1 A Method O Perform ng Model - Based Scanner Tuning Technical Field [011
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 optimzation of performance of nultiple

| it hography systenms. Background [02] Lithographic apparatus can be used,
for exanple, in the manufacture of integrated circuits (1Cs). In such a.
case, the mask may contain a circuit pattern corresponding to an

i ndi vidual layer of the IC, and this pdttern can be inaged onto a target
portion (e.g. 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 a whole network of

adj acent target portAddshehOf Parformingddsdél \Bsyd Seanadr Tueisigvi a t he
projection system one at a tine. 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 comonly
referred to as a wafer stepper. In an alternative apparatus, commonly

r ef er r ed XeshpicabFiglden_ and- scan apparatus, each target portion is irradiated
by progressively scanni the mask pattern under the projection beamin a
gi ven ref[@ibncﬁlﬁd*ﬁqhemh ﬁﬂf ¢fithepresent avnitingy reldies gernterably)to whidttedsyd phgoaous| y
scanning the substrate table parallel or anti-parallel to this direction.
Si nce, i rprogarefoaperfedrengimodeddbhsedncapst aningiahd oftanieationZo agegallof Lat i on
factor M (generally < 1), the speed Vat which the substrate table is
scanned optitdizadfien af pexi@indlof biipld Mdbgraphydistemst he mask table is scanned.
More information with

Background

[02] Lithographic apparatus 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 diés) 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 1s commonly referred to as a wafer stepper. In an alternative apparatus, commonly
referred to as a step-and—scén apparatus, each farget 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




regard to |ithographic devices as described herein can be gl eaned, for
exanple, fromUS 6,046,792, incorporated herein by reference. [03] hi a
manuf act uri ng process using a |lithographic projection apparatus, a mask
pattern is imaged onto a substrate that is at |east partially covered by a
| ayer of radiation-sensitive material (resist). Prior to this imaging
step, the substrate may undergo various procedures, such as primng,
resist coating and a soft bake. After exposure, the substrate may be
subjected to other procedures, such as Za post-exposure bake (PEB)

devel opment, a hard bake and neasurenent/inspection of the inmged

f eat ur es. migii§caiondactaM pgaoerlyrds, thespeedl ahwhieh thysubgratctaplatis ssppnedn

i ndi vi dual | ayer of a device, e.g., an IC. Such a patterned | ayer nmay then
under go -vaili bes faproebethnesthsint vhizh tiet minkrighle isarannag| lslioteatfoomat{@hopithng) ,

metal li zati on, oxidation, cheno-nechanical polishing, etc., all intended
to finishreghki tanthop@phit dedkbeslaa ek ribdd her&@vartal plday Ifor xb@plepfitinesl, then
t he whol e procedure, or a variant thereof, will have to be repeated for

each new kayenor EueRoHAld HereiRBy Afférd)ce0f devices will be present on the
substrate  (wafer). These devices are then separated from one another by a

techni qu eh()%gc hh-laasng'iuﬂcﬂlging rgroc@%"&sﬁ% al ?gtﬂ}gjfgg)ﬁ' aé%%ﬂl?% aqﬁ:}@ll(( ﬁg?rﬁ an be

nount ed o carrier, confiected to"-pins,™ e sa
sinplicity, th oj ection,.system nay hereinafter be referred to..as the
"| ens"; h%\)@%eﬁ, (J%%%% %‘ﬁf téa?%hgﬁl ﬁﬁga% EXrB?@aC Viclreldtrll) &1L %3813{510% A glrtrlggs si ng
various types of . proj.ection.systens, inch%din refractive optics,
ot 1 ect | vEUSpe EsisDabtoRR A BHEHs R Jie Wbl ey UndeEhypRCusHRecciiinof § on
system may al so i ncl ude conponents operating according to any of these
desi gn t y$ysh as pRmHE, et Gegtingsand sisal bake. ol capesiisgthe sebshpt et hcon beam of
radi ati on, and 3 such conponents may al so be referred to bel ow,
col | ect i veibjectsd tabtheuiregekyres,suchnas'd psexposure baked PEBY, evdlopmeag radyahd lake
apparatus may be of a type having two or nore substrate tables
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
"lens"; 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 th_e'proj ection beam of radiation, and




(and/or two or nore mask tables). In such "nmultiple stage" devices the
additional tables may be used in parallel, or preparatory steps may be
carried out on one or nore tables while one or nore other tables are being
used for exposures. Twin stage |ithographic apparatus are described, for
exanple, in US 5,969, 441, incorporated herein by reference. [05] The
phot ol i t hographi ¢ masks referred to above conprise geonetric patterns
corresponding to the circuit conmponents to be integrated onto a silicon
waf er. The patterns used to create suéh masks are generated utilizing CAD
(conputer-ai ded design) progranms, this process often being referred to as
EDA (el eciuglopirepaients grayalfodsutipmed to bivlest, callprively exfiaguarfyohd ®Wers"set  of
predeterm ned design rules in order to create functional masks. These
rul es ar efwther, ke Iphegragss appaahd mbydiegi a typeihaaing oms or tore sebsduatz tebledesi gn
rul es define the space tol erance between circuit devices (such as gates,
capaci t or(and/ed vo)or @fort fiask @blag)e di suchi“ARliplSaags dedc@nbaidlitidnal tablbemay r cui t
devices or lines do not interact with one another in an wundesirable way.
The desi gje used %Siakamel, 3t hrRPsradriBstdps Phay el Mrric@loff 6:86hel R ntte tablek Whddbne
di mrensions" (CD). Acritical dinension of a circuit can be defined as the
smal | est |1 ' . : i nes
o tup hol e it Aoieh B° piing dRfFor Bpohilfe "o oEB 1BREEERHERI Y of "The
desi gned gi reuit UE S . inn rated circuit
fabricatf%%xﬁgaf%r%%?ﬁﬁ%ﬁ ?%5?@%&%&5%25@%%9%§?5%§gf&§ﬁw§3it design on the
waf er (via_the mask) .. 06]. Anat he | .is to be able to utilize the sane
or ocess{07lor TRtk Rl ARG ElsraC fabore HPRBE ZnPIic RIS Shhy syst oms
(e.0., scanners%ﬂmﬁthout havi ng to expend consi derable anmounts of tine and
r esour ceSOHBIPERHNE fhihe cHeiifoapeugtyloderntegged optoglironiwatelg Tap RytiEyst em 4
to achieve optinmal/acceptable imagi ng performance. As is known,
desi gner siehigi ot sick pusit arageersiddsitizivg & Alhtemputsi-aideddesugn) pragsays,
determning the optinmal settings of a |ithography

this process often being referred to as EDA (electronic design automation). Most CAD

programs follow a set of predetermined design rules in order to create functioﬂal masks.
These rules are set by processing and design limitations. For example, design rules define
the space tolerance between circuit devices (such as gates, capacitors, etc.) or interconnect
lines, so as to ensure that the circuit devices or lines do not interact with one another in an
undesirable way. The design rule limitations are typically referred to as "critical dimensions"
(CD). A critical dimension of a circuit can be defined as the smallest width of a line or hole
or the smallest space between two lines or two holes. Thus, the CD determines the overall
éize and density of the designed circuit. Of course, ohe of the goals in integrated circuit
fabrication is to faithfully reproduce the original circuit design on the wafer (via the mask).
[06] Amnother goal is to be able to utilize the same “process” for imaging a given pattern

with different lithography systems (e.g., scanners) without having to expend considerable

amounts of time and resources determining the necessary settings of each lithography system




system (e.g., scanner), which include nunerical aperture (NA), 6;n, ao"t,
etc., when initially setting up a given process to work with a particular
scanner so that the resulting image satisfies the design requirenents.
Indeed, this is often a trial and error process wherein the scanner
settings are selected and the desired pattern is imged and then neasured
to determne if the resulting inage is wthin specified tol erances. |If
not, the scanner settings are adjusted and the pattern is inmaged once
agai n and neasured. This process is repeated until the resulting image is
within the specified tol erances. [07] However, as each scanner, even

i dent i cal toestiebe ogtpead/acesgtablsiimaging perfarmanasptiscaknovsy, dssigriersjenginbes srend OPES)
when inmaging a pattern, the actual pattern inmged on the substrate differs
f r om scanaedsnsiderdbiroamment afiténd andtoecgidéttanien IGREsimaFsattings abrp lithogaphy er ent
OPEs . associated with given scanners can introduce significant CD '
vari at i ongysteif @UAcatinko hwhidisinchidé Aumérical speitate (N@Ysd:Rlogy, 2., Sihaplinitiallyi | | ze a
new scanner at the nom nal settings to inmage a given pattern, as the

resul ting tﬁwg? B £a0erVjiHoYesE RN YRR pard duiudaiford6 $iak 8 rédlt@Rtimaghus, if it
i's desirag%e 0 u?i?ygéeg difgeréntI%?anneratorpriﬁt argivgﬁlgg tern, the

engi neer Ssa@i}'ﬁ%ssth?ﬁéesig?eré gir%ﬁleﬁt's’.n fadbOE 1REW FERDBEH a?{/&%r%%cegs%crrﬁﬁ tet I Ng

i mge satis requi refents. Current this 1s typically

Zg gg grs): ilzgcﬁﬁr&??#tﬁgésga%%l%e&eaﬁpeﬂ 61%{1 El%{éilegrﬁglcp%ag ié’\?riha Qd gnsd thQno&ggsg%i?qg e, is both

