1 A Method O Perform ng Mdel -Based Scanner Tuning Technical Field [1]
The technical field of the present invention relates generally to a nethod
and program product for perform ng nodel -based scanner tuning and

optim zation so as to allow for optim zation of performance of multiple

it hography systens. Background [ 2] Lithographic apparatus can be used,
for exanple, in the manufacture of integrated circuits (ICs). In such a
case, the mask may contain a circuit patt?rn correspondi ng to -an i ndi vi dual
| ayer of the IC, and this pattern can be i'naged onto a target portion (e.qg.
conprising one or nore dies) on a substrate (silicon wafer) that has been
coated with a layer of radiation-sensitive material (resist). In general, a
single wafer will contain (&? e network of adjacent target portions that
are successively irradi“%lwégll é‘L?W 0’;55“8]%%?4%%% “é‘ﬁfle%ﬁ'émﬁg atime. In
one type of |ithographic projection apparatus, each target portion is
irradi ated by exposing the entire nask pattern onto the target portion in
one go; such an apparatus is commonly referred to as a wafer stepper. In an
al ternativeapparatiigg comonly referred to as a step-and-scan apparat us,
each target o 1S irradi ated by progressively scanning the nmask

pattern und th j ect i amin a given referenc irectign (the

P ecanni ng- M ecerblshdia FaRer At Ratorr SR s ey 1.0 B el 2nd hEfEpem
paral l el or agti- arﬁ%lej to tp%;ﬁgirection. Since, .in general, the

proj ecti on Bipebetforperionmng snodel-basgd seapper cupngandeoplingization sg aniedlipmfor 1y |
the speed V at which the substrate table is scanned will be a factor M

ti mes that eptimpiEatdm of perfermsrcs efneltipks ldlograpby sys@he i nformation with regard
to |lithographic devices as described herein can be gl eaned, for exanple,
from US 6, 046, 792, incorporated herein by reference. [3] In a

manuf act ur i Backgrowmsbs using a |ithographic projection apparatus, a mask
pattern is imged onto a substrate that is at |east partially covered by a
| ayer of rad2at ilcthogeapRictapparatus can be used, for example, in the manufacture of integrated

circuits (ICs). In such a case, the mask may contain a circuit pattern corresponding to an
individual layer of the IC, and this pattern can be imaged onto a target portion {e.g.
comprising one or more dies) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a single wafer will contain a whole
network of adjacent target portions that are successively irradiated via the projection system,
one at a time. In one type of lithographic projection apparatus, each target portion is
irradiated by exposing the entire mask pattern onto the target portion in one go; such an
apparatus is commonly referred to as a wafer stepper. In an alternative apparatus, commonly
referred to as a step-and-scan apparatus, each target portion is irradiated by progressively
scanning the mask pattern under the projection beam in a given reference direction (the
"scanning" direction) while synchronously scanning the substrate table parallel or

anti-parallel to this direction. Since, in general, the projection system will have a




material (resist). Prior to this imaging step, the substrate nmay undergo
various procedures, such as primng, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a
post - exposure bake (PEB), devel opnent, a hard bake and
measur enent /i nspection of the inmaged features. This array of procedures is
used as a basis to pattern an individual |ayer of a device, e.g., an IC
Such a patterned |ayer may then undergo yarious processes such as etching,
ion-inplantation (doping), netallization, oxidation, chenp-nmechani cal

poli shing, ef 1ﬁcaﬁéﬁ fakﬁé%ﬂ@%ger%\ﬁrj e)nlh%@ &g\fv Qtr\vﬂ15}gﬂh¥ kiidghte kAYEE scdnfiefever al

| ayers are require pro ure, variant thereof, wll

h-ave to be r@ eat ﬁ&? t%ﬁ‘sg‘% n€V¥llf}?P‘1§era)Sl(E¥ tlygc ed. %OI'QE aﬁB WI ces

will be pre¥ ese devices are en separ at ed
from one anoth
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[4] For the sake of sinplicity, the projection system may hereinafter be
referred t65%%Y¥ﬂemmN@W§mdhﬁﬁﬂéﬂ@?‘”@ﬁ?s term shoul d be broadly interpreted
as enconpassing various types of projection systens, including refractive
optics, refl03kt ilve nupufacturingprdcesatisiog opthopreplsiy prapgesion Apparasysairplagk patige
radi ati on system may al so include conponents operating according to any of
t hese desi gnirhageésntharsullitratechatigat lekgpitedlycovaehby olayeng radgioprsepsiats on
beam of radiation, and
material (resist). Prior to this imaging step, the substrate may undergo various procedures,
such as priming, resist coating and a soft bake. After exposure, the substrate may be
subjected to other procedures, such as a post-exposure bake (PEB), development, a hard bake
and measurement/inspection of the imaged features. This array of procedures is used as a
basis to pattern an individual layer of a device, e.g., an IC. Such a patterned layer may then
undergo various processes such as etching, ion-implantation (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish off an individual layer. If
several layers are required, then the whole procedure, or a variant thereof, will have to be
repeated for each new layer. Eventually, an array of devices will be present on the substrate
(wafer). These devices are then separated from one another by a technique such as dicing or
sawing, whence the individual devices can be mounted on a carrier, connected to pins, etc.
[04] For the sake of simplicity, the projection system may hereinafter be referred to as the
"fens"; however, this term should be broadly interpreted as encompassing various types of
projection systems, including refractive optics, reflective optics, and catadioptric systems, for

example. The radiation system may also include components operating according to any of

these design types for directing, shaping or controlling the projection beam of radiation, and




3 such components may al so be referred to below, collectively or
singularly, as a "lens". Further, the |ithographic apparatus nmay be of a
type having two or nore substrate tables (and/or two or nore nask tables).
In such "multiple stage” devices the additional tables may be used in
parallel, or preparatory steps may be carried out on one or nore tables
whil e one or nore other tables are being used for exposures. Tw n stage

| i t hographi ¢ apparatus are described, for exanple, in US 5,969, 441,

i ncorporated herein by reference. [05] Tﬁe phot ol i t hogr aphi ¢ masks
referred to _ahove commris metdic tiern I onding to the.circuit
conmponent s tsgab%onllpr?t“ gg? a agéggﬁf (r)eférr%dl tB?’S%’ﬁ"’ ﬁg%eégYelﬁﬁlé)Slrﬁ)%{l?g? %g 2 ulggsd' to
create such ks.are generated utilizing CAD, (conputer-aided design

ot or am. - ALENE: e Bl PBRRHY b 8 e H08 BEACL BRI 81 gn
automation). NMpst CAD prograns follow a set of predeterm ned design rules
in order to (FAEEIWO PLRLES HAN tablek &1 surh egwltiply Bages devieesthe gddivionab@bliehmannd
design limtations. For exanple, design rules define the space tol erance
bet ween ci r baseddepivglel, oxpreparaigrygiaps say bgganict orison eteer mage tabies ehdlo anect
lines, so as to ensure that the circuit devices or lines do not interact

wi t h one anot mere atherazblemate béingbied fagrpodthes. dosn gage lithegtaphictapparatnsarar e
typically referred to as "critical dinensions” (CD). A critical dinmension
of a circui gewabed) GoradghmpRdindss 5,069 34R lil@gloratdihdiciafbyaefeionée.or hole or the
smal | est space between two lines or two holes. Thus, the CD determ nes the

overal | siz g)ﬁndmé;mitémmgraﬁhlf@mgﬁéir&eﬁéd &l db6w Sompdse GO &Bic pAREnOf the
goals in integrated circuit fabrication is to faithful'l y reproduce the
original ci ' ?ﬁ;? (b a: o geals is
to be able %%%szé? [ etg?}ﬁé;arscgir%rgowgzr)%gsté!bgf%gﬁﬁt%ggﬁ%ﬁ S'[lal%g)lh \}@%8%2?1 % Ern'Wi t h
different I|it raph stens (e.q., .scanner i t hout hayi.ng t.o expend
const der abl B CHARS e Trks s o hated SRS D Mottt R o el Be R
settings of each l|ithography_ system_4 to achi eye. optinmal/acceptab]e

i magi ng per@&%@?&%‘?g <ig FrEA Lo aﬁe‘%%r(@lﬁgtf%#@@@gtmwa -alvlgﬁ?@?faer abl e
amount of time and noney determ ning the optimal settings of a |ithography
syst em (‘e. gprogreaieléry a sl predeteanineddesigpam|cs & ordprtotoirage funpjonapigesksgout
etc., when initially setting up a given process to work with a particular
scanner so Theat niléseare e bly provgssingegd design SfiteSonsh &odesingrie, rdesjgn rndessdefise
Indeed, this is often a trial and error process wherein the scanner
settings art@e sekeaii@tha@dtids cilest dadd duch angitss, capgishs aae) bhatersmrasur ed
to determine if the resulting image is within specified tolerances. |If not,

the scanner;2etshiaf8SerBhR ReimsdiRdi @BHES 17RE ISHAR ih@raciRARnOREMAEAN and
nmeasured. This process is repeated until the resulting image is within the

specified t g Tl : n nd i -mdel
ypes,  oxhi B RARERTy, TR SksERHRY B fons e p RARP IR ra B S0 LR AR RS
pattern, t ctual. pat.tern i ed on the bstrate differs,.fromscanner to
Deanner dudCPy prfdtigRr b SR uiet BEatYE Befpblibs Sidipel SToB SRS .
wi th given scanners can introduce_significant CE vari ations through pitch.
As such, 1 OFHE SHEHICH SRBIEYEE 69 HRFSOTIVPIPES Anwe e ARERnAES PREVEBN nal
settings to image a given pattern, as the resulting i mage can vary

consi der ablsize fn@fensie ofthsidesignadapiggutt. Ofaowrse,jone pf the goaje 1 miggrated ¢rqitti | i ze a
different scanner to print a given pattern, the engi neers nust optimnm ze or
t une the ndabrisatamnietq fasthfitlyatprotheertesoliginalgircuhdesigadd the wedert(hie tidesagh
requirenents. Currently, this is typically acconplished by a trial and
error procesy, Wabtbr @sal b ed ableay atiliesthb edle PPERS o€ imdping & pEvel patsMM NY.
[08] As such, there is a need for a nmethod for optim zing a process for

i mging a g8l RELrAiR sy@bn oS, | REnREOGERDUE Ravdy 1l dxbbdPndldbible

different |ithography systéens that does not require a trial and en-or

i o ‘ . ¢
Cach i ndi VoL S EREER deoRBl e ey B A L S
optim zing the imaging performance of nultiple scanners with respect to a

gi ven target mask that does not require a trial and error optim zation
pr ocess. '




Summary [9] Accordingly, the present invention relates to a nmethod for
tuning lithography systens so as to allow different |ithography systens to
i mge a given target pattern utilizing a known process that does not
require a trial and error process to be performed to optim ze the process
and |ithography system settings for each individual |ithography system

