LI THOGRAPHI C APPARATUS, DEVI CE MANUFACTURI NG METHOD BACKGROUND OF THE

I NVENTION 1. Field of the Invention [0001] The present invention relates to
a lithographic apparatus, and a device manufacturing nethod. 2. Description
of the Related Art [0002] A lithographic apparatus is a nmachine that applies
a desired pattern onto a substrate, wusually onto a target portion of the
substrate. A |lithographic apparatus can be used, for exanple, in the

manuf act ur e IITHOGRARHEC AFPARATYS| DEVICE MANUFACGCEURING METHODer ni ng
device, which is alternatively referred to as a nask or a reticle, may be
used to generate a circuit pattern to be fornmed on an individual |ayer of
the 1C. This pattern can be transferred onto a target portion (e.g.,
conprising part of, one, or several dies) on a substrate (e.g., a silicon
wafer). Transfer of the P&CGKGROUND QK THEIINVENITOMNgi ng onto a | ayer of

radi ati pn-sensjtiyVv terjal (resist) provided on the substrate. In
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i ncl ude so-called steppers, in which each target portion is irradiated by
exposi myethad.entire pattern onto the target portion at one tine, and

so-cal l ed scanners, in which each target portion is irradiated by scanning
the pattern through a radiation beamin a given direction (the

"scanniyng" - oi)és@"@ltti_g' of e Relaged'&R¢ onously scanning the substrate parall el
or anti-paralTel to this darrectron. It is also possible to transfer the
pat t er [0002]Jom wBhlithpgraphic appayatyeis maching thet anpliss a desiredypatterpranta & supstrate,

pattern onto the substrate..l0003] The . i of the pattern.involve
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aradiation 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.

[0003] The imaging of the pattern involves illuminating the patterning device with electro
magnetic radiation. With high Numerical Aperture (NA) projection systems and with high NA
immersion projection systems for transfer of the pattern, it is desirable to provide polarized or at
least partially polarized illumination radiation. This enables image formation at wafer level by
radiation with a state of polarization which is suitable for optimal contrast of the image. For
example, where image forming radiation has a p-polarized, an s-polarized and an unpolarized
component, it is in particular the s-polarized radiation component which contributes most to
contrast of the image. Consequently an illumination system for use with a lithographic apparatus
may therefore be arranged to specifically provide s-polarized illumination radiation. However,

optical elements downstream of the illumination system may destroy or affect the state



or multi-layer) coatings on the elenent surfaces. During assenbly of an
optical systemof a |ithographic apparatus paraneters affecting a state of
pol ari zation can be nonitored and tolerance-controlled. However, optical

el ements not being a fixed part of the optical system such as for exanple
a patterning device enbodied as a reticle, may cause a depolarization or a
change of polarization affecting i nage contrast beyond tol erance. SUWARY OF
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[0007] - a manipul ator corrprl Ing one or nore bire ngent ts di sposed
i n a paduch as forezample apatteiming deliicet anchodizdzanaaeticle rmayncpase adcpaiat}zat;tm ngasaid
one or re bir frl en el enents to olarlzatlon state of the
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to control said adjusting to conpensate inpact of the patterning device on

a polarization state of said radiation beamat substrate |evel. [0009]
According to an aspect of tSMABMOEﬂ"HEtB‘i‘éEN?I@NOVi ded a |ithographic
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birefri ngence property of the patterning device, [000111 - a mani pul ator
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[00012]rad1aﬁo@bmQjoh@hsmgsponm ve to said data and arranged to control said
adj ustin conpensate i npact of the patterning device on a polarization

state olﬁg%h d rach 9t siragesleyise arranged e groeive and plorq o aradipiEdiegy t he
adj usti . patterning device on a polarization
state @%Sﬁf’;llll? Qggﬁ%gﬁﬁ%&@gnrr T&%uc%gfér’ate | evel is conbined with an

adj ustieg07]0 - amanipulator comprising one or more birefringent elements disposed in a path
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traversed by the radiation beam and arranged for adjusting said one or more birefringent
elements to change a polarization state of the radiation beam,

[0008] - acontroller responsive to said data and arranged to control said adjusting to
compensate impact of the patterning device on a polarization state of said radiation beam at
substrate level.

[0009]  According to an aspect of the invention there is provided a lithographic apparatus
arranged to project a pattern from a patterning device onto a substrate using an electro-magnetic
radiation beam, comprising:

[00010] - a data storage device arranged to receive and' store data characterizing a
birefringence property of the patterning device,

[00011] - a manipulator comprising one or more birefringent elements disposed in a path
traversed by the radiation beam and arranged for adjusting said one or more birefringent
elements to change a polarization state of the radiation beam,

[00012] - acontroller responsive to said data and arranged to control said adjusting to
compensate impact of the patterning device on a polarization state of said radiation beam at

substrate level,




conpensate additional inpact on the polarization state of the radi ati on beam
at substrate level of deviations froma target radiation-system
pol ari zati on-characteristic and/or of deviations froma target
proj ection-system pol ari zati on-characteristic. [00014] According to another
aspect of the invention, there is provided a device manufacturing nethod

i si ojecting a pattern froma patterning device onto a substrate
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[ 00019] re.l degicts alitho r t@oa atus according to an odi nent

of the nﬁaﬂ FHTiRE me BIPTEMG AT e CW“Egmd?‘gE“a‘?““P aé? A si ow
axes ChagiaeheElestid-makRétic ralliaBbn bélﬁh?'iﬁ@meﬁ@@%@hpﬁklﬁg* e 2B illustrates inpact
of a bireftringent mask on a state of polarizati.on of radiation traversing
the masi00018j011] $Sogug datacCharatterzing adbyefrimgpanequmopesty afftherpatteriing dévicegence
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illustrgéms an array of birefringent elenents for conpensation of
bi refringence of a mask accor di ng to an enbodi nent of the invention, and a
pl ot of [A9A%Ee -r eccmtm&hngmuhmwgmsrto ssmpensateampact of therpattemnieg deviceoma cor di ng

to an enbodi nent ure 5 illustrates a
di stri bB? F%‘?‘PUSP s*ages?ftsggg @9]@? hf%ﬁ%;ug’ %[L!) fri ngent mask; [0015] Figure
6 illustrates a birefringent elenent for |ocal conpensation of fast axis

variation of direction al ong t he scanning direction of a mask according to
an enbodi ment of the i BRIEFRFSCRIPTION OF THE DRAWINGS

[00018] Embodiments of the 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:

[00019] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[00020] Figure 2A depicts a mask with local fast and slow axes characteristic for
birefringence;

[0010]  Figure 2B illustrates impact of a birefringent mask on a state of polarization of
radiation traversing the mask;

[0011] Figure 2C illustrates compensation of mask birefringence using a separate
birefringent element;

[0012] Figure 3 depicts a slit shaped illuminated area on a mask when used with a scanner;
[0013]  Figure 4 illustrates an array of birefringent elements for compensation of
birefringence of a mask according to an embodiment of the invention, and a plot of phase
retardation along an axis of a birefringent element according to an embodiment of the invention;
[0014]  Figure 5 illustrates a distribution of fast axis directions of a birefringent mask;
[0015]  Figure 6 illustrates a birefringent element for local compensation of fast axis
variation of direction along the scanning direction of a mask according to an embodiment of the

invention;



