METHOD OF GENERATI NG A PHOTOLI THOGRAPHY PATTERNI NG DEVI CE, COWVPUTER
PROGRAM PATTERNI NG DEVI CE, METHOD OF DETERM NI NG THE PCSI TI ON OF A TARGET
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substrate, usually Ont]?E@'IéErﬂﬁP Paidd HiEhesARATi Rt €. A |ithographic
apparatus can be used, for exanple, in e nmanufacture of integrated
circuits (I1Cs). In that instance, a patterning device, which is
alternatively referred to as a nmask or a reticle, may be used to generate a
circuit pattern to be for nBACKGCRQUNDWOFVIIHEENVERIEONof the I C. This pattern

can be transferred onto a target portion (e.g. including part of one or
sever al ldi eslfle(S‘nOféh% €t e (e.g. a silicon wafer). Transfer of the pattern
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i rradi afed byesERHAR AGthe Re'q rn through a radi ati on beamin a given
direction (tRhe:, " aning. . di: I 0 Ll e L t
substrate pa‘?g]lﬂfog Ep%#@@r}tgqut palé gﬁagﬁﬁ% gi’éft?hépgle%?g%fcetﬁ :bgﬁéf]n?btn ﬁllcé:wg tg%e’pl%gzgllybl e
t o trangkigh tirger fRAlidEsMhé Eeh¥trakRe ANRhd@ipHIS SpopaeathCantte UsbE BHOSPME, én the
inprinting the pattern onto the substrate. In order to accurately apply a
desi r edmpaufhenre of integratedairgeits (H0$)t indhatafstancsdpattentieg deviee, whidhgs altersaiiglyd be
aligned with respect, to the subsh)rate Therefore, accordi n%F&o t he prior

art, thETEILP Ay e masker ¢ resisle Mmayhe used fogeperpierdricul patiermty tFate is
set accynat r A j j ' it j nt
ot ho. BARiSiallayB¥o TBERE" 1S paRtn e o faflrtddfonyd Fibe $EnRAS L' My RIEL
stat e Obf dre@rBéveral T obl 8 isTBkstiavd e, b SIlEBMvaRe}. Teatsfer lofl tHYattei iS typaédlly Qi t he
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t he substrate stage. As . : .
single substrategwﬂl conta?n a network of adjacent target portions that are successively patterned.

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 synchronously 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 substrate. Therefore, according to the prior art, the relative
position of the reticle with respect to the substrate is set accurately, by measuring 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 aligned with respect to the substrate stage. As a



1 result of these two actions, the reticle is aligned with respect to the
substrate, as desired. In case a single stage machine is used, the first and
second action are carried out at the exposure position. hi case a dual
stage machine is used, the first action may be carried out at a first

posi ti onesultaiTRhde twoartidin, B pakly B afigsdd widinresgéve fo thiehabsitalns tag déstredt age with
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with the surface of the substrate, the X- and Y-direction being
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substrate stage, behind the second ali ?nm_ent pattern a |ight sensitive
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i mged fir i nt _pattern. Wien the projected i nage of the first
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mul tiple scanning slits probe the aerial inmage of isolated |lines. Based on
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i gnnent pattern provi ate stage Is
ref | ectisoleted lines. Inside the substrate stage, behind the second alignment pattern a light sensitive

sensor is provided, e.g. a diode, that measures the light intensity of the imaged first alignment
pattern. 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 aerial 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 Fig.
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



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. SUVMMARY OF THE | NVENTI ON According to an enbodi nent of the present

i nvent i afpe of iflphehsed 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 formed i Lh\a j W wherein the features
have di nensions and ori ent a& S’I‘A@ﬁ%gﬁﬁhg‘ r @%ﬁ\ldesi red i mage on the
substrate during_pattern _transfe calculating an e fgc#i ve %.Badow angl e of

the radi ati oNceoRding & Yusmby mpgtaqt{}b%greis%\l nyepiion. met)od gt ERGTAE qon t he
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desi regﬁ%g@&é{%@y&f&gp acem&*nte arnd di rregns?on errores basgd onﬁit%he cgl culaat ed
ef f ect i wbstsdiadolizing g lliksograabooprdjesgon apparedtsemmersbodi nent of the present
invention, the defined features are adjusted to conpensate the desired

i mage for didgfinagefBitesanichin ithegpasteonfoanedinsthe patteehiag ddvice, witeein plosfeaiuoes of

the features within an exposure slit duri nq%; Eaét ern tr%nsfer. cording to
an enbobVAEimensions #pe cEENtaHRsrRrsado SHRste pfesied BRRgs Ay the siRstrate dyging patt
recordif di um readabl e by the conputer and codes recorded on the

recordi ng Smedi um and  execut abl e by the conputer to direct the conputer to

generate an adj yst nent del .for use i ener at | tit ] j or
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subst r agndirsth B tie Patteh@G @hdes afd 0j ection apparat us, wherein the generation
of the adjustnment nodel conprises: analyzing a representation of features,

wherein the {eakibeRe faMRA1HARES b RAshte MelRTIAhRRS feMRgARehRnEaRIBI € a
desired image on the substrate during pattern transfer; calculating an

ef f ect i dimes$ian omomrighes @f the gelcnlatbidaficotiverthaddve anges.ned features for a
plurality of points on the patterning device; and adjusting the defined
features to Accopdingad endthe etidboidinecht ofithgerésent idivapioacthrelefinahftatutksraeesi on
errors based on the cal cul ate ,effe%ti ve shadowngngl e. .l n anot her
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position of the features within an exposure slit during pattern transfer.

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
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, 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 ment, a patterning device for
transferring ttern formged in the .patterning devi. n trate
i1 zing oo RoRBdReb B okt el emiBEaRdor R R RE e R S TSI
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enbodi nent, a nmethod of determ ning the position of a target inmage on or

pr oxi nep#temisg gevieeisangnyfagtyrpd hy fieapethedsglessrihediabpvaappar at us, wherein the
target image is forned b features on a patterning device, conprises
measuring t hkn phsthei @nb@;%nmhteamlg@toﬂdmimg the popitioR ofra targetHmagad oF at e;

and adjusting the nmeasur osi.tion.of. the target |inmage.to cQ ns or
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transfer. The nethod of determning the position of the target inmage ma
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features on a patterni ng device, is provided wherein the neasurenent device
conpr i ste naeadared position ohthie gargetdmage trecospensaté for glasplacewrnicindtdimensapyerrors nage
on or proxi he .substrate,. wherein the.detector..conpensates e.

reasur SHOTUERS foshe Bps BHEST R Bt B Berbh i F e B SR RS BB ¢ or
i ntroduggeripaferef f ecti ve shadow angl e of the radiation on the features of
the patterning device during pattern transfer. The detector may al so be
configured apghRirmBRYfadotheleRADBBARcht S nRASIEMER: Ridelsr dR&ffthing a FBHG0RBE £7
proxi mate the substrate, wherein the detector conpensates the rgre sur ed

posi t i otargsht imageeont @rpgeximategsuibstyate di 8 pilmgmpbrtprajedticli appasiton waerear ghe target
correlated to.the Bo?i ion of the feg%u.r es on .qtege at.terni ng devi cg W t hin
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condition a beam of radiation; a support configured to support a patterning
devi ce, sublsatpavhereinitheydetestpreoneenitef the theasureopesitéamofi the tavgetimege foadi at i on

accor di ngpltagemaeng atd (5i?nden€%¥1telergps; introduced by an effective shadow angle of the radiation on the

