; GHI Je3e74L| t <6r ThGENERATI ON AND USE OF | NTEGRATED ClI RCU T PRCFI LE- BASED
SI MULATI ON | NFORVATI ON [0001] This application relates to co-pEnding U S
pat ent application SEr. No. 091727,530 entitled "System and Met hod for

Real -Tinme Library Generation of Gating Profiles"” by Jakatdar, et al.)
filed on Novenber 28, 2000, owned by the assignee of this application and
i ncorporated herein by reference and to co-pEnding U S. patent application
Ser. No. 09/764,780 entitled "Caching of IntrA-Layer Cal cul ations for Rapid
Ri gor ous Coupl ed- Wave Anal yses" by Jakatdar, et al., filed on January 26,
2000, owned by the assignee of this application and incorporated herein by
reference. BACKGROUND OF | NVENTION Fi el d of Invention [0002J The present
application relates to the general area of integrated circuit (1CQC

manuf acture and nore particularly to nmethods and systens for creating and
using a data store of profile-based sinulations information. Related Art

[0003] Wth the dena@ENERATIONAND USE OK INIFGRATEDTIREYITI Jeonetries
of I C structures, theﬁbi‘lﬁﬂﬁ%?g‘g?é@tw@ﬁ?ﬂ?ﬂ%@ﬁg fect of wafer

design and fabrication process I C

manuf acturin Vi -8 s St C i j S| r y
fabrication E’P ocess © Efé%n?ﬁsgﬁ Feggﬁﬁ‘%"l’@a%gtsqﬁfﬁ?ggﬁ’ pgitg %1035/ 'S%Igg\/\hoggy’tsﬁ%
desi gner s or ertitled {Systera 9ud Mahph foe RealTime LibrapcGeneration of Grating Profiles” by Jaketdar, y

rework or un S t I ,gﬁhi i i I: Lgn
activity Megéﬁ%rm{gs anvg&?%lé? ’a%? ?co g’t o tg??%%%%gthgf%ﬁ%%ﬁé‘hgﬁf &gﬁg‘% tted
to | C fabri cheréinhy refe@nfaindite ed-panding Ut patens applicationiSer. Mot 0pT647i88 entitled ed and

t hat under go«dj pi shémg,. i ' : i f .Sl aws
or shor t coni roiening o i CRBE bR B kigid EiRblIECARE Wb BEfsfedkas 200
of desi gn or ept.oiilebon Mewislto 200 eviied Hy haessignee efitkis eppdicagion ambinéagmritedit | on
groups at thhgm.gg%%m ter shipnent of the products to the custoners,

addi ti onal prod‘uc eedback that relate to design and process alterations
eventual |y get back to IC design. It is well known in the industry that
detection of a bad chip at the%&W&'&ﬂeaper t han detecting
the bad chip after many end-products have been shipped to the custoners.
Thus, there Frldofiegtiono provi de informati on about the inpact of design and
process changes as early as possible. [0004] In a simlar nmanner, there is
a dearth of i di f eedbhack on desi and process, deci,si ons,.t.0 the

manuf acturin dﬁg?loc Zi@? Ron qragﬁ‘catrmél J %?teﬁ%&' °&f n?rgl affaf)’ ? e agaép tC‘I%“rlt(:(HIL')t ectural

di agram i | | ustanafadturg addreort paticuddrlydatnathbdsouml byStema florfeeeatingrand gsing datssore ofnt r ol
to the various a]prfi:dc,,atliﬂg%nar ?asat{amd feedback fromthe fabrication areas to
| C manuf act uPToRY B OCRREaoBR RSt o | 'C anuf act uri ng obj ect i ves 21
directs the I C manufacturing process control 23 group with manufacturing

pl ans 24 rel RelatedtAst t hin fil m processes, deposition, or chenmical mechanical
polishing (CW) 25, lithography 27, etching 29, photoresist (PR) stripping
33 and 35, i ngdoant aWimrth@cﬂemaﬁdlﬂ)rHaﬁﬁdﬁ?écl&k%&%ﬁ@aecge%siﬂ?%oh&ﬁe@&ﬁlbng and
packagi ng 39. Process feedback 34 and desi gn and overa fabrication

f eedback 32 Arertuesstheteds 4 nred farrapidfagdbackionithirpiisetof water desigp pry fabricationpgpress

However, if aiesl§isisOm nthingl triiional I0GikmA fablBn RS irorRtntsOhelbifest 6ifa d@sifH REBDA or
change caused sone _key critical dinension ( of the structures to be out

! ] | CD)
of the acce ptaaqur@aq%rl?é‘&s,s change i5 feqenily nof dpppdiately kpawndy ‘H‘Fdi?s‘ﬁ%ﬁife“tﬂéf RogPess
di scarded. ThyiSinect\@iEmiich I@e RO Htidg0n B6sAY ked@drik SHuRsABIE eI prbdirclsi 1€ dberd he 1 C
manuf act uri ng process cont rof roup in order to mnimze rejected wafers
and to det ectobigriives divedhe deﬁ‘%é‘g‘é’ dy white matks pad lerfatricationplagppig prodpced andyr ocess
control par angh&hitdfto 1@ EbARRion. BCEAbiMafidh gréitficssiRe Wifers tal £OTesttlPRidfht Az
fabrication process sinulators, there is typically insufficient information
avai | abl e earfinjshing@pesationsin IC testing and finishing where dlaws enshericomings of thowefs)arTher e
are several fabrication process, device, and circuit sinulators currently
in use. Exanples include software capable of interconnect simnulation,
| it hography sinmulation, inplantation sinulation, diffusion sinulation,
oxi dation simulation, depgsition and etdhing sinulation, CVP sinulation,
deposition and r \“m ation, 2-dinensional process siul ati on, and
3-di nensi onal M\\\m process sinulation, and ot hers cap l’ﬂwmmmm
simulating a s qgs‘;@ﬁries of steps of the IC fabrication m .
simul ators assune sinple geonetric shapes of | C structures. Howewsdy« dat a
provi ded by AFM Cross-Section SEM (X-SEM, and optical netrol ogy systens
i ndicate the cross-sections of structures are conpl ex shapes. These
conpl ex-shaped structures provide different electrical, thermal, and
performance properties than the typical geonetric shapes assunmed. O her
sinmulators attenpt to nodel conplex shapes with limted success due to the

N N - o o - o o - o, T




BRI EF DESCRI PTI ON OF DRAWNGS [0010] FIG 1 is a prior art architectural
diagramillustrating the flow of data from | C manufacturing process control
to the various fabrication areas and feedback fromthe fabrication areas to
| C manufacturing process control. [0011] FIG 2 is a prior art

architectural diagramcontrasting the |ayer feature profile of actual

| it hography process steps versus the feature profile typically generated in
a lithography simulator. [0012] FIG 3 is a prior art architectural diagram
contrasting the interconnect cross-section of actual I|ithography and
etching process steps versus the typical interconnect cross-section
generated in an interconnect sinulator. (0013] FIG 4 is an architectural
diagramillustrating the use of an optical netrology systemto determ ne
the profile mftedpdypiosllycsomterof deimpt ofdatigridr pleoé‘ss dbdisiors ifad backins the désignaind
diagramillugirating the eaI of. .a_ Si n da a store usi.n

vy cesi mul GPoRtTEtais s Ga A= iPmrk ShE b R B s aRs RUAgR i . s
i's an archi t gedust Redbdtiogitaemntt td desip aid pigeels¥te@li@a bientualdf god Back id KT CBigMER!

simul ati on data store in _one enbodi ment resent i nvention. [00l 6]
PG A (5 o vl KppeBRaosY erdatertion qﬁé?f@w 5“%‘3%&‘6:‘%18%‘? Bichaegper than

pr of i | e-bas e&%te%hﬁ@ﬂhébédlimm&:ﬁnﬁy%&pmwgha&e beth shifseh itPdie Bstfafees Thud dledd OF
in one enbodi ment of the present invention. &0017 FIG 6B is an

ar chi t ect ur als 2@pxdge aievide rrﬁwa?q Pgutitheimpact 8f design A1 progsesshpness peadyias
sinmul ati on dgdsgpet ore using fabrication and device sinulators in one
enbodi nent of the present invention. 5 (0018] FIG 6Cis an architectural

diagramillu ti t he creation of Of||e<§ﬁ d sinul ation data store
usi g pr oces VPG | Bl magh S8 s ded AL ool G dapasob g PEIE i ron
of the preseadeisiony@rthd @mufe{c&%@}rob‘dsﬁonm groupa IFIG NG px&ﬁtau tthitédtuad] dRBRam
|IIustrat|ng %g % g % (g f a. sinmulation qﬁg store jn one
enbodi nent o’fl ugt gE8K P flaﬁ’%/ [Gmany 't‘f(f)‘%@ PEecess copgro} (@ the vadoysi{y i’t"é?:ttoﬂr al
di agram i | | ugkedsahd fgdbatk Soth theUstRicftfonareas BUC adahofctellgdroebsacentiol The IC

manufacturing objectives 21 directs the IC manufacturing process control 23 group with

manufacturing plans 24 related to thin film processes, deposition, or chemical mechanical

polishing (CMP) 25, lithography 27, etching 29, photoresist (PR) stripping 33 and 35,

implantation 31, and thermal processes 37 and IC testing and packaging 39. Process feedback 34

and design and overall fabrication feedback 32 are sent to the IC manufacturing process control

23 group. However, if a design did not produce the desired results or a process change caused

some key critical dimension (CD) of the structures to be out of the acceptable ranges, the batch of

wafers affected may have to be discarded. Thus, there is a need to provide information in-line to

the IC manufacturing process control group in order to minimize rejected wafers and to detect

and correct process control parameters from drift or process control parameter variations. Even

with the use of current design and fabrication process simulators, there is typically insufficient

information available early and/or in-line with the fabrication process.

[0005] There are several fabrication process, device, and circuit simulators currently in use.
Examples include software capable of interconnect simulation, lithography simulation,
implantation simulation, diffusion simulation, oxidation simulation, deposition and etching

simulation, CMP simulation, deposition and reflow simulation, 2-dimensional process
2



various fabrication steps in one enbodi rent of the present invention.
[0021] FIG 8Ais a flow chart of the operational steps for creation of a
profil e-based sinulation data store using profile library data in one
enbodi ment of the present invention. [0022) FIG 8B is a flow chart of the
operational steps for creation of a profile-based sinmulation data store
using test gratings in one enbodi nent of the present invention. (0023] FIG
9A is a flow chart of operational steps for in-situ utilization of a
profil e-based sinulation date store in one enbodi nent of the present
invention. [0024] FIG 9B is a flow chart of operational steps for online
inquiry utilization of a profile based sinulation data store in one

enbodi ment of the present invention. [0025] FIG 10 illustrates a data
store format of il ase L r of

t he present S‘l”gr?\{\l/%tﬂot fld 36411 02 @F@Jc ql&ﬁ &e&as n%hrﬁfgﬂhaﬂd h{ﬁe‘g@% Flﬁgpg%lpirge gaa'ti on
of optical rm;)rombcrgyompanﬂthc KHefabiidafion pncms @Aﬁmfsmdmcreasemﬂr snmp@@edme@rm t he

G and t eat (re PHS arbrlngd ekt B b ARSI Mo SR MAENLE B G an O
process conpaptied ntetrolGEy systnmt mdeate dre ms-mnoxts(of stmgtum’s arprcorhpllene:shaﬁes TE)EIAI LED

DESCRI PTI ON Al 28] ..The i n ion inclu a

net hod and aOWEX da "ErEaP foﬁgl\f gr{l}%f: %ﬁLlﬁ%" frgal‘sat“ 05?”15? Bfopfrgesotg‘g'ed
sinmul ation ité qpiasaltgeﬁxﬂetnﬁtgpasassuﬁleandth& sithilatsis addnept tchﬁod?l:l édnﬁilﬁl’sﬁ@ﬁs With ween
simulation profiles v SpACt U rofiles.of_ structures res 4 to 8C
dept ot enbodimieiors up b ATt of Pt Bt i, FBT R G a1 on
data store. dhbghis greth lﬂﬂ’[ld:n&Bbﬁﬂmlﬁdcesmdﬂ pRithders Qich bslithepraphe niniddichll e- based
simul ation informatiaon. u 10 illustrates. o ormat of the sjmulation
Gt ot ore, GRS T gah EhSRtra per PP e O e, st e

il lustrate td@-refldctivd dpatig thibiheSs0dieR S matefalg hhdabibdatiéh RbcekBeuspd.esent
invention. [0029] FIG 2 is a prior art archi tectural diagram contrasting
the | ayer fe ep f t.ual raph ces SoVENs t he
feature prof @P%H] gen‘xésrtgéhnglo heggs’t 'ix‘%.t%ea eeﬁ) o°8°r‘y ﬁmétnes %)orcm%orl gr aphy
si mul at or 7 3there mH grtats nedidorcfedt aad acptny'smd'a’mammebsms fabnc;altnudpmgesspmﬂﬁltes)at