ve Tl _ ] such, re’1s a need Tor a method
brocess. T 4FBENH i IESEm e e I PMBHEoH I GUFARY 1298k et S HBEs TRt
require a trial and error process to be performed to optimze the process
and scannadivssestandibpspaticsipimagsd Ansefgnipiaat Acagrsth nidys presespisnencaliérgdl there
is a need for a nethod for optim zing the imging performance of nmultiple
scanner s thetrdsultiog poage is withinghwspecifigd tderagagsk t hat does not
[07] However, as each scanner, even identical model types, exhibit different optical
proximity effects (OPEs) when imaging a pattern, the actual pattern imaged on the substrate
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 pattem, the engineers must
optimize or tune the new scanner, so that the resulting image satisfies the design
requirements. Currenﬂy, 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




require a trial and error optimzation process. Summary [09] Accordingly,
the present invention relates to a nethod for tuning |ithography systens
so as to allow different |ithography systens to inage a given target
pattern utilizing a known process that does not require a trial and error
process to be perforned to optim ze the process and |ithography system
settings for each individual |ithography system [10] Mre specifically,
the present invention relates to a nodel -based tuning nethod for tuning a
first lithography systemutilizing a réference |ithography system each of
whi ch has tunable paranmeters for controlling inmagi ng performance. The

met hod i nior eehbgndinduatsepwenfln othef widaghere isosteep durtagnethathigr aptirizagiting  nodel ;
imaging the test pattern utilizing the reference 1ithography system and
measur i ngintdgéngi peefginmace ebubitiple scargisvgtht ragetids b gpah tapa nusk thazdorg nbhe

first lithography system and neasuring the imaging results; calibrating the

i magi ng nﬁq@hgaﬂﬁl&kﬂﬁﬂﬂoﬁ@ﬁmﬂﬂﬁ&h@gﬁgeSU|tS correspondlng to the reference
l'ithography system where the calibrated inmging nodel has a first set of

par aneter val ues; tuning the calibrated i maging nodel utilizing the
i magi ng rgﬁﬂh&gzcorresponding to the first lithography system where the
tuned calibrated nodel has a second set of paraneter values and adjusting

the par ameber SAbraiddh thd frédent ik GH ARAK: USHERPRR R RN Aol sraas
ﬁ e SEC C] s par arret er

bet ween t e first se aramet er va ues
I, T SRR TR R
cystem and e\ gl o Tecel coch hate.c %En'effaasf@”@%&@zzsﬁwocea@f. ing
A St P i graphy Sysh Selfings For cabl individual lihography systm, | 09" aPhy system

[10]  More specifically, the present invention relates to a model-based tuning method for

tuning a first Jithography system utilizing a reference lithography system, each of which has

tunable parameters for controlling imaging pe;fonnance. The method includes the steps of

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 Iithbgraphy 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 pararﬁeter values; and adjusting the parameters of

- fhe 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

an imaging model, where both the lithography system and the imaging model each have




measuring the imaging results, where the |lithography systemhas a first set
of paraneter values; tuning the imagi ng nodel utilizing the inmaging
results corresponding to the |ithography system the tuned inmagi ng nodel
havi ng a second set of paraneter values; adjusting the first set of
paranmeters of the |ithography system based on a difference between the
first set of paraneter values and the second set of paraneter values. [12]
I n anot her enbodi nent, the present invention relates to a nmethod of tuning
a lithography systemutilizing a targdét pattern, where the |ithography
system has tunable paranmeters for controlling inmaging performance. The

net hod i nohaeparahetesstfeengpllige fmagingpesformanse. phe methad mskdanthe s ¢fg nodel ;
imging the target pattern utilizing the first |ithography system and
measur i ngddfimbg aigstipaserht imagmig the tedt ipaert helizimpid)e hithogfaphhsystearg@t pattern
utilizing the imaging nodel and determ ning sinulated imging results, the
i magi ng np@alrihaihc gaging fdstls what teflitharae sesten Ahdwelist dedBpanamitarg t ar get
waf er data based on the sinulated inaging results and a difference between
t he i magi muésetﬁﬁing%eq&g]ging@ndd@rlgﬁftzm@aﬁé Bapingaaahts boHddgorldhe to kRQi ng nodel

k)

utilizing the target wafer data; where the tuned inmagi ng nodel has a second

set of paﬁ@g%@{yes E{ﬁ?é{g t%%h ﬂgagéﬂagg@m hBMH%Q E&:oH@ﬁe@EPﬁa?{llﬁet&fvaﬁL{E%

|'ithograp ase erence between the first set of
mventi oreRUF Be T st oR B AT Pho BRI bl pE R o
ool - bas i 3 cRBEREERbHAND Y FE SBiSBH A ZLPPATCRT RSl ng per f of mance. and.
OPE mat chi ng between different |ithography systens, jncluding scanners,
whi ch ar 185 iy anethen srhedpeent. thgaetchienyeven relatesiogdpetod Adrmne As a resul t,
the nmethod readily allows perfornmance natching between different scanners
of the salitbograptelsysismwiilirings tdrgst ppégri.ovirante li%‘mgcﬂﬂhh gystrat hasdwnagler f er ent

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 éf 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 utiliziﬁg the target wafer data; v.vhere 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 in_ventién provides significant advantages over prior art methods. Most

iﬁpoﬁanﬂy, the preéenf invéntion prbvides a systémati.c"ﬁ;ld"c_ost effecti{ré fnodel—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




nodel scanners. [14] Additional advantages of the present invention wll
becone apparent to those skilled in the art fromthe follow ng detail ed
description of exenplary enbodi ments of the present invention. [15]

Al t hough specific reference may be made in this text to the use of the
invention in the manufacture of I1Cs, it should be explicitly understood
that the invention has nmany other possible applications. For exanple, it
may be enployed in the manufacture of integrated optical systens, guidance
and detection patterns for nmagnetic donmfin nenories, |iquid-crystal

di splay panels, thin-filmnmagnetic heads, etc. The skilled artisan wll

appr eci at éargetpaiten, s g prsult.ghe mgthodreadilicdlloaistperfommange magshingbgiweoms, any use
of the ternms "reticle"”, "wafer” or "die" in this text should be considered
as bei ng difdrent ecinhgrs piibe sonemgds es wtll aefonperformeice, mattis nhbdtwedoadiffenent
"target portion", respectively. [16] In the present docunent, the terns
"radi at i oniodalndarinesant are used to enconpass all types of el ectromagnetic
radi ation, including ultraviolet radiation (e.g. with a wavel ength of 365,

248, 193, (157 gHdilidkl BdanfREk FFWhG fresehf BUEhtvh Wil b¥dol cBhpirestitd tHoe8skilfedd -
having a wavelength in the range 5-20 rim. [17] The Pern1nask as enpl oyed

in this tgXhe BYroREmPEARWN dhiRE RESE: naéfe&éﬁﬁagaath engsedf%éﬁﬁ‘e gt terning
(0] | at a

k
means that can be used to endow an incomng ra Ion beamw t
patterned;crass-section, corresponding to a pattern that is to be created
in a target portion of the substrate; the term"light valve" can al so be
used in thi

o5e0 1 LT, RISk s SRR b e L LA Rl sucr
patterni nr%anr?fgcrg&re io? (l:(llsl,J gcesimuld 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 ultraviolét 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
.;g.éner.ic batterning means that can be ﬁsed to endow an iﬁ;:oming radiatibn beamw1th .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




a programmable mrror array. An exanple of such a device is a

mat ri x- addressabl e surface having a viscoelastic control |layer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
light as diffracted |ight, whereas unaddressed areas reflect incident |ight
as undiffracted light. Using an appropriate filter, the said undiffracted
light can be filtered out of the reflected beam |eaving only the
diffracted Iight behind; in this manner§ the beam beconmes patterned
according to the addre55|ng pattern of the matrix-addressable surface. The
required (renshissinclorreBeitivg teany.pbasseshffongrbubrids civg, suaiplisioéobpresel oni ¢
nmeans. More information on such mirror arrays can be gl eaned, for exanple,
from Uni t pateStiag msanRatodinies US 5, 296, 891 and US 5, 523, 193, which are
incorporated herein by reference. a programmeble LCD array. An exanple of

such a constr U-Cé{:I Bralfn Bl /8 Rrdr Brrd I AnefamPledF @fchRateeRt isdmmriz28dBdsdbleWhi ch
is incorporated herein by reference. [18 The invention itself, together

with furt%?fac@ﬁiﬁ%ef g@lgp @o%aﬁ or afi @0 r e RRLL S e, YRIASLRLAR Sglﬁfé)i)eﬁﬁ erence

to the fol I OW ng escrlpt oA and t he acconpanylng emati c

drawi ngs. Bri ef De Ccr. enpl ary
ovonar (PR ﬂi%ﬁ“ﬁ%&aﬁaﬂeﬁs@f e(p %Faess%f%ie el ket RS R g2
illustrates a gr I resentation t he process set forth in Fig. 1

o 1311 rgenthepCatarled Da R B s ‘??tBPdFPFélggbﬁsce spanned by
t he tunabl e and non- tunable paraneters of the i maging del |IIustrat|ng

t he exanpm@hfm@tﬁéhglﬁeUﬁleg]albp@romaﬁeafﬂﬁréh%S%W!%%Ml%@@ﬁaﬁﬁ Heredewt &b the

non-tunabl e parameters. [22] Fig. 4 is a second graphical representation of
t he spaceths pdlented beam.tleryitgnrdibthe 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.




non-tunabl e paraneters of the inmaging nodel illustrating the exanple where
t he tunabl e paraneters do not have an orthogonal affect on the non-tunable
parameters. [23] Fig. 5 is a block diagramgraphically illustrating the
conponents involved in the nodel-based scanner tuning process of the
present invention. [24] Fig. 6 illustrates a graphical representation of
anot her exanple of the first enbodinent of the present invention. [25]