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 neasurenent device configured to determne a

osition of a target | e on r.QXl t S i i £ hogr aphi c
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patterning device within an exposure slit during pattern transfer. At | ast
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referen ots&etsﬁfdlﬂ'ﬁfgﬁiéﬂeﬁytﬁ?ﬂfé.cr'em“ c drawi ngs in which correspondi ng
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ref erence synbo cate corresponding parts, and in which: Figure 1
depicts a li r i r.at ccor Qi i t. resent
nvent; on: FpOre B e B PR RSS o R S PR oMl B ot
Fi gur e gattehifgld@8cedentaadubsiratietilingdalithe grabhig pagvdtivrsappeaistvhgreindthe

enbodi ments of the present invention; )
patterning device comprises an absorber layer having a predefined structure, wherein 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;



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

depicts illum.nation of .structure. creati.ng .a. shadow. Flgures 7a and

7b depi ct th(reﬂ 18P éc(fef)%s @ﬁg&s%évwﬁr%fwgo& gl &g%Igliﬂagl?tesuéwt&gep?%?nstétﬁ%é’ effective
shadow ang! eFilgffes 9h hh@DB Abpidt dritiahel rdWxitPupis 100REIg frdth @uie%; 9a and 9b depi ct
entrance and exit pupils | ooking froma mask; Figure 10 depicts how a change

of the effecFigue Wrdepists bowpehanggngde alfestiypshadaviangls changes the igtaraciiopf an
absor bey.;. Fi. e picts an intensity distribution of a dense line for
three d%’l$}}ttﬁlglnn%)ééﬁbglle’ons inside the slit; Figure 12a depicts the trend of a
critical di nBigateoln debinge ingensity distibution of a ddnsd lipofer thirendifferent positorsiinsade
oriented isolated line; Figure 12b depicts the trend of a critical dinension
posi ti ofeshtift as a function of slit position for a vertical |ine; Figures

13a, 13b andg; %Qf-egfctst 1€ trBRRSLa &mgﬁrﬂeﬂgﬁg Qﬂar{%g%s s RA o ralioRgitidngos! 1 t

for the thre€ slit positions; and Figure 14 depicts a transm ssion | nage
sensor aseadbilerientel iddi@ephirsent i nvention. DETAI LED DESCRI PTION Figure 1

schematical |y, depicts a |ithographic.apparatus accor dj t 0. an. enbodi nent of
the pr esentf"(’igHKPe i%ﬁ!mﬂl?@tr géaf%\m%%?ﬁw@a@gpaﬁl ops ?faﬁ@l‘mtqul%tgg i gur ed
to condjtd@ Br h3giRLI @R beam B (e.g. W radiation or DUV radiation), and
furtherb%oﬁr)l(?ll gtrJreghto receive radiation froma source SO A support (e.g. a
mask tabl e) KMpures 13anBbgud é8c depistuipppirase chapge theoughrthe dlesorts along dghe it fardlsk )
MA and |.s connected to,a first positioning device PMconfigured to
accur at BSF SHHRPYHNE: £ patterni ng device in accordance with certain

paranmeters. RoabRf depids b AhEnitGodlimAWBARE ucablesyithVhe présefvintémivhed to hold
a substrate (€.g. a resist-coated wafer) Wand is connected to a second

positioning device PWconfigured to accurately position the substrate in
accordance with certain paranmeters. A projection system(e.g. a refractive
proj ection systen) PS is confi DETRLED IPESCRIATIGN pattern inparted to the

di ati b Bb tt [ dev] MA ont t ti C . 0.
o e B e o e 20 it 3B ) O St e

present invention. The apparatus includes 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 configured to accurately position the
patterning device in accordance with certain parameters. A substrate table (e.g. a wafer table) WT
is configured to hold a substrate (e.g. a resist-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 1s 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
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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 supplied by different manufacturers. For exanple, the source SO and

| i t hogr aghicsl pappedfateube pRieriiag devipd. ile thelippatiafuls f Eigurerbthé dbinmineticn {yaem s
currently the practice in the case for |aser sources) or the source SO may
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apparatus of Figure 1, um nation system would us include e
sour ce &Qngrdmbhratibh theredfatoatiretd, shapegor dohttal madiatiom syst em may i ncl ude
vari ous types of optical conponents, such as refractive, reflective, .
magnetic, el bia lithpgrgplic apparaiuadhe dhminationgystemyagy gpseate an ilwmipgtign pupil

conponents, . or, an i nation thereof. to .difect. shape r .cqQntrol
o at | Bhiehis acRf pdb apRReS b Rrfehing Bl e PR i M ts9 ot o
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referring to any
projection system PS. Any use of the terms “reticle” or “mask” herein may be considered

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 transmissive 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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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.

* Referring to Figure 1, the illuminator IL receives radiation from a radiation source SO. As
already mentioned, the source and the lithographic apparatus may be separate entities, for example
when the source is an excjmer 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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the dies. The depicted apparatus could be used in at least one of the following modes:
1. 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 the
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.



The depicted apparatus could be used in at |east one of the foll ow ng nodes:
1. In step node, the mask table NIT and the substrate table WI are kept
essentially stationary, while an entire pattern inparted to the radiation
beamis projected onto a target portion C at one tine (i.e. a single static
exposur €).. Tha agothet hade thiexbhsk t¥dle VST ishkept eshentitBy statioridng holdarpdy progrimmable
direction so that a different target portion C can be exposed. In step node,
t he naxpaisming devies andithe suRyitdq tabler Wd|ig moved psscapeedsyhile patigre impartpdito the
portion i.maged in a.sjnale static ex re. 2. .n a - sk
Pabi e N O hrfiek et Elsfis fottRE 28 Bin Bpos eBiln dadRse Pl s

pat t er ngduiRAS bRPIdyed hiethedrlb ﬁ&hﬁﬁbi@?ﬁﬂbﬂn&ﬁe@i&% B8 £ rdqiidditer Bt i on C
(i.e. a single dynam c exposure). The velocity and direction of the

subst r amevémbitof thE substedté tablet W Tt drein vetsieet alodcessivd radiatign belsekeduringiarseah. jhit he
(de-)magnification and i mage reversal characteristics of the projection
syst em mede phopggafionraade rqq%éy paRligmmgsklesolithegraplayhakfilizes praggmingbles ¢ he

width, in the .non-scanning direction, of the.target rtion,n a single
dynani cpégg? ‘“%%fl%,lcm‘_é&ea@fsa_ Igﬁ%ra‘_% ?%mé)rfor g% oL iNG' ﬁ%?ciH gonab &f'er mi nes t he
hei ght (in tb@mﬁﬁﬁﬁ@h%d%rrvﬁﬁﬁﬂi&ﬁ)on%w Sﬁlﬁlletd@icﬁﬁEd BRYdes Qf‘usleg)_r%ntiﬂe[y daneteher

node, the mask table MI is kept essentially stationary holding a
pr ogr ammabi¢sof wsehtagnaisorbg etleployed, and t he substrate table WI i s noved or
scanned while a pattern inparted to the radiation beamis projected onto a

