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A lithographic apparatus can be used, for exanple, in the nanufacture of
integrated circuits (ICs). In that instance, a patterning device, which is
alternatively referred toBACKGROINDOFTHRINVENTION be used to generate
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Known lithographic apparatus include steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion at one time, and scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning” direction) while synchronpusly scanning the substrate parallel or anti-parallel to this
direction. It is also possible to transfer the pattern from the patterning device to the substrate by
imprinting the pattern onto the substrate. |
In order to accurately apply a desired pattern onto a target portion of a substrate, the reticle
should be aligned with respect to the subsirate. Therefore, according to the prior art, the relative
position of the reticle with respect to the substrate is set accurately, by measuriﬁg and adjusting the
relative position. Alignment of the patterning device with respect to the substrate is, according to
the state of the art, done using two alignment actions.
In the first action the substrate is aligned with respect to the substrate stage carrying the

substrate, while in the second action the reticle is ali gned with respect to the substrate stage. As a
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1 result of these two actions, the reticle is aligned with respect to the
substrate, as desired. In case a single stage nachine is used, the first
and second action are carried out at the exposure position. In case a dual
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expl ai aRghrént battdrh BfovilRln L rence.to Fig. 14 1t wll be
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, €.8. \ ight intensity of the imaged first alignment

patiern. When the projected image of the first alignment pattern exactly matches the second
alignment pattern, the sensor measures a maximum intensity. The substrate stage is now moved in
the X- and Y-directions on different Z-levels, while the sensor measures the intensity. Therefore,
the TIS is actually an aerial image sensor, in which multiple scanning slits probe the aeria} image of
isolated lines. Based on these measurements, an optimal relative position of the substrate stage can
be determined. A typical TIS sensor will be explained in further detail below with reference to Fi g.
14. It will be understood that instead of a transmission image sensor, also a reflective image sensor
may be used. In this case the second alignment pattern provided on the substrate stage is reflective,

and the light sensitive sensor is not positioned inside the wafer stage. Therefore it will be

understood that although the text refers to transmission image sensors, this may in general be any
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and the light sensitive sensor is not positioned inside the wafer stage.
Therefore it wll be wunderstood that although the text refers to

transm ssion i mage sensors, this may in general be any 2 type of inmage
sensor. MRV agFcehblz. | NVENTI ON According to an enbodi nent of the present
invention, a nmethod of generating a photolithography patterning device for
transferring a pattern forned in the patterning device onto a substrate
utilizing a lithographic projection apparatus conprises: defining features
within the pattern forned iréWéBM@FﬁH’EgMBNEH}N\Aher ein the features
have di mensions and orientations chosen to create a desired i nmage on the
substrate duraegrdieg toemembodimst of the padsentlintdntign anmethbe of gereratingdow angl e
of the radi at n the defined.featyres for a plurality of points on the
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Accor di A9 an enbodi nent a conputer programto control a conputer
conprising a’ recordi ng nmedi umreadabl e by the conputer and codes recorded
on the recordi,ng medi um.and executable by the conputer to direct the
conputer to gﬁslﬁ plfgA eﬁHY%ﬂFﬁ%‘ﬁtﬂH%GﬂheF@hﬂu@@fﬁﬁe defined featirngfoaa plurality

patternbfllgajﬁkg\bhqlgelgﬂmggéa dypdransferring a pattern formed in the
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desi red® ocgmpgRsats the denitse iapre forilisplasinoamt end dmrenkias ectoscotbRted to the
cal cul afRBiog e dy; I not her enbodi ment, the conputer
o o B B3 A P oS ol JP R TS AT

programis arranged to a

According to an embodiment a computer program to control a computer comprising a
recording medium readable by the computer and codes recorded on the recording medium and
execufable by the computer to direct the computer to generate an adjustment model for use in
generating a patterning device for optically transferring a pattern formed in the patterning device

onto a substrate using a lithographic projection apparatus, wherein the generation of the adjustment
model comprises:

analyzing a representation of features, wherein the features have dimensions and

orientations chosen to create a desired image on the substrate during pattern transfer;

calculating an effective shadow angle of the radiation on the defined features for a plurality

of points on the patterning device; and

adjusting the defined features to compensate the desired image for displacement and

dimension errors based on the calculated effective shadow angle.

In another embodiment, the computer program is arranged to adjust the features to
compensate the desired image for displacement and dimension errors correlated to the position of

the features within the exposure slit during pattern transfer.




conpensate the desired i mage for displacenent and di nension errors
correlated to the position of the features within the exposure slit during
pattern transfer. 3 |In yet another enbodi nent, a patterning device for
transferring & peerether sefadimentna paternipadevicerfonganiéariiog a patiem dormedsn that e
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confi guy to su rt a.patternping device, the patterning device configured
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features of the patterning device during pattern transfer.

The detector may also be configured and arranged to measure the position of the target
image on or proximate the substrate, wherein the detector compensates the measured position of
the target image for displacement and dimension errors correlated to the position of the features on

the patterning device within an exposure slit during pattern transfer.
Finally, a lithographic projection apparatus, is provided comprising:
an illumination system configured to condition a beam of radiation;

a support configured to support a patterning device, the patterning device configured to
pattern the beam of radiation according to a desired pattern;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned beam of radiation onto a target
portion of a substrate; and




a substrate table configured to hold a substrate; a projection system
configured to project the patterned beam of radiation onto a target
portion of a substrate; and 4 a nmeasurenent device configured to determ ne
a position of 2angagyigeent dextye configired fordsidrmittee: pdsiicsudfattargetamiape on or

l'i thogr ] ; Leaction. ratus, wherein the target.i e is forned by
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proxi mate the substrate, wherein the detector conpensaies the neasSure
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i ntrodu i ] |.e .of the ,beam of radiation on the

f eat ur eg%o%I tsﬁgeg ggeI%gér%h%e}lﬁgmg%gg?glteh%gﬁlg?tﬁrgna %flqréif‘sﬁ?atc?gﬁ%tfag AHEPSIORELOL} enent
devi ce iintredweed by droeffafine shadbw] anglel o theRRRAN GTtrikHatihortdhe FedbfteS ONhe PatfeBting O
determ rgj[ee a Bositi on of a_target inmage on or proximte the substrate,

wher ei n ‘CHEE PURERatleRigIsfes.  formed by features on the patterning device,
the nmeasurenent device conprising a detector configured and arranged to
measure the posMmergrementdgece rthetithogrghicorjertiopraprarats enayhiso e bsifigta] to

wher ei n : he neas sition,of.the target i.nage
for af o SP A EoL R SETRENI Rpase SI\G HERR M IRe PR b P einuti 1 G Pitectin.
f eat ur egorored thiydfeqparks i thep@itteh@ingodevivle] thi easireRUARWCE cShblisiAds HAGctRat t ern

transfer.IgAt fIejiast there is provided a patterning device for transferring a
pat t er n CPHHEEY 409 arRBsediampeasyie tip Rpsifione | dintareal isnAgs on ot proximate Hersybstrate,

l'ithogr } I i L rni ng. devi.ce conprj ses
an' absor por B B, A SRl ool liE il P B LA LB B

| ayer i dimadionsfrosstcormebased tortke pfsitiinad sheafostugps @anshe pataming IBREFitIRESER PTI ON
OF THE QR%WN %nbodi ment s og the present invention will now be descri bed,
by way OTPEXERPI TUBRIRAMC tFAMSIF-of er ence to the accompanying schematic

drawi ngs in gplﬂgh cor.resp}%gdi ng reference synbols indicate corresponding
parts, and i f there igprgiiied ¢ raEgEEglesicr fartitgsiping paisar frmed igbor di ng t o
an enbogitFenih : jupventian. Fi - 2 i.cts a side view of
the lithogr ap%?%:vil%egglzﬁgﬁ Elgsﬂfg%e L‘I—‘{%ﬁ{éél 1%?03‘3%118(%@}%58@%@3%%%g&e]:e(m tterning
devi cespaicurglievice wramsetimanstbenhyttinvingagreedefined ¥@idtin@Wwherein the absorber

layer is made of at least one of glass and glass ceramic.

BRIEF DESCRIPTION OF THE DRAWINGS
. Embodiments of the present invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:
Figure 1 depicts a lithographic apparatus according to an embodiment of the present

invention;
Figure 2 depicts a side view of the lithographic apparatus of Figure 1;
Figures 3a and 3b depict patterning devices according to embodiments of the present

invention;

Figure 4 depicts the condition of a homocentric pupil at mask level, where the centre of a

curved slit lies on the optical axis;

Figure 5 depicts an example of a slit described by a radius and an azimuth angle;
~ Figure 6 depicts illumination of a mask structure creating a shadow;

Figures 7a and 7b depict the effective shadow projection;
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Figure 4 depicts the condition of a honocentric pupil at mask |evel, where

the centre of a curved slit lies on the optical axis; Figure 5 depicts an

exanple of a slit described by a radius and an azinmuth angle; Figure 6

depi cts i || unifigre depittsahaeffictise shadowmagie feadiffagnestsbagowtedtitiuE.es 7a and
igure 8 depicts the

7b depict thegeff I d ] ian, .5 F
effeglto : \Se shgg Wesg%&g#n\ée%bgc?e%&?\#v?tg‘{l% gg %ﬁ?ﬂﬂ%@%‘i&eﬁﬁ?@ﬁ%é _Figures 9a
and 9b_depi ctFigit 1adogionndwaxitanBiet thecffafkt BhbROMLR BRI ofd BNELd0ors

