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SYSTEM AND METHCOD FOR CREATI NG A FOCUS- EXPOSURE MODEL
OF A LI THOGRAPHY PROCESS CROSS- REFERENCE TO RELATED
WRBRRZI®2d ON [ 0001] This appli cati on cl ai ms t heCERmD6/030364

on No. 60/706, 144,
Srit 0 R RO bRt Raid s SegRuRRdudBsL oF A
W ndow Li t hogr aphyLmtpmmng{?piﬁb@Eggbj ect matter of
this related application is hereby incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON

[0002] Thi TROWLREFORENEEAERENLTED AlppY.1¢ QT i cal
I |tho&raphy and nore parti cul arlg to creating a

f ol498TleLly wnhéatwwbpm%ﬁhe benefit o34 spyisiprad Petsnt, Application No.
60/7%9@%1!@“&&%@&10@&%&@@ Frﬁltoggh Pfo[:gsg’\i Wﬂﬁﬁo%pﬁ%

since its inception, malntaine
Modeling:” Rhe @vliest mattoneé risteleigd M@@nﬁmbmmmowecmy reference in its
entik@Wer cost. Leading edge devices today provide the
conmputi ng power of conputers that used to occupy
entire roons at a nere fraction of the cost. Many of

today's | ow cost cm%@ ﬁ?ﬁ/ {ﬂﬁ\gude

functionality that on ew'years 0 was

unp982]l B ’mvattioa Watmeraﬂ;}utohpasal \]Athdgnaph}a{nld npite pfcularly to

. 0 ayers, and wirel ess or
creaﬁ#a{%o%égg ?Ee?gfang %Q}’chpé% *One of the pri mary

enabl i ng factors of this growh has been the ability

of optical |ithography pr to steadily decrease

the small est feature s.%&ﬁéﬁ‘@% be patterned as

pajopo3]f THehirte gratee gircitifdusiry Bas| ilndéafstlﬁfeﬁtlon_rﬂiaﬁlteﬁﬁeﬁ%qymarkable

ecline.in featur§d5| ze and %@?t while at the sane

8T°“g‘ﬂ Frte Do drhinegetrased device fipetionalisy atdower gpt. Leadingradamdlayices today

provfdéfﬂ&fdoﬁ‘li)uﬁﬁg Bwer YPQUnRruberd-BNY us€ to loB&ipl khifle g(ggﬁgfhy a mere fraction of
[ Q004] The |ithaography process involves

the cgjte g?%nﬁ gt E?di%§ %ogvrcqswggm@ﬁ deyigps gieludg funcienalifydhationlyr few years
ago W%Qlda%ﬂabl@ at ddyabstPalch 8 Nddorell Bhatlel Xxlt@i%&ta%ﬁ%éél@avﬂlﬁgrs and

wafers. The nore tines a naster pattern Is
wirelegor gl wideland ByimecdpwierswOnnpiibe prenate gaghing factors of this growth has

been&]@ee@dﬂﬁt& %ﬁB}thQISlltthlFﬁ)h& QY&Essésng st@&ﬁfy de&kask ﬁﬁﬁgst ge%}{frec §ize that

or | til recently, the mask pattern
can b&rﬁ’a@(ﬁ?ﬁf as @eih Pf theingegeptedicireuitipntieme dhis steadyrdeclinte in fratuvesizerand cost

whild Qt\’tﬁé sam¥ il SriMEnSHORAEARRs %Q%&CJIH@ 1];11‘% ?&F b! &Bore’s
be severa tTmes arge
Lawy altth@h'rhogfﬂi?h ‘reagiglap.”f act or i s then corrected dur i ng
}A%@PM] %ﬁ%%ﬁgﬁm@v{o@eﬁs {ngaV&fgstclre%Hn ? &h%cger%];la ! hqu ilel‘lzl(ipsg SoLrJ Ee%cle, then
repliching §1at patgrrafathiply oo l:herdgVIae Wafgi'st The more times a master pattern is

successfully replicated within the design specifications, the lower the cost per finished device or

“chip.” Until recently, the mask pattern has been an exact duplicate of the desired pattern at the
wafer level, with the exception that the mask level pattern may be several times larger than the
wafer level pattern. This scale factor is then corrected during wafer exposure by the reduction ratio
of the exposure tool. The mask pattern is typically formed by depositing and patterning a light
absorbing material on a quartz or other transmissive substrate. The mask is then placed in an
exposure tool known as a “stepper” or “scanner” where light of a specific exposure wavelength is

directed through the mask onto the device wafers. The light is transmitted through the clear areas
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absorbing material on a quartz or other transm ssive
substrate. The mask is then pl aced in an exposure tool

whpwro1es? a " stepper” or "scanner" \/\herellghtP@f/Usz006/030364
speci fic exposure wavelength is directed th

of thegask anshatientated by e dpsited gpwrSyPigHly befvsrt 94% a? s’ftﬁft ‘F%%feas that
are cogglre@ yo gne ag&rﬁhgﬁ?elaﬁﬁ@ﬁ tﬁJﬂ aﬁ@sstkro@ sofdelr8 1%151@& ‘izhebﬂasﬁ may

esl red anount ypicall'y be ween 90/o and O% in th
also barphas -shifiad b dosrod Bhaselanse, tyicalp sbtepiackigeet 189idgarees. After

being cPﬂectc '9:‘3!@] g§§:ﬁestfogpg@lf&ﬁlt§1g HEriat ﬁﬂdg@ etk islthe BBk FRY the

esi red phase angl e,
devict ypfecalA ygla metisitive g@terlﬁlrd@p@sﬂ@h omthe YR gesgace éneraghg wigh the light to

form the :,dgsgﬁeﬁ tlte?& 58 91? Ok NG (a%éﬁ)gﬁé{? & th&f)ljéansfeﬂgd gtk bk deflying layers

tern 1s ocused onto the device
on thevahfer ®.forkn fumgimlabﬂéafmaal me:urtmceondaig telwplb knavauproresiche

dUPEL e St B TS iine Bt e Rty omtier

than thé Wﬁﬁd‘l@fgﬂﬁﬁf 1ighfh&ed tmetramfdlethé patreen. | ’Hysatrfsxdmswatrﬂm ‘swafvavelength

form unct el ectrl Cl rcuit.s
ihogef P GLLEL RIS paTes T o B B GO BRp g plfihs inthe
1thog$éﬂ1?§)r&6§sn orieaktigrnegts bﬁ‘&ﬂed bﬁﬂ‘fam&isB mghdxbbsuantobllose contrast and
srralerthanthe wavel engt t.o tr

sharpppie ap e FRIRFP PTG S Brig LT Seereaditn THR eI L ghiRaned B he

factot, lALMRE LR umBAGI hsidtel Fthel SRpdsifd tBElSinitg tiehi rhifnlnaush Fepituiransize
ARi nt ai ni ng adce;ﬂ?@at € process mar

aividhq byiogPRSPET UL OFRETRER) APt e dieaRyp gslove of

the a&ﬁa $ 2P gt tﬁé(f?@e%%lﬁ 8r@@hgd BHRutIGR ﬁith@ﬁa%lsi;‘lﬁl chetrRaAmMPRE 8S“edge slope,”
e ratio of feature size to wavel ength dec

or “nipmiadizedririage jog slopan often ablrayiptedrae “RIGS. T Jhe 6?1&1{66 B ILS vale, the
more 511%0&9%%60%% tAREN Dt the ﬁl{ag& Fa@thﬁ?ﬂ? Qffdla8ark® ﬁﬁmﬁér@?&ev‘idéq:attems

eature size divi he wavel engt h, The
with bufikieusfconth iiprieldsceonticaly ginpleames obgmgfipgat deviceyy Pip goal of

succeslsj'iﬁl ‘%!)\?—@{? ll(ﬁfog{ Eﬁy ﬁﬁ'&lﬁ@ées {sTB efRirin iR ®idhBd 8§09 bé’ssfbﬁarde ite the

or mat -0 e resist, a metric known as "edge
decr@lsmp &1 Valeg, thereby ndbilizg dlqmaalg@ctu@@llgy @fb‘r@e resytipgprocess.

b[?é(%; I?[\fl f&? ?ds t{)\l xt,%ase tﬁpﬁlﬁ%ll!ﬂg i1 th%ngﬁ-)ﬁxe}(/@ hdiBied i Gaster

econes to replicate the image _
pattefrion ifethd sk tl«mn e nat ¢xactgepinuoitbe fiesfl waéey layel P@H@I’De %nwlqmﬁem 18

suffjcgient c r ol t |
o B PO s e SR E e BB ity O
techmhlwéhtkfblvle |t1tdudgmap bysubpacios sEegraiceres om&hqrmmkrpattﬁe ( serlfs

ha h %{; Ly g{@e? Rﬂis g Hg?]vlﬁz | t?ll(}élgl ?tﬁ%%{)/&%?ﬂ {%eét@ﬂl\ﬁ@éblé%phcated

on tHeGwafdrt lh’ﬂi&dﬁf tﬁ l@ﬂﬁxﬁce t[h@ﬁﬁﬁ}:bl]‘iﬁwf ﬂ‘EtﬂthldEd tfezaturesc thegeg@nipigting
NLS in | ow it havereu
sy SO HAE SSECRTE R B T %‘51 L s 0
chanfgé ﬂ@lbamgic%d igmehtedbaty QY. scﬂih@ );raﬁkoth)atstremires svhidhtagnwell
e

ust in terns_of the sj ern

docogeisaibite Series B P deRenEo bt P SO LS friptca

Prox‘qu\f@tU@echB@ aplfmt@@n or subtractl on of extra corners
the mask pattern ("seri

! d
ot mmlpﬂtetr@afshsr)ay it el prbe s GATGE Elé%%tﬁ%%ﬂ fhat may ot
maytnlaﬁlg nﬁéﬁél Jahe@ Qh tRevd&PIA & ﬁg‘é%?ﬂ of fiRseifihg techniQied Bhis Beln

printability of elntendedfedature
descrihedsa lengih-1p Itheﬁttq:rp,tgre including alternate aperture shifters,

processes, multiple phase transitions, and attenuating phase- -shifting masks. Masks formed by

ouble expose masking
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"assi st features" may include scattering bars, holes,
rings, checkerboards, or "zebra stripes" to change the
wohawrgreend |ight intensity ("gray scaling”), POTUSI00€030364

wel | docunented in the

thes§ H‘*@Péﬁ L5 RiovR ﬁSC‘E‘FaS? BidmgMaske dor didsot Adipf ihesesterhuiuesto
incréx6d NHC dt V@i-K1,afcludipt OB@) PIRE Qxl Bibk, &0 Eéfﬁ’ﬁatd' tQ Qollect‘?\;ely as
007] The nmask nay ‘al so be altered

“Resggﬁ)‘io{‘ ﬁa{iﬁna?m%a% dedngiqgies.) ﬁ’g Reel§i 0 hlke lleﬁié‘tofﬁ’dyf ﬁﬁpserﬂa@/Tsnwhlch are
oftePGpli&PloitkAh AR IMH%ﬂ&o‘ﬁ@)ﬁrﬁﬁonAs ltl%& 91@ é)%&‘%%( fpring ed ?t the wag‘er level

phase-shifting techni ques h been
is nqj Igngep a simplegeplicaies! heanasly ieﬁgl pamrer haﬁaet, mpdqecmleg lmposmble to look
at thé Hiagﬁ S A YRS @e}fé}ﬂl WRBHE @igalg{fa?grﬁ%&egﬁ %Sh% L4 osecP doSook like.

phase transitions, attenuat | ng
Thlslﬁ@ﬂﬁ Icpagess §hefcbfﬁqp]@/ myflehiéym th@lﬂtwisbslga deta ﬁsrmmncta»sfore the mask is
| f th
s, BRSO 0 RO R b 5 ey
ﬂwImskmw@hdsamhéﬂswﬁhmamseferred to coIIectlver as

- RO U AR a SRR B iy,

the cog hphareadisdxceaded ana mﬂ]sorcd:aﬂﬂbns I‘palt haskSet foSark dﬂl&inc&@@evﬁden 3
evel is no |l onger

s R B e n o PG Pt ssultions

of the llthograbh@t:mmmg whighessidt bd @diding akthatodt Bed MBS oRRAMNGY, Rave
what t e final wafer pattern is

|
becog 3B B o b S R o RGP e 6 AGBBeT Eomputer

softvehird feblﬁhﬂ&ythhfhd\d&@s Heptdig Htﬁb@fapgﬁ ﬁnﬁ%bﬁl rmd}%kﬁnlblé there i is_
waf ers exp osed,

ﬁfSt'RB?‘ilﬁ O@g‘fﬁ%rk;??‘fﬁgﬂ%‘lﬂatemt REWpgethat ﬁ%ﬂéc% é@ﬁlleéﬁpml@twn of the

physizar 4n@ ¢hén¥ica @)900%5%@4 HARvERSlch¥B&K e biish Ituﬁ§ Qﬁltemelﬁ/ slow and
hmmggﬁclflcatlons [ 0008] The cost of nanufacturi

ahEdde ResRelemelliarcas pendiip Jesigadonts iorgr oﬁmfpwgmam/
mlcr&ﬂ&? S‘(ﬂﬁ&aré"'t@&s@ﬂ headi &Y SRAME 4sOnfhH-oP lgl gpﬁgxqg 1d (?;%ﬁa BEla,

for an advanced device. In

Callft,&ﬁﬁ\.)&?l% Urrglidy frem KL Ax{Twesps (Sendeset C‘dtﬂ %@dcéithoughﬂleae is
compuls Ybftwarb ﬁﬁpéicte%tessdnﬁ?kﬁde%‘i ubkioh Hﬁ% {% ggu%ﬁ)p ftware uses

Process, whi ch assi s I N reaucil ng
empitige! mogels thetlare |cﬁévratﬁht@éhqo@@meraa1 daﬂat(@)g p:eamma f‘Calﬂire” from

Mem%?—@reﬁﬂﬁg S\’V?Eonmu(f)ﬁ 8Ky, Ben %(;E @ £ QP Sinfu AT dléuﬁeﬁempmcal

mput er tware’ tec ni-ques address ne
modq1$, 1 hmgﬂaéph pt sfubwhwtlévehofteRoequarsatond & hotr érmariysiays. A new, fast,

and g L{ar%%c n glths4 %egtagsl%f&&& ?rﬁ? ten%nﬁglfﬁ{ohg Q% étﬁ gargy%{ﬂﬂ and

Meth@ﬁ éqnlctabgrp;ﬂm&msbaon Hawsutgect naterof sthch\&vaBieeelﬁfm@ﬁaomaﬁby

to extrene
rfen G Ot A SRS Bkt ety snh Bl e
i (0609 s 11118&ﬁtbd\mhematmﬁllga 11 IG bica RBb @O Kihieldfpically
| an

consi;tgoto‘%e%rﬁ ﬁl;“frt{%?ﬁﬂ;&% 8% gvgges(l ﬂmggégn Presgss ¥eseml@§ﬁ© linear flow
100. A st&oLIgha ddstpneayiost (A MPYEHBEs HROFhhMBEAD §iNB bf SAREN HRScARtbond

rovides simulati.on results faster, such software uses
to fullttional elements ror}'la semiconductor device, such as diffusion layers, metal traces,

contacts, and gates of field-effect transistors, is created. These patterns represent the “design
intent” of physical shapes and sizes that need be reproduced on a substrate by the lithography

process in order to achieve certain electrical functionality and specifications of the final device.
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enpirical nodels that are calibrated to the
experimental data (for exanple, "Calibre" from