target portiBigute 2 showsineresstds oftheditbearaphic FpREtes, ira'aﬂ%mewg suitablg for uses

enpl oyed. and..t. he .pr,o0 bl e patt ernd devi.ce s U ted as required after
caeh” noyB RO R IR CTERReS IBE AR SO BPVRE D At AL SRl TV PIchdY o
pul ses &H{)l!o?g s 8E@dpor, KB as f5R €RarRple MREF bl PvARP iPEhicBadichy h@Rdch&get O
maskl ess i thography that utilizes programmablé patterning device, such as
a progr plasmbisecreated sarasao eayt radiadon inthe E8V einge vfthetetecabomgnetiCandintiat | ons
and/ or variations on the above described nodes of use or entirely different

nodes ofPegemngiic dissharge plaginp by @aatedpyycausing agtssiidlyoniged lagnp of a clegfaical
lithogr i C paratus. . in side vi.ew, suitable for e wth radiation in
the eovnatnges B RRAE BpiouPeo i@ iSOt Rl PrSurdas S b e EL ViR (i
My  enpheysuRtaBid gadbr VipBPiay BE ¢budRd 8 e B BIYeReriBof85the radihti tATRE rddhatitfi Ch
a very hot discharge plasma is created so as to emt radiation in the EW

range oémitted bglratisticmnmgroeti A ismdsedtframm a rajigcinrsonrce Themterstings geolpdcasma i s
created by causing a partially ionized plasma of an electrical discharge to

col | apsehasiens Vi g3pbpisr onteildrapR. Thegasibarrigs suciuredacludes@. channgh sirucgire xach | j

1200 O e TSR S AR L S EREL LT
i's passglgogp[)ﬁlfgdanegé}gibgtr&gﬁnggur ce chanber 7 into a collector
The collector 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 elements 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
reference. The collector chanber 8 includes a radiation collector 10 which
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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 polar 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 (CRAOQ) 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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forms a curved slit. Although different designs of an off-axis optic are
possi bl e, the common characteristic of nost designs is a honocentric optic
pupil, see Figure 4, where all chief rays are at one height on the optical
axis OA. In other words, the light path in all points in the ring-field pass
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with the patfesffectie RIoWBRIEIMESATICRE Be bXifesibd bgt Ures on the mask MA are
oriented in a Cartesian coordinaté system but the plane of incidence

follows the slit radius, the shadow at the structure changes with the
structure orientation and the position inside the slit. This effective
shadow projection is showhSAT ERG\P e0stazImMA 78) 1 n Figlbe 7a, the
projection of the chief ray to a vertical and to a horizontal side wall of
a structure are shown, which are equal to a projection to the sagittal and
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have in the equation (1) a value of 0° and a vertical line a value of 90°. At a vertical line and the
CRAO equal to 6°, the ESA along the azimuth shows a range from 3.0° linearly down to -3.0°. For
a horizontal 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 o 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
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(1) wherein CRAO is 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 nmask coordi nate system Using a standard
mask coordi nate system where the X-direction (see Figure 4) is perpendicul ar
to the alitlie conttr tdiedetined by tie ESI& asthardgisrodclid stiructumes?iYli, 20tcaillubtratethei . e. a
line in the X-direction) would have in the equation (12 a vaI e of ? %nd a
verti cadiffefentcanditiong segsrding thegntranegeand;exif pupilsyd’ hﬁr‘l]é!“{"ﬁ‘é 101eOS f]ﬁ‘fﬁry

t he ESA_al an r For
a hori ZSHEEF %eflﬁ%al %Phg%%gf CCH%N?V% %qulgtr s ?fgérgrg&iaevq r ar ouf%ﬁﬁgﬁgi
two m NiRe B8A5upiPar dbMidd BNHfFdcabh tHaf istdeBerfleht on B sRu@LM s2x¢. Of the ESA f0|’
different structure orientations co is given in Figure 8. To better

under st and tTeeask lunderstahdiap, the chashecfleetiat wdpatbgiseradsfstrﬁd bua tr@msnasmtg t he

light cone, it is heI{)fuI to make a step fromthe vjew use 111: to
a cr osse%‘caﬂqnérflwérlgl aFﬁﬁé‘RWMﬁGh%ge‘éﬂ Ac‘d!an%qséh%mterﬁgﬂﬁe(gﬁ ¢ |'s.

The ho tric ectlo r

or' ent cHeaaERe R Hgred bk RS s S %ﬁ%ﬁﬁ‘g B Hob8er (Rl f%o?and
system atttﬂ@éiﬁﬂmce tide, 0 sIRAFAITHE Entfré?th RBgl8 B4 Ithe lé«ﬁ%iﬁﬁtdf fhdbsbitRr Gdt Elﬂﬂﬁﬁlnand
exit pupils looking fromthe mask MA is shown in Figures 9a and 9b. The

m rror Figoetlioyis definedpy thed Kudvinatien pgarfuoe NAd1 thiedbiyehaiB Ai At thpexit siie (i.cThight3D
character of an absorber |ayer on the mask MA i s depending on al hej ht of
st ruct usiggin Kgure lgbzh@@?al?ﬁ %@ definedihydhedigiragiion anglek g‘ﬁh‘ihéé lgamaign o

how t he b ESA
R R TR e g M S
condi ti Qfﬁére RO Lk Mgt H@ﬁr?é&ttl’i@?ﬂ%l? 1688 th tBYulsh PhERIbsSrber 4R thededott Rl dx@ponang f or
every field point i's identi but 'wi th the center varying for the

di ff erethe lighel d positions. The maxi num angles at the eX| t pup| | are defined

by diffraction that is dependent on the structure, size. eas
under st andi n@ oYeh thepHyrainasipn aad ﬁl@rgea%%rthymagk dsystest ?‘éﬂd%teéyit?faﬁéh? ssi on

equi val g 10.1 Iustr t.es an f s the

i nter acf’f?%ﬁv qur?aé({ Stf‘?%“ a% aB % %gﬁé\t&?‘ ay ecﬁa'lrjlndary
cases, in'tlghﬁceﬁ()ﬂ@llhisfrﬁt'e&% Fﬁﬁr@@ R @ﬁfaﬂ@ﬁl ggﬁleEESA BQie efenfpsl the%tru&t’il&
entrance side, are shown. The entrance angle on the left side of the

absor beosrig¢ntaionsind thre positidal igside tHeG)it. |"l§1edhzﬁdomedektyd bya strh¢turd indirecty mlasrdttor e
NAiii tilted by the ESA. At the exit sid é.e. ght side in Figure 10),
t he angthegbsprerdeighharf the efﬁﬁi@tl‘fﬁ Sﬂlﬁfﬂ% @mgiﬁE Aghee, for W@WFW 7 hTahls shadow