[10] More specifically, the present invention relates to a nodel - based
tuning method for tuning a first lithography systemutilizing a reference

| i t hography system each of which has tunabl e paraneters for controlling

i magi ng performance. The nethod includes the steps, of deaning a.test
pattern and torrchisugprinatgersptableimaging Perfmancs s KRoW defignesy sginers spend
reference |ithography system and nmeasuring the inmaging results; inmaging the
test patterna mnsidenqb?;gamcruet ¢fj tinagt andimonsy determyiningdheentimed serings of p highogkehy
imaging results; calibrating the imaging nodel utilizing the inmaging

resul ts correseon@igigednnet)ehiclefeldn cemthidahggriappHiN Ay si, @a. eithorhentimally
calibrated i maging nodel has a first set of paranmeter values; tuning the
cal i brated igmgigng ameel proddss fozidry withe gariglangecanaaush tist dereedppridiapg to t he
first lithography system where the tuned calibrated nodel has a second set

of paramet er g\ akddeRs dAnRH rafirdbhtd IIdb&, BAd BTRELE i bnd Bforiprécels Whiriagieaphy
system based on a difference between the first set of parameter val ues and

the second Ss%&u%ﬁ%ageﬁ&%@% s%recaea'aﬁfare desi£e1%)]ﬁ§/tgxggss itﬁ{ea%é@%d hBYRRLdua 8l SO

relates to a net tuning a Irthogra utilizing an i magi ng

nodel , where, both t. | it hogr.aphy- e | 1 3 : 6
t unabl e par adr?get“élfnse IP(&}F r%sgﬁltngélp%eﬁa%%ﬁ%lg ﬁcgﬁ%iegroih g?dﬁag%ggggﬁ'ﬁlg%%nﬁgﬁa}ngggﬁdes
the steps of defining a test pattern; inagi t he t pattern utilizi.ng
Uhe 11t hogr dEHyiedyat Binbatmis BLard HyeeRan A Biery o< oL ook b g s Bl
| it hography system has a first set of paraneter values; tuning the inmaging
nodel uti | i Zhewgsulheg imaggiisyithia dhg ﬁP§°@?ﬁ$¥°&’%ﬁﬁi ng to the l|ithography
system the tuned inmaging nodel having a second set of paraneter val ues;
adj usting t He7If i Hhiweyet anfachacaanet even iddnticH enddet tyoes ephbit difisrashopigdbd on a
difference between the first set of paraneter values and the second set of
par anmet er vagradmity effedts (OPEs) ofibe imapidpoaparent, thetdomappasenimaged emthesnbstreleat es
to a nethod of tuning a

differs from scanner to scanner due to the different OPEs. For example, different OPEs

associated with given scanners can introduce significant CD variations through pitch. As
such, it is not feasible to simply utilize a new scanner at the nominal settings to image a
gi-ven pattern, as the resulting image can vary considerably from the desired target. Thus, if
it is desirable to utilize a different scanner to print a given pattern, the engineers must
optimize or tune the new scanner, so that the resulting image satisfies the design
requirements. Currently, this is typically accomplished by a trial and error process, which as
noted above, is both expensive and time consuming.

[08]  As such, there is a need for a method for optimizing a process for imaging a given
pattern that allows the process to be utilized with different lithography systems that does not

require a trial and error process to be performed to optimize the process and scanner settings




| ithography systemutilizing a target pattern, where the |ithography system
has tunabl e paraneters for controlling i magi ng performance. The net hod

i ncludes the steps of defining a test pattern and an inagi ng nodel ;

imaging the target pattern utilizing the first |ithography system and
measuring imaging results, sinulating the imaging of the target pattern
utilizing the imagi ng nodel and determ ning sinulated inmaging results, the

i mgi ng nodel having a first set of paraneter val ues; determning target
waf er data based on the sinulated inmaging tesults and a difference between

t he i magi ng esy and t he tar e atter and tyni ng the. maging. el
utilizing th hd%?v@aﬁéﬁmﬁai &ﬁgﬁgngﬁﬁﬁFﬁﬁ%ﬁwH%ﬁ&ﬁﬂaﬂﬂﬁgﬁP&WQ%H%Rg%cond
set of paraneter val ues; UStIE% t he tug@_le par anet ers of Fg§$

i t hogr aphy lggﬁgtn@rﬂ%fa%aaw% RUP IR I BEIRSEO A1eeY onitprg et maast thef dorsghet er
val ues and the second set of paraneter values. [13] The present invention
provi des si gaayirecaingl apd\eaiet apfesizeficarpregesor art met hods. Most inportantly,
the present invention provides a systematic and cost effective nodel - based
tuning nmethod for the optim zation of imaging perfornmance and OPE nat chi ng
bet ween di f fSunemary j t hogr aphy systens, including scanners, which are being
utilized to inage the sanme 7 target pattern. As a result, the nmethod

readi |y all §08] percconrdmeiic ¢herpmeseht ingentioh vedses Wiafihethahfor smanpiahsgrafhytshgemane
nodel as well as for performance nmatching between di fferent nodel scanners.

[ 14] Additi gpab toedlieandiffgest nhodrihyRy Q6@ o imA¥enkiven tatkdt lpattes ONRZIAPPRAGM t O
those skilled in the art fromthe follow ng detail ed description of

exenpl ary ephdisBil®eLlot tORIrLLe$2%hd bﬁ&%%ée@@to belpkrtbrridd B %ﬂgllﬂlz%%‘é:ﬁrf)ééés

reference may be made in this text to the use of the invention

manuf act ur eﬁﬁ)& Lith! raP%){ éﬁagﬁegmggfcﬁ)é%ﬂ H%V éﬁaﬂﬁﬂﬁégﬁ st%ﬁ’lat the i nvent I on

has many ot I c&tions may be enpl oyed in

pat orns. ?Sif”.lmgﬁéotr% AT %éﬁ%‘%é% aﬁ'*"e‘f%%eﬁ d%%%@e@ for

thin-filmnma netl etc The skilled artj sa in
the cont ext it l&ﬁ?@ﬁﬂm%%md%vm@éﬁ Fraice %%glév ot @&afef@w
"reticle" mafer or "die" in this text 'should be con3|dered as belng

repl aced bytunpdle paracifanier sontiollingg magiag performanee t Fhe methedncludas Ge steps of

portion", respectively.
defining a test pattern and an imaging model; imaging the test pattern utilizing the reference

lithography system and measuring the imaging results; imaging the test pattern utilizing the
first lithdgraphy system and measuring the imaging results; calibrating the imaging model
utilizing the imaging results corresponding to the reference lithography system, where the
calibrated imaging model has a first set of parameter values; tuning the calibrated imaging
model utilizing the imaging results corresponding to the first lithography system, where the
tuned calibrated model has a second set of parameter values; and adjusting the parameters of
~the first lithography system based on a difference between the first set of parameter values
and the second set of parametér values.
[11] The present invention also relates to a method of tuning a lithography system utilizing

’ 'va_n imaging model, where both the lithography system and the imaging model each have




[16] In the present docunment, the terns "radiation” and "beam are used to
enconpass all types of electromagnetic radiation, including ultraviolet
radiation (e.g. with a wavel ength of 365, 248, 193, 157 or 126 nn) and EUV
(extrenme ultra-violet radiation, e.g. having a wavel ength in the range 5-20
nm. [17] The term mask as enployed in this text nay be broadly
interpreted as referring to generic patterning neans that can be used to
endow an incoming radiation beamw th a patterned cross-section,
corresponding to a pattern that is to be Geated in a target portion of the

substrate; the term"light valve" can_al so_be useq.in this nt ext . Besi
the classic WaaKe P@a’(ﬁﬁﬁeg?rfg?ﬁ%’gpﬁ‘ég graging perforpgRee. %ihﬁéﬂe od H’r‘fﬁgi 2 is%e’Pfﬁ I des
hybrid, etc.), exanples of other such patterning neans include:

pr ogr anmabl edsfiningra tgstipatiernAmaging s test gpttesn sAlizng hyilidograghy system and’

matri x- addr essabl e surface having a viscoelastic control |layer and a

refl ective smedsadeg thEfmaging resulty; whoe thedithegviphy systein bana Hyspegt af prsamster hat
(for exanple) addressed areas of the reflective surface reflect incident
light as di fédastedingidghinagitgeneiabutiinagdhensgihgprcads cordsparling ta¢haent | i ght
as undiffracted light. Using an appropriate filter, the said undiffracted

light can bejfiblhsiedsemt hekudhanigid 868 tatiagmsedoaavitbpanhstet Yudues;
diffracted I1gh Ig{ehl nd; in this ngglfrlléner, t he beam becomag patterned

according t 6{finAAAIRS LT pRAIRIofhe 6y EPLy et anaabliffaeéd Bafeenthe

required matrt X addressing can be perforned using suitable electronic

e s AR e R AR ], o

| neorporat ed[lgjer Eﬂl gncpt errezeﬂcb«ea&%qe%g ‘the present invention relates to a method of tuning a
lithography system utilizing a target pattern, where the lithography system has tunable
parameters for controlling imaging performance. The method includes the steps of defining a
test pattern and an imaging model; imaging the target pattern utilizing the first lithography
system and measuring imaging results, simulating the imaging of the target pattern utilizing
the imaging model and determining simulated imaging results, the imaging model having a
ﬁfst set of parameter values; determining target wafer data based on the simulated imaging
results and a difference between the imaging results and the target pattern, and tuning the
imaging model utilizing the target wafer data; where the tuned imaging model has a second
set of parameter values; adjusting the tunable parameters of the lithography system based on
a difference between the first set of parameter values and the second set of parameter values.
[13] The present invention provides significant advantages over prior art methods. Most
ifnportantly, the present invention provides a systematic and cost effective model-based
tuning method for the optimization of imaging performance and OPE matching between

different lithography systems, including scanners, which are being utilized to image the same




a programrmabl e LCD array. An exanple of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by

r ef er ence.
advant ages,
descri ption

the Drawings [19] Fig. 1 is an exenplary flowchart

[ 18] The invention itself, together with further objects and
can be better understood by reference to the follow ng detailed

and the acconpanying schenatic draw ngs. Brief Description of

of the present invention. [20] Fig. 2 ill u§t rates a graphi cal

representation of the process set forth in

v RBPR S R0 Seh s RIS et R A BTG wher e

first graphi

non-t unabl e
t he tunabl e
par anet ers.

Fig. 1. 9[21] Fig. 3is a

gonal affect on the non-tunabl e

h
?%%?emggﬁqs Sﬁag@%@%}% ¢F' gv aphee i prdpgsennaichiag berveemdifispat e

spanned by the tunabl e and non-tunabl e paraneters of the inaging nodel
Il lustrati ngmpﬁ@sé%’élﬁﬁl e where the tunabl e paraneters do not have an

or t hogonal

af fect on the non-tunabl e paraneters.
[14]  Additional advantages of the present invention will become apparent to those skilled

in the art from the following detailed description of exemplary embodiments of the present
invention.

[15] Although specific reference may be made in this text to the use of the invention in the
manufacture of ICs, it should be explicitly understood that the invention has many other
possible applications. For example, it may be employed in the manufacture of integrated

optical systems, guidance and detection patterns for magnetic domain memories,

liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate

that, in the context of such alternative applications, any use of the terms "reticle", "wafer" or
"die" in this text should be considered as being replaced by the more general terms "mask”,
"substrate" and "target portion", respectively.

[16] In the present document, the terms “radiation” and “beam” are used to encompass all
types of electromagnetic radiation, including ultraviolet radiation (e.g. with a wavelength of
365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g. having a
wavelength in the range 5-20 nm).