Fig. 7 illustrates a graphical representation of a second enbodi nent the
met hod of the present invention. [26] %ig. 8 illustrates a graphical
representation _of a third enbodi nent the nethod of the present.invention.
[27] Fi g.[B]i sFig bisadkstdrapducahiepresentytion & the spass spannedpy theiungbletaadnomi ch can
assist in the inplenmentation of the nodel -based tuning process of the
present i hmeble puametedgif thei iglaging medblathedtiatng thy exdemplic e the whage aphi ¢
projection apparatus suitable for use with the nethod of the present

i nvent i onparbeatersihptd @rorthog@lal kfeet oh thesioaturakiepataateyers.| owchart i1l lustrating
t he nodel - based scanner tuning nmethod of the present invention. As

expl ai ned22n dEgad isadedvt @viphichiereprRiNRHR BT thb Spdet §5@Atd hyhe AldaBlk and! | OWS
for sinultaneous optim zation of 1maging performance and OPE mat chi ng

bet ween ;Qqn-ahimélsﬁ%etlﬂstoﬁaﬁriﬁagmg ﬁﬁbﬁ&l‘?ﬁﬁstra@iﬁﬁhb'gh{i%@olf %&;&%émm ch are

being utilized to i mage the sane “target pattern. Referring to Fig. 1

e 1St ok 0B 8 D DBiREESR B B Blec oottt il
suitabl e [tlg]St ng.tSI i§5B10ck diagram graphically illustrating the components involved in the
model-based scanner tuning process of the present invention.
[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
present 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
[291 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




(also referred to as nodel calibration gauge patterns) may be utilized. The
test pattern wutilized should sufficiently represent the features to be

i mged so that a robust nodel capable of accurately predicting imging
performance of the |ithography system may be generated. Such test patterns
can be readily generated/sel ected by those of skill in the art once the
target pattern or application is determned. It is noted that it is also
possible to utilize the target pattern to be inaged as the test pattern in
the calibration process. i 4 [311 Oncd0the test pattern is defined, in the
next step (Step 20) each scanner to be tuned (including the reference
scanner) {iffepablithpgraphysiystoms.tinglvdiagerangess, vk agbaieswilized lrimagerig syped.

When i maging the test pattern, the paraneters, P, of each scanner is set at
a predefiargetpatem.nal val ue, which is chosen during the process design
Preferably, the same nominal value for each paranmeter is utilized for each
scanner dwoj NgRéfleing IRBigNY ted fitsheed Ssdp [0paT the pcehéxtb defilkethe estpdttcmg
features in each of the inmaged wafers are neasured so as to obtain wafer

data i ndi gatik ¥ebtiltBEtd FARBaRANPRLIQ THBNeRrte tAndl KeRit#eBEfattemor t he
purposes of facilitating the follow ng explanation, the neasured wafer data

(MD) is i gwﬁjh : ﬁﬁ%ﬁ&% =1 he waf er
dat a/ i mag ﬁ%r&?@éu 0 FH%$¥%$Stg€%g ner,)$%y%egg$%§ég§ﬁgén%@ﬂﬁhe waf er

g2t | 0108 S o SR PRG0S PR

It is not e neasuremne _ _
R Bt A e R e e RN
necessary neasurenments of the wafer data wll be defined by the nodel being
utili zed Sush testprtismsiean precaiipgingtpicdisslceisd by B}oagof? adas a%omﬂé%ta@é? i ni ng
the relevant pattern space.
pattern or application is determined. It is noted that it is also possible to utilize the target
pattern to be imaged as the test pattern in the calibration process.
[31] Once the test pattern is defined, in the next step (Step 20) cach scanner to be tuned
(including the reference scanner) images the test pattern and the imaging results are
measured. When imaging the test pattern, the parameters, P, of each scanner is set at a
predefined nominal 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 thé following explanation, the measured wafer data (WD) is
| designated WD_1, WD_2 ... WD_n, where Wle. corresponds to the wafer datafimaging
";esult of the first scanner, WD_Z éofrespénds té the lwafer. datafimaging result of fhe 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




[32] Once the wafer data is nmeasured, the next step (Step 30) is to
calibrate the nodel wutilizing the wafer data associated wth the reference
scanner. The nodel paraneters 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-tunabl e paraneters are fixed and the tunable paraneters are adjusted
until the image generated by the nodel (i.e., the sinulated result)

mat ches the actual inmaging result pro@hced by the reference scanner. Thus,
t he nodel paraneters MP R are adjusted (i.e., calibrated) such that the

i magi ng reestdur of the guiged deabire thichiepr be pestpuaed pilizingSEM| Twartcally. thfat a
associated with the reference scanner WD R within sone predefined error
criteria mcesshry mdsgemends ehthpwefsr Bite will be defined b thetrhadel beipg stilizedbl e nodel
for sinulating the imaging performance of a scanner may be utilized in

t hi s procepssent tie imxgEnpp@cess uslibe Hysign mkbMdefifiocihs redxpaspatermipdad. ) or
LithoCruiserTMoffered by ASM.. It is further noted that any one of the
scanner s [39] beddcd MedwaBddadie neasieed, HattxadSipaRis (¥ Balbrate theidddl My be
utilized to calibrate the nodel. As another alternative, it is possible to

average th@ WekRs wael @&ud %rso&zﬁGJ‘wnmhe BRrIEARARAS. ﬂ(@nbdel aiam\é%rﬁ) for each

necessary measurenment to be input into the nodel, and I ze these

h del
aver age VRLAERAR 0F B ARSI Bl gs@?a;&em;a%ﬁ?mﬁ&e%%%@a%gé e, e
t d, del | i brat t et MP_R i
tuned i n SREBTREHEGS P e e Sre B S 520 BB MBI R the orven

scanner (i. canner j). More spegifjcally, utilizing node| parapeters
MP_R as aor%%ea%)ttﬁﬁe?fhﬁmalfiﬁaarﬁ@ﬁwa% Ked %'EF%?@J%P%?HIWS 3 4TI xed and
the variable or tunable paraneters in MP_R are tuned so that the nodel for

t he gi verthatragagpgnerated by the model (i.c., the simulated result) matches the actual imaging
result produced by the reference scanner. Thus, the model parameters MP_R are adjusted
(i.c., 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 pm(.:eSs',.for example, the Tachyon FEM
(focus-exposure-model) or LithoCruiser ™ offered by ASML. It 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

..JI:In.odel _péra#ﬁeters MP R.
[33] Inthe next step (Step 40), for cach scanner to bé tuned, the modél calibrated in the

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




MPRi, produces an imaging result which is the sanme as the actual wafer data
WD i associated with the given scanner (i) within sone predefined error
criteria or the best match possible. This step is a standard calibration
step, which is an iterative process in which the variable nodel paraneters
in MP R are adjusted until the output of the imging nodel corresponds to
the desired image (MD_i). Step 40 is performed for each scanner to be
tuned. [34] Once the nodel MP R is tuned for each of the scanners, thereby

creating "n" nodels MP Rl ..... MPRn (ldhere n is the nunber of scanners),
in Step 50, each of the scanners is tuned fromthe noninal paraneter
val ues t hassosieled withithe giea scanngetier ataanarie Yerespesificatly.aptiligmganodgp | ... WD

-n utilizing the paraneter values of the reference nodel MPR and the

adj ust ed pard@btepsdviB it bes garhpoil, theMon dumplegafanctdrd 9, MPhR rgeaiafeecad th  of
each scanner are tuned in accordance with the follow ng equation: [35] P
= Pi (nomgad)e of thdabIR paraldtedn in NIBGY anshered s&thaf hemiddal for thergheapemds, t o t he

nom nal paraneters utilized to géﬁerate the initial wafer data WD i; MP_R
corresponfifp RQ PeHRERIamagial rdstle whithiiPihatask ARHEhcthfkvatfdiatarveber ence
scanner, and Ri corresponds to paraneters of the calibrated nodel for

o ! PO .  brat t
e Scan&%&s&g}d with 8he ners%%rgfl_gr @?ﬂ?%&?ipﬁ%ﬁgg&%ﬁgﬁ &fiﬁqﬁﬂth& B&Omben t une

the corresponding sc e foregol ng

. only, |ike par. ' '
process. Rk MG BAT TSGR Al-ERLLASH A b ATLANG, RRRL WPEUARR

executingp?ﬁ oregoi'n a unabl'e 13

paraneters a T, T2 ... .. . ang. their.val ues f t.he reference nodel
re (T v Seppple hodel pardingesss i MRy e il bl B e o e g o8, T8
nom nal val ues, Pi, of these paraneters are tuned by a delta egual

f
(T3 i Corpnongp to the desinrimoag D B S5er 46F ReTiRrIH doR el g to b6 tuned.