[0016] Figure 7 illustrates a mask birefringence neasurenent device. [0017]
Figure 8 illustrates relevant entities for polarization control in a

| it hographi c apparatus according to an aspect of the invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0018] Figure 1 schematically depicts a

| i t hographi c apparatus according to one enbodi nrent of the invention. The
appar at ys._conprj.ses; .[0019] - an .illuym nation system (illumnator) IL

confi gutJ 6} o cﬂdﬁHngtht‘ét?S&dP%mWﬁB‘%ﬂ?eEe‘(sé'?%‘?e,m If&di ati on such as for
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const r usppatatysoacsomulng to an aspect of themgventen.i ce (e.g., a nask) MA and connect ed
to a first positioner PMconfigured to accurately position the patterning
device in accordance with certain paraneters; [0021] - a substrate table

(e.g., a wafer table) DETAANS DESCRIPTONQETREINVENBION (8. 9., 2

resist-coated wafer) Wand connected to a second positioner PWconfigured to
accur at HI0}8] podiiguren schamatically depiets a fithographiteapparatistahcardingae angembodiments ;

[0022] - rojgctian system(e.q., a refractive projection |lens systen) PS
confi gu?gtg‘e?%ve_hg?lbj @Eet apﬁaﬁgﬁ‘%ﬂﬁsﬁ%arted to the radiation beam B by

patter n!()l)§l9}?I evi-ceadiuaiih&tion %@(@ﬁﬁ(‘ilhﬁﬁihhﬂo@rm donfigurgd to E6HuRidrS4 FidiaBibR be4m NOr €
dies) of the substrate W [0023] - a data storage device DS arranged to

r ecei veBdag., $1\bradiatipnsuehay e example ggnesated by an excigien lasermpspasing gt df t he
patternjn | CR: 025] .a controller CN responsive to data stored
in the gg?%ggﬁg8ﬁ93[%g\%)? ](%(537E%1%§1]r?8@’

rage mani pul ator MN for disposing a

birefri[mweol el-emgsippdk dtﬂilcﬁf@ﬁe[gs.\,cﬁ @hslobREMT Ebndtiicttdto Aghpoa hipagerntify
birefringent elenent BE. [0026] The illum nation_system rrae;)e; ncl ude vari ous
types oflevign (egala mask) dhd and comigeted 4@ a firg ppsitioner M canfigured tnaccumtphet i ¢,

electro net r : | i.cal conponents, or any
conbi na{}?sg%ﬁ'{ thg P %o%rﬁﬁl%(# §%?Eﬁegﬁc%dgaﬂ Eélﬁgt%}:%rgﬁﬁ Bga%ngﬁér’ol ling radiation.
[0027] [We21puppor & sslistratzttalsle (&gpp ovafes table)eWT doastnictédie hotd gbibsabte (85 a

patterning device. It __halds the patterning device in_a manner that depends
on t he BeistrRated wafeps Wiand coanectsdip 3geepndinositionen RW ronfighred fo ageurately hogr aphi ¢

appar at s e QhReAR AL RS wiltChafipal BegaTP! © whether or not  the

patterning device is held in a vacuum ervironnent. The support structure can
use necf@Rfal - aprojection system (e.g., a refractive projection lens system) PS configured to

project a pattern imparted to the radiation beam B by patterning device MA onto a target portion
C (e.g., comprising one or more dies) of the substrate W;

[0023] - adata storage device DS arranged to receive and store data characterizing a
birefringence property of the patterning device;

[0024] - acontroller CN responsive to data stored in the data storage device DS; and
[0025] - amanipulator MN for disposing a birefringent element BE in the radiation beam
B and for adjusting the birefringent element BE.

[0026] The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0027] The support structure supports, i.e., bears the weight of, the patterning device. It
holds the patterning device in a manner that depends on the orientation of the patterning device,
the design of the litho graphic apparatus, and other conditions, such as for example whether or not
the patterning device is held in a vacuum environment. The support structure can use mechanical,
vacuum, electrostatic or other clamping techniques to hold the patterning device. The support
structure may be a frame or a table, for example, which may be fixed or movable as required.

The support structure may ensure that the patterning device is at a desired position, for example
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vacuum electrostatic or other clanmping techniques to hold the patterning
devi ce. The support structure may be a frame or a table, for exanple, which
may be fixed or novable as required. The support structure may ensure that
the patterning device is at a desired position, for exanple -4 with respect
to the projection system Any use of the ternms "reticle" or "mask" herein
may be considered synonynmous with the nore general term "patterning

devi ce. Withgespegt tqthe nre}eﬁgorpatsmr- nf\RY; usgeafitheterms agtiplet er rmasko herpibmaybead| y

i nterpr ' . ' : dsed to inpart a
radi ati g&r]xﬁ g@s&ﬁéﬁd%gﬂ@; ﬁﬁlmr%e g?‘g&%ﬁ%ﬁ?@g&ﬁ%ﬁ&s uch as to create a
pat t er n[0028h t aihgeérnpQrattemingdevide? usedisteintitould be ioadilydntbmpreted ecrefdprng fohe

pattern inparted to the radiation heam nay not exactly,. correspond tq the
desi r edapatevisehitican he uped tgdmpaid prpdiptiery beaphuith g patterain its prgss-gsctiopisech #s ¢ he
patterng My t r i :

Cener al }&y&gittﬁgﬁ%}fﬁgfﬁfa?é%gﬁtfgg o{fgétsﬂfé&?aéééilgﬁgﬂéerg%%ﬂ ﬁlggﬁtfrtgggg to a
parti cutcethe rddiatonibemal miyayst exactlyacodespond th tiendgsicedeadttech inrthe keegdt pogimn of

ortion, such as.an inteqgrated cir.cuit. 0029].. The patterni devi ce nay be
P F anon BeHETale, FarapIRUE Mg eudfs 1S Bh hinkgcaties PEBACTIVAARIY naske,
progr anf@RRi&s. Gehérlly, 3he patfern ﬁﬂﬁaﬂéﬂ@& fHRTERRNI6h bdal) Qﬂﬂ@ééesp&ﬁﬁi&sa }f’a'i'l"i’culéﬁ‘el |

known in I'ithography, and include mask types such as binary, alternating
phase- sfiinctionahtayer iata davicstbeihgahreated mithé targeh portion| suh as an iegrated isircuit.nas k

t . . I 15 . t .
L P amae Rl o it apkedin GV e TR e o tiactls S UVF. PR TRIRS P RAHerRg g o
as to rgi@Ginchide MaskS] prograffthadld Mirdtaaayd, Bndbx&o%%ﬁﬂhbl@l@ﬁi&&’@ Mdd€ate | t ed

mrrors inpart a pattern in a radiation beamwhich is reflected by the
m rror well kngwn jrolitdography and imeluder maskgypesisuelyas kindryaltenatimg phasesshalt| andbe

broadly interpreted enconpassi any type of ,projecti syste

"ot uc AFEES RS s NETAFRGRSL IR tpackivihe?., AR SaBple i Y Balilabte, ony
combi nafiRér 4rfa§etiPloysaSmatpiRratiahgerhént bOsmaldMiredB Osudh © f vhibhadah ®8 ikdividgallys ed,
or for other factors such as the use of an imersion liquid or the use of a
vacuum tillgdsoaséo wfleetipn ingaming rasigjondeamin didterent disecdions. nhldlltedonisassinnarta s
synony i I " | j ysteni. [0031] As here
et ot capayeth e e RSOREEls Bk P ELRELLARBYC' o7 T OV G 4

transm fMBUE MERHe)ternN‘Projebaén sisten” iseé hareirshatildsbertiyadly imérpeetéddd ective type
(e.g., enploying a programmable mrror array of a type as referred to

above, CORPASSING HYY type eff raiectiemesysied including mitactive, réfiactve ang watadigpiier at us

foo o SRHGH bty B dohmheiGH MRl bopridE: B SRA Bl FaalI0h Bihnp S, 1
t abl es omnfayother fastees such paithelusebf amimnpersipa tighidroy tistsp of aRycunen. Ay usedf et on

one or nore tables whjle one . .
term “projection lens” herein may be considered as synonymous with the more general term

“projection system”.