L ayer. (s (PR CrEATPMaba (AT mash VP S s P SR WieTrintidf ne
path | eMBﬁlﬁé"ﬂb%gllgpéctﬂgf ARSIV RBOn, ANAethBEbLEHRBS phdtdlitRYraPhyYatterning
device, e.g. a mask, for transferring a pattern formed in the patterning device onto a substrate
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 material is characterized by the phase shift &
and the intensity damping. The thickness of the absorber on current EUV 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 Figures 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 variation of the ESA is dependent on the structure orientation and
the position Fogiueatt s GhhtimaskBS s htdRcEbeahe talbylafors for W BINe systerdlifdrect | y
related to the absorber height and the effective shadow angl e ESA, see for
exanp! eligitgomecdning iiosn thisadioninathe &k sathew angls egnivalenhto DNAEAHBA2F @) bon t he

ek h ept g on (e sipeLr e W Terclore,  accard Lo sl gtk O
€.g. a @ﬁ&il liL? fhat 1308 el {t!n@é%k%x@?ﬁfﬁf i bPhESRA fdr Tor fRE 49@&&%!‘1‘ ROavAek §EarPNt 0
a subst Yaren 0t s, ng a 1ithographic projection apparatus, is provided

wher ei naﬁé;miﬁﬁﬁ@ma@ﬁmmg fhbéhepait flarmminafiort 4Rl sniiisdnghy earadpniStigatetld showpthesat e
a desired image for displacenent and dinmension errors introduced by the

ef f ect i ingensitadistribatigh ef the strheturesasiafunaioned position balpng e disipnasdeperendagitwo
transfer. The features_of the ttern.can for exa e he..adj.uste )
L uat | i 1580 e righsly (e piliera postions o thiee A2 nside,

nmet al , . . Whhdé a - sheand
mor o or el TRedBptiGhs &% oh B BRTREAGIMER ). Bl e e e gt
mat er i afjd@gititB=30) o€ HReES Fos @R dalcatatibh Uy asasSanahadbviriliaefoatisef ther

material is characterized by the phase shift 8 and the int_ensi&%&darrpi ng.
The t hi cileetsd liglit ingide thesnulbidayesMk i §&mm bensatniekep pEthe multidaysr 88y of 100
nm or bel ow. _ Addi ti_gnal | the different | engths of. the.light .path_through
e absor ber Inigureddrinaaiesss oF i UngiEBoBmsRavT s G ersHan SR ek B¢
shown i Fi . . . ! - gt i L = 5 rn

it or aconh Of g EF ati B S sitiind Bl SHEGH e oo ik Hes RS Be U B o
the il spicaat aid diit pvkitibn verRydéren. THIS siH @ Mhedr@roin IWRTO-i3E 25 theiright-bide, and is
performed. As a first exanple, the average intensity over all different

| i ght pen the order of5 o attreakkflovel dor the givier akampla.cSechad, theposdidomahazimuth Ok (dligvel

or 50 m at_the wafer for the 4x system The avera IS an approxinti.on
assum nEFHSIL MBSO qnﬁFﬁyrFSﬁ’i“Hﬁ to;Rg siEpiyme CBWQP‘E?d\Vg&eé?‘FSW? PPBE}BP%O&E? slhows

the in . . . . o . .
al'ong e o Bahbietehd £8ARkpbidEnS b S MnBy R Bl BBl kel |
three dinid @dfireddight VA1Siof credtes ITTB ehaigh hethe Maf@2EvaldBSends B8 vdRthek R 1iei t .
The positions are on the left (azinmuth= -30"), on the center (azinuth=0)

and on tolte imagétt is as isddatédlmnaartadedee hneoThe Hffesdrice betmaen faldenseaind wh agolased fine was
d that irtual f f t flected |ight inside th Iti-]|
ﬁxﬁsﬁge 8@?“rha? %gh\é%wgﬁwée&%%?@% “El‘hgl?%{tl? anggtwglrat r\ﬂfgpupﬂ'- For an isolated line, the '

spectrum is assumed to be a continuum. All frequencies up to the pupil cut off are transferred. For

large isolated 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 intensity curve is not transferred, a pattern infinitely
periodically extended is reduced to a sine-pattern, and as shown in Figure 11, the duty cycle is
changed. The duty cycle of a dense line is no longer 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 I | two effects of the illum nation-mask-systeminteraction are

visible. First, the center of gravity of the lines shifts with the azi nuth,
whi ch for system performance becones a structure and slit position overlay
term This shift is linear fromthe left-side to the right-side, and is on

t he or dgfrofuneed T odludiRsdkthie Fidurd DXa shildes Ghetedhdef TP kRang®esi0Ntertitdl@ripa@d t i on
at azinmuth 0" (slit center) contains nore ener(I;;y relative to the structure
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the spectrumis assuned to be a continuum_ All frequencies up to the pupi
cut off are Figaresi2brdepigts thetrend ef ayshift 96thgtcaiticalidimensi¢n positigraas 4 fupetion afdhg n
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per i odi cal | yF@mthepht@d changedhbnov gl the@baorbérnesmpcértwn i3 nfmusrgd gth@mahcn arwrggf e
cleis The dut dense | onger
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effect on I'sS ener variation depends on

exXposur galtdited ﬂﬁ'fbotlﬂﬂﬁﬁhﬁinﬂ @nglégsti the fiinfrhdliongighl coreNend iR Rhéw A th Biglreshak td he
ef fect of the absorber on the edges of a structure is structure-size

i ndepenlﬁmln FIShlrel 13ki13g, thenphase pﬁ&nellnfes1é¢ olghelightoane spe sde Higarel O hedagected byt he
absor ber r tra sion). ne s t.hat the ex t change t hrough
the sliWVhif S‘Ptg d&g‘? %hafﬁ?‘ﬁn% EWC‘)éQF e lightgeng ‘étdgpkcﬁﬁdg’yetg?‘&%‘és 12a shows
the trend ofy o?ﬁ%ﬁ%‘ﬁn? chﬂn%ee@}hﬁ?é ot%é %&gg Ol S gdleﬂr)]éi'ﬁég orfthed ! “e

in the Y-d|re 1on). gur cal cu ues 0 ange (i

Del t a Ciuchsge sizé. LHUi:bbﬁmarﬂfabMiBer&Eicﬁhﬁsh aid shrinkeh ﬁieeﬁhdﬁy tisdEHake t 65 the
Through the calculated values a line is fitted shown by t he broken |ine.

The maxlightnvag®vahanmgessei The. effeqeofghe sbaseiimteﬁing af pattetr? transfer is alsp ldependitgronof 10
nin at the mask : ure 12b de e trend of a shift of the critical
di nensi @lﬁa@agmfeﬂer&g Oglwﬁ%%mdgﬁe&r?@s verirePigan the rdges of apatisr pidhe samise
wth a &@E %%aﬁg m. Figure 12b shows a strai ght descending Iine,

whi ch i ndica 2 center of gravity of the CD (this is a position shift

to be correchgas disdudséd above, the optic design features of an EUV illumination system, such as
the slit geometry or the angle of the incoming light, calls 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 orientation
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 a final
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the order of 5 run. For the phase change through the absorber, a
superposition is required in the calculation of the phase for the angles
inside the Iight cone at the entrance and the exit pupil. To visualize the
change along the slit for the three slit positions, the phase al ong the 200

run | i ngysjettedd indsig drthe @abstrdteaVedt WillmobBé fuffieishits fusak@bwshofizé Ml position of
illumnation |ight cone, and is shown in Figures 13a to 13c. In Figure
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build the structures on the mask MA. Therefore, according to an enbodi nent,
t he feasathetgheslitiofcadiation isplvayspitiesnesiin the sameavayiyche &atures oftdparapdarmpask.