I anges t Mt Ion

depi cts how a change of the effective shadow angle e 1 nterac
of a |ilght With@n abyerb@ssor ber: Fi gure 11 depicts an intensity distribution

of a dense | ig . fferent .,positions inside . th lit; Figure, 12a
depicts the tFr} r{%?gfl éﬁggtg??mtcnasﬁyg}smgf%ﬂ (STA n%g’rg‘r??fﬁffa{%ﬁp%m@ﬁ fuside
posi tionhddit; a vertical oriented isolated line; Figure 12b depicts the

trend of a chj.ti Ciﬂ ‘Seié)r_rensi on position shift as a function of slit
position for F&84We 44 depicts thedrendpfy prdtical dimengiah change Be a dipition of Hé ppsitise for

change tReAugdhotddabs0gheal ong the slit for the three slit positions;
and Figure 14 depicts a transni ssion image sensor useable with the present

invention. DiEnst LEDIEPERSORRENONF Fighicad dilneneiog positisakhift 4 QT SdRnd1 slit

| it hographi.c paratus.according to an enbodi nent of the present
i nvent i 8&?1{1%@’935’63}“3 lR€Si ncl udes an illuninator IL configured to condition

a radi ati on FheawiBa(8bGnd VW §&Hddhd bhatd QR meand, fartt
configured to receive r adi at| oﬁ)%f r Oﬁs@%hg%&f@%ﬁ% %ﬁ%)r%’grr%l%get%&?ﬂgawgk
t abl e) WH‘GQ@H@@NW@M@ to support a patterning device (e.g. a nmask) MA
and i s conne a.first pasitioni ng device PM configured to accurately
posi tion theﬁltggg:t %gdreﬁlmrtusga ﬁ%ﬁ@‘?%‘%ﬁg‘?‘ﬁ%%aw PRhdRS pisent veRi®t ers. A
substrate table (e.g. a wafer table) W is configured to hold a substrate
(e.g. a resist-coated wafer) Wand is connected to a second positioning

devi ce PWconfigured to accurahplXRas i@k pigubstrate in accordance
wWith certain_ paranmeters. A projection system?)e.g. a refractive projection

system PS iBigewsnfichemalibaily dppiojsadithagraphid dppafatiseeding tb an bRBodidBhed B
beam B b tterni ng device MA onto a_ _target ﬁorti on C(e.qg. including one
or nor epl‘g?eglgbnvgrftloph gfhgﬁggqrﬁfé@ ghofgydes an illuminator IL configured to condition a radiation

beam B (e.g. UV radiation or DUV radiation), and further configured to receive radiation from a
source SO. A support (e.g, a mask table) MT is configured to support a patterning device (e.g. a
mask) MA and is connected to a first positioning device PM confi gured to accurately position the
patterning device in accordance with certain parameters. A substrate table (e.g. 2 wafer table) WT
is configured to hold a substrate (e.g. aresist-coated wafer) W and is connected to a second
positioning device PW configured to accurately position the substrate in accordance with certain
parameters. A projection system (e.g. a refractive projection system) PS is configured to project a
pattern imparted to the radiation beam B by patterning device MA onto a target portion C (e.g.
including one or more dies) of the substrate W.

The division of the radiation path before the patterning device into a source SO and
illuminator IL may be arbitrary. The division be related to technical features or it can be related to
the fact that parts and units are supplied by different manufacturers. For example, the source SO
and lithographic apparatus may be supplied by different manufacturers (as is currently the practice
in the case for laser sources) or the source SO may be integrated within the lithographic apparatus
(as is currently the practice for UV systems with a mercury lamp). For convenience, the term

“illumination system” will be used to describe the collection of parts and units disposed in the

)




The division of the radiation path before the patterning device into a
source SO and illumnator IL may be arbitrary. The division be related to
technical features or it can be related to the fact that parts and units

are supplobgsh] BYih f r urce SO and

li t hogr aOEI c gppgjre gd;rﬁgﬁ:%gggg{ésc%g% |]§Jﬁ%yd: gfa,[t ?ﬁ%‘"%ﬂtﬂ? la@{"i‘}%tf%n Pfem; g
current Iwoulmﬁlupnrmduded:ﬂesdulﬁ:etS@aﬁaﬂﬁﬂflmﬁmb@?m sources) or the source SO may
be integrated within-the lithographic apparatus (as is currently the

pr actice for T@}Vllé%lﬂéh%n siistem mayrmchue yatiamgypesed optiaivanpaires, suchas t er m

"t lum r}gﬁ,éc?ge% ?m wi |l .be used to describe the collection of parts and
units di Sposed rReNg Bagnsts clactrpmpgnatiss deciroptatic prrthertipesgf aptiicat eompanentse

appar at 'éﬁa@cdﬂﬂﬂﬂitﬁmjtheﬂe&etd dlfédfnsﬂ%e&% ?M&r%g]atlmu' d thus include the

source SO and the illum nator um Ract o system may include

vari ous typeén slithogtaphil apparatpe teetiiimisatedh s¥StemRdy ?e’ﬁ Ja¥Ean 16k 1‘31@15#1 Hpil
magnet i .ectromagnetic, electrostatic or other types of optica

|
conmpone H‘Ehé&‘ 1s glatchg odBasirueaiEom thp paibawhing dovidk (eqr linessdraprtacidiolespwhick bre to
radi ati a a tus he_il]lum natjon system may
gener at gg If? &t Ir%h%\gﬁ“%%)ﬂﬁﬁﬁ% IP%P uﬁlﬁ a adjpsf 1cg GoRfigured ust s angulahe
patter niﬂﬁ@lsﬁ?\ﬂsﬁrﬂ)uﬁ@n Q£ thel r£tﬁ§t1c91r beafi] b%ﬁ%raﬂ)? af Rhst ourfie_lrr z}ng{]}[rglale{ Bad%& 2 | egt ed.

The illum nator IL may include an adjus g device coO HER ¢ he

angul ar (Cohmcewh}srelfgtra;ﬁi tetas bhuttdrand ﬁhnhétt,%rerspéi:ltlaa?/})(ﬁf the afens{ed ARk YN ifd 1.|gﬁf’15t
t he out i nner radi al extent connon referred"to as or- ou}g r and

a-i nner? ela?fé ‘éfliWP%’r %ﬁ“tteﬁ’éﬂ}sliﬁﬁehisﬂd@;tlom %mnlihbmmamnﬂi. mag inphypicl variphsgtierof
th |1 t ed. ddi t th | ] t IL nma

ol ude-SpRERS, SERaDE BYENER o Sofiaiet, B mival Uy gy ﬁ%gsreé ig gpinser
The i | | therxidtion Hehmffﬁ)t@ﬁa\#bsﬁ&sfré’d SRR dlﬁté}ﬁltgr%&ltﬁﬁdtf%n in have a

desired uniformty and i nt ensi ty di strl tronin’i Cross- %EEOF%?'FCP

support Mr sthspoppert M uppbeges. beas mlvg&ight@ ,thé patepdhb 6L A MR tMA
hol ds tpggff?’@fg;# er n:ﬁ device MA in a manner that depends on the orientati on

of the AY© |1%énmnertth% deE@éiﬁQh thsforien@tibn phibg paérhing dpyiac BtAshe and
ot her cREdhbFARI ex ther or, not the _patterning device
is held i %ha vaclth%ﬂ@hw o) nné%sf I?C[IEE ers‘i?ﬁlg’(glrofls Sith adar peamplnwhgther araetithe

el ect r gstierming devicotilesid &l /URILDG etneﬁbﬁ}hél&teﬁ ipg devi ce.
The sup may be a frame or a table, hé Ppﬁgﬂﬁ%ﬁ%ﬁaﬁﬁﬂ a%u%rg fixed

0
nov §Eﬂ°g°%%tlcr‘§q\§¢@rf elmphgteshuppesto Mid mmwattemmgr@:vid@atfhtg B,qu@ﬁtht@ by o
devmeﬂ}ﬁl%%b emk}@e |t|on for exanple with respect to the
proj ection syst ¥ Cbo‘PaY P fiked orgnovabls asirequirsd. Tﬂnas@polrtd\ﬂ@mm)zrray

be consn@eg@ldt he YA nRL ral .teen rni ng devi ce.
The term " pattternl ng fggslﬁ‘éﬁgkwu%g%ﬁherm?eo% nggpdf%gx‘m@ &rie?ﬁeétrtﬁrt@( ed as

referr ngecthn aysgem PS. Any use of the terms “reticle” or mask” herein may be cons1dered

synonymous with the more general term ‘patterning device.”

The term “patterning device” used herein should be broadly interpreted as referring to any
device that can be used to impart a radiation beam with a pattern in its cross-section such as to
create a pattern in a target portion of the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will correspond to a particular functional
layer in a device being created in the target portion, such as an integrated circuit.

The patterning device MA may be transmissiye or reflective. Examples of patterning

devices include masks, programmable mirror arrays, and programmable LCD panels. Masks are

well known in lithography, and include mask types such as binary, alternating phase-shift, and
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device that can be used to inpart a radiation beamwth a pattern inits
Cross-section such as to create a pattern in a target portion of the
substrate. It should be noted that the pattern inparted to the radiation

beam may afefiuatidshhdeVshe®) 45 SaPIoR G atiud lf}%nﬂ?r?a'ts% g%Sg?ﬁEﬂe}SfaﬂlﬂlQ?% %ﬁrg@%ﬁgnwatble

portion of the 'substrate, for exanple I ninc

phase- shhirtar ayay enployesmatrixsaragthet ofs@hls inifres! ¢4 51 whishnan 8k indiviiely
pattern im&arted tﬁ the radiation beamw || correspond to a particul af
funct i orfHied sp a5 torreflept an incpming rdiatign beasa iredifferent diecctionsy eThiltad mimorssiuphrtas
an integyr ci.reyit The tiernin evice .MA may. be transm ssive or
refl ect %\}ga&t@%;g%%g%&ogfbesg& IP]tﬁfsrfahe thbgll?l’ﬁ?}‘ili‘}ﬁl Xmasks, progranmabl e

M rror arraysheddth ‘PrélSstRASRER" bl lﬂﬁ‘élﬁ klg%ulr%??qglﬁgagg?tfﬁ%qtgg :ﬁn‘%\%mipgssing

l'i thography, and include masSk types suc

phase- siany typeafiprofection systeam,anclpliag eefroiitd, refRativg lchtadidpMR! aBsetitybr i d mask
types. ?&ﬁ xa%e of appro rammable mrror array errpFoys a matrix

ar r angerrefitt© HePnd elecirestatic ophed] spitemhios Ayceomitieationdhercaliias pprofriatetfor] so
as tor i i adi ation.beamin different directiaons, The
tilted %{éré?‘géss‘ﬁ?mn%%ﬁ?%%gﬁk%e%hf RihsT lactars Py s 1BE 53R AAndmmessipr Hud pelhe by
the mirugs ofdacim. ARCudeRIFihe RFRFBdcAn BUSt R %;Sﬁt i e
broadly interpreted as encorrpassiﬁg!i Cany type of p ojegg’g’sgﬁfegggwgﬁ?m"“s

i ncl udi Mathrtes marst geperal tehl“payjéotien spadradi optri c, magnetic, el ectronmagnetic
and el ectrostatic o&tgﬁal systenms, or any conbination thereof, as
appropriate foneredgpicied ihe gpparaiysisatiagefiéstive grases, creployiog agrémammalde or s

such aspf i i l.iquid or the se. of a vacuum. Any use of

The. t or MG 438 ofh 18R as KRR Bkl it BB oyt on B h Al Datpe e

nor e geamaedtustredybe’ (a0 BekiRVeIyid @F emﬁﬁyﬂﬁgraqmq%?jsgﬁg%asme apparatus is
e

of a reflective type (e.g. enploying a programa mrror array of a type
as referred Th lifbesraphio apranshioyianbe af 2 bk detihy evorakik) stagd) befoad hubstkae t he

appar at e.of a transnssive type (e . g. enploying a transm ssive
mask) . '%ﬁleegf%‘f‘f%&‘? APHTIBRk aley)- ey ampkiple stagse mashinaythewdditidual ltabdesage)
or nNOr ensdbstidead I r.e sk tabl es). sych