61, soft bake 63 sure. 6 9 XROgUL € b nd d vel nment. 69
processes. THS &t tméF% r uecst‘ger/ leCQ éﬂl\"“? £° Ry h re’aceem%m%%creea@éer?b ag‘ ot il e
such as ar oulnnierdlytcupmamtdbaes‘ cSmrmlarty mereusruenebnbtot fasn and refibide inéanerion, fomot t he

i deal rectangul ar ped d St ture flle 5.t I ndi cat ed by
the lithogr a’% 7 csolnlr%ﬁllpa grhﬁtepﬁ%ﬁec er[a}t‘(grdl cu? (%mg? |ée/u§e (glat alyecr:lt? g’w t with
nonr ect angul dﬁSlrﬁiIQ.SO’tlQ.ﬂllem‘oﬁkﬂ tiat mSumrpapeizailedissuezrdMq@sand amﬂztﬁtmmm Bhush

undercut, rouynded t r,wthou are. from,t he
el ectri cal pérﬁgrﬁésrét |c§&s)§°(’5f‘ mCEhOd TR N Irhlr & agﬂ%&‘ggl St tlﬂ%"tolﬁl rpéos gata > S5

assunmed i n spoes$ raintrblcpatan@rerspartdmsss&ttrimata@mbble dQ@@0he Sm’mah(anirgqesslzl G 3is
a pI‘I or art g[tChzlttltv ?t ure% F c%g'r rort{ eoorr]t ro%St tlt'rﬁ)u GQa getrltler Cs% ne (f;ttor rapid
cross-section O ogrg Et¢EH ng nd 22551 Sh™*Process
steps vers usmfdteamqmtoertl@cmmsstcomrcdspsmmetet vabas @anmuhtpednderthaddsym results. For

i nt erconnect _sSi [ ed |nt t cross-.section 87
produced aft &P Phe ﬁl 3 advamaggo ePg'g}Fr'lencé)c bmﬁ O“O%}E@ em‘teaaglrre é‘a “Lon 53 and
testing 85 i apettyrrar aualfdc;as reqmeagmcb ﬁzbn'éartc sdagten thh@heﬂhapé pofild tha dElpfersitbat ed

i nt er connect r| ) & Iegt%tcsdth %at rret (r:é es e(r)t}‘e t he conductive materi al and
the rel ated H1e r'iC erla CEFS R and thermal characteristics of

t he i nterconnect structure vvlth t he fabrl cated i nterconnect cross-section

87 are different fromthe el ect rSUMMARY ORINVENTIOMAr act eri stics of a
rectangul ar design 7 i nterconnect cross-section 91 typically assunmed by

i nter connect gdbfu! atRigvehfon FEINER afnb:ﬁmﬁ'dﬁcf £Ybterd tdr CRoafirRARA Usin LI S4BT €T on
process techno!ﬁ}%gq es and increasing clock rates, interconnects essentially

control the pep8lediapedsimation information rOnerrebodimentiinghudesrsenting gnsusing 2 dath store
geonetries of interconnects have significant inpacts on the electrical
performance of the IC. Al though atom c B8orce m croscopes (AFM can provide
i nterconnect profile information, AFM s are sl ow and cannot provide
information on unpatterned |ayers. Critical dinension scanning electron

m croscopes (CD-SEM can provide critical dinensions but cannot provide
profile informati on or data about unpatterned |ayers. [0031] In order to
facilitate the description of the present invention, an optical netrol ogy
systemis used to illustrate the concepts and principles. It is understood
that the sane concepts and principles equally apply to the other IC

metrol ogy systens as will be discussed bel ow. The netrol ogy system may be
an optical, electric, electron, or nmechanical netrol ogy system Exanples of
opti cal rretrol ogy systens |ncI ude scatter orretrl c devices such as
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di rensions of the target periodic structure and resolution. The library

i nstance best matching the nmeasured reflected signal data 57 is selected.
The profile and associated critical dinmensions of the selected |ibrary

i nstance correspond to the cross-sectional profile and critical dinensions
of the features of the target periodic structure 53. A simlar optical
nmetrol ogy system40 is . described in co-pending U S. patent application
Ser. No. 09/727,530 entitled "System and Method for Real -Tinme Library
Generation of Gating Profiles"” by Jakatdar, et al., filed on Novenber 28,
2000, owned by the assignee of this application and incorporated herein by
reference. [0033] FIG 5A is an architectural diagramillustrating the
creation of a sinulation data store using a device simulator in one

enbodi ment  of profile-bisee fifdiinafidivemptising sigia®.ndagired to-diaapibey dekde] inctafe a

simul ati on data store 100 inc s a fahrication ro ss design 101 where
The sor | oo Bl pIeEHonb PepaEr o Tt SRS SHOBp e B 4 ng
masks is degb@Red bk dsddielihafiking thaldedigh dFibkicARs peoas arm& il-SinGARi i € key
features or characteristics of the area of interest. For exanple, if the
area of i nt Ebeeation BrogeshequinmeAlSe of i nterconnects, then the set of test
grating masks designed captures the various interconnect geonetric
informati onroobzqt er Aﬁc?tmembg&mar&ts]rd rgethd’tf dNgBmkdtiag an metdadx&cmmtlht]tcaﬁaafstore
structures in the wafer C fabri.cator 105 us t. of test grating
Tmoks. o maknd BLERCE i I8N e BTG SRR DG 4 o TEINGT MY oo 107
The met r ol ogiyhutheiv &fta dt6ré mapbeé Gdad ﬁamletra rﬁdihlteﬁﬁg @ éhricaBind eHeAgA pﬂ)@M‘hé‘ﬁ)f@ﬁ a

non- opti cal trol ogy device, ne ghal s off ratl ngs
Bod ¢ r anom 14 duing puiine AT EralEp ot oy T e st por Ry Gl Josut S oo
The profil ethepriebds @atiodparfRdtatethatlidS CAR IR Fedulied slevbssdl R6betiegppl S of f the
test structures to the cal.cul ated sr als.in a roflle | ibrary 110 covering
a range of E&E?S%‘E‘f““é’éf ‘Ef}r"d@f’Eﬁ‘ O Y5 gbrt??‘i‘?‘lpé%ﬂe di mensi ons and resol utions.
The profiler application server 109 selects the best matching profile
library i nsl[(mm]e fSﬁih:rtoth@r aatodimhent iadud;dsgmwlths)deﬁd syhternpmrcg‘eﬁelrzmngisrbru&myn 110. In

one i Lh t naa BEELTURPER mEDHGA B G T8 T PABRSH HELPUT oDy HrGRar

Several opt rpmcesatsmmtatqp fag admtmhtﬂrrmpay,amblaiuhtmnt diffndion, oridaion hiepcﬁrtroﬁrand-s uch

as sinulated esc Numerj c section 10.9

B eos FI anfEPyE ChHit e RS S-S ER v iR or el daar st EEFG BPuadr o og,
which is ch'tﬁ!(ilﬁzpmt’l afreehelp;owseésenaeMen a@mge ef prodessvBhitedl parhthﬁérs piidodduiaicns
appropriate E sults is thﬁ e Eeg%drffere &tﬂ ere t he
opti m zati off" BrECEGEF &OH° P*‘r‘}t"%eé%‘sts FUgF r8 PR ARt we‘EH‘gt TrveR8ur ed
diffracted Iﬁiﬁicés@kmg}atcm @msednmalardd tthettmeaircﬁlb aiteﬁlre(dmtvfetmlohtedtgmii nusotgotgsy si gnal .
The detail ed ced urlet 4 e? ng ea cul ag t9$§ § Rk gﬂofr

library for "8 ?8%?’5‘““6?0& SN dat,HoSF Bprsrley Crepte aad%"rt% Sa‘bcﬁ i

resol utions vaﬂimhoﬁsadfﬁfetprd‘tgsstcbﬁrdbﬁﬁhmm e asgpciated rs@mys, prudilealaeandifshricitiva

cal cul at ed LG i br con d.in.co- . S.. pat.ent

appl i cati on 28&M esNgthebg?%?é §d“°é‘ﬁ§f‘t°ﬁ8&s “’éﬁ%stt g‘?\r/égt“ﬁ(ﬁﬂp"?%'?“ AR e
Li brary Genemaimg)a*mafolc@yahnuhgorlahmﬁ cdrtsiriedlpyocdsland diﬁrrcp siérfulagdr or a Ednibkdon
Novenber 28, 2000, and |s |ncor rajed herein jn it reference.
100347 St | PrFErciepenand Grei e B e T A Py S st e R ng
profile |i brijliye inBid ahlceacafabntanampmést siep, b@wtdh@ ufiamdaepa—tmm{ iafoarhatibh 3o
Profile data co i.ses..critic di pensi rofi sha escription, and
profile grapﬁP?qgé 3@%?%??5%paﬁfreﬁa f WEH?PH pﬁ??£§9§10ally expr essed
as neasurenent dinensions, for exanple, width of 50 nanoneters.

Al ternatively, critical dinensions are also expressed as a percent of

anot her critical dinmension, for exanple, 80% height of top roundi ng nmeaning
the structure top starts rounding at 80% of the structure's height. An
exanpl e of profile shape description is trapezoidal with top rounding
profile. An exanple of profile graphic4epresentation is a bit nap of the
profile. The device sinmulator 113 may be any type of device sinulator
simulating electrical, thermal, noise, 3D effects, steady or transient
state signal, |eakage and/or optical characteristics. Exanples of device
simul ators are Raphael . TM Medici.TM ATLAS. TM and TMA-Vi sual . TM from
conpani es such as Avantl, Technol ogy Mddel i ng Associ ates, and Silvaco
International. The profile critical dinmensions of the best matching library
instance fromthe calculated signals Library is extracted by the profiler
application server 109 and transmtted to the device simulator 113. The
device simulator 113 creates as output the set of process control
paraneters used |n the srnulatron run and the resultrng devrce attrrbutes

" . .



An illustrative layout of sinulation data store is depicted in FIG 10. The
sinmul ation data store for this exanple would be able to provide responses
to several types of queries with a given data. If the given data is the -
desired capacitance of a device, the sinulation data store can provide the
required profiles) of the interconnects. Simlarly, if the given data is a
profile of the interconnect, the sinulation data store can provide the
correspondi ng process control paraneters such as nunerical aperture, bake
time, PEB tenperature, etch tine or type of etchant. Many other variations
of the given data discussed |ater can be fornmulated to give the desired
query response. [0039] Still referring to FIG 6B, the fabrication process
simul ator 133 and the device simulator 135 nay be separate objects or

conbined in a single object guiEs ESGUPTIONIORDRAVANGDEe. Exanpl es of
conbi ned process and device stnulators inclTude Victory. TM from Si | vaco