[17]  The term mask as employed in this text may be broadly interpreted as referring to
generic pattemmg means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target portion of

the substrate; the term “light valve” can also be used in this context. Besides the classic mask

Il lustrating the method




[23] Fig. 5 is a block diagramgraphically illustrating the conponents

i nvol ved in the nodel -based scanner tuning process of the present
invention. [24] Fig. 6 illustrates a graphical representation of another
exanpl e of the first enbodi nent of the present invention. [25] Fig. 7
illustrates a graphical representation of a second enbodi nent the method of
the present invention. [26] Fig. 8 illustrates a graphical representation
of a third enbodi mrent the nmethod of the present invention. [27] Fig. 9 is
a bl ock diagramt hat iIIustrates a conput systen1mhich can assist in the

|nplenentat|on of, t he nodel - based t n|n ess Q the se i nvention.
[28] Fig. 10(SeHuisiYs carisPiusgiens phaie Db BEIE 5 or eebis 8&t!}ﬁa~°r ¥ us
suitable for use with the nethod of the present i nvention. Description
[29] Fig. | pateawngmesingiydes | onchart illustrating the nodel - based scanner
tuni ng nethod of the present invention. As explained in detail ed below, the
met hod of the presembgiamwebid minroa kirgxg\nfeample vl Fuchratsuice it inafirizaadixsssable
i magi ng perfornmance and OPE matching between 10 different |ithography
systens, i nciup@édihvaGAISbslastitboatioldber Bed fexflattivei saffocet Thé bmBeprinhiplestiind
such an apparatus is that (for example) addressed areas of the reflective surface reflect
incident light as diffracted light, whereas unaddressed areas reflect incident light as
undiffracted light. Using an appropriate filter, the said undiffracted light can be filtered out of
the reflected beam, leaving only the diffracted light behind; in this manner, the beam
becomes patterned according to the addressing pattern of the matrix-addressable surface. The
required matrix addressing can be performed using suitable electronic means. More
information on such mirror arrays can be gleaned, for example, from United States Patents
US 5,296,891 and US 5,523,193, which are incorporated herein by reference.
e a programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference.

[18] The invention itself, together with further objects and advantages, can be better

understood by reference to the following detailed description and the accompanying

schematic drawings.

Brief Description of the Drawings

[19] Fig. 1 is an exemplary flowchart illustrating the method of the present invention.

[20] Fig. 2 illustrates a graphical representation of the process set forth in Fig. 1.




target pattern. [30] Referring to Fig. 1, the first step (Step 10) in the
process is to define the test pattern that is to be utilized to calibrate
the nodel for a reference scanner. A suitable test pattern (also referred
to as nodel calibration gauge patterns) may be utilized. The test pattern
utilized should sufficiently represent the features to be inmaged so that a
robust nodel capable of accurately predicting inmagi ng perfornmance of the

| it hography system may be generated. Such test patterns can be readily
gener at ed/ sel ected by those of skill in the art once the target pattern or
application | s.determned. It is noted that it is also ssible to ytilize
the tar get pt%ﬁﬂ er HEtH!Ss BT RERPOIF LI PIeR- 3 tioR Of B“&tSP%?FﬁP"i‘I}‘?eE Re hedprableand gan-
process. [311 Once the test pattern is defined, in the next step (Step 20)
each scannerupgblpparpmeierg of thedmaging gradplalipsminshe sxyrpln ndese thegadct he t est
pattern and the inaging results are neasured. Wien i nmagi ng the test
pattern, thepgameiershavesn drthogdnabalféet ou thymen-tinebkegarametess. pr edef i ned nomi nal
val ue, which is chosen during the process design. Preferably, the sane

nom nal val Ue2f orFigaldh a pecoadrgtaphicklgeprsentarionl of the spae kpanedibgthedurablegintd he

i magi ng of the test pattern. Next, the resulting features in each of the

i mged waf eronaigablRsii@es 80the $mbg@n@®hboaélnllwehesg ©atRarhpld wtiate thetuaiblé he

i mgi ng performance of the given scanner. For the purposes of facilitating

the fol I ow ng-exddeddhdtMve bD61RORH LEE (VAR ndlahRa| Y rahSiedesi gnated WD 1,
W 2 WO.n, where WD_1 corresponds to the wafer data/inmaging result of the

fi t ) . li i . . th
Second scaniel) and 36 orip L8 THe bR N bR B AL B A B e
O e e o Bl R s TS s BT B RGO m 9 vari ous CD

measur ement &

[24]  Fig. 6 illustrates a graphical representation of another example of the first
embodiment of the present invention.

[25]  Fig. 7 illustrates a graphical representation of a second embodiment the method of the

present invention.

[26] Fig. 8 illustrates a graphical representation of a third embodiment the method of the
preéent invention.

[27]  Fig. 9 is a block diagram that illustrates a computer system which can assist in the
implementation of the model-based tuning process of the present invention.

[28]  Fig. 10 schematically depicts a lithographic projection apparatus suitable for use with

the method of the present invention.

.Description

[29] Fig. 1 is an exemplary flowchart illustrating the model-based scanner tuning method
of the present invention. As explained in detailed below, the method of the present invention

allows for simultaneous optimization of imaging performance and OPE matching between




11 contour of the inmaged feature which can be perfornmed utilizing SEM
Typically, the necessary neasurenents of the wafer data will be defined by
the nodel being utilized to represent the inaging process, plus the design
rules defining the relevant pattern space. [32] Once the wafer data is
measured, the next step (Step 30) is to calibrate the nodel utilizing the
waf er data associated with the reference scanner. The nobdel paraneters
associated with the reference scanner are designated MP_R and incl ude
tunabl e and non-tunabl e paraneters. As islfnown, during the calibration
process (which is an iterative process), the non-tugable.oaranﬁter are
fixed and t héifferspblihesrprbyraems dnelpding sapaae s beRe Uit & IGEse Fetage by
the nodel (i.e., the sinmulated result) nmatches the actual inmaging result
produced by tatgstpasfmy ence scanner. Thus, the nodel paraneters MP_R are
adjusted (i.e., calibrated) such that the inmaging results produced by the
nodel equal Bhe dRufereihg waligr 1,diad Arsagen(Siapt I9)intht hrocess iy ofdsfinnibe testpatisar
WD R within sonme predefined error criteria or the best match possible. It
is noted thaha@gio seitliad] © canbiete thomosd! far aaticrgct fanharngi sugaide rdsopatence of
a scanner may be utilized in this process, for exanple, the Tachyon FEM
(focus-ex POSU[sE 1TRE&] th a@molibitd3AkFatbS gerugérba{ei@ gy BY uAPMd, Tht tdspdttard her

noted that any one of the scanners to be tuned and the associ ated waf er

data, WD 1 . .. i) i
ata — utfh%\%l %oglgggffgfegﬂﬁr'réﬂr&%qt the fe%%}és% Bt ﬁna?aﬁ sORAEH robhist 1AGHRL EPhble

alternative, 0 average the wafer data for each of the

VD | V\D- for,. h i i
wodel . ang dreready bR pAgRE PRRe AT TR s i oe fp Gt
tilized t |ibrate th del.. t R 33] . h
(Stop 40).  rOeh LR GRARALT FRbEATRRGH OEHET Fotape o b aped PR pEhi

previ ous step having paranmeters MP_R is tuned. in accorq§nce wth the wafer
data WD i  TRiters Sbarpicatpnis determiacdi N ssoted gt dlis piso gossindg loigze ik‘!*f.taf%r e
specifically, utilizing nodel paranmeters. M> _R as a start point, the

non- t unabl e pederamebenmged avbe Rest patisrminfthocalibetion pregespar i abl e or tunabl e
paraneters in MP_R are tuned so that the nodel for the given scanner
MP_Ri, prodysHs @mcé tmgisnpattesss isl definkd, ahthe sexttisep{Step 26)5cach ecaanteriabe wakeér
data 'WD_i associated with the given scanner (i) within some predefined

error crit efjpgulingtiteeRResice BBinGEr) ROSERE Ble@est Pitiesn Sidethe ifaging teauidaird
calibration step, which is an iterative process in which the variabl e nodel

o eepanas P WECF RSBy Vet L e et

scanner to l;))reedtéﬁln%%qrominal value, which is chosen during the process design. Preferably, the same
nominal value for each parameter is utilized for each scanner during the imaging of the test
pattern. Next, the resulting features in each of the imaged wafers are measured so as to
obtain wafer data indicative of the imaging performance of the given scanner. For the
purposes of facilitating the following explanation, the measured Wafer‘data (WD) is
designated WD _1, WD 2 ... WD_n, where WD_1 corresponds to the wafer data/imaging
result bf the first scanner, WD_2 éorresponds to the wafer data/imaging result of the second

scanner and so on up to the nth scanner. It is noted the measurement of the wafer data may

be made, for example, by performing various CD measurements or measuring the entire




[34] Once the nodel MP_R is tuned for each of the scanners, thereby
creating "n" nodels MP RLMP Rn (where n is the nunber of scanners), in Step
50, each of the scanners is tuned fromthe nom nal paramneter val ues that
were utilized to generate the initial wafer data WO 1WD n utilizing the
paraneter val ues of the reference nodel MP_R and the adjusted nodel
paraneters MP Ri. Mire specifically, the paraneters Pi of each scanner are

tuned in accordance with the foll ow ng eqy tion: [35] Pi = Pi (nomnal) +
MP R- MP_R, [36] where Pi (nominal) corresponds to the nom nal paraneters

par amot er s P RRbORLY Iiied SR hicHTafbp ARl lf MQpISRRALS 2

par amet ers

Coturey g pdRrer LBl of B Rt TR RSB FRO AL b B BRI,
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[32] Once the wafer data is measured, the next step (Step 30) is to calibrate the model
utilizing the wafer data associated with the reference scanner. The mode] parameters
associated with the reference scanner are designated MP_R, and include tunable and non-
tunable parameters. As is known, during the calibration process (which is an iterative
process), the non-tunable parameters are fixed and the funable parameters are adjusted until

the image generated by the model (i.¢., the simulated result) matches the actual imaging

result produced by the reference scanner. Thus, the model parameters MP_R are adjusted

(i.e., calibrated) such that the imaging results produced by the model equal the actual wafer
data associated with the reference scanner WD_R within some predefined error criteria or the
best match possible. It is noted that any suitable model for simulating the imaging
performance of a scanner may be utilized in this process, for example, the Tachyon FEM
(focus-exposure-model) or LithoCruiser' ™ offered by ASML. 1t is further noted that any one
of the scanners to be tuned and the associated wafer data, WD 1 ... WD-n, may be utilized to
calibrate the model. As another alternative, it is possible to average the wafer data for each
of the scanners (WD 1 .... WD-n) for each necessary measurement to be input into the
model, and utilize these average values as the reference wafer data utilized to calibrate the
model parameters MP_R.