W(NEOOUM)I%@ aphics in Wl sonvil I e, OR USA). EverPCT/U820061630364
fast" sinulation that uses | rica

ORI SRPTEY Bogs Tonteris mod TR S ggter Psal e

to cre{%@’tﬁ'é Pali@nd Bi e MaNSor rédicRAMed odsint tha BELiBE Siichire. alﬁ)ﬂép) waha
been described in U S, Patent No. 7,003, 75

variete of RET agthodsare apnlih i thdostea 56mt 1006956 B a‘;)igwlmate ﬁle design
mtent%& U Ll&ﬁélgibggtehgﬁtteﬁﬂbl B besRink E%OSQRE‘N" hiakk Ta$oud GFFREY

I ncor por reference inits entiret and i s
significestiyrfraselthe Spie GBS ricsien layent crepter dyyiemhh?- éﬁyq%qhaﬂeo ppd

post—lﬁi}&lsltag ts w O&L &thb Iﬂ&e%{lﬁlgﬁcﬁlcgy&&g%bbl?@n'—%séd}ué:rhx@hlcal

simul ation typical consi sts of
data feinee.gl thél(ﬂﬂﬂmrdhca(DASISefpsnatand t he deS| gn/ si mul ati on

p t
S SIS O st b,
polygpbised fmsk lpdut banuesy cﬁmdam@lteﬂ lphmqabhmita@ne aevieltasof a

imperfge em Co %L@Ct 2 g)?ug\}/féc%ur{idlgg)g%gss Z‘PQSIF Eﬂlljtgﬁ&gfaﬁ?%ﬁkﬁectﬁ% i"ﬁl:lude,

e.g. cbfn@flﬁiuﬁ&lﬁg 8ue tb$'mtté QﬁﬁﬁdesoIEImen; of t;hatrtask wstlmgetpobg®snb1q he

ine TR on R SHRE R AR st o

projefoRGafHIhd Wafef sﬁhBﬁtra&eQ Iagiep e3E tI&Etﬂte@ihYm@Il plcopertlesadf the mask may

be ap&gg%g(a[qgg;}%% %‘9"&8 Y%%:ofﬁé all O corr}%ﬁzfgy ]E#g%alype specific
propef@Rd] dubie &l dteRAmtibA phiteShitiapi cﬁﬁgﬂl &m ukedlecapimepdiby el hask

create the patterns on t he
modepy T Chosginiipgimgios eviker diremremOs: e 7054 Sey o2-
utlhz@ Iin ﬁ'r:a-ge Ehods) @hRcAP ke@@iﬁ&t@n&@@es&ﬁ% tﬁé’ladt@Y adék properties.
der toa roxinate t desi gn i ntent éqllgatual
pr{ﬂ(ﬁﬂbd qoniral @prh of hthr%arrhé@mltlﬂw& 1 %g?ﬂ%@w @&ﬁt %’S&‘B{? o8
the pr%;ec{ &{e agxd%lng&' fgﬁﬁﬂg%ﬂoé’esg anH% (t,xtﬁgsureptbsr REdtep des hxﬂ(b’bticﬂ&tﬁhﬂbl is

a pre- and post -
genetamsto Theontiggl ms{ eprasds @e@pom@rthlt@amqut% oithe t”é‘ﬁ%“?aﬁo%and

prqe&mn%@ﬁ&%@?%gﬁggl ﬁarﬂlrré:{Hélgﬁh afi@iherehid s%ttl'né‘s 11ﬁ1n9nat10¥1 Rav eagth,

The actual mask w |
illumfratdr kemcekihfifee and possibly mepgf@em of thasystqrgl sighiag eleflcalaﬁhal‘fatmns

or ﬂageh %1%3’3??3? o1 93{5'???5&1' NG LU P?acf atk: % }dﬁﬂmﬁfrﬂhm, hscalar or

| ONs as ecti ons of
vectompkarixating adtthmﬁﬂ@ multge s%lecﬁmemey b¢ ripdeded Wifsanarigsion cross

R GRS RS P R AR o
elge@?}?ﬁi» &dpendidn fFovwdiﬁﬂmtdmloasmd dhe wfitsieuisyalin mjnqated)hamdtoy the
e cts simlar.to.th
sanki of Qg BN Drie R DR Sy LoRETT bt FNREaisaggenp ho lss
errortis MBoMRES bE e t@ﬁ@meﬁ t Tl&shtmfgrztrhg smaﬂ;dtlomystebm descnbed inU. S
to.vari ous

Patent é\%p 7 @Q??ége ‘{Wg Igortoﬂi(‘éﬂ %&@ﬁ%PPS usi.})rgoapvgyt ar&e ngm%er of %I)nvolu‘aon
kern@t HaRMRhEQHRve PR NSBbhiafich Hies mgir’thereﬂofa qna]ﬁieeldglﬁg accurate

captured by the mask npdel lith [ tLon,
OPﬁcﬁb@?%laege@r Ppaaizn Hefdg’afew&figﬂgw g for %ﬁﬁég% % ilation,” Y.
Cao &rd¥; Proc. SPIE Vol. 5754, 407 (2005). While here the mask model generated in step 130

and the optical model generated in step 140 are considered to be separate models, the mask

model may conceptually also be considered as part of an integrated optical model.
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Photasepsipyeg PRt

predlqted elélgca tilmgpsmll*;sr

utilize an image/ pi xel -based grayscal e representation
to describe the actual mask properties. [0012] A
weenwrei2epart of |ithography sinulation is thePOPUB2986/030364

ch. sinulates the p ection and i nmage
F o g1 uti ohdetshired s oo of Srupiirs Fod ape sibptat
in stéPLe0Gabsistadat] i Gsed @@imalaRdne 8t &?ﬁéjé@ilon ﬂ?ﬁi%teﬁ@tﬁ%&vﬁlpthe
0

i ncaQrp oratsarcrltlcal par anet ers the il m nati on

Yeendyat ebrednenRe-esosup brlia (PEBA# dsaelopragnt

procé?s@ harapstiaichehh b&sade Beltvlrééﬁ]ﬁ%&)h%pl@@ﬁﬁﬂlﬁﬁg taﬁpr?aches that attempt
| | um nat or source sha&geis and possi bl ecti ons

to pr@%wttthfée -dimenginyal (RSt €BicHpsiby gvaluatiag thett f:réumnsrpna dight
dlsm_ghgorpiﬁ%sgs@ tals %ll §§’ ﬁlﬁcg(gc‘:gtcﬁgﬁ p}@s‘ida}) $p cﬁ%ﬂhéaﬁ; @llfec@c sfugf? $nolecular
diffupigh and meagtion lthm'fhattlmen @1 thenothet hanpl éél ‘rfat 1 &mu]abm appayxches
L AR L R e b
modgls t}ngelmﬂomsgagnnmlen tvecs-dlmcpamgil aanial FHeuge porjlad by therptical model
part éﬂﬁ(ﬁgmufau)? %ﬁ sereP%raltlﬁ UH%Q?I etfs{eu %}{tfi’: C at(%g%‘l%%ﬁ%li‘eflgt rg%({] Fl%efmg
coupledrbrah serlaThmagmi p@iskselrenetisally nmildamdtm Fithd Al w8 sigpli€ity, hére the

fact ’[lhntttflm:j ,lgllgtergocgggl%yzﬁg %@g\ggcﬁygg&}eh %ﬁlu éfgtpg(%?gs e g., etch, ion
1mp1§ntzﬂﬁba otSnitdr ktepss ifatittapt i cal simul ations using a very

vol utio ernels wthout negat ive
ﬁ@gﬁﬁl r%u&??ﬂz {‘?P 100 dhe %f%%tﬁa sipiafigh Brogess Halbprewide
mforhiatjcli’d <yn the pmatea shipls Sl siZeP e rinfd. fea@8s o AME WATeZ, &_,dch as

and Sof re for Fast Ful ] Chip. Simulation,
@% a8 cenignys. Suphepredictigns f(%b%guanvmu@

evalldibeof thelitiBskpHOplalting RRER LB oh Rh&h&RhelROceRNilt fi6duce the
i cal nodel generated in step 140 are considered to
mte“ﬂféé@ Wr at e nmodel s, the nask nodel may conceptual |y
al [9013)8n 6@@1%0%%% tﬁ@pr@@iﬁﬁve%ﬁp&%ﬂlﬂeg}1@9{5@“’&%}%@ Rbbfbds of
nodel . [ 0013 rther, in order to gre I ct shapes an
fitting mré%le@!fs thgt uamoahwnmrrrpéwe@ﬁ beyfoyng ox fupgdein awnhlm@p PIGOSS.
Variéhs nfettodt of@ﬂﬁllatlhgc‘hﬂ’léﬁgphér‘?n@leg%a@et lfee% H@scﬁﬁJdQH theQfterature.

I‘OjeCtlon [ight inter tlﬂ&]é otosensitive
Genqr@bfr these| oayl@ﬁtlfamethm seandisier the frest pemell mﬂﬁgb befveetbsikalated test

I
o N O OB D L LD R

metrolpgit togh ¢.8apCh- S)EMroedlsweltometmt@il mensi onal resi st
st [ﬁbﬁﬁ W %&raﬁy an%\fgtgulé&%%srbg thetlglﬂ?tho earé:j rlerrﬁalpe I ogf%ldlc{ bgs of

dlstrlbutlo I'n resis Fosco
printgipestiemal e;ig@pla@henﬁsmﬂ lie¢ éreiglwementh "ﬂie catibreted nddel is in general
r eact :% t hi n .t hat
a

' er..On the othe
expefied B o ficloRGl Bl a5 B o OPlons it g eaneieed
proxifinityl effebis prith isnfificzhi aouraayt gﬁ:ﬂ khowit @sttithd @%dlb@&ﬂﬁ_,ﬁiﬂéﬁ@lric@l

j.rical i st s that e n in
ol R ) Pl S Wy e
size mﬁdﬁdms péthe taf oit é&&géﬂhﬁdﬂu&fs Qbed i feSa R RRndrdRBurb EAWaR BNt
and he resist node|] being coupl ed

t I cal
Practt?;‘? e lgaﬁ%g%mis Trgredesh Sefure wriajonsip PRvst atwidg and
densé4 eonlefky spRE aShraRichly $dssiblRE MYpitAIR, thousands of measurement points

are utilized for model calibrations. However, currently model calibrations are mostly

performed at nominal or “best” optical settings, and therefore only cover the two-dimensional
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fact that the resist nodel may be followed by nodeling
of further processes, e.g., etch, ion inplantation, or
W(simmmm&st eps, is omtted. [0014] Finally, inPGI/E§2006/030364
t he _out p of the I at i ocess wi |l provide
Eeori 5P, EOTRIBI PR B el Bt S MR Sl £8Py BFimotrs, .5
optidal patireslers BAkHS Q&ph@@)t&c@@ ﬁﬁ@ﬁ'&&xs atdChaded RId®gioat.ed

critical dinension and contours. Such

pr B81 Bt Priis other hod, X lawslh i) dthegpkia progpFsestecRarelly need to
be evalldabAy AN GrodEd WiniSY oR R c@enfj b9 the MR r&:l%?s] Wmdow of

rocess will _produce the intended results.
all regerva%trstttlﬁursi% oWiegige phibe piogrss witidow (B\é(mspmrrtonbranaagcd by an area

in exPBdtd- Q164 (BLD) EBE@@BVG? tV%lfCh Q%ﬁa@ignﬁﬂ 'E}%p? &gl é_}?é g%ﬁ@fap 1 Qhithin

nown apri ori ~need ound or tune nac
an altnwbbgsngev&ei ‘Giks Ewmsnwd@efmus EatestrRtdi hig, Tpint hdgphphys. 33,
TSN TGS MR A5 ARG ol heb i ol B Sogptyng
procgse @tsuij@ taitaverdatddivapietious efregl patanetes daltasstucip at dxposnge doseland
th ar e r|nted on, act.ual

focu&&?t{ngg‘ Hgﬁg 'll{riflggxfaﬁlﬁé al%ge LS 9% %Ette L o?ftga conim 1|1 procesa Wlndgw oraft
struc@pesSEM devica desigat d:eﬁn@rthdf prycdsmmhrgu{ D& 116¢ todaance againdd prbeess

r tness of the calibration are required to predict
paral&%gyé Fr ht ed patterns, edge placenents, and |line end

pl [ﬁﬁlﬂ}f&@hﬁ reéEh’eatEﬁllptshdS pﬂeéldt ﬁ’fé)dﬁcbughé’prdcﬁssgﬁﬁ&fvabehawor of OPC

xpect.ed .to_ predic e- di,nensi on || as s
mod%‘sl\gy%aﬁ ﬁ{@ﬂ&%%’ﬁ éqSISt) 2 b%ﬁt] Osewg% gf(ﬁ@)oxa\gp%{c)gv&rds variations in
dose }aﬁ@ﬁéfmas}ﬁa‘&frfoelséefﬁ v\etytshc@bbﬁf&u 1@11@@ tepafad a@&yte n{ddell o‘éhbratlons

r.edi ct abi I%t of enpirical

wers SGORP SHIEEE el D e dRtarapen face (ateriiggton: il

proc&@&ﬂnd’é%ﬁé&dv@fdnﬁdﬁﬁfaﬁﬁ@@R@ﬂﬂ Bb@&x el imbd. ®Pfs 9bL 579, 1190
est or_ gauge structures used inthe cal i bration

(200& dd@ath ust}i%t??dwltéﬂ? logptims peYETIAG}PROFRSA Y Ide W spaqenwherele

sepaldRI BoRNEh1IBRBns vosth pStdrmed MeSchViBédtigh! Bisinde %0919 MBEmRS were
wi de _and dense a geonetry space as practical

madgg<alitgpte mofels taserergl fopuspaestesmestix feda Sefs @#@n}y fooi nt s
one-@f@ndiddal hﬂee\gldﬁpﬁatmg kDG @ InBIPOR PRS- resli@ %ﬁ&% for rIgreeéhc’ave

currently nodel calibrations are nostly
simupagen palithegraphisaprpcesppsrformincset Bi Figliihmera. threv éi‘PéE ¥obABIp,
983 (?Qy r the two-di nensi onal geonetry space. Extrapolating
hese nodel s for use when any non-geonetry paraneters,
e. [§019]1 dpedditgn, plampedtrerameter nodelh egstaiphwhigy the esponse of the

systegf\ﬁgi?}:éﬁge% r%fs?dé:\g%g%g& eh’éctgérf{: %‘é{%w i Hfaﬁ% gg é%ihm@]y E}Ql%ging the
OptiCp}mc@tszafsmqena @nmdcy modeld ntap sﬂﬂbb@abd!d tiodk e«céllkmyhbrhtea hgainst a set
or eflpSERG WA Bpecaf PraR GRS s S SR gt i
is weﬂlhmowndtaesqﬁlemalh al&Wa(lcF?Wf aip8oj @O0 ByBteyh dR&S U haitbrbyitéhdependent
f E- ieh o
roou{SHE & PrsFRRR RSP aligl R RBEfRe A ORC curve