"nul ti pl e)ust aSeEI?%aarcIﬁ%@’ncg?r%he é‘%feﬁa}‘)‘%}lﬁgi&%ggﬁ %@Petﬁ’é"ﬂ%‘é@lb?% “%@F&P?@l ,
or pr epaerstotirey tablapse eyg beddar ipegureut on one or nore tables while one or

nore ot her tables are being used for exposure. The |ithographic apparatus
may al so be 1 ldhagibicanpacatys mey dleabe ofe (ype whemimdt I¢dsea podioh AR subgmtebe

ook Pt L IR Bl R ot it S B o icapm o

e s o k) P A ok e 280
spaces in the lithographic apparatus, for example, between the mask and the projection system,
Immersion techniques are well known in the art for increasing the numerical aperture NA of
projection systems. The term “immersion” as used herein does not mean that a structure, such as a
substrate, must be submerged in liquid, but rather only means that liquid is located between, for
example, the projection system and the substrate during exposure.

Reﬁm*ing to Figure 1, the illuminator IL receives radiation from a radiation source SO. As
already mentioned, the source and the litho graphic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part of the
lithographic apparatus and the radiation is passed from the source SO to the illuminator IL with the
aid of a beam delivery system BD including, for example, suitable directing mirrors and/or a beam

expander.

The radiation beam B is incident on the patterning device (e.g., mask MA), which is held on
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| nrer si on techniques are well known in the art for increasing the nunerical
aperture NA of projection systens. The term "inmersion"” as used herein
does not nmean that a structure, such as a substrate, nust be subnerged in
liquid, bhssuppirh@g.Onhsk tABIBINGTYL Bt isbh@ithdh bystnk A5ALEH 6Y: - eXFIR! €
the projection systemand the )tsubsltskjat e ‘giur)istnggexpos592%\6%2{%%&%%1358'{38&1%

Fi gur e TMaskpéA; the madiationdrea|B passitiresgh thdipadjbaionfsystem®Ps; adkicAtyr6}Bets B1dTHegm SO
As al reag% {nsnLi oned, ‘téyg s%grce and the |ithographic apparatus may be
separ at €75t fafgetrortipg C bt tratg Yo nWith dhesaid o€ tieisscand poxitioning dbdsePW ami
such casgsiy SO i S, Ldered t.o formpart of .the |I|ithographic
appar at % anr)llt(ltl the rgg?’gt flﬁiolﬁ%l&fg&%g%g% V5% AR SNCOstT YecaBesiiive sepsor) theimi nat or
| L wi t h stibwrateailsle WT sardiganbaal dcbahis s ¥ 3t &9sBPpb GGG -
suitable directing mnors and/or a byZar%?l ef?gﬁcﬁgﬁ $Ef§%n5{§t? e%ﬁ%ﬁgﬁéegm%ei S
i nci denPadpfthedadiationdhaamiy, Smilady, tiefigt positiming\ddyice MM el drbtHeehokith seisdrhe
supporttuég % m%s:ﬁ tabl e ), .and is patterned by the patterning device.
Havi ng (e & iterrsomarcideyise, lingar sngadesor e¥Papibiams|IspRese be unddagirurdiely

' ti : j ' he.b . t t t t C of
Phe) cupdf e st ARE R MlCaRE T Rk QRS b B R D peBobonai ©
posi ti orctsenbiombidaskdibgry At dufhes §c%.ﬁpﬁi3§€nl3ﬁ1,(i|1§y\}gﬁ%nt éétgeeﬁlﬁslﬁg%gff may be

capacitive sensor), the substrate table W can be nobved accurat

so as t el witlbihedid ofe long-stralrgeodyie (dohsapoGtiomingund shbh-sabkd Medilagfial i on
beam B. _Si onI al I%h. h?e fj%qr:?t Eg{éi tioni.ng device PM and another position
sensor PTELCTEEyVhigh Totm part of (B3 Hrst pesitiening device RMaSineiiashyd@ovament apthei t i ve
Sensor) sibafatd HUSKY : L tign the mas with respect to the
path of the radiati o‘%g’éggpn'%dﬁ?é@%?g aglg{?%%ﬂrﬁrr‘eeéﬂ%‘ﬁ}l% Sﬁ“i( a F'}@t“f?t‘é%f‘nnggwal%s Kk

| i br ar yformpadof ihegeand pasitiohing genes BW, IRy &8 8t 2 §koidi&: 6&?& ] be
real i zed #'gt qﬁ%/ge aid of a |l ong-stroke nodul e (%oa]?ﬁse’ Bo tfoﬁ%ﬂnsgfltmégﬁgﬁ%
shor t - sSPREKRP RHEL mey beicaanectsddp aiskurt-sigdke ashiatolm ohiby; ot pay be ked. Mask MA tand

' substrate table WI' may

posi ti ' . Sim | ar| venent of the t

be r ealogluzj @%%@’%’3@%&%&%?’8@%5&%@%%@ i oM2- and sghetratpodignmentsharkh
form partt Pof Alilfigh eROAMSRAS hli i VG . e gase . of a stepper, as
opposed to a scar%ner, tﬁeﬁéh%sk tng&ag&hﬂf(}ﬁn%s?%g Ogg%ﬁe(%?ﬁgaﬁeggwﬁ‘%?ﬁmq%-sstroke
act uat dhesoniybe locatediin dpacdsibeadeenirght Pt R Gthesd ks khah 8 VNGB 1hE a?ig}f%gd

usi ng masté :ﬁlgggggnt marks M, M2 and substrate alignnment marks , P2.

Al t houdHEHed! rBsELalong inihichmearr thagone Kieus proavided onctheimyisicei, ciat makk

target 4p Wels L NN | ocat.ed,.i n spaces between target portions
(t hese&agﬂg{1 nown Salgl g‘? {%ét-eﬁgﬁtge&l}hﬁ nt marks). Simlarly, in situations

i n which nofTae Hasite@appahis ESul®bOUHGH aORadt Bfc FRSK f%wihg Godask alignment
mar ks nmay be | ocated between the dies.
In step mode, the mask table MT and the substrate table WT are kept essentially stationary,
while an entire pattern imparted to the radiation beam is projected onto a target portion C at one
time (i.e. a single static exposure). The substrate table WT is then shifted in the X and/or Y
direction so that a different target portion C can be exposed. In step mode, the maximum size of the
exposure field limits the size of the target portion C imaged in a single static exposure.
2, In scan mode, the mask table MT and the substrate table WT are scanned synchronously
while a pattern imparted to the radiation beam is projected onto a target portion C (i.e. a single
dynamic exposure). The velocity and direction of the substrate table WT relative to the mask table
MT may be determined by the (de-)magnification and image reversal characteristics of thé
projection system PS. In scan mode, the maximum size of the exposure field limits the width, in the

non-scanning direction, of the target portion in a single dynamic exposure, whereas the length of

the scanning motion determines the height (in the scanning direction) of the target portion.
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The depicted apparatus could be used in at |east one of the foll ow ng
nodes: 1. In step node, the mask table MI and the substrate table W are
kept essentially stationary, while an entire pattern inparted to the

radi ati or3.beanniaBothéGh&dd 8@ noidk & : j : 1] i.e.
single static exposure). The subs%%?{égtﬁégéﬁﬁe%ﬂ g%lﬁ%ﬁ?@ﬁlldﬂéeéﬁ?%rwb%
and/ or YPatgriegdevies, sl thh awbstraidititfle MEDis thavedelr se@héd Rhil&a patterh AnFarRAICthe | N
step rmdeFﬁ[a%.he maxi mum si ze of the exposure field limts the size of the

target porEFEhPER YAt onto @ tageiostion ¢ cindkis smdecgengrally n putsad radiatien t he
mask ta |l e WI .are scanned synchronous]y while a
patter ntﬁoﬁlpdggsf gﬂ t g@@qugoﬁﬁ%%ﬁﬁ%%ﬁﬂn%ﬁ%‘i“@d? BH‘?"BLW{%F IgqyigsdAdter gasht i on C
(i.e. amovighent ofityid ibseraRiKIE WEdr | [eTod -] iop. of the ..
substrate tabl eOWIf reISalfii ve to th%ln%g‘ﬁééﬁggfdgggﬁg%gb%Eﬁ%éest({ehrn r?esaanbghishe
(de- ) maghPds AfgprEHonpeh bansadily ppledml maskiusalithegiaphy bt @fliZehproghi@hags | on

system P%tt | n sc%an m)dﬁ, t he maxi num si ze of the exposure field limts the
width, i TREE SEIesUgh AT Hprograareblg pirres artapof o dynges refemed torebiome.a si ngl e
dynam c expo ; -l of, t scanni tion determ nes the
hei ght (in tﬁg@égﬁéﬁﬁg@%ﬁ%gapoﬂ%%ng}w ?%Oevefmg?cﬁ’g’tedﬁ"é’ ?gfroﬁsegr sntirely diffeseier
nmode, t meodemskudeatdyenlddibd énieRid. essential ly stationary holding a
programuabl e __ patterning device, and the substrate table WI i s noved or
scanned whi | F18IH3shersmprepistaile of the lithepraphicipphiaan, hesds ViswPaiBetedisent o a

t ar get tion.C. 1n this nmod enerally a pul sed radiation source is
e rrplgoy egﬁ glnr !caiéﬂ ?%%l IBrﬂbegIlgmee %8?‘%@?9@9 gsylae‘(ﬁﬁ@(bwnh a tystiitondonrse Ldquiticlechay
after eagbl f tabl e, WI _or. in.between suyccessive
radi at i onbgg F?gggggéaog’gsugﬁgsc%g&%ﬁlé %erg%ggr %lfvaBBrelrna"fr}flglha Xﬁlﬁq’ﬁégﬁs@%q y

appl i edplasmatsdtbaadsd dstrbegitapiiytismhatthe EUM @8ge Mtﬁ@él@é’ﬁ{%’é@e iPRldiB6R! N9
devi ce, such as_ a programmable mrror array of a type as e?erre to above.