[0031]  As here depicted, the apparatus is of a transmissive type (e.g., employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g., employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0032] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more mask tables). In such “multiple stage” machines the additional tables
may be used in parallel, or preparatory steps may be carried out on one or more tables while one
or more other tables are being used for exposure.

[0033] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g., water, so as to
fill a space between the projection system and the substrate. An immersion liquid may also be
applied to other 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
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or nore other tables are being used for exposure. [0033] The |ithographic
apparatus nay also be of a type wherein at |east a portion of the substrate
may be covered by a liquid having a relatively high refractive index, e.g.,
water, so as to fill a space between the projection systemand the
substrate. An imersion liquid may also be applied to other spaces in the

| it hographi c apparatus, for exanple, between the mask and the roi ection
syst em 2BSEES of RpIcEtiRIsYStemss Thederk | immersion” asised Betgin deesnot meanthal 1 t he

d
nureri ¢ %lc-)uchﬁe ageH ha'd &tﬁﬁaﬂr R Ye! sﬁﬂm%@%& o Cﬂ“‘&% tr@cﬁ%? o1y HETA% n@& ll@lgd 1$S€

herei n does not nean t structur as a substra
subner gtmtane(hbbtmpan the frofectiat $ystenoaridthersubstrateldaring iegpostiré.s | ocat ed bet ween

t he proj j stemapd th trate ure ferring to
o 6 l0038], O HefRRL Breure T B PSS et eschvanRlAg Preshian i éﬁt‘PBn
source gdrceld§. TR 5&&0@% the ?itﬂdg?di)‘iiﬂ:" &}BQﬂaﬁJsW@steBﬁa@éﬁlﬁﬁe§ Fo

entities, for exanple when the sourcé Is an exciner laser. In suc cases
the souwben the sowrce m:lsemanerdaseo frosuch pases, thé souréreis niot tmgidepddi to fapppartiofis and
t he radjati.on b mis fr .the source to,the i W th
the oot AR ol LA bR Behirassef aront e Miuteh Slfo 46 Mhmpipator

di rect i [IOwith tHeQi®of %&bﬂdelﬁveﬁ%@@eﬁ?%@dﬁbnmh fBiE &&En;ﬁ@%ﬁﬁaﬂl@&r&ﬁmg(ﬁﬁrrﬂﬁy be
an integral part of the lithographic apparatu for exarrpl e when the source

|b s a ge}mﬂmrw beampexpinders ét]yﬁﬂfléf @cesihd seuree mybﬁ?nmtwal part ofithe lithegraphict h t he
D
e ekt TR R e e B e 50k SPR B g

t he angtdgathet Witk e Beim dbliveryl sybteinBD of refjfii€ed; a1l deireferrde &Mas 3adRtish kysxenat
| east the outer_and/or inner radial extent (conmmonly referred to as a-outer

and a-i 038] r ddhedbuminatoy)lL sraytaemprise am adjusteriABfpr adinsting the a@gulqsmprpnsw ane
g‘; t ? ?S gls!r}&glrlﬁrghg&g ?%dg?@ogxoﬁe%“ %{i%ral@ﬁ aﬁgﬂk teYhter Aot Hnléﬂaa %tehtL
nmponents as an | nte ra condenser

CO The(dohinbHly Rdf€rfed®)as BCoutersdd d-fhnef Rébpbdtively) betHeaﬂteﬁélt)omsthBaﬁam ina have a
desired uniformty and intensity distributionin its cross-section. [0036]
The r adpenil l@ihnfb@fati‘;ﬁ Bluminatae fanche adpisteda dn paditien.the fluminptor i may comprssc M)

which is I t I d

pat ¢ or niaiss ofheEConp ey Rishits 3 I EdHbEY s porlRpes KOV el ripe

radi at | ggedleasndRidnhs eflidtivh®éa, to'taveh Gbﬁl‘éﬁluﬁffoﬁti%ﬂ{ﬂlﬁﬁnsuy\ﬂi'sﬁibuﬁ&ﬁiﬁ%s t he
beamonto a target portion C of the substrate th the aid of the second
posi ti offeps- fopfigld position sensor IF (e.g., an int erferonetrl c devi ce,

| i near er ~Qr ed
accur at @S&Fe él%,e rg%}gtgésﬂ @%‘%’325 g{e}“%{&? gfsléggn-ﬁﬁ’?g#e%g p%t’ ons c{ﬁﬁé pat h
of the hﬂd bﬁthﬂﬁpb&&@ﬁr&tuﬁi(&fgl,mdsk tabl' ™I Tf); drseltis p@wdrhd:d)lﬁlﬁmelﬁwermng dev1ce

Having traversed the mask MA, the radiation beam B passes through the projection system PS,

which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF (e.g., an interferometric device, linear encoder or
capacitive sensor), the substrate table WT can be moved accurately, e.g., so as to position
different target portions C in the path of the radiation beam B. Similarly, the first positioner PM
and another position sensor (which is not explicitly depicted in Figure 1) can be used to
accurately position the mask MA with respect to the path of the radiation beam B, e.g., after
mechanical retrieval from a mask library, or during a scan. In general, movement of the mask
table MT may be realized with the aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of the first positioner PM. Similarly,
movement of the substrate table WT may be realized using a long-stroke module and a
short-stroke module, which form part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the mask table MT may be connected to a short-stroke actuator only, or

may be fixed. Mask MA and substrate W may be aligned using mask alignment marks M1, M2

-6-



and anot her position sensor (which is not explicitly depicted in Figure 1)
can be used to accurately position the nask MA wth respect to the path of
the radiation beamB, e.g., after nechanical retrieval froma nask library,
or during a scan. In general, novenent of the mask table MI may be realized
with the aid of a |ong-stroke nodul e (coarse positioning) and a

short-stroke nodule (fine pasitioning), which formpart of the first
posi t i offsksupgfatesplignmgnt arksfpl, £ge Atk fhe subsesis ts@nte&bn@rkﬁrsa@gﬁﬂe@d

realize iGatePRLp, : qp‘sbﬁ] 5 ; i form
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scanner jrekhewnmasscribedlire alignmext roarks)o idimderty) in situatiohsintwhich mioee than ertdie ison| v,

or may be. fixed. M and suhstrate W may he .aligned usi mask
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substr afgp3qy | 9 HepidRidkappAatus|cbiRitediséflin £ $asiiheT¢he PR inEMaads: Por ti ons,
they may be | ocated in spaces between target portions (these are known as
scri be- [0938] al ilgninestep madé she masknfablerMY and thessubsteate table WIT avk kept essentialiyhan

die i i. ded h k k ali : k be | d

oot weersioslh BHE0 e et PLs B pBRu R SR B SRo Rl cocr©

one of péron Cldt Bié ﬁﬁs\%ﬂéi,eﬁéinélg 9Rft eﬂposhl@?.srmnsume tAbNEWITESS ithénashi fRed T thend
are

the substrate table kept essentially stati ona;‘i/, while an entire
pat t er nXjang/r Yediraction he thahaidiffarent taygetrnortiont ¢prebe exposed.dn step anagis: theporti on C

Shi 1t oaiRmsTsot P Rdlinhs ARt e urlhoHoEG iR AR el "

can be exiegged. I n step node, the maxinum size of the exposure field limts
the size of the target portion Cinmaged in a single static exposure. [0039]

2. In si093%ode; Inssanmodes the maskfrblaM Trand thesibsirate sable BV B asgscammed s canned

synchro i|e. -0 . i.af.l I i: ed
ontoa D ioholly bilfa BiherlipArtBiib il B fedn PR e 00 BAAR e bBGE LTS
di r ect i @r., afirighadymainid éxposurel bl Valocitglaad direction of tHesubstrdte fablel WTlyBlative/tobe

det er m ned bl\; the (de-)magni fication and_ i nage reversal characteristics of
the prothearas ﬁa%%’fremarbla.e etermaingd, by thed deJmagiication and imaggrevensal exposur e
field | m i i j j . ortion
1 o s SipdctersiEs dt  Broicciioh A6 s? 1Rk THodd, ifithiriibunblint it fRlne0

det er m field linties thewidth (ini the hove scanaingi diigctiah) o€ diel tavget pdrtibh én 4 singletdypamici on.