dt fi th t d/ the int it anpjn of the sor ber.
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CD posi &iphinatPdboat | the aldgranéht b theShask NIAaYitH fesiSdct tiCtht kebsiatcEWtrdhy Béldone in
dependent. W thout changing the absorber properties of height and

t r ansm v wtiony Faltthe Rubsfrate¥ is aligned wiithtraspeet to ithe substikatprablaVdh eind ingssetdnids
dependency. So, to predi.ct fhe size and position of final 15 0j ected

i mage oPFHOR e M 5 ?(f With Fgspefg o ﬂ@ Sgﬁ%t#afecﬁaBWtW?oAf ag?SM%S’ﬁéwgi ze
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o, oA 8 g SOl b TR PR AR PSSR0, Al b o

f avor abémukefesir@l sdgitp sfiBe pREHnilyAdedee.exposure. I n an enbodi ment of the
present invention, the CD variation and CD position variation is corrected

on the mask Atlsestisoiy of theymhydirnentsofthe presenp wieniiomdestribdsthereinmayds applied

e gD, Lol oS e a0 LSk b BSOS TGl ob e

mask MA with respect to the substrate stage WT. Therefore, the sensor that is conventionally 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 a 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 marker 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 nask are projected because the size
of the die area on the nask to be projected is always equal to or smaller
than the slit length. The die area on the mask can therefore always be

posi ti onEld sefddr hi@thetphécesidr R0Qke dlgsliciricdnoias datemays patterned in the sane
way by the features of a particular mask. The calculation of the correction

required is ﬁhﬁsaligym@nmbgsupﬂmrlﬁnmmmhynmmlnglén ggmment peam Ad toghampgkm
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but it shoul the Sggnaint %qmt ?dfdrﬂl@ﬂ blyimdVing Ak Sebshatettalle WElih bY tiate digdtsions The
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substrate table i.gnnment . . mar ker Beh| d the alignnent, rker w Ilght
sensi t.%ses%ﬁgsoarta@f?rgntmoamoaéal t?ls ch\ﬂ'iire& o, W leoc@@st measysigs the Light HH@nSl y

provi deg, Pé’!:&@edél@?t'hli 8&1591‘ éthe%Hgam L2t BY sﬁﬂlﬁ?t%%ﬁ%’ Rpfl a@e?fo%aéiwnﬂrtﬁ essor

20. The proces I's arranged to communi ca evi ce

Bel ow, pdagtickngldebiceeaifhas Bitdetdid HoEGIORREdEViOPW & dbs&ibddeliet fe&sieﬁd@ t@-Flgure
detector. The alignnent neasurenent is carried out by providing an alignnent

beam ABI {wt shevmaskigurz! 4y rkheae posatidang Mvuam ®W aregiomtrotledebyrpkessbi 2fhnent
marker M vig the. lens E n the ﬁﬁe tabl e alignment marker W. The
al i gnment be mﬁlttﬂneqfé QB “6%%}1?1 5DFIE i $eHEOTSSRETUiEh the PGy immum amount

of light is considered to be the optimum relative position of the substrate table WT with respect to
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 structure 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 alignnment marker W is of a transm ssive type and both
markers M, WL have a predeterm ned corresponding pattern such that the
pattern of the mask alignnent narker M as projected on the substrate table
al i gnmenyf theefidsedligiiney patteens weitlsvary depeddinp @nplad pasition iafth¢ sli is whsdhrthe Erdtabl e
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table WI where the sensor S neasures the nmaxi mum anount of light is

consi desedigtzdhad alrengedttb measure et posiopas e targevimage @nsu psiximnte thapibetrg,
wth resEec_t to the reticle MA. The use of image sensor asurenents w.th
an of f - whersinthedetestar eprpansaiey BisMIcasHpHRPAEULO! the (Asest dwage fosdisplasenenand the

first al.ignnent patter ave differ tur L ent at.i

di mensi ‘51 n§1ﬂléﬁrrgﬁé:opggfe&:lgiheoqosphog 0?;]%? Eeergﬁ]ireﬁg&ép f ﬁ%*%ﬁ%lgtdgg}%g“{@glgtga on the
subst r afyeysiB81iSduring JARSM! thRBfeH GREME SMGYdifient, M (HRE AChANTENARSE bArdRRRANS
that the projection systemmay project the alignment pattern on a different
| ocat i omretrdiped hyecdrastitig €= abigninbet pagttine bn ithegnaskritself by e aryhriiht siznahd yositidnhe
CD of the projected first alignnent pattern may vary depending on the .

posi t i off the faafisessdapendingupepethelidimprssansnily pesitior arghonertatian they WHEOGRERY Ut ed
aligned,posjitjon, in the |ateral direction..(in the XY plane).,as.pell as in
he axt 1P S8 YRR e AR ET AhPoRiai PE HoRy PR eparaRs. PSR ATteedR ¢ he
second ghiABBRMnd GHnefiidns PetwebR iR fRREMNE ahd theFeat@es YAREL Sdi@niABRHIBUITE.
intensity 1s measured by the sensor when the first alignnment pattern

exact |y mat chesording ts & emnbodihiegt ke tompative ofitheldbigement, pardmetbmas peréamed
orientations and dinensions 17 of the first alignnment patterns will vary
dependi Pagednparhie §84.-tion in the slit in which the first aligrinent
patterns arepp j,tion

Aothet emggdiment of the present invention, the measured alignment positions 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 multilayer 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

18



An al i gnnent sequence usually includes nultiple single point alignnents. The
result of a single point alignnent equals an aligned position X, Y and Z.
When multiple points are aligned, the rotation can be conputed based on the
relative positions between the points. Since the neasured position differ
for dif forofiorpapatatans pravideds iwhipheanglodestthadéfgimefeatubes witieinitiapptesefosmed i s
influenced differently for different slit positions. So, offsets in all

par anet drthe deyice; avhesgie thedgatures pes dmensigecaddiricgtationgphosep krerege adggred
invention, the detector, described ahove is.. confjgure n r 0
measur e 488 083@? d SﬁatSfiuflﬂ%p?%% gfmﬁq'%aaléd %dﬁusglpgﬁf?%glimﬁ%f %n?ﬂg{hg ggag@r %toe,
wher ei NedhiSendt @ R&iréP AR T8 @SplhdtendREARLUIRRNABS eirbANNPbMIdEE by Micdteciiverge
for displacenent and dinension errors correlated to the position of the

f eat ur eshadowtahglepditieandiation dethedeatwies Huning fretterretcapsanioe catrélated to fhagoption ef n
transfer. In this enbodinment, the offsets in the_ alignnent paraneters are
r educedthsyfeatwies wathimige exposire gt duang p#term ansderoflsoqacasurernent dgi¢e 8y varyi ng

he si d position. of.th dependi hej.r di mensions; .th
posi 11 oRCiamin BB s gy dGeel SR B Bt PR I Flicho B pEg8ton, OC

for an exResW Sudnhshheskd §B0Qe@RM feir BRAAREUMag boHN& Bi%fefaﬁﬁ&r&ﬁa pasﬂtemin%1
di nensi ons and orientations between their features and t'he features on the