Conbi natie6ReMarde dischaes plesmnis aeatediey cabsing agesialy irdzodgdem0ff aeRctical
entirel y. .4 es, of .use r sg be enployed. Figure 2 shows nore
det ai | 5&18%3%62[5 ??@1?8%?%Bﬁli’%o%lﬁﬁg?‘gia(ﬁé?l!’%a@r@éurw 6%/{\@-1 sbhat abKe, Figpparseanyi t h
r adi at i ether shithble g B v; - ided with a radiatjan
source LA vvhl1 ch r%ay ggpalﬁgiyg&geggﬂ%ﬁrﬁggggﬁﬁg%% 35 Og g Qlﬁﬁ%‘i’ gagqiafiong

Li vaporuittad i raghat@nserye hat is pessed &bgea rafl a6 iBourse CHaARE 8 aaSibPoeM t
radi ati gn in €éhe EUV range of the el ectromagnetic radiation spectrum The
di sc har"g‘ém;?f’fa VI8 2igas barger s dothiyap & (dierggs barpar stivatube/intlodésechaphe Stiactod sadh

el ect rigafy; il 419 Col . opt.o the Lcal axis OA. Partial
pressures of G, gé]%%%b%&%%é}ﬁﬁlﬁgpg?te%F 2&&3%5%?,3@%96%51'@1@@9 or vapor
may be ineepiraed héein Bf fcbgéral generation of the radiation. The radiation
emtted by radiation source LA is passed froma radi ati on source chanber 7

into a col | déeepllector chamber 8 includes a radiation collector 10 which is formed, for example, by
a grazing incidence collector. Radiation passed by collector 10 is reflected from a grating spectral
purity filter 11 to be focused in a virtual source point 12 at an aperture in the collector chamber 8.
From chamber 8, the radiation beam B is reflected in illumination system IL via normal incidence
reflectors 13, 14 onto the mask MA positioned on the mask table MT. A patterned beam 17 is
formed which is imaged by projection system PS via reflective elements 18, 19 onto the substrate
table WT. More clements than shown may generally be present in the illumination system IL and
projection system PS.
Figure 3a shows a construction of the mask MA suitable for EUV wavelengths. The mask
MA includes a patterned absorber layer 50 and a buffer layer 51 on top of a multilayer stack 52.

The multilayer stack may include 40 or more layers of, for example Mo/Si or Mo/Be, to create a

reflective surface for EUV radiation. The absorber layer 50, for example Cr or TaN or TaBN, is
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chanber 8 via a gas barrier or foil trap 9. The gas barrier structure

I ncl udes a channel structure such as, for instance, described in detail in
U.S. Patents 6,614,505 and 6, 359, 969, which are incorporated herein by

r ef er encehosEheo siedrgBeAtRbrbahafiARiof hosl |EJQﬂS¢h@cc§ra{§ih§tfdnod’f tﬁé)lka@g{earabé‘o%é?’”' ch
is formed, for exanple, by a grazing incidence collector. I'at1on passed
by col | dayess0 sad the reRectize madtilhyen staek e ittregmashed i The bpfieri lhyer 51 bd@ed ddart 0
be focu%gglkn % virt%%I sour.ce point 12 at an aperture in the collector
chanber 1 SR GRneHHgM dpbriFation do pryerithesiclianf Be nulileyerstack 82 dnring the

1T um nagdnail SMRd S9h4 ' j.nckden reflector 3, 14 qnto_the
mask MA positi oned or?lc t ﬁganfggE%%#egSkﬁ&a@%&ﬂt‘?wsréagbégﬁ?ﬁﬁs ‘i‘rgglé?oﬂé;d

whi ch i sndifaged by projection systemPS via reflective elenments 18, 19 onto
the substrate, table WI. More el enments than shown may generally be present

in the illunfiews Gk shyws anmthar pasible prask dA camstraytidre MeRS miltiayeestdék Shows a
construglon O{o :Elli:rﬁ, rggsk. MA S&Ji t.abl e for EUV wavel en&t hs. The mask MNA

i ncl udes™a pax terned" FOgR bete THYLY c58chivFreaiviptals Shafemustherefiediondion
T o TRl bRl LSS T T R o GG

of, for exanplé Mo/ Si ‘or create a :
r adi at i omisedthe EaBsnrihaebn tetyeibs&Bed fndhe S¥MBTIR: ((3ug8E 57 ﬂ&keﬁ%ﬂ-@ﬁ{%ted. ﬁe@tﬁ%
I nati on o e

§
chosen to ,tror;gléfy absorb the radiation beam B and the co
pat t er nEYABalRHreflgcsiye andebsarignt sreasfofrheiitimesk Mt i | ayer stack forns the
mask MA. TheU?Mffer Iﬁ%/er 51 is used as an etch stop during mask
fabrication, ogﬁl?eelil}% andRp YR PRGSO Renads] MRy Ry epnsimaied Imalae iheg t he
et chi nQinedradtidg HRRSRH Pk | uitable.materials for buffer
| ayers t’;ll‘ era Si 2, Sios t%rlﬁ%&g}{eﬁ%séﬁﬁ g@gﬁgﬁgé\%’%ﬁe&%& thﬁgg ”@ﬁ?e mask MA
const r uct i onAt BidVevavetenkthis) fay exangilacks 8, rotRéfedptivewiih nﬁﬁ%l@@g%@aﬁiﬁg%%s
sel ective(l}l%/ etchqd 0 create troughs 54. Because the reflection fronT the
nul ti | a/RY%50 prg ‘Ei%éié?ﬂdé‘ilﬁe (4B hare svmriredicAdditéonally) foctargenficld dittmgtapictsbaner
mul til i . causes th radi ation to be absorbed in the
ar eas o¥ teﬁig’%th Péﬂg‘%g %ﬁg’fl?\g’?‘@dnws ﬁ@fﬁ?{é f“gﬂﬂo%‘i@ B presideap o theamask Mt
ref | ectfonns andvabsiar RRAGugA BESAQ al SRR Rl NS ifg. frask and
appar at us paranet ers, aur%del reray eg%n%:gﬁstrug}fl%ﬂgptt%@g%%ﬁ@&ﬁ@mm
i nt er acppAtcrgiarianost designsdsa bombémmiimsticangilt e Fidiwas, Wit SELREE QN fe Lhe
substrag egﬁt@%mvel engths, for exanple 13.5 nm reflective optics wth

2 mmul ti°0F ionacaé ﬁﬂl% QA B 9ihes pigrdsntiedight path i depaiets(idGe)rirgr feld pass

requir Q&ou@@ﬁlxietsﬁlﬁ@ %Jié’ puﬂif.) ﬁ*iéu% Qﬁéﬁciktg ltl(ljls Lé&dri]t?o%reﬁ %?el I%as Cl\%}\nl%\r/el, where the
centre of the curved slit lies on the optical axis OA. For any radius of the slit, see Figure 5, all
incoming light has the same angle of incidence.

Although the mask coordinate system is Cartesian, the system in combination with the
circular slit is best described in a poiar coordinate system.

Due to the homocentric pupil and the off-axis position of the slit, a field position can be
described by a radius and an azimuth angle, as illustrated in Figure 5. The maximum azimuth at the
border can be designed up to about 30°. The height of the slit gives rise to a slight angle variation
from the smallest to the largest illuminated field radius. In the case of a lithographic step-and-scan

- apparatus, the scan integrates over the slit height eliminating the angle variation, leaving one
effective angle for all azimuths. This effective angle is referred to as the chief ray angle of
incidence (CRAO) and has a typical value of 6°,

- As previously mentioned, the mask structures comprise absorber stacks having a particular

absorber stack height, see Figure 6, and the chief angle of incidence is unequal to zero. Therefore,
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systens, the optic is off-axis which neans that the radiati on beam B
incident on the nmask MA forns a curved slit. Although different designs of
an off-axis optic are possible, the conmon characteristic of npbst designs
i s a honoméimingtietdfiandalRirictuteeakd wiklE: € Chish Skal

one height on the optical axis O%aﬁ!ls%légfdﬁglr’ worégl,lﬁltgﬁaetgﬂng%g&%ﬁtﬂ%ﬁrﬁG}Iﬁﬁo
poi nt s i§#oWRe Prejegjed beaktrepasentinglthopayhofthe badmnehaptdrizinPplane Mitdhbife Yith
depicts this i e mask MA | evel, where the centre of tﬁe

t}{ ) conp tio t 4} ' .

curved <1 PafeLe tbﬁ Hla%é%‘bt 1p¢q the gtructungs orrie mask MA drawientedtihe Gairtietian see
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sli't,

homocentric pupil and the off-axis position o posi tion
can be Pé¥sEonteshoyin ia Rigutes® andd’bam Biginafajthapglj@tioasritld dhsdriaf ©8G veRical
Figure 5. . The maxi rum aziguth at the border can be designed up to about
30. The %A% f"g%"r{%f’nﬁg]ﬁl%d%w‘t‘ Oé? sestyre g showa, vehithyire cavalltea pryjécsioh emthe fagittalt he

smal | estypd ; ' ] . i.eld radi.us. In the case of a
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hei ght  etanniireatiémndta ioraogiablinei ';paitajueno theERM 2B M Yhd ;%ﬁge%ﬁ%hlﬁf tPAG kGl O

al | amguth_s. This effective angle is referred to as‘the chief ray angle of
i nci den€deterAD)Fige Thatbe tighthpamds s arofctidsatpheiaskt®A layenicaped, the

mask st res _c rise ahsorber stacks having a particular absorber

st ack hét?lgcm}? Ogélgﬁg)odmoél%‘, rﬁﬁf?%tvﬁéquﬁmeé’lem&n@lféxmplﬁﬁé?-dence is unequal to
zero. Ther ef Ph&effectite Ahdbivl 448 [ mask, .structure creates a shadow,
which is illust raetcedei n FilNgu gqgsAg?ﬁee&@reasf%ioby'shom a Projected beam

representing the part of the beam characterizing a plane interacting with
the pattern of the mask MA. Since the structures on the nask MA are
oriented in a Cartesian cBd\di GRA® gpsiaimutut ahe pl ang1pf inci dence
follows the slit radius, the shadow at the structure changes with the
structure orientation and the position inside the slit. This effective

shadow winreih €XRA ORs §hs af e \Werihdl 15 784 dn _Figure.7a, the
proj ection, of t helchi ef ﬁr ay 1o @tggh&ﬁ%rarﬁdﬁgﬁ%tﬁ? gty %3?‘?‘5(9%@5?5 AGUFEwal | of
a st r udositienanseleghosiit, andh ShharetionvfithetsQuauRiob@aineqs a hiisk B@orﬁ:‘lﬁgﬂetsﬁr&%m and
a rreric{%onal I ”(f' I n mask coordinates, the vertical line is along thé