For reference in the text below, a scannjng direction i.s the Y-diyrection as

def i nede¥ppsimReVbeERsHh® ngth:oddhe sqapmime mptionglgiegmines the height (indbe pranpgt ext, an
XY, Z- C&’i?écﬂbﬂ%ﬁhé%géegg}gftﬁmf' ?gefﬁfeﬁ& ihf beél&w}&‘?caﬁ@ﬂghﬁ%&%n ishyg larly,

X- and y-axes are lated wth a reticle and a nas attern, ereby for
a ret i cYalifeotionissedefined by tlecaondinate lages shown in Figure 1. In the present context, an

X,Y,Z-coordinate system is fixed with respect to the apparatus. Similarly, x- and y-axes are
associated with a reticle and a mask pattern, whereby for a reticle for use with a scanner the
direction of the y-axis corresponds with the Y-direction in which that reticle is scanned.

[0040] 3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a pattern
imparted to the radiation beam is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device is updated as
required after each movement of the substrate table WT or in between successive radiation
pulses during a scan. This mode of operation can be readily applied to maskless lithography that
utilizes programmable patterning device, such as a programmable mirror array of a type as
referred to above.

[0041] Combinations and/or variations on the above described modes of use or entirely

different modes of use may also be employed.



direction of the y-axis corresponds with the Y-direction in which that
reticle is scanned. [0040] 3. In another node, the mask table MI is kept
essentially stationary holding a programuabl e patterning device, and the
substrate table W' is noved or scanned while a pattern inparted to the

radi ati on beamis projected onto a target portion C. In this node, generally
a pulsed radiation source is enployed and the programmble patternin

devi ce [M4bdatResicles forrusquyitherroiertien liagrphpbeiraHy Consist né 2 quards subsateasl e WI

or in bgtween [ Lall SC%%Q' ' de of
operati g{h cancggl%?g%gi 191 %’g .atl?éeﬂa(&?t&e Hrrgis%??'ess %I{Iﬁeo@%%%ﬁéy]k?ﬁg'kﬁ’% l'izes
pr ogr anhiéfriaggmf therefure cetdia/blanks aseiasualy madp vdfisedquditze However, exen ififused a
type as referred tq abo [ 0041] Conbi nati ons, anl%ior .variations, on the

e
above d8%¥Yipusedprithe reficle blank,the presence of some residual birsfringenge is practically al so be
errpl oye i . « o ] i i i Yy
Corsy s tinavoldabie] AhbRhEherricdfifin HiplroR RISt diingcnORPE BBlOD MR ERIEY
be i magederrddrty herinafter ag(trati¢le birefringenue’” tnd denotdal byeRBj cemehetmoddiled éxi apeint

reticle blanks are ally made of fused artz. However,. L even |f fused
quar t 2. ()i FOFIA 1oels BreipearkOr skt Ugh Buher 48 gis T b vad & ow
bi ref fi poeRACMASaN With h?ﬁbsle%etak&&%ﬁ'ﬂﬁéﬂi§us1ﬁ$lﬁmwec§§§‘§ﬁﬁétidiﬁdﬂtﬂe in Figure

2A, the bireftingence of a portion of a reticle, referred to hereinafter as
"reticl wabdlength.i Inggenerat, thawdticle boefuhgonceRR iscafuntteomafdbé fetidlei aoordigatéskt and( x, y)

on the reticle N.A as t bi.ref rji ngence of refa te wth .ast axis
FA. N ataBatisfifrienitan eling Rl S e Bl R MALeRLRe RniteieindialidiL 1

i ndi cat gy dgveanf ¥, §AlsuMutidh drivelueyerigl @YcpendencORRRprEsedide reticle
bireffingence RBi1s a function of the reticle coordinates x and y. Both the
orientation of the fast and sl ow axes (FA-MA, SA-MA) and the phase

retardati on may ve TAX distribution of values. This x,y dependence is
expressed as: RB = RWBF% Y\N’ A= A(X,y), and N = Nx,y). Equ. (1) [00431
Here, A is the angleApgiyvamad the y-axis and theggast)axis, and Nis the
phase retardation expressed in fractions of the wavel ength of the radiation
beam B. [00441 Th¥ =N{®¥: of the angle A on the state of polarization of
radi ation traversing the reticle in a point (x,y) on the reticle Nais
schematically illustrated in Figure 2B. The input polarization of an

i ncom nppo43dy 2Heé, A iskhe ahgle detweors die Potishhd theifesd asisparrl N isithEipiagee 2 t he
incomng radiation is  linearly ggl arized parallel to the y-axis, as

i |1 ust r Estasdatipp expeessadrip fragtians ofi{ae wavalength of thpradiation heam B.
[0044]  The effect of the angle A on the state of polarization of radiation traversing the reticle

in a point (x,y) on the reticle MA is schematically illustrated in Figure 2B. The input polarization
of an incoming ray 20 of light is a linear polarization state. In Figure 2 the incoming radiation is
linearly polarized parallel to the y-axis, as illustrated by the arrow 21. The fast axis FA-MA ata
point (x,y) of intersection with the reticle of the incoming ray subtends an angle A with respect to
the y-direction, and the impact of the presence of the reticle on this ray is that it emerges from the
reticle with a resultant elliptical polarization, as illustrated by the ellipse 22. The parameters
describing the exact shape and orientation of the ellipse 22 depend on the angle A(x,y) and the
phase retardation N(x,y) at the point (x,y). The effect of diffraction of radiation at features (not
shown in Figure 2B ) of a mask pattern present near the point (x,y) is not changing the effect of
birefringence on the state of polarization: resulting diffracted rays all have said elliptical
polarization. A pattern with features extending along the y direction leads to diffracted oblique
rays in the x-z plane. In the absence of birefringence these oblique rays would be p-polarized.
The impact of the reticle is that image formation is now accomplished with elliptically (and

hence not fully p-polarized) radiation resulting in a decrease of image contrast.



point (x,y) of intersection with the reticle of the incom ng ray subtends an
angle A with respect to the y-direction, and the inpact of the presence of
the reticle on this ray is that it emerges fromthe reticle with a
resultant elliptical polarization, as illustrated by the ellipse 22. The
paranmeters describing the exact shape and orientation of the ellipse 22
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beam B a retarder plate BE with a_ retardation chosen to Nav, and with
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correspondi ng presel ected urality of phase retardations) a retarder BE
whi ch nmshipolates NN tmbtahe&letshlectpdaﬁadmeBEmdidlsmsem retartlet BEiindha path t he

i pul at th | ect ed BE ,and .hi .ard
e i 1t Revegaetvy o o neafy B Fadiefiradr sl Hnieishnds Mo lirtofen fLE "
cal i br afa@ﬁmdld”‘FAﬂilﬁﬁﬂdji& J16w akR SN-BEC tThe i Mipuldtér MN comprises a motorized rotatable

mount for holding a retarder plate BE in a preselected rotational orientation (of its fast and slow

axes) and is arranged to rotate the selected retarder BE such that its slow axis SA-BE aligns with
the direction Aav of the reticle in response to a signal representative for Aav. The amount of
rotation needed for this alignment is determined by the controller CN and can be applied to the
retarder BE by the manipulator MN before, during or after disposing the retarder BE in the
optical path.