[34] Once the model MP_R is tuned for each of the scanners, thereby creatimg “n” models
MP RI1 ..... MP_Rn (where n is the number of scanners), iﬁ Step 50, each of the scanners is
tuned from the nominal parameter values that were utilized to generate the initial wafer data
WD _1.... WD_n utilizing the parameter values of the reference model MP_R and the

adj usted model parameters MP_Ri. More specifically, the parameters Pi of each scanner are
tuned in accordance with the following equation:

[35] - Pi=Pi (nominal) + MP_R — MP_Rj,

[36] where Pi (nominal) corresponds 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 scannef, and MP Ri corresponds to parameters of the calibrated mb_del for the
scanner(i). The resulting parameters, Pi, are then utilized to tune the corresponding
_Scanner(i)_. o _ . _

(371 It is noted that in the foregoing process, oth like parameters are subtracted from one

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




operation it is possible to reduce/mnimze the difference between the
nodel s such that the two scanners performin the substantially sane
manner. Thus, the foregoing process provides a systematic process which
allows for the matching of simlar scanners (sanme type and nodel of

machi nes) as well as for the matching the imagi ng performance of different
scanners (i.e., different nodels and/or nmanufacturer). It is noted that the
tunabl e paraneters typically include, but are not limted to focus, dose
illumnation sigma, stage tilt, etc. The fixed paraneters include, for
exanple, but are not limted to, resist parameters and etch paraneters.
[38] Fi g.p@ameiprggror(di ek a.-grahmndhiir valpesiornthe sefrsnceonodsharef(Stedar ng.
process. As shown in Fig. 2, the process effectively conputes the

di f f er encBmbetnddenscanver@)iare (Idh, 18¢ ann€ms), (hivRoRinabhvadudsPPiRbfj thesegpatanexeruit i | i zes
this conputed difference to tune the actual scanners. Figs. 3 and 4 are

gr aphi cal are apedbeadetd @unsl to{T IR i SpPadRi spatmsdnhy Bhserfounaigltee ffckoing
non-tunabl e paraneters. Fig. 3 illustrates the exanple where the tunable

par anet er g ehaee itadpdkibRag adliate/mafih S th o fitREcRAvdH liabhedddaRR B2, and
‘Fig. 4 illustrates an exanple where the tunable paraneters do not have an

orthogonatkvoes,g%rﬁl EH ) Qxb%ﬂdﬂ@ﬁl&%axﬂéhﬁ e"rﬁ s, ﬁm&gw B?d%)éss resi dual

errors are or to t € Sspace spanne é tuna araneters. In

the case aﬁrmﬁ s Sé/gltgmglflg @‘ﬁ&e%s INBQH‘a 18'\9@%' %e%gchrhgg of S'Tmﬁar sta ersa(ga%%l trgﬁear e not

ort hogon Mpensat gree nces

caused by the n t unabl.e s, thro tunln e of the
Lunabl e FaPAMEERHAC wes)[aég‘rﬁﬁ?go ?hfrflgtda%ﬁ%d%a%ﬁl%a?f hiigesid ey
|IIustrat|ng the c onen i nvolved in the _nodel -based scanner tunlng
process CFARE ( b?e‘g ﬁrten'irﬁﬂ}%rlﬁq T meauRyTEH). I Kaoted dind Hisrivaabls predndes a
tuning target and a scanner to be tuned. As is clear fromthe foregoing,
whi | e t hdypically include, but are not limited to focus, dose illumination sigma, stage tilt, etc. The

fixed parameters inciude, 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 (MP 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 parametersl. As éhown_, 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 orthoéonal it is possible
1o compensate to some degree the differences caused by the non-tunable parameters, through

tuning the value of the tunable parameters.




is always at | east one scanner to be tuned, it is possible that there would
be multiple scanners to be tuned. The scanner to be tuned is always a
physi cal scanner (i.e., an actual device). However, as explained in
further detailed below, the tuning target may be either a real scanner or
a virtual scanner or contour. As detailed above, the tuning anmount is the
di fference between the virtual scanner (i.e., nodel) of the scanner to be
tuned and the virtual scanner (i.e., nodel) of the tuning target. In the
nmodel - based tuning process disclosed Mherein, the nodel (i.e., virtual
scanner) provides the |ink between the tuning target and the scanner to be
tuned. [ 4BP] AsFigctied bldck diagrasogreplipalytibusizeiing the cempensats invokied dn Hief f er ent
tuning targets in the foregoing process. The three possibilities are a
physi cal modeibesed scambr tiniap pscess o thegnekent imdalon. edls skafvay the epmpenentsExanpl es
of the use of the three different tuning targets are described below The
first optinehdé stunmgUinighi e adcpiysh dalunedansérclas fivinght fonégoing, ahiethercA

physi cal scanner was utilized in the exanple detailed above. Utilizing a
physi cal ﬁ%ﬁfﬂ}@ Bt 18t I)Ilﬂ%caﬁﬂéﬂtd”& tindIR s R aMle dies el wERELEBRLRII NG aliREveEN
scanners. In addrtron it allows for matching between |ike scanner units

(€.9., SN} petymed. B %)aneﬁ-{q%ﬁeégl%dﬁarv@s@%ﬁ sséar?sc%ﬁrm%@é%%ﬁmm%j It al so

al lows for matc etween d erent “scanher types ronrthe samne

manuf ac t e’:vei31 V\?plw&is 111ff8rt e%&tﬁﬂéﬂ%l %Hlng ?a?‘gegt'. reﬂH&rc!t' rg{) jere nt

nanufact ornr nodél - base r tunrng et ween

di fferent scanner evi ces the ro as,set forth ve in Fig. 1
is utiliZEHIEpE’ %ﬂ%@ééﬁ?ﬂnér Ora?é’gtﬁﬁ’i ggs ‘i)eﬁaéfég 8§%§ &y ﬁlglglgl%no@?gﬁ i s scanner
A and the tuning target is scanner R, h§%3%LSt ste é Et test

pat t er ns diffetepg eﬁ‘geeﬁélrﬁ Yiginal seannprei-c pmedsite %Scaﬁ‘er?ﬂr ?fi g’é& EFUR ang
scanner R so as to generate wafer data WD -A and WD R Then, the inmaging
nodel bei segnngt (ilsi, model) of daltirirgireggt. f lprthe 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 different tuning targets in the
foregoing process. The three possibilitics are a ﬁhysical 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 between 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
rrlénufacturer, as well as for métr:hing_between .scanners.from different manufacturers.

[41] When perfonning 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




scanner R such that the results of the nodel accurately correspond to WD R
wi.thin sone predefined criteria. Next, the non-tunable paraneters in the
nodel MP_R are fixed and wutilized in the nodel and the tunabl e paraneters
are adjusted such that the results of the nodel (now referred to as MP RA)
associated wth scanner A correspond to WD Awithin sone predefined error
criteria. Then, in the final step, the paraneters of scanner A, referred
to as PA are tuned fromthe nom nal paraneters, P, utilized to produce WD
Ato"P+ M_R- MP-RA". Fig. 6 providés a graphical representation of
this process. [42] As an alternative to the foregoing, it is also possible
to cal i breaene fescapgen angtheduningtarget i ssywir Rithe firshelep wdoprist teft pattenhodel
accurately correspond to WD A with sonme predefined error criteria, and

t hen fi x wHeingowentioal apinecrparaaretsre Ps on hoth veannede kndeamnea Robous itd generatchese
paraneters in nodel MP AR The tunable paraneters of MP AR are then

adj ust ed safehddthWD A hel WEs Rl tThemfthd heaginpdaddeMAhy @iod isafalibrattdtfbr scanner R
correspond to WO R within sone predefined error criteria. Then, in the
final steRandchR spet AEELEFSulf of TEARNBRI adurdi@] e6¥&Fond 10 WA, R aifid soaed from
the nom nal paranmeters, P, utilized to produce Ato "P + W AR M_A".

N yet angtifhe kAL QB (b ndBrAbRE pRARSIRR tenolic MiZR A0nRYERRGe OF the

two foregoi ng processes when determ hing the anount to—tune scanner A

These Dr QRED3FR 2 og@lAPulSulble doFEk UDEN UAEAAAARIRT S ORI T erent

manuf act ur ers. , an exa pro 1'Zing a virtual
scanner (i. nodel s t ing. target. The first step..n,the.process
ot o on ! iroRrsiarert et VP R L ekiott SUEE sigmict port<Rberkle BpyA Wil rode
MP_Kis calibrated for the given process being utilized and produces

fesul ts wRMERTSEEnd FTor ﬁﬂ@aﬁ«e%ﬁineabtﬁﬁ ol sieor GF pEametsrs of scame’ o nigdep is

to print test patterns wth the current scanner C (i.e., the scanner to be
tuned) arid anBAsE &ineh Eopdbenemingl pesdragiers, 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 ﬁﬁal 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
—MP_A”. In yet another variation, it is also possibie to utilize an average of the two
foregoing processes when determining the amount to tune scanner A.  These processes can
| .E.ll.SO be utilized when tunin.g.sca.mners ffom different manufacturers.
[43] Next, an example is provided of utilizing a virtual scanner (i.e., model} as the tuning

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




data, thereby generating data WD_C. Next, all of the non-tunable paraneters
in nmodel MP K are fixed and the tunable paraneters of nodel MP_K are
adjusted so that the results of the nodel, now referred to as MP KC,
correspond to WD 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 WO C, to "PC
+ MP K- MP_KC'. This process can be useful for correction of drift (e.g.,
| aser drift) within the scanner, and Well as correction of drift in other
| i t hography processes ﬂ%/&? , resist process, etch process, etc.) The
process i Brefirady.ukamede M%@palmrgp%gvr@eglw@mr@@w yiihizechangi RpedicesPC
process, where the OPC process is effectively incorporated into the nodel

t o whi ch tekdts vgluetnare withinl Somiggredgfined! erfor ciitsrimot lechexhsiep istto pPRU(FSE BAUSIRS t O
utilize an FEM nodel in the foregoing process as the reference nodel.
Further, whe thedekntreaineod gieddhe atrder icbd tocads aahseagefeabeissuloopdafer ons. A
graphi cal representation of this process is illustrated in Fig. 7. [44] As
not ed aboyg,, thdrelySzeAbrathPRESWY €. t Next! il 612Re Borv@hle paRhetels idmotidle t uni ng
target. This process is useful for optimzing a scanner for a specific

device magp koaré’ﬁﬁédfﬂna%le%ble(ﬁa%ﬁét&%fﬁ}:()&aw Q@aﬁﬁhjﬂx&%@m bt thefestil® | as

for optimzing a scanner for a known mask error. The first step in the

brocess 1 g h@mbIAARPIMcAd 2PAP! kECARMAA RS ARARIRBRUpRALARALE.

which is refrerr 0 as € nhs I maged-utilizing the scanner to
val ues sk, et SRRt O pbrep g Bt P Tl e B 2 R, R
o o1 von ot e T MR T BT anivi oot B e TH M on Todel |
may be utilized) which is referred to as MP_C, the target pattern is
pr ocessedVByKfHe Thisdupcavpen bgngefgl baceestien pidrtt @ Vareedrigavishiphec  Next
the tuning of the nodel MP_C necessary

scanner, and well as correction of drift in other lithography processes (e.g., resist process,

etch process, etc.) The process is also useﬁﬂ 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 rep_resentation of this process is illustrated in Fig. 7.