[33] Inthe next step (Step 40), for each scanner to be tuned, the model calibrated in the

previous step having parameters MP_R is tuned in accordance with the wafer data WD _i




anot her when executing the foregoing equation. For exanple, assum ng the
tunable 13 paraneters are (Ti, T2Tn), and their values for the reference
nodel are (Tlr, T2r Tnr), and for scanner(i) are (Tli, T2iTrni), the

nom nal values, Pi, of these paraneters are tuned by a delta equal to
(Tlr-Tli, T2r-T2i Tnr-Tm ). By performng the foregoing operation it is
possible to reduce/mnimze the difference between the nodels such that the
two scanners performin the substantially same nmanner. Thus, the foregoing
process provides a systematic process whi dh all ows for the mat chi ng of

simlar scanners (sane type and nodel of chines) a |1.as for,the
mat chi ng t heaﬁsﬁﬁ@'Fi&’EEétﬁ%Y%@@% 1.8 ??%@W?@éh‘??éﬁ%a\(@i utflizingmqdel | ot
nodel s and/ or manufacturer). It is noted that the tunabl e paraneters

typi cal |y i nptrametersfd®_Fapse? #egt poinhheaynitgiaplspgeametiss el MP| B ﬁ?‘ﬁ%’gﬁéﬂ{ Addha,
stage tilt, etc. The fixed paraneters include, for exanple, but are not
limted to, vasbktorpmeblrpernsteania MP dhasdudse dasthe @] foFihg givenispangss r at es
a graphical representation of the foregoing process. As shown in Fig. 2,

t he process Bfff Ritpradabes anompging sestil evhithfif @e enceastbe aeeal watey dajarWDal

scanners (MP R and MP Ri) and then utilizes this conputed difference to
tune the act ayabcifeRRNRLR giveh@anndr @Witiin 868e preddthict atror @fitsarthabdsomstchf

t he space spanned by the tunable and non-tunabl e paraneters. Fig. 3

illustrates $gLRXaMR!sk %Qﬁtﬁlﬁab&célmﬁh@telg_,?\m&ﬁs%%&we?aﬁe@ﬁﬁ hagana
effect on the non-tunablpe paraneters, and Fig. 4 illustrates an exanple

wh h ! - j i
ere the { UNGRE RALANRLGGSS AOMPOR; HRYG801 i HROARRL oF eSfhgRE nldke

non-t unabl e paramneter , —any are orthogonal to the

space spanned by the tunabl e para .s.o.ln,{.ne case er f rom
t unabl e and Wﬁrﬁgﬁoﬂﬁsatﬁldge 3?341&%?%—@' O %Otrlts R%rg%rﬁnaefi \,Ily&i ?aglll éag%%st% E{%ﬁ%%
conpensate to sone degree the differences caused by the non-tunabhl.e
paraneters, [Bht o@fﬁetﬂ}?rﬁ“ﬁj@& WeRv‘éF‘{PSS r SpHP ttﬁﬁﬁﬁ r?)gl?eé tcé‘?aé%lg i 4mpdsdy
Fig. 5is a block diagramgraphically illustrating the conponents invo|ved
in the nodelMBg&kd--sEnRe fWheienigthe npmberof s¢anners), B 2iER AP, GapR &IPS Srnnsag s
shown, the conponents include a tuning target and a scanner to be tuned. As
is clear framddfen treagoirdparwnelce valhesrthativerailtitirgd tagenerssssthe dmial seadgideie t o
be tuned, it is possible that there would be nmultiple scanners to be tuned.
The scanner WD be..twWhef uiikzifg WR)Bramaprywalead! (s€ mfisrence(mhode]l MPaR andttheal
device). However, as explained in further detailed below the tuning target

may be ei t hggdtel BRIdeISHAMIRSrs MP RiV MdréldecHoAN) Ee farb@ets PUSL cabl scl@hatiated
above, the tuning amount is the difference between the virtual scanner

(i.e., ”Ddeltgneafinﬁ&grd%ﬁ@e%tlﬁtegoit eihgﬂg) elﬁ d the virtual scanner (i.e.,

nodel ) of the tuning target. -based tuning process disclosed

ner et e LBl 1B YRl FRATRC YRR oo (he 11k betveen the
[36] ~ where Pi (nomihal) éorrésponds to the nominal parameters utilized to generate the '
initial wafer data WD _i; MP_R corresponds to parameters of the calibrated model for the
reference scanner, and MP_Ri corresponds to parameters of the calibrated model for the
scanner(i). The resulting parameters, Pi, are then utilized to tune the corresponding
scanner(1).

[37] Itisnoted that in the foregoing process, only like parameters are subtracted from one

another when executing the foregoing equation. For example, assuming the tunable




[40] As noted, it is possible to utilize at |least three different tuning
targets in the foregoing process. The three possibilities are a physical
scanner, a virtual scanner and a desired wafer contour. Exanples of the use
of the three different tuning targets are described below. The first option
is toutilize a physical scanner as the tuning target. A physical scanner
was utilized in the exanple detail ed above. Uilizing a physical scanner as
the tuning target provides for OPE matching between scanners. |In addition,
it allows for matching between |ike scanné? units (e.g., SNL ..... SNn) ,

where SN represents t nner node] . It also allows for hi ng
botveen i { HEFARTES i IAr Ty ol AOHHER et or e el PEel s R et or
mat chi ng bet ween scanners fromdifferent manufacturers. E,41 When

perform ng noBel 299feeFadtes s (Tlini 2 o - b &the B 1@ ValHES B ghitste RIgImLes,
the same process as set forth above in Fig. 1 is utilized. As an exanple,
assuni ng t heare Binpéby aadts cqud te Chhinleli, TX-198 annémr-Anih BY pasfarmiatye faegpns i s

scanner R, the first step is to print test patterns utilizing nom nal
scanner par aipetagps it ifpossihlebotdiusammiarzeAhaditfesoariraredr thomadels suchdhet that e

wafer data WD_A and WD R Then, the imaging nodel being utilized is

calibrated ftab ssadangerfdnsinche dudstntidly sh@s taheroThtid) ehafoekgbinggestesd el y
correspond to WD Rwithin sonme predefined criteria. Next, the non-tunable

P17, ke oo 1 B0 S0 g i o
referred to,a¢n¥iRMnARRas hakel ald hSHALNAE 1R ifQ5hE SBPAhahe Ylifeételf thi N
scanners (i.e., different models and/or manufacturer). It is noted that the tunable parameters
typically include, but are not limited to focus, dose illumination sigma, stage tilt, etc. The
fixed parameters include, for example, but are not limited to, resist parameters and etch
parameters.
[38] Fig. 2 illustrates a graphical representation of the foregoing process. As shown in
Fig. 2, the process effectively computes the difference between two virtual scanners (W_R
and MP_Ri) and then utilizes this computed difference to tune the actual scanners. Figs. 3
and 4 are graphical representations of the space spanned by the tunable and non-tunable
parameters. Fig. 3 illustrates the example where the tunable parameters have an orthogonal
effect on the non-tunable parameters, and Fig. 4 illustrates an example where the tunable
parameters do not have an orthogonal effect on the non-tunable parameters. As shown, any
residual errors are orthogonal to the space spanned by the tunable parameters. In the case
where the effects from tunable and non-tunable parameters are not orthogonal, it is possible

~ to compensate to some degree the differences caused by the non-tunable parameters, through

tuning the value of the tunable parameters.




some predefined error criteria. Then, in the final step, the parameters of
scanner A, referred to as PA are tuned fromthe nom nal paraneters, P,
utilized to produce WD Ato "P+ MP R- MP-RA". Fig. 6 provides a graphical
representation of this process. [42] As an alternative to the foregoing, it
is also possible to calibrate the nodel for scanner A such that the results
of the nodel accurately correspond to WO_A with sone predefined error
criteria, and then fix the non-tunabl e paraneters in the nodel MP_A and
utilize these paraneters in nodel MP AR '?’%e tunabl e paraneters of MP AR

are then adj ed_.such tha he results, of th del MP . i d wth
scanner R cotﬁ%sg%ﬁ‘dsc Bé %%IQEW?%?WP 18%&' 1BP%ﬁ§P$ﬁlg§oglp?%eﬁ§éﬁf(fl\geﬁ 1gfﬂ-ﬁ‘rhen,
in the final step, the paraneters of scanner A referred to . PA are tuned
from the nonftAgil-basedarangr Wning progess) 4f ShePresgnigPeTieR %@R%thersowpw_% -
MP_A". In yet another variation, it is also possible to utilize an_average
of the two fiorlidoi hgingtawetmds sapnasr @dedmednAads ¢ Trorptha forerpings fils Siiher
A. These processes can also be utilized when tuning scanners fromdifferent
manuf act ur eris alvjay8ht Ikissk bne seanmex tonipsl tandds it py possililedhasfthane wpild ba gnudtinle peapagrs
scanner (i.e., nodel) as the tuning target. The first step in the process
i's to obtai no®deknedn Thosehnertebetunadlistabyvays alpRydcal scbnd?r(ed. eanadotup] deviiee).nodel
MP_K is calibrated for the given process being utilized and produces

resul ts whi giflowver, Wh EXPIANSORE UM dethil HEskIRY, TR tuBingttapétanay Beeithexd reslt ep i s
to print test patterns with the current scanner C (i.e., the scanner to be

tuned) and ng Qf@réﬁﬁua%éaluw &Qoi{‘@fl@rAg@ettﬁledtaBWeﬁ/gﬁé tANLAAGIN S Hat a WD_C.

Next, all of the non-tunable paraneters in nodel _K are fixed and the

tunabl e par %érgﬁc% b%{we@ ?1—?@' vi%als&nﬁéﬁiégﬁgﬁélfgf 052l 16 DEWRES M e virtual

scanner (i.e., model) of the tuning target. In the model-based tuning process disclosed
herein, the model (i.e., virtual scanner) provides the link between the tuning target and the
scanner to be tuned.
[40]  Asnoted, it is possible to utilize at least three différent tuning targets in the
foregoing process. The three possibilities are a physical scanner, a virtual scanner and a
desired wafer contour. Examples of the use of the three different tuning targets are described
below. The first option is to utilize a physical scanner as the tuning target. A physical
scanner was utilized in the example detailed above. Utilizing a physical scanner as the
tuning target provides for OPE matching between scanners. In addition, it allows for
matching betweén like scanner units (e.g., SN1 ..... SNn), where SN represents the same
scanner model. It also allows for matching between different scanner types from the same

‘rﬁanufacturer, as well as for matching between scanners from different manufacturers.

[41] When peiforming model-based scanner tuning between different scanner devices, the

same process as set forth above in Fig. 1 is utilized. As an example, assuming the to be tuned




of the nodel, nowreferred to as MP KC, correspond to WO C within sone
predefined error criteria. Then, in the final step of the process, the
settings of scanner C are tuned fromthe current settings "PC', which were
utilized to initial produce WD C, to "PC + MP_K - MP KC'. This process can
be useful for correction of drift (e.g., laser drift) within the scanner,
and well as correction of drift in other |ithography processes (e.g.,
resi st process, etch process, etc.) The process is also useful for

optim zing a given scanner for a given CPéﬁprocess, where the OPC process

is effectively incorporated.i.nto.the nodel to ich the scanner wil] be
tuned. It i SCHUERE SRR ﬁtanii thegning Brast iSeemer i%e gﬁ“ BERISTBQEPL tes] PRYigns

foregoi ng process as the reference nodel. Further, the nodel nay consi der
both in focusilighg neeriend sernpemarametsss P, on hothseanasl A peghicanranRaioids to SIerds s
process is illustrated in Fig. 7. [44] As noted above, it is al so possible
to utilize avatefdata Wohttoand WH Rhdhtwrheignagmegeedel fingutdized eswlibrgtedderf ul  f or
optim zing a scanner for a specific device nmask to optim ze CDU (critical

di mensi on untdmaenk tsyoh thaisthewkidltsas tHeanodeb beaurat¢ln gordespaaintn VD Rriwithirksomwen nmask
error. The first step in the process is to image/print a specific device

mask and nmeggsddeindd\@iteiad. aNethheton @ndté parb@btetsdn @& N¥AeMMPTReréHSd 48 | Maged
utilizing the scanner to be tuned, where the paraneters of the scanner are

initially sefiifed iRE Madel YA 8 JunablE parabletdrs arRAhRSted Ath thdithd REAR LS B

desired wafer data, which obtains optinmal CDU i's referred to as WD . T. In
the next ‘model (now referred to as MP_RA) associated with scanner A correspond to WD_A within

some predefined error criteria. Then, in the final step, the parameters of scanner A, referred
to as PA, are tuned from the nominal parameters, P, utilized to produce WD_A to “P +
MP R —MP-RA”. Fig. 6 provides a graphical representation of this process.