(which plots CD versus pitch) will experience a certain modulation due to the optical effect of

ud

spherical aberration. A sufficiently complex resist model having a large enough number of
adjustable parameters may still be able to reproduce the OPC curve and in fact predict printed

CD through pitch at the exact same focus setting that was used for calibration. However, the



an al | owabl e range. See "The Exposure-Defocus Forest,"
B. J. Lin, Jpn. J. Appl. Phys. 33, 6756 (1994).
W(Pmmcz/@sam/vi ndow anal ysis takes into account theCT/EH3006/030364
ocess i s subject to unavoi dabl e

. nufact
sbilfiae} fffo s aﬁg{? Reredida hy macdiaiqpapprasicraRdse seeesd by

the c%ﬂlﬁ%uim@v&apulhm& of the lithographic projection
system_ The conmon process w ndow of all structures on

a @8%/11 cdetrdst GRPSERtIeRe Lo inceeaprdgceuacyad gibwstngss ef lithegrephy
modé1Rle CRAAE 11REAL BRS a REQAGESRoRALANELSH ln\éﬁiﬁﬂﬁg 10 \fat eh AR 81
Some recent attenpts to predict the through-process
predigfiyrpodelag i Byltigimegrenalperaneteypacea beyiond ggometry [yariations but
; "
0 ooy st n o o L P R R R, |
semigaadycten degigassliydimulaiidress separate, di screte nodel
calibrations were performed at different defocus
settings. See "Hi gh accuracy 65 nm OPC verification:
full process w ndow nodel vs. critical failure ORC "
A. Borjon et al, Proc. SPIE Vol. 5754, 1190 (2005).
FIG IBillustrates nultiple |locations covering a
process w ndow space, where separate node
calibrations were perfornmed at each |ocation. In other
work, attenpts were nade to calibrate nodels to
several focus-exposure-nmatrix data sets but only for
one-di nensional line-width data. See "Do we need
conpl ex resist nodels for predictive sinmulation of
I'ithographic process performance?,” B. Toll kuhn et al,
Proc. SPIE Vol. 5376, 983 (2004). [0019] In addition,
"l unped" paraneter nodels exist, in which the response
of the systemw th respect to resist devel opnent
effects are approximated by artificially changing the
opti cal nodel paraneters and such nodels may still be
able to be well-calibrated against a set of test
patterns at one single process wi ndow condition. As
anot her exanple for illustration, it is well-known
t hat spherical aberration of a projection system
causes a pattern-pitch dependent focus shift.
Consequently, if measured at a single focus setting, a
t hrough-pitch "OPC' curve (which plots CD versus
pitch) will experience a certain nodulation due to the
optical effect of spherical aberration. A sufficiently
conpl ex resi st nodel having a | arge enough nunber of
adj ustabl e paraneters may still be able to reproduce
the OPC curve and in fact predict printed CD through
pitch at the exact sanme focus setting that was used
for calibration. However, theability of the nodel to
extrapol ate anywhere outside the i nmedi ate paraneter
space covered by the calibration would be severely
l'imted.
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[0020] There is a constant need for increased accuracy
and robustness of |ithography nodeling. Clearly there
WO gooalosaew need for nodel calibration nethodol BQi/ES2006/030364

that enabl e predictive deling in a nultidinensional
par anet er space, beyon I@@M‘f’& y variations but also

PWoozi|a4 edtepl @ﬂ%&ﬁetyﬁrfbaérwﬁg a fbdﬁs@kﬂﬁﬁre%dm{ré fn¥roduced for
manuf act gr abi ljty of advanced sem conductor designs by

the cafibpffonqf eberpmpdels. skhesgsisma ael the methad utilizsr
calibédiRAdhiadlofg flﬁﬁ'lﬁe' EhBRHS BF ﬁ?ﬁﬁéteﬁfaﬁaﬁdﬁ% J gg?{"ﬁ&ﬁarrf Wfhid €

calibration of |ithography sinmulation no
expogyredgierusrivioqerieVingevh sraoe t Thei sygtera and the atethod prvide aainifieg st of

modalﬁlcntahﬁ{e? vﬂhm L3l lnq;ettﬁaa%aﬂﬁ:tygﬁ? Ycﬁ){lktﬂésk g‘f]ﬁmufa{fons &t nominal

parti cular within an exposure- OCUS process wn
prOC@p senslitionnes wsllasdln Aty tqmem@tliﬂmraphm\ppdgnanmt Biyepbistet

thro i’lOl{{gqgh\ f%% Se\glng(’?u/ Hl%g F}Jﬂ:ﬂ&& a n@ dJﬂ.O; receﬂ{bpa%oﬁ er

ccur acy an ust ness of si nula ons at” nomni nal
pri@62H dn omw@andomnt asnetedd fongedting adtimub-iekgosum npdeldifat

o R BB SRS i bR i
an optieglahodst mbdwie the{ 100R2 having medﬁﬂdﬂhﬁpaiméters mchﬁtrigcfébu% or

expofh 0 % B B B P NP Sl B b B ngon o
the liogpEB protdse innofdeds-dxpedubckiphe, asmecapg h sAbf iﬁﬁﬁﬁﬁmﬁ@ guh@eter

5 L8 51550 O PO BRLATELSE 5 LIS U008, o

pluraﬂlﬁy«/dflgnpdﬁfglla’ﬁhh@ls\ilﬁﬂuﬂﬁfg nodfidl fdndgion, RNOGBHSiMIRLOWsEIRI0f the
SS in a focus- exposure space,

i th
htho%%ﬁ@/dif?‘i’?gsg% E\g‘é{“fg‘f Fpieline Regdon gitpahaRrpesss yarlen gsing the

moddl S¥ithtthesciBigHial ﬁtﬁh%ﬁéré exafaﬁdeélf)ﬁ{fdr%ﬁg ﬁfe vﬁﬁl@péxf' fG&hs and
| ocations within t rocess w ndow, ﬁluralt of
9

eXPOgHFIH ORGSAOBE Hith S Hey QEivampLing lecsfigns @féﬂ@ fligg; the set of initial

fitting p@maiel et chnst-At, %Qmﬁﬁﬁlgltﬁessuﬁfllafe@ Seshitd PROLARDEsylts of the
process at the %éuralt sanpling locations wthi

litho grﬁ@ymrg'@éssaé al\ph wlugpéqty@f sgmlmﬁjg@qtlom vithin the pg@pssovffmdow to
prodthc%'attbtﬁﬂ diffbbhdeMbaRRE BORLES the/ ﬁlnﬂﬁ?edk?%suﬁéa{uﬁ tﬂ% cthﬂF3 reglﬂ} €S

focus and exposure to correspon uralftty
modl&ln&@mtuoﬁ §tting parengies vakkss laad grakuiting further ssmulaf@d rdsplist 4t gdch

of thés :,;altfé}'hg? %Qﬁﬁmﬁ{n i Ilﬁg%% aﬁ&l%] ¥de11t&g 'Xg@{a{uﬂ gittsll’é parameter

results w resu
valugsispdhghatdisriptapdifiersses magasut betpkert the agrhal rexbits andefmulated results

produc’c% élh atn?rgqtﬁtim ﬁgﬁafg Iraglle{ér %aql?es? ey %cixggsgb%mg predetermined

erence nmeasure
thresscplﬂnﬁnétleﬁhmgﬁm ffdces-axpobsirh enodeltas de mc&i:ehihblsdingrﬂxé iobtfintug fitting

365 S, A BT e 31 S0 BSLEL P o

procdse etaini dovstion within tHeleatip pewessvidawdow t o i dentify

opt f|tt|n r.val ues, such that the total
a DY e Rt BT o Brrdding fAmeledeiyptsd ety odel for
predisting thatpabiligsuflatphotolithography process comprises a storage area for storing

information, an input device, an output device, physical model information stored in the
storage area, and a model calibration module. The storage area is in communication with the
model calibration module such that selected physical model information can be accessed by the

model calibration module. The input device is in communication with the model calibration



10

produced using the optimumfitting paranmeter values is
mnimzed or is below a predeterm ned threshold, and
waledorji92g9 t he focus-exposure nodel as the ITDdePCT/USZOO6/030364
i ncl udi ng the opti nun1f|tt|ng par ter val ues b
modu Gt RSSO RATTSP TS TGRS SPAASaR g ERRe

made ht41BAGEARE Mm@él%glﬁﬁﬁxoﬁtm@mé ah@ Gehi tey di&bkféllﬂeablfi&nﬁnt ire
process w ndow. [0023] In one enbodi nent, g%oten1for

mfomgv@ne plininedyfrom sneAgramanNRf AL RERS Wi e et gopditions in the
deﬁne% ?cgclegstvlflﬁgo& B8, 1aPaRich bl YheFhodR1 RINBEAbA HR@YE. aRhMdition, the
ess conprises a storage area for storing

mode] cmnmanm module anomﬁgyqu tol @srictads a HREle DIopese W@éiyiwcréodel by using
! t St iRfoRARIoARS,

the prg% \gm '&Fg a?ﬂ %Ir”oglﬁllﬂg(%m a%gc}% SRk ﬁé&;?ﬂgﬁlgg kAR oI rea

calibraie i saleciad pioysical thdévlet mormpiies SuelathﬁtihanFfBﬁmmlﬁ’If & such

Iected S
e T e T D
contnd@uslﬁ @djhﬁabld’lo;m@mmmtets drenwiatihg thi singhe gedeess window model

calibrati dul e such that c
e B e N
simuldé@hlealdkenen ptrchﬁcémﬂ/@lmﬁ:latlmglhahﬁhogramdmbcesmdlgghﬁgthlected

that discrete asure nforna a f
physisg aiodb RETEALOBEY SR U RPIor T PRT fEA pafaifers
whileGRNEhd d108iBeriphrainbRrsde tHephgsig anadsnfamudiowcosanbe

accessed by the nodel calibration nodule. In addition,

the nodel calibration nodule is configured to generate

a single process wi ndow nodel by using the process

wi ndow definition information and the discrete

measurenent information to calibrate the sel ected

physi cal nodel information such that the performance
of a photolithography system over the defined process
wi ndow can be described with two continuously
adj ust abl e optical paraneters. Generating the single
process w ndow nodel includes conparing the discrete
measurenent information with sinulated nmeasurenents,
the sinul ated nmeasurenents produced by sinulating the

l'i thography process using the sel ected physical node

informati on by varying the two continuously adjustable

optical paraneters while holding all other paraneters
in the physical nodel information constant. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0024] FIG IAis a

flowchart of method steps for a prior art |ithography

sinmulation; [0025] FIG IB is a diagramof |ocations
for calibration of nultiple |ithography sinmulation

nodel s, according to a prior art nethodol ogy; [0026]

FIG 2Ais a flowhart of nethod steps for creating a

focus-exposure nodel of a |ithography process,

according to one enbodi nent of the invention; [0027]

FIG 2B is a flowhart of nethod steps for generating

a focus-exposure nodel



10

15

20

at any arbitrary location in a process w ndow,

according to one enbodi nent of the invention; [0028]
Wo-R@7/08269 s a di agram shovvi ng one enbodi nent oPCHUms6/030364

of sanpling |ocations a&rocess wi_ndow_of

l'i t hogr aphy pr & DE%@EH’ HéﬂigHEﬁ§L@WW¥@$lon
[ 0@@211 A G A BB ficwolalbAEEREN SRR Bt ﬁ{mg@bmuﬁﬁm,

@ I|n Iocatlons in a process w ndow of
I |

BhiB fragtiagsam obleexions fagcalibratine of mv@nle.l@hpgraphy
s1mu[a%9§91]odg[§ g’ccof'ﬁné & Ppridk AYLRMENOW,; N anot her enbodi ment

saml | ocations in @frocess wi ndow of a

| i [tﬂ%ﬂ rFéﬁé pradoehart lonehet! viepsfer crdaging mfasns-grmesure model of
a llthkglgﬁﬂﬂ rbdes, aé"c%rdlﬁ'g l% onb fbodi O P e 409 | ocations

|bra ting focus- exposure no according to
o r{QOWé@ i %ﬁta fb)fW chirbof metlost stepa for g’?@ﬁ@ﬁﬂg aFb@s-eBpassreanodel
at an? g@atgarfe E)Q%i%o&?ré b ﬁgbg!aﬁg %vn?c{owc %goﬁrgt erglf)o %nt of thﬁ 1enr¥81%t10n
aclee2y) IFIi@ Joisariagea dwwmnne@fnbbﬂnmenmfarﬁas ofsanﬁoﬁﬁgﬁ]:ahons
I ari son bet ween one
1na5%%%sgﬁ%%?%fgpal%b@1 r%f%%%ﬁ%gﬁ 8%618 ?g?ation and a
p ri0629] & G. IRiistai did geanmretdelingoak iembadiiment, of[s@O@#He 16datonsin b S

nbo t f
procdly SN 4 TS MR oSt RUBE Do BeRiaing Lo the
i rWGBﬂ.’] RO, 4Aif$d1 dlig%ﬁ}hoﬁln% anBthieBerAbdaliBe ofidaaPlingloodtion & a
|tho raphy..simu] ati on, system

Proc%?& 8%8%’3 afi ng?@ 1Y PRORTEi205 T BRE R EBVERESERI PTI ON OF THE
| Noé3yT IFa 443 aﬁhaﬂwlﬁﬁﬁpﬁﬁflo@atﬁﬂéﬁ& BaldRHing aﬂ'&iug-@ﬁbosure

modeﬁased upon nnd%$ creatj on and nodel calibration, which

écﬁorﬂ’ﬁé P PHFCHIBIEDt HhgBYALA®: nt s not only at
NOUHIMIFIG ONH ialch a0 stRtw ik Esu®€ BE @a‘hbﬁfloﬁshﬁ a %éﬁ@-%}?ﬁosWe atele )|
but also at different 1ocations wthin process
using GRS samPirvAshemas: aaerding fvpra bodEest thtmnvmmnnu m
Cqbbd¥] G s d@ht bk n%(étc%glpml@oh %et\&@&y b&%nﬂ%din’éﬁ@&f a

one process paraneter (for exanple def ocus
focupapasise weyel calfiyatignlang @pn@cqr@aul@aheﬂmdal ¢abhra§m, a with

t NBosH) fFrer ARk bmkla g{oftohas B difalhntREQ 1%?%9@&

are utilized for ration of the model s fithi f
focusyspasiet wedel, @h@dm@eﬂhe ofventios; $ridt hogr aphy process

| PTG e AR Blog R opE A Eme e TR LRRY st
systeanp elccotdieg to fpgnegptiomt e nodel nodul es. The nodel modul es

of the nodel of the |ithography process wll be

referred to herein as nodels, e.g., the optical node

and the resist nodel, for sinplicity. [0037] In a

preferred inplenmentation, calibration data are

coll ected while varying the

10
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parameters of exposure dose and defocus to forma
process w ndow space. The net hod provi des joint
wo paoviorgeof test structures at all val ues of eRrEDES086/030364

dose and d s in order to find a single set of
cal i brat ed%ﬁ%ﬁi g DFRECRAEHONOF RHE INVENIHEHi ct i ve of

t NROs4|thiSdsBR BleG sPELA bhdDmPhOS Basd Qﬁon&i‘ﬂi’dei &Qﬁfo?nggd I3ael
the process wi ndow. The calibration nethod iInc