[44]  As noted 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,

whiéﬁ is refefred to aS.WDﬁM. | The mask is .imaged utilizing the scaﬁner 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




to obtain the desired sinmulated imaging result, which is referred to as W
CT, is determned by the equation: WO CT = WD C + (WDT-V\DM [ 45]
Thereafter, all of the non-tunable paraneters in nodel MP_C are fixed and
the tunable paraneters are tuned so that the nodel, which is now referred
to as MP CT, produces a simulated inmaging result which corresponds to WD
CT. In the final step, the scanner to be tuned is tuned fromthe nom nal
settings of "PC' to PC+ MP CT - MP.C. Fig. 8 illustrates a graphical
representation of the foregoing procesd? [46] It is noted that the

f oregoi ng process can be useful for optimzing CDU across the chip after
the mask PFED.HEHEINg 3 2iven mpdeldpas with thejexpraples ghewe.ainy suitable sigulatieomadal eyt hat
inthe foregoing process, a limtation on the tuning may be necessary to
prevent ekeeltlgiedevhiomisngferrédio as WP |G, tettengeiduitemes prattserdiy thonwiddeviBdAC i n t he
CDU. For exanple, a test pattern may be mxed in order to anchor the

t uni ng pr asiggsduckdsinulbkdsvafén dath Wit €gaNgxtohe anagréthet micdeh N PalCs@cakirows f or
scanner optimzation for a given nask error. Mire specifically, the

process eftaidis thelkedidisigul fed ihidgaittrefidd Shichiid Rfedreld ROMWDMETKisicfchined
referred to as MP M It is noted that in the given example, MP_Mis

essenti al hyihelh@uioEM Wi th a known non-tunabl e paraneter (mask error)
changed by a known amount. Then, utilizing the nodel MP M wthout the

mask error, simulate thg;gbeéif_: té@ﬂ(V(fb-?-WD%@f)er contour) so as to

obtain sinulated wafer ta wth mask error, T. Next, all non-tunable 18
a1 ) R oL e R R AT AR ¢
STl ated LRG0, e LIS, 00, L1, LS5k, BELLOLR L eh Gorgsponds Lo VD
produces a simulated imaging resuit 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. Htis noted that in.the given example, MP_M is essentially
fﬁe FE.M.with a known no.n—;tﬁnable para@eter (fnaék :I:r.rof).chaﬁged by a known amouﬁt.
'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




the nom nal settings of "PC' to PC + MP_MI - MP_M'. This process allows the
scanner to be tuned to inmage a mask with a known systenmatic error. [48] As
not ed above, the nodel -based scanner tuning provides nunerous advant ages
over prior art nethods. Mst inportantly, the present invention provides a
systematic and cost effective nmethod for the optim zation of imaging

per formance and OPE nmat ching between different |ithography systens,

i ncl udi ng scanners, which are being utilized to image the sane target
pattern. As a result, the present invedBion readily allows perfornmance

mat ching between different scanners of the sane nodel as well as for

per f or manp@ameteesin mpdpldyiRedrire dxetdi andehe tumelle pargpetaiarsadiysg sugihbatibe hods of
the present invention also allow scanners to be tuned to a known nodel or
a known wabéel, montaferred(td aeMP_ M, gesdugratatsemuijted ibeese psulidessieon the testw f or ,
anong other things, |ithography process drift corrections, scanner

opti m zat pgerd Which cGiraspondSRCWIP IO da Sis: fi:8e s elic @pideriodattiud if tiedfrempeci fic
device mask in order to optimze CDU and scanner optimzation for a known

mask err Ofhe nbRMat Eéttiﬁ% ofuptherrcnothvad Mhatvipogel TISERAEAR bl b d/ihE Scafer to
i nportant aspect of the nodel based™ tuning/ matching/optimzation process

of the pr i J hﬂﬁﬁl - total |ithography behavior
can be degiﬁﬁﬁéﬁqgg U%Q@%'§H%§ a juﬁg%g%n%% y the t unabl e paraneters.
Brion's T @EES " K& H&g&'gbeo've”qgel oaei—%%'ed%gmngrv ‘L%ﬁlﬁl? ?Eo%ﬁc%? 'ﬁl]:l r%u@gdvgﬁtgges ver

€
focus-exp re process W ndow varl ati on. can al sO~acni eve

nodel separabilit i espect. . tq many 19 t her tunabl raneters, such
o bt - ratoaroied STosk iR e TR TRbR Rison BT e EBE SRS o r ange
of parameter change. If the tuning anount is too large_such.that it goes
beyond t h‘éff%%meg‘éﬁ vy ontisyizatign gEImage RegierYice anf YEE RAGIERERFYIough t wo
or nore steps. :

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

target pattern. As a result, the present invention .readﬂy 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 th.at model separability is an important aspect of the model based
tuning/matching/optimization process of the present invention. In other words, the total

| iithogra]?ﬁy behavior .calll;ole described accuré.tely by adjustin.g only the tuﬁable pafameters.
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




[511 It is also noted that if desired, the effect of the tuning on the
pattern can be analyzed using an OPC verification tool such as Tachyon's
LMC (Lithographic Manufacturability Check), since the nodel can
guantitatively analyze the inpact of the changes to the nodel (i.e.

tuning) on the full chip patterns. The procedure for performng this check
is as follows. First, use LMCto simulate full chip on-wafer contour using
t he nodel s before and after tuning. Next, conpare the difference between
the two contours to analyze the differéfces between the two. [52] Wth
non-tunabl e paranmeters allowed to vary, it is also possible to

quant i t at Pthe tynablgpargmecsach wsbetuef limitedio, NAefllugdnation, eihewithinla chi p
pattern. The residual error is the difference between the after-tuning and
tuni ng t arcgemablFhange afipdvaneterobapdel dhdd thyng dnpdunhiy tedlergesde] thitdt goeshe waf er
data, and allow ng both tunable and non-tunabl e paraneters to vary, i.e.,
fitting abeybnd thenmdie] schagkitityrandehhe vafigg caldicachiaved thloagh th& digndrdEiep
sirmulate full chip on-wafer contour using nodels which: (1) only allow

tunabl e pgasn RITELk B aSsolmdtddanal ifl desiPed, tHeRpfcbRdiele mﬁiﬁ%‘bﬁl hePdticrlcat BeadaiRbd g
procedure), and (2) allow both tunable and non-tunable paranmeters to vary

(i.e., thg{odehpe Qﬁﬁﬁ}ﬁti&g{oopgucﬁ E§T§clﬂ gr?% Egﬂ%%ﬂfl@ggljgﬂlﬁt: ufagﬁ?a%iﬁtﬂi s is

done, a comparison is nade to Identi ces between the two

contours. (‘f:ﬂ-étgﬁ)é gfmt,é fHe %c&@lt caﬂ %h%ﬁ?e?w%p Cn 39% ﬁgtrirﬁpzigl:? oe1£ tpg 815%%%3&(83 ?ll%eorg ! cée? roafter

tuni ng. | re are contour erence

acceptabl g, the normual. scanner tunjng based.on existi unabl e, 20

par anet er&es niiest ey SR Palns Mbe ProRrie: oRrToriRS BHaHEK 2et MOy be
taken to enabl e Qgre,pﬁfaneiens to he tunable, or scanner changes may be
r equi r ed. Fi[s53pe WMlopimyigiedult ehip pa-va&r sguPwgispiedbesedds hsfarcand alteiossi bl e.
As one exanple, when wafer data is available for both current scanner
condi ti orfuging Newh erinpast Ge difteomds betwaen e gwo contours to analyze the differences

between the two.
[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 to vary, i.e., fitting a
full model based on the wafer data, and then using EMC 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 tuning 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 betwéen the two contours. The difference

“ ‘.t.)e.t.ween tﬁe contours. is thé residu.al error ‘after.tuning... If theré are contour d.if.fc.arénces.t]:.lat.

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




the case of matching between two physical scanners w thout a prior nodel,
an alternative enbodinent is to performjoint calibration on the wafer
data utilizing both current scanner condition and target scanner

condition. This entails performng a joint nodel calibration process which
al l ows non-tunable paraneters to vary in the calibration process but forces
themto be the sane in both the current scanner condition and the target
scanner condition, and which allows the tunable paraneters to

i ndependent|y vary under both conditioRd8. After the joint calibration, the
di fference between the tunable paraneters of both conditions is the

opti mal t premgiciswrmble thBdlicw the tuginggoal. Fidddional astiprsrmaysttalion |ty gnably es a
conmput er system 100 which can assist in the nodel -based scanner tuning

met hod di seloseandies & be tu@idg ot soansy shage®0y bevehuwdsls a bus 102 or ot her
comuni cati on nechani sm for comuni cating information, and a processor 104
coupl ed W33 baserh@R:ch ar thp fregim procdsith areidol pdBsiblE0 AP vheexasipdd, eted 00 al so
includes a min nmenory 106, such as a random access nenory (RAM or ot her
dynam ¢ sharpafa j8Milate fof B Icegert el cbAALHERAindihfihl Mgdt 05 IitES £gn iand
instructions to be executed by processor 104. Main nenory 106 al so may be

used for §QniNg Iﬁagam%r%yeeﬁ%b gm(sgc%bgym%mﬁho  AHROMROdALR altBheiymt i on

during execution of iInstruction e executed by processor 104. Conputer

System 10gmlfjcycfilrhtc1rﬁris {o'bglatﬂﬁlg Foift g%@%%i@”d&th?%@f&%atét il Iiré'gll?oﬁ]? Ot B8hngt ati

storage evice coupl or s ornmation and
e B PR A0 B AR IR BB o
Coupl od VPECHTSMKBAIPES BTG e eIy AR I8 CodrRUAIOTa PR CRT) o
flat panel or touch panel display for displaying information to a conputer

them to be the same in both the current scanner condition and the target scanner condition,

and which allows the tunable parameters to independently vary under both conditions. After

the joint calibration, the difference between the tunable parameters of both conditions is the

optimal tuning amount.

