl ock diagramrepresentation of a systemfor cal cul ating
final critical dinensions and associated errors, in accordance with one
e”bofg-ﬂ%bgs()f the present invention. Wile the invention is susceptible to
vari ous difications and alternative forms, specific enbod!SP8#544 t her eof
have been shown by way of exanple in the drawi ngs and are herein described
in detail. It should be understood, however, that the description herein of
specific enbodinments is not intended to limt the invention to IO the
particular forns disclosed, but on the contrary, the intention is to cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope of tHeess fpolefapable 9t efding @¥cpsp apterisl requlies Sgypesereitint ofl td ns. MODES) FOR
CARRYI NG OUT TieliGcdninoErNTAEONY tht bivstithaizphy @ook liast siRicEneQhtette | Nvention are
deSC“ bed b_el Oé“ch-olxi@all; h(«‘guﬂ_lc@t &' &&t opftheclnagll ao}(dsiti&o%ro@lss.l o];lealgur es of an actual
i npl enent at i onhaurﬂ%ﬂdeﬁyctrllbed in this specification. ,ft_’w_ﬁ | of -course be
appreci at ed t AP 1 RETRE 0520 B &FHomeress foolowher phe srappe icleralis enbodi ment ,
numer ous i Apl enashie Ysinding-atipsiondcpnroldesipinprso aust hdrehikgeitiio achi eve the
geV_el opers' | S pasdsf todl, ﬂ@@ﬁdl&mog&bl@hqﬁﬁxd%@@ﬁo@é@ﬁ%l;@c&ﬂut&%?s}eﬁq rel ated and
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m ght be conpl®¥¥olitsdhe mpdhiae interfes #erpne Birplomyingl cerrldviieachelitsss be a rout i ne
under t aki ng f grclakdasiéon piocesilf, theaphytoligkigraphy toal) addlie eteh frocdarwdl,ig t he benefit of
this di schostHnRuologf) 0bh6did ABfable BRMNuihh Sk ofld: ALES TS L@t are involved in

semi conduct or gpEnuf 909%0‘1' '

n i e em copduyctor devices are stepped
through multiple nanu a%l%ﬁ%ﬁﬁwﬁypéég@%%%%ﬁy “\ﬂgﬁ“g&‘-’ t°6PWEf er variations can

result in an SUFPURe B cHispl-dimrsion rared deeritm elikeibprardileof @esing One process t hat
is affected i $cthguphptenl tb tabify niaplwncCdohtil is@i paflindi® MSesPohsdbocess. Criti cal

di mensi on T o7 i bl ikl SHRAN BRI 0 3R 4 RN EAAAIELGL MANUTACtUring. I
particul af, cpifpcal; ( i ensi 8{1 fgrrra Lo | nyol ves measuring desired
critical di mensi ons cONpar et &54PYd &3 eytgal dimsusio ke i ons on

sem conduct or PEIBE Gree) cfiticah dmesgienu act uri ng processes. | nprovements in the
critical dimensi om spuecemst o o lpscke @Fttitn, klepSls 3RVEAIwnRRANANCEMENt S, N

teens of . qual ldujrisdiobic G GYontolilye S5l SANT UELOD, ABOULACTUT I NG processes.
The present I pvent | on provi des met-hod  of |rrpferrenf’| ng Sut omat ed error

€s a a . | .
correction fof AEPERS FEUTRMEP dyyieizat podidne acamolipvERIRme ievi ces ar e
processed®i n EPAEHO FAine palding mitical immginterorsd gagrag anuiberofof i nput control 30
paraneters.. Thdbdkjand @ed fofvakiia@ibtufint Sata RRE uRARRGIEALA Bloeds® PY €SENt i NVeEntion

i's illustrateghy, f3pRRe : BERSH . Sem conduct or products 105, such as
sem conduct or \Aféfqgrfps, gre Sr(g:gg@;é%ﬁ"on processing tools 110, 112 using a

plurality of control input signals on a |ine 120. In one enbodi nent, the
control input signals OMIERRESCRIFHONODTEREBRAYERNGS t O t he processing tools 110,

112 fromis COMpb@ionSi beRikBO ayiraermgmmnmgg&&g‘m@(% 5, 117. In one
a S

enbodi nent, t £ A d chine |nte c , 117 are | ocated
out si de the pcpﬁucgtg’gﬁl%%?gnﬁg&ﬁ%,ﬁfﬁ i Whiogdike, ppfesiediumiently ve enbodi ment, t he

first and secBAH Haerine @it Wickaces 115,117 are | 6cated within the

processi ng t daks ! LgGates bicdmbobiime biohe aisa hgkey) the prbsBR mcREERUL €r system 130 sends
control i NpUtFigtil BNBlsBat A sBupliffel YiackarOorl O t.1€ il ISt apd.second machi ne -
interfacgs 1 SGgfhodIE aé‘;lt‘b The ggnpuf%r%l (gya mé’%%"féﬂ" g’ﬁﬁfﬁﬁ%“.ga&mnuf acturing nodel
140 to gener at e ¢ RE“EREPEF MBI signals on the line 120. In one

enbodi nment, the manufacturing nodel 140 contains a recipe that 40

determ nes a plurality of control input paraneters that are sent on the
line 120. -3 2 4 JAN 2005 WD 02/09170 PCT/US01/ 22544 1 n one enbodi nent,

t he manuf acturing nodel 140 defines a process script and input control that
i mpl ement a particul ar manuf act uriAg process. The control input signals on
a line 120 that are intended for the processing tool A 110 are received and
processed by the first machine interface 115. The control input -signals on
a line 120 that are intended for processing tool B 112 are recei ved and
processed by t heveEnoRINGHEETChi ne interface 5 117. Exanpl es- of the processing
tools 110, 112 used in sem conductor manufacturing processes are netal
deposit tools, steppers, scanners, step-and-scan tools, and etch process
tools. One or nore of the sem conductor wafers 105 that are processed by
the processing tools 110, 112 are generally sent to a netrol ogy tool 150
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25 control input paraneters on the line 120. In one enbodi nent, the fé%gl
critical dinension control algorithmunit 160 is integrated in?d-ﬂAN o
conput er system 130. 1n one enbodi nent, the final critical dinmension
control algorithmunit 160 is a conputer software program enbedded into the
conput er system 130. Cenerally, the feedback nodification of the control

i nput signals on the line 120 are perforned on photolithography processes,
such as |ine-wi dth adjustnents using photo exposure dosages and |ine
profile 30 adjustnents using exposure focus nodifications. Feedback
nmodit{sigganpon of the control input signal on the line 120 c&$0#28b be
performed on etch processes, such as etch |ine shape adjustnents using etch
reci pe nodifications and etch endpoi nt adjustments.- Feedback and
feed-forward adjustnments are made in order to reduce the errors in the
final critical dinensions of the processed sem conductor wafers. 35 In the
context of a manufacturing process, such as a stepper process, the control
inputs on the line 120 that are used to oper at ocessing tool 110