Cahbg%‘fmi Pyt ypen repToeratiag e peints et dnist 4iogminshsongition ettbe

centédlof 88 pFoclds vAnRGl bu‘%”:lls§ ﬁ'ﬁﬂlférélﬂ chtEcﬁg v apﬁl h rgae%s \g{nﬁg\g‘fﬁ?‘some

w ndow usi ng a nodel
distanescliqyg the gemtere U rl@mmm@x p@iémzrt@n date dneillested wlmbb wenr;sn:g atddast one
C NnG; €EXRO
proc%s's Fﬁfﬁlgtgtglrog&‘ge?y éstlcl)e etﬁé}@cru p&rgﬁetrgxg aa?ﬁé a@a(?llegeéﬁl %l"f) [ &ion data with
the dgféasent otalneseol et varigd plstespparmq:tm mutwtzedl for thilibrdtiontoff thg model’s

s RSAAELE. B AR TRIAL BRGR BRI g o
and rhit @ptlngalb'andurbtaaﬁswxaxhade]snocmler e hrask mdddl moldele£ind ofier a

T N T T
be re&m‘m o heesin ad Blodfﬂsalelge thecbpticut ﬁﬁ)del'EhéB tHe@Es768 nfod€lUfor &ﬂﬂ)hclty
terchan erein. [00

£ RO T B i B PR ot G e varying the

paralhételatof etppsirh A65d ghd Bdfocus iddokm B ﬁ)ﬁfé@éisavﬂ\ﬂcﬁd@éb dTOIR method
refl ects hy&&ﬁ reality and is nore

PTOV'%P@&“&%W& OF leEic EftEs Al gbefsPesErfloge #skiefocus in order to

find @ﬁh%}@ Etloeehlibitied ftindR@arnAsrs DAl arp P&Qr%ﬁﬁe &Qﬁ@l‘ltﬁb gbhic printing
Li t hogr aphy .simul ation benefits Trom nul tidi nensi onal

Drocqi B xRN AEIEGFACAIC MRS, CRhecalibrehsuenc haddutedog Smuating the
perfoptn @b GF 812 '11|tHo"gbé hPREods® RUAES S e s sg}ﬁﬂ\ﬂéql)caﬂf)nsqg $le process

settings on |nterpol ation betwee

windguusing f mOQ@tOé Fhie ilé@g@ahapmrpqa?@s Ipleding &vgs and em@ump@m@rs and
a set‘bfﬁﬂﬁ%"?arg%et%ﬁewﬁé% e te¥eub SndPd ﬁéu‘r‘et qaﬁ’ﬁﬁét&g Be e B%Y oc?etl are

erpol ated I ocati on WI rocess
varieg ﬁdacsyrdﬂm yethdppsineipleprptidd the fiting rpaltam@wr&ian, a:lbother model

paralﬂ@tgysféf@ o d aTﬁé@b&e@ F‘la\;u% tﬁg sdf pra%'[)ra%d fgﬁll‘?gsp 11 values is

han calibration o € Sseparate
Tefel”d’dffff ]@lf@ﬂ es alfoser expesuromedal GV Fotuses psettingse an optical parameter

of th%@ggwa%ogp %19(% ﬁ%l#ﬁgt}/me%,qg%%cﬁe% otclllsC fe téﬂrlll?ﬁ ne%%rggdeggcus are

ocus exposure node
usedmfpaltaamalblyt}want optical and resist nodels, in the

tht theotlc ture
30 UToh ocu% RetY eu%m%eﬁ f %‘{g)aq%edeaftia 381?15 C\%ﬁq%fltéons Troughout a full
procd’sewurslbwrrmirat:]eﬁbl)p&ﬂartephysﬁaldéhliﬁ;&indd_hﬁhﬁ@@r&dléti% Qa{&hlr@t@l and

focus settin
robuc B At OB & gg“&ﬁowe*@ PTORSE & fioa iB’éogﬁaaqht/ sigpylapion
benefits fiensutidithebyiomdnmddd byl irdtidh WﬁtﬁS? Edk’;teﬁit‘nﬁ@& bébura?y, redictability,
Iporation I ncluadl ng

di ffusjon, wthqut joint ca
and rgl@‘\‘sg'@sﬁft B%H”é‘aﬂiri]?8§téetw’gsl BEYiRg PR IR lriBbeesA squar e
well- GB&@)ermdlé,amspﬂﬁg 1oBattoRe inited Probiss Warlow! 2)RRE ATBY & pR@BC ittern
one of those mninuns i s physi cal and correct

behat]iy e irRaLed Froh FHIBHBLRIOEHE ot ed Shfosaoapposte model
calibRHbPOR e Gahibyed GRMSE drdilBStota N SinfRREEH meQuibMEnts than calibration of

multiple separate models at different discrete locations in the process window.
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correct mnimum points since the trend behavior with
defocus is orthogonal to the resist behaviors.

wabereiase, fal se "paraneter |unping" effects BCEUS2006/030364
avoi ded, and the resulting calibrated nodel will be

rol083% o keyeahatagtaistio ot themeahedrof salibresin thel fouesapasnes model is
the goON&bihBNE of 'oEtlc‘H g}ﬁirreé“ﬁﬁ elfs GY B Blse RRFHE %h%%ﬁ 191%3&‘3 ?1? fact

condi tions, cal i brate OoCus- exposure
captiges Babur@telwdhqﬂ@cnp@@ al effects athile rasistyehedi parantvters év nat hlaamgawﬂh
I lq It
optic Oﬁfgg& 2 gjt %ggﬁg@%&ﬁ esé(ttlﬁ‘%c gggé \%ﬁn gﬁ) \A)?sc&%%l& c{% a prinfe pattern
can Yepariiabn ednypedestddigomn pwmmdsﬁﬁa@s @rmylacid diffusion, without joint
cahb%gf? ?}g{c,ut%lrn%?t egﬁlssda ﬁ’x%?e’ :‘%Ig b tlpITe roogtﬁg’egs:ﬂg%erg ngb?[hﬂ}lmmums
in th¢ dﬂfecruemsﬁsyparaﬁétempacet ey 6mmﬂﬂxoammmimmﬁs isaphyAdal extscorrect,

B e R

correbhﬁmpnmm sints\sinael the treadbehptiobyyithi 84 fo@s liﬁlir&xog@fal to the resist

raneter dj nensj,ops .t hat be adj usted
vehafipls, Thtgte, Ber TR BaiE b s S 4 FYoMt: Foes tesitng o
calibpitedagsisl WAI'@ moréhddiratefid@sBust et Raftidd etgok@d 8bnditions. In
meter varjations and may al sQ add further
other gy IR BRI THRFSRRSIBAIIPRS 1P igores o iopmpsure model will be

able fb@ﬂ&ﬁd’tfﬁierﬁa&elhfbklﬁhvmi lvxtel Rin @ @hddbr AliBid el 8RS ar ABMiBal process
physi cal, and hence nore accurate and preéedictive. For
Cond@;‘(’%pl e, in a nodern exposure tool, many opti cal
qu@40|]| IStk ‘A p16deRbl Bad” 8 MR ﬁesqh@rmy defiR&d qu' ng, for
exa um nati on wavel ength ‘'ne-w | ens
two- @@?@W@E@@ﬂﬂl@-ﬁ@‘?%9pa@p>tthq:laptha®éqs¢med darsin isnef restwdtefieto this
definftRNIGhi fdeﬁxlujuéﬁ %H&Eﬁf r@ﬁiéckéstflm&tﬁ andBde Jvzf'HaIUan usually have a
paraneters relating direct] y to resist
domipgns frapact erslithesrae petessaxrfomaacy. Usisedssible )bowﬁvet,he seeoilize
I e.l
the P e B P oo g that may e
adjustegton satieds Suglya muhmtryn wilhkelg &l dabtueet prmsmang&s&tm;pect to
r
theseaagélﬁo#a:i: ;%HJaré%etto ‘?‘3‘?%‘9? In ? Eﬁ]sgadsdertu ﬁ)er ?rbsﬁ'm e%\/ﬁ) ?ilgmf)éiﬁ]tﬁmng
Additiofal ¢pnsEhiGLs h.@_m nake ﬂlefcblmmmmbdabfnomaﬁlbﬂchl,ahé halca B80ref 20turate

a fo Us- exposur e nmod of a t-ho
ond EEEAE o Bl SR ol Gt Renfome REm St o
somel emtest, apluﬂill@, foa emiple;) ilhinﬁﬁattloﬂ atabelenysh drtlimk-witith) lelsettings and

d d est
e St o B el LR Br Bt G et
relatifi§ gisetly &Sﬁesmt&ﬁ}teepﬂa@erﬁﬁﬂﬂa}t (23 @ﬁ&&brhaﬂ]lfstétﬂ Ahﬁltﬁﬂﬁe@for similar
aracteristic of

actions .t hat
pararfgh iy b s o i R R B Brvi oo gof pewstess
or ac@fradyi B¢ G&PBREoPHOLERE MBy Mbd Millsa teki dAgh HRint £ 88 5 ol identical
i sol ated to _dense), and two-di mensional patterns Such
exposyze fopls &y & BRdwetion g&VIRPER Mty ar vi ng gap sizes shoul d be
| ned4afets. 2he a hibRedasRARR HRA kLA 109 f&Q?é&tlﬁ’é’ §focfi’s f5-exposyre mo model

one-di mensi onal spatial frequency space wh
of a Ighggraphy process, according to one embodiment of the mventmn In step 212, a set of

test patterns that will be manufactured on a test mask and printed onto test wafers using a
lithography exposure tool are defined. These test patterns need to cover a full range of

proximity interactions that are characteristic of the lithography process under consideration.
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patterns cover two-di nensional effects, in particular

|'ine-end pull back, pinching, etc. It is also possible
wa eoodeidzee a two- di nensi onal space by "patter nPCT/US2006/030364
_curvature" and construct test patterns accordingly, or

A Wxsis eango pRlinslngsie erttarnowidh vasyisg pitdies (frost isglated trdesse). it

V I
e %ﬁ%‘i ?ﬁﬁtﬂ{s?#h . 11?1&& a}égé <£1w1 3/31%%4 ?‘é@gs é&gulg%g included.
The [iﬂ@s@@c}e 1@iterenspah evdr apoc-ﬁmmsom‘l spaapﬂefreauemg iyt wbibd thatige end
patte%rgsgélo t ef f i é‘lg]i réa‘;i]\ gfefgcltﬁi ?nupsé eculg? P -end pBﬁ berl]& 1nchn%%,]ac Itis also

possihde tbeleﬁnet th&silmhxaiona?s@amé‘pmwrvme’t mdmenitmcnest patterns

accofliteia R ubtile CoEes tyCRERS el AT Gu R st oe
typicaf ﬁﬁpdss_“m&idciﬂ the Fefigdsttha tedithappiphg alodalball batsedns. or

t | flare) if, these effe are j.ncor rate
; nlopia 3&%@1@3 FRRSaTe A penapding PPFWP’S%“%G?F‘SE s, 1 3?%856
abov‘é’ellt b BBYVBe pd¥sibleGEERIRNR tRadaliBiatlod wﬁ51u§b@wf @&é@l tﬁ:&éh &at are
senS|t|V|t| es to optical effects, for exa

morepsc?pr}lgvettg cerimeiiests tamiothersndy Hosi;‘glte p]ga[nﬁge p&gh??ﬁt@% pgt%ﬁrqls that are

partio&rly RRbiliFAb RN ERdCkNcIPSs httRUBr bt aiB@Jrthéﬁ@@r’ stray light
possi bly in conbination with correspondi nq process

(ﬂarv)af thege; eéfﬁ%ts Argynoepnoraies in ithepd Gad mpdeleat theesiaplatiqngepla Hds

welld@biwR At LRBinRRk A RO GRwW lﬁﬁf&ﬁfa?!sén)ﬁtlviﬁ@s[ fol dphitaRLrRAL ?d%r n
types may correlate specifically to particular nmode

exarﬁg@ém@p@rsgo compeans igktrat patisipete tl@rgehfoﬂe Sgoh onisal aberratlon or
flarel to1 P&t’ceﬁﬁs, }gosgﬁly"’ln é&ﬂtﬁhétié)u M ivfidh c@H Xr?dugge]f’:ﬂ&sé‘%aﬁgns%a her

~correspondi ng-weil ght ring t optim zatio
impiop#8del Agpatation anvetahibrdtiar perfakhange.i Gensrally cpauinular pattern types

mayg&trélgt@ lsg/e%gﬁgﬁ)aﬁ é)gﬂi%%lla F&’eq Ellral%‘&!ef‘sb Flﬁégng)gttséﬁ gégs can, e.g., be

ctl errations
identi Bqyblryaet sehsitivityi amglyslemm@pimvfmwahbspomthﬁg yeigldts flgning the model
opt1sztt'1o%aI aberration nmeasurenent. Some exanples of the
? cal aberration neasurenent tools include those
onfi9d3namithes haetged o€ takmgmtto adcognt thdxq:ltlsal pbavatidedin myodel

cahb&}%erl]s? trg |d1r%nlg'blse 1th] 0 U[ Stjcr\astlg)lnsﬂa‘ 1{;815 b¥gd SePaf erl]glésgrgls%ls spec1ﬁ%a11y
desigried foradpticHd hlbsmholaﬁearsn&meﬁm -SSQB%kimMES dfelsd opiad! tabérfasion N
t he rmdels ‘g atlon Theotig berra]tslon db
meagyimh {oBlsdnclyds T OB ARRTTHARE P RAD S 0ok gregiied by scanmer
vendodd, klehat HAAS %Immth&aédlm}a]hlt& g,orﬂo Uh t1Ad &sd, ithe@dis @6 need
node