[54] Fig. 9is 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

device, coupled to bus 102 for stbring information and instructions to be executed by

processor 104. Main memory 106 also may be used for storing temporary variables or other

”i.nterrrlled.iaté iﬁformation dunng execution 6f ins&uétioné io be é){écuted b.y. brocessor 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.




user. An input device 114, including al phanuneric and ot her keys, is
coupled to bus 102 for communicating information and command sel ections to
processor 104. Another type of user input device is cursor control 116,
such as a nouse, a trackball, or cursor direction keys for conmunicating
direction informati on and comrand sel ections to processor 104 and for
controlling cursor novenent on display 112. This input device typically has
two degrees of freedomin two axes, a first axis (e.g., x) and a second
axis (e.g., y), that allows the device2lo specify positions in a plane. A
touch panel (screen) display may al so be used as an input device. [56]
Accor di ngAtSPTesrelcEien d 49 pieh asgrmagmetic dislenr onsigal dinks isipsmddegfand igeundedhtiorbas
tuning process, for exanple, sinulation operations, may be perforned by
conput er $Yiorptpdnminformatiens puhisgructonsr ocessor 104 executing one or nore
sequences of one or nore instructions contained in main nenory 106. Such
instructi g nEymppeersysteimi 160 maybi roupeDviy bdO B th amispiuydti Devich as a cathode
conput er -r eadabl e medi um such as storage device 110. Execution of the
sequencesrayaibel (TR UElii@asel 0O Mudh pRE! difhIARIN ABRDhY iBAnARHIEE cREMAGSSOT
104 to performthe process steps described herein. One or nobre processors

in a mul thspr 8 G981 AYiRIANHSIRAL 2B e an@@th@f@y%é%gou%%dqgﬁﬁéjf@ e

sequences of instructions contained in main nmenory ternative

enbodi Ment Gy Ak M8 Fioh GHd EJ%nﬂ%ypﬁegﬁ%#ﬁ%g ﬁ}é)@es%laﬁﬁ. %oﬁ{%h@? SPpRLnation

with 22 software rnstructions to | Inventi on.

enbodi nen; of the inventio e .not limted to.any specgific conbination
of har tuapBo HeviBR GROERART) B St hanguh ek B RBE Sl ibn da PR

medi un' as used hergén refers to an nediunlﬁhat participates in providing
i nst r uct i GHEMYBCYHPS EReiop 1ngunation apd epphselestiens ta prasaisoin] Meapd forake many

forms, including but not limted to, non-volatile nedia, volatile nedia,
and 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., v), 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, sifnulation operations, may be performed by computer system 100 in
response to processor 104 executing one or more sequences of one or more instructions
contaimed 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 OF IMOre Processors in a multi-processing arrangement may also
.l;e"el.nplo-yed to execufe the Seqﬁénceé .o.f instmci;i;ns contained in main méfnory 106. .In

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




transm ssion nedia. Non-volatile nedia include, for exanple, optical or
magneti c di sks, such as storage device 110. Vol atile nedia include dynam c
menory, such as main nmenory 106. Transm ssion nedia include coaxi al
cabl es, copper wire and fiber optics, including the wres that conprise
bus 102. Transm ssion nedia can also take the form of acoustic or |ight
waves, such as those generated during radio frequency (RF) and infrared
(IR) data comuni cations. Conmon fornms of conputer-readabl e nmedia include,
for exanple, a floppy disk, a flexibl@&disk, hard di sk, nagnetic tape, any
other magnetic nmedium a CD-ROM DVD, any other optical nedium punch
cards, papdtwaraipeiruciiops wtimplemshithe abntinadilhng, winbpdimgats péthednehtioires, a
RAM a PROM and EPROM a FLASH EPROM any ot her menory chip or cartridge,
a carri er nowdingitedso desspecifie dohengionaff hendwagrcianyryapdh esftwereli um from whi ch a
conputer can read. [58] Various fornms of conputer readable nedia may be

i nvol ved {37] CaTlie/tei “cigpubdi-réadille meQigHETs asedderaef@s tonmy énddigi thact i ons to
processor 104 for execution. For exanple, the instructions may initially

be borne Bﬂtiapﬂ@sgiﬂ%éﬁdiﬂ% slstrdftionls oG FBeSsof QPR 8Xeculliie SRAALRdIEORFRYL er can
| oad the instructions into its dynam c nmenory and send the instructions

over a ! ELERNADRorinl Nfcilidh gutquf@gﬁéa tofhdHRARANIL A, ToifiOMRME alpgSy St em 100

can receive a on the te one ' line and use an Iinfrared transmtter

to conver %a&glgnﬁss%%tn?e(ﬁag ﬁnnm\izo ftil 51%913%1'1&? ! for %ﬁaén% folpﬂct,arl gf Igllg%]r%?lF ﬁ&'ké‘) T Iogcr:) Led

to bus 10 ['ecerve the data carried in t are al and p

o By SR BLesaR e P AR S b b R T ™
instructions receiived by main_ nenpry 106 nay optionally be stored on
storage dE deansgossnagtia meluds eoagtal Gables cCRECHs YK fibsy Opicsdadeding s,

wires that comprise bus 102. Transmission media can also take the form of acoustic or light
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 medium, a CD-ROM,
DVD, any other optical 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
.(..:o.mput.e.:l; .cz;m load thé .inéfruc.ti.ons. ir.1t"o its dynamicmm.emo.ry. and .send the i.nstructions. 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.




[ 59] Conputer system 100 al so preferably includes a comunication interface
118 coupled to bus 102. Conmunication interface 118 provi des a two-way
data communi cation coupling to a network Iink 120 that is connected to a

| ocal network 122. For exanple, conmunication interface 118 maybe an
integrated services digital network (1SDN) card or a nodemto provide a
data communi cati on connection to a correspondi ng type of tel ephone |ine.
As anot her exanpl e, comrunication interface 118 may be a | ocal area network
(LAN) card to provide a data conmmuni c3®i on connection to a conpatible LAN.
Wreless links may also be inplenented. In any such inplenmentation,

comuni caf\h érargst detectos eoupl@l to dngl$02xqad reactrgdhendsda esraest injtheainfraredl signalemdgnet i ¢
or optical signals that carry digital data streanms representing various
types of pladecherédta ombug Q] BNetl Obederi¢s thikd42® maipnealdry 1§06, dordeskicdat a

communi cation through one or nore networks to other data devices. For
exanpl e, metaasurk 04 kotkevk? Bnd@cirelit etractions) MHEL iharictibdrectgied b eadin net wor k
122 to a host conputer 124 or to data equi pment operated by an |Internet
Servi ce Rnp@MbEeans taSRBptidLfly bk Mreklh sidtadetleRich N PY LiBRS bEBlbrafbMakai gahi on
services through the worldw de packet data communi cation network, now
commonly geferred hp as the "Internet” 128. Local network 122 and Internet
128 both e electrical, electronmagnetic or optical signals that carry

digital reans. The signal s-through .the various. networks.24 and the
i onat's At herv BRI ROl 330 ARG R e o B TR RE348 T 16" Wn
carry the digital ta to and.fromco ter .system 100, are exenpl ary
form of upled &bmagsﬁowﬁalﬁ%mfﬁw&%f%ﬁ iy %@ﬁwgnwas{@iq COBYRIHSAHPD sy st em
100 can send_nessages and receive data, _including prﬁﬁian1code, t hr ough

t he net woioRPlNgE to gaetisk link K30 thaigs copmgctedipmiasd aetvork | H dior 8@10a8. I n the

| nt er net
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
thi’ough local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in tum provides data communication services
.tllllrouéh the \;\forldwide packét dﬁté.cc;mml.mi.c.:a;[.ioﬁ network, .ﬁéw commo-nlj; referre.d.to as
: the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic

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




exanple, a server 130 mght transmt a requested code for an application
program through Internet 128, ISP 126, |ocal network 122 and conmuni cati on
interface 118. In accordance wth the invention, one such downl oaded
application provides for the illum nation optim zation of the enbodi nent,
for exanple. The received code may be executed by processor 104 as it is
recei ved, and/or stored in storage device 110, or other non-volatile
storage for |ater execution. In this manner, conputer system 100 may obtain
application code in the formof a car’#er wave. [62] Fig. 10 schematically
depi cts an exenplary |ithographic projection apparatus that could be tuned
uti | i zi ngandibe pevdess ngvork lakdat andithensgh sommpRsaigpatesices! I@ovwpich sesy  a

radi ati on system Ex, IL, for supplying a projection beam PB of radiation.
In this fedigialdar tocaddiont drenpusd spstdnn h0G et exemplagiofoooapl dages wavesadi at i on
source LA, a first object table (mask table) MI provided with a mask hol der
for hol di fgnsgoriiagkhe iMdOgticn., a reticle), and connected to first
positioning neans for accurately positioning the mask with respect to item

PL; a seciyfl obbhFlted 30 108URSchalRsdaddy M) rMWEiRIdM BlERldik pRyodarS GRL r at e

hol der for "holding a substrate W(e.g., a resist-coated silicon mafer),

and conne i1 o ACGC liye PRSHL 1040 t he
B Sikntf REEORE), RN AN} A9 PR InA L REEHEREN Vs Iéaftpée LRhag,

substrate w respect to itemPL; 25 a projection sys

(e.g., arefractiy t ri I I optiri Lical: ﬂ% .1 magi ng
an irradi g’fagﬁ’?eptgrs I?%rnﬁgflﬁgﬁtetm%rrggﬁ a%ﬁfug%cg&g etf%raggi)b 1%%&‘?‘?%%&% tg; 081??