Y- di r ect'¥n? %tg%fgf frgsk spordigats sysiern adiereohe Xndireatibo (sez Figuat 4) isperpesdipdiab el

to thepeditt j r dicular. to the . scan direction. In Figure 7b,
the 11 oo oo AR et hesfrobbl el e knh thagidirstipmsos

e e, et Sy LT od Y gl BESERI 6 *
equal to 6°, the ESA along the azimuth shows a range from 3.0° linearly down to -3.0°. For
a horjzontal line, the ESA shows a quadratic behavior around the CRAO with two minima near
5.0? left and right of the slit. An overview of the ESA for different structure orientations ® is given
in Figure 8.

To better understand the illumination and the related angle distribution along the light cone,
it is helpful to make a step from the view used in Figure 4 to a cross-section where the mask MA is
an optical element between two pupils. The homocentric pupil of the projection system PS and the
mask MA are oriented parallel to each other. The pupil formed by the illumination system, though,
is not parallel to the mask. A sketch of the entrance and exit pupils looking from the mask MA is
shown in Figures 9a and 9b. The mirror function of the mask MA is performed by the multi-layer

ML. The 3D character of an absorber layer on the mask MA is depending on a height of structures

901, 902 defining a pattern of the mask MA. Figures 9a and 9b show the boundary rays of the cone

12




ESA = CRAO . cos(azinuth + co) (1) wherein CRAOis the angle defined by the
center radius of the slit, azinmuth defines a current position inside the
slit, and co is the rotation of the structure according to a mask

coor di natasd shestenter rayldeting By Sib Bt Ghd@pks SO0E HridlSs ?U}S, BN ﬁ&t?at§ he
X—direct',&n (see Fi gure@;{lﬁ is perpendicular to the slit and therefore to
;i /

t he sca ?rﬁﬁtﬁoﬂﬁlﬁpnﬁamﬁ i %dhi amtranbm[mclé)d?:ug'ds.li(‘jma'llmh{aitigré l&;rfé:fﬁi@&gi-}sg%lge of
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orientations co_is given in Figure 8 To better understand the
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fromthe view used in Figure 4 to a cross-section
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pupils I.(c)[oki fromthe mask MA is shown in Figures 9a an
f unct i o961 F1REre R thapngles ase deforeddl thediffretionkngle, thy ESA At thelilamaRtion

h t r.la .0n e . mask MA is depending on a height of
ot ?L?fE?%@fﬁd%%@%%ﬁgawﬁif sldgd HiBng TEHISHE :p%@g dsugdoniy ob
how t heh [
show t henbodndarx 1seastud IR R8N Ened i 050 R Sy IR BR LR St Rl
condi t i @adightegar di ng the entrance and exit pupils. The illumination cone

for every figld oipt js.identical but wwth the center ya_ryi ng for the
different f i‘gl?‘ﬁ’ep&ilﬁ‘%‘r?ét.ww W gparmetya thglneask aad system emortlinptepiybteds ahe

i el i Ps.d d th t t ize. To ease
nder ot ani Al ek ) Hhack QAR 5 b PariCehp e roiedes Pegs boen

t r ansniissoduoed. g iilvetRat in Finge 86t Qadidt| Miriad 884D DR096QL - Lie, ESA
changes the .interaction of %he iigh%1 W%Oth t %aﬁg#rp%%%n%ﬁﬁﬁs P80, two

boundardjieB@ses ang thgippsitiom énstiletthé sy, Tireshathen tfeeted DYGQSrudiurd B ﬁirgcﬁglreﬁ tﬂ at
t he entg ance side,. are shown. The entrance angle on the left side of the
absor bér® TR “’%‘ﬁ%%éﬁ apﬁ thell‘?fg‘}'ﬂ%e ggslow angle EiShe dedrfpr examplk Figura@t Thinstagewt ur e

e S 0SS ERR ) O e e e 1
o0, e e, S A A A e e
the paflfifefigt hmask.doghansiariaps pattren fandd e @bas@idg e vRs iohtoR0iuBh s '
utilizing a lithographic projection apparatus, is provided wherein the features of the pattern of the
mask are adjusted to compensate a desired image for displacement and dimension errors
introduced by the effective shadow angle of the radiation on the features during pattern transfer.
The features of the pattern can for example be adjusted by adjusting the size or the position of the
features.
If the absorber is a metal, such as TaN or Cr the absorber will not be fully opaque to EUV,
and more or less EUV light travels through the absorber depending on the chosen material and the
thickness, see also Figures 9a and 9b. The absorber matertal is characterized by the phase shift §
and the intensity damping. The thickness of the absorber on current BUV masks is in the order of
100 nm or below. Additionally, the different lengths of the light path through the absorber are
defined by the angles of the light cone and the ESA as shown in the Fi gures 9a and 9b.
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the light. Above, the illumnnation and slit geonetry, the mask and system
coordi nate systens, the effective shadow created by nmask structures, and
t he mask absorber geonetry have been introduced. As illustrated in Figure

8, the vari at iTenlloiratdwisHipht-nfsklepeat @ibtratitbnt 118 cafchGby F& an®T ti onoandg
the position inside the slit. The shadow creat eo(I: by a struagtﬂvégfsz&%?dggctly
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provi ded wherein the features of the pattern of the nask are adjusted to
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dependi n%ﬁon h@g chosen material and the thickness, see also Figures 9a
and 9b. TFifEteddight waide therrawltidpyar M freflawn beneathdthb yopt dfehphatblahi ML, 6 and
the intensit i The thi.ckness. of. the absorber on current EUV masks
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| i ght cone an thg ESA as shg\s/m%h?gﬁ%)%rémg{h it %g fé)rgs?’g[ﬁ%y %&nﬁn‘%&’ef’?mfﬁf& rate
this |igicluraskd dif position oneelan cdrin0This tshigt is Bhew Fraini (RO1RidAB tE NN Remdior a
| i ght congl coﬁEn' ng fromthﬁ illumnator IL with an angle equi va%ent to a
NA=0. 0312B\WHHqr oha Ny TpasK desg] fondhegiven exampica Sptoad, thh@ositien atperimnth@ngility
over al ' ' hs is calculated for . a vertical |ine that is
200 ur néegfg rfrr%ogi er\r}!é]{e%g%rggg&ﬁ%eatf’t W BromRAred (g dhegX iesma pasitiopnef the ditage
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variation. Fitgur e 11 shows t heIie i nt e%@{ogogfﬂéﬁaﬁ%ﬂtr?%%&g?h&%ﬁ@ %Pé‘%{%&l‘ Eﬁﬁ’&’ as
a f unctffisrirassieged lightonriatial anges hEDdihangen ehdredfveienel daBeriabn vHAHE IHATES
901, gngesee Fi.%ure 9@, for three different positions (i.e. three

di f f er enPe EUF5RIPHY) ISplate dige of pdense line. Theelifirsenceibstracenraaleose dridemlisfdted line

2 ks e DR SR AT 548 Eo oo e
I gg uts O(I;pzqftlfm?hles raﬁiu:nt&aidﬁt'& g; g Ilf:@ll\ﬁt/'li_nduﬁﬁ Mﬁ?ﬁrédﬂl@né’{w II}J tbltl?é’ﬁfpif\éut bfr a§9 trQneretl)'%H. grh
arge 1solated lines (i.e. wide lines) as in the given example of Figures 9a, 9b and 10, the intensity

of a pattern on the mask is transferred to the substrate W one-to-one. However for dense lines, the
sampling at the pupil is discrete and limited to one, or above 54 nm for a projection optics
comprising a NA of 0.25 and used wavelength of 13.5 nm, to two discrete orders. The discrete
sampling means that the form of the infensity curve is not transferred, a pattern infinitely
periodically extended is reduced to a sine-pattern, and as Shéwn in Figure 11, the duty cycle is
changed. The duty cycle of a dense line is no'Ionger 1:1 but more like 0.9:1.1 (400 nm pitch and the
clear part is degraded by 40 nm). This ratio change can be viewed as a dose variation. Thus, the
effect on the CD at the substrate W of this energy variation depends on exposure latitude. Referring
again to Figure 11, one can also see that the effect of the absorber on the edges of a structure is

structure-size independent. Shrinking the structure size without an adequate change of the absorber

height (or transmission) means that the expected CD change through the slit will be more
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In Figure 11 two effects of the illum nation-nmask-systeminteraction are
visible. First, the center of gravity of the lines shifts with the
azi-mut h, which for system perfornmance beconmes a structure and slit

posi ti on mwesunead. TeiMstrhid thisShiighile 128 shdWAe@E trEﬁ@H{(ép%h oforh 91t ohiifted
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absor be ' e f.a.structure . s . structure-size independent.
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of CD ctiaiec ies. Far venstant absodrer eritiemdss dndahablaty ih@®idth, e pRast ififad: Bn tHe

t

Y-directi ?Q) Ir:i Fi gure %‘Za cal cul ated val ues of the CD change (1.e
Del ta Ve Wil etsagh Toe offpet of shermbhese iartermsdipetitre drapsfesisalso deperalirson

Thr oughpt hgeGabe - yes.a.line is fitted shown by the broken |ine.
The maxi rmum oD chﬂan%e& 1{1tfé§é_1l'§f ngcgfcﬂﬁgr@flesi YEDHageon ts gdegsofp pattere alghesamen
10 nm dimé¢ the prmsskchMesFi gure 12b depicts the trend of a shift of the
critical dinension position as a function of the slit position for a

vertical | i Wstdiscase aboveathet apti2 @esipmieaftirgilufen EADV SN RorsdysRhY Mch as
descenqulen ch indgﬁgt_es that a center of gravity of the CD (this

. Line '
is a posi it SROTLFF (\?AI%B apgle ehhedngoming lighy, ¢ails for an adjustment of the mask geometry.