. known paraneters in the optical typical |
fo méﬂlgmt@a@em%cfe@&t% desf Pligres e Pg)d?lé:aﬁﬁ@fy Q@0 g 8PYRgh,
aberka’u@n parhil8e@% A ot 8djANAbRE R An IR L eAARLRE ldﬁn%fmédéﬁcahbratlon
|.um nator, which i s often neasured and provi ded

but qzﬁ Gis a8 knp vy pameters e gpticaknedel g driyniee! pewle of fixed optical

parafletdat fleisOitce 1%9[5 i @nfhe léﬁ&%@ra?—@&dl&@ap@ﬁ{d%ﬁ& BFf ﬁle G1®unSinator,
source map, optical aberrations, shape) ,

whichHe gftenrmaeasyred ardpragdsd asadneyn paty n?ié@ gmuw duping Fedel
calitfidnC @br Jﬁ?ﬁﬁ&wﬁbﬁdcﬁ%aﬁﬂ%@m (e.g., source map, optical aberrations, and pupil

shape), they are treated as fixed optical parameters in the optical model during model
calibration.
[0044] After the set of test patterns has been defined, in step 214 a process window is

defined and locations in the process window are selected for the calibrations. The process
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calibration. [0044] After the set of test patterns has
been defined, in step 214 a process w ndow i s defined

warw7hoeet i ons in the process wi ndow are sel ecPE€HUSING6/030364
the calibrations. The processw ndow i s defined

windogiels defineA QY selerting srasess apudienns thapwill b yapiedyfor #ﬁﬁlﬂ@al\/qabbmtwn

and t}fel?ﬁlgg‘agﬁbse%hhtmnén QR t?jﬂgal taﬂﬁlc 12(531?511 &Ipo&di‘@é&‘ocus space that

variations. For a typical appli I on,
approsixpéshmatchRsf B eneseds esxpasted PEGSpISAHNIARY ‘éﬂl;ber?a’lfféﬁb@’ sagipling
locatlgﬁﬁc %%Scovér 1?%1B§l?att<%qn IR 'I% GO9S SMnRHAVS Méd Jre q 1? %Y@ § 36 318,

sarrp I N | ocat 1 ons. IS coverage IS US rat e
and 3} ¢ sa@plingihéatimssih ansxfoswe-dgfoersspaeB003 EIG 3®1$0Ws3qr8>

r
e o SIDH IR U BES 40 ) By PR 954800
five spnpiugsle;camnsd@w 38823283 @narmehd3d swirich memd@nmnl(xﬁowessmmons
in thegeﬁrgerggg oi : Véeessaf‘rﬁ{): 3%2 zlsgxgaz]ltars] g N7 d?d%@dnaﬁs%x@xgln%%?éaﬁ%gsojﬂ 326,
328, 5115630 elbéeetb tiZ3dundarptheceS dn prantkey\pi822r agewwlthande foupling
locat di ti.onal . sanpling | ocations 324, 326, 328, and 330
oca le?sdgaé’l%edls?qﬂe boundary thereof. In practice, greater or

f ¢o0a5] FéraacH Saﬁ@hﬁ@mtioﬂgvhewmmb‘oﬂm phrermssiefinediDOGH 12

For each | ocation .324-332, the set of test
i use} 3 SDPHE TR PRI S e DY 148 0 OLEs vt momber of
patterh kyipbé QoAb BREIBIHENg ﬁ@@ﬂvni | A édnﬁkﬂet@ & obl@st@bﬁe@hsﬂ@ﬂwﬂl}t dh the

a reduced nupber of patt pes af sonme of
order ghsayPrRhGoRsaRE: MBHRe mppspiy At C@P &FOCF%%‘YI%CM %?é&r Waile 2
signifiARiCRML4A ABmbR@f %t@ﬁfs, ) % RRVEY pdrcdnPOfsIRAE SitiliFBaMt ﬁ@nphng

neasured at center 332 of process w ndow 322, while
locatignsga338 alrthe Beripbery Q%WOW&WWO%\S% ahteeongequgncy the 9! Cnumber
of tes%%tlgﬁlr &&a@ﬁreﬁgn@{ehmre@rf@r 13k i dxp 68 rAhofR BRbkA8n h&?@ﬁﬁc‘aﬂ@y

4- 33 th eri phery of process w ndow 322." As_a
smallerdh@neta@@ﬁb@le-m 1 gdibzation derserepassicly deneaphindiwidyal sampling
del

ol ESIETERSRE AULLES, 0 cBbi FulBa

nmﬂ!inﬁblAe bardupe noted beforat thoexpdene defeprssnace |8190Wrom FéGe A and

r

55 AL S8R0 ey 0 Sty
additiAgal hvals_rrb@e dimrosien tysftoresd ashiellax posinelaiefmemes space

s Do n

IR0 FpFR 0 P T SRR B Ry 8 s
condigibisais maﬂjzvétoeamshradﬂt 4 tebavailt ppanetve sf@ce disnﬁ“n@hﬁmwelhuwebd

use n_an equival e WENicno
impi S oBep 711 M O s P e AR g g AP
test p@lﬁrﬁﬁ Eriddysirod e@fn@ﬁ@l&tﬁodemmd)v@mmﬂg&oﬁm&ﬂ )bzﬂd:fﬂoﬁ a@risfank

a rel evan fficiently wel.l
SIm“IEB‘?PeRaéadm“FﬁﬁF %‘?‘?ﬁ‘p ﬁ{ﬁe ‘idi tisi 83‘#‘&? ang \%‘F%% C%n‘iltmns do
not ploWdte dhffeiRsl RRehgd df@lmmt@ BPeze, ias@b Y58 &lditfonhinest hatsdkns or

locatlﬁgsf]:nﬁ proq?ggfa/lng?\lygpe? efi 1gc;sdt ﬁt ecitogrﬂ?e%ergtxslm\émtonggp 16U§;{;}n% the

analysis of step 216 may be considered as an integral part of the pattern and parameter

selection, it is shown as a separate step in FIG. 2A to highlight the importance of this
consideration. It has been shown in the literature that adding more test patterns to a calibration
does not automatically improve accuracy, unless the additional data points provide a more

complete coverage of the relevant parameter space.
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simul ati on paraneters, or other nethods. If the
defined test patterns and process conditions do not
woee@videssuf fici ent coverage of the paraneter BEETE2006/080364

sten;, addi ti.on test patterns_qr locations in the
@@%ﬁﬁ ;@% ﬂ%l gﬁs‘@a&@?‘? Hproopsropditipns gravirersu Hisient qeyerpge of
the pSfaﬁi@teZﬂ;ﬁce Wi th@hddwnamnab ¥ith §te?ﬁ2(§5tl%ﬁteg 260, T8WapBBcations in
|ntegral of the pattern an

consi der n
Ophcﬁ]d?rgﬁcéjtoé‘ﬁd@&@g »iBYch 1f fhelcgrf%“f‘i site-ofghemars msamigondustosp i n
manﬁiuﬁam%e telt rﬁésﬁhd faExliEateﬁ higink FRAELERGSK t@%hn%fi‘)ig? and manufacturing

%n5| ration. has been shown in t erature
methpd, ag Wikl hgivsesd %beehtb%qphps arocess it isgo he desciitnddyitoncatioetd

focué’-‘&%;oﬁ&'é &H@él' GRd feit nhdTR ENEnARE WhES ¥et oﬁ’ B}egi%ﬁfli I@c(,?ﬁned test

itional data points provide a
pattegigy Bingydonfxample heélbgwmaqhammnwedmhawh[mﬁéﬂc} oddn t he

alterrfiﬁﬁ% ﬂﬁge LiRRbr Hﬂ&hﬁéﬁ%}h %hﬁ{ rggsﬁscfepgﬁ) i1 tﬁg ﬁtthﬁérgl\#@% PIgEess

I cl ent coverage
undegeemsieratéon. ot fatwe bﬂmmﬁhy, bptlcsltmqsklémgchﬁxo]bgﬂpmhy Baihtredised,

e.g., ﬁsﬁhlg‘)sgaﬁaq ‘ﬁ%ht%ﬁuﬁ?({r%&nteéc{ tfj.gtq%c d, rﬁl%agﬁl\gh &eﬁmlate rethlgle The

nt state-o e-art in-s
focusypofuacinode] ngibration st beremkily sppliedhld adtbest kil RE tHoee

chn nd manuf act urj.n netho as_w.l |
et 0 Rl 8 R0 PR SRR B eidhia AT bhpborge 1 Optica
Maskdhes I:rthdcgmj:hb YOMILZ, th:dadpaﬁ)arl agmdncfdnm-seaﬁﬁgssdéfr@sp&ﬁ)&iﬁé to td1€e
1 {g% ¢ RS Eonta ggole set of reV|oust defi ned
secle Bt TPt FeREPRie By sl oriamaaermee il svom)
are u&dﬁmpiu@icﬁ'dhephﬂﬁﬁslshl ft mask, or an alternating
p chr | ess phase shift mask, dependin
Re‘f‘ﬁb S[P FER 887: &b‘ﬂ% ;S‘?SB*@%%%‘E@%H@&IS &5 MENigd i1k GFRosuEpOl that
is reptagéntitBre loff tHe QigHogRipty pOBdsk Gder H&ﬁlﬁlaﬁﬁ& éﬁ%ﬁgllﬁéﬂh% rdsRY
be introduced, e.g., u3|q? spati al ght nodul ators

paramefery g pragessing qopdigions agfherdexise élat%fﬁiwxaltgdﬁrp@ﬁ cThas printiag
proceﬁ@@ﬂﬂﬁnﬁ%ﬁdﬁ&hﬂﬁ’gﬁ{ reGigt!1hyRF &4 1o Qva‘ﬁ‘;ré ityept?ﬁ,% Mg dhe or more

ppli cabl e and beneficial” for these og es,
addlt‘\m’é pRtirelectiqndayest, 2 pissRPPRIET baka slenexpestrcie a scmsérde stepbeaby

proj eé‘dﬁl"gtaﬁ #haHom e te%ésﬁ%hto%&?t%aﬂe& (ngég r E%Xél lerle)baF, step,

spatial |ight nodulator settings cor spo
and rqswtedeéfélp@@?@d Thewyintipg proegspgiay elémghlé@ialtr},ddmmyals@p eﬁdztdﬂng the

wafer] ﬁ%&c@ﬁé 2188 bR oSN LA &[eﬂ %%5 f %X g%%% rpgrforfnﬁ:g using

|npaceo e test mas step
all progees seiggs PF&‘@RUSIX dsfinedarf sempling lecamonmehb pmceamwmdp@s Biisting

the tegtg)g%ter}l%} all S6hé ?a'}rg)‘cfﬁgioggﬁo\ﬁg 1 EI b a 1eveg py ? Flgtypaxg&%t%ress S

er consi dera usi ng
Stepwirg bamﬁleresemmomwlamglgmmhtmw 1Py agpoking adembedf test

& ggﬁ f uring process. This printing process wll
watet Hagﬁgappllcatlon of a resist |layer on the wafers,

t MSQhIﬂ s;epmm thgtestr'[ﬁttems omthe fidydirédesB kvafers are measured using
e .st ep

n t ers ez,ex ure bag
L ASE) B8 LB AU Ry BB S PR DR 2 B o v
end-pu]ﬂimglemﬁeasmmntelna using b CDRSKMUHOD-AI®, g fion GAMLRL swaker
Dost exposure bake st E
two-dfin nsmnal mage data, optical sCatterometry analysis of CDs, or other
measurements that can be correlated to predicted pattern parameters derived from the

focus-exposure model.
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and resist devel opnent. The printing process may al so
i nclude an additional step of etching the wafer, if
weemhoigeal so part of the sinmulation nodel. PrPet/Uszy0e630364
test patterns is performed using all process settings
pr B05d uBlieyacidelfriesudiel dertyed ol thegrinteidast pattesns nged tpebe matched by
. ti oL 8!
simu téeﬁctgszl ipt?@lr%gfp 12 g{l%cgeﬁlsrg&n%ey&ghé ﬁtﬁéﬁrg@i&&?{?@g‘s ”[(1?1 éll:l o?ﬁhe
hthog]aplwmbmssmsméqzswns er that wedel m@pk&t@thsmqng ﬁwrlelso gmphytprocess.
e of a nu
The mc?lg l§c ude lre%stt AR opttcg%\gbci( aﬂ(& glg% Bpt?é\a y ?ﬁlgd? %getﬂst model, a
maslpabdedrand anmoﬁlérelpf)mbhg}te pfodﬂﬁ@hﬁfhppﬁé&l@e a5 en erelamuded dfter the

SHEITRTIE o TR R R
modeélrfolr qasd éfﬁﬂxﬁﬁﬁaﬁ@ﬁiﬂ Etemm $nifies lﬁl’tglg@aﬁ&eﬁEMlﬁés fﬁ[}lﬁlﬁ%al model

ener ati.on anal ysis o nsi onal
ate SRR SLIE BBt G HPOREE Py Ry ser CBeteIgre GeHed. The
initidTBi@figpameites viliat fof@a oftRaladee hxﬁi tﬁ@reﬁx@t R6®UGY 8élnominal,
pattern paraneters_derived fromthe focus- ews)osure

defawﬁ&éPeSf BR5a Y uatdorthe itdine puametess. Hei the epicplmedel e fitting
paraRbleRita@alf tﬁ§§dj@@£ﬂl@ﬁa@a§né@&§6fﬁm90ﬁféaﬁﬁ$d‘elﬂeﬂh F&u@ﬁo@é &l

test patterns froma selected nodel of the [ithography

defoppis grcaiaod conpisleredgel adiusigble preamqters bigved g varicd de aegordaage yadisfirst
prind@h6s 18co #@n&’f@%'sel@&é’dﬂa hﬁgeﬁaﬁfoﬁmtﬁwprs&gs Win 9fn§%&3o

process. The nodel includes at |east an optica
the paitted igsipadiotns erectitnylated usingibe apticebingdel mstibe resist medet. In the

preféiq%q %lnb%(g %Qntaﬁ&)! sﬁ)rllulilﬁlon @'P cﬁ)oﬁb dﬁ[n?)le?%ﬂ%h ﬁﬁﬁ‘@&l@ system and method

., an etc e res

dlsclnwdem U.s. IRailemeN Qré 1003.d5HfIn @n@mﬁo@;mm,@ lithepzdphy rsinyﬂatlon system
[ St I

800, dgs%hﬁgdeléetlor%g uﬁfl %%efhgagqs ful£Plo Ipe¥f1§’a§’ﬁ 29 18388 230,

simuprdions e pcrformledl &z afl drrst mutemp tndfat aliivdgionsineths pﬂoe@t edhdawd

deﬁﬂreg éI? gg?eﬂ% rrzg %%fm ]grpégé Iu atdd r%hgalr ﬁl thFl 1slmtukja,%sns file 2 exposure

dosepad dsfetus pamalcteesof ﬂ&rmctdbbar@miried &l acoexdsdce auiit firdn @nnc&ﬁlb&tnd the

faul t uess val u
vatuf S e A R a0 et i TR R S S ppsi
modél] teidafigunolanget ers are all the adjustabl e paraneters
of ti.cal del . The exposure dose and d focu
0 08898 6 o T Bl okl pARERE L areHErLreBlts A
comped/@hineCthé Act@d E@ﬁl@@&.g.@by\bdnkpaﬁh% SitnuRtdd ke RHRS of Sap w1dths to
correspondﬁtgg t he sel ect d sanpling locations jn the

corrgsP e ISHYbReas PRI p ASHAT e e TBFASHCRENTE Ry Prieriopmed on
mmt@d’tﬁi R bRd@dd hider K8 t1APlcbfeadnt IR PeldiAItwh HEmER®hSprinted