I nt ernational ~and crotec, TMfraom Sybqrg Systens, Inc. [004 FIG 6Cis
an ar chi t ectifY d%ﬂéﬁﬁ?qqﬁ‘%f‘?@fﬁlcwga?aﬁgmﬁlﬁ Pt ¢ ‘T&‘H" rBeitioa Fased
simul ati on dRiFachiriePrdésdsBentfodl th&alibo fabi QA& Edicas ARV fe€ddackafth Gt FbHEdtion
simul ators in one_enbodi nent of the gr esent invention. The profile-hbased
system for &E&dp IherHertuingRrosess 69P¢ht a store 150 using a fabrication

process sinmulator, a device sinmulator, and a circuit simulator is simlar
to the procems1|desEIG. Reda frivk afthiChiteOfbrat ¥iagiain cotitdstingthe Bydr fiaturd profite bhendeVvi ce

simul ator 135 including device attributes 136 are alsqg.transmtted o a

o o t i mhaEEIy PHes ifgs v heeabihapoRie Py Srrprore bt HRg R g plstor
attributes of several devices that formthe circuit. For exanple, a

transm ssi ofpOii2Ine FIE Buskemyios en edchikeciurd]l diagemvesttastigpthe mgErdoonecGaross-aeotipn 6fili t .
XAl " Bk el ol P R Sk LS AT ANRTLAS A0l e

t ransi st or s genklageddm adointeatonmat srhulgtet.ect ed devices to forma circuit are
sinmul ated, the sinmulations creating device attributes 136 that are used to
performa ci It sjanylali.on:w . | kit o 8 : I LUl t

si mul at or 1&610(i enerﬂzac'?gsl@%{nag&%@éﬁgl n(‘{l Jtégmg!lﬂrhgtt&lh%g t}"{e 'Italr.% %\Eﬁé%t&%:%réet%g% ﬁg{e&

si mul ati on tedeterming the pyefieefpenedid 8gictuidse si nul ati on data store generator
139 processes the input data fromthe fabrication process sinmulator 133
conpri sing @mﬁEPSSFRP@%HQ&x&éﬁ@&&&ﬁﬁ%g&§ﬂmﬁﬁ@p§ﬁﬁkkﬁ@&hﬂﬁsﬁﬁ&ﬁk@@&@ﬁm@34,
data fromthe netrol ogy sinulator 137 conprising calculated |4 diffracted
si gnal 142, uginga deyics smpwaterimencraipedigncal afteraent IsntSnpr i si ng devi ce
attributes 136, and data fromthe circuit simulator 14l conprising circuit
attributes }@8sft0 6I®3Bas ilectStbduhiadidp@din HRkttieE e Qredddd. of AMRtesdofdEcal | On dat a
store 149 inst?npe conpri.ses signals, rofile.data, simulation type,
process cont¥yatign daaxtpreinoneembpgipmsntof the prosert JYPRHON. qovice attri butes, and
circuit attributes. Simulation type is the characterization of the

simul ati on Wedisy p&G.GANeeh arfhitecttilal dageara ijystesting deivraateh dfalprdfibealbasain pr ocess,
device, and circuit sinulation, .Apartial .li iyl ati on es |s

ol uded 1 n Sl o R pRGR Pl BRob sl Blor RorR B ARkl Bt
process si mihvebtion. 133, device sinulator 135, and circuit simulator 141 may
be separate objects or conbined in a single object or a single software

package. Ex S ol C L i : ; R T ﬂﬁg@

adapt at i onsngﬁgPl gEGmlg&%%%ﬁl%ﬁg%%ﬁﬁqggﬁgk%&%xw An exanpl e
of a conbi nedntlaiondatpstorsaisiog &bricdtian and degicATiHENRIsTINohe epbodinapbefdhe present

I nternationgl, t0042] The concepts and principles of the present invention
will apply to Other combination simulators such as a conbi ned
device-and-circuit simulation. Creation of the simulation data store woul d
be done in a simlar manner. Simlarly, the device sinmulator and circuit
sinmul ator may be separate objects or conbined in a single object or a
singl e software package. Exanpl es of conbined device-and-circuit sinulators
i nclude MEDICLTM TOPSPICE.TM CIDER TM and SIMPLORER TM [0043] FIG 7A
is an architectural diagramillustrating inquiry and in-line use of a
simul ati on data store in one enbodi mrent of the present invention. An
inquiry 203 froman inquiry device 201 is transmtted to a sinulation data
store server 207 that analyzes the inquiry and accesses the instances) of
the sinul ation data store 215 and fornul ates the response 205. The

sinmul ation data store server 207 may al so be invoked by an in-line query
209 generating a response 209. In one application, the inquiry 209 is from
an in-line query device 21 1 generating a response 213. The inquiry 209
conprises the type of inquiry and query given data. Depending on the type
of inquiry and query given data, the sinulation data store server 207
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removi ng the requirenment of conversion of input paranmeters into conpatible
formats. Several devices that forma circuit or part of a circuit may be
grouped together for a circuit sinulation. For exanple, several IC
conponents such as gates, contact holes, vias, and pads formng a circuit
or part of a circuit are grouped together for a circuit sinulation. Device
attributes for each of these grouped devices are converted into a format
conpatible with the circuit sinmulator requirenents 460. The circuit
simul ator is invoked, using the converted device attributes, generating
circuit attributes 465. Exanples of circuit attributes are voltage and
current  as function of tine, noise analysis, distortion analysis, and
sensitivity analysis. The appropriate sinmulation data store instances are
updated with ;dom C OFGE 60 el laRBit et A Wi alrad i1 ERe Géflion bPPPSilelth{ea 9A 15 a
flow chart of operational steps for in-situ utilization of a profile-based
si mul ati on daimylademgata stefe ysivg RipasEsdRbrcAtiong flevidgeand cisetMimylptors in Pngrembpdiment
signals of f LA hEshtiftiof9s of a wafer are nmeasured with a netrol ogy
devi ce 600. A best matching signal instance in the profile-based sinulation
data store is selected 610. The sinul ation tyPe I's determ ned 620 in order
to access th&0&nul HG o ispsaschiecksdidingram Wpgtitinnhisasesnd imelinensnef asimulitioni on
data store i pgtane s §RAmbddiRedt@EME Slessht intéiohmt i on from the profile-based
d

sinmulation data store is displayed 640. Process control paraneters,

signals, profile d , fabrication attribytes, devjce attributes, and/or
circuit attr l%ﬁ?‘es%7%§ aﬂi*‘%‘ﬁ““&f}‘éﬂ%‘%ﬁ]‘“‘ﬁ@% ‘B‘)?ﬁ‘hbﬂeé’faflg’é't‘{m@? dA3 e n a
waf er after qardoud ABEHaARYeps RoReRBodMORDS the PrBeniBREMIRD Wi th an opti cal

nmet rol ogy device, generating neasured diffracted spectra. The best matching

i nstances of sigul ati.on . data store c red to the dp.ffr ed ,spectra
of the test Hbgﬁinggﬁhgé‘%%ﬂ%%H%ﬁ°§ﬁ8°B?§?$ﬁéﬁﬁ%@émﬁngﬂ§aP@E@ﬁaﬁﬂtings are
extracted. Tkigwlhdopdst sae isidgprofit libarycatn bissesnbeliaeht df et praentiisentiht ri but es
associ ated with an interconnect device simulation. Capacitance, resistance,
the profil e IR of FIRe POk BEnE LI, E0L BebBhes iOREARGET, 09, °
fl ow chart ofimgpgemdatostet usingted sfabngsombierenbodignent of tliﬁtrirctSi:rEé{tVierrn'mnof a profile
based sinulation data store in one enbodi ment of the present invention. The
type of i nquigey3jandritdoA iCHMRSW ctid beEhefiibihat %t§¥svtgil indlfth 6ati- A0 J1S Drdfitehased
S1 mul at 1 on dsealsSeed Hein o3 EHEmRAl Py PESGITAMEORUET y g1 ven data ar o
simul ation uery given data are
sel ected 720. The requested information fromthe sel ected i nstances of the
profi | e- baseghosdymul BiG. OB it &b bEogefutidhat BB ConTiaingki8l utifi¥AdR bea profilet he
inquiry type is for process control paraneters of a |ithography simulation
and t heI qger 9”@‘:’1 vI@HlaCD' &ty Séocj%lc;‘é’ff F?‘E%!:mh%?%&?‘ieﬁﬁ Npvenlpny | gégdt i nfor rr?t i on
may include profile s an ata on e focus, exposure, enper at ur e,
resi st thickp®s], aRib. adiljustrasdsladethistose fomait bfygofilbaded eigmlation ddtdeeork iddnogr aphy
process. Conversely, LI the j.ngui.ry type is for device attributes and the
query given aﬁﬁﬁﬁﬁ¥gog@???ﬁﬁ{%ﬁmé?%nals, di spl ayed i nformation may incl ude
capaci tance and other device attributes. Alternatively, if the inquiry is
for profile #0261 of Fi&. V1A isaraiaphiskovqugthy cqrelation dbapticd oregplogeCBfand/thkt age and
current as a J i i;ﬁHi t he di spl ayed data may i ncl ude
the profile Sﬁggg&gﬁgfﬁﬁfgkgﬁcpﬁgng%?| e.&?t i s understood that a person
know edgeable in the art can fornulate a nunmber of different inquiry types
and various ¢¥ABi naFihiB ar twuerghsghareng lgatvariatipngébotomeClp prghfeatpnefidevialt i on
di'spl ayed fr gy ey R HIEnBAREL ShibilicH droisdlahBasd B mbRIR&Ior b G 10
illustrates a s;nyl;%loghgata store format of a profi e-based sinul ation
dat a store i moptnngebprdident of the present invention. Data store fornmat
800 includes signals 801, profile data 803, sinulation data segnents 804
conprising sinulation type 805, process control paraneters or input
paraneters 807, and fabrication, deviceb and/or circuit attributes 809. For
a given signal 801 and corresponding profile data 803, there may be several
sinmul ati on data segnents 804 of sinulation type 805, process control
paraneters or input paraneters 807, and fabrication, device, and/or circuit
attributes 809. Sinulation type 80S includes fabrication process
simul ati on, device simulation, circuit sinulation, conbined fabrication and
devi ce simul ati on, conbi ned device and circuit simnulation, or conbined
fabrication, device, and circuit sinulation. Exanples of fabrication
gr??ess singlatip?_incluge {ihhograghy, etph, inglan]'giation,2 gxidat!on,lch,
i ffusion, deposition and etching, deposition and reflow, 2-dinmensiona
process, 3-dinmensional process sinulations, plus various conbinations of
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22 (00S9] Ot her variations and enbodi nents are possible in Iight of above
teachings, and it is thus intended that the scope of invention not be )
limted by this Detail ed Description, but rather by Clainms follow ng. 23
CLAIMS W claim 1. A nmethod of creating a profil e-based sinulation data
store for an integrated circuit utilizing one or nore sinulations, the

met hod conprising: sinulating one or nore fabrication processes using a

sel ected set of process control paraneters, the fabrication process
sinmul ati ons generating fabrication attributes; generating cal cul ated
signals with a netrology sinmulator, the nmetrology sinulator using profile
data fromthe fabrication attributes, the profile data conprising profile
shapes and critical dinmensions of structures resulting fromthe one or nore
fabrication process pEfUIGD DRSCRIPTON DEFHNEMPIA Y ERBODIMEAtTEs)St or e

i nstances, the instances including profile data and correspondi ng
cal cul ated sjgnal s, simulatiop.types ng assocj at ed process contr ol
paraerers ANESE aniEkn P SERAr bRt R a RRTaT bcn b AP TEA 9 50E o o
char act er i zgkdmMiBased sitiiaticH igfoRhatidh) Bighret 2 hiat I i0lGGraRelidl diffdr@des betwebhe met hod

of Caim1l wherein sinulating one or nore fabrjcation processes conpnses:

si mul ating &myiatien profilgs Vﬁé%?“ﬁ‘lipé?ﬁlwfé%%r@almﬁ‘@éf‘iéﬂﬁ(gﬁqp‘cbﬁrf"i’%iﬁ???& Brocess

using a sel qgd @htibh protess Bk (e fprdil OCRSSsiH AR InQataRBFA FRIueS T4 ardVB dpidl! at i ng
it hography process using a sel ected second set of process control

par anet ers. egibodimentsor HEos be profikrhiser sipdstion dnfemmption thigige Yhidugmtepppedormat
fabricati on JpiRGRASABN data store, while figures 11A and 11B represents empirical data that illustrate

the utility of the concepts and principles of the present invention.

[0029]) FIG. 2 is a prior art architectural diagram contrasting the layer feature profile of actual
lithography process steps versus the feature profile generated in a typical litl;ography simulator.
A lithography simulator 73 simulates the actual physical processes including spin/coat 61, soft
bake 63, exposure 65, post exposure bake 67, and development 69 processes. The actual
structure profile 71 may have a more complex profile such as a rounded top and a footing at the
bottom of the feature, not the ideal rectangular shaped design structure profile 75 typically
indicated by the lithographic simulator 73. The electrical properties of a circuit with non-
rectangular structures, such as trapezoids, T-tops, and T-tops with undercut, rounded tops, with
or without footing, are different from the electrical properties of simple geometric-shaped

structures typically assumed in some fabrication process simulators.