[42] As an alternative to the foregoing, it is also possible to calibrate the model for scanner
A such that the results of the model accurately correspond to WD A with some predefined

error criteria, and then fix the non-tunable parameters in the model MP_A and utilize these

parameters in model MP_AR. The tunable parameters of MP_AR are then adjusted such that
the results of the model MP_AR associated with scanner R correspond to WD_R within
some predefined error criteria. Then, in the final step, the parameters of scanner A, referred |
to PA, are tuned from the nominal parameters, P, utilized to produce WD_A to “P + MP_AR g
—MP_A”. In yet another variation, it is also possible to utilize an average of the two ;
foregoing processes when determining the amount to tune scanner A. These processes can
aiso be utilized when tuning scanners from different manufacturers.

[43] Next, an example is provided of utilizing a virtual scanner (i.c., model) as the tuning

target. The first step in the process is to obtain a known model, referred to as MP_K.




17 step, utilizing a given nodel (as with the exanples above, any suitable
simul ation nmodel may be utilized) which is referred to as MP_C, the target
pattern is processed by the nodel MP_C and produces sinmul ated wafer data
WD _C. Next, the tuning of the nodel MP_C necessary to obtain the desired
simul ated imaging result, which is referred to as WD_CT, is deten-nined by
the equation: WD CT = WO C + (WO . T-WD M [45] Thereafter, all of the
non-tunabl e paranmeters in nodel MP C are fixed and the tunabl e paraneters
are tuned so that the nodel, which is nowlPeferred to as MP_CT, produces a

sinmul ated i maging result which corres ds ta WD CT. In the. . final ste h
scanner to b%ref%%ﬂl} thempdg MF £ ﬁﬁﬁlﬂl?{ét%ﬁigqﬁwlvmf’?ﬁﬁg@% Utﬁlgél ali‘Joprﬁ%f'"PFs tne
MP_CT - MP_C'. Fig. 8 illustrates a graphical representation of the

f or egoi ng prissdtsswhich aygwithin somerpsedefinedigrtor cREri o B BFHA §lep 5J6 BERE igS{pafians
useful for optimzing CDU across the chip after the mask is nade for a
nunber of crwith ted cupattsearms: C ite..i the stasweer tobeined)and msasurethe srseliss Magfer
process, a limtation on the tuning may be necessary to prevent excessive
tuning for tées ltheretiyagneetigcdato@t €. nBecpabofibe ach-iimablh par@Detersiomasikhnpl e,
a test pattern may be mixed in order to anchor the tuning process. [47]
This third copeRohyfiNd 5@ @Y 18RaHIdRirRGetak $OmatitouB K afe Mparaes tapthemesnits i on
for a given naSk error. Mre specifically, the process entails obtaining a

current nmodele i £848 ARCMRLATRIS aENPOKC, 5&{6@11551@% 99D a8 WWRiMomletprédefiRed @€or

that in the given exanple, MP_Mis essentially the FEMwi th a known

non-tunabl e ra r . ' \g&n? &m

?fti i zi ngf t h%?%aﬁh%@ﬁw%waf ﬁ%”ﬁ?"‘? gg%ggsgghg¥?tg?‘%§%gi nmu %%ﬁ%&? est t[§1§t tern
i.e., wafer contour 1 ,AS.t 0 obtaln ginulated waf P Kk ,
0BT Next a7 P P o B Dbl SRS R 00 he
tunabl e paraneters are adjusted such that the e n f.g t VP
MT, pr oducesMB Kl la{sguoqeseeimg “F%@UILOF CoERsEgn gﬁ‘g’f#éﬁﬁ \év%egﬁﬁﬁ‘%&ﬁndﬁ? 2?1
corresponds to WO_.T. In the final step, the scanner to be tuned is tuned
from t he norscamaer,3ed wich gscasfectignonf drigt mEther ihogRPRPPIACESSTHiE L HFHTE 85 | ows

the scanner to be tuned to image a mask with a known systematic error.
etch process, etc.) The process is also useful for optimizing a given scanner for a given OPC

process, where the OPC process is effectively incorporated into the model to which the
scanner will be tuned. It is noted that it is possible to utilize an FEM model in the foregoing
process as the reference model. Further, the model may consider both in focus and defocus
conditions. A graphical representation of this process is illustrated in Fig. 7.

[44]  Asnoted above, it is also possible to utilize a wafer contour as the tuning target.
This process is useful for optimizing a scanner for a specific device mask to optimize CDU
(critical dimension uniformity), as well as for optimizing a scanner for a known mask error.
The first step in the process is to image/print a specific device mask and measure the data,
which is referred to as WD_M. The mask is imaged utilizing the scanner to be tuned, where
the parameters of the scanner are initially set to nominal values “PC”. It is noted that the

target or desired wafer data, which obtains optimal CDU is referred to as WD_T. In the next




[ 48] As noted above, the nodel -based scanner tuning provides numerous
advant ages over prior art nethods. Mst inportantly, the present invention
provi des a systematic and cost effective nmethod for the optim zation of

i mgi ng performance and OPE matchi ng between different |ithography
systens, including scanners, which are being utilized to inage the sane
target pattern. As a result, the present invention readily allows

per formance matchi ng between different scanners of the sanme nodel as well
as for performance mat chi ng between di fferldnt nodel scanners. [49] The

met hods of the present invention al al |l ow scanners to be . tuped to known
Todel o a kNG GANER R ik hetxmgeles ShEarvipu Rt oe BOgd ey

al l ow for, anong. other. things, |ithography process drift corrections,
scanner opti P8 ‘ﬂgtzre@nwﬁuél? isgefgirodie 5 Sedaiget patigHne prosgsehbyzthe ek MP_§
specific device mask in order to optimze CDU and scanner optim zation for
a known maskardrpreduces Sopilatad waderfdgiat WBr CnolVerd, thh amingorfehe wedeh Mihi( hacysspiy an
i nportant aspect of the nodel based tuning/ matchi ng/ optim zation process of
t he present tonbtit thodesited sombiged inepthg, reduite whirhat relférted og asapiy (e badotamicdn
be described accurately by adjusting only the tunable paraneters. Brion' s
f ocus- exposwyaheeglelion:FEM  achi eves separability across focus-exposure

process
WD CT=WD C+ (WD _T-WD M)
[45] Thereafter, all of the non-tunable parameters in model MP_C are fixed and the
tunable parameters are tuned so that.the model, which is now referred to as MP_CT,
produces a simulated imaging result which corresponds to WD _CT. In the final step, the
scanner to be tuned is tuned from the nominal settings of “PC” to PC + MP_CT - MP_C”.
Fig. 8 illustrates a graphical representation of the foregoing process.
[46] It is noted that the foregoing process can be useful for optimizing CDU across the
chip after the mask is made for a number of critical patterns. It is also noted that in the
foregoing process, a limitation on the tuning may be necessary to prevent excessive tuning
for the limited device patterns considered in the CDU. For example, a test pattern may be
mixed in order to anchor the tuning process.
[47] This third category of scanner tuning also allows for scanner optimization for a given
mask error. More specifically, the process entails obtaining a current model with a known
mask error, referred to as MP_M. It is noted that in the given example, MP_M is essentially
| Vthe FEM with a known non-tunable parameter (masic error) changed by a known amdunt.
'Then, utilizing the model MP_M, without the mask error, simulate the test pattern (i.e., wafer

‘contour) so as to obtain simulated wafer data with mask error, WD_T. Next, all non-tunable




wi ndow vari ation. Further, FEM can al so achi eve nodel separability with
respect to many 19 other tunable paraneters, such as, but not |limted to,
NA, illumnation, etc., within a reasonabl e range of paraneter change. |f
the tuning anmobunt is too | arge such that it goes beyond the nodel
separability range, the tuning can be achieved through two or nore steps.
[51] It is also noted that if desired, the effect of the tuning on the
pattern can be anal yzed using an OPC verification tool such as Tachyon's
LMC (Lit hographi ¢ Manufacturability Check)l8 since the nodel can
quantitatively analyze the inpact of the changes to the nodel (i.e.

tuni ng) on t baamefers ig HogelpdP tMramsfixefhendthe 6@6‘%? parpigetersar s ghwsisrgsueh thet Breck
is as follows. First, use LMCto simulate full chip on-wafer contour using
the nodel s bebdelenanctfafadde as MiFi M., pieiates actmplalied imdgngiies fliehaseden hetesben
the two contours to analyze the differences between the two. [52] Wth
non-tunabl e patan®hiel sSorddsponiedo WD VIariy the final steg|thoscpuss tdbetub@l is tuned from
gquantitatively analyze the residual error's effect on the full chip
pattern. Thege@gindiadletiosQF “Pe bire dMF arENOEP bt viEgaplobess afiéws the wednAgr tand
tuning target. The can be acconplished by fitting the nodel for the wafer

dat a, d al j % " t t , i.e.,
1Lt ng a1 U] e Pen using LMVE To
simul ate f u;ﬂﬁ{é h'/?s x?o%d’@ogé, {%?e?xg%)?elf{bﬁéeéﬁkg%e tggﬂﬁxg RM%&Q hu@é%oﬁg’&i%nﬁ%%s%er

tunabl e par ers to var g out o e tun

(i o “the et abiRey St otitlia b i ar e GRS e s SAETAECBd oo &

done, a

effective method for the optimization of imaging performance and OPE matching between
different lithography systems, including scanners, which are being utilized to image the same
target pattern. As a result, the present invention readily allows performance matching
between different scanners of the same model as well as for performance matching between
different model scanners.

[49] The methods of the present invention also allow scanners to be tuned to a known
model or a known wafer contour (i.e., target pattern). These processes allow for, among
other things, lithography process drift corrections, scanner optimization for a given OPC
process, scanner optimization for a specific device mask in order to optimize CDU and
scanner optimization for a knéwn mask error.