i nclude an exp#igtit & itigistss & rpified s oha pgﬂ”?sé"ét’m%r‘ﬁd’p SH8 huner i cal
aperture si gnabhotoithogasty pbmiggoher ence si gnal ,. and a wafer stage hei ght

si gnal . Generabwemrsrrgrs% BRSRCh ARGk heifis @¥OGUEardase signal and the
focus offset signal relate to one particular exposure process on t he
surface of the'V%W%h‘ bei ng processed in the exposu tool. One of the
primary feat ur Egue §illgmteship fhe dﬁ?"e%éﬁ?““f*ﬁ?’éﬁ'ﬁ?“&‘h" Pﬁ‘?’a‘n‘%ﬂ‘erret hod of updati ng
control input sip§érateSessing sdmivendhcton@afctsd0d doquiringospdees datd, & deseribethal ysi s of

external variaflggs.,, 24 JAN 2005 WO 02/09170 PCT/US01/22544 Wen a
process step in the processing tool 110 is concluded, the sem conduct or
wafer 105 that is being processed in the processing tool 110 is examned in
a review station. One such review station is a KL, A review station. One set
of data derived fromthe operation of the review station is a quantitative
measure of the critical dinmension error (CD error) that was caused by the
previ ous exposure process. |In one enbodi nent, the amount of 5 CD error
relates to the over-exposure or under-exposure in the process that occurred
on the current layer of a semi conductor wafer. In one enbodi nent, the
anount of CD error that occurred can be attributed to the control inputs to
a particul ar exposure process. The control inputs generally affect the
accuracy of the process steps performed by the exposure tools on the

sem conductor wafer, The control input signals affect the neasured critical
di mensi on and the posrtron of the sem conductor wafer that is being
processed. Modifications of the control inputs IO can be utilized to

i mprove the performance of the process steps enployed in the exposure tool.
I n one  enbodi ment, the nodifications to the control input signals on the
line 120 are based on the effects of external variables on the

seni conduct or devi ces .bei ng processed. .Turning now to Figure 2, a bl ock

di agramrepresentation of a nore detail ed enbodi nent of the apparatus used
to. inplenent the teaching of the present invention is illustrated. A wafer
205, such as a sem conductor wafer, 15 is sent to a netal deposition

" process tool 210. The nmetal deposition process tool 210 deposits at | east
one layer of a netal, such as alum num onto the surface of the wafer 205.

- Manufacturing .data, or netrology data, that results fromthe netal
deposition process is acquired by the netrol ogy tool 150. The netal
deposition process netrology data i-s then sent to the final critical

di mensi on control algorithmunit 160. The wafer 205 is then sent to the
phot ol i t hography process tool 220 for photolithography processing, such 20
as patterning netal lines on the wafer -205. Metrol ogy data that results
fromthe photolithography process is acquired by the netrol ogy toot 150.
The netrol ogy data acquired by the metrol ogy tool 150 associated with the
phot ol i t hogr aphy process tool 220 may conprise data such as CD error. The
phot al i t hography process netrology data is then sent to the final critical
di rension control algorithmunit 16f Subsequently, the wafer 205 is sent
to the etch process tool 230 for etch processing. In one enbodi néent, the

et ch process conprises a reactive ion 25 etching stage. Metrol ogy data that
results fromthe etch process is acquired by the netrology tool 150. The
nmet rol ogy data Sgﬁgﬁ §§ Q %he metrol ogy tool 150 associated with the etch
process tool y’5 ﬁprrse data such as the final critical dinensions of
t he Iine-mﬁdth t hi ckness of the netal lines on the wafer 205. The etch
process netrology data is then sent to the final critical dinension control
algorrthnrunrt 160 for further analysrs Referrrng nom1to Flgure 3 a
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Turning nowto Figure S, a netal deposition process is perforned on at

| east one semi conductor wafer, as described in block 510. In Qnie JAN 2805
enbodi ment, the netal deposi tion process conprises an al um num deposition
stage, -20 as known by those skilled in the art and having the benefit of
the present disclosure. Metrology data reflecting the accuracy of the netal
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of Figure 5. The acquir ¥ ﬁ@ﬁ) UTT&WW‘P ¥e data such as the
netal line t hﬂké%ﬁesenbmfepfépeuenwm depnmmlq“cmt@rmtmfﬂaeuap@il fadturgs pfire
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critical cant sl on orith '’ bl ock 610.
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critical PHF%WO‘FF“% i ebgiRatiah lpfignesmepiin ity fides plogyalitg nddefEsiencyie cherhippudsktck 620 of
Fi gur e 6.mafifpcturplprbagdsist The gresard inyentfon prows s nisbbd oDinplepyentihg utomaederr@ Gotfpdtibiste dat a
such as tvaertb-vit@ v@ehd | €, circuit critical dinmension, slope, and the like,
associ ated W .88 §d eglmg ogggitu(‘)a dosage. , Subseguent Inyénpbw(t’}mlpettﬁgrgr jprocess

metrol ogy data |s corre of gani zec Tn relation i‘CuUfl ar

manuf Zct FFFHES "f‘*é“gB‘thg@ﬁ‘F“c'oPPd G‘E‘W}?“%%P‘%“’m Iyspfions é‘“sfrﬁ@nm?e‘?r?’[ﬂb%b@e‘%he final
critical sefimspetdr graduete HISysadh andenyiomiluctonmalenyi are pi@6sed erspraiesimgrtiobatd, 112 viegack 630 of
Fi gur e 6. phikltgofebntbl iplitGigRE Sn Miie 11| BOye EBbdaneAPe @ﬂtﬂnﬁﬂlﬁ@naﬁaﬁ e BGH arS t he

metal |inRg &)Mecisko%sﬁé 1RBI9E hBLAM aVUoﬁqtﬁteﬁsyR&{ HOQ/Hlnﬁghmg ,dcgrﬁlpqwtm i The

final cr|t| al gensjon contro calcul'ates the
final critl g“él rren5|58° g q’mfﬁtérfaf)els glg’elé °°§t3#ﬁ‘t8%eﬁlﬂﬂr8fe§5’f’g%sf1e?’ ald uses
the nt r&ﬂwﬁﬁéP%PWtﬂﬁﬁfﬁw%@%@W fnierdhors it 1 e Ipceipst ithip the maepestingrioplsi n 10

order tolredzice errors in the final critical dinmensions and approach a

target final ]ﬁ'bﬁetehlgdaimeﬂjtﬁ%ﬂuf@fbysteﬁaslﬁj@@gEdnpcﬁgxpdt Q,FQL Rkin 159 ttho fE;t g&ar e 6. The