In the preferred enbodi ment, the sinulation of

paﬁeé@%ﬁldzwe n@ﬁ%\ﬁﬁn@mw st REfers aresspaarpd aatnsteeirguivalent
mea§hHednBSR Prih8d phtRms P@E@IﬂEas{ﬂ@meKt‘s 007 inf8fe sdafar Qﬁﬁes such as CD or

enbodi ment, a lithography sinulation system$8
line-grecksyl toell eBes Mggemantcasiofs iondte somblen evah@tion; ofucgrrespondmg

two-Hinhenbib R sﬂa‘ﬁesp e @TMSAsER A0 udeB 58 BistiSion below for illustrative

purposes, and measurements of any other pattern parameters may be used in a similar fashion

and are within the scope of the invention.
[0053] To quantify the agreement between the simulated results and the actual results,

in step 232 a difference measure between the printed test patterns and the simulated test
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simulations are perforned for all test patterns and

for all locations in the process w ndow defined in
WGEL@ps1REP- 216 to produce sinul ated results. RCT/DNIDEE30364

simul ati ons, the exposure dose and defocus paraneters
pattedis it betculmetbfor edach sataplingdodatioraindior acesewinidow. fri orgtembodiment,

i nci ples and the v L tLin

the FisB Faehind Rrroehemgt o ot b bk s BTG B
“distah®” besie&t sifoEed and flFsured lWﬂlﬁlEﬂﬁgMot—Mé%SﬁluaM(}KMS)l sanse as

st 232, the pattern .pa S “the Y| d .
R R G SR R R
and Riefbured D ¢ANRARENBe Binkdraicads Hierest FpReion, O isghptow dirtier of

to correspondi ng CD-SEM nmeasurenents, Alternatjvel
samplipgdeiatiend e Pr9?a§ﬁ vyadgyeny BRI < PR 19 be egobred at
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tting paraneters V] - v9 ,vf ) , where
threshold, the method continues in step 236, in 'which fitting parameter values of the optical

model module and the resist model module are adjusted or tuned in a certain sequence. The
method then returns to step 230 to simulate the printed test patterns using the adjusted fitting
parameter values for the optical model and the resist model. Then in step 232, a difference

measure between the new simulated test patterns and the printed test patterns is calculated and
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the cphlvratﬁmtp‘éﬂhe\fag%@p%uﬁ Wel. Then, ig step 25 6,91anfdlelt its Iggr%rated by

applying the set of values for the varied model parameters (e.g., exposure and focus) that

corresponds to the selected location in the process window to the calibrated focus-exposure
model in accordance with first principles while all of the other calibrated model parameters

(i.e., fitting parameters) are held at the final fitted values of the FEM. The model may then be
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the calibration procedure. This sinply nmeans that only
the process conditions in the optical nodel that have
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where sampling locations with exposure variations only were chosen, all other results indicate

that the model accuracy is not sensitive to the exact selection of sampling locations in the
process window. The method for creating a calibrated focus-exposure model even allows for

a moderate extrapolation outside the parameter range covered by the calibration data.
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model information 720. Physical model information 720 includes, but is not limited to, optical
model information 722 and resist model information 724. Optical model information 722

includes an optical model and a set of possible values for each optical model parameter, and
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application processing system 814a, to provide or retrieve data to or from application SCSI

RAID 838a (for example, the design database), and instructs application processing system
814a to start a job, as instructed by the user or operator.
[0066] Application processing system 814a and front-end processing system 814b

connect with accelerator system 816, for example, through high speed switches (for example,
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includes, but is not limted to, an input device 712,
a nodel calibration nodule 714, an output device 716,
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compbrfenﬁ%tl 63-nMdcR Havifly o2 nféropBERsdl SRy Aém BUMAPA §i8elu¥iRE one or
conmputing systens, including but not limte

more FyIPITECESIABH, PreoE BT Hegelaier Bbreiams R g dent
memcg% %‘5&%{5 KA R Xﬁfp@é@ t8 3‘14’ Rssodied mﬁ%ﬂr&@ssﬁf QS8 FERN4SE L EH)

sui tabl'y configured to handl e job nmanagenent
extentér apegntonf @@Mare@@lqgm@r@pmhtg sy éﬁpgg@ed With microprocessor

subsygt%m% kesl ‘ﬁll 4depérfa1r gl tﬁé@(@&'t Giea‘?ﬁoun@(ﬂﬂxbinﬁﬁ%ﬁ&f‘to Bk 68 R

es an appll cat1 on processi ng devi ce
swmah m @ capppllineat, mnoBESssORMLEY BB 44ApIfier ke Bipiudes two

pr.ocessi ng._devi
Xeonﬁ?lgvpﬁ)gesrs[%rﬁ énéxremtggkn%ggy ;[ eé?%éntéafgfta%/aé gélﬁg 3/ o q’\}}g ?clcglsrsator
subsySiefiip 8A&hh sadifindydss e pluddly of Aﬂp}ihhﬁttgmr&‘@ggﬁgl Intepgga;tecbgzgmq e,

|IC tion C.ess dev ce t
(ASI@ B‘Hp%se esg 1a%gr&gg shate 8&’% ngégl?a%%)eo ohent g
exam?];?dﬁeﬂd-@ﬁigﬁinﬁﬁﬁil@gatsatﬂtye(‘hFB(Bﬁs”)) Harfab,;eadp@capcﬁe;ﬂmgr fuhgystems

Y, S _or
T W o A T N e D R S R
may B@l'u@: hathd a&iig&ﬁat@f sﬁB?yst&&B M@ﬂ%&kp&ﬁlllstraﬂadig@IGOS fnhtbis way,

graps_an at a or d dat ab
wherby B SEFtH R RSB S S pUOBBT CEPUA N ©f
,Dugﬁpaﬁﬁﬁﬁﬁﬂgx§y§ﬁ@ﬂb&kéﬁomncIudes a front end proceSS|ng

devi ce 840 which is suitably programmed.to handle o

PO i iisBaBa-n faetlispialtiphsepeld PmIEHCAliSR PGWFe‘b‘BEF‘E’f‘b"FSS‘”

subsystem 844a-n and associated accelerator subsystem(s) 846a—n. The communication

protocols and techniques on bus 850a—n may be PCI, PCIX, or other high-speed
communication protocols and techniques. Indeed, any high-speed technique, whether now
known or later developed, may be implemented over bus 850a—n. Notably, in one

embodiment, the bus interface may be implemented using a 21P100BGC PCI-X bridge (64
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(i.e., the "outside world") via, for exanple, client
conputer(s) (not illustrated) that provide operator or
WQIs@r/oseeess to system 800 for job setup and/ oPCT/ES206/630364
front-e d SCSI RAI D hard-di sk array
oiv SR R e o e e WA e Gopropdes Sh g sy o o The

lmplé‘rﬁéiitdtﬁn led pchitioh of AP AL P OVBRIO58 U8scHlBAM 16 Qetaft llr{‘é‘p?hcahon otes,
wdupﬁ&nt egd_SCSI RAI D 838b is used to store results ana

pawabirinighinddeimhents ahof wheh armsamomied hyrreferse Irgein.
SYIBOANTB Avemticntal Qéém&@écﬁﬁé@a%ow Foitn ARLACE R {RBisic
processing system 814a, to provide or retrieve data
emb%’ilm?f% H ‘é(ab hPwaer. ba cxdst trayatogssadifitaions mainbheges trap be
mad<i8Ste
o BLERPEE, 1ON Y MO Gh AR R PP B PhRE S Pk
in th%%ppergﬂ@f& glabns. Thedeegoingisisitition end cpxmmgsmmg,c@mgbmo&Ma
814b connect with
e R R NS R e, Chrough i gh
speed switches (for exanpl e, gi gabit-Ethernet swtches
842a and 842b). Switches 842a and 842b may be Del
5224 Power Connect, manufactured and provided by Del
Comput er (Austin, Tex., USA). The inplenentation and
operation of the Dell 5224 Power Connect are described
in detail in application notes, technical/journa
articles and data sheets, all of which are
i ncorporated by reference herein. [0067] In one
enbodi nent, all or substantially all of the actual
conputationally intensive tasks of |ithography
simul ati on may be conducted by accel erator system 816,
and, in particular, one or nore accel erator conponents
816a-n. This architecture allows scal abl e conputation
capacity, by changi ng the nunber of accel erator
har dwar e conponents 816a-n. Moreover, this
architecture al so enabl es or enhances overal
faul t-tol erance of system 800. For exanple, should a
gi ven accel erator hardware conponent 816a-n fail, its
j obs may be re-assigned to the other accel erator
har dwar e conponents 816a-n, and, in this way, system
800 maintains its operational condition/state. [0068]
In particular, accelerator system 816 nmay include one
or nore accel erator conponents 816a-n, each havi ng one
of m croprocessor subsystem 844a-n (including one or
nore m croprocessors), one or nore accel erator
subsystens 846a-n, and | ocal or resident nenory
storage 848a-n coupled to an associ ated m croprocessor
subsystem 844a-n. The extent or anmount of hardware
accel eration capability may be bal anced with
m cr opr ocessor subsystens 844a-n, depending on the
extent or ampunt of conputation to be perforned.
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[0069] In one enbodi nent, m croprocessor subsystens

844a-n each includes two Xeon m croprocessors
worecvabsesur ed by Intel (Santa Cara, Calif, USR)T/UI1966/030364
Wh ccrfl.ere(?t or subsystens 846a-n each includes a

aS)lfsuc WPtV of Application-Specific Integrated Grcuit

(ASI C), special -purpose DSP integrated circuits,

and/ or ranmmabl e gate arrays (for exanple,

Lo Wtﬁ%’?ﬁmlaéo‘@‘éﬁpwfﬁmekof pithegraphy propest.@omprising:
eagdlechg A6668L1QF MliHog PRSI SES M BeSARRT M1l Iax[;] 8}!>tﬂzgﬁnodel
mul ti ple accel erator subsystens, for exarr% e,
accel erBedue. &spagdst kaving a8t ofmpdelpetaggtersihéludihg focus, exposure,
accel erahQrse e ta i RA0al - il Lustrated in
FIG 8. In S?hi S vva;t? %en%ﬁ ;%Iiﬁbl Ya;dg%f, each of
actdingiza mecesuingew Ersheditbetaphy pricedsiisa fonpertpatire syake;

c s . - f M cr opr ocessors.
CaRAE[AYs UL YL K5O L
c ofping g aplphthd e ngivatopradtiste preseds syistosniB4haality of

d ' | t . 846a- Th
Commun AP e B EhEh hod HaRO B St e < Sarspel
may be pegible PODESs carditiznk etthinitihprs@eedindewiruni cat i on

pr | s_.and. t.echni s.. |l ndeed, any hi gh-speed .

P et Rkt Uiy ProsPe: ench &7 B eliroivuge

be i nplsempiigidcativry withis th3 peds. wiidvalding thé Mo@Svith the set of
enbodi nent,, {.he bus .interface magi bﬁ I.nmpl ement ed usi ng

a 21 Pl BBEd Pafé‘%‘??d@@“(%%@t‘lﬁ ngthg fighperpplygrocess with

| nt er nakiyiipataudssf HasSdBHBERESoretidRaa td RO pluARR K ampling
erati on of 't he Zp

N Y., A%.. The .i nppl enent atj on an % .
1 Pl iopsailis L PRSERSRda R e o ingionptanittheopitial fitting
not es, phRaRfk ¢adldg ournal articles and data sheets, all
of which are incorporated by reference herein. [0071]

¢ y 3
THETPRYRHP Hfuifed rewEnvileadial rraeitsb edithotaphy poessenteach of
to specidisraRiae Wﬂ% Rocatldns Within:th %X%ndﬁ\ﬁ to%b&%@% total
that various nodificafions and changes nmay be de
t her et §itfirense meagyegaeivien ghef simwpteh eestitsoad dre asuriesultanthll of
scope Qffe g1y Y SRR 1RSHEL forth in the appended
clainms., The foregoing description and draw ngs are,
adegtifyingghsset pifithes paserastetedluenamipendthiingt additionsd sinaflhiat
than a IChi b laimed.is:. 1. A .
et nod Tar e idf IRy WAk Be BBl b spe rodtss window
| i t hogitaidemtifp opiiews fittingpprainsien galusahdchitnie @tatridetenes

model  Saaar e PR e el Ry RS mulgf iRt s fne

par ameoptirsui fittingdiaraneten vaises iempomire or @belod agRéde®fmined
neters having variabl e val ues; defining a

fitti nghrgs%@ 3

process W n b%vdf or the lithography process in a

f alefising tpdsws exppacanodsblsald mod] ichingMe dpfidubafitting
fittingljgararre er ﬁalrues for the rlmd_el; ) )
arameter values, the focus-exposure model being capable of simulating the

lithography process at any location within the entire process window.

2. The method of claim 1, wherein the focus-exposure model is used to simulate the

lithography process at a single location within the process window.
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selecting a plurality of sanpling |ocations within the
process wi ndow, the plurality of sanpling | ocations

WO p@rdi2eg nomi nal condition and bei ng a subsePCDUSHN6/030364
possi bl e process conditions within the process w ndow,

3. geffbe methad of¢lrin avdgreinetbefocus-aposurempdal ffotsed forpjmulate the

iR B R 1P R B Mo bihaRy BRTRIO: O A of
sampliing In¢atipad byfapplying doquaaraheap esurenalugesortsyponiding taithe gatidnavithin
the }loerloct:elgé) %{H%R\I;}XO Bt ?&%?—gxﬁlgsﬁtg n%%%lydl D& o éé%ithoiﬁrsgg&gﬁleé %hout
xposure correspondi’ng to the plurality o anmpl'i ng
chadgipathé optsnun filting phdameter edess wi ndow whi | e hol di ng
constant the initial fitting paraneter val ues;
conparing the sinulated results with actual results of
4. t h@ht hiethogd bahivh prderasthatet @fumbded barhineters! funtled irtcjuded one or
s%ggang | ocati ons W%ﬁhig %he rocess w ndow to
morp figsh prinetple parpmpteryin pddition 1o IGeRs &P 8 neen t he
simul ated results and the actual results at all of the
plurality of sanpling.|ocations; di fyi the set o
5. £ 1o ot Pastrch WPAILIRGS St JOHE AP A el odes one
or nfré'bi BB Hafi@Selics, ineBad Bpdiurd, BRI dPtiddlabédationd. sanpling
| ocations within the process wndow to identify
optimum fitting paraneter val ues such that the tota
6. di fLeLRARBE FERSHI SVIREIVEE holif1®f BRUMRIgrdpBS Ploksss Rtther includes
simul ated results produced using the optimumfitting
a reggfrmegdet wedwlal ues is mininized or is below a
predeterm ned threshol d; and defining the
f ocus- exposure nodel as the nodel including the )
7. opt iThemethiod of ¢dlgimpla whensinghe madal ethe lithegmplatmowsplysherancludes
am delqPelflge capable of sinulating the Iithography
process at any location within the entire process
wi ndow. 2. The nethod of claim1l, wherein the
focus- e sure. mpdel . [ . .
1 g el o ong Y SRR Lo Rt A eddof nglugi anty
sampling psaions sicdowiB] exgosureetdradyind vatleaiofifotys. wher ei n t he
focus- exposure nodel is used to sinmulate the
i thography process at a |location within the process
9. W rihemettvdtof tlainh O wigfen tk plunaitp bisamiplibg/locdtioaminplutesgpnly
l.ocati gns by applying focus and exposure val ues .
nomigylCerdiintt HeE FHath SRLEPLR WIEHY RRpHEe fgiigBgand a negative
defodub BenditioR at AemihAGuBosROEdién. n0del i n accordance with
first principles wthout changing the optimumfitting
par anet er val ues.
10.  The method of claim 1, further comprising:

selecting a set of test patterns for a test mask, wherein the set of test patterns covers a
full range of proximity interactions that are characteristic of the lithography
process;

printing the set of test patterns on a wafer to form a set of test structures; and

using the set of test structures to produce the actual results.