The optic design features cause a variation of the structure shadow on the mask MA. This variation
is also depending on the amount of transparency of the absorber material used to build the
structures on the mask MA. Therefore, according to an embodiment, the features of the mask are
adjusted using a thickness of the absorber used to define the features and/or the intensity damping
of the absorber.
The variation of the structure shadow can be described by using the effective shadow angle

ESA which is slit position and structure orientation dependent. The intensity variation of a
structure shows a CD variation and CD position variation along the slit that is structure orfentation
dependent. Without changing the absorber properties of height and transmission, a shrink of the

line width at the mask MA intensifies this dependency. So, to predict the size and position of 2 final
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the order of 5 nm For the phase change through the absorber, a
superposition is required in the calculation of the phase for the angles
inside the light cone at the entrance and the exit pupil. To visualize the
change almoigetedinsgkion thosubististe tvh,rieeﬂﬁﬁdttbe@@ﬁicténpﬂﬁusttl&%wpﬂ@?ﬁe ﬁﬁa%&i&o‘ﬂ%fmo
rimline structure is calculated for both maxi mum angles of the
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enbodi -fe res _of. the mask are adjusted using a thickness of the
absor bg}% H% g'%l{:}n?%cln&gﬁt i %%Orﬁ?ho’f‘ EezSﬂPH?CZES mosEy 8F“ﬁtlﬁ geriopmsddiassd wnorgheBSAof t he
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the effective shaég\%v angl eC Esﬁé&mﬁiqg%%?gh |t9%é6§$€? glﬁagaensﬁnssotr‘r"gsc"fl[%@y

or i ent at¥rtineleqborcdhd alighineent of the sidsly M/ WitrbgRcab 1R subbie W hBy BeYg. @ CD
variatign and Cg.ggtgéition variation along the slit that is structure

or i ent at%frtio hubstpie Y in alighediyith sespens tths sntatrtednlp aY T, and iod sdeendyht
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pr oj ectationsytgachivé pesitabst thahRsind the W k}aﬁ,ﬁ Lci 1o just know
the size and pogi t‘i[og&(l)f thte fea%%de%e(y’)\ﬂhﬂstrﬁ%%nas , %Inédé aﬁﬁ%%@&%‘#e{r i‘% of

t he pr dfPeeeidesiredymmgime ofthegdiftastimpedavicef the features of the mask MA is
k MA for exposure. In an enbodi nent of the

br esent. | v aHIPBhSOTRTIE COF TP BN o Do esibohérom sy beapplied

o VSR R G R et o

or i ent andsbMA Iwath redpebt tockaabsirate kfage BT, qh%?d?e,ttﬂ@séﬁg&kthcjiﬁs E'étﬁrgntficg)nrally used
for this, the TIS sensor, is further explained with respect to Figure 14.

Figure 14 depicts a simplified, schematic view of a part of 2 TIS sensor. The projection
system PL is depicted here to be of the transmissive type to simplify the explanation and the
drawing. Figure 14 depicts the mask MA provided with a mask alignment marker M1. The figure
further shows the substrate table WT and the projection system PL, provided in between the reticle
MA and the substrate table WT. The projection system PL is depicted as a single lens, but it should
be appreciated that it may also be a plurality of lenses. The projection system PL will, for
convenience sake, be referred to as the lens PL.

The substrate table WT includes the TIS sensor, provided with a substrate table alignment
marker W1. Behind the alignment markef W1 a light sensitive sensor S is provided, such as a

diode. The sensor S may be provided with cabling C for communicating the measured data to a

- processor 20. The processor 20 is arranged to communicate with a memory device 21. Below, the
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an exposure in the lithographic apparatus. In practice, this is not a
restriction on how the features on the mask are projected because the size
of the die area on the nask to be projected is always equal to or smaller
than the HBistndoeagd the prdt@ssdt 80 c@BoBfchE (RMet&f)), therefore always be
positioned so that the slit of radiation is always patterned in the sane
way by the febitaplgament megsarcticotis aarried skt by prbeidig]a0 uligimhen befm Wrto the mask

A

correctign required j stly sinply perforned based upon the ESA
further %@&ﬁ@%&a@ﬁﬁgﬁ &52§18g the anask plignmens marker M1 g thelensRigen thersabstrateAs

al ready ;g% R];&4 3 t ' nt th sk.MA with respect to the
substrate Wn y en?(p)l%\é%iﬂri Tiilltg \%obgg%}}qgﬁgg?%h Rfsﬁf%ﬁ?é%%}%?sr o1 thgsamegadigtinag
wi th respect SOrobshosuhis Pigire 14)2Rh8ed/fb g th@siRe action the mask MA
is aligned with respect to%rhe )zéa‘bstratrg%%%llogg V\%’ A‘é%g}v'result of these two
actions, the Thsisubstirée ipbisiatigomerdimarke Wiskofanghrshissighfie Al SoltSmiRemnand

r to nsure desired imagi ng of the patterning device. At

can be gﬁihi n ordg g

| east sofre "8Y° ¥ REERBYar espyidingatisiesigh thaf theantteore! desurskizdigninentei n nay
b [ t I i t he probl ens ocjated_w th the
cecond mRidker1 BE eSEcReabuat thbile IBid AnRIc O SR F hElehERL s tierpattem
subst r atoé tetsaberaliltabEngipaieritinark W1 8RNEAELhH Athid SeGRMWE @%B@ﬂhﬁ]yan&'cﬁ%gof for

this, the TIS sensor, is further explained With respect to Figure
Fi gure 1i8hife gieasmaitigd direpghi thi substrate tahlmalignnwinewadker 3 Pintic efatige DOSHIGEASOI -
The proj - QN stem PL is depicted here to be of the transm ssive type
to si rrpjlﬂifne:‘:r %iléiﬁy‘géﬁ‘ﬁ ﬁﬁai;fl{;%ﬁ%eaﬁarglet"ﬁi AR & that epse.dha sengerd wilbsenbea mask MA
provi dedlaﬂlﬁlhngﬂmﬁlkofq@lﬁnnent marker M. The figure further shows the
substrate table W and "the projection systemPL, provided in between the
reticle MA Zhelaligrmestibsionapefoabd By WhbvinEge PRI A WdLRIVAY Rl fifhie disSctions
depi cte&yzs §i ngle lens, but it should be appreciated that It may Al so
be a pl Wt-al 4y [Y9iHIeE 8Y making yseeining inoversys irethre M- and il direbtions M@ PeeBingng e
sake, b - s the le L. The suybstrate table W includes the
TI'S sen@%&%ﬁ%@g&‘g‘%e‘v%wptoﬁmﬁnss‘&gﬁff Alirgctiof, Wgﬂlalwgﬁﬁ%lmmeaﬁmn@ethe Vight, mBasitynd
t he al i gnesiedBrketenddr @ THeGhS AR dr! ' rovided, sych as a
di ode. The seng_ S maybe preoviv(?g% v%ioifﬁ%gsé%%g{a ef‘?ﬁ. %%Wgt‘ﬁ“ﬁ’gtﬂ? he
nmeasur eRPSH@LHIZdsvie, resths secoBDposTiiening QSLETOW a8 QedcSba % AR BS ok to Figure
device 21. Below, the 16 TIS sensor an tffegu

comuni cate with a.nmenor 21, |

proces slg&‘ogﬁmé{‘f”em}ll%ggg dResositionimgdleviset BW. ard henteillied byrpricesseasor enent i s
carried out Al al i eam AB to the mask alignnment narker
Car i ed, out kR IR ANl ARISTE BeRAD Lo, Lhe ek, Lonrent
subst r aif tight ialbesiddréQRBRhe g@hﬁﬁﬁ rébdive R Jr Y TRl REABAR TR G SLa21 ¥

originates fromthe sanme radiation
the reticle MA.

The use of image sensor measurements with an off-axis ring-field lithographic apparatus
involves a few problems. The first alignment patterns have different features, orientations and
dimensions than the features of the patterning siructure to be imaged on the substrate. The slit
position dependency of the CD size and position means that the projection system may project the
alignment pattern on a different location than the features of the patterning structure. Additionally,
the CD of the projected first alignment pattern may vary depending on the position in the slit.
Either of these may cause an offset in the measured aligned position, in the lateral direction (in the
XY plane) as well as in the axial direction (Z-direction).