[0030] Similarly, FIG. 3 is a prior art architectural diagram contrasting the interconnect
cross-section of actual lithography, etching, and metallization process steps versus the
interconnect cross-section generated in a typical interconnect simulator. The fabricated
interconnect cross-section 87 produced after the steps of interconnect design 81, fabrication 83,
and testing 85 is typically irregular in shape. The shape of the fabricated interconnect is affected
by the geometries of the conductive material and the related dielectric material. Electrical and
thermal characteristics of the interconnect structure with the fabricated interconnect cross-section

87 are different from the electrical and thermal characteristics of a rectangular design

7



conprises: 24 sinmulating a |lithography process using a selected first set
of process control paraneters; and simulating an etch process using a

sel ected second set of process control paraneters. 4. The nethod of Claiml
wherein simulating one or nore fabrication processes conprises: sinulating
a lithogaphy process using a selected first set of process control
paraneters; and simulating an inplantation process using a sel ected second
set of process control paraneters. 5. The method of Caim1l wherein

sinmul ating one or nore fabrication processes conprises: sinulating an etch
process using a selected first set of process control paraneters; and
sinmul ati ng a photoresist stripping process using a selected second set of
process control paraneters. 6. The nmethod of Claim1l wherein simnmulating one
or nore fabr iigatinfect plosscestioad 1 Cypigally seanedtyTtkidbnnac simulitoe TANGEER DB cfdE eSS
using a selected firs rocess control aramateé)&]E and sinulating a

t aof
phot or esi st §fiF ‘BBP‘ﬂﬁéeﬁP g‘ﬂ”é‘g%r"‘g%rf’ﬁ’és 'ﬁC‘E‘QP 08It BY BTG C9et P PRI

control par aRBt@iafy cohtroFth&BieRMbperhtiny Rabint@cofighishtd shacad The Bdnide0f dat a
store for an |ntegrated circuit utilizing one or nore sjnulatiaons, the

met hod conpr idfTRRyMecsshave significant impgetsaethe Flegiral Pabimanss ot fis I Althoushtteraly set
of input par q§ed ictoscdpBEATRNic&Eprovide interconnect profile information, AFM’s are slow and

cannot provide information on unpatterned layers. Critical dimension scanning electron
y microscopes (CD-SEM) can provide critical dimensions but cannot provide profile information

or data about unpatterned layers.

[0031] In order to facilitate the description of the present invention, an optical metrology
system is used to illustrate the concepts and principles. It is understood that-the same concepts
and principles equally apply to the other IC metrology systems as will be discussed below. The
metrology system may be an optical, electric, electron, or mechanical metrology system.
Examples of optical metrology systems include scatterometric devices such as spectroscopic
ellipsometers, reflectometers, and the like. Examples of electron metrology systems include CD-
scanning electron microscope (CD-SEM), transmission electron microscope (TEM), and focused
ion beam (FIB) devices. An example of a mechanical metrology system includes an atomic force
microscope (AFM) whereas an example of an electric metrology system includes a capacitance-
measuring unit. As used in this application, a metrology signal may be an optical signal, an ion

beam, an electron beam, or other like signals.

[0032] FIG. 4 is an architectural diagram illustrating the use of an optical metrology system
to determine the profile of periodic structures. The optical metrology system 40 includes a
metrology signal source 41 projecting a signal 43 at the target periodic structure 53 of a wafer 47
mounted on a metrology platform 55. The metrology signal 43 is projected at an incidence angle
0 towards the target periodic structure 53. The reflected signal 49 is measured by a metrology
signal receiver 51. The reflected signal data 57 is transmitted to a metrology profiler system 59.
The metrology profiler system 59 compares the measured reflected signal data 57 against a

library of calculated reflected signal data representing varying combinations of critical
8



simul ati ons generating device attributes, the set of input paraneters
including profile data corresponding to the one or nore sinul ated devi ces;
generating calculated signals with a nmetrol ogy sinulator, the nmetrol ogy
simul ator using profile data corresponding to the one or nore sinulated
devices; and creating sinulation data store instances, the instances
including profile data and correspondi ng cal cul ated signals, simulation
types, process control parameters, and fabrication attributes; wherein the
simul ati on types are characterizations of the one or nore sinulations
performed. 8. The nethod of Claim7 wherein the selected set of input
paraneters conprises a profile library having profile data, the profile
data i ncl udi ng profiles of the one or nDre devi ces sinulated. 9. A nethod

of creating rofi t|on ta st or r an int rate circuit
utilizing ong S‘ﬂ‘bsrogﬂbe’ qg?m@rﬁcss TUGHIg ‘Ecﬁoé'ﬁ‘oﬁoﬁ%cr §%§‘Sta%ﬁe§gﬁ ’%‘B gMe or
nore Circui t snedsikddGefiecte kighdl @sta SPIs sélEctédDF[lHE piofllcan®isedciated@rifital @nkﬂehsmhﬁ‘éf ng

one or nore devices, .the.circuit supig‘ a}ﬁl ons ener %tlgng circuit attributes,

the set of i Msselerad bty isangeferesap Vi i3 EP&‘E"&P‘ fdhed dimsntiensehe one

or nore devi @RSeddhred drehethrigbtlpaliciit BRIEuRISINAlBnifak bstidhitnoiro @8 ls@inl 406
cal cul ated signals with a netrology sinmulator, the netro £%5| mul at or

usi ng profi | desarbes it e9-Padise NES- RafeRtapplisationsisr. do- 496r23. 530 entid ptem prd

si nul at ed ONQ dod THY FeealTikielitirfry GRAGatioh @R HtHg Brlofildl %'J%tdlﬁ%?al Stild &
i nstances, the instances including calculated signal's, profile data,

simul ation t yosembes2$ 2000 owpskbydhe assignsaef Bisapplisionand imcarporaied hargigbes: 2G
wherein the sigyh@tion types are characterizations of the one or nore
simul ations perfornmed. 10. The nethod of Caim9 wherein the one or nore

circuits S|rrulated de transm ssi.on ||nes sistors, capagitors,

i nductors, arffiPPki eﬁé ggt“tb‘la@h%%?m 6?’“{“1’“%& gregjiog of a simulation data store
usmg a device s1mulator in one embodiment of the present invention. The profile-based creation
of a simulation data store 100 includes a fabrication process designer 101 where the series of IC
fabrication steps are laid out. A set of test grating masks is designed in the test grating mask
designer 103 to capture key features or characteristics of the area of interest. For example, if the
area of interest is capacitance of interconnects, then the set of test grating masks designed
captures the vqrious interconnect geometric information. Interconnect geometric information
include profiles of structures in the wafer. The IC fabricator 105 uses the set of test grating
masks to make test structures that are measured by a metrology device 107. The metrology
device 107, which may be an optical metrology device or a non-optical metrology device,
measures the signals off the test gratings and transmits the measured signals to the profiler
application server 109. The profiler application server 109 compares the measured signals off
the test structures to the calculated signals in a profile library 110 covering a range of expected
struc.tures profile critical dimensions and resolutions. The profiler application server 109 selects
the best matching profile library instance from the calculated signals of the profile library 110. In
one embodiment, the best matching measured diffracted metrology signal is one with the least
error compared to the diffracted metrology signal. Several optimization procedures are available
to minimize the error, such as simulated annealing, described in “Numerical Recipes,” section

10.9, Press, Flannery, Teulkolsky & Vetterling, Cambridge University Press, 1986; which is
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11. A method of creating a profil e-based simulation data store for an
integrated circuit utilizing one or nore sinulations, the nethod
conprising: simulating one or nore fabrication processes using a selected
set of process control paraneters, the fabrication process sinmulations
generating fabrication attributes; generating calculated signals with a
nmetrol ogy sinulator, the netrol ogy simulator using profile data fromthe
generated fabrication attributes, the profile data conprising profile
shapes and critical dinensions of structures resulting fromthe one or nore
fabrication process sinulations; sinmulating one or nore devices using
profile data generated by the one or nore sinulated fabrication processes;
and creating simulation data store instances, the instances including

profile dat %Joh)gfggdrbg r&%&reabﬂgelfr&%étﬁ gétgﬂyd%eg Eq%[p fafd restiftd i ﬁégﬂﬂqr -Hi-

cal cul ated signals i mul at’i on types an ssocl a process contro
par anet er s ageirdedifferenca eiren Whdrethe opfiraization prdsedusd miniraizésdire enpprsirio befween

char aCf[ eriz E%én e&éurgci hﬂ@teg %tr&%%%}%’ﬁ} ﬂgqﬁg c%tclnl%& di@ﬁz{c ed Gr{gﬁ‘glog}n%ﬁna-r nEt hod

of Claimll rern e one or ricatlron processes s ®i ncl ude
a lithograp rdytashdrmd)cadurofpr arcetirgrralstiated sigmld fat 4 wofila hbirantfer axamgetofigruotue: .or nor e

devi ce simul at *le %lc ldxm g%né’i .l‘%ls%ﬁlgl cfn‘]tr&g getiﬁcﬁn %gésl zr&churl_ﬁ llbra%{nst&ncer?t hod of

creating a ﬁ ased sinu Circlit,
t he net hod cthmqatmbted glgmﬂs lnhxiuans qogtadiad inmo-pending IdSvpathapphaangn Seradd.ect ed set

Of DUt DargaiEh S0 R IRYA SR B BLRONS, SENELA SGAEVISE.ALbLIdus oo

the set of par ane e S 1 NC |ng pro T e one

si mul at ed dewiJs@siar, gehefilad bmNowmiber 2% 2N, sidgniat@pattedheseimintits ehtivey by
sinmulator, the netrology sinulator using profile data of the one or nore
si nul at ed dé 8% simulating one or nore circuits using the generated
device attributes fromthe one or nore device sinulations as input

par anet er s, [003d] ci Stillrdfergngnol G| hsheguofde datd ofghaiestaudtehingtprofilplitray instanck

are transmitted to the device simulator 113. Profile data comprises critical dimensions, profile
shape description, and profile graphic representation. Critical dimensions are typically expressed
as measurement dimensions, for example, width of 50 nanometers. Alternatively, critical
dimensions are also expressed as a percent of another critical dimension, for example, 80%
height of top rounding meaning the structure top starts rounding at 80% of the structure’s height.
An example of profile shape description is trapezoidal with top rounding profile. An example of
profile graphic representation is a bit map of the profile. The device simulator 113 may be any
type of device simulator simulating electrical, thermal, noise, 3D effects, steady or transient state
signal, leakage and/or optical characteristics. Examples of device simulators are Raphael.TM,
Medici.TM, ATLAS.TM, and TMA-Visual. TM from companies such as Avant!, Technology
Modeling Associates, and Silvaco International. The profile critical dimensions of the best
matching library instance from the calculated signals library is extracted by the profiler
application server 109 and transmitted to the device simulator 113. The device simulator 113
creates as output the set of process control parameters used in the simulation run and the
resulting device attributes. For example, if the device simulator is an interconnect simulator, the
input may be the top and bottom CD’s in nanometers, and the sidewall angle in degrees in a

format required by the interconnect simulator used. The output of the device simulator 113 is
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creating sinulation data store instances, the instances including profile
data and correspondi ng cal cul ated signals, sinulation types and associ ated
i nput paraneters, device attributes, and circuit attributes; wherein the
simul ati on types are characterizations of the one or nore sinulations
perfornmed. 14. The nethod of Claim 13 wherein the one or nore device
sinmul ati ons include a power device sinulation and an interconnect
simul ati on. 15. The nethod of Cl aim 13 wherein the one or nore circuit
sinmulations include a transmission line sinulation and an anplifier
sinmulation. 16. A nmethod of creating a profile-based simnmulation data store
for an integrated circuit utilizing one or nore sinulations, the nethod
conprising: 28 simul ating one or nore fabrication processes using a

sel ect ed setdedite ffribaesiaclading fedistapRinotiseepacifalie i flbdds,aad indictMcOmARGrys.

simul ations generating fabricatio ttribufes; generating.cal culate

signals wit L g"’d@“&‘iﬁﬁﬁ‘re&‘[‘%g} P AT S Wéﬁl%ﬁ?far?fb*fngﬁ@?ﬂ@ %%B?i le
data from t hRposnek@ntdhd aarderiod at@BuBs dstdchitddasith thd§effi®fdvics sidutatiogONpPr i si ng
profile shapes and critical dinmensions of structures resulting fromthe one
or more fabri®dplivgyRsibbe szt rbihe smulaton beiraryiamedor Romeledevfces
using profilgmdaia. agaripiesr Mubif tAReisQhclied f BGdl at ed fabrication
processes; simulating one or nore circuits using the generated device

attributes fr@g}th§1 gﬁ,or mor.e degﬂce sHpulaliggs as “gputffaraneters, t he
circuit si miP% on ‘3 P 31 P tee Pt Urgram ftustraling Eie-creafien & PRSP rrul at i on
data store isipil@Radsta stofttn bitSdniddiRent dTClelpidsag imeidnl Bhehad fHle-bMed sreftipABELA Ng
cal cul at ed quHals, S|nué§bLogﬁé%£F§, and assocLateggProce%s cpntggl
par anet er s, YBHp{oagpR sired e 20rFat RO depigRar A4 Whgthe fergioh!
attributes; wiRbRictts kb BridouTUARE] oTest rRBE nBEIR iSHRIgAed i kHie2at bty fskt he one
or nore sinmulations Rerforned. . .. i

designer 123 that captures the various interconnect geometric information.. Interconnect

geometric information include profiles of structures in the wafer. The IC fabricator 125 uses the

set of test grating masks to make test structures that are measured by a metrology device 127.