[0048]  Birefringence data for a plurality of reticles can be stored in the data storage device
DS, so that during usage of a particular reticle the corresponding appropriate compensation of
birefringence can be provided in a manner as described above.

[0049] The location along the optical path where a compensating retarder BE is placed in the
optical path is not critical. It is primarily determined by aspects such as the space available in the

apparatus for the manipulator MN, and the lateral extent of the required clear aperture of the
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fast axis FA-BE and its slow axis SA-BE. The mani pul ator MN conprises a
notorized rotatable nount for holding a retarder plate BE in a presel ected
rotational orientation (of its fast and slow axes) and is arranged to
rotate the selected retarder BE such that its slow axis SA-BE aligns with
the direction Aav of the reticle in response to a signal representative for
Aav. The anount of __rotation needed for this alignnment is determ ned by the
cont r ol Tetardenlament BE, The latiss parnetes is aneoptical systgry dasiengarameten;and jsdiffersnt N
bef or e, ' i ks e ' i.cal .
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dat a st mtialgdoriestepper ré3pectbelyt hrstep-dnd-scag appargtas of sueh pizat thecmbskrpattetri cl e t he
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entirel y, encl osed within sald .cl ear ture. 0050}, The smaller the clear
aper t ur ShERRLSTGEah R dvERion M B Bk fischormaaly FRgrs FR eSimimiee, o
the ret fleGatardet BERDthi€pefdifod Idties. t he cost of a crystalline quartz retarder
element BE increases with its dianeter, there is a preference to |ocate the
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of 't he Snibie IR PR BBEHELL P BP0 kB g HBhOIE Ro el BRI Bln ob s por t ur e
The enbaslinserebmf thdvetitle), onin #pupil pldhé sBditer the ifinginatiod systdie Mabi hal | y shows

t he placement of _the retarder BE at this preferred | ocation. [0051]
Howev er Projection lens B8. appreci ated that the retarder position can also be

h | ! . ol
ot ol el 0BEL PAbhs{in Bty oP Bl Bl e Srb g af bR, fosftBRio ikus
pupi | pbieretapder BE if ¢hie Bibefrihgdnt propatties Aas wad daw loff a @¢levdne grqupajfeeticlesraré ens PS.

[ 0052] Instead of .havi r}_g,a plurality of preselected retarders available, it
i s possHiiributed within p sutficiently smajl WIidBE i f the birefringent properties Aav

and Nav (ﬁ??f/‘ ggiaﬁ%}@dgﬁ%%\rﬂﬂg)?%&ft of e lifVefifioR the pdlartihg Pidtredt 8t Wiy bembodied

sufficien
as a variable phase retardation plate. Examples of variable phase retardation plates are Babinet

and Soleil compensators arranged to adjust the phase retardation to a preselected value of phase
retardation. The manipulator MN comprises, besides said rotatable mount, a drive for setting the
variable retarder plate to a desired phase retardation in accordance with a signal provided by the
controller CN representative for the average phase retardation Nav which is to be compensated.
With this embodiment, the need for having available a plurality of retarder plates with a
corresponding plurality of phase retardations is alleviated. Electro-optic and piezo optic
materials can also be used as retardation plate substrate, because their birefringence can be
changed by respectively varying an electric field or pressure within the substrate.

[0054] In an embodiment of the invention the lithographic apparatus is a scanner and the
manipulator MN is arranged to adjust a plurality of birefringent elements such as to compensate
a field dependent polarization impact of the reticle on the polarization state of the radiation beam
at substrate level. In a scanner the illumination system IL is shaping the radiation beam B such
that a slit shaped field 30 on the reticle MA is illuminated, see Figure 3. The slit extends along

the X direction, perpendicular to the Y direction corresponding to the scanning direction. Its
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[ 0053] According to an aspect of the invention, the polarizing el enent BE
may be enbodied as a variable phase retardation plate. Exanples of variable
phase retardation plates are Babinet and Soleil conpensators arranged to
adj ust the phase retardation to a presel ected val ue of phase retardation.
The mani pul ator MN conpri ses, besides said rotatable nmount, a drive for
setting the, variable retarder plate to a desired phase retardation jn

accor datedth igderotgd by §hY, 35 sy it 1gyre3nand is fixeqd withaespesd to Hisr2odeh coqrdipater or

t he aVﬁéggﬁLphase retardation Nav which is to be conpensated. Wth this
enbodi neEnt, the need for having available a plurality of retarder plates
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Ui

crystalline quartz substrate and provided with a wedge shape (such as to obtain a linearly varying
thickness along its long dimension) provides such a non-uniform (linearly varying) distribution
of phase retardation along its axis of elongation.

[0057] The assembly 40 of fingers may be placed near the reticle, and alternatively or in or
near a plane optically conjugate to the reticle, so that in a static situation only a part of each finger
is irradiated (as illustrated in Figure 4) and an adjustment 41 can effectively provide a local
change of a birefringence property.

[0058] For each element BEi data representative for the particular non-uniform distribution
of said one or more birefringence properties along the axis of elongation are stored in the storage
device DS. For a finger BEi these data may, for example, represent values of Ai(y') and/or Ni(y").
The reticle birefringence data RB can be provided as values RB( A(xi, yi), N(xi, yi)) for a grid of
points (xi, yi) on the reticle MA. The coordinates xi can be chosen to coincide with the

x-positions of the fingers BEi. During a scan, the slit area 30 will subsequently traverse the array
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el ement BEi is arranged novable along its direction of elongation, as
illustrated by arrow 41 in Figure 4, and each birefringent el enent BE has a
non-uni form di stribution of one or nore birefringence properties along the
axi s of elongation. [0056] For exanple, a birefringent element BEi may have
a phase retardation Ni(y') which is linearly varying along the Iength of a
finger. Here y' is a coordinate associated with the finger, along the axis
of el ongbedoedinateey. Therefarg, cosrdinates, yiepesent 4iffesertispayepositians o the rgficlg with
birefri [ J | J . n [ OMI ' hape
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the finger in accordance with the subsequent values for A(xi, yi) which are affecting the

polarization state at wafer level when during scan corresponding subsequent reticle points (xi,yi)
are illuminated.

[0061] As schematically illustrated in Figure 6, one can identify a number of discrete fast
axis directions Ai on a line with xi = constant, which are to be accounted for in the finger BEi.
The finger BEi which is to operated and adjusted along the line xi = constant in Figure 6, may be
embodied as an array of birefringent crystalline quartz segments 62, each having a phase
retardation Nav, whereby the slow axes of consecutive segments 62 are aligned with
corresponding consecutive directions of local fast axes at the reticle along the line xi = constant.
In figure 6 this is illustrated by the line segments 61 (representing a slow axis direction) being
parallel to the line segments 50 (representing local fast axis directions at the reticle).