met r ol og S he fina

al gorit h}réq %ﬁ%gch%&g&ﬁacglg i Rgcm fat 3 Stem{ ené%k’yf ?fnamt’ ﬁ““&"f?ﬁé’ggp‘w? gce?‘?gtedepom t ed
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associated wth a particular photo dosage, and the netal Iine t hi ckness
associated with a particular etch endpoint tinme. The final critical 15

di mension control algorithmunit 160-7akes a determ nation to nodify the
control input paraneter of subsequent processes steps, such as adjusting
t he photo dosage for photolithography processes and the endpoint time for
etch processes, based upon the anobunt of error detected in the final
critical dinmension. Figure 7 illustrates a flowhart algorithmused to
determ ne whether an error in the final critical dinmension warrants a
rmdl f| catl on to the control |nput par arret ers of subsequent processes. 20
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15 send-ahead wafers receive a nom nal photoresist etch tine resulting from-
a characteristic resist trimtinme seen in previously processeg 1&2@@‘3 25659
sanple wafers are stripped and the FICDs 805 are neasured A pro

controller, such as an APC controller, -automatically reads these FI CD 805
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requi r es usit $@imdeoapreraaivgdnd prograh eibediitd imonie @ihpuDyemI3NpPl e wafers to be run at
initial tine &ReraMonAggbdit Q&ﬁ%catitnp&sthecﬁﬁ}mpﬂpuf H@a]pgﬂt @ ﬁle_tlb@arg b%ecggﬁ are

measur ed . initial_child l.aot. . The FICD 805 data.is conditigned to
pr oduce E%%Bth%%??ya@c%éee%c%&b% el'_“ﬁ ﬁdé%néssﬁ'rn - H%’%t ex’l’:"é‘ﬁ ‘rircﬁatgfsoaﬁd % y r‘(?%{Pet hm
secti¥n GUVEPHErORPOTHer sTRdidretqns Fardbeptaadifitation phteecentip! inppsienst 8k isy20mo di f yi ng
t he par ammtalsy beerfoned orfetph atoéeses, sBoh:as qidh lifelsIBp: ddinstmeats tsing Bchiyecivt modHfpatiatsiagin 3 The
pr edi ct e@cH dnfipdind alljudiniehits. t IR QIbJIRINE Rebd-frbrd bfustEltsQfe FHadt@ordRY 1o FaRRE ik &ioRGh tRN €rr or
function ﬁgglmglmmngﬁlgﬁgb%@am%“@ doPhasiz, (FICD target- FICD predicted)Z
Equation 4 over the discrete set of teasible resist etch times as

determ ned by RVMS values of twin and trmax (see Equation 5): t =(tmrr, tmn
+ 1, Pmin + 2nthe contexgpfia manufapiiringprocess suh 3 ePpeppresels de exirdl inputseof fhpling 129¢hatt he nodel
equat i on aewed totop@atesitixt prazéssiigi t6vk 510 tincludeSh Bosind @ost IRl f6tuPeHs@ WEHaE & m@eriiIEqUAt i on
15 FI CD, feRfd £ch 0 pmtidf bohérend signd, 4nda vfer stabe Sbal0 Gerrally) GroRHsGfllea hiRlme! S €t ched

with resis ch.tinme ti, t resplti F bar values are asured, the
par amet ef'xP%:s s up gtméddt?]e fz'icﬁf:l&getﬁ’ V?T/}J g t?:{ﬁ]’%f‘? pﬁégfa%exﬁ?s‘gﬂﬂﬁcésﬁ % %? s{kﬁ%o A%t | ot,
Wi th contPFPERs BipFessst it the expstreioglt O9%0f|ths Fpmantfedtyss faught Ryrfhe nresenbinentionfsadi ment |
Fl CDs4080 Bethad of uriatiigengl inpyt signalgeni theilineal R0 igltesperacd @analygas extenaigartatiesl  known as
Opal ; at nine sites across the wafer. For a given context of product type,
et ch chanber, and quarantine tags, these FICD 20 805 neasurenents are
conditioned to inprove the estimati om-of true FICD 805 val ues. In one
enbodi ment, each set of nine measurenents is exam ned for "outliers" by
determning if any of the individual neasurenents |lie outside a "normal™
range of variation. This normal range can be determ ned by several
different nethods, with slightly varying results. In one enbodi nent, the
"Box plot" nethod is used. In addition to outliers, zero values are

di scarded. The nunber of remaining nmeasurenments nust be greater than an 25
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24 JAN 2005 WO 02/09170 PCT/ US01/ 22544 bl ock 440 of Figure 4. In one
enbodi ment, nodifying a control input paranmeter conprises nodilf 4 Jad| 33[)5
deposition tinme period to adjust a spacer width during a spacer deposition
process. In addition to inplenenting the principles taught by the present
invention for manufacturing of sem conductor wafers, the principles taught

by the present invention can be utilized in other areas of manufacturing. 5
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| east one control input paranmeter in 1.0 response to calculating said final
critical dinension error to approach a target critical dinension; and
perform ng at | east one of a feedback and a feed-forward nodification
process in response to said final critical dinmension control adjustnent
process. 15 2. The nethod as clalned in cIa|n1I mherein sai d nmetrol ogy
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25 wafers (105) further conprises: performng a netal depositi :
sai d sem conductor wafers Gl05); perform ng a photolit hographyffﬁ m&gait a

time period that is subsequent to said netal deposition process on said
sem conductor wafers (10S); and perform ng an etch process at a tinme period
that is subsequent to said 30 photolithography process on said

sem conduct or wafers (105); and acquiring netrol ogy data further conprises:
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described in block 510. In one embodiment, the metal deposition process comprises an aluminum deposition stage,
20  asknown by those skilled in the art and having the benefit of the present disclosure. Metrology data reflecting the

accuracy of the metal deposition process is acquired by a metrology tool, as described in block 520 of Figure 5.
The acquited metrology data from the metal deposition process may comprise data such as the thickness of the
deposited metal, the sheet resistivity of the deposited metal, and the top reflectivity of the deposited metal.

After the metal deposition process, a photolithography process is performed on the semiconductor wafers,

25  asdescribed in block 530 of Figure 5. The photolithography process comprises generating metal line patterning on
the semiconductor wafers. Once the photolithography process is performed on the semiconductor wafers, the
associated metrology data is acquired, as described in block 540 of Figure 5. The acquired metrology data includes
line profile, circuit critical dimension, slope, and the like, associated with a particular photo dosage. Subsequently,
an etch processing step is performed on the semiconductor wafers, as described in block 550 of Figure 5. In one

30  embodiment, a reactive ion etch process is used to etch aluminum material from the semiconductor wafers.
Metrology data resultant from the etch process is acquired, as described in block 560 of Figure 5. The acquired

_metrology data may comprise data such as the metal line thickness associated with a particular etch endpoint time.

Tuming back to Figure 4, once a manufacturing lot of semiconductor wafers are processed and the
associated metrology data is acquired, a final critical dimension control adjustment process is performed, as

35  described in block 430 of Figure 4. A more detailed embodiment of the step of performing a final critical
dimension control adjustment process is illustrated in Figure 6.