| | Additionally, there is a problem with the second alignment pattern. As stated above it is
assumed that maximum intensity is measured by the sensor when the first alignment pattern

exactly matches the second alignment pattern. However, the features, orientations and dimensions
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source SO (not shown in Figure 14) as used for exposing the substrate W
The substrate table alignment marker WL is of a transm ssive type and both
markers M, W have a predeterm ned correspondi ng pattern such that the

pat tern off thehfirsteighmans r@IemI tvill WadgkRpeMingén Mb gbﬁﬁ&ﬁﬁh e sﬁﬁc}ﬁ wtﬁﬁaé&lé @I‘Ss Cate

table alignment marker WL by the I'ens PL ‘and the pattern e su
tabl e al3ligAMERDaHEIR asgpositionedat chi ng. This means that a maxi mum anount of

light is trar}ﬁm tted {)hrour%h th? substrate table alignment marker WL if the
relative posi‘thSHHEbicauers usuallydpudas nurliple paglemoint pligements| Thewsukod a

correct .gig Satal; | S xi mum amount of, |ight.
The. ol 1 oo B Bn Gt ol e A AR BBl X R8P B otvi aerlinad

three dithestitonsan bconputd) bask@bn HRSERAGE &ﬁidﬁ@%i:t@&eﬁ‘tl‘%&ﬁﬁ#ﬂs.@n@ﬂ@mm in
the X- and Y-directions and perform ng these scans at |f1 erent positions

i n the FAIGSHELPon differ for diffesernd posisiomss thesimighopditienlighmeht tynthe iade)sensdb is
receive .sensor . S... The vements of the substrate table W are
per f or ngnﬁ‘\}/%nn{)%ie%lﬁgmn%bgof fiffg‘?ﬁ?rﬁgﬁtj@ﬁtl%?- Sy eHseAs int filepastrnel s maydicraxperitedy
devi ce PW as TUeS £ ] 0 Elgur not sh in Figure
14) . These posi ? f%%pﬁgbrgggﬁ%gggﬁ are %:lg‘r’\@rt%h @8 d%)]ﬁ(('tBF %58‘38%&1’?5‘? 5The

posi t i orowligurdicendubangeaitte nicabire tWéHoshphof iHgaseNaRke Sn BPgi%girﬁéte Eﬂé%uﬁ@éteg‘el m

anount f light is considered to be the optinumrelativ ositiron o

subst r at'@°teabite detrctar etnpeasgiecthe npasurbdposgidnaifehdargeT hrageder dikplhdorgat &RINSOr
measur e . WM n off-axis ring-field |ithographic apparatus involves a
few pro errgl.owfhgm%o pg]{a{egﬁf) &?ﬁ%?g’ﬁzﬂf therfrdurss 0B the natterang devaes wiithis the

or i ent aéipeBsre 3RA Ui MBASH AR P AN i AL LS, QfeLhe patterning structure
to be i maged on thegrsﬂt?bstrat Sef%p%te}ﬁé;ﬁl% p%gti F%ﬁfsﬁa&ﬁaéhwmq%ﬁﬁ@e@ﬁ si ze
and posireirshicetiznentehting theelipimére phitens 6y ht ARSI £6ihe tMizeHhl g@ﬁﬁ‘(ﬂ{
pattern op %gﬁirff rent location than the features of the patternin

st r uct UM KAt e d5Redige upanbeiodingmsions thy pistivneddoricstatiah TgpmEN ey LET N
may vary i si.tion in.the slit.  _Either of these nmay cause
an of fsef in t%ﬁ%gg%ultrsggecgﬁraﬂg@)o%% g M}th?ﬁaﬁm%aﬂlﬁ'{%\‘%ﬂa% theeiff¢rence i n

the XVipleasi®)s aad oviehthati@s Hefwd | i ' SHinection) .
Additionally, there is a pr obIég%hé\n{%‘eﬁiu{%eaqlgg%éo%%ué%iogr%ﬁ%%degg%‘% Srfiuras
stated abovedeprding toawsmbedindmt (erotmsttioni dﬁl%lﬂighﬁmehﬁ%d?ﬁﬁéﬂéfsqu@forgl@&
sensor pahen thgl?#é t alignnment pattern exactly matches the secon

al i gnnen p‘gﬁoP : wever, the features, orientations and di nensions 17 of

1Tt i uny o BRSO e (BN GRS 1oy Bp0erd ol marent posthons are

corrected by calculating the error based upon the positions of the mask alignment marks in the slit,
the dimensions and orientation of the mask alignment features and the difference in dimensions
and orientation between the features on the patterning device and the mask alignment features.

It may also be desirable to perform some corrections of the feature size on the mask and to
also implement corrections during exposure as this gives increased flexibility.

In another embodiment of the present invention, the slit position dependency is reduced by
employing a more efficient absorber (e.g. non-conductive material like glass or glass ceramic,
which is necessarily free from gassing out dangerous spices -- lifetime and contamination aspect of
the mask itself and the optic/mirrors). This could be, for example, ZERODUR®, which can be
sputtered onto the multilgyer surface and etched to create features. Alternatively, it could be grown
onto the multilayer and subsequently etched.

According to an aspect, a method of generating a photolithography patterning device for

transferring a pattern formed in the patterning device onto a substrate utilizing a lithographic
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[ t sequence usually includes nultiple single point alignnents.
?Eealggzrfnof aq single point alignnment equals an aligned position X, Y and
Z. \Wen nultiple points are aligned, the rotation can be“conputed_bQSﬁd on
the rel atprogcii@sippanss ilowRRA, whigh HQ_MEIE? the deffifg ?uremﬁ_ﬂﬁ’l{)tﬁg{)zﬁ%% @g@gd
differ for different positions, the single point~alignment by e et
sensor i 4 the dgviees whexdirdibe featwag havefdimertdidnk an@aﬁerﬁitﬁc{qu I@H@steh 't@él%gtg gglg?lf@:()if S f hz
[ t be expected. Therefore, according to an
| Evgln![ | olPaEE i Thselfage denghalsati st od usting thgdireeh tsamsl ﬁﬁthlezfeagwdbst s tog

: i B -0f - r i mage . Or Dproxi mat e e 2,
whor of n S ADHERL koS0 ke L BBl e Bl ot Bingpduna by Hgdieciimge
Foat Ur o5, on  he pat ter nhng. g e MIERE palRh s of Bon Ryl BEpSiaetE: o

on the patterning device w _ _
I regtng 1[ gfthe fogtures \giﬂeimﬂmﬁxmmrﬁ shithiaring hatdra tiansfeh Alﬁl m@aﬁ%ﬁ;e?ggvmf by1e \r/ Z r y?:] S
! [ the_ alignnment patterns on the nmask i I'f by var
the o 28 eRETSBEMERBHUoBOL § el Gatin BeoraepumeIersbpoe rrlbopsmiapicymsont he
2 . . . . o -
aed 1 oD e LA b B g i T Brmae P Wi e
used for an ex ( ,
di mensi alesicaridcloddsenieticto?RénHeirWeR el thE SR EHEST tﬁ@etr%eltq ﬁngc%%aoﬁl%r%?o:{%%% Lhe
patterning structure. According to an enbodi nent, the correction
al i gnne e Phtsaie teiescin thegistdetimvenipelrake theupemsutci @okifibn of theadtgéthage for
enbodin% rLesent inventiqf, t he neasured alignnent positions are
U5

t he ! .
correct e%bk‘gé%aﬂqéﬂﬁ)gﬁ%&%ﬁB‘O@rIF%? 5edythe sERctiveshastos ?ﬁgﬁtg;hﬁf;adiaﬁgmﬁ?;lﬁ
o gne et e Bl e o 05 MR R0 A LU P B O S Sk
al i gnnment features and The difte nce in di'nen !
bet weenwithe the asposes: sindinfies Rttt aisRg, ARY h@i%o%%hﬁé‘:ﬁapﬁﬁﬁﬁ.i?#ogﬁg& Which

irable to perform sonme corrections of the
features. |t y al so be desirabl p . ( osur e
f eat urel@i%sﬁr?%ém%kt deipetdescriped abavepl ement corrections during exp
i i I NG | exibility. |In another enbodi nent of the present
RS L S L TIMEC e R R
i nventi on, tﬁe STiE posy heph PSERRf H‘étﬁ ngﬁagﬂgféﬁiﬁg fiﬂ’gﬂf éﬂl gll a
e R e R e e P e
i feti nBeding andrexecritaide bytheasppater of dirdch@ic®Blbuict &EkdneARh Pustment model
optic/n?rrons). This coul d be, for exanmple, ZERODUR(r), whic ~can be ‘
sput t er SHUSHP gk Raftpang-dey Wff%?ua?ﬁgmﬁﬁfﬁgaﬂfwgﬁﬁgﬁgﬁﬁgﬁﬁfﬁng
Al t er nadak wel i : rown .onto.tk i ;
et cﬁed%xiggg?ﬁt idnégubtg %éj[éﬁmgg B %lgc),gra_é)hﬁeqrﬂ]&au% NParREtca er&_@n%fftﬁ?ib?fghf gjﬁ‘?l:amhy
pat t er modgl denipiging @falyﬁﬁgaﬁfebﬁ{séﬂtﬁ‘t%@ofgﬁit&% q)hﬁe%i%ge febtured habddimensions’
device onto a substrate utilizing a |ithogrdphic
and orientations chosen to create a desired image on the substrate during pattern transfer, and

calculating an effective shadow angle of the radiation on the defined features for a plurality of
points on the patterning device; and adjusting the defined features to compensate the desired image
for displacement and dimension errors based on the calculated effective shadow angle.

The computer program may also be arranged to adjust the features so as to compensate the

desired image for displacement and dimension errors correlated to the position of the features

within the exposure slit during pattern transfer.

Although specific reference may be made in this text to the use of lithographic apparatus in
the manufacture of ICs, it should be appreciated that the lithographic apparatus described herein
may have other applications, such as the manufacture of integrated optical systems, guidance and

detection patterns for magnetic domain memories, flat-panel displays, liquid-crystal displays
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18 projection apparatus is provided, which includes the defining features
within the pattern formed in the device, wherein the features have
di mrensi ons and orientations chosen to create a desired imge on the

subst r at gLAs), tign{idintBaighetic Aok o, Iﬁdlhgul@dﬂe%ﬁﬁe@ﬁteﬁhﬁa@ﬁ@@@érﬁ’%& 8P£uchh.e

features to conpensate the desired image for displacenent an I mensi on
errors iHicrustivie aplisgtianseanstise of ihedermsiiaatn” anglie’ lefeih heyyrtedoadidas @ t he
featuressygglii nogl Q‘ﬁ%lttgrn transf?r or correlated to the position of the

f eat ur es W CATI ¢ % POEUER Y farmy (subsigate aen dergetinozting erespeativdy.as ur ement
devi ce f@bstraelefiroi A& b4l target inage on. or proximate a
substrate in a lit hogragmaggﬁrg%%?%ﬁgdgﬁepogra {Jg)spog'%ghmggr gia%p%qtgac (a

pr ovi dedpoMimtyicnllypplias gaycriofpgrt icsa §udkwRe allili’dév%ﬁ%'é &l?esex:aﬂse% rQé?%t grning
devi ce, includes a detector configured to nmeasure the position of"'the

target iMEEODHOYAndop%R igpestion el Wihwe agtlieablojthe disclotureheteinatiyie applied to
conpens t neasured position_of the target inmage for displacenent and
di mensi %hag'“}“rdg’ °risalﬁsfrégetf8§%?sﬂ9g foRls- Pﬁ%t%@@%ﬁa@w@y&@r@c@edm@e thadioaté,on
on the fheabibRSn 8fdel R b ' Lin ttern transfer qr