[0062] The birefringent elements BE and also said fingers BEi in any of the above
embodiments can be made of birefringent materials transmissive for radiation of the wavelengths

mentioned above, such as for example crystalline quartz, CaF,, and MgF,.
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directions Aav). Further, by optimally positioning the elenents BE any out
of tolerance phase retardation N(x,y) of a reticle can be conpensated for
the whole field, during scan. [0060] A typical reticle birefringence
distribution is schematically illustrated in Figure 5. Contrast |loss in an
image is primarily caused by an x,y-variation in the orientation of the
| ocal fast axis A(XQ%%, whereas the _phase retardation N(X,y

[
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directions of Igcal ffst axes at the reti%{f al ong the Iitne Xi, = ct02 tant.
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fast axis directions at the retlclegg. [0062] The birefringent elements BE

and al swithaipglarizatigsy mesEremeng ast-upf wherebysthe pelariseriydds imedit degrenmwitle thesquartert

birefri i al i ssive for radiati h | h
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[ 00631 Liveth ifbridinomiiRélieieibirefi@ipendd) Othattitetringdhbe ehdingthem Methalpiar at us

may further conprise a birefringence neasurenent device for neasuring the
bi r ef r i epsmission enrefleaiionpmay keugedads will.a pat t er ni ng devi ce such as a

et o ol OONAP oY RERRing Rl e ARG ARG A itk m RBERPARoeiP.

may becaﬂﬁsﬁse@ﬁn aleftaiétemaviial géﬂeﬁae§a/ﬂi§m abért ®hiser D€ tHeippatatusih oge-a prolgdr e 6
schematically illustrates, a irefringence measurenent, device BMD. The

devi ce Teticlsfis beyon telerapceeinrpgnect of refiole birgfiingencg o ltesnagingly & litographicy
e s ibaR P e RIS I i iR e BBl Rim B RE, BE Uhiipridfe L ™ "0

sur f acealest sgsgrh withbud Yuréher katthpfiting mednd wqirovidé B cbmphatsation of fetigier e 7). A

comon pol ari zati on neasur enent se&-ilp . . Lo
irefringence. The use of reticles beyond tolerance in respect of reticle birefringence can than be

avoided.

[0065]  According to an aspect of the invention, the adjusting to compensate impact of the
patterning device on a polarization state of said radiation beam at substrate level is combined
with an adjusting to compensate additional impact on the polarization state of the radiation beam
at substrate level of deviations from a target radiation-system polarization-characteristic and/or
of deviations from a target projection-system polarization-characteristic.

[0066] A target radiation-system polarization-characteristic may for example be expressed
as a set of preselected Stokes parameters, also referred to as a Stokes vector, describing a desired
polarization state of the radiation at mask level. Alternatively, a target radiation-system
polarization-characteristic may for example be expressed as a preselected Mueller matrix which
in terms of Stokes parameters and Mueller matrix coefficients describes the effect of a system on
the state of polarization of the radiation beam traversing that system. For example, if the

polarization state of the radiation emanating from the source SO is well defined, this alternative
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conprises a |inear polarizer, a quarter wave plate, and an anal yzer,
respectively elenents 71, 72 and 73 in Figure 7. Wth the HeNe | aser
generated probe beam 74 the mask substrate is sanpled w th a polarization
measur enent set-up whereby the polarizer 71 is in 45 degree with the quarter
wave plate. The angle of rotation around an axis coincident wth the probe
beam of the analyzer . gives the information on the reticle birefringence.

Ot her bfiefntionefradiatiprrsystempalarigationoeharacigristic may deimose switahle fosppewith 19) may
be used . . AC i . . i ]
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lithographic process uniformity over the area of a die.

-

[0068]  Figure 8 illustrates relevant entities for polarization control in a lithographic
apparatus according to an aspect of the invention. The system comprising the data storage device
DS, the controller CN and the manipulator MN comprising one or more birefringent elements
disposed in a path traversed by the radiation beam and arranged for adjusting said one or more
birefringent elements to change a polarization state of the radiation beam (see Figure 1), is
referred to hereinafter as the polarization uniformity controller, and schematically indicated by
the element PUC in Figure 8. Analogous to the use for compensating x,y-dependent effects of
reticle birefringence RB as expressed by Equation 1, the polarization uniformity controller PUC
can be used to compensate X,Y-dependent effects on the state of polarization of the radiation
beam at substrate level due to an X,Y-dependency of a radiation- system
polarization-characteristic and/or a projection-system polarization-characteristic, as described

above.
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proj ection-system pol ari zati on-characteristic may be caused, for exanple, by
the possibility that differences in transm ssion of radiation energy occur
bet ween s-pol ari zed and p-pol ari zed conponents of radiation upon refraction
at curved surfaces of lens elenents of the illumnation systemor the
projection system Since angles of incidence and refraction of a pencil of
rays, which images a point at nmask |l evel onto a point at substrate |evel,

vary wi {0960he cotontrabthe polarizatien-shasgcteristic gbthetradintionyyystem, gepolarizetien (and
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a pol ar ratate therpodarizatiom axis o€ lineadiypolamzed Eght in sewrdinge mathid desired diredtionrofd t o

her ei naf.t er .t he | ar.i zation Lformty c rpller, .and sc ticall

' cat ineanpotigfoait By AR RiaRF oliierdl Bostonigt e sl el ek I g Pave
conpensglateithreYpdERANE gidctidh lof tHedineirly pslhrizddeight ingfinging 60 @R HAR WsvePldt)essed
by Equation 1, the polarjzation uniformty controller P can be used to
conpensAs @ rosult, bingadly pokarized liglttosn ba pravidestta the illpmirationisystemdh vdferebydhe

radi ati Qn_.beam at .substrat e.l evel due n X Y-d ndency, of a..radiation-
st om SRestigR AL o FABR T IS n<RY pofaiFed Be s et RF B REGaGe ik &

pol ar i zpfefepfedGihahiation hidde.CForaxafipRCifidirde ilRbiNARion]s HeStletRdGRirhination he

pol ari zati on-characteristic of the radiation system a polarization

mani pul Bode, amveferraq opentaiianefithe linear prlariggionanay beithe difectioreperpendigulasio 8y st em

Fi t . r . fog. X . h
o t ect otifocined 4 mERRN ddits, KEMaPEoORRARA &M iidion RpE T RIS iacRo e, |
syst em fksk M2 tiedasbysidipioviag contedst bf inés offestares imthetmaskfacemn | i nearly

pol ari zed |ight_delivered by an excingr laser SOin Figure 8 into slightly
el |ipti097P),~ However, as explained above, residual polarization errors, i.e. in the present example

a deviation from linear polarization, may be present in the illumination radiation impinging on
the mask due deviations from a target radiation-system polarization-characteristic as explained
above. According to the present invention the polarization uniformity controller PUC provides a
compensation of such polarization errors in the same way as compensation of reticle polarization
errors due to a presence of reticle birefringence RB as described by Equation 1 is obtained.
[0071] In situ polarization measurement devices PMDA and PMDB, see Figure 8, can be
used to obtain data characterizing deviations from a target radiation-system
polarization-characteristic and a target projection-system polarization-characteristic.