Turning now to Figure 6, metal deposition process metrology data is correlated and organized in relation
to particular manufacturing lots of semiconductor wafers, and are then sent to the final critical control dimension
algorithm unit 160, as described in block 610. The metal deposition process metrology data may comprise data

40 such as the thickness of the deposited metal, the sheet resistivity of the deposited metal, and the top reflectivity of
the deposited metal. The photolithography process metrology data is correlated and organized in relation to
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range of error values associated with control input signals centered proximate to a set of corresponding predeter-

mined target values, for which generally controller action is blocked. If any one of the errors acquired from the
30  product analysis station is smaller than its corresponding predetermined threshold value, that particular error is
deemed to be in the deadband. One of the primary purposes of the deadband is to prevent excessive control
actions, resulting from changes to control input parameters on the line 120, from causing a semiconductor
manufacturing process to be overly jittery.
When a determination is maﬁe, as shown in block 720, that an etror corresponding to a control input
35  signal is inside the deadband, that particular error is ignored, as described in block 730 of Figure 7. That is, when
the value of an error that corresponds to a control input signal is found to be in the predetermined deadband, that
particular error is not used to update its corresponding control input signal. In one embodiment, when the error
data is fietermined to be inside the deadband, no changes to the control parameters are made based upon that
particular error data, as described in block 730 of Figure 7. New error data is then obtained and analyzed, as
40 described in block 740 of Figure 7. In one embodiment, the steps described above are repeated for the new error
data that is obtained.
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t hat arriving at poly-gate etch to be processed in the same chamber. The context for the lots includes product type as

well as “quarantine” tags produced by step change events, such as maintenance actions, in photolithography.

30 The control model defines the relationship between the control variable, a conditioned FICD 805
(FICD_bar) measurement, and the manipulated variable of photoresist etch time. This relationship is defined by-a
polynomial function (see Equation 1):

FICD bar=c-a *t?-b *¢, Equation 1
where 2 and b are model parameters determined from experimental data and are part of the formal specification for

35  this process. This formal specification is versioned and requires approval to change. These constants reside in the
Recipe Management System (RMS), along with the process recipes and other parameters of the process
specification. The variable t is the photoresist etch time, and ¢ is a parameter that is adapted to the current state of
the etch process.

At initialization, the process controller output is a fixed “default” value for resist etch time, t,. This value

40 resides in RMS along with the initial value of ¢ and the FICD 805 target in accordance with the model equation
(see Equation 2):
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20 805 measurements are conditioned to improve the estimation of true FICD 805 values.

In one embodiment, each set of nine measurements is examined for “outliers” by determining if any of the
individual measurements lie outside a “normal” range of variation. This normal range can be determined by
several different methods, with slightly varying results. In one embodiment, the “Box plot” method is used. In
addition to outliers, zero values are discarded. The number of remaining measurements must be greater-than an

25  RMS value of min_good_measures. If remaining measurements are too few, an exception condition is generated.
The median and standard deviation values from individual wafer data are determined. These values are compared
to bounds for the median values and a maximum allowed value for the standard deviation. An exception condmon
is generated for values outside of these RMS-specified values. Similar bounds checking is performed for the
average and range of the median FICD 805 values from each wafer of the sample set.

30 The resulting single value is FICD_avg, the average of wafer median FICD 805 measurements that
characterize this lot of wafers. FICD_avg is now Exponentially-Weighted Moving Average (EWMA) filtered
against the current EWMA average based on parent lot measurements (Equation 7):

FICD bar ;= lambda * FICD avg + (1-lambda ) * FICD bar ,,Equation 7
where lambda is a RMS specified value. This value, with the context of product type, etc., is sent to a process

35  controller (not shown) to be used to determine photoresist etch time for the Iot. Using the methods described
above, the critical dimension measurements of processed semiconductor devices are performed.

Turning back to Figure 4, once the final critical dimension measurements and error caiculations are
completed, modification data is calculated, using methods known tov those skilled in the art and having the benefit
of the present disclosure, which completes the step of performing the final critical dimension control adjustment

40  process described in block 430. The modification data is then used to modify control input parameters on the line
120 and perform feedback and feed-forward for subsequent processing of semiconductor wafers, as described in
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gener at i nﬁ“ Wﬁ‘b‘”ét’swine‘é%"fm@ﬁé coREh Biratsics gt by He m‘?ﬂhlﬁ@’et’e? cagpgnal ; a
machi ne iamliedtp a@eﬂl( ang $f5he sdfictiducip mplufecluring tbdls @ e thotp iof. AbE ARC MgewoRdRY  ( 140)
sai d machiee foreridtd @665 4nd Inohitosing of the prodesd RFforBEL1 MitkEinoR! Q)Cﬁﬁiﬁngrtﬁé:hﬂ? s from

said RN Lﬁaﬁ%oﬁ(r &Qgtoggectg:l be(m:l)%Q«;nVCment, more flexible, and less expensive than local drives. The APC

platform allows for more sophisticated types of control because it provides a significant amount of flexibility in

n_)

writing the necessary software code.

Deployment of the control strategy taught by the present invention onto the APC framework could require

a number of software components. In addition to components within the APC framework, a computer script is
25  written for each of the semiconductor manufacturing tools involved in the control system. When a semiconductor

manufacturing tool in the control system is started in the semiconductor manufacturing fab, it generally calls upon

a script to initiate the action that is required by the process controller, such as the overlay controller. The control

methods are generally defined and performed in these scripts. The development of these scripts can 6omprise a

significant portion of the development of a control system. The principles taught by the present invention can be
30  implemented into other types of manufacturing frameworks.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be

35 altered or modified and all such variations are considered within the scope and spirit of the invention.
Accordingly, the protection sought herein is as set forth in the claims below.
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at least one processing tool ( 110a 112) for processing semc u I
wafers 10 (105) and coupled with said nmachine interface (115%2€7@&‘P3§q5d

rocessing tool (110, 112) for receiving at |east oneR&faHehnt bap!t
Bar anet ergsi gnal (from said machine interface (115, 117); a net Poﬁpé(;gy_ tool (
150) coupled with said processing tool,. said netrol ogth?qjﬁN QposRcaui ring
metrology data; and 15 a final critical dinmension control algorithm unit
(160) coupled with said nmetrology tool (150) and said conputer system
(130), wherei id final critical dinension control algorithmunit ( 160)
is for cal culgﬂ#ﬁ%ga final critical dinmension error based upon netrol ogy
data relating to a plurality of process steps and for generating at |east
one of a feedback and a feed-forward adjustnment data, based upon 20 said
final criticdl  di demsthod, @mpmisingtlo appggac\r}ma target grl ti calt ?I ggfle(r)nn