[50] It is further noted that model separability is an important aspect of the model based
tuning/matching/optimization process of the present invention. In other words, the total
ﬁthography behavior can be described accurately by adjusting only the tunable parameters.
Brion’s focus-exposure-model “FEM” achieves separability across focus-exposure process

window variation. Further, FEM can also achieve model separability with respect to many




conparison is nmade to identify the differences between the two contours.
The difference between the contours is the residual error after tuning. If
there are contour differences that are too large to be acceptable, the
normal scanner tuning based on existing tunable 20 paraneters is unable to
achi eve the tuning goal. Additional actions may be taken to enable nore
paraneters to be tunable, or scanner changes may be required. [53]
Alternatives to the foregoi ng processes are al so possi ble. As one exanpl e,
when wafer data is available for both curd®nt scanner condition and tuning
target condition, e.g., in the case of matching between two physical
scanners wi tHauttuneblsmagmaigssisnch asnbyinoblinied weNAnBoaination ¢te. wBhiBar f or m
joint calibration on the wafer data utilizing both current scanner

condi ti on ardasoaztjerange efpreamatorediangeo if thy hingngeamanint is tgelafgssnengaait gessnt
nodel calibration process which allows non-tunable paraneters to vary in

t he cal i br atbegondthe aweal sepdratiilityaaszet the mudine d2@ be lachiswdehrongibotdortrh@e stdgpd. ent
scanner condition and the target scanner condition, and which allows the

tunabl e par guet ensiskio nBre pRO g, haleifedtvd He t&ﬁh%o&ma@iaﬁé@@sn bdta8fzed he
joint calibration, the difference between the tunabl e paraneters of both

conditions iginbhe gt bémicaﬁ&ﬂb&%umc\%ﬁﬁmﬂ @ithdgraphi@ MK wuddLagy, am

that illustratées a conputer system 100 can assist 1n the nodel - based

scanner t“”i&%c%ﬂ&%?h%&i&%ﬁfﬁl{dﬂﬁ{aﬁkggr&@g}’é’&? fné;ga‘té?&fetﬂé 31%91 LOGlGSq bus

102 or other co nicati on mechani sm nmuni I ng 1 nfofmation, and a
processor 104 coupled w us 102 f rocessing pnformation. .Co ter
Cystem 100 st Rer b bl o v e Rt o e e sl AL BT hgor y
(RAM) or other dynamic storage device, coupled to bus 102 for stqring
| nf or mat i on FFeSeTaY Fude SRS bl e el EonteRy %msél&@egelab@rer@ Altfferor y
106 al so may be used for storing tenporary variables or other internediate
i nf or mat i ontuging M¥exéxeenricdhe dffcienes baswednghe twaocatousiocnelyge thy dffasensss or
104. Conputer system 100 further includes a read only nenory (ROVM) 108 or
ot her st ati betskeer dgéwdevi ce coupled to bus 102 for storing static
information and instructions for processor 104. 21

[52] With non-tunable parameters allowed to vary, it is also possible to quantitatively

analyze the residual error’s effect on the full chip pattern. The residual error is the difference

between the after-tuning and tuning target. The can be accomplished by fitting the model for

the wafer data, and allowing both tunable and non-tunable parameters fo vary, i.e., fitting a

full model based on the wafer data, and then using LMC to simulate full chip on-wafer

contour using models which: (1) only allow tunable parameters to vary (i.e., the model

coming out of the funing procedure), and (2) allow both tunable and non-tunable parameters

to vary (i.e., the model coming out of the above additional step). Once this is done, a

comparison is made to identify the differences between the two contours. The difference

between the contours is the residual error after tuning. If there are contour differences that

are too large to be acceptable, the normal scanner tuning based on existing tunable




A storage device 110, such as a magnetic disk or optical disk, is provided
and coupled to bus 102 for storing information and instructions. [55]
Comput er system 100 nay be coupled via bus 102 to a display 112, such as a
cat hode ray tube (CRT) or flat panel or touch panel display for displaying
information to a conputer user. An input device 114, including al phanuneric
and ot her keys, is coupled to bus 102 for comrunicating information and
command sel ections to processor 104. Anotgﬁr type of user input device is
cursor control 116, such as a nouse, a trdackball, or cursor direction keys
for communicating, di.rectiaon _infor L.on an n | ecti ssor
104 and for AR F RGP aERRLTE MR SR RN ehEn Sl S oo RhaiE e
typically has two degrees of freedomin hmo axes, a first axis (e.g., X)
and a second ek RapRetys (o b tunghle,Or Sqanpgehiness HAY PeBWME S peci fy positions in
a plane. A touch panel (screen) display may al so be used as an input

devi ce. [ 56]33AccBHematlyes & haboresaivtpraessecs grc A osblen s O SHEMS a‘ﬁ@n of the
scanner tuning process, for exanple, sinulation operations, nmay be ]

per f or med bywefsngae sraveijablecior both cipentsepposrsondisop publaswe targg4ordiieny €igndh one
or nore sequences of one or nore instructions contained in nmain nmenory 106.
Such i nst r uctheeas ofeatdhmgrbetkenriwo physical soemarsywitidéit & ipany monddl haralternative
conput er -r eadabl e medi um such as storage device 110. Execution of the
sequences of emmislimeit tid 10 perfe@njotRalibrationd the wefeptyta ifiizit@bsthsupsmeensar 104
to performthe process steps described herein. One or nore processors in a

nul ti - pr ocesginffiod thARERIRAInFRYndliSH l?ﬁis%ﬁﬁﬁil@?@ﬂ)rﬁlﬁlge&ﬁ%ﬁiﬂhﬁ)délhﬁli&_@ﬂ&?nCGS
of instructions contained in main nenory 106. 1n alternative enbodi nents,

hard-w red gér[)&e‘éé {hitn gﬁé(wsbr?onlgt%ﬁgalé B%rﬁﬂn@t%f% tgtf%l’?rin R Tcﬁus Ec&éﬁ%rb@e@s BlilBreed 2

software instructions to I nplenent e I nventfon. odi nents of the

e o0 gl TSR BRGSO AE N e PSR B
or ocessor. 10 PaRctely tedRbS A o HPTRR et AREOHERGY PO PO HfFng
but not limted to, non-volatile nmedia, volatile nedia, and transm ssion
medi a. Non- bt gt calibietimathe diffasence bepyeer hgripnable Repameters obbothaepkiions igthek s,
optimal tuning amount.
[54] Fig. 9 is a block diagram that illustrates a computer system 100 which can assist in
the model-based scanner tuning method disclosed herein. Computer system 100 includes a
bus 102 or other communication mechanism for communicating information, and a processor
104 coupled with bus 102 for processing information. Computer system 100 also includes a
main memory 106, such as a random access memory (RAM) or other dynamic storage
deyice, coupled to bus 102 for stdring information and instructions to be executed by
processor 104. Main memory 106 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by processor 104.

Computer system 100 further includes a read only memory (ROM) 108 or other static storage

device coupled to bus 102 for storing static information and instructions for processor 104.




such as storage device 110. Volatile nmedia include dynam c nenory, such as
mai n menory 106. Transm ssion nedi a i nclude coaxi al cables, copper wire and
fiber optics, including the wires that conprise bus 102. Transm ssion nedi a
can al so take the form of acoustic or |ight waves, such as those generated
during radio frequency (RF) and infrared (I R) data comuni cati ons. Conmon
forms of conputer-readable nedia include, for exanple, a floppy disk, a
flexi bl e disk, hard disk, magnetic tape, any other magnetic nmedium a
CD-ROM DVD, any other optical nedium puﬁéh cards paper tape any ot her
physi cal nedlun1mnth patterns of hol es, PROM

FLASH EPROM A&iresdrare hghsioh aéﬁﬂrgﬁga?tl%caﬁlf 95 %P@éal dgﬁkclaprqv&ed\@aééo‘é@ed to bus
descri bed hereinafter, or any other nedium from which a conputer can read.
[ 58] Var|ous“ﬁdbﬁ%onﬂg1@8ﬁ®@HQﬂamd@®@aQMEwnedla may be involved in carrying
one or nore sequences of one or nore instructions to processor 104 for
execution. Hé6H] examplueer sydtem il OG iy be coupdedndy buniRitakidisplas 12y sueh ana eathode
magneti c disk of a renpte conputer. The renbte conputer can |load the

i nstructi onsay tube (CR'E) shyivd pare] 6E30cHypaasidiigaadior B8plaiad (ifeinm M08 (@Y esmputer

tel ephone line using a nodem A nodemlocal to conputer system 100 can

recei ve the dat aOfpliRvicel eDhRIihd Qﬁhzﬁlﬂﬂlekl@ EndPbthé ey @1 EEbublANS Bhd [(2rfof O
convert the data t o an infrared signa
communicating information and command selections to processor 104. Another type of user
input device is cursor control 116, such as a mouse, a trackball, or cursor direction keys for
communicating direction ihformation and command selections to processor 104 and for
controlling cursor movement on display 112. This input device typically has two degrees of
freedom in two axes, a first axis (e.g., X) and a second axis (e.g., y), that allows the device to
specify positions in a plane. A touch panel (screen) display may also be used as an input
device.
[56] According to one embodiment of the invention, portions of the scanner tuning
process, for example, simulation operations, may be performed by computer system 100 in
response to processor 104 executing one or more sequences of one or more instructions
contained in main memory 106. Such instructions may be read into main memory 106 from
another computer-readable medium, such as storage device 110. Execution of the sequences
of instructions contained in main memory 106 causes processor 104 to perform the process
steps described herein. One or more processors in a multi-processing arrangement may also

be employed to execute the sequences of instructions contained in main memory 106. In

alternative embodiments, hard-wired circuitry may be used in place of or in combination with




23 An infrared detector coupled to bus 102 can receive the data carried in
the infrared signal and place the data on bus 102. Bus 102 carries the data
to main nenory 106, from which processor 104 retrieves and executes the
instructions. The instructions received by main nmenory 106 may optionally
be stored on storage device 110 either before or after execution by
processor 104. [59] Conputer system 100 also preferably includes a

comuni cation interface 118 coupled to bus 102. Comruni cation interface 118
provides a two-way data communi cation couﬁﬂlng to a network link 120 that
is connected to a |ocal network 122. For exa conmmuni cation interface
118 may be amﬁwmeghsaﬁiél@n%@rlw@é@nﬁﬁhg iRVERtiQPe \’%}? I@“’(DP@BN)‘“S (Rf IBYenfoRFgem t o
provide a data conmmuni cation connection to a corresponding type of

t el ephone | i ne.linfiteddnethepeciéx ampbisatiqorfimardines distitiymd spcac118 nay be a

| ocal area network (LAN) card to provide a data communi cation connection to
a conpat i bl e[s7AN. TMW tegh Essnpuidpisadably naddium™bs ukatitieesie nifer fo any ragjurs tieh

i npl enent ati on, conmunication interface 118 sends and receives el ectrical,

el ectromag nef)ehﬁmﬁéte@lﬂtﬁr&@&img ir@padtnt RAfro€Rsor Y 04l fogtiek eutidiat Suchtarreatiem may
representing various types of information. [60] Network link 120 typically

provides datg, g q}&lﬂilﬁgtlh&ﬂdlﬁgﬁﬂ%hhﬁﬂ@d £ ndiN Qa)le mdalak Solhifle @icARI aridiat a

devi ces. For exanpl e, networ 20 may provide a connection through

an it ornot SBPORET AU dior TR Fegh il 1R Ane SpRA T g RARIRNET B
etuork,  nod bR %v?%?ﬁﬁd o el BFREED Bl ST RO o,
That carry chg: Camsamsinanedbshelice el BfsePRPOTGh oS Bt PRSI
24 and the signals on network |ink 120 and through conmuni cation |nt ace

118, whi ch cwiresythativemtigs bus|103a T eensmisaine micdigreae Bl tAke thelpEn ShopyEc %(?‘é

exenplary fornms of carrier waves transporting the information.
waves, such as those generated during radio frequency (RF) and infrared (IR) data

communications. Common forms of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, any other magnetic mediuim, a CD-ROM,
DVD, any other opticé.l medium, punch cards, paper tape, any other physical medium with
patterns of holes, a RAM, a PROM, and EPROM, a FLASH-EPROM, any other memory
chip or cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read.