conpri sing one r ie of .t substrate W .[6 depi ct ed herei n,
Che’ appar Bisgectn.gFP1 56 o her Bk D3 i o BBt behee e ARG St cl)
However, in general, it may also be of a reflective ty?e,,fqr exanple (with
a with the mnvention, one such downloaded application provides for the illumination

optimization of the embodiment, for example. The recetved code may be executed by
processor 104 as it is received, and/or stored in storage device 110, or other non-volatile
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 projection 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 rcticle), and connected to first positioning means for accurately positioning ‘;he
.mask with respect to item PL;
| - a. secoﬁd obj ectmt.éb.le (sﬁbstrate table) WT .p.ro;/.ided with a .substrate.holdé.r for o
~ holding a substrate W (e.g., a resist—coated stlicon wafer), and connected to second

~ positioning means for accurately positioning the substrate with respeét to item PL;




reflective mask). Alternatively, the apparatus may enpl oy anot her kind of
patterning neans as an alternative to the use of a nask; exanples include
a programmable mrror array or LCD nmatrix. [64] The source LA (e.g., a
mercury |l anp or exciner |aser) produces a beamof radiation. This beamis

fed into an illumnation system (illumnator) IL, either directly or after
having traversed conditioning neans, such as a beam expander Ex, for
exanple. The illumnator IL nmay conprise adjusting nmeans AM for setting

the outer and/or inner radial extent (édmonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in the beam In
addition, it w RIPTgesipaystomdony Bk (¢85 nalsachvh eptopbiepurrerdpirsianticals an
integrator IN and a condenser CO In this way, the beam PB inpinging on the
mask MA hspstena foeghasin emidtatiaied porsion of theemsask Y Aliogtor & bargétqportiion Ct®.g.,
cross-section. [65] It should be noted with regard to Fig. 10 that the

sour ce LAcamgyising one bhindretdies) ofthe sutngatefw.t he |1t hographi c projection
apparatus (as is often the case when the source LAis a nercury |anp, for

exanpl e) , [6Bpt Ad@picidd HErin, ahSEpphatuk QBHArdnbarit B8 pk (19a5 aRRhEniRi@l ection
apparatus, the radiation beamthat it produces being led into the apparatus

(20, W lss 08k, el BhF 1 REGEd A eicolr kil £7 scemar o

is often the case when"the sourte LA is an 26 Cl mer e.g., based
on KrF, ) asyj - I I nventi | east both
of these enspire sl thyp AV BN R ERALPGBNE RIAT B b meBRL
which is held.on @ Eﬂﬁ{( tabéﬁﬁ %{1’ Hap\{ii nﬂ traversed t mask MA, t beam
PB passes™ R ABTRATERR tediss Ot mashy, Fxani esdfidide 2 pipgra PRI e R et
portion C of the substrate W Wth the aid of the second positioning neans
(and i nt éM%BFonetric neasuring neans |F), the substrate table W can be

[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 G;outer and c-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 alsq be remate from the.lithographic projection
apparatus, the.radiation bearlnl tlaat if produces being lad into the apparatu.s (e.g. ,.With.the. aid

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




noved accurately, e.g. so as to position different target portions Cin the
path of the beam PB. Simlarly, the first positioning neans can be used to
accurately position the mask MA wth respect to the path of the beam PB,
e.g., after mechanical retrieval of the mask MA from a mask library, or
during a scan. In general, novenment of the object tables MI, W will be
realized with the aid of a | ong-stroke nodul e (coarse positioning) and a
short-stroke nodule (fine positioning), which are not explicitly depicted
in Fig. 10. However, in the case of a i20i wafer stepper (as opposed to a
step-and-scan tool) the nmask table MI may just be connected to a short

st roke acexsamenlasenfe grahpsgseor Kt drF poi lasiig. dbpfwrestinvedioneasrmiesiesed in t wo
different nodes: - hi step nobde, the mask table MI is kept essentially

st at i onar jeastdnth dnhasabdengiavask inmage is projected in one go (i.e., a
single "flash") onto a target portion C. The substrate table WI is then
shifted i s6) heThe WA TR subseljue @bl inRRepsohd Mak MAWwhikk isld o geadk tpiet i on C

can be irradiated by the beamPB; - In scan node, essentially the same
scenari 0 RAPHOMe tAVGEREth halk MAJNERah kses RR6EdhQRe fend BLNAHiclexpRRed in a
single "flash". Fnstead, t he mask table is novable in a given direction

to scan over a nask I nmage;
concurrentl the substrate.table W | i mul I I sane
o oppos pestigri el i S B g bl i RO R RO WL BE PO
the lens PL (typically, M= 1/4 or 1/h). In this.manner, a relatively |arge
target | poPEYSHABIERN: b thasdaBemtan it Hathmgians Cop s SRbhin
resol ution. Lﬁa The concepts .di scl osed herein may simnulate, or
mat hemat i B Pijni elhe m pgufiHpgmeans can be used to accurately position the mask MA

(the so-cil et PRGAM Sat&EbLARY C ff ol subdfife W. WHIPRELRME il &by speed v, so
t hat 27 e projection heam I'S cause

with respect to the path of the beam PB, e.g., after mechanical retrieval 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 of a
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
irradiated by the beam PB;

. -”In scaﬁ mod.e,wess.enﬁ.élly the sanlle“ .s.cenatl'i(.). .a;.)p.li.es, excéﬁt ”tllllét | a gi{feh 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




i mgi ng system for inmaging sub wavel ength features, and may be especially
useful with energing i mging technol ogi es capabl e of produci ng wavel engt hs
of an increasingly smaller size. Emerging technol ogies already in use

i nclude EUV (extrene ultra violet) lithography that is capable of
produci ng a 193nm wavel ength with the use of a ArF |aser, and even a 157nm
wavel ength with the use of a Fluorine | aser. Mreover, EUV lithography is
capabl e - of produci ng wavel engths within a range of 20-5nm by using a
synchrotron or by hitting a material @& ther solid or a plasma) wth high
energy electrons in order to produce photons wthin this ran% Because
most nat etfieairgiection bays P8 parsediotspaovent mapkainigas; donturanHztthosudbatc table
produced by reflective mrrors with a nulti-stack of Ml ybdenum and

Sili con. Wikismithtlianegusheiovddringhe snas @ opfoditaylerctipniat 8 spéedVb Fyife emwimichnd
Silicon where the thickness of each layer is a quarter wavel ength. Even
smal | er waygltenghdvsfivaeiyn bethp laad REEd/pidalliy AX=r1ay or 1/6}. Naghia playinerTy pilgdklyy, a
synchrotron is used to produce an X-ray wavel ength. Since nost material is

absor pti Veurgd tadkel RYHMEY BLEBRGRSsed Ay itiiuh hRIRLS cBpARSY & ReclaRer i al  defines
where features would print (positive resist) or not print (negative

on & sUbstoat of SUCRe B USARE RS vc‘a%%&ﬁﬁ""?{ﬂ P’ ﬂ%ﬁ’ﬁers?‘% 47Tt The
i sl 05 ed RGP SN TBY RGOS M A RS 8B LAIAGLARN G R O

systens On - SUDS! an silicon
scrlbed and

waf er s 70] Al though t he presen enti on has, be

Tl Gt 1 ot SUEREBRETE oI SREPRIE oLttty i geRgty ntlﬂ%rﬁas%v%ﬁvs s by
way of illustration and exanple only and is_not to be taken by

i mi tati ofiZe tieerging frehpg! Oglﬁ%alﬁﬁ%%mse mw‘éﬁﬁwn(eﬁﬁﬁrﬁguhtqwa@tah@ﬁggaplﬁy the |

terms of the apgended cl ai ns.
that 1s 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 broduce 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
layerisa éuarter'wavelength. Even smaller wavelengths may be produced with X-ray
lithography. Typically, a synchrotron is used to pfoduce an X-ray wavelength. Since most
material 1s absorptive at x-ray wavelengths, a thin piece of absorbing material defines where.
features would pnnt (positive reSISt) or not print (negative resist).

.[69] While the concepts dlsclosed herem may be used for 1mag1ﬁg on. a substrate such as a

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




29 What is Cained Is: 1. A nethod of tuning a first |ithography system
utilizing a reference |lithography system said first |ithography system
and said reference |ithography system each having tunable paraneters for
control l'ing i magi ng performance, said nethod conprising the steps of:
defining a test pattern and an i nmagi ng nodel; inmaging said test pattern
utilizing said reference |ithography system and neasuring the inmaging
results; imaging said test pattern utilizing said first |ithography system
and neasuring the imaging results; caRBbrating said inmaging nodel
utilizing said imaging results corresponding to said reference |ithography
system skibdgeahic nagiegisysteagi ag. thottalschi imaging 41 qubstragestotlt theasdiven er FI
val ues; tuning said calibrated i maging nodel utilizing said inmaging results
correspondiafegs.t o said first |ithography system said tuned calibrated
nodel having a second set of paraneter values; adjusting said paraneters
of said f{mst Aithdi@8tRaiysciyiat @b aseibe® desariliidfdng ilBRGeed hedetsien isaibd fir st
set of paranmeter values and said second set of paranmeter values. 2. A
met hod of ;MR idleAtdoli st tHel shir@ W RPN, HYMBMACHA Hhbic bRly@haidRot 1o pher ei n
said first |ithography system conprises a scanner. 3. A nethod of tuning a
first Iit : ' ik - i10. S i ' node
I&{( @8@%‘?@%‘?@?@%@ b pRYf §Q pfekd Mving MRER! it Hiy bR s

conpri ses
of the appended claims.