pat t er ndevdces inclielesi b detedtoe oonfi guged o measertibapositiin oftthetarget imege amomgiroxinete
al i gnnment paraneters_ is perforned based upon the ESA. | n another enbodi nment
of the pesybsiatg, pherpin e detogior campensates 1o Beasted pesitionod s tarest ifage fct ed by

icﬁ' fﬁleatg]isp ?én??‘?%gﬂ%ﬁ’lﬁgﬁgjﬁﬁ%g&gs‘%gtré&%efﬁg{ﬁeieﬁ‘éét;v%zs é@oﬁ%g‘ﬁgﬁg filnk AT oBhd<S

na orilen 1on o al 1 gnnen eatures

and t hegdhfEESRRNCHatlcthifls BBNSE @thg RREMAFNSRE 81 LRM1REA WARB pbiiBod SAhE FQSured
the patterning device and the nmask alignnent features. It may al so be

desi r abivéthindthp exgosure sbio deriggpatteed iramsseroAlsb hditheaiphie agiazauo préovadedskicand t o
al so inplement corrections during_exposure as this gives increased
f1 exi bi ctuges the magsungmentedayisgidesitbed@beYee present invention, the slit

posi ti on dependency .is reduced enpl oying a.nore efficient absorber (e.qg.
Pon- conduct | SE-AHTEAP & aSireD S cofPRist Kedhel b Bl g oS e HBBLEEL, {1y
free fr 96}}1&%?&% DEEcOMinSRARGRRPUI M GPthe comnph@l hiFcqiRd réeBRfed ThtRl teRBrdfpPect
of the mask 1tself and the optic/mTrors). This could be, for exanple,
ZERCDURfdedinfri et exacutbide by phit ¢osnpderdodoedt ke camhpuitéray genaatefanadjdmentirolded t o

create features. Alternatively, it could be growmn onto the nultilayer and
subsequb¥upsingenreraing apattsrngdevies Wpoptigally franderringapattem fgepediathenpttaming

oot | A DY AR RGP BB g LR e

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, 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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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
substrate during pattern transfer; and adjusting the dinensions of the

f eat ur eS(LIODs),abinpEiRsAbEndtidtheadss etcel shomd be hgprecated ket cnmeind cannekt df soehsi on
errors introduced by the effective shadow angle of the radiation on the
f eat ur edltetnativa gppligations any esdfdhe grme oVl Are dia’ dictaie mey dercrpridged ag he

features within the exposure slit duri at tern transfer, .S asur ement
devi ce ?anﬂ%lfse‘?“ﬁ? Pﬂeﬁg"ﬁe ﬁgn?)rgllstfﬂlso rfuhﬁq%égtoér gaé%etipﬁgboél on S%eﬁlﬁéig')rﬁl fate a
subst r af,@girfte fefbiré MRHARR nfayMePr&&hicANbeBRRA AR MSpodHe indSr éaklpk b frack (a
provi ded, wherein the targef image is formed by features on a patterning
devi ce, toohthatigpially aigiles b dayec ofifesigutoecsubsirate aslideyeiope theosipbsalresift),tdhe t ar get
i mge on or proximate the substrate, wherein the detector conpensates the
measur ediejeloBy faphanst/or andnspeeider tophaecre enplicableghedisplasure hagingnarbeinphcd iy or s

i ntrod b he ef ti h I f th di ati h t
of 1 he BREEY AIMFGS B E e arer R R FRPH PenCREpleare s R Sratprs (b’
posi ti o _rgf(argge ir] Gk S Peatdh ﬁﬂhﬂm&&%ﬁg&gﬁ%@ tHn sﬁlelﬁfté a&dnﬁ;eti@ﬁﬁyrarsamler :

Al so a lithographi c apparatus is provided which includes the neaSurenent
devi ce thesaibstied thabalveadyAontaindinngtiple podesset] hersaspect, a conputer programis
provided to control a conmputer conprising a recordi ng nedi umreadabl e by

t he conput er Afhenghowedifie sefercaedimay haveebeer arpdanbrye tadkr wie of sabedisesntsof the by
the conputer.to direct th onput.er ..t.0 _gener.at.e adj ust. del for use
i gener o @it b atetRTDRlc hRaBREIT v R o e TR e B et
formed {Rektif RAY bEERURY ot EY AR aRHOfR cRMBSIE iRbAnURhOEaphy, bh M RBERRAL C

proj ection apparatus, the generation of the adjustnment  nodel conprising
anal yzi aghtext abpwsdenstdinmioed wfoptiealtlithegaphwhirigiphint lithobephy nespdgeaphy di aBNSi ONS

and orientations chosen to create a desired imge on the substrate during
pat t er npaticansg devicedriines Hleqattam ggptechored pubstratgeThdhignesraniyplcthe pattesaing

pat 1 or nAEAE0Y PP T e oG AL wBH P e BuRlse PE e BoBR s D e

desi r edyy i a i i . ul at ed
O Foce oL iy e Pl TR ortc h SROR B0 Sonirach et ol Pl oL

t he featani@ss awvasd otitofabemesiss kaeing Agatteladn itediet thegesiftas cwted,pl acenent and
dimension errors correlated to the posjtion of the features wthin the
exposur e sl i Theligrns ragiatioer and Toeami aped hxrein snepmpaseell fypes pb¢lecteamagnaisy be

made i n thi.s t.ext . to the.yse | i.t hogr aphi ¢ appar at i t he ture
o 1 Co. T SRR 0E B LR oo hF i Gk QPP teEh SO deg e
herein 19@{5"/‘8%’?’26)&1{1?511@8&}&%%{ DRl THER) 25dikeith (EBIHEARE Yhvele %tﬂti&a{eat ed
optical sysiens, guidance an detection Batterns or - agnetl ¢ donai n
menor i efingd bB3-20any) asdvaphsyssticlt bemhs] sadhysstied belinsdray&tron beams.

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. Furthermore, 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 to the present invention as
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19 (LCDs), thin-filmmagnetic heads, etc. It should be appreciated that, in
the context of such alternative applications, any use of the terns "wafer"”
or "die" herein may be considered as synonynous with the nore general terns
"substrate"” or "target portion", respectively. The substrate referred to
her ei n nagschbedowitih@s sephrtibe fromethe scopk o€ theldims Weteut belokor exanpl e a track (a
tool that typically applies a |layer of resist to a substrate and devel ops
the exposed resist), a netrology tool and/or an inspection tool. Were
applicable, the disclosure herein nmay be applied to such and ot her
substrate processing tools. Further, the substrate nmay be processed nore
than once, for exanple in order to create a nulti-layer IC, so that the
term substrate used herein may also refer to a substrate that already
contains multiple processed |ayers. Although specific reference may have
been made above to the use of enbodinents of the present invention in the
context of optical |ithography, it should be appreciated that the present
invention may be used in other applications, for exanple inprint

| i t hography, and where the context allows, is not limted to optical
l'ithography. In inprint |ithography a topography in a patterning device
defines the pattern created on a substrate. The topography of the patterning
device may be pressed into a |l ayer of resist supplied to the substrate

wher eupon the resist is cured by applying el ectromagnetic radiation, 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 "bean used herein enconpass all types of electromgnetic
radi ation, including ultraviolet (UV) radiation (e.g. having a wavel ength of
or about 365, 355, 248, 193, 157 or 126 nm and extrene ultra-violet (EW)
radi ation (e.g. having a wavelength in the range of 5-20 nm, as well as
particle beans, such as ion beans or electron beans. The term "l ens", where
the context allows, may refer to any one or conbination of various types of
optical conponents, including refractive, reflective, nmagnetic,