11. The method of claim 1, wherein the simulated results and the actual results are critical

dimension measurements.
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4. The nmethod of claim1l, wherein the set of nodel
paraneters further includes one or nore first

w@erionoipbe paranmeters in addition to focus andPCT/US2006/030364
exposure. 5. The nmethod of claim4, wherein the one or
nDre first principle paraneters i ncl udes one or nore

opt i cea]in%%(g?lf’ Z 1’inor’lg" ergin tﬁlhtn%?r@&% Bc%f"eaé\‘rﬁllérﬁ To{j%aéﬂ'sg}laﬁe
diffdnehcerodel of the |ithography process further includes

a resist nodel nodule. 7. The nethod of claim1,

wherein the nodel of the |ithography process further

131 ncAuskaBodfor@sdtingadedus BREIE model oF AitHERERRE potess) o@fnﬁ?hsmg

1, mhereln the plurality of sanpling |ocations include

onl SFISHRB? st gE it FoMions WitkiAmIm efémgqﬁreceammdow ofa
varyi ng [Rbdigshy kocERCHMS set %f prm%%s B&iahRds Bingd &ib%t b all possible
wherein the plurallty of sampling | ocations includes

onl y norR™PRERs coBdidions Within sbe perspesiwadaye perbupsoceesrgndifigmbeing an

at nom ngho£XPARN A4 6 ABMELSvAfke; @and a negative defocus
condition at nom nal exposure condition. 10. The

met #Rirgting 2 wiodgelef the lithogtapby proersprihesineds] inshidingtan optical medel
of test RERAE 'E}fésfngc@f ha%in! %%%:t orfﬂﬁ)iﬁel p%gﬁge?%%}fl%ﬁ@?g F(}cuso, fexposure,

test patterns covers a full Trang
i nt er actandnsetdy @Mlmrmmrahﬂl\’m@lvsm‘tde vilueshe

l ' t Q&Qf R?Mmt ﬁ“ﬁfﬁglea%ﬁy pIBEeltsmi‘J eg%l éfl?ﬁe{é &qgceg CSOthdi? grtlst 1%111%§he

t he S et rqudeﬂ E)QHO&ICE smtullate&lsesmhs mlmduucwlaeb ef ﬁyetfamls and exposure
results

Gl ot RFPIRE e VEAAOD st e PISER soigns ang the
d| msnS| oﬁtnn@pe&amﬁmtuas érﬂlleﬂﬁhensm,hﬁdi of claimi1,

n th i fference .nme re is root. ne
SqUEPRIPE PrerBHELDY CpTrSiBE B o Sl AUl St of
focus- e_)(lﬁﬁ@g:dzﬁfhly peudeds a0l &f the s ngra@hsycdiiﬂ@l@f;@ﬁ ;produce a single
conpri sing: selecting a set Qce ondi ti ons
Wi thin o9 ?&B?S@F%ﬁlﬁfgfacaaﬁwe éggmwa ¢ fbogaphy HogEHR
process, pdséiBle F»ﬁicesafcommﬁ SthfQREpred At mik@ipicted WHASE!
of all possible process conditions within the process
wi ndow, each process condition being an exposure val ue

142NdTRe HEheE sisc1MA 188wh&6ih @ foB-RpsRRGhodRf istuB& to simulate the

l'i thography process, the nopdel including an optica
lithpgraghy process at a process condition within the predetermined process window that is not

one of the set of process conditions.

15.  The method of claim 13, wherein the set of model parameters further includes one or

more first principle parameters in addition to focus and exposure.

16.  The method of claim 15, wherein the one or more first principle parameters includes

one or more of illumination source, numerical aperture, and optical aberrations.

17.  The method of claim 13, wherein the model of the lithography process further includes

a resist model module.
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nodul e, the nodel having a set of nodel paraneters
i ncl udi ng focus, exposure, and a set of fitting
w@ananeRer s havi ng vari abl e val ues; sinul at i ngP€T18S2006/030364
i thography process at each of the set of process
18conthé methsd biSdldif 13N @heteid e rhalePsfaklIGRo Gy padcest further includes
resul ts rein values of the focus and exposure
a ?Hﬁﬂ?é? %re varied to correspond to the set of
process conditions and the fitting paraneter val ues
are_held constant; and calibrating the_nodel

19¢ onag Megod peelaimnddy wherein thessat fpregeisiconditions mvﬂ@éa prly pefcess
cohdiorls laf RAGHARRYOsRHAGESAyRE vAlds dFffodufle set of process
conditions to produce a single focus-exposure node
capabl e of simulating the |ithography process at al
20POS $hdlEmBA geaam 1%05&11%5151%%6% c@sstéaﬁdlﬂ&%qﬁ%ﬁcfe@oﬂlg Bominal
process W ndow. net hod "of clalm13
copdiigors, o positiexdstrsus eondivide bt omingd exposuye sondificat endramseative defocus
co&hﬁ%qgkéﬁﬁﬁl 0§ESSnilioft Process condition wthin the
etermn process w ndow that is not one of the
set of process conditions. 15. The nmethod of claim 13,
wherein_ th . ar.aneters further includes
21‘one&§ef mﬁ%f)(gofcﬁgrlgjtol pgﬁ?tﬁgr coﬁl nsmg aneters in addition to
f ocedectingla eot pbestrpatterhSior Ihiet mmsikhwhierelﬁ tl[el sat ofitdsbpatterns covers a

el udes AR Pt HsP e gt i Rt P PGP RHC O ipeapty

apert ur eprogsdsl opti cal aberratlons 17. The nethod of

claim 13, wh i n the nodel he it raph 0ocess

£ ur PREFE R Ioh e AR HASTCP MRS Lo SRt HoG

of adidg M $8 of WeEh@kthrel feprodude the@btubinesultk.t hogr aphy

process further includes a mask nodel nodule. 19. The

nmet hod of claim 13, wherein the set of process
22C0NThdé mBIASd bitddiAS swRdbY HRIsPSANSd eANMiahd B8 ctadl raM Hebritical

exposure and varying val ues of focus. 20. The net hod
dirggnsion gnegsurgneniher ei n t he set of process conditions

i ncl udes only nom nal condition, a positive defocus

condi tion at nom nal exposure condltlon and a
23negatpefbodiier eratiopmficus-evposure mofdlbp h@lfegrénlmmrocess capable of
sm?uﬂﬁfﬂ theplﬁho &;‘p gﬁ%eg%tvg% eﬁ&re%lr&'e@ VJ‘ll?idOV‘]; WohBe fding:

conp i si ng: ctlng a set of test pattern Tor a

t estobipiyig mmélrements oheset ef tegifstruatures pratedeomeswelonsing the

full ran roxi m .

char act e?tlﬁsé} 18/ 6)?&}::6 eatt Fallc{h E‘gg Eeggﬁérgpe%s E&%ﬁoﬁg, ®he set of process

condltlons being a subset of a11 possible process conditions within a process

window in an exposure-defocus space;

simulating the lithography process at each of the set of process conditions using a
model of the lithography process to produce simulated results, the model
including model parameters including focus, exposure, and a set of fitting
parameters having variable values;

determining optimum values of the fitting parameters that produce simulated results
that are a best fit with the measurements of the set of test structures at all of the

set of process conditions; and
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process; printing the set of test patterns on a wafer
to forma set of test structures; and using the set of
W0 e®@r/os26oct ures to produce the actual result SPCRES20061€30364

met hod of claim 13, wherein the sinulated results and

t hedéatingathe foRBdbdpdsiaE Moddl ad ihe alodelinaBiAg iRdptimum values of the
measurenents. 23. A nethod for generating a

f ocus- exFYREPERYEHS of a | i t hography process capabl e

of simul ating the I|thography process over an entire

rocess wi ndow, conprising: obtaining neasurenents_of
24a s ébe pethpd ok claim e whereis ﬂrf’rfPﬂtSt?aPQ?erdn%F i8usqddp gignulgigthe
11t1ldg¥a@99ﬁ1%@é@¥ afy ﬁ§&§§ccﬁﬁlt1€ﬁ‘%hﬂfth@pr§@efss Phndbk ce ﬁsnot one of the set
conditions, the process conditions being a
of gigBess ponslitions py m&‘gngafOéuwlé eErROsuIE FAlYPS ¢opreponfling fa-the process
cottfif ﬁhﬂi"tlﬁ?)ﬁtwe SQNI v@%gﬁesf&l% &gf)s‘ﬁ%ﬁﬁo&? ﬁ'hca%c rdance with ﬁrst
SI mu atlng ogr aphy process at eac 7 The set
prindiples witkws changini ﬂhempgmum valpesiofitbel Btting parpinetetsi t hogr aphy
process to produce sinmulated results, the nodel
i ncl udi ng nodel paraneters including focus, exposure,
25and The wethod6f dlaimt 33ngheyain drehedel pdrandteny inchude abé er more first
ln val ues of the fitting
pnnaP%E%?ng%klﬁn@ﬁ%? 3@%33|nu TPated results that are a
best fit with the neasurenents of the set of test
str tur t he set of process. conditions;.
Sanadt PRERS S @ 2se bR e 3t M REnfiRl Tl inctudes
ondlaMintg of IRndpitionsevrasahuiRgicoll aptinge,fantl bptivgl {harraterker S.
24. The nethod of claim23, wherein the focus-exposure
nodel is used to sinmulate the |ithography process at a
27Pr OCRSHeBOM O dldidrp3Wwhdibin tHeltGodal STRRSIEhYraphe Prdcbatindledes a resist
nof oq@%of the set of process conditions by applying
d exposure val ues corresponding to the process
condition within the process wi ndow to the
focus- exposure nodel in accordance with first
28pri hEs E‘P&@d o B2, wheapig hegnadekofaha lithemmenhy prpsessanclydgea mask
mddet hbdige parameters. 25. The method of claim 23
wherei n the nodel paraneters include one or nore first
principle paraneters in addition to focus and
9 e X P ?ﬁé’ﬁl@thog B¢ claII;HleBn@'ﬁ%}Qﬂ i) se%@rwe&onm%[sqhauaéﬁlmgcess
more first principle paranmeters inc es one or
cowbh@saf ngrhipyrekpesticond soyme ealueanfdedusal aperture, and
opti cal aberrations.

30.  The method of claim 23, wherein the set of process conditions include only nominal
condition, a positive defocus condition at nominal exposure condition, and a negative defocus

condition at nominal exposure condition.

31.  The method of claim 23, further comprising:
selecting a set of test patterns for a test mask, wherein the set of test patterns covers a
full range of proximity interactions that are characteristic of the lithography
process; and

printing the set of test patterns on the wafer to produce the set of test structures.
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27. The nethod of claim 23, wherein the nodel of the
I'ithography process includes a resist nodel nodul e.

wQ@2070meenet hod of claim 23, wherein the nodel POf/US1966/030364
i thography process includes a mask nodel nodul e. 29.

32. Therywahdirsl ¢¥fcraeh a8, e dein 1 ele@dufenidhes oF e sof of MsOGRBMres and the
condi tions include onl y process conditions at nom nal

simplafrdaesuds g Gl FinegsiohmgeuereSocus. 30. The net hod
of claim23, wherein the set of process conditi ons

i nclude only nomnal condition, a positive defoc
33.c ondisYstesm oa BenisEng A inglg prsess &vidonumedeb for Picdigting fhc capability of

ahﬂl%g%f)l'l Vol Q&H%Sql@m tion at nomi nal exposure

t’ion. e nmethod of claim23, further
conpstbrsiaayea febtedng infprmatinat of test patterns for a
tes%niggﬁlaevi%;erel n the set of test patterns covers a
ful nge of proximty interactions that are
chaenamtmtﬂemec of the l'ithography process; and

ri Img d%l 1%? nts‘teo%d ?%e tdil a? Zlnnﬁ,th er to

he“se Vst =struct ur e nmet hod of
cI aamb&a,célvunﬁmﬁlrmndnhe rreasurerrents of the set of test
3} i@%%ﬁ%@%@ ﬁ%g ﬂ%lg}%ecﬁp?un%%&on Wi S%F d?l gﬁlﬂggthogrrg a(iule such that
single QEEEteﬁﬁhyMclﬂﬁWeﬂimﬁﬁinaﬁ@f caplbedctoeﬁsbdhgy thhmodel cahbrat1on
capabi | i t$/ f a lithography process, conprising: a
st orage & *for storing information; an input device;
an ouiput deeeibeRg ildyisheatiooeeh the Rif e alibatosinodeelstch that

the storage area; an nodel calipration nodule; th
st or age PAPEE wEfowy 3?%1%@@%@9. 612‘“9& t Wofﬁéwﬁ’(ﬁla‘é(lcan be made
cal i br atgvailableod WheAnSdec Enlibhdibn H0HEE heTsuph st diddretdB@&Hurement
i nformati on can be_ accessed by the nodel calibration

modul e; ipfeamating pbtagnsd fiem IB?-?ISW@mFWS elovRias wdes et test
t he nodeloggbhdih Al ceﬂneagﬁwees $id8bw bhile REQRERATS (M MY

definition information defining a process w ndow can
be made w@libiatiglmedwly 2bhe nodel cal i bration nodul e and

Suche bRt AlisGHGE RodRas H&ﬁ&ﬁféﬁ to generate a single process window model
by using the process window definition information and the discrete
measurement information to calibrate the selected physical model information
such that the performance of a lithography process over the defined process
window can be described with two continuously adjustable optical parameters,

wherein generating the single process window model includes comparing the discrete
measurement information with simulated measurements, the simulated
measurements produced by simulating the lithography process using the
selected physical model information by varying the two continuously adjustable
optical parameters while holding all other parameters in the physical model

information constant.