[58] Various forms of computer readable media may be involved in carrying one or more
sequences of one or more instructions to processor 104 for execution. For example, the
instructions may initially be borne on a magnetic disk of a remote computer. Tﬁe remote
‘computer can load the instructions into its dynamic membry and send thé instructions over a
telephone line using a modem. A modem local to computer system 100 can receive the data

on the telephone line and use an infrared transmitter to convert the data to an infrared signal.




[61] Conputer system 100 can send nessages and receive data, including
program code, through the network(s), network |ink 120, and comruni cati on
interface 118. In the Internet exanple, a server 130 m ght transmt a
requested code for an application programthrough Internet 128, |1SP 126,

| ocal network 122 and conmmunication interface 118. In accordance with the
I nvention, one such downl oaded application provides for the illumnation
optim zation of the enbodinment, for exanpl,e. The received code may be
executed by processor 104 as it is receivgg, and/or stored in storage

manner,  compat SR BRPr i ot 1P et e b ot oBHRT b e R olehareng
o o] et i on disknal s Shats KBLIHSL Faretiha it fomag b Bodian BeB coont
I nvention. The apparatus conprises: a_ radiation systemEx, IL, for
suppl yi ng a MPePEEd Pbstbwsnrmbexseutesihie stragiions. nThaipgirystipns reeqivgd ky48dn t he
radi ati on system al so conprises a radiation source LA, a first object
tabl e (mask mehd) Of/Mmapoptiords baistonedonsarkgehdsividerl 19 eithdnbk@iraer aftenerskution
by processor 104.
[59] Computer system 100 also preferably includes a communication interface 118
coupled to bus 102. Communication interface 118 provides a two-way data communication
coupling to a network link 120 that is connected to a local network 122. For example,
communication interface 118 may be an integrated services digital network (ISDN) card or a
modem to provide a data communication connection to a corresponding type of telephone
line. As another example, communication interface 118 may be a local area network (LAN)
card to provide a data communication connection to a compatible LAN. Wireless links may
also be implemented. In any such implementation, communication interface 118 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.
[60] Network link 120 typically provides data communication through one or more
networks to other data devices. For example, network link 120 may provide a connection
through local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in turn provides data communication services
through the worldwide packet daté communication netWork, now commoﬁly referred to as

the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic

or optical signais that carry digital data streams. The signals through the various networks




MA (e.g., areticle), and connected to first positioning neans for
accurately positioning the mask with respect to itemPL; a second object
tabl e (substrate table) WI provided with a substrate holder for holding a
substrate W(e.g., a resist-coated silicon wafer), and connected to second
positioning neans for accurately positioning the substrate with respect to
itemPL; 25 - a projection system ("lens") PL (e.g., a refractive,
catoptric or catadioptric optical system for inaging an irradiated portion
of the mask MA onto a target portion C (e?@., conprising one or nore dies)

of the substrate W [63] As depicted herein, the apparatus is 0of. a

transni ssi veagdthesignalgon n?f&@ﬂ%ihrtkrlgﬁéﬂﬁi gg?‘*ﬂg W&M?e ?]ng GOKEATY i
may al so be of a reflective type, for exanple (with a reflegtive mask).

Al t er nat i vel the digiel @é@@r@ﬂtﬁ@nﬁwmﬁwﬂ’&g&@aW@raﬂ?p}ﬁ’éﬁ%fo%‘éf’?%?rﬁ’éavﬁ%ans as
an alternative to the use of a mask; exanples include a progranmable mrror
array or LCDramporting the[i68}mathm. source LA (e.g., a nercury |lanp or exciner

| aser) produces a beam of radiation. This beamis fed into an illum nation
system (i | | upgipat ©smputés, systenhi€ cai sead egsages @akdtreceiveadata) (pcludingagregram code,
condi tioni ng neans, such as a beam expander Ex, for exanple. The

i 11 umi nat or {hkoudR YheGRIPEKES, rREIdIE lihk g20TRaNSorihioatichahteifag ItiBe Iothe Etemad/ or
i nner radial extent (comonly referred to as a-outer and a-inner,

respecti vel y%x;tﬁl%let, Derb &t B0ShiloH: (HinSihlt b ReueQBd EdUetfbea Matiol pafdeinh t@Sughi t

wi |l general onprise vari ous other conponents, such as an integrator IN

and a conde ;@fe%%?@% I%gpiﬁ g%,ﬁoyﬁg?wé&elﬁ%g&u?&mmw&i ne-A% ke Waskrddcdas a

desired uni _ ensi Fstribution inits cross-section. [65]
the" housi ng A HRameR st grasidenplpda PRtARh ardfas RLEE R "F 8 Cose
Fomt e 1 rom GHETHIOR GG RGP QOL8Rb Ao if AEGEEL R PR ST OHCDAm & hat
it produces being led into the apparatus (e.g., with the aid of suyitable
di recting miprowssy 104 a¢ i iy meaiend andoiaiared ingtaspgecdevicnd 1848 @ﬂ\%%?{“i"ﬂ%m% our ce
HALS an storage for later execution. In this manner, computer system 100 may obtain application
code in the form of a carrier wave.
[62] * Fig. 10 schematically depicts an exemplary lithographic proj ection apparatus that
could be tuned utilizing the process of present invention. The apparatus comprises:
- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA;
- a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g., a reticle), and connected to first positioning means for accurately positioning tlhe
mask with respect to item PL;
- a second object table (substrate table) WT provided with a substrate holder for

* holding a substrate W (e.g., a resist-coated silicon wafer), and connected to second

positioning means for accurately positioning the substrate with respect to item PL;




26 excinmer |aser (e.g., based on KrF, ArF or F2 lasing). The current

i nventi on enconpasses at | east both of these scenarios. [66] The beam PB
subsequently intercepts the mask MA, which is held on a nask table M.
Having traversed the mask MA, the beam PB passes through the I ens PL, which
focuses the beam PB onto a target portion C of the substrate W Wth the
aid of the second positioning neans (and interferonetric nmeasuring neans

| F), the substrate table WI' can be noved ?gcurately, e.g. so as to position
different target portions Cin the path of"the beamPB. Simlarly, the

first positioning gggn ur . position the mask MA. with
respect to the pat E‘Bg(pé‘:ﬁtﬁ]g%gge{a%% , ; ﬁa%’% af '? éﬁéér(rlé'c’hcﬁhpt% o @ ardiloé)\%rzlfl Opé\‘c\git he
mask MA from K library, .or..during a n. In neral , novenent of the
obj ect tabl €% g‘ﬁ)ﬂ“n?%wf’%ﬁgmg %‘E ”?aéjé%égﬂﬂw toﬁ%?%glagf Bg’gfon?f R JHGESRIBRE ‘i e
(coarse positionhng) and a short-strqoke npdul e (fine positioning), which
are not explSPEPEFHE BRHPILPETF qigs) ?f'g? supstrateidever , in the case of a wafer
stepper (as opposed to a step-and-scan tool) the mask table MI may just be
connect ed t dod sHerdepistaddicecim diaappanatus iy ofipeanpaistive &ipe (f 6 Mas THanseigiive ed
tool can be used in two different nodes: - In step node, the nmask table M
i s kept essamskalHoweventin gergral, it mayalambeof 4 re@ectivekype, for example (with a
reflective mask). Alternatively, the apparatus may employ another kind of patterning means
as an alternative to the use of a mask; examples include a programmable mirror array or LCD
matrix.
[64] The source LA (e.g., a mercury lamp or excimer laser) produces a beam of radiation.
This beam is fed into an illumination system (illuminator) IL, either directly or after having
traversed conditioning means, such as a beam expander Ex, for example. The illuminator IL
may comprise adjusting means AM for setting the outer and/or inner radial extent
(commonly referred to as c-outer and o-inner, respectively) of the intensity distribution in
the beam. In addition, it will generally comprise various other components, such as an
integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA has
a desired uniformity and intensity distribution in its cross-section.
[65] It should be noted with regard to Fig. 10 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is a
mercury lamp, for example), but that it may also be remote from the lithographic projection

apparatus, the radiation beam that it produces being led into the apparatus (e.g., with the aid

of suitable directing mirrors); this latter scenario is often the case when the source LA is an




il mage is projected in one go (i.e., a single "flash") onto a target portion
C. The substrate table WI is then shifted in the x and/or y directions so

that a different target portion C can be irradiated by the beamPB; - In
scan node, essentially the sanme scenario applies, except that a given
target portion Cis not exposed in a single "flash". Instead, the mask

table MI is novable in a given direction (the so-called "scan direction”,
e.g., the y direction) with a speed v, so _that 27 the projection beam PB
i s caused to scan over a nask image; conc&prently, the substrate table W

I's simultaneously noved in the r gppasite . direction at a speed V= M/
in V\ﬂi ch M i x5imer laseh g i *&aé?ﬂr anie Arfgr ??e‘ﬁﬁnﬁer%‘? {le?'eéjiﬂvﬁf,‘“%eni‘fgp%?es 35y,
In this manner, a relatively large target portion C can be exposed, wi thout
havi ng to colepstdathse thase pea@nast i on. g

[66] The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which focuses
the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning means (and interferometric measuring means IF), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the beam
PB. Similarly, the first positioning means can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g., after mechanical retﬁeval of the mask MA from
a mask library, or during a scan. In general, movement of the object tables MT, WT will be
realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module
(fine positioning), which are not explicitly depicted in Fig. 10. However, in the case ofa
wafer stepper (as opposed to a step-and-scan tool) the mask table MT may just be connected
to a short stroke actuator, or may be fixed.