correl at ed tobt he posi tirgaﬁé %?futﬂkgdg’?gg’/h@%&gﬂ\?\}?ﬁisﬁ%‘cﬁtﬁa@elé%?ahgﬁ%n@f‘ﬁfo 1§l ng
pat t er nte a aulsfrate thabakeady dohtahisaneipie provefad ah¥s. i s provi ded which includes

t he neasure n% devi ce descri bed above. According to a further aspect, a
conput er prggl PiLghsspseidiy itefereneomap havedieemmadephiverto theonp ot sibeimernte 00tH@i ng

medi um co ter and .codes recorded on the recording nedium
and exetut a@%&a‘%}%@&% 'tﬁ{a}ﬁ% S?Fg%ft{éjﬁ OP%Cag }I&Qg{aplpyf, at %‘SHHH%PP?@%@#@%‘?&@%PT&WM

adj ust mafventiddehy bd &ed Y5 Bthl i g device for, optically
transferri I;lg a pyat_t erc n fgtrhlrerga igﬁgcﬁ%’ fgg%)?dg&?l% @ﬂ&éﬁoﬁa@x{%ﬁf}’fﬁ%@?r ate
usi ng acqniexielewn s wotginoitaeictt iopﬁcaniﬂ@rg&tpﬁﬁ.hﬁlﬁ?ﬂﬁlﬂﬂﬁé@fﬁﬁl@rﬁ @bogrAghyadiaust ment

nodel coqﬁri.si ng.anal yzing a representation of features, wherein'the
f eat ur eB3 YRS iBasthe patiers created ami agnbstiiio Sdn tomgeapbsioé the pdeaningd | mge

the guhst i tern. transfer, and calcul ati ffecti

Ohadow SHRRABIR (1ol b F R BBl B e b e D rshien e sesel Ftaprek

poi nt s b}rnmbéngjaédtﬁfnﬁugﬂgti@ﬁﬁjaﬁﬁﬁ, RAdp RS H Q&nﬁﬁigat f B8 dr Hﬁgﬁ,‘{ e Sing ©
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conpensate the desired image for displacenent nensI on 5Ungased

on t he dexiceis moea! aftfofdte resistdbaviigyn patghein iTifker S MebisER cfeggr am may al so be
arranged to.ﬁ%j ust {’?Qﬁ fegatures sq as to conpensate the desired inmage for
di spl acement  SAGHi Fheivh Bl g e bergineaiceropass el pyrss of electafmignetic

oo i, ARSNGB
T et e L L
as t he IFRsA 6f a20Wv®, af welhpepartitle deapt, isce assys benss ordlédidn GBamnd
The term “lens”, where the context allows, may refer to any one or combination of various
types of optical components, including refractive, reflective, magnetic, electromagnetic and
electrostatic optical components.
While specific embodiments of the invention have been described above, it will be
appreciated that the present invention may be practiced otherwise than as described. For example,
it should be appreciated that the corrections described above could also be performed when using a
non-curved slit. In that case the similar corrections are needed. F urthermore, it should be noted that
instead of using a TIS sensor, other kinds of detectors can be used, such as for example a detector
based on scattering techniques.

The descriptions above are intended to be illustrative, not limiting, Thus, it will be

apparent to one skilled in the art that modifications may be made fo the present invention as
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detection patterns for nmagnetic domain nenories, flat-panel displays,

| i quid-crystal displays 19 (LCDs), thin-film magnetic heads, etc. It should
be appreciated that, in the context of such alternative applications, any
use of t hdestiieuBwilhuat epar@ly £t & E]tS@bﬂhE@MmIi’sese?Qﬁ’tsd oftfy.ed as  synonymous
with the nore general terns "substra or "target portion", respectively.
The substrate referred to herein may be processed, before or after
exposure, in for exanple a track (a tool that typically applies a | ayer of
resist to a substrate and devel ops the exposed resist), a metrol ogy tool
and/or an inspection tool. Were applicable, the disclosure herein may be
applied to such and other substrate processing tools. Further, the
substrate may be processed nore than once, for exanple in order to create
a multi-layer IC, so that the termsubstrate used herein may also refer to
a substrate that already contains nultiple processed |ayers. Al though
specific reference nmay have been nade above to the use of enbodi nents of
the present invention in the context of optical |ithography, it should be
appreci ated that the present invention may be used in other applications,
for exanple inprint |ithography, and where the context allows, is not
limted to optical lithography. In inprint |ithography a topography in a
patterning device defines the pattern created on a substrate. The

t opography of the patterning device may be pressed into a | ayer of resist
supplied to the substrate whereupon the resist is cured by applying

el ectromagnetic radi ation, heat, pressure or a conbination thereof The
patterning device is noved out of the resist leaving a pattern in it after
the resist is cured. The terns "radi ati on” and "beant used herei n enconpass
all types of electromagnetic radiation, including ultraviolet (UVY)

radi ation (e.g. having a wavel ength of or about 365, 355, 248, 193, 157 or
126 nm and extrenme ultra-violet (EUV) radiation (e.g. having a wavel ength
in the range of 5-20 nm, as well as particle beans, such as ion beans or
el ectron beans. The term"lens", where the context allows, may refer to any
one or conbination of various types of optical conponents, including
refractive, reflective, magnetic, electromagnetic and electrostatic
optical conponents. Wil e specific enbodinents of the invention have been
descri bed above, it will be appreciated that the present invention may be
practiced otherwi se than as described. For exanple, it should be

appreci ated that the corrections described above could al so be perforned
when using a non-curved slit. In that case the simlar corrections are
needed. Furthernore, it should be noted that instead of using a TIS
sensor, other kinds of detectors can be used, such as for exanple a

det ect or '
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based on scattering techniques. The descriptions above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in
the art that nodifications may be nmade to the present invention as 20
descri bed wi thout departing fromthe scope of the clains set out below tE
21 WHAT IS CLAIMED IS: 1. A nethod of generating a photolithography
patterning device for transferring a pattern forned in the patterning
device onto a substrate utilizing a |ithographic projection apparatus, the
met hod POMPAIISICHAIMIER IRi ng features within the pattern formed in the
patterni ng device, wherein the features have dinensions and orientations
chosen to create a desired inmage on the substrate during pattern transfer;
cal cul ali ng Armethedet goperating e phetahigipgraphy paterningidevi¢edir bansfirdng e pattasn
featureg for. I j .0f i.n . pat t.erni devi ce:; and .adjusting
the der onadt iERuihib eyl o a kbRl UG RELM Fhatd BRTER BB
di mensi methedrcomgrikiaged on the cal cul ated effective shadow angl es by varying
the size and/or position of the features. 2. A nethod of generating a

phot ol i t hogr ggimPREMEK RN R \VafenF&ERIdh At falemim dBvive, WREERI tRe fdahfes
defined features are adjusted using at |east one of: - a thickness of an
absor behaveajmensicgsand eriguations chesen feenceic agiesired image on thesbbstraadipinggatiémsai d
absorbe[rransisef A conputer programto control a conputer conprising a

recordi hg nmedi um readabl e by the conputer and codes recorded on the

recordi ng nmedium and executable b he. conput.er t i r.ec t he conputer to
generate an %g?%%ﬁﬁﬁeﬁggglng‘%W qfﬁﬁ@%ﬁ@p% P‘ﬁgjegfeé’é‘?‘{f@?tﬁfeﬁéorcfgﬁp@ %% or
opt i cal dppolidtaps tiRrgattBgi R¥fckedda fornmed in the patterning device onto a
substrate using a lithographic projection apparatus, the generation of the

adj ust nent kin giﬂég@%@%ﬁﬁ&% xéﬁg&sgtertﬁ@&&ﬁ@@&ﬁ%?g&c g%ﬁ@e?ﬁéﬂ{ o)

wherein the atu NMenslt ons™ an orientatl en to create a
desi r eddiineagien emorts hasedwinshe edlenlded effectivatheion dughe bl enryirgathe wizatahdigr an
effective.sha(ii%lvgf% | e of the radiation on the defined features for a

pl ur al iRC?lthIlO attres.

2. A method of generating a photolithography patterning device according to claim 1, wherein

the defined features are adjusted using at least one of?
- a thickness of an absorber layer used to define the features;

- an intensity damping of said absorber.

3. A computer program to control a computer comprising a recording medium readable by the
- computer and codes recorded on the recording medium and executable by the computer to direct

the .computer to generate an adjustment model for use in generating a patterning device for

optically transferring a pattern formed in the patterning device onto a substrate using a lithographic

projection apparatus, the generation of the adjustment model comprising:

analyzing a representation of features, wherein the features have dimensions and

orientations chosen to create a desired image on the substrate during pattern transfer;

calculating an effective shadow angle of the radiation on the defined features for a plurality

" of points on the patterning device; and
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of points on the patterning device; and 22 adjusting the defined features
to conpensate the desired i mage for displacenent and dinension errors
based on the cal cul ated effective shadow angl e by varying the size and/or
posi tion of tifeudtiagthydedined feaprgsdo cempensgtedesdesized pmagerfandisacemesgt andpat t er n
formed | ' V] t . Substrat 11z a |1thographic
proj ect gg%éng%ﬁl%?gtsﬁ%a?é%eﬁgic%lgﬁﬁféﬁﬁgff ‘ggﬁ r?ﬁ%%%vda:n\%?ecﬁé; Y%ylnﬁa%%eu %ecatnﬁl&éd by a
met hod pewitsd off thefeatds ni ng features within the pattern formed in the
device, wherein the features have dinensions and orientations chosen to
create a desired image on the substrate during pattern transfer;

cal cul ating an effective shadow angl e of the radiation on the defined

featureg for sgaRbMi debike f&ftﬁéé?ﬁ%gti@ £ tfeﬂﬁfomrf% f;ﬁrtg;b g&t&ﬁﬁ' gaiciﬁfgo 30'1’ usting

the features to conpensate t sired 1 mage pl acenent i mensi on
errors pistaeaotlizihg adihagphicguoetfieciipeetshablavnghgpatdming devicanig t he si ze
and/ or 1%osi i.on %f t he éeat ures. 23

anufactured by a method comprising:

defining features within the pattern formed in the device, wherein the features have
dimensions and orientations chosen to create a desired image on the substrate during pattern

transfer;

calculating an effective shadow angle of the radiation on the defined features for a plurality

of points on the patterning device; and

adjusting the features to compensate the desired image for displacement and dimension
errors based on the calculated effective shadow angle by varying the size and/or position of the

features.
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