el ectromagnetic and electrostatic optical conponents. Wile specific

enbodi ments of the invention have been descri bed above, it will be
appreci ated that the present invention may be practiced otherw se than as
described. For exanple, it should be appreciated that the corrections

descri bed above could al so be perfornmed 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 detector based on scattering techniques.
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The descriptions above are intended to be illustrative, not Iimting. Thus,
it wll be apparent to one skilled in the art that nodifications may be
made to the present invention as 20 descri bed w thout departing fromthe
scope of the clainms set out below. 21 WHAT IS CLAIMED IS: 1. A nethod of

gener at i wgi 2T ot alviemom: aphy patterning device for transferring a pattern
formed in the patterning device onto a substrate utilizing a |lithographic

projection apparatus, the nethod conprising: defining features within the
pat t er ny f or MRAnétRod bEgdpetatiag AiphetolieitigtHhy phgerRing debiee f@atdnsRerind@pftern

di mensi ons and orientations chosen to create a desired image on the

subst r afasmgd i thg ppernEElevice atef ayubsiEap atilizng Adithagramicerio)srHoR ARRIRINA M e of
t he radj ati t.ne. defined features for a plurality of points on the
pattern#%%mggeﬁggggghd adjusting the defined features to conpensate the

desired i mg or displacenent and i mension errors based on it al cul at ed
i ect i ve shasBPedaREe WS do ey fomen i P iieiging GRS o FrbdPe Ay

patt er nhRg FHa¥h$ehsdna QridhabohcHobd 1 cteatd st imhfeort@t isipdrafSdirhp§attane

adj usted using at |east one of: - a thickness of an absorber |ayer used to

defi ne trimsfédreatures; - an intensity danping of said absorber. 3. A nethod of
generating a photolithography patterning device for transferring a pattern
fornmed in thealddatinpeanaffeotiee shalew ragle ofithielradiation en thie dhbyrdofeltutesfory @otalitgn
appar atus, .t he thod .conprising: defining features within the pattern
formed PHPYHE 0B&Rs RASCTipG ‘?ﬁ*?ﬂg features have dinensions and orientations
chosen to create a desired image on the substrate during cﬁattern transfer;

and adj ust i ngflieiwedas defaredfenivigs Escampepsiipdivsissised Iagade ¢igtademegbandor
(I sp! acgihliod AftorHaIENSH O c‘i{cht&i@uegflfé%g@épsglttagavtaﬂgﬂa?.e position of the

features wthin an exposure sl ern “transfer. 4. A method of
generating a photolithography patterning device according to claim 3,
wherein the defined features are adjusted using at | east one of

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 method of generating a photolithography patterning device for transferring a pattern
formed in the device onto a substrate utilizing a lithographic projection apparatus, the 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; and

adjusting the defined features to compensate the desired image for displacement and
dimension errors correlated to the position of the features within an exposure slit during pattern

transfer.

4, A method of generating a photolithography patterning device according to claim 3, wherein

the defined features are adjusted using at least one of:
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22 - a thickness of an absorber |ayer used to define the features; - an
intensity danping of said absorber. 5. A conputer programto control a
conmput er conprising a recording nediumreadable by the conputer and codes
recorded op. the recordi di um.an xecut.abl e by the conputer to direct
t he corrp'd‘ttg}c ?f’sQgﬁ%?basf’g%é??%ﬁﬂ}‘ﬁfgtt?rg?ﬁneﬁgﬁiqa?‘%ﬁ’ use in generating a
patterni ng device faor ptically transferring a pattern fornmed in the

pat t er ni WHEQW%@I@H’E‘%OES%%B@PF@EE using a lithographic projection
apparatus, the generation of the adjustnent nodel conprising: analyzing a
representation of features, wherein the features have di nensi ons and

orientations chosen to create a desired image on the substrate duri ng
pat t er nS.t r andcempuicaprogram fogpnim! e¢drepiténcompisgw raengiliagatedivia readablady e on

the defined f f [wrality. of .point t terni ice;
and ad; Sy Ao oGS iadds Bus e iae Boablh did P ue PR BT o Pl Aeee
di spl acg@eRphpaRfito EinBRRSIOM) @theitin SRS & 188l fdefiting dlpattedigf devtdeife shadow

angle. 6. A conputer programto control a_ conputer conprising a recording
nmedi um emsizddpirensigring e padermbened inthe peberamerdsyise @atp dbstree paps A dthographsi um

and executabl e b he..co [t ir ter 10 generate an
adj ust n%rﬁ{ecﬁ%rb%ﬁ%f%?s’ lﬁ%eeg%%}aglgrrl]8?%%iaﬁ@%%neﬁgﬁ%g§ﬁ%r?é%'ce for optically

transferri ttern formed in the patterning devi t bst r at
usi ng a |1 t ROGIEBITPPE R ffestisrisien the BBl ARTSOE AT ad ust mrent

nodel  CoiRMdtRinSBhosBA & ¥ehtld deSitddinRBe bh tHY sabbthee BaidEpditetPiramderi n t he
patterni ng device, wherein the features have dinensions and orientations

chosen to cr i i t i t r:
and ad) ust | ng e eR R B Ry M AP R Al B o AR
and di neffyiits on e pattsrning deiat, eddt o t he position of the features within the

exposure slit during pattern transfer. 7. A patterning device for

t ransf erri ndadgustiag tigs deffned fegureditd doenpRadiemhaidegradaviage fertisplaentbgidr at e
utilizing a |I1thographic t%rQOJ ection apparatus, wherein the patterning device

i s mandifmeasion edorspagedna the galevlatedioffieptgje shadeyepngleng features within the
pattern fornmed in the device, wherein the features have dinensions and
orientations chosen to create a desired i nage on the substrate during
pattern transfer;

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

transfer; and

adjusting 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.

7. A patterning device for transferring a pattern formed in the patterning device onto a
substrate utilizing a lithographic projection apparatus, wherein the patterning device is

manufactured by a method comprising:
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cal culating 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 conpensate the desired i mage for displacenment and di nmension
errors based t he. cal cul.gteq effective shadow angle. 8. A patterning

devi ce for tragHQmeEathEgs 3 1@’&‘? ﬂ@rﬂ?{tf@rtjﬂﬁﬂeqslﬁ%gﬁ‘\iévbﬁ f”i’?ﬁ%‘%fg%}"ééhﬁﬁ 0 a
subst r afighdabibhd #dGichtdtiohd OREBR Y Erefe QldeSitddAMage BA k1Rt dubstrad @i@hFpdtieen
patterning device is mnmanufactured by a nethod conprising: defining features
wi thin ttsfgsattern fornmed in the device, wherein the features have

di nensions and orientations chosen to create a desired inage on the _
substrat e ducdlawatipeg aneaffective shadéwmangladf thetradigtiarhen the defimessteatvrasdonreplurality t he
desired %nag[g f% di spl.acenent and di mension errors correlated to the
posi t i oft R A8 theRAlGHULS GFHH A°4n exposure slit during pattern transfer. 9.
A nmet hod of determ ning the position tgf a,tar_%et % e . on or proximte a
substrat e i nadjustingithe,fFaRes te comprRRls tha degiisd Adpgrstor diselasrmertiad AUPERSIon rmge
i s forngd, by, fa3hUhesaNaRd BRbLR/hAthw SiEYé ce, the method conprising:
measuring the position o? the target inmage on or proxi mate the substrate;
and adjusting the nmeasured position of the target inmage to conpensate for