37. The apparatus as clained in claim herein said conpute

(130) f'orpgenerat PHYYCTYHE 3 maay ??Hn%f‘%i‘qféﬁiniﬁﬁﬂil?fﬂbzl%_ﬂ%t one.ci()ﬂt;g:d
i nput aneter. _
maﬁuf ag?strjri ng mdgxf’qﬁ%r;liégglggﬁggﬁf%gﬁ%glogégggrﬁer of |d?11%t§lf pge_rr%\@gﬁ rin
response to said pedofiogta fimldaitiwal 3Rnendivnappaohid)astmeatprocsisngsingieads f or
processi ng a_manuf.act ur f sem gtgénductor devi ces; 30 neans for

ing run €5 ¢ C
acquiring ne??%}lffj&)}nﬁté?lag? A3t shereip morloramg sehilagnditiceb diraensiqneeontiohi d
net rol ogy dahdjusttledt prddess Fudhd? |cHﬁ1§£iEésyca9:fll}aa£ﬁ¥xgﬁ?ﬁlﬁl &Etﬁ??éﬁnﬁeﬁsiom 2ridr ﬁéos‘% 2005

Repl acenent page 2 0 JAN 2005 neans for p rmng a tinal critica

di mensi on coHpewisaiddpeigoleentdapy, cndsmodifiping g Egstdor&cqr:ntrolednpi_ﬁt pa?hmg%r @t a, e
wher ei nper f ] said fi.nal .critjcal dinension control a justnent  proce
furt hermgo rrp?‘{sgzéﬁs}%é% r ?@Flélb?gl ?‘ﬁé‘l'txlf“io?rgt&??ﬂ’é‘?e&s’t% ICHPT HPRPEO%R Bapach Fafqal y of
process stepdimemsioapdmt i ng a final critical dinmension error based upon 5
said netrol ogy data based upon said correl ation of netrology data, and
nodi fyi ng at | easPeréparapakleast oneiplie fosdbaokemndna fﬁ¢d—foewmdnsedl!ﬁogtum: modeas i ng
said final cft.l | TR . .approach.a target critica

di nensi on; afr{idIIE %@Z‘%\esﬂ or pljéa?fr} 8?‘%1 (r%m %If%lq%ecggﬁgloaﬁéusg?@é%foé:gifback_ and a
feed-forward nodification process in response to Sﬂ.lg final critical

[ [ ' 10 ss. 40. A nethod, conprising:

di Tensten COE.t rol Tﬁg Jrﬁje%ﬁoraegg claimepc{ i%cglaim 1, wherein said metrologn}P data reI%te toa

plurality of process steps.

3. The method as claimed in claims 2, wherein performing said final critical
dimension control adjustment process further comprises correlating said metrology

20 data relating to said plurality of process steps.

4, The method as claimed in claims 3, wherein said metrology data are based upon

said correlation of metrology data.
5. The method as claimed in claim 1, 2, 3 or 4, wherein processing semiconductor
25  wafers (105) further comprises:
performing a metal deposition process on said semiconductor wafers (105);
performing a photolithography process at a time period that is subsequent to
said metal deposition process on said semiconductor wafers (105); and
performing an etch process at a time period that is subsequent to said
30 photolithography process on said semiconductor wafers (105); and

acquiring metrology data further comprises:

11




processi ng a manufacturing run of sem conductor devices; acquifri gj;
netrol ogy data from said processed sem conduct or devices, sai o & ANet2065 ogy
data relating to a plurality of process steps; perforﬁbﬂgce}néﬂt é critical

di mensi on control adjustnent process using said acquired netrolo ?/ dat a,

wherein performng said final critical dinmension contrd gales[ﬂ nt process
further conprises correlating netrology data relating to said plurality of
process steps; calculating a final critical dinmension error based upon said
20 netrol ogy data based upon said correl ation of netrol ogy data, and

nodi fyi ng at |eas?°q8}¥81gc18$?ffﬁ%$y é%ﬁ%soiia‘ie dthegach gf ?aé%pv@wg deRasition IPEAses: i ng
said final crhiuiphslolitiogPiphy BRoceil Aid &1 APRpRRER. a target critical

di rension; and performng at | eaSt one o eedback and a feed-forward
nodi fication process in response to said final critical dinmension control
adj ust ment . pr.oces 25 41, Th escribed i.n claim40, wherein

et hod A
processi ng s&ni coﬁ%é?gpoﬂ]/vé’ﬁeaém‘? {héfaigy pp Whegein pagformpng ajiangloertigral
Repl acerent  pafAéhstonCohdl ZRenaR piek 'ﬁl,gtf, ég.j eposition process on said
sem conduct or wafser s; perform ngpa pﬁgoto ?rt‘ﬁ%&rg%%y process at a tine
period that is sulssleylating at finaairiticak trherdepoetrdn data prsingesid aretsiogy data

sem conduct or_waf erss:.and,perfarm ng an etch proces t ti me period that
s subsequenfPEated Witk Sachiat spidmyaPdeesition aedeess. said shpeliograpbh atecesy

waf ers; and agdisHid bRE pfRes9! ogy data further conprises: acquiring metrol ogy
data associated with each of said netal deposition process, said

phot ol i t hogr aphy $tersising whethsmisaidefind]l @itoméskmeddon 2rroA datamrubetsideeadabl e
programgst or § bgn?d’-iaﬁﬁ encoded with instructions that, when executed by a -
conput er, perforns’a nmethod, conprising: processing a manufacturing run of

sem conduct or devinodisyingatieist iohe comtdl %Jﬁﬁbaﬁﬁfe&rfbéﬁﬂhﬁ)@hﬂ RtPEAMESH that
sem conduct or .devi ces, said netrol Odcnt/a' ata_ relating to a plurality of
process st ep& inal critical dimension error data is outside said deadband.

7. The method as claimed in claim 1, wherein modifying at least one control
15 input parameter further comprises modifying exposure dosages in a photolithography

process.

8. The method as claimed in claim 1, wherein modifying at least one control
input parameter further comprises modifying the etch recipe in an etch process.

20
9. 'The method as claimed in claim 1, wherein modifying at least one control

input parameter further comprises modifying exposure focus in a photolithography

process.

25. 10.  The method as claimed in claim 1, wherein modifying at least one control

input parameter further comprises performing a feedback process upon an Advanced
Process Controller (APC).