For example, the illumination system IL may comprise a built-in polarization monitor, whereby a
partially reflecting mirror PRM with different reflectance's for respectively s-polarization and
p-polarization radiation traversing the mirror is disposed in the optical path, to divide a portion of
the radiation out from the radiation beam, and to direct that portion to a detector comprised by the

measurement device PRMA, for detecting the signal of intensity of said portion of radiation. The
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pol ari zed |ight when the | aser radiation has traversed the beam delivery
system BD. The nmanipul ator PMA may conprise a half wave plate and a quarter
wave plate, each rotatable around an axis parallel to the optical axis OA
of the radiation system (see Figure 8), to transform said elliptica

pol arised light back into linearly polarized light (by adjusting the
rotational p?psition of the fast and sl ow axes of .the, quarter wave plate

! or . . g Pl ¢
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pol ari zati on-characteristic as explained " above. According to the present

i nvent i beam #rel gronged faxtaidimstings#id pne enymersrhireGingent ¢deraents to ¢hpage a polarization

conpensatjon.of such polarization.errors in_t sgne C ensation of
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as descpf the daditionteéain 4 Bubstriate 1641 dif A&Hations Fdf theltargsi fatliaoh-3ystedt i on

nmeasur enment devi ces PNVA and PVDB, see Figure 8, can be used to obtain data

char act pelptizatignehetagteristins wheeaby dhe eangfeller QN iresponsive {ossaithdata is arranged to

pol ari zat i on- char.acteristic and a target projection-system

pol ari chp}trgﬂ§aéﬂgﬁjggtp§,i stic. For exanple, the illum nation systemIL may
conpri spog2pui | Accoriiltoddn #&pédt @ tHEGAvdntion, dafeeiRbactaizinteddviaiony froffd ect i ng
mrror PRMwith different reflectance's for respectively s-polarization and
p- pol ar Prejactienrsysiem aplasigationacharasteristic pee qhtaines asi welliAspwplamentary pelaggationg|
pat h, t i ﬁm L f j.ad | f adi at | and
to direc oﬂ{t IJat porl?llg%sﬁllhﬁ gﬂ% sctlaet% ggP%l?H%%k%%?ss@g&g% I%}S%ﬁr%‘g@gdr gon%bg%lnglge\%lénce
PRMVA, f d4ta,deé Bigute®y Thb én situgptdarization fieasusérhsnt dévis@PMDB af substraié levelthay, ifemn.
The - 15 si qnal of intensity can be used to estimate the ratio of

s- pol ar %2HN1g bewmbedicd a5 an amaging pplarigietes ysing gomgronlylnowyelipsametieam The

measur eMiqlge%\%lcﬁlaﬁgM% tH@!‘ta{eLgf&Jlaﬁ}izﬁt%H? Conferflion¥ S diifie? Enalysis can be used to

calculate Stokes vectors describing the polarization state of radiation. The polarimeter device

PMDB may comprise a system of polarizing elements comprising a retarder wave plate capable
of being rotated around an axis perpendicular to fast and slow axes of the retarder wave plate
(which in an embodiment may correspond to a rotation around an axis parallel to the optical axis
OA in Figure 8), and a fixed analyser. The retarder and the fixed analyser are not shown in Figure
8. In an embodiment of the polarimeter PMBD, the rotational position of the analyser is
selectable by an additional rotation of the system PMDB as a whole around the optical axis OA
in Figure 8. By forming an image of a pupil PU of the projection system PS on a spatially
resolving detector 80 (as illustrated by the dashed lines in Figure 8) such as for example a Charge
Coupled Device (CCD) an ellipsometric analysis can be executed for the plurality of detector
pixels of the CCD and hence for the corresponding plurality of areas in the pupil which are

optically conjugate to the detector pixels. The image formation may be obtained by arranging a

-16 -



pol ari zi ng and/ or pol arization-state changi ng el enents (such as for exanple
a rotatable retarder wave plate and a linearly polarizing anal yzer el enent)
and may be arranged to neasure conponents of a Stokes vector using comonly
known el li psonetric techniques for analyzing the state of polarization of
radi ati on. The neasured Stokes-vector conponents can be stored as data in
the nmenpry device DS and can be conpared with a presel ected_t arget

pol ari zisnf ebjeetgsystemy element Lyynckigyre §ctoproyestapdmageelthe Eeplé?Hp@gh%e&C&r
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t he radinegraed waththesubstats suppiost WalialFigifre dcori alteimatizelfyy it maytbe enzhodied as a

radi ation-system polarization- acteristic e the controller CN
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may conprise a system o oar|’2|nge S conprisin er wave

pl at e cagselib&l hepéin Deiytave othet gsplivatomgsikh a8 Hiesmatitisindiof ihtagrated opéiedl and
sl ow axes of the retarder wave plate (which in, an enbodi nrent nmay correspond
to a roSystsasuidensedngd detggtian s| far magnetig doggin memoggs, flat-papel displaysyr e 8) |

d a fj ' : .
Fqure iR CRAR aflays MEDHEIR A8k rilleh Reabh K65 IR ol T pbiOMR 7
of the thagliythercontext sfuels hitdrhativeyapplicaidds,tangned of the dringrfwafert be“diy Sheeein PVDB

as a whole around the optical axis OA in Figure 8 By form ng an inmage of a
pupi | Puaybe copsidsres assypepymgusath the mage aerseﬁagttwm yubstiater|op i s 8PRWOT 80

1 . . .
8?11:1 Ige %‘;&g@g &‘S%‘E‘%ﬁ%@%@% k@ﬁ%ﬁ%sr}ggr%t r rgcé%%]% ’ ? g%g@grain gﬁ}ip}gfy l’,ltﬁ] e%rf or
the pl ueainiglya ahcld@titect that typicaldy applits 4 heyexiDesistdo hanbstratoand develops thespondi ng

plurality of areas in the pupil which are optigally conjugate to the
det ect o?"ﬂ%%’e‘le??&ﬁ@e?rﬂlﬁgﬁ Yl gt YhinsRartigR taght ﬁﬁw%am@waﬂgéha Afsglogure

herein may be applied to such and other substrate processing tools. Further, the substrate may be

processed more than once, for example in order to create a multi-layer IC, so that the term
substrate used herein may also refer to a substrate that already contains multiple processed
layers.

[0075] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g., having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm).

[0076] The term “lens,” where the context allows, may refer to any one or combination of
various types of optical components, including refractive, and reflective optical components.
[0077] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practised otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of

machine-readable instructions describing a method as disclosed above, or a data storage medium
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-16 lens objective system elenent LS in Figure 8 to project an i mage of
the pupil PU on the detector surface of the CCD. The nunerical aperture of
the | ens objective systemLS is preferably |arger than the nuneri cal
aperture of the projection systemPS to alleviate positioning and alignnent
requirenents for the polarineter PMDB with respect to the projection system
PS. The pol ari ,zatjion nonitor PVDB at subs e | evel be enbodi ed as a
deV| ce fer&e??mcl‘EP“QHGFPbmefq%f’%F%meﬁalt41%‘82*‘6}%18@3?%3 g%raaw prwarmstﬁeaur e