di spl acenent and dinension errors introduced by an effective shadow angl e

of the gadiation on the.features aof the tterni device durin attern
t r ansf e%: 10.}\ p&aﬁ@t‘% i @EF@?S%I’HP%Gpf‘tﬁeé'gg?fg}efiilgﬂ%d?a%gmﬂ%g eteq %ﬁg& on or
pr oxi maf@sgate WafLihahithdpraphié F&)ﬁ&ﬁbﬁlﬁﬂbaﬁatﬁé, Qi REdIA e RRAHIRS dvicesberei n the
target image is formed by features on a patterning device, the nethod
conpr i simagufagteredihyi amethné cpmpiisingn of the target inmage on or proxi mate the
substrate; and 24 adjusting the neasured position of the target inmage to

conpensat e f defindng fehaesmeitiiindindpatdimfonsedin the dovise,odrereh alieefdatucesthage posi ti on
of the features on the Patter ning device within an osurg slit during

ex
pat t er ndinengiongand qrientatlons shofeR frreatg @esizedriglase af dhenjulstife qupgpaticth of a

target jha@g. on or proximate a substrate in a |ithographic projection
apparatus, wherein the target inmage is formed by features on a patterning

device, the ﬁﬁﬁﬁgﬂf&hu‘?ﬁvﬂb%‘ém@%@%{é b AGired ﬁrg?%ee@] gfsp&%%kﬁ%ﬁ%h&s%as ure

t he position arget 1nmage on or proxi
errors correlated to the position of the features within an exposure slit during pattern transfer.

9. A method of determining the position of a target image on or proximate a substrate in a
lithographic projection apparatus, wherein the target image is formed by features on a patterning

device, the method comprising:
measuring the position of the target image on or proximate the substrate; and

adjusting the measured position of the target image to compensate for displacement and
dimension errors introduced by an effective shadow angle of the radiation on the features of the

patterning device during pattern transfer.

10. A method of determining the position of a target image on or proximate a substrate in a
lithographic projection apparatus, wherein the target image is formed by features on a patterning

device, the method comprising:

measuring the position of the target image on or proximate the substrate; and
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substrate, wherein the detector conpensates the neasured position of the
target inmage for displacenent and di nension errors introduced by an

ef fective shadow angle of the radiation on the features of the patterning
device during pattern transfer.. . 12. A nmeasurenent device for .determ ning a
position of adusHgefhs HeaguredPositiop o thefaies! INags i eqmpRansaie rforaleRq?‘F?Hbepg?ﬂﬂgc
Proj ect JiatnRBRBFBEsWDrre QY tBithe pdRidnPSfARS foafi&eon the bR vice Blithiresn ON &
patterning device, the measurenent device conprising: a §et ector configured
and ar r expgewreshbt drrmgatiemtrans®si ti on of the target inmage on or proxinate
the substrate, wherein the detector conpensates the neasured position of the
target image for displacenent and dinension errors correlated to the
position of the features on the patterning device within an exposure slit
duri ng patt eAmdasareaicar devick foAdéteinfiamgaivsitioplodjpeaetdmagp pabaptoximate a
conprising: an illum nation systemconfigured to condition_a é)(?glm of

radi at | $HbStrate dup HHOLrapBIGRTAIGF RN RPNy Bilerel thy fargptimage defprmaed by fratures on
pat t er nj i . i :he .beam of radiation according to
a desi r%g%eg];ﬁ%ég?ﬁglegws% E%S?g?rﬁe&%tggﬁgég%rﬁﬁ%fﬁ'ed to hold a substrate; a

proj ection syst confd gur roject.1the tter f J.adiatlion onto
B arget  pof STEHREron O rlae Sheic AR e i R Bl Ab
det er m gidsatpOShdrei@NhOfctactbréomenbatetBe itaqiredpEbkticrod Bhe tdigetsmbgd foat e in a
| i t hographi c projection apparatus, wherein the target inage is forned b

f eat ur edispleeempans apshdimangion grrgesnigeduced, by ﬁ%ﬁ@%ﬁt@ﬁémdomngé@%tbﬁfﬁdawﬁ@nﬁe
detecto fi LL of the target inmage on or

pr oxi mate %edfgﬁ‘{)éagtreg}qrelgggﬁ%@%% aétB%ZtH&s: gr conpensates the 25 neasured
position of the target image for displacenment and di nmension errors

i ntroduced by an effective shadow angle of the beam of radiation on the

features_ of the patterning device during p,att%rn transfer. 14. A

l'i thogr %hi cAﬂ?‘?ﬁs%‘i?frleBhded’b‘f%fPéfl‘Efﬁ?mB%ﬂrﬁoéitWQ:° Artereey 038R QP PH AT YBRtE B
configu : iLHoR: ] I atihan.: i ort
B e R S e e e
of radi apattamiag devide, e neasuraiesit dedcpedrpising:a substrate table configured to
hol d a substrate; a projection systemconfigured to project the patterned
beam of radi atiétestonsundigaredamgatranged 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.

13. A lithographic projection apparatus, 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

ameasurement device configured to determine a position of a target image on or proximate
the substrate in a lithographic projection apparatus, wherein the target image is formed by features
on the patterning device, the measurement device comprising a detector configured to measure the

position of the target image on or proximate the substrate, wherein the detector compensates the

25



portion of a substrate; and a neasurenent device configured to determne a
position of a target inage on or proximte the substrate, wherein the
target inmage is forned by features on the patterning device, the

nmeasur enent devi ce coppri,sing a detector confiauied and arrange asure
Thae Doereg popfiat S Rieidletitnfhet R iirilosh 8R! st iFEndOt Rl ISR CEPRIE Ul &
det ect ogffea P stigawamglens thebd efradiatsn bh it fodtuidd ©f thaGekmindds ideturing

di spl acenent and di nension errors correlated to the position of the

f eat ur eBatism E#sigPat t er ni ng device within an exposure slit during pattern
transfer. 15. A patterning device for transferring a pattern forned in the
patterning device onto a substrate utilizing a |ithographic projection
apparatus, wherein the patterning device conprises an absorber |ayer having
a pr edeid4.nedAdithagraphieproydeape appdrites,abspribiag: | ayer is nade of at | east one
of glass and glass ceramc. 16. A patterning device according to claim15,

wher ei n sai dareidisdiifgionl sgtem dofifipwee todondAfon@NIRE ofdadiation;

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

ameasurement device configured to determine a position of a target image on or proximate
the substrate, wherein the target image is formed by features on the patterning device, the
measurement device comprising a detector 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.

15. A patterning device for transferring a pattern formed in the patterning device onto a
substrate utilizing a lithographic projection apparatus, wherein the patterning device comprises an
absorber layer having a predefined structure, wherein the absorber layer is made of at least one of

glass and glass ceramic.

16. . A patterning device according to claim 15, wherein said absorber layer is made of

ZERODUR®.
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