11. The method as claimed in claim 1, wherein modifying at least one control
30 input parameter further comprises performing a feed-forward process upon an
Advanced Process Controller (APC). |
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15 performng a final critical dinension control adjustnent process using
said acquired netrol ogy data, wherein performng said final cRi%iJAN 2805

di mensi on control adjustnment process further conprises correlating
nmetrology data relating to said plurality of process eps; calculating a
final critical dinmension error based upon said netrol M@‘f&f“g%ﬂ% upon
said correlation of netrol ogy data, and nodifying at Iezsé ‘@& %}ﬁ contr ol

i nput paranmeter in response to calculating said final criti mensi on
error to approach a target critical dinension; and perform ng at |east one
of a feedback and a feed-forward nodification process in response to said
final critic di nension.control. adjustment praqce 2 2 4 JAN 2005

Repl acenent ggge rZKE WSSeRNf(?d)ﬁ%ceﬁ?}g iéﬁn’&Blg%cﬁrd?%?réif@&ﬁqﬁafﬂcﬁrﬁa‘fH‘ thaf t?‘Fcal

di nensi on, C@y@@éﬂl%bﬂ?ﬁs@: controller being capable of correlating nmetrol ogy
data relating to a plurality of process steps and calculating a final -
critical dimensi og metalodepbsitienl prososs toal (219) capablel aftdepositinig @ netp} soltamce and
nodi fyi a trol .input paraneter in response to calculating said final
criti calrpdi néﬁg?%ﬁur AF6 ats%n’@gﬂ%"rcg‘%ré”ag?r’l east one of a feedback and a feed-
forward adj ust ment pHiatofith taHp L i Iotrh&atl 15l ! r, to
approach a target grﬂj ti cz;)?ﬁ%??rens?%an(ﬁé?%bf}&gpd?ﬁg{dgﬁﬁgﬁlggﬂ@@%ﬁgfﬁa& ,
wher ei n sai doE&d pasnicenductor wwaer; conpri sing a final critical dinension
control algorithmunjf,t al cul at aid final. cri.tical, dipension error and
said at |east onea}c{)fétéh fpgg%ﬁﬁctl?ogr@?’ F%‘@&’kef 8FVé?lHn%dP6t§fl AESUitRg, from

. A&n. A52. Asnblocédsinfy ofAaidAemion@hdtorwhfer By Alid ¥hAblithoMpHySioo2200L. AyS. Ay[ E. A
yn2. Ay[.S. Ay, &{ EGRD3REH NPal } !{vql gb] >(] caj ca] ca]caJc )

a] ca] CaI] a] ca] ca] é’élleegpagm @g}xgerface (115, 117) electronically coupled to each of said
ajcaJca]calc ] -G C .

T oae SR b %%5%?%@23%%3%@%@%@’3&% tool (220), and said etch

9M <} xsni d_Zpteceisdaplo@per nheieiniaid ajachine adtediced] £33]14 3] Bahpaile of salihgla¢al c

a] ca] ca] ca] cge}acaJ Cﬁ]\%%? . ) ..

a] ca] ca] ca] c IS “%W—Wﬁﬁ“ﬁ“ﬁ@i Jegesition prosessdPeR i@k a] ca
] ca] ca] ca] calgabastbhidbgabhy flf 8os ¥he 3kialaaksakeabr@sbsal
aJca]ca]ca]calca]ca]c _

a] ca] caf}5ca] ca] ca! 2gefpen shisted fSOheledtBinicilly]coappd &) sid marlinajntafddv( LiSy] ca
UV] cal] ca] ca caYlcalcaV]c . ' . . .

a] ca] caV] ca] 32?%5%3?1?%%’?%%?%8@&&?% efeqpigllingsgisl machipe infgrface a1 c )
ca] ca] ca] ca] gay,calyal ca] ca] ca] ca] ca] ca] caljc”alc ajcalc ‘ '
aJca] ca] ca]cal calcalcaU]ca]c"a]ca] caljcaV]ca! Y'V_Ga

&3DQ ~- } xsni d_Zcapiclpagd]ong meetiodegyctept (50X oweled mfitbadach of said metal deposition

a) cal cal cal calibaliayi3l 6 L8 Aok ARlkERbAFS SR BkalFordl 5Sss ool (230,

a] ca] c&Pca] cadid ahewdlog) cdbl ] 563 Béihgada@a])&a])ﬁ%]:éﬁﬁ}iﬁg] fefblAkCdata from a

aJca]ca] ca]ca c.al[%ggﬁca]‘%gj ca] ca] ca! %9; . )

-\ 87 u( u<%s P} x SIgODRusiar wale e essech Px: Al mieted depqgsitiane ahetelitwirwhy adnsbdtela] ca] ¢

a] ca] ca] ca] Cﬁﬂo@@éﬁ&%&gﬁ?]aﬁa] cal] ca] ca] ca] ca]c a! qYR] VIEEKXi v|

=}xsni d_Zca]c]ca]calcalcd]ca]ca]ca]ca]ca]ca]calcalcalc aJcalc

a]an} ciat] ca] ca] ca] e djmed]ccisiraladivansmncadmtal cidgorithmatsia | 60)9d0MH RCHMubesR} xsni d
calc]c . . o . .

a] ca] ca] ca] cBFESsY teeh daPkand said spmppies srsipmA] 30 saif dinal s1itisal dimengien] ca] ¢

'Zg " I s . .
xoni d_oba) by oats el R uhi oD AR ie babls of saping sa computer system (30} 9 1 o,
] ca] ca] ca] caedify a} baa]it(m‘]emptrai imput parameter in response to calculating a final critical

a] ca! *" N&bl h XS alclca ca] cal cal.calcal c cajc, ..

a} ca] ca] calca ceé%fég%ggﬁr ?(gllg%%%r%tg}ag i%aég%)%ea%’fg%}r%eg]’%ﬁ% @‘3 %ﬁ?%%‘]‘%?é‘]‘ edivstmentgh| hH
SJt} xsni d_Zcadta] baxké aipon] el Gadicalisal Ghendds 8br, to approach, a target critica

aJ cal ca] ca] ca] calca] calca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]cal ca&kl Ef H*,
109 & () - L1098, 1096 &' ()-,10% & ()-f 10% & ()- 10%W& ()-

&$109% 38 () - EVD{ Y7*,

1&$10%"e" & ()-! fm10%"& ()-! fmM10%"& ()- frm10%& ()-! fm10%"& ()-

fm' 109& () - gl3. The system as claimed in claim 12, wherein calculating a final critical
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3wWUG*, C("10% & ()- !
‘("10%'"5&'()-‘!('(')10%'"&'()-‘!‘&$10%‘"&'()-!n‘&$10%4'H'&'()-I‘&ﬂ&dM"BE!ﬂﬁ'()-

3ezodY:, $10%w& ()- 10" 10"
10"3:109% & ()-1"2"109%"& ()-!"2"10%"& ()-!s2"10%"c" &'eﬂa‘:ﬁ@z“’%%@e |
!‘&"10%!&'()-@‘&"10%:&-() @* & 10%& ()-@ &' 10%. g)ﬁgm 2@)3)&-() @
1090V ()-EH O >dY:, !’ SHI0WE& ()-!X SHI0W ()-! S#109%PP&

109! () - &' 10% A & ()-@P_al ~sh] >, | s$F10%& ()-3 10M 10M 10M

<1098’ () - L8 inonsken §uotis Spsebaepn eorrelation of megology|data rejating]ts said metal -