The metrology device 127, which may be a reflectometer, an ellipsometer or other non-optical

metrology device, measures the diffracted signals off the test structures and transmits the

measured signals to the profiler application server 129. The profiler application server 129

compares the measured signals off the test structures to the calculated signals in a library 130

covering a range of expected structures profile critical dimensions and resolutions. The profiler

application server 129 selects the best matching library instance from the library. The profile

CD’s of the best matching library instance is extracted by the profiler application server 129 and

transmitted to the interconnect simulator 133. The interconnect simulator 133 creates as output

the set of process control parameters used in the simulation run and the device attributes.

Examples of interconnect simulators include Raphael.TM, QuickCap.TM, and Atlas. TM. The

output of the interconnect simulator 133 includes device attributes such as resistance in ohms,

capacitance in farads, and inductance in henrys. The simulation data store generator 131 creates

a data store instance in the simulation data store 135 for each test grating comprising signals,

profile data, simulation type, and device attributes. Simulation type is this case is interconnect
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| 7, The nmethod of Claim 16 wherein the one or nore fabrication process
sinmulations include a |ithography sinulation, the one or nore device

si mul ation includes an interconnect sinulation, and the one or nore circuit
simulation include a transm ssion line sinulation. 18. A nethod of creating
a profile-based sinulation data store for an integrated circuit, the nethod
conprising: nmeasuring one or nore test gratings wth a netrol ogy device
wherein the test gratings nodel the effect of an integrated circuit design
and/ or fabrication process; 29 generating nmeasured signals with the

met rol ogy device; converting the neasured signals into profile data
corresponding to the neasured test gratings; sinulating one or nore devices
using the converted profile data as a set of input paraneters, the device

si mul ations &efasgla,hian&] davihEevRE Ltquers @émo@@&s&ﬁa@atwlmhéanfgwoﬂﬁecp&vfé@t a

store instances e instances including profile data, corresponding
measur ed si gﬁnavlstlons i Aillgstiagive kayqyeef suatﬂ@noasls@@toa@t is depintesi io EIGitlor i but es:
wherein the sinulation types are characterizations of the one or nore

si nul ati ons fagid| or REFIGL8A td Be, SR Agurl bojbdipdrBTdl itk i@k GRARYERENE t he
nmeasured signals into process control parameters further conpri ses:

conpar i ng t hesderafsciliats the dpseripdiomefithe erebodisentsg FIY-i0Ags an achitgaprghdismant 4
library of Cﬁh&}éh@ttﬁgfﬁa&ﬂ BF 2 profild®aled StAMERR dfh stbRSisihk Pfa@ﬁé’an% pfa@ésgul at ed

signal s having data el enents conprising cal cul ated signals and é;
dat a; sel ectdimylatoninons probrdiment pithe prasgnicinyention. riBleaﬁé’léﬂsbaSW argagion p sawat@fn

ﬁgigﬁlﬁ;e?nZtancesl%ﬂﬁg%%ﬁﬁ%%ﬁary &EL Oq%& HQQ&HB <$§§ﬁ$$%m9§€$ﬁ§% of

Cl ai m 18 whesimillatot H3. Fxamples qurce;esdevntmépasm‘#ratnpbdsemp@rq tithes peoeTivelc t

simul ations. aperture, and PEB temperature in a lithographic process simulation. The fabrication process

simulator 133 may be any type of process simulator simulating a thin film,.lithography,
implantation, diffusion, oxidation, deposition, etching, CMP process or combination of
processes. Using the process control parameters 132, the fabrication process simulator 133
creates the fabrication attributes 134 including the geometries of the layer structures. The
process control parameters 132 and fabrication attributes 134 are transmitted to the simulation
data store generator 139. The fabrication attributes 134 are transmitted to the metrology
simulator 137. Fabrication attributes that pertain to the profiles of the structures are used by the
metrology simulator 137 to generate diffracted signals corresponding to the profile of the
structure generated by the fabrication process simulator 133. For example, the fabrication
process simulator 133 may be a lithography, etch, or a combined lithography and etch simulator.
The process control parameters 132 may include film thickness, bake time, exposure, PEB time,
PEB temperature, rinse time, and/or etch flow rate and type of etchant. Fabrication attributes 134
may include the patterned structure profile shape and critical dimensions (CD’s) such as top CD,

bottom CD, height, and/or sidewall angle.

[0037] Still referring to FIG. 6A, from the fabrication attributes 134, the metrology simulator
137 extracts the profile data and calculates signals corresponding to the signals off a grating with
the transmitted profile shape and CD’s. In a case where the metrology simulator 137 is an optical

metrology simulator, the signals are simulated diffraction signals. For a description of the
12



21. The nethod of C aim 18 wherein nmeasuring the test grating further
conprises: designing the test gratings to capture interconnect geonetric
configurations of the integrated circuit; 30 fabricating the designed
test gratings; and neasuring the fabricated test gratings with the

met rol ogy device. 22. The nethod of Claim 18 wherein the device attributes
i ncl ude resistance, inductance, capacitance, potential, tenperature, and
current density distribution of the interconnect. 23. A nethod of real-tine
use of sinulation data store, the nethod conprising: neasuring a grating
with a netrol ogy device, the grating nodeling an interconnect geonetry of
an integrated circuit, the neasurenent generating a neasured signal; and
obtai ning interconnect electrical properties andl or thermnal properties

correspondi th nal .of f
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mat chi ng i NsG@amadr B b B8ats theWinAldtion d&l@btere 4P mGtanced) AR GHAIfioN dath Bdre
i nterconnect_ el ectrical properties and/or. thermal properties associated

with the besifstipse eamnsises stEpesmefile faty, gignudatinn Yas. SEPcers contel parameters andhe et hod

of O aim 23 pheheddhdib@ed RiREANRGe ;ﬁl)c%ﬁistsmmﬂﬁlonpSMtfbh%e istpd ude
capaci tance, inductance, and resistance. 31 . A nmethod of creating a

prof i | e- basethueptprnaten fithegapuationbewe pejforaed, ifcrftt@g?xétnelf fabricatipy process

simulation. A partial list of simulation types is included in FIG.10.

[0038] FIG. 6B is an architectural diagram illustrating the creation of a profile-based
simulation data store using fabrication and device simulators in one embodiment of the present
invention. The profile-based system for creating the simulation data store 140 using a process
simulator and a device simulator is similar to the process described for FIG. 6A except that the
output from the fabrication process simulator 133 including fabrication attributes is also
transmitted to a device simulator 135. The device simulator 135 utilizes the fabrication attributes
to perform a device simulation and transmits device attributes 136 to the simulation data store
generator 139. The simulation data store generator 139 processes the input data from the
fabrication process simulator 133 comprising process control parameters 132 and fabrication
attributes 134, data from the metrology simulator 137 comprising calculated diffracted signal
142, and data from the device simulator 135 comprising device attributes 136 to create the
simulation data store 149. The simulation data store 149 instances comprises signals, profile
data, simulation type, process control parameters, fabrication attributes, and device attributes.
Simulation type in this case is a combined fabrication-process-and-device simulation. For
example, the fabrication process simulator may be a combined lithography-and-etch process
simulator whereas the device simulator may be an interconnect simulator. Other devices that

may be simulated include diodes, transistors, optical devices, power devices, or photo detectors.
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utilizing a nmetrol ogy sinulator, the nethod conprising: performng
fabrication process simulations using a set of process control paraneters,
the fabrication process sinulations generating a set of fabrication
attributes and a set of structure , profile data; calculating a set of
simul ated signals corresponding to the set of structure profile data using
a netrology sinulator; and creating instances of a sinulation data store,
each instance of the sinulation data store having data el enents conpri sing
profile data and correspondi ng cal cul ated signals, sinulation types, and
associ ated process control paranmeters and fabrication attributes; wherein
the sinmulation types are characterizations of the sinulations perforned.
27. The method of Caim26 wherein the fabrication process sinulationis a
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appl i cation server a neasure
grating in aresshe: to calculated S|gnals i n instances of a cal cul ated
signals library, the library instances storing data el enments conprising

calculated s t(ﬁml S ﬁﬂﬂeﬂ&% ltd ﬁ(}q@éﬂhe éﬁ‘gcation process simulator 133 and the device

simulator 135 may be separate objects or combined in a single object or a single software
package. Examples of combined process and device simulators include Victory. TM from

Silvaco International and Microtec.TM from Syborg Systems, Inc.

[0040) FIG. 6C is an architectural diagram illustrating the creation of a profile-based
simulation data store using fabrication process, device, and circuit simulators in one embodiment
of the present invention. The profile-based system for creating the simulation data store 150
using a fabrication process simulator, a device simulator, and a circuit simulator is similar to the
process described for FIG. 6B except that the output from the device simulator 135 including
device attributes 136 are also transmitted to a circuit simulator 141. The circuit simulator 141
utilizes the device attributes of several devices that form the circuit. For example, a transmission
line includes several interconnect devices to form a circuit. Examples of circuits that may be
simulated include transmission lines, resistors, capacitors, inductors, amplifiers, switches, diodes,
or transistors. The combination of selected devices to form a circuit are simulated, the
simulations creating device attributes 136 that are used to perform a circuit simulation with the
circuit simulator 141. The circuit simulator 141 generates and transmits circuit attributes 138 to
the simulation data store generator 139. The simulation data store generator 139 processes the
input data from the fabrication process simulator 133 comprising process control parameters 132

and fabrication attributes 134, data from the metrology simulator 137 comprising calculated
14



sel ect a best matching instance of the library of calculated signals; a
fabrication process sinmulator configured to: sinulate one or nore
fabrication processes, and generate fabrication attributes utilizing
profile data associated with the best matching instance of the library of
cal cul ated signals; and a sinmulation data store generator configured to:
create an instance of a sinulation data store, the sinmulation data store
i nstance storing data el enents conprising the profile data, associated
measured signals, sinulation types, and the associated fabrication
attributes; wherein the sinulation types are characterizations of the one
or nore fabrication processes sinulations perfornmed. 32. A systemfor
creating a profile-based sinulation data store for an integrated circuit,

the system cg a'ét‘:e(:f &igrgi 142 E’[{dféaia'r%r tﬁ?&’é‘}lc%%&ﬁu?a?oﬁ?% ¥5th %fﬁg‘hie\%r fiflode& 1ag0MPAr €
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and generate_devi.ce attributes utilizing profi|le data assocjated with the
bost rmat chi nyRTEwes B et on el g frbie borR B R e gl
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simul ati on data st.oi:,@i~| the sinulation data store instance storing data

el enents conBPRSIRFIND- brofile data, associated neasured signals,

simul ation types, and associ ated device attri butes;
[0041) Still referring to FIG. 6C, the fabrication process simulator 133, device simulator 135

and circuit simulator 141 may be separate objects or combined in a single object or a single
software package. Examples of circuit simulators include SPICE.TM, various adaptations of
SPICE.TM, SPECTRE.TM, APLAC.TM, and PROTOLAB.TM. An example of a combined

total process simulator is ATHENA.TM from Silvaco International.

[0042] The concepts and principles of the present invention will apply to other combination
simulators such as a combined device-and-circuit simulation. Creation of the simulation data
store would be done in a similar manner. Similarly, the device simulator and circuit simulator
may be separate objects or combined in a single object or a single software package. Examples
of combined device-and-circuit simulators include MEDICI.TM, TOPSPICE.TM, CIDER.TM,
and SIMPLORER.TM.