1, or aékgﬁ@allvely, it my be enbodied as a portable device that can be
provided to the substrate support W when a polarization state nmeasurenent
i s desi [08G8] [ 0OThe]deddriptions almovie aremtanded tmbl:eaillnmtmmottllhmtlpgl Fhusyetvall bevDB

can be ed a nalo he .processi nd..use
Goscr pAPAEBh Feone kot e ar il ERNRRGo-B R e Rl 5 RS ORRTO S BRirinadn

devi ce Mtdeﬁﬁ‘ﬁﬁ ﬁemmeuwpmémsrsemmm my be made in this text to
the use of ographic apparatus in the manufacture of 1Cs, it should be
understood that the |ithographic apparatus described herein rmay have ot her
applications, such as the manufacture of integrated optical systens,

gui dance and detection patterns for nagnetic domain nenories, flat-pane
displays, liquid-crystal displays (LCDs), thin-fil mnmagnetic heads, etc.
The skilled artisan will appreciate 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 herein may be
processed, before or after exposure, in for exanple a track (a tool that
typically applies a layer of resist to a substrate and devel ops the exposed
resist), a metrology tool and/or an inspection tool. Were applicable, the
di scl osure herein maybe applied to such and other substrate processing
tools. Further, the substrate naybe processed nore than once, for exanple
in order to create a multi-layer I1C, so that the term substrate used herein
may al so refer to a substrate that already contains multiple processed

| ayers. [0075] The terns "radiation" and "beant used herein enconpass al
types of electronmagnetic radiation, including ultraviolet (UV) radiation
(e.g., having a wavel ength of or about 365, 355, 248, 193, 157 or 126 nm.
[0076] The term "l ens,"” where the context allows, may refer to any one or
conbi nation of various types of optical conponents, including refractive,
and reflective optical conponents. [0077] Wile specific enbodi nents of the
i nvention have been described above, it wll be
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appreci ated that the invention nmay be practi sed otherw se than as descri bed.
For exanple, the invention may take the formof a conputer program

cont ai ni ng one or nore sequences of rmachi ne-readabl e instructions

descri bing a nethod as di scl osed above, or a data storage nedium-17 (e.qg.,
sem conductor nenory, magnetic or optical disk) having such a conputer
program stored therein. [0078] The descriptions above are intended to be
i|lustr&LAMS: not liniting. Thus, it will be apparent to one skilled in the
art that nodifications nay be made to the invention as described wthout
departing fromthe scope of the clains set out below. CLAINMS: 1. A

| i t hogr aphi cl.appaAdithsgraphie agpatattoanpanged ¢t prajepbi pattenn fronma patfeatihg deviog
device onto a substrate using an el ectro-magnetic radiation beam

conpri smaasabsﬁr&teau%qmg}eﬂ%&a&éeﬁgrrﬁ AdRnbeaR!, CORBIIYBEand store data

charact eri zi 2ga slirdgidelidg aRAfigedRb ARRIVeHnd ok GatP BhdrSLIBAfE HBHbhgerte

mani pul at or conprising one or re birefringent elenents dfsposed™in a path
t r aver spmpertyyofi the pattatniagidevickeam and arranged for adjusting said one or nore
birefringent el enents to change ap,g)olﬁiri ation state.of the ra igtion beam
a control | er? 28Ry ‘?RFQ“IPS'SE’&P%':&E[ - EFéPg gleqents digposedin apatyTaygrsed; | ng
to Comgﬁﬁﬁ,tr&‘diaﬁdm%éhl &1d dridgfPior a8juki ARVbifefordiore biteffigeredlements it e of
said radi ati on beam at substrate | evel.” 2. A |lithographi ¢ apparatus

accor di ehgngoa polarirationvatate ebthegadiatidn beafy, i ngence property of the patterning

devi ce i h tardatiaon. 3., A lith hi t s . ding t
Chai m 2 wher BEOUeETRGTRER seid sath and s sRG RPN B 55 FmpeteS
sel ect i fgpadt GBS PattePhiaf d8ice Bn @lpofurizakict Rate bf §63d PadPitioRl UehMAR BhbstratedsRit S. 4.

A lithographic apparatus according to claiml whereby said birefringence
property of the patterning device is a direction of a fast axis. 5. A

Lith i ; ) S a . st .
changing o a1 oot Pathom e AlaPlut &chididlo el §R%eBP by Btk MR BOTP"! S¢S
el ement gropérty 6 the pixeghiap ldievica paplaiselfet@dativndi ng to claim 1 whereby the

apparatus is a step-and-scan apparatus, and whereby the manipul ator is
arranged to adjust a plurality of elongated birefringent elenents, said

di sposed par i1 ol o PAE pArkOriRa A BUA Shacfy SN, Apriel 19

varying a phase retardation or selecting a phase retardation of said one or more birefringent

elements.

4. A lithographic apparatus according to claim 1 whereby said birefringence

property of the patterning device is a direction of a fast axis.

5. A lithographic apparatus according to claim 4 whereby said adjusting comprises

changing a direction of a fast axis of said one or more birefringent elements.

6. A lithographic apparatus according to claim 1 whereby the apparatus is a
step-and-scan apparatus, and whereby the manipulator is arranged to adjust a plurality of
elongated birefringent elements, said birefringent elements having a common direction of
elongation, and being disposed parallel to said common direction of elongation, and being
mutually displaced with respect to each other in a direction perpendicular to said common
direction of elongation, each birefringent element being movable along its direction of
elongation, and each birefringent element having a non-uniform distribution of one or more

birefringence properties along the axis of elongation.
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mutual Iy di splaced with respect to each other in a direction perpendicul ar
to said cormon direction of elongation, each birefringent elenent being
novabl e along its direction of elongation, and each birefringent el enent
having a non-uniformdistribution of one or nore birefringence properties
along the axis of elongation. 7. A lithographic apparatus according to claim
6 whereby said non-uniform distribution is a distribution of phase

retardance. 8. A Ajlithegiapiie pppasgpurceoringlocdaim Gyheisby said mon-upHemepy sai d
non- uni Bﬁmﬁﬁg‘i‘ st LiBYHLESh & g}&&?&{wti on of directions of a slow axis. 9.
A lithographic apparatus according to claim2l further conprising a

bi refri ngence neasuring device for nmeasuring birefringence of the

patterning device,gand for .providing saj.d  data character.izing a,
bi refri ngenc® pr oﬁg} ggrgghlgﬁgpa&tp:i g‘?"ﬁ%’%ﬁ Wé’@l‘fl@e(?cwﬁer.egﬁs‘flflt“ﬁﬁ' (AL
appar at §suHaaek gimsﬁiguﬁg,@j,miﬂec%mﬁofm%%. the adjusting to conpensate

i npact of the patterning device on a polarization state of said radiation
beam at substrate level is conbined with an adjusting to conpensate

addi tional i gpact t he polarization .state.of Lhe radiati.on beam at
SUbstrate | eder of IqpogtanE sGacs e ofeardis B staifl et fProftisias o BFF Gheence

consi st jagsufihg AeviBY frih QBurinPbiveTrih §énd€ bf thd PaférhiNg-dey ek @Y for providing said

pol ari zation-Characteristic and a "deviation froma target projection-system
pol ar i zdata oharadienizing & birsfringence propertyiaf thegpattoming dgypee: at us according to claim
10 further conprising a radiation systemfor providing the radiation beam
to the patterning device, a polarization manipulator disposed in the

optical path@f tRAgithesthptit appasatas @difbﬁﬁﬁ%*{é%ﬂnﬁ Pof®)WHepébyhe adjusting to_

pol ari zation-characteristic of the radiation system and a polarization
measur eeampengale impact of thempgtieming davicspna palarization statecfsaidradiatiorebeast aet

radi ati gn-sv.stem.pal ari I-QN-C risti A |1t1ho i t us
ecor di AT REaBbiER B ERRR & dghinsRoard fadional MIRRLGEPeRoRRAEIA. °
condi t i ghteloftheradiafidnh Beanh efdiibstrdie levBlofat Rkt dndldeyiatioh b theigiGup ¢ deviakiomd t h
different reflectances for respectively s-polarization and p-polarization
radi at i eansisting0fa devigtiamgoniartarget fadiatipa-sysien pplarizaftonosharacignshgend &r aver sed
by the [t t 3 oy . iation beamto the

pol ari zg iAotflotnrr@e;psgﬁe%trﬂ%ﬁlé@(ﬁ%geﬁ?eﬁs&% #a?]{aﬁ%é?%p%fléﬁcgppar atus according to
claim 11l whereby the polarization nmanipulator conprises a half wave plate
and a quarter wave plate, .each rotatabl.e around an axis parallel_to the