' (sY1l0%a& G%y%"@&é&@éj‘&,ﬁgé%‘%{}y Ex?A‘etEIYE;PQé@ssSQ. 1% sY10%&' ()-"! 0sY109%&: ()-

"100& ()- "##E \
<10%& ()-y810%& ()-!~s+910%& ()-g! " s+910%& () - g! Ds+910%~ &'() g! "sY10% | & (
| TOASAODYNYOB0 & H> 10 <11 109 () - 2! 10%&: ()-2" 10%K () -

)00/0& () - $10%hs' ()he sysiem @p glaimed m&laml?@lltﬁymmp 69id §1$311@I’?E&1 dimensionO 100

100 =10%% (}ofid %ﬂ%n@m um%@lom 1Qeg17a‘t6é \%ﬁ ga%c’i 'c}lg&ply@gsyst@nl(q!w) Y 109KX& () -

15. A computer readable program storage device encoded with instructions that,
when executed by a computer, performs a method, comprising.
performing a processing run of semiconductor wafers (105);
10 acquiring metrology data from said processed semiconductor wafers (105);
performing a final critical dimension contfol adjustment process using said
acquired metrology data; wherein performing said final critical dimension control
adjustment process further comprises calculating a final critical dimension error based
upon said metrology data, and modifying at least one control input parameter in
15 response to calculating said final critical dimension error to approach a target critical
dimension; and
performing at least one of a feedback and feed-forward modification process in

- response to said final critical dimension control adjustment process.

20  1e. ~ The computer readable prograrh storage device encoded with instructions that,
when executed by a computer, performs the method described in claim 15, wherein

said metrology data relate to a plurality of process steps.

17. The computer readable program storage device encoded with instructions that,
25 when executed by a computer, performs the method described in claim 16, wherein
performing said final critical dimension control adjustment process further comprises

correlating said metrology data relating to said plurality of process steps.

18.  The computer readable program storage device encoded with instructions that,
30 when executed by a computer, performs the method described in claim 17, wherein

said metrology data are based upon said correlation of metrology data.
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1S Y 10%H8 ()- ! Y"109%0C& ()- !¢t Y'109RR& ()- 'y Y'109RR& (}- !
109@Z8& () -t ++, - 2. dOOXV7~ @ 10! ° &nt 109@& ()-! &t 1008n& ()- 2 & JAN 2805

&M 109m2n& ()-!"1"10%H& ()-!1"10%ZZ& ()-!"" Y'109%&' ()- O1[ 446r 6v6W6WX9. @
10ZY: 109%Z& () - 1"109%&Z5& ()-! 1"10%H& ()-!11"10% j & () ReplaberhenCmzigs () -

I &M 109YRR&' () - wex6y66678 9gH@ 10ZY: 1Sl 10%r& () -1, 4" 10%m&’ 2\;\' | @

10%m& () - L10%& () -s$10%& ()- 10Z 10Z 9mM <=Ww@wJU3H@ 0 JAN 2005

10! °1"10% i & ()-!1"109%n& ()-!~" & 10% & ()-! & 10%m& ()-!

"109% & ()--!"109%né& ()--AC DZFFFFFFz[ PE: 10! 10m 10m .

10my: 10%r& ( }9- 1" Thomempyter readabigp@igtam btordge dlowiegeigoded withGastrgtions-thEz GHI KK
ZX9PE: 10! 10

" 10% 0 & () - % %‘Efé%"]dgf’”( § coPuE s theypethesh deserived ek 3) 03 k1 ShvoorT

WU3PE: : - 18, wherein performing a process run of semiconductor devices further comprises

processing semiconductor wafers.

20.  The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method described in claim 19, wherein the
step of performing a semiconductor wafers (105) processing run and the step of
acquiring metrology data further comprises:
10 performing a metal deposition process on said semiconductor wafers (105);
performing a photolithography process at a time period that is subsequent to
said metal deposition process on said semiconductor wafers (105);
performing an etch process at a time period that is subsequent to said
photolithography process on said semiconductor wafers (105); and |
15 acquiring metrology data further comprises: acquiring metrology data
~ associated with each of said metal deposition process, said photolithography process,

and said etch process.

~21. The computer readable program storage device encoded with instructions that,
20 - when executed by a computer, performs the method of claim 20, wherein the step of
performing a final critical dimension control adjustment process further comprises:
calculating a final critical dimension error data using said metrology data
associated with each of said metal deposition process, said photolithography process,
and said etch process;
25 determining whether said final critical dimension error data is outside a
deadbaad; and
modifying at least one control input parameter based upon a determination that

said final critical dimension error data is outside said deadband.

30 22.  The computer readable program storage device encoded with instructions that,

when executed by a computer, performs the method described in claim 15, 16, 17 or
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10! " " 10%m& ()-! " 10%ss& ()-! " 10%& ()-!"10%m& ()-!( "10%& ()-!," 10%& éS)T
i UWAKXXXX}r g\ = 10! " $10%G&' ()- 10m 10m 24 JAN 28
10m 10%&' () - /" 10%v& ()-:! /" 10%x& ()-:!/"10%}& ()-.XX-XY\\ ~}[9g\=
10116 @10% )& ()-1!: @ 10% ()-1! @ @ 10%& () - 1! Nz @ 1Belagernertt paga 09Gs: () -
109%&' ()- ~_] aTdefwJ3g\ = .

10! @ 109%GGR’ ()-1!" @ 109w ()- 11" @ 10%3G8 ()- 1! (" @ 10%old: JAN 2005 100aG8: (
)-11; " @109& ()-1f#gmhTi Xi Yi Zi [igi | gf[< 10! s$109%& ()-4 10G 10G

10G 10%63&' ()-! @10%%?& ()-1' @ 10%H& ()-1 " @ 109%R R& ()- 1gi kI | wWUGf
10! " 109 8184 whergigg the EszfJIP‘ oﬁ%ﬁ%ng Pétaefeb@% ypoutrol %Pé}z@s&%“(e}qfnﬁl%ef <
109 ()- qgrs : : :

Tor - hova  FPE Ridine Seovs dasses inp Aol BERPY PO Sooe () -

109&' () - kvvzzz\zz§z+g{l\: 1011 $s O" 109%& () - 9$10%m& ()- 10 10

igl : éO :{%Wma%i ) é . %cefgf)n_mmﬂ }’-C(i‘;[@ /&Il)lf(o)g}a.zn;r gt'oraé%éi\cé encoded with instructions that,

S 10%K () - b K L ha3bd R 1) - A k09 kil 7 410!
5" 10%me () et XIS e Je e oo RTTRGNN 1510 W ohoe ()
- 34!, " S"109%&18) whedin modifying!at koMo Cntkdl pUnpatamdier further comprises

9R' () - MB10Y%T& () - - 10%1&' () -1JUi dE~ = 10! |!'L10%r& () -
Tovire: ()~ 1OV OB SXBORE 17 REOHRIB IS AR T 1) [ o- = 101 1
“M109% & ()-4! " 109 ()-4! " 10%me ()-4!, "10%& () - 4Fs10%& () -
10%&' () -' nWU6+=
10nF: 1(()‘))/61‘&' (24! "Tieosongpuier-rdadableqa gy Storape dadoqrengodyd with ingougtions.that, " 10%x

() - = 110/2" 100 r(OY-@! "109%& () - "109%& () -1
X(%O((Ve)& ?ﬁ)l_s $i8@”§%‘%tﬁ/§equ e%l/%(??(ng ctgl)npg‘ic%t, rpe;formsl é&mét?lod gc];scribelcp ﬁ%lgl}n 1;, 16, 17 or
18, wherein modifying at least one control input parameter further comprises

modifying the etch recipe in an etch process.