[67] The depicted tool can be used in two different modes:

- In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e., a single “flash”) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can be
i:radiated by the beam PB;

- In scan mode, essentially the same scenario applies, except »that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a

given direction (the so-called “scan direction”, e.g., the y direction) with a speed v, so that




{68] The concepts disclosed herein may sinulate or mathematically nodel any
generic imagi ng systemfor inmagi ng sub wavel ength features, and nay be
especially useful with enmerging i magi ng technol ogi es capabl e of producing
wavel engt hs of an increasingly smaller size. Energing technol ogi es al ready
in use include EUV (extrene ultra violet) lithography that is capable of
produci ng a 193nm wavel ength with the use of a ArF laser, and even a 157nm
wavel ength with the use of a Fluorine |aser; Moreover, EUV |ithography is
capabl e -of produci ng wavel engths within a range of 20-5nm by using a

synchrotron de gryjettidntteng MB WRbwed & scaebidrarm&R ilbsdd torRuRbB Tk sWhstitchbnlb
energy electrons in order to produce photons within this range. Because

nost mat er i alveT & SmakeRbRly MBv¥ flth® sddl & §FHRGR ditdHSHThNALIBN VYA PE which
produced by reflective mrrors with a nulti-stack of Ml ybdenum and

Silicon. The ymildd mabiabeh bf I%%H%Qcalllﬁ}'ﬂ = Pl 55" hl\’ﬁ’ﬁsyxf?%glg{,’ :80flvcly

Silicon where the thi each er rs'a quarte wave
smal | er wave ]g b roduced with X-ray lithography. Typi.cally, a
synchrotron !agélﬁé ?it 0 %‘%@8@%@6 RRoeh gﬁ%\?@’é& Wm‘gf’rﬁggx%?gﬁhﬁ‘?'er ial is
absorptive a&if-r mavelgy(%hs, a thin piece of apsorbing terial defines
wher e f eat ur 88 wollFSFOBr Pt ‘? i bergl pastiapliatenr mashematically pade any genenic
resist). {69] Wile the concepts disclosed herein may be used for inmaging
on a subst r atRESHGSHSER for igiaging sHb Wardength featimes) andyeaybrrspetiadlydseivhwithhe
di scl osed concepts nay be used with any type of 28 I|ithographic imaging
systens, e. gemerging yeagipgigchinplogigsegpatde ofipredisstg wiavelengthk of art inacasigly smaller
waf ers.
size. Emerging technologies already in use include EUV (extreme ultra violet) lithography
that is capable of producing a 193nm wavelength with the use of a ArF laser, and even a
157nm wavelength with the use of a Fluorine laser. Moreover, EUV lithography is capable
of producing wavelengths within a range of 20-5nm by using a synchrotron or by hitting a
material (either solid or a plasma) with high energy electrons in order to produce photons
within this range. Because most materials are absorptive within this range, illumination may
be produced by reflective mirrors with a multi-stack of Molybdenum and Silicon. The multi-
stack mirror has a 40 layer pairs of Molybdenum and Silicon where the thickness of each
layer is a quarter' wavelength. Even smaller wavelengths may be produced with X-ray
lithography. Typically, a synchrotron is used to produce an X-ray wavelength. Since most
material is absorptive at x-ray wavelengths, a thin piece of absorbing material defines where
features would print (positive resist) or not print (negative resist).

[69] While the concepts disclosed herein may be used for imaging on a substrate such as a

silicon wafer, it shall be understood that the disclosed concepts may be used with any type of




[ 70] Al though the present invention has been described and illustrated in
detail, it is to be clearly understood that the sane is by way of
illustration and exanple only and is not to be taken by way of limtation,
the scope of the present invention being limted only by the terns of the
appended clains. 29 Wiat is Cained Is: 1. A nethod of tuning a
first lithography systemutilizing a reference |ithography system said
first lithography systemand said referencg |ithography system each having
tunabl e paraneters for controlling imagi ng performance, said nethod
conprising t n

| magi ng saidn&leglIa gﬁﬁé?ngﬁ%h@}zgﬁgﬂégﬁﬂ @g%ggg%cggﬁﬁgﬁggggg ?ggﬁggg%?and
measuring the jnmaging results; i maging said test pattern ut|I|2|ng
said first IV?%ﬁbraphy syst em and neasurlng the inmaging results;

calibrating said i nodel ut|I|z said i sul.ts I.es di ng
to said ref eWQ}]ceAra Mgl?%ﬁﬁif%%?“é‘ﬂ? gn éféﬁcpga‘g‘i"gglhi‘%ﬂ d%%‘[iéﬁ Eol?ﬁ

a first set of paranmeter val ues unln% sai d callbrated i.ma node
utilizing sa?léafg’ﬁ’&Plﬁ@oﬂé%Flt@a@éﬂsrté’s wordithgstaton gdpxpmpleronty %"F}d@g 1%
system said tuned calibrated nodel having a second set of paraneter

val ues; takendjyuwey efgimsidtnphe seopt of e pfesengiinvehiiomheing imiiest enyy pderam
based on a difference between said first set of paranmeter values and said
second set obf thasppendeerclaimksues.




2. A nethod of tuning a first |ithography systemaccording to claim1,

wherein said first |ithography system conprises a scanner. 3. A
met hod of tuning a first |ithography system according to claim1, wherein
sai d i magi ng nodel conprises fixed paraneters. 30 4. A met hod of

tuning a first |ithography systemaccording to claim1, wherein said
tunabl e paraneters of said first |ithography system correspond to said
tunabl e paraneters of said reference Iithﬁgraphy system 5. A net hod
of tuning a first |ithography system accofding to claim1l, wherein said
tunabl e paraneters of said first |ithography system and said reference

| it hography a%ste%hare et at a nom nal value when inmaging said test

pat t ern. ——QL%r~¥g%%§%uter readabl e nedi um cont ai ni ng a sequence of

i nstructions which cause a conputer to performa nethod of tuning a first
li t hogr aphy syst em@ifiethodiof omsdiret  ghesramhy e gp apheng y sferpcelinoeraplyst

| it hography system and said reference |ithography system each having

t unabl e par ayeieey s1id Grst Ebagrephyl sysigmiand ghidgelsesn¢edrtheatenky sysira eaeh hoens
conprising the steps of: defining a test pattern and an i magi ng nodel ;

i magi ng sai dutabdd pgpahetens fongbntrolkngignagaigberfofrearenceid méthabraagivisingth¢ gmsand
measuring the inmaging results; inmaging said test pattern utilizing said
first |ithogfaphy system and neasuring the inmaging results; calibrating
said i magi ng nodel utilizing said imging results corresponding to said
reference |ithogﬂgﬂmﬁg§ﬁ§{ﬁﬂbmﬁﬁhqngﬁhﬁgéﬁk@g;inaging nodel having a first
set of paraneter values; tuning said calibrated i magi ng nodel utilizing
said i magi ng rest d i e i i ] r -.sai d
ined cali brat od mmey S OB A e S erbeh R AP B PhBcg
sai d paraneter.s of saifd first |ithography system based on a difference

bet ween saiym?FP'?gggyﬂ%f paraneter val ues and said second set of paraneter

val ues. o . pe s . : ' :
imaging said test pattern utilizing said first lithography system and measuring the

imaging resuits;
calibrating said imaging model utilizing said imaging results corresponding to said
reference lithography system, said calibrated imaging model having a first set of parameter
values;
tuning said calibrated imaging model utilizing said imaging results corresponding to
said first lithography system, said tuned calibrated model having a second set of parameter
values;
adjusting said parameters of said first lithography system based on a difference
between said first set 0f parameter values and said second set of parameter values.
2. A method of tuning a first lithography system according to claim 1, wherein said
first lithography system comprises a scanner.
3. A method of tuning a first lithography system according to claim 1, wherein said

imaging model comprises fixed parameters.




31 7. A conputer readable nedidn1according to claim®6, wherein said

first lithography system conprises a scanner. 8. A conputer readable
medi um according to claim®6, wherein said imgi ng nodel conprises fixed

par amet er s. 9. A conputer readabl e nmedium according to claim®6
wherein said tunable paraneters of said first |ithography system correspond
to said tunable paraneters of said reference |ithography system 10.

A conput er readabl e medi um according to claim6, wherein said tunable
paranmeters of said first |ithography sy3 em and said reference |ithography
system are set at a nom nal val ue when inmaging said test pattern

11. An appar at ¥s Ameihod oBtupihg @€k dithapedphly gystatl atrdiy foldimal, KkRadsaaf
tuning a first lithography systemutilizing a reference |ithography system

sai d firstudablelRgmapdty oSt @81 1aRckrefHyhyEtehR6ABG8nd id ARALAMNY pSYHRtERgach
havi ng tunabl e paranmeters for controlling imagi ng performance, said nethod

conpri si N@uithsresh&PSHOS B,y a test pattern and an inagi ng nodel;
i magi ng sa?d tgst patt%?%gﬁ %??zing said reference |lithography system and

I 13, 1%, haohiflol SRR fct inogkdRY <R AL R0k PRLUS HAC L' "0

said first |ithography Sys el

o sai d r PR RCETRINSOPay LbRaret Srd ol D rarael agr g FHUER vl ng
a first ngt:t a?fa n r%{n% Va;[lueerwl\lle%l irlillggi;rlg said test pattern.

6. A computer readable medium containing a sequence of instructions which cause a
computer to perform a method of tuning a first lithography system utilizing a reference
lithography system, said first lithography system and said reference lithography system each
having tunable parameters for controlling imaging performance, said method comprising the
steps of:
defining a test pattern and an imaging model;
imaging said test pattern utilizing said reference lithography system and measuring the
imaging results;
imaging said test pattern utilizing said first lithography system and measuring the imaging
results;
calibrating said imaging model utilizing said imaging results corresponding to said reference
lithography system, said calibrated imaging model having a first set of parameter values;
tuning said calibrated imaging model utilizing said imaging results corresponding to said first
lithography system, said tuned calibrated model having a second set of parameter values;

adjusting said parameters of said first lithography system based on a difference between said

first set of parameter values and said second set of parameter values.




32 tuning said calibrated i magi ng nodel wutilizing said inmging
results corresponding to said first |ithography system said tuned
cal i brated nodel having a second set of paraneter val ues; adj usting
said parameters of said first |ithography system based on a difference
between said first set of paraneter val ues and said second set of paraneter

val ues. 12. An apparatus according to claim1l, wherein said first
| i t hography system conprises a scanner. 13. An apparatus according to claim
11, wherein said inmaging nodel conprisedl fixed paraneters. 14. An

apparatus according to claim 11, wherein said tunable paraneters of said
first lithografhy eygtuemnredablespediunth d0oslitigdo tlaial] wheraihandtfestditinfer iy d
reference |ithography system

system comprises a scanner.

8. A computer readable medium according to claim 6, wherein said imaging model
comprises fixed parameters.

9. A computer readable medium according to claim 6, wherein said tunable
parameters of said first lithography system correspond to said tunable parameters of said
reference lithography system.

10. A computer readable medium according to claim 6, wherein said tunable
parameters of said first lithography system and said reference lithography system are set at a
nominal value when imaging said test pattern.

11. An apparatus having a processor configured to perform a method of tuning a
first lithography system utilizing a reference lithography system, said first lithography system
and said reference lithography system each having tunable parameters for controlling
imaging performance, said method comprising the steps of:

defining a test pattern and an imaging model;

imaging said test pattern utilizing said reference lithography system and measuring
the imaging results;

imaging said test pattern utilizing said first lithography system and measuring the
imaging results;

calibrating said imaging model utilizing said imaging results corresponding to said
reference lithography system, said calibrated imaging model having a first set of parameter

values;




15. An apparatus according to claim1ll, wherein said tunable paraneters of
said first lithography systemand said reference |ithography systemare set
at a nom nal val ue when inaging said test pattern.

32
tuning said calibrated imaging model utilizing said imaging results corresponding to
said first lithography system, said tuned calibrated model having a second set of parameter

values;

adjusting said parameters of said first lithography system based on a difference
between said first set of parameter values and said second set of parameter values.

12.  An apparatus according to claim 11, wherein said first lithography system
comprises a scanner.

13. An apparatus according to claim 11, wherein said imaging model comprises
fixed parameters.

14. An apparatus according to claim 11, wherein said tunable parameters of said

first lithography system correspond to said tunable parameters of said reference lithography

system.

15. An apparatus according to claim 11, wherein said tunable parameters of said |
first lithography system and said reference lithography system are set at a nominal value

when imaging said test pattern.