30 4. A nmethod of tuning a first |ithography system according to claim1,
wherein said tunabl e paraneters of said first |ithography system correspond
to said tunabl e paraneters of said reference |ithography system 5. A

met hod of tuning a first |ithography systemaccording to claim1, wherein
said tunable parameters of said first |ithography system and said
reference |ithography systemare set at a nom nal val ue when inmagi ng said
test pattern. 6. A nethod of tuning a |lithography systemutilizing an

i magi ng nodel, said |ithography systedPand said i magi ng nodel each having
tunabl e paranmeters for controlling inmaging performance, said nethod
conprising the steps of: defining a test pattern; imging a test pattern
utilizi ngWhat d Qldimkéddy aphy system and neasuring the imaging results, said
|'i t hography system having a first set of paraneter val ues; tuning said

i magi ng nodel LutAmehodef smirg 4 figlithepraghsulyitem aaliziag p osfeleng: lithogaphg

| i t hography system said tuned i magi ng nodel having a second set of

par amet er sy e4d first HidSlapiGsyS@inthntiskigrefeRhcddith R TRV 865 aéh BALG

| i thography system based on a difference between said first set of

par amet er q Y 3id5HaRidrsF6 égnt?&ﬁf?@gna}?ﬁg B foRAARERER mAUBd H&npribingAnd&fiod of

tuning a lithography system according to claim®6, wherein said |ithography
system compri ses a scanner. |1 8. A nethod of tuning a |ithography system
according fo claim6, wherein said i magi ng nodel further conprises fixed

2?;?gfgerahe?ékﬁg@géégggggglgﬁh%ggkggg%KhQEhography system according to

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 uﬁlizing said imaging resuits 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.




tunabl e paraneters of said |ithography system correspond to said tunable
paraneters of said imaging nodel. 10. A nethod of tuning a |ithography
system according to claim6, wherein said tunable paraneters of said

| i thography system are set at a nom nal value when inmaging said test
pattern. 11. A nmethod of tuning a lithography systemutilizing a target
pattern, said |ithography system having tunable paraneters for controlling
i mgi ng performance, said nethod conprising the steps of defining an

i magi ng nodel ; inmaging said target patt€rn utilizing said |ithography
system and neasuring imaging results, sinulating the inmging of said
target patter ndufirhétidg tadngla firsaihograpipdgktemrdcordiat es cihini hovierdinbad ed
imging results, said imging nodel having a first set of paraneter

val ues; dﬁtrﬁblmp@ﬂaﬂ@tetsadfgaa fingfligiogepha ?Qasﬁecbr@@p@alt@ séidl MHAbBIE PekaineREi 919
results and a difference between sal magi ng results and said target

pattern, gﬁgr&y@mggm§%h$hygﬁgﬁgg model utilizing said target wafer data,
sai d tuned I naging no having a second set of paraneter val ues;

adj usting said tH%oﬁﬁ‘?@ﬁﬁ% fifs 1%;1%@43%3;&&&@9&& g¥o Siad F%Q%?ﬁ?gal&’” a

difference between sal met er val ties and 'sard second set
Dot T e S 00, B S O ER, B
scanner. set at a nominal value when imaging said test pattern.

6. A method of tuning a lithography system utilizing an imaging model, said
lithography system and said imaging model each having tunable parameters for controlling
imaging performance, said method comprising the steps of:

defining a test pattern;

imaging a test pattern utilizing said lithography system and measuring the imaging
results, said lithography system having a first set of parameter values;

tuning said imaging model utilizing said irﬁaging results corresponding to said
lithography system, said tuned imaging model having a second set of parameter values;

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

7. A method of tuning a lithography system according to claim 6, wherein said

lithography system comprises a scanner.

8. A method of tuning a lithography system according to claim 6, wherein said |

imaging model further comprises fixed parameters.




13. A method of tuning a |lithography systemaccording to claim 11, wherein
said imaging nodel conprises fixed paraneters. 14. A nethod of tuning a

| i t hography system according to claim11l, wherein said tunable paraneters
of said lithography system correspond to tunabl e paranmeters of said

i mgi ng nodel . 15. A nethod of tuning a |ithography system according to
claim1l, wherein said tunable paraneters of said |ithography system and
said imging nodel are initially set to nom nal values. 16. A conputer
readabl e medi um cont ai ni ng a sequence 8f instructions which cause a
conmputer to performa nethod of tuning a first |ithography systemutili zing
a reference |9.t hagtimgdhy ttmystadithogaphy skysteratacdardihg gr dgimyo, syhstemaidnd sai d
reference |ithography system each having tunable paranmeters for

control | i tgablepghmeaeRr tad IMBsap h}Ss’gﬂstén‘mbH@%nﬁ QR @hitde bA8metSis@Psaiof .
defining a test pattern and an imaging nodel; imaging said test pattern
ut|I|Z|ngH§%h@Iﬂﬁ%prence l'i t hography systen1and measuring the imaging
resul ts; |nag|ng said test pattern ut|I|2|ng said first |lithography system

and, measuri g fohes hRgk Bl 34 B0 WLBLAL MR RO e

utilizing said inmging resu S CO ng to reference Q&%thography

system said,call nodel having a first set ,of .par.aneter
Vitues: 39hERienge @ St ad PP B Rsm it At DS g SRERE A ng
resul ts corre@ggndlng to said first |ithography system sald t uned

cal i br at 8 havi ng a second set of paraneter val ues;

11. A method of tuning a lithography system utilizing a target pattern, said
lithography system having tunable parameters for controlling imaging performance, said
method comprising the steps of:

defining an imaging model;

imaging said target pattern utilizing said lithography system and measuring imaging
results,

simulating the imaging of said target pattern utilizing said imaging model and
determining simulated imaging results, said imaging model having a first set of parameter
values;

determining target wafer data based on said simulated imaging results and a
difference between said imaging results and said target pattern, and

tuning said imaging model utilizing said farget wafer data; said tuned imaging model
having a second set of paraméter values; |

adjusting said funable parameters of said lithography system based on a difference

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




adjusting said paraneters of said first |ithography system based on a
difference between said first set of paraneter values and said second set
of paranmeter values. 17. A conputer readabl e nedium according to claim 16,
wherein said first |ithography system conprises a scanner. 18. A conputer
readabl e nedi um according to claim 16, wherein said imaging nodel
conprises fixed paraneters. 19. A conputer . readabl e nedium according to
claim 16, wherein said tunable paraneters of said first |ithography system
correspond to said tunable paraneters 8% said reference |ithography
system 20. A conputer readable nediumaccording to claim 16, wherein said
tunabl e par anel ex smedfod 9étudlirgiariBhodraghlyagitan hycosdisg erdgmd isahdemeahidr ence

| it hography systemare set at a nonmi nal val ue when inmaging said test -

pattern. BhosAfhaieidblprifa\iseghnar, processor configured to performa nethod
of tuning a %i rst lithography systemutilizing a reference |ithography

system sai d Ty S nletol QORARDA IRNSH-SIRY s34 §@éo§ﬁiﬁ%9{o%ﬁa@xﬁQQ, whiBRgaRPhY

system each having tunabl e paranmeters for controlTing inaging perfornmance,

said nmeth {.$] ! defining a test pattern and an inmagi ng
nodel ; i n%gﬁg?\n%q}s?%eg&{}g%r.s%gﬁd rn uIt(jir?'i zing said reference |ithography

1ot ng sar ot 4 Beel DR BpPRRH) PR ERY v Sim ShanlF R end: SriEol T esul

calibrating said inagin el utilizing said.inagi resul ts carrespondin
to said tugable parameter% of gaicrfﬁglography system c%rrespond to tugabri'g parameters of Sé(i)ld P g

imaging model.

15. A method of tuning a lithography system according to claim 11, wherein said
tunable parameters of said lithography system and said imaging model are initially set to
nominal values.

16. 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 pérameters 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; |




reference |ithography system said calibrated imagi ng nodel having a first
set of paraneter values; tuning said calibrated imagi ng nodel utilizing
said imging results corresponding to said first |ithography system said
tuned cal i brated nodel having a second set of paraneter values; adjusting
said paranmeters of said first |ithography system based on a difference
between said first set of paranmeter values and said second set of paraneter
val ues. 22. An apparatus according to claim 21, wherein said first

| i t hography system conprises a scanneB3 23. An apparatus according to
claim 21, wherein said inmaging nodel conprises fixed paraneters. 24. An
appar at ustuamgesidicalibrited ohaing Adde] whiledigd shidatagdinizuesalih eorpapaitiicat Saidffirgai d
first lithography system correspond to said tunable paraneters of said

r ef er encelithbdrBshyr 3B, sasy®h&aliBRatedMoRPRAIEL diseciCef 68 faghniclerGaRiesn 21,
wherein said tunable paraneters of said first |ithography system and said

[ gfs er ng ?aéig'ﬁrﬁiﬁg 6i @ PAYmEXATS? Rl kst HiflogAbh sy NRLd %fh HfrereiBSPetvBRN R0 Sai d
first set of parameter values and said second set of parameter values.

17. A computer readable medium according to claim 16, wherein said first
lithography system comprises a scanner.

18. A computer readable medium according to claim 16, wherein said imaging
model comprises fixed parameters.

19. A computer readable medium according to claim 16, wherein said tunable
parameters of said first lithography system correspond to said tunable parameters of said
reference lithography system.

20. A computer readable medium according to claim 16, 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.

21. 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;
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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.

22.  An apparatus according to claim 21, wherein said first lithography system
comprises a scanner. |

23. An apparatus according to claim 21, wherein said imaging model comprises
fixed parameters.

24. An apparatus according to claim 21, wherein said tunable ﬁarameters of said
first lithography system correspond to said tunable parameters of said reference lithography

system.

25. An apparatus according to claim 21, 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.