25.  The computer readable program storage device encoded with instructions that,
15 when executed by a computer, performs the method described in claim 15, 16, 17 or
18, wherein modifying at least one control input parameter further comprises

performing a feedback process upon an Advanced Process Controller (APC).

26. The computer readable program storage device encoded with instructions that, |
20 . when executed by a computer, performs the method described in claim 15, 16, 17 or

18, wherein modifying at least one control input parameter further comprises

modifying a deposition time period to adjust a spacer width during a spacer deposition

Processes.

25 27.  The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method described in claim 15, 16, 17 or
18, wherein modifying at least one control input parameter further comprises making

adjustments to an ion implant dosage during an ion implant process.

30 28.  The computer readable program storage device encoded with instructions that,

when executed by a computer, performs the method described in claim 15, 16, 17 or
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relating to a photolithography process.

10
31.  The method of claim 1, wherein performing said at least one of a feedback and
feed-forward modification process further comprises modifying an endpoint time

relating to an etch process.

15 32. - Anapparatus for controlling a critical dimension comprising: ’
a controller (160) capable of calculating a final critical dimension error relating

to a processed semiconductor device (105), and modifying a control input parameter in
response to calculating said final critical dimension error to generate at least one of a
feedback and a feed-forward adjustment data, based upon said final critical dimension

20 error, to approach a target critical dimension.

33.  The apparatus of claim 32, wherein said controller is for correlating metrology

data relating to a plurality of process steps.

25 34.  The apparatus of claim 33, wherein said calculating a final critical dimension
error based upon said correlated metrology data.
35.  The apparatus of claim 32, 33 or 34, wherein said controller further comprising
a final critical dimension control algorithm unit (160) to calculate said final critical

dimension error and said at least one of a feedback and a feed-forward adjustment
30 data.
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36.  An apparatus, comprising:

a computer system (130); ’

-a manufacturing model (140) coupled with said computer system (130), said
manufacturing model (140) for generating and modifying at least one control input
5 parameter signal;

a machine interface (115, 117) coupled with said manufacturing model (140),
said. machine interface (115, 117) for receiving process recipes from said
manufacturing model (140);

at least one processing tool (110, 112) for processing semiconductor wafers

‘10 (105) and coupled with said machine interface (115, 117), said processing tool (110,
112) for receiving at least one control input parameter signal from said machine
interface (115, 117);

a metrology tool (150) coupled with said processing tool, said metrology tool

for acquiring metrology data; and
15 a final critical dimension control algorithm unit (160) coupled with said
-metrology tool (150) and said compﬁter system (130), wherein said final critical
dimension control algorithm unit (160) is for calculating a final critical dimension
error bésed upon metrology data relating to a plurality of process steps and for
- generating at least one of a feedback and a feed-forward adjustment data, based upon

20 said final critical dimension error, to approach a target critical dimension.

37. The apparatus as claimed in claim 36, wherein said computer system (130) for

generating modification data for modifying at least one control input parameter.

25 38.  The apparatus as claimed in claim 37, wherein said manufacturing model (140)

for modifying said control input parameter in response to said modification data.

39.  An apparatus, comprising:
means for processing a manufacturing run of semiconductor devices;
30 means for acquiring metrology data from said processed semiconductor

devices, said metrology data relating to a plurality of process steps;
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control adjustment process further comprises correlatlng metrology data relating to

said plurality of process steps; calculating a final critical dimension error based upon

5 said metrology data based upon said correlation of metrology data, and modifying at

least one control input parameter in response to calculating said final critical
dimension error to approach a target critical dimension; and

means for performing at least one of a feedback and a feed-forward

modification process in response to said final critical dimension control adjustment

10 process.

40. A method, comprising:
processing a manufacturing run of semiconductor devices;
acquiring metrology data from said processed semiconductor devices, said

15 metrology data relating to a plurality of process steps;

performing a final critical dimension control adjustment proéess using said
acquired metrology data, wherein performing said final critical dimension control
adjustment process further comprises correlating metrology data relating to said
plurality of process steps; calculating a final critical dimension error based ﬁpon said
20 metrology data based upon said correlation of metrology data, and modifying at least
one control input parameter in response to calculating said final critical dimension
error to approach a target critical dimension; and |
performing at least one of a feedback and a feed-forward modification process
in response to said final critical dimension control adjustment process.
25
41.  The method described in claim 40, wherein processing semiconductor wafers

further comprises:
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: performing a photolithography process at a time period that is subsequent to
said metal deposition process on said semiconductor wafers; and
performing an etch process at a time period that is subsequent to said
-5 - photolithography process on said semiconductor wafers; and
acquiring metrology data further comprises:
acquiring metrology data associated with each of said metal deposition process,

said photolithography process, and said etch process.

10 42. A computer readable program storage device encoded with instructions that,
when executed by a computer, performs a method, comprising:
processing a manufacturing run of semiconductor devices;
acquiring metroldgy data from said processed semiconductor devices, said
| metfology data relating to a plurality of process steps;

15 performing a final critical dimension control adjustment process using said
acquired metrology dafa, wherein performing said final critical dimension control
adjustment process further comprises correlating metrology data relating to said
plurality of process steps; qalculating a final critical dimension error based upon said
metrology data based upon said correlation of metrology data, and modifying at least

20 one control input parameter in response to calculating said final critical dimension
error to approach a target critical dimension; and

performing at least one of a feedback and a feed-forward modification process

in response to said final critical dimension control adjustment process.
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a controller being capable of correlating metrology data relating to a plurality

of process steps and calculating a final critical dimension error based upon said

5 correlated metrology data, and modifying a control input parameter in response to
calculating said final critical dimension error to generate at least one of a feedback and

a feed- forward adjustment data, based upon said final critical dimension error, to

approach a target critical dimension.
10 44. The apparatlis of claim 43, wherein said controller further comprising a final

critical dimension control algorithm unit to calculate said final critical dimension error

and said at least one of a feedback and a feed—forward adjustment data.
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