[0043] FIG. 7A is an architectural diagram illustrating inquiry and in-line use of a simulation
data store in one embodiment of the present invention. An inquiry 203 from an inquiry device
201 is transmitted to a simulation data store server 207 that analyzes the inquiry and accesses the
instance(s) of the simulation data store 215 and formulates the response 205. The simulation
data store server 207 may also be invoked by an in-line query 209 generating a response 209. In
one application, the inquiry 209 is from an in-line query device 211 generating a response 213.
The inquiry 209 comprises the type of inquiry and query given data. Depending on the type of

inquiry and query given data, the simulation data store server 207 retrieves the appropriate
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wherein the sinulation types are characterizations of the one or nore
device sinul ations perfornmed. 33. A systemfor creating a profile-based
sinmulation data store for an integrated circuit, the systemconprising: a
profiler application server configured to: conpare a neasured signal off a
test grating in a wafer to calculated signals in instances of a cal cul ated
signals library, the library instances storing data el enments conpri sing
profile data and associ ated cal cul ated signals, and select a best nmatching
i nstance of the library of calculated signals; a device sinmulator
configured to: sinulate one or nore circuits, and 34 generate circuit
attributes utilizing profile data associated with the best natching

i nstance of the library of calculated signals; and a sinulation data store

gener at or CQikktdn€pes) @8tht SimutdtioRtiRa &brei2S AT aBfand triishiits Mt kBporsad13. ThoOe, the
simul ati on data store instance stqring data elenentg conprising the profile
dat a, associlB agFrydeyicn2blymay bepartota egmipyfes systsm qrppbef and( debgeatior Fysteay Ther cui t

attributes; Nhgyeivicel20€ mal By fhddOdlordeXiBASe G ipirt 612 R6h EFihdintd?d) the@lquihe one
or nore circuit sinulations perfornmed. 34. A systemfor creating a

profi | e- baselgvied 3 |mpyibe fpcalor accetstiedhiongh apetvatkegrated circuit, the system
conprising: a fabrication process sinulator configured to: simnmulate one or

nore fabricgbi@n PrOSeBISEn 4ieuRl ERIrAE IIRGkrSAE the In-fHuACESS siRiMtioR Wata
paraneters, the fabrication process sinulations generating fabrication

attributes, SOREMVARRUS ERFiFasAn siersip pra wdofimept At Preset inventiod: prsipulationdaita; a
met r ol ogy sistedd RERF290QBhH181t6 8 dintulition data store 255 may be part of a fabrication system, the

simulation data store server 250 providing immediate in-situ profile-based simulation
information. The simulation data store server 250 may be coupled to a thin film, deposition or
CMP 225, lithography 227, etch 229, PR stripping after etch 233, PR stripping after implantation
235, implantation 231, and/or thermal processes 237 devices. The simulation data store server
250 may be locally or remotely connected to the fabrication devices. The simulation data store
server 250 may be several separate servers or one centralized server. Test structures or test
gratings in a wafer may be measured by an integrated metrology device (not shown) during or
after a fabrication step. The metrology measurement generates measured signals that may be
used as the query given data to the simulation data store server 250. The simulation data store
server 250 generates an in-situ/in-line response based on the inquiry type and query given data.
For example, during or after a photoresist stripping step, if the inquiry type from the fabrication
device is for electrical properties of the IC structure modeled by the test grating and the query
given data is the diffracted signal off the test grating, the simulation data store server 250 would
formulate a response comprising conductance, capacitance, and/or resistance of the IC structure
modeled by the test grating. In another example after a lithography step, if the inquiry type is for
process control parameters associated with the measured signals off the test grating, the
simulation data store server 250 would formulate a response comprising bake time, bake
temperature, focus, and PEB time and temperature. As will be discussed below, many other
combinations of inquiry type and query given data can be transmitted to the data store server 250

to get the specific response required.
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receive the structure profile data fromthe fabrication process sinulator,
and generate cal cul ated netrol ogy signals using a sinulated grating, the
sinmul ated grating having a repeating structure with the sane profile data
as the received structure profile data; a simulation data store generator
configured to: 35 create instances of a sinulation data store, each
sinmul ation data store instance storing data el enents conprising the profile
data, associated cal cul ated signals, sinulation types, and associ at ed
process control paraneters and fabrication attributes; wherein the
sinmulation types are characterizations of the one or nore fabrication
process sinulations perfornmed. 35. A systemfor creating a profil e-based
simul ation data store for an integrated circuit, the systemconprising: a

fabrication ppeesgss HEMA RlaGlowChd bOME SdraiBhal &bﬁmtﬁir&u&{'&f aQrofiRbRed
fabrication processes using a selected set of process control paraneters,
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the profile d@l}nﬂn&rﬁ,quﬁrmﬁn,gﬁ@ %&Ltﬁgl for the top CD, bottom CD, grating thickness, height and so

on. The profile data ranges at various resolutions of profile shapes are used to calculate the
simulated diffracted signals and to create the profile library 320. The detailed procedure for
creating a profile library for a range of structure profile critical dimensions and resolutions is
contained in co-pending U.S. patent application Ser. No. 09/727,530 entitled “System and
Method for Real-Time Library Generation of Grating Profiles” by Jakatdar, et al., filed on

November 28, 2000 is incorporated herein in its entirety by reference.

[0046] The profile data ranges for the expected profile shapes are converted into the device
simulator input 330. For example, if the device simulator is an interconnect simulator, the
expected proﬁie shape dimensions are converted into the format required by the selected
interconnect simulator, like Raphael. TM. Using the converted device simulator input, the device
simulator is invoked 350 generating the device attributes. Continuing with the interconnect
simulator example, the interconnect simulator is invoked using the converted profile data as the
interconnect simulator input, generating device attributes comprising electric and thermal
properties such as resistance, capacitance, inductance, potential, temperature, and current density
distribution. A simulation data store instance is created comprising diffracted signals, profile
data, simulation type, and device attributes 360. Again continuing with the interconnect example
and assuming an optical metrology device, the simulation data store instance created includes
signals such as tangent (\¥') and cosine (A) data for a wavelength range for an ellipsometer or
reflected light intensity for a wavelength range for a reflectometer, the wavelength range and

measurement points dependent on the manufacturer of the optical metrology device. In addition,
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fabrication attributes; a sinulation data store generator configured to: 36
create instances of a sinulation data store, each sinulation data store

i nstance storing data elenments conprising the profile data, associated
measured signals, sinulation types, and associ ated process contr ol
paranmeters, fabrication attributes, and device attributes; wherein the
sinmul ati on types are characterizations of the one or nore fabrication or
devi ce si nu| ations

erforned. 36. for a profil e-based
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process control parameters for the type of simulations desired is selected 400. Using the selected

set of process control parameters, the fabrication process simulator is invoked 410, generating
fabrication attributes. The fabrication attributes are converted into profile data comprising
profile shape and critical dimensions 420. A metrology simulator uses the profile shape and
critical dimensions to calculate diffracted signals 430. Data including the process control
parameters, the profile data, the calculated signals are used to create a simulation data store
instance 435. For example, if the type of fabrication process simulation is lithography, the set of
process contro~l parameters may include values of the bake time, bake temperature, focus, PEB
time, and/or rinse temperature. The fabrication attributes generated by the fabrication process
simulation include profile data, comprising profile shape and geometry of the structure. The
profile shape and geometry is converted into the CD’s required by the metrology simulator to
calculate the reflected signals. If the profile shape is trapezoidal profile with top rounding and
bottom footing, the CD’s include the feature footing bottom width, trapezoidal bottom width,
total height, trapezoidal width, and the rounding top width.

10048] Fabrication attributes generated by the fabrication process simulator are converted to
the format compatible with the device simulator requirements 440. The device simulator is
invoked using the converted fabrication attributes, generating device attributes 445. The
simulation data store instances are updated with the device attributes 450. In one embodiment,

the fabrication process simuiator and the device simulator are combined in a single package,
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a circuit simulator configured to: sinulate one or nore circuits using the
generated device attributes fromthe one or nore device sinulations as

i nput paranmeters, the one or nore circuit simulations generating circuit
attributes; a sinulation data store generator configured to: create
instances of a sinulation data store, each sinulation data store instance
storing data elenents conprising the profile data, associ ated neasured
signals, simulation types, and associ ated process control paraneters,
fabrication attributes, device attributes, and circuit attributes; wherein
the sinul ation types are characterizations of the one or nore fabrication
process, device or circuit sinulations perfornmed. 37. A systemfor creating
a profil e- basedingitmbqirnnt datoaveatiar & ifpat paidinetdnd i@@reainpdibty fotnatst Seteh® syst em

conprising: a.netrology sinulator. configured to: geperate .calcul ated
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simulation data store instances are updated with the corresponding circuit attributes 470.

[0049] FIG. 9A is a flow chart of operational steps for in-situ utilization of a profile-based
simulation data store in one embodiment of the present invention. The signals off the test
gratings of a wafer are measured with a metrology device 600. A best matching signal instance
in the profile-based simulation data store is selected 610. The simulation type is determined 620
in order to access the simulation data associated with the best matching simulation data store
instance 630. The requested information from the profile-based simulation data store is
displayed 640. Process control parameters, signals, profile data, fabrication attributes, device

attributes, and/or circuit attributes may be displayed.

[0050] For example, test gratings in a wafer after a lithography and etch process are
measured with an optical metrology device, generating measured diffracted spectra. The best
matching instances of the simulation data store compared to the diffracted spectra of the test
gratings are selected and profile data of the test gratings are extracted. The requested information
comprises electrical device attributes associated with an interconnect device simulation.
Capacitance, resistance, and inductance information from the simulation data store corresponding

to the profile data of the test gratings are displayed.

[0051] FIG. 9B is a flow chart of operational steps for online inquiry utilization of a profile-

based simulation data store in one embodiment of the present invention. The type of inquiry and
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wherein the sinulation types are characterizations of the one or nore
device or circuit sinulations perfornmed. 38. A systemfor real-tine
determ nation of profile-based simulation infornmation for an integrated
circuit, the systemconprising: a query device configured to: send a query
conprising type of inquiry for profil e-based sinulation data and query
given data, and receive a response to the query; a sinulation data store
server configured to: process the query and fornulate the response to the
query; and a sinulation data store configured to: store instances having
data el enments conprising profile data, signals, and process control
paraneters, and fabrication attributes; wherein the sinulation data store
server, receiquérngiven (tqluﬁ'ﬁ yaliﬂxtarnghihﬁ tl@wfye-bmed aheulatmams s ¢! hehees of the
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data store. 41. The inquiry system of ai.m 38 wherein the q uery gi ven data
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angle and top critical dinension fromthe selected instances of the
a via and the query given data consists of voltage and current as a function of time for a circuit,

the displayed data may include the profile shape and CD’s of the profile. It is understood that a
person knowledgeable in the art can formulate a number of different inquiry types and various
combinations of query given data to get the right information displayed from the profile-based

simulation data store.

[0052] FIG. 10 illustrates a simulation data store format of a profile-based simulation data
store in one embodiment of the present invention. Data store format 800 includes signals 801,
profile data 803, simulation data segments 804 comprising simulation type 805, process control
parameters or input parameters 807, and fabrication, device, and/or circuit attributes 809. For a
given signal 801 and corresponding profile data 803, there may be several simulation data
segments 804 of simulation type 805, process control parameters or input parameters 807, and
fabrication, device, and/or circuit attributes 809. Simulation type 805 includes fabrication
process simulation, device simulation, circuit simulation, combined fabrication and device
simulation, combined device and circuit simulation, or combined fabrication, device, and circuit
simulation. Examples of fabrication process simulation include lithography, etch, implantation,
oxidation, CMP, diffusion, deposition and etching, deposition and reflow, 2-dimensional process,
3-dimensional process simulations, plus various combinations of the foregoing processes.

Examples of device simulation include interconnect, electrostatic discharge, optical device,
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sinmulation data store. 42. The inquiry systemof C aim 38 wherein the query
device, the sinulation data store, and the sinulation data store server are
contained in one |ogical device. 43. The inquiry systemof C aim42 wherein
the one logical device is coupled to one or nore integrated circuit
fabrication process devices. 44. The inquiry systemof Caim43 wherein the
integrated circuit fabrication process device is a |lithography unit. 45.
The inquiry systemof Caim43 wherein the integrated circuit fabrication
process device is a photoresist stripping unit. 46. A conputer-readabl e
storage nedi um cont ai ni ng conput er executable code to provide a response to
an inquiry regarding profile-based sinulation data of an integrated circuit

by instructi Q)g/eP Ek%ic‘é,%gﬁgéu% dévgceoﬁ%roﬁltexede@i%e Ei%%f;g%ﬁf Ff’a?nﬁalesro?g%.\li\{ %i%la?}onq”e.r y

froma querf) evi ce, query tonprising a o] quiry and query given
dat a; accessin¢lgdedragsadnesiprad signe iroegritg n@se, agltothiec@suivfimalagemul at i on dat a
store, the selection determ ned by the type of inquiry and query given

data; and f hat i . Jolo FAsu MYta Q08 )t r-esponse
o the query ey s R0, B NERRCARRICRol (G ol DR HEALRIM bR NRe 6T
havi ng dat a sheatemtagd & ompined ifabgcation potess andplevéd dipuletzna In Exatppledadn on .
attributes, sjgnals,.and.process co S, 47.. A .

conputer -r ealebraeddsARRURGRT e SO B BANTUES FeorduioBonticei petrgigey
create a pr aheds@einas dala ssingah @llipgmettat Bhis¢xaomple hayonagimuhtiegdatd segnant whare t by

 nstructing ghe. SOMPULSIad R S06L 85T RULORBELT ORI 30 A1 AT on
process sinulatiPont usi ng process control paranet érs, e Tabrication
process si mulediftiicn Bempleiremesedtabsimuhtiordataztare infdarice stodnptiamtfromctiva liekqdr of i | e

data; cal cul Sallgl{llg na, ngxl_ngl‘g,l aglttheo%ralsaﬁ)gar}l% Ic:é:h E’a%{icaliigne pr%ct,erssu scl;r%u rat‘ieonq{nggdl t<|) gn data using
a netrol ogy sinulat’or; an

interconnect device simulation. Each simulation has a corresponding simulation data segment.