34.  The system of claim 33, wherein the two continuously adjustable optical parameters are

focus and exposure.
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i nformati on obtained from nmeasurenents of a wafer

under different test conditions in the defined process
wowrmdowean be accessed by the nodel cali bratiPeT/US2006/030364

nodul e, and the nodel calibration nodule is configured
35.1 0 ‘peNetahof dai M eRinBesifulkisddmasuradelts by prgiced using

process wi ndow definition i.nformation and the discrete

valfis g8 Qe OIS A He B L PTBR P CPa Wi Bk dxgorute and
varPRY $higdd off®g! 1 nformation such that the performance

of a lithography process over the defined process

w ndow can be described with two conti nuously

36.2d] ﬂ%@%ﬁ o Biain® 84, vRRFABE ShBlatdted Sl Bm BROGE BfddRetdtubRe
lwwgg e process w ndow nodel i ncludes conparing the
va

thettwo geetypushieadiusiahieoptieal PEATGRSIPNL] %ﬁﬂ@ratnélopondltlon a
pomﬁ‘#fo%ﬁ@e&gaﬁloﬁ Fﬁt it b oSte TRRSIUNSIRN R RIVE AUOEEL BYdition at

sirmulating t ography process using the sel ected
nophglsixpeduraxpddition.nf or mat i on by varying the two

conti nuously adjustable optical paraneters while

hol ding all other paraneters in the physical node
37.i nf Blnemysﬁemrof clins Bfamhereﬂﬂthe micgymo@ritﬁcﬁrrr@tim mrl8dss one or more

e t he Lo con tin ous optica
Of%@?’énr?é% 1SR %ur?eggﬁsape 4> 8X o@g&gﬁj%%a{@ﬁe syst em of
claim 34, wherein the S|nulated nmeasurenents are
gPro ced usi.ng.values of .th conti.nuo ) .
s Do B e R 3 Sk B S S R R hogss et goce
mﬁmnmmﬁrylng val ues of focus. 36. The system of claim
34, wherein the sinulated neasurenents are produced

usi ng val ues of the two continuously adjustable

39.0pt TEAdysteRAARRIE BS, viRtein tht pRysidal@bdet @ifehntatiomincldes mask model
ositive defocus condition at nomi nal exposure

inforppliPR on, and a negative defocus condition at nom na
exposure condi tion. 37. The system of claim 33,
wherein the physical nodel information includes one or

40pr & mythqd foyerpaiing |36?Pd§b9fraé@1°gf?tﬁ’hiéf’li°6%ﬁ’ RPeFtipge, and

opt be@@;ltm?g) &t ()Pf)ﬂo@é@? con%ﬁxonér Qﬁhlﬁ)é%?@%@%eﬁﬁm% RbBasWindow of a
wher el n YSI cal nodel information includes resist

nodel i rﬂi‘fmgmthi}’@rpce%cheW@f Bipese penditions heing Bbseiebplbpessible
the phvspsrsé*elss ERARond MRk FRQRsd WiGHH @8cH TS desIRM ion being a

i nformati o
value for at least one parameter;

selecting a model of the lithography process, the model having a set of model
parameters including the at least one parameter of the process condition and a
set of fitting parameters;

simulating the lithography process at each of the set of process conditions using the
model to produce simulated results, wherein the value of the at least one
parameter is varied to correspond to the set of process conditions while the
fitting parameter values are held constant; and

calibrating the model by comparing the simulated results with actual results of the
lithography process at all of the set of process conditions to produce a single
model capable of simulating the lithography process at all possible process

conditions within the predetermined process window.
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40. A nethod for creating a nodel of a |ithography
process, conprising: selecting a set of process
waeoendiotg2ens within a predetern ned process w nROIMUST00&030364
l'i thography process, the set of process conditions
bei ng a subset of all possible process conditions
wWithin the process w ndow, each process conditjon
Ppei e Bethed Qfél?fﬂaﬁoawhqr@a&e ab (§ast 985 PATRTEIRL Is aRPRYCR] R3Fragter.
nodel of the lithography process, the nodel having a
set of nodel paraneters including the at |east one
42par Anenethodef daya 43y weeseis thegwtisal paamaistisdo@et  of
fitting parameters; sinulating the |ithography process

at each of the set of process conditions using the
43 nod&he methpd ofchladm 44 wikrein dh aptieal pergmeighis paiumeriond apestntpeof a
one paraneter is varied to correspond
hﬂﬁ%r%ﬂf é?hg Erocess conditions while the fitting
paraneter val ues are held constant; and calibrating
gat her r ; I '
a5 P 0E SAPR 00 R 5 BB L el gt
the set of process conditlons to produce a single
Iat n I t hogr.aph rocess at
501 TpsaRe oS iPacRL ThesEh R S o RO EEM B AR SFaP
pajpieteiel iiesigafameeess W ndow. 41. The met hod of cl aim
40, wherein the at |east one paranmeter is an optica
parameter. 42. The nmethod of claim4l, wherein the
460Pt WGRdthdiRfoBETRAtRE alstheleqRdiB] ofhdithoiephipidiedd feifus€ hitiofinal
41, wherein the optical paraneter is a nunerica
°°%¥%W¥&W@xﬁﬁga l i thography exposure tool. 44. The

et kaeking a 6dt 3t proddds coMations withinQ pddeteRambd ﬁtﬁ@es@@[xﬂﬂﬁt& b
is ares| st paraneter. 45. The nethod of claim4

wher ei n litheeraphy pEogess, i eet 9EPrapes eonditions beiaga %’S%ﬁf plipgssible

par amet efro@RgeAd#iesd \§itth1ﬁ’ ﬁlre %%Et%ﬁnmé’(ﬁpro&smfnﬁ@\d tfl@Eet of process
creating a single nodel a |ithography process for

use at reomilians ingnding n@wnalcc@n%m@ls iepd: Precesscondifign beingg value
of proce@§mqﬁgg% gﬁﬁw%kthln a predeterm ned process

wi ndow of a o ra ‘process, the set of process
conskledtions medeleg th llélmw@hy process ha\png@pcﬂﬂl paipmelgwsdacluding the at

condi | O Whd Al Se BEARLEI AR RORERS: At AMncers

t he set cess con |ons I ncl udi ng nom na
condiirtuiaging tleéttltogmpbjc posess aingdth ofthe fpé pfgroeesy edndions using the

model to produce simulated results, wherein the value of the at least one
parameter is varied to correspond to the set of process conditions while the
fitting parameter values are held constant; and

calibrating the model by minimizing a total difference measure between the simulated
results and actual results of the lithography process at all of the set of process
conditions to produce a single model,

wherein the single model is used to model the lithography process at the nominal
condition.

47.  The method of claim 46, wherein the at least one parameter is focus.
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for at |east one paraneter; selecting a nodel of the

I'ithography process havi ng nodel paraneters including
W b@7a192beast one paraneter of the process coneCT/US2906/030364

and a set of fitting paraneters; sinmulating the

gel it ITﬁan@ﬁ&BX opélﬁﬁl%swﬁéreﬁ%‘at ?é‘asttdﬁg §r§ﬁlet‘81f 1n91{1@é§3§1§ or more of

condi tions using the nodel rodBce st mul at e
illyrpiggfiomssourgh apaiencal prertyeel ang cmflcatl eerggtionseast one

paraneter is varied to correspond to the set of

process conditions while the fitting paraneter val ues
49areTh@hmﬂ@©nﬁﬂanv% Bmitiercminipbisiagi ng t he nodel by

m n r asure between the

Si mlsf{g F%s‘%?%@aﬁgﬂg IDO? ?erg ?Jg‘;ul ts of the

it bnqngphwsepoﬁxese mttems cml aI wafér tb femsedet afftegp stocesss; and

condi.ti on Si I nodel erein the
Si nﬁf’uég ﬁ?ﬁ&eéc ogfep{%ggtaref g %@%f’ g}eﬁl@m?]i fF%‘?&}r aphy process
at the nom nal condltlon 47. The net hod of cl ai m 46,
h t.one r amet us. 48., The
C B Meinog pESirimdls, WhRB R Tore e 5 bl ST oot er
| n c h@d@mg e hu1BEd fos@fs vitd sfianabile rcbf 8 Uifl@rap Ay pitdss af all of

aperture, and optical aberrations The nethod of
cl ai m 46he 571of OPesE BARSHHIGF I rodigr Q@tt?tﬂghfzﬁerw MRS REIWeen

patt er nsgb @ﬁn@t&ﬁ%ﬁulmthe Réthdlkdsils; t he set of test
patterns on fer to forma set of test Structures:

and Medifrige pallesb{he inERAFATIA!STH B4 AOBRTARS J9AeiquRl sinpiaed results
actual rgsu ste%f &&essﬂ&ﬁdﬂ@ﬁsﬁ@ Qleﬁﬁfy%!pﬁfnmnzkﬁtmm%n?été} values

callbratlng he nodel further conprises: conparing the

si mul at etrch gwtithe dotglidifFerense mghsureatiees thyfactugbresults and simulated
i t hogr aplyiis Rk iR dptiffu RieVaREE RSninimized
condi tions f% produ ge%tﬁ%]%bta ﬂ@n? e?engeaneasur%ynme oris
bet ween b%@wspﬁdﬁam@dxhh@&mﬂ@aa@d the actual results;
nodi
gonr St Bl of B8 ol bReREH BRFAERS AR pacaote velues.
process condltlons to |dent|fy optimumfitting

sipar éH{eme ho a{' é’lael wﬂer i fne tolcl?dl& e1trefalce dICafSIfll%rl en]%)%‘amean square
ireasur & bet ween resurts and simula

diffesackt s produced u5|ng the optimum fitting paraneter
values is mnimzed or is below a predeterm ned
threshol d; and defining the single nodel as the node

52i ncimueinethotl beclaipt 4aywirerkint thé $2gofmoceRdonditivad id€iSdes only process

conditions at nominal exposure and varying values of focus.

53.  The method of claim 46, wherein the set of process conditions includes only nominal
condition, a positive defocus condition at nominal exposure condition, and a negative defocus

condition at nominal exposure condition.

54. A computer-readable medium storing instructions for causing a computer to create a
focus-exposure model of a lithography process by performing;:
storing a model of a lithography process, the model including an optical model module,
the model having a set of model parameters including focus, exposure, and a set

of fitting parameters having variable values;
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51. The nethod of claim46, wherein the total

difference neasure is a root nean square difference.
w®B20070e69ret hod of claim 46, wherein the set oPCPUSEEE30364

conditions includes only process conditions at nom nal

ex p&&‘ﬁ{gea BNEk MRE M R ]%’a"i‘zlnk’&é vafue REUR moadl; - The method

of claim 46, wherein the set of process ¢onditions

i nc$tordgs Iﬂuﬂaytymé pnprding desations vofin aprpesss windew ded fsusexposure

condi ti t ' ( angdi

megat i vaDyd SEREIE, o ARG FodiBRil e ndilaondiion and

condi ti dringSaubskt ofmlimessble pwaciabdmitives mthméhmprpwgs window;

| ns 0 -

%%lélgaé{é%ﬁﬁmfa%d r%sﬁﬂ? 54}96 ﬁtlhg%q'%%g/ P, &ﬁés arg ?z{_)cggg gme ggllurahty of
pe rform saglphm locdtiogs esingtbleodd] wathlthet slabgfriaipihﬂ;ﬁtﬁmg)mmter

t he nodel . ingl udi nmpdel

navi g ar2bisk o oiteg s SorEPlo BRF e pIR g okl S0 and
exposur esxpésuet d@nsgondihg fo thé plogligyat &nﬁilﬁg $ochtdatis while holding the
vari abl e vagues stori ng set of initial fitting

par anet P EHHREPAPPCPRIG SNty oy ng a plurality of

S anmpdrhgaging $e A& 18bullte nfith Actil @&aﬁ@madmgrapny grocess at each of
f ocus- exposure space e plurality of s n‘gfj@]i

| ocat i orf8® PHEAHH ﬁ@nﬂ&ﬁlﬂ%ﬁowﬂ gioclesp taiRbd eR measure
subset  Ofetvideh RO rdRRIRCAE $heGRiEl fodu®B 8t A dfthdpHirARLy of
process w ndow;, generating sinulated results of the

li thogr a%ﬁh’i?h’b%]@é?g’é’§ssat each of the plurality of

sanploliidnd @6 atio? ﬁﬁm@%hﬁ&efel“@alﬁ@% dgh géﬂeﬁahn% hgligehl @hulated
initial” fitting paranmeter values by sinmulating the

| i t hogr afesits gt eweleaEthoplurplipaofppmplingdpestignsepch theUbe torRd
exposur g SR
| ocati on‘gﬁ%fi%%&%g‘%g?%g% ﬂelgfgcr?%l ?Jgasﬁlltéfqr%l(%u?%d par g?re&?gr}um
val ues cfittisg pavemeterovapis 1sn1gn11m@edsqrmheé(:tve@jpnegqml@dmwold
act ual aq1| sults of the lithography process at each of
the plurality of sanpling |ocations to produce a total
di f flefindmprtbe frsasenpesirennde s thia enczslislrimladiwthp eptirhers figing
the actual r suI
| ocat | onpsarame (a‘ Vf'lfugs %6 éells See{ms{n?; I?(PE{ tllge rbgén%ftssgﬂaLﬁl{éq}le
val ues a]mﬂogqﬁmpadolexsgat a:c_l,dmatlomahthmlthmlbrateesjwrrﬁswl ts at
each of the plurality of sanpling |ocations such that
the total difference neasure between the actual

551 €S Uh¢ soniutduedablel fietignt dfelahp bi mutterdin the iset@f mﬂarpataereters

values is mninmzed o bel ow a. eter
ﬁniﬂm‘r g Psuone or more first prlrncfpf'e parameters 1n% g gon to tmcus and exposure.

56.  The computer-readable medium of claim 55, wherein the one or more first principle
parameters includes one or more of illumination source, numerical aperture, and optical

abetrations.

57.  The computer-readable medium of claim 54, wherein the model of the lithography

process further includes a resist model module.

58.  The computer-readable medium of claim 54, wherein the model of the lithography

process further includes a mask model module.
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and defining the focus-exposure nodel as the nodel
including the optimumfitting paraneter val ues, the
wo cwasiesposur e nodel bei ng capabl e of sinul at PEyUS1006/030364
i thography process at any |ocation within the process
wi ndow. 55. The conputer-readabl e medi um of cl ai m 54,
wherein the set of npdel paraneters further includes
59.oneThsroopppisr-aadable mediwaiopelainp, sbheteiythe plpraliynisrmapingo
locgt?ﬁlg ngﬁﬂés &?ff’ ﬁg lo%@tlonlgﬁlom Hi}ﬁ)‘éurﬁ @@(ﬂ%lﬁg Uﬁgéslbmfocus

I'm 55, whereirn the one or nore first principle

paraneters includes one or nore of illum nation
o029 hon IS e ARG pp 0 ROLLHLpRRGY Ak,

locttives inpthdes @ﬁy ndmainglicohdijera p ipysiipvecivéosys fandition pt nomghal geppsure
S st I bl e
con%md)% in% afrggz%jﬁ)e d@%glys c\%};]%l?(gx? eﬁc-gtla 1n%%£§)8%u% ?Jntﬁﬁl%ﬁ
I|thography process further |ncludes a mask node

| e. 59. ada alm 54 .
61y V\,h et & HPHE qaﬂ%g%é}m&o f ﬁvéleﬁeo c amlcogar% ¢ 1Ffl%e?ff’c gisurelsa
roodfileyn spanmpldifftgedcecat i ons at non1na| exposure and

varyi ng values of focus. 60. The conputer-readabl e
medi um of claim 54, wherein the plurality of sanpling
| ocati ons includes only nom nal condition, a positive
def ocus condition at nom nal exposure condition, and a
negati ve defocus condition at nom nal exposure
condition. 6 1. The conputer-readabl e nmedi um of claim
54, wherein the total difference neasure is a root
nmean square difference.