The fabrication process simulation generated the fabrication attributes that are used as input to

the device simulation. It is understood that to one knowledgeable in the art, the various

combinations of fabrication process, device, and circuit simulations would result in

corresponding combinations of simulation data segments following the same concepts and

principles illustrated in the foregoing examples.

[0054] FIG. 11A is a graph showing the correlation of optical metrology CD and the
difference AW of the electric CD from the mask CD. The CDopricaL METROLOGY 18 the critical
dimension of a structure as determined by an optical metrology device such as an ellipsometer or
areflectometer, CDyask is the critical dimension designed in a mask, such as top CD of a
structure. CDgrgcrric is the critical dimension of the structure based on the electrical properties
and is derived starting with the basic equation: V/I=R where V is the voltage, I is the current,

and R is the resistance. The resistance R is equal to resistivity p divided by the area A:
R = p/A = p/H* CDgLecTRIC

[0055] where H is the height of the structure and CDgpgctric ts the effective width. Given
that the resistivity p of a structure material and H are generally constant, CDggctricis the

variable that controls the electrical resistance of the structure. The graph 811 in FIG. 11A shows
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creating an instance of a sinmulation data store, the instance of the
sinmul ati on data store having data el enents conprising the structure profile
data, the associated fabrication attributes, the sinulated signals, and the
process control paraneters. 48. A conputer-readabl e storage nedi um
cont ai ni ng conput er executable code to create a profile-based sinulation
data store for an integrated circuit by instructing the conputer to operate
as follows: sinulating one or nore devices using a selected set of input
paranmeters, the device sinulations generating device attributes, the set of
i nput paraneters including profile data corresponding to the one or nore
simul ated devi ces; 41 generating calculated signals with a netrol ogy

si mul ator, the, Eﬁ?}e[aﬁlano %\9&2‘?}1&'@1%1% dﬁiof}gv RE ikt c‘é %Et%e&gﬁ.{ 8%@%@1’) fgnt0 the
one or nore sInulated devices; ard creating SI'AUT &t ron store

i nst ances, tthemask$Daticegighted hvaiiga graphibmg aastxexghtrimkar mhne)gypnscagl; dah Bl,ustptesftliel e

dat a, S|rrula t r ocess nt.r ol t.er,s, and f tion
attri butes; llh&r?fP%H%%{aﬁcg SImu%ﬁ'loa? 8'il)i?ltortes asesscé'r ed lglt’lhéervg% uéf?]za"ln%nnss of the one

or nore sinulatlons perfornmed. 49. A_conputer;readable storage nedi um
cont ai ni ng dBfRdLt eFl@XaBatedlwb graplsdhowiog Iepseatigion opbattoin| @ hraldeaturs sidewadit i on

data store f@he sl SILANRALGE AUl S EHEALIG COGE ARG SLorho OPeT e

as follows: one or nore cir ng a sele d set i nput
par anet er s, peofdé momtohnglaﬁthfgbnmaeomom Engaceioles, obtaimed usiirrgmiekpcmcmlallat i ons

gener at I ng C“I/erl cf)\fled mo% t é‘vgzggte%gm{ohlereanﬁ ﬂ'st grder lrr&Qu dtecp %5\? av rag%élagrk)gn% ng

prM|Iedau1crreso ST at ed one
or nore cir (ggnetramr 1gchdfa&rtaﬁtlﬁngpxoﬁleccoﬂtmﬂ m:i 3 ltlgrbaitqm @Dtdna hthrrg‘hp’hni smg\ylatmnnul at or

the netrolo tor usin rofile data rr.espondin o the o
v dos” of it el Ricn®ofbofln KD R fef B CERAT BB & b Gl ot o
store i nst arshesn inttitaop greftarsisarlynhe bmitonggrmlbamth ah edpiried 1ad mgipats ihgn@alls,

g,[ ,? I : Lﬁt gg‘t & rot%e con{rgl d39 of &X? chs’/all E{ﬁg Frxsaslltlgooggp{uc smﬁlﬁlrtlgrqgrto%rdesd thg{g:ast vanatlor{st

of sidewall angle compared to CD-only control 833 or no control 831. Similar to FIG. 11A,
these graphs that are based on empirical data illustrate the utility of profile-based simulation data

stores as described in the various embodiments.

[0057] There are many uses for a profile-based simulation data store in IC manufacturing.
The concepts and principles of the present invention are applicable to simulations of IC
fabrication process steps, devices, or circuits. As will be apparent to a person knowledgeable in
the art, the concepts and principles of creating and using a profile-based simulation data store
also applies to combinations of fabrication process and device simulations, device and circuit

simulations, or fabrication process, device, and circuit simulations.

[0058] Foregoing described embodiments of the invention are provided as illustrations and
descriptions. They are not intended to limit the invention to precise form described.

In particular, it is contemplated that functional implementation of invention described herein may
be implemented equivalently in hardware, software, firmware, and/or other available functional

components or building blocks.

22



wherein the sinulation types are characterizations of the one or nore
sinmul ati ons perforned. 50. A nethod of providing a service for creating and
using a profile-based sinulation data store for an integrated circuit, the
nmet hod conprising: contracting by a client and a vendor, for the client to
remunerate the vendor for the use of systens, processes, and procedures to
create and use a profile-based sinulation data store; and 42 provi di ng by
the vendor to the client access to systens, processes, and procedures to
create and use a profile-based simulation data store, the sinulation data
store storing instances having data el enments conprising profile data,

nmet r ol ogy signals process control paraneters, and fabrication attributes.
51. A profil nulaglon aﬁg stqre for qu l)atetd IrCUI& t he
data store c S| 9 e R R R eé’gssé%’e‘" TRt SETO0YT SH ST 4748 Br e,
each i nst anceueintdnb&l thitihd sadge@nindéitian sdt b Bmitechyublis Dgtajdeddesdriptioig bat rather

associ at ed trolo Si, naI and one or nore simnulation data segnents;
wherein the %% %nal corresponds to an integrated circuit structure
with a profile characterized by the profile data; wherein each data segnent
i ncludes sinulation type, associated process control paranmeters or

associ ated sinmulation input paraneters, and associated sinul ation
attributes; and wherein the associated sinmulation attributes conprises data
determ ned by the simulation using the process control paraneters or the
associ ated sinulation input paraneters. 52. The sinul ation data store of
Claim51 wherein the sinmulation attributes are fabrication process
attributes, device attributes, or circuit attributes depending on the
simul ati on type. 43 . Ay(, e. An. ASsr. A&
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3. The method of Claim 1 wherein simulating one or more fabrication processes

comprises:
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4. The method of Claim 1 wherein simulating one or more fabrication processes

compnses:

simulating a lithography process using a selected first set of process control parameters;

and

simulating an implantation process using a selected second set of process control
parameters.

5. The method of Claim 1 wherein simulating one or more fabrication processes
comprises:

simulating an etch process using a selected first set of process control parameters; and

simulating a photoresist stripping process using a selected second set of process control
parameters.

6. The method of Claim 1 wherein simulating one or more fabrication processes
comprises:

simulating an implantation process using a selected first set of process contro}

parameters; and

simulating a photoresist stripping process using a selected second set of process control

parameters.

7. A method of creating a profile-based simulation data store for an integrated circuit
utilizing one or more simulations, the method comprising:
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simulating one or more devices using a selected set of input parameters, the device
simulations generating device attributes, the set of input parameters including profile data

comresponding to the one or more simulated devices;

generating calculated signals with a metrology simulator, the metrology simulator using

profile data corresponding to the one or more simulated devices; and

creating simulation data store instances, the instances including profile data and
corresponding calculated signals, simulation types, process control parameters, and fabrication

attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

8. The method of Claim 7 wherein the selected set of input parameters comprises a
profile library having profile data, the profile data including profiles of the one or more devices

simulated.

9. A method of creating a profile-based simulation data store for an integrated circuit

utilizing one or more simulations, the method comprising;:

simulating one or more circuits using a selected set of input parameters, a circuit having
one or more devices, the circuit simulations generating circuit attributes, the set of input
parameters including profile data corresponding to the one or more devices of the simulated one

or more circuits;

generating calculated signals with a metrology simulator, the metrology simulator using

profile data corresponding to the one or more devices of the simulated one or more circuits; and

creating simulation data store instances, the instances including calculated signals, profile

data, simulation types, process control parameters, and circuit attributes;
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wherein the simulation types are characterizations of the one or more simulations

performed.

10. The method of Claim 9 wherein the one or more circuits simulated include

transmission lines, resistors, capacitors, inductors, amplifiers, switches, diodes, or transistors,

11. A method of creating a profile-based simulation data store for an integrated circuit

utilizing one or more simulations, the method comprising:

simulating one or more fabrication processes using a selected set of process control

parameters, the fabrication process simulations generating fabrication attributes;

generating calculated signals with a metrology simulator, the metrology simulator using
profile data from the generated fabrication attributes, the profile data comprising profile shapes
and critical dimensions of structures resulting from the one or more fabrication process

simulations;

simulating one or more devices using profile data generated by the one or more simulated

fabrication processes; and

creating simulation data store instances, the instances including profile data from the
generated fabrication attributes, corresponding calculated signals, simulation types and

associated process control parameters and device attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

12. The method of Claim 11 wherein the one or more fabrication processes simulated
include a lithography simulation and an etch simulation and wherein the one or more device

simulations include an interconnect simulation.
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13. A method of creating a profile-based simulation data store for an integrated circuit,

the method comprising;:

simulating one or more devices using a selected set of input parameters, the device
simulations generating device attributes, the set of input parameters including profile data of the

one or more simulated devices;

generating calculated signals with a metrology simulator, the metrology simulator using

profile data of the one or more simulated devices;

simulating one or more circuits using the generated device attributes from the one or
more device simulations as input parameters, the circuit simulations generating circuit attributes;

and

creating simulation data store instances, the instances including profile data and
corresponding calculated signals, simulation types and associated input parameters, device

attributes, and circuit attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

14. The method of Claim 13 wherein the one or more device simulations include a power

device simulation and an interconnect simulation.

15. The method of Claim 13 wherein the one or more circuit simulations include a

transmission line simulation and an amplifier simulation.

16. A method of creating a profile-based simulation data store for an integrated circuit

utilizing one or more simulations, the method comprising:
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simulating one or more fabrication processes using a selected set of process control

parameters, the fabrication process simulations generating fabrication attributes;

generating calculated signals with a metrology simulator, the metrology simulator using
profile data from the generated fabrication attributes, the profile data comprising profile shapes
and critical dimensions of structures resulting from the one or more fabrication process

simulations;

simulating one or more devices using profile data generated by the one or more simulated

fabrication processes;

simulating one or more circuits using the generated device attributes from the one or
more device simulations as input parameters, the circuit simulations generating circuit attributes;

and

creating simulation data store instances, the instances including profile data,
corresponding calculated signals, simulation types, and associated process control parameters,

fabrication attributes, device attributes, and circuit attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

17. The method of Claim 16 wherein the one or more fabrication process simulations
include a lithography simulation, the one or more device simulation includes an interconnect

" simulation, and the one or more circuit simulation include a transmission line simulation.

18. A method of creating a profile-based simulation data store for an integrated circuit,

the method comprising:

measuring one or more test gratings with a metrology device wherein the test gratings

model the effect of an integrated circuit design and/or fabrication process;
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generating measured signals with the metrology device;

converting the measured signals into profile data corresponding to the measured test

gratings;

simulating one or more devices using the converted profile data as a set of input

parameters, the device simulations generating device attributes; and

creating simulation data store instances, the instances including profile data,

corresponding measured signals, simulation types, and associated device attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

19. The method of Claim 18 wherein converting the measured signals into process

control parameters further comprises:

comparing the measured signals off the test gratings to instances of a library of calculated
signals, the instances of the library of calculated signals having data elements comprising

calculated signals and profile data;
selecting corresponding best matching instances in the library of calculated signals; and

accessing profile data from the selected best matching instances of the library of

calculated signals.

20. The method of Claim 18 wherein the one or more device simulations are interconnect

simulations.
21. The method of Claim 18 wherein measuring the test grating further comprises:

designing the test gratings to capture interconnect geometric configurations of the
integrated circuit;
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fabricating the designed test gratings; and
measuring the fabricated test gratings with the metrology device.

22. The method of Claim 18 wherein the device attributes include resistance, inductance,

capacitance, potential, temperature, and current density distribution of the interconnect.
23. A method of real-time use of simulation data store, the method comprising:

measuring a grating with a metrology device, the grating modeling an interconnect

geometry of an integrated circuit, the measurement generating a measured signal; and

obtaining interconnect electrical properties and/or thermal properties corresponding to the

measured signal off the grating.

24. The method of Claim 23 wherein obtaining interconnect electrical properties and/or

thermal properties corresponding to the measured signal off the grating further comprises:

accessing a simulation data store, the simulated data store storing instances having data
elements comprising signals and device attributes, the device attributes including interconnect

electrical properties and/or thermal properties;
comparing the measured signal to the signals in the instances of the simulation data store;
selecting a best matching instance of the simulation data store; and

accessing the interconnect electrical properties and/or thermal properties associated with

the best matching instance of the simulated data store.

25. The method of Claim 23 wherein the interconnect electrical properties include

capacitance, inductance, and resistance.
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26. A method of creating a profile-based simulation data store for an integrated circuit

utilizing a metrology simulator, the method comprising:

performing fabrication process simulations using a set of process control parameters, the
fabrication process simulations generating a set of fabrication attributes and a set of structure ,

profile data;

calculating a set of simulated signals corresponding to the set of structure profile data

using a metrology simulator; and

creating instances of a simulation data store, each instance of the simulation data store
having data elements comprising profile data and corresponding calculated signals, simulation

types, and associated process control parameters and fabrication attributes;
wherein the simulation types are characterizations of the simulations performed.

27. The method of Claim 26 wherein the fabrication process simulation is a lithography

simulation.

28. The method of Claim 26 wherein the fabrication process simulation is a combined

lithography and etch simulation.

29. The method of Claim 26 wherein the fabrication process simulation is an
implantation simulation, diffusion simulation, oxidation simulation, deposition and etching
simulation, chemical mechanical polishing simulation, deposition and reflow simulation, 2-

dimensional process simulation, or 3-dimensional fabrication process simulation.

30. The method of Claim 26 wherein the metrology simulator is an optical metrology

simulator.

31. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
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a profiler application server configured to:

compare a measured signal off a test grating in a wafer to calculated
signals in instances of a calculated signals library, the library instances storing

data elements comprising calculated signals and profile data, and
select a best matching instance of the library of calculated signals;
a fabrication process simulator configured to:
simulate one or more fabrication processes, and

generate fabrication attributes utilizing profile data associated with the

best matching instance of the library of calculated signals; and
a simulation data store generator configured to:

create an instance of a simulation data store, the simulation data store
instance storing data elements comprising the profile data, associated measured

signals, simulation types, and the associated fabrication attributes;

wherein the simulation types are characterizations of the one or more

fabrication processes simulations performed.

32. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:

a profiler application server configured to:

compare a measured signal off a test grating in a wafer to calculated
signals in instances of a calculated signals library, the library instances storing

data elements comprising profile data and associated calculated signals, and
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select a best matching instance of the library of calculated signals;
a device simulator configured to:
simulate one or more devices, and

generate device attributes utilizing proﬁle data associated with the best

matching instance of the library of calculated signals; and
a simulation data store generator configured to:

create an instance of a simulation data store, the simulation data store
instance storing data elements comprising the profile data, associated measured

signals, simulation types, and associated device attributes;

wherein the simulation types are characterizations of the one or more

device simulations performed.

33. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
a profiler application server configured to:

compare a measured signal off a test grating in a wafer to calculated
signals in instances of a calculated signals library, the library instances storing

data elements comprising profile data and associated calculated signals, and
select a best matching instance of the library of calculated signals;
a device simulator configured to:

simulate one or more circuits, and

34



109 ()-F , 109 ()- MizdEnbC 10/ y/ 109 ()- & 3109%& ()-Y *109%& ()-Y
S) S109& ()-' 109& ()- 9T109%& ()- M-bC 10/ @109V ()-  mLO%VE ()- FLO%VE () -
10 10 10, y5109%& ()-1z109% ()- ~UdEbC 10/ @O%VE ()-  109%VE ()-F, f 109%VE () -
10988’ () - YL109%VE ()-10%E ()-,[> ¢ dEbC 10/ @& 10%E& ()- $10%vE& () -
" 1008 () - Y& 1098 () - @ 10%v& ()- 1098 ()-c H dEbC 10/ S1109%VE ()- y/F

generate circuit attributes utilizing profile data associated with the best

matching instance of the library of calculated signals; and
a simulation data store generator configured to:

create an instance of a simulation data store, the simulation data store
instance storing data elements comprising the profile data, associated measured

signals, simulation types, and associated circuit attributes;

wherein the simulation types are characterizations of the one or more

circuit simulations performed.

34. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
a fabrication process simulator configured to:

simulate one or more fabrication processes using a selected set of process
control parameters, the fabrication process simulations generating fabrication

attributes, the fabrication attributes including structure profile data;
a metrology simulator configured to:

receive the structure profile data from the fabrication process simulator,

and

generate calculated metrology signals using a simulated grating, the
simulated grating having a repeating structure with the same profile data as the

received structure profile data;

a simulation data store generator configured to:
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create instances of a simulation data store, each simulation data store
instance storing data elements comprising the profile data, associated calculated

signals, simulation types, and associated process control parameters and

fabrication attributes;

. {
wherein the simulation types are characterizations of the one or more

fabrication process simulations performed.

35. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
a fabrication process simulator configured to:

simulate one or more fabrication processes using a selected set of process
control parameters, the fabrication process simulations generating fabrication

attributes, the generated fabrication attributes including structure profile data;

a metrology simulator configured to:

receive the structure profile data from the fabrication process simulator,

and

generate calculated metrology signals using a simulated grating, the

simulated grating having a repeating structure with the same profile data as the

received structure profile data;

a device simulator configured to:

simulate one or more devices using the profile data from the generated

fabrication attributes;

a simulation data store generator configured to:
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create instances of a simulation data store, each simulation data store
instance storing data elements comprising the profile data, associated measured
signals, simulation types, and associated process control parameters, fabrication

attributes, and device attributes;

wherein the simulation types are characterizations of the one or more

fabrication or device simulations performed.

36. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
a fabrication process simulator configured to:

stmulate one or more fabrication processes using a selected set of process
control parameters, the fabrication process simulations generating fabrication

attributes, the generated fabrication attributes including structure profile data;
a metrology simulator configured to:

receive the structure profile data from the fabrication process simulator,

and

generate calculated metrology signals off simulated gratings, the simulated
gratings having a repeating structure with the same profile data as the

corresponding received structure profile data;
a device simulator configured to:

simulate one or more devices using the profile data from the generated
fabrication attributes, the one or more device simulations generating device

attributes;
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a circuit simulator configured to:

simulate one or more circuits using the generated device attributes from
the one or more device simulations as input parameters, the one or more circuit

simulations generating circuit attributes;
a simulation data store generator configured to:

create instances of a simulation data store, each simulation data store
instance storing data elements comprising the profile data, associated measured
signals, simulation types, and associated process control parameters, fabrication

attributes, device attributes, and circuit attributes;

wherein the simulation types are characterizations of the one or more

fabrication process, device or circuit simulations performed.

37. A system for creating a profile-based simulation data store for an integrated circuit,

the system comprising:
a metrology simulator configured to:
generate calculated metrology signals using input profile data;
a device simulator configured to:

simulate one or more devices using the input profile data, the one or more

device simulations generating device attributes;
a circuit simulator configured to:

simulate one or more circuits using the generated device attributes from
the one or more device simulations as input parameters, the one or more circuit

simulations generating circuit attributes;
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a simulation data store generator configured to:

create mstances of a simulation data store, each simulation data store
instance storing data elements comprising the profile data, associated measured

signals, simulation types, and associated device attributes and circuit attributes;

wherein the simulation types are characterizations of the one or more

device or circuit simulations performed.

38. A system for real-time determination of profile-based simulation information for an

integrated circuit, the system comprising:
a query device configured to:

send a query comprising type of inquiry for profile-based simulation data and

query given data, and
receive a response to the query;
a simulation data store server configured to:
process the query and
formulate the response to the query; and
a simulation data store configured to:

store instances having data elements comprising profile data, signals, and process

control parameters, and fabrication attributes;

wherein the simulation data store server, receiving a query from the query device,

accesses selected instances of the simulation data store, the selection of the instances of the
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simulation data store determined by the type of inquiry and query given data, formulates the

response to the query, and transmits the response to the query device.

39. The inquiry system of Claim 38 wherein the query device is a metrology system and

the query given data is a measured diffracted signal generated by the metrology system.

40. The inquiry system of Claim 39 wherein the query given data is the measured
diffracted signal and the response to the query comprises interconnect electrical device attributes

from the selected instances of the simulation data store.

41. The inquiry system of Claim 38 wherein the query given data are process control
parameters comprising focus and numerical aperture and the response to the query are fabrication
attributes comprising sidewall angle and top critical dimension from the selected instances of the

simulation data store.

42. The inquiry system of Claim 38 wherein the query device, the simulation data store,

and the simulation data store server are contained in one logical device.

43. The inquiry system of Claim 42 wherein the one logical device is coupled to one or

more integrated circuit fabrication process devices.

44. The inquiry system of Claim 43 wherein the integrated circuit fabrication process

device is a lithography unit.

45. The inquiry system of Claim 43 wherein the integrated circuit fabrication process

device is a photoresist stripping unit.

46. A computer-readable storage medium containing computer executable code to
provide a response to an inquiry regarding profile-based simulation data of an integrated circuit

by instructing the computer to operate as follows:
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receiving a query from a query device, the query comprising a type of inquiry and query

given data;

accessing a selected one or more instances of a simulation data store, the selection

determined by the type of inquiry and query given data; and
formulating a response to the query and transmitting the response to the query device;

wherein the simulation data store stores instances having data elements comprising

structure profile data, fabrication attributes, signals, and process control parameters.

47. A computer-readable storage medium containing computer executable code to create
a profile-based simulation data store for an integrated circuit by instructing the computer to

operate as follows:

performing a fabrication process simulation using process control parameters, the

fabrication process simulation generating fabrication attributes and structure profile data;

calculating a simulated signals for the structure profile data using a metrology simulator;

and

creating an instance of a simulation data store, the instance of the simulation data store
having data elements comprising the structure profile data, the associated fabrication attributes,

the simulated signals, and the process control parameters.

48. A computer-readable storage medium containing computer executable code to create
a profile-based simulation data store for an integrated circuit by instructing the computer to

operate as follows:

simulating one or more devices using a selected set of input parameters, the device
simulations generating device attributes, the set of input parameters including profile data

corresponding to the one or more simulated devices;
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generating calculated signals with a metrology simulator, the metrology simulator using

profile data corresponding to the one or more simulated devices; and

creating simulation data store instances, the instances including calculated metrology

signals, profile data, simulation types, process control parameters, and fabrication attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

49. A computer-readable storage medium containing computer executable code to create
a profile-based simulation data store for an integrated circuit by instructing the computer to

operate as follows:

simulating one or more circuits using a selected set of input parameters, a circuit having
one or more devices, the circuit simulations generating circuit attributes, the set of input
parameters including profile data corresponding to the one or more devices of the simulated one

Or more circuits;

generating calculated signals with a metrology simulator, the metrology simulator using

profile data corresponding to the one or more devices of the simulated one or more circuits; and

creating simulation data store instances, the instances including calculated metrology

signals, profile data, simulation types, process control parameters, and circuit attributes;

wherein the simulation types are characterizations of the one or more simulations

performed.

50. A method of providing a service for creating and using a profile-based simulation

data store for an integrated circuit, the method comprising:

contracting by a client and a vendor, for the client to remunerate the vendor for the use of
systems, processes, and procedures to create and use a profile-based simulation data store; and
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having data elements comprising profile data, metrology signals, process control parameters, and

fabrication attributes.

51. A profile-based simulation data store for an integrated circuit, the data store

comprising;

one or more instances of a simulation data store, each instance of the simulation data
store including profile data, associated metrology signal and one or more simulation data

segments;

wherein the metrology signal corresponds to an integrated circuit structure with a profile

characterized by the profile data;

wherein each data segment includes simulation type, associated process control

parameters or associated simulation input parameters, and associated simulation attributes; and

wherein the associated simulation attributes comprises data determined by the simulation

using the process control parameters or the associated simulation input parameters.

52. The simulation data store of Claim 51 wherein the simulation attributes are

fabrication process attributes, device attributes, or circuit attributes depending on the simulation

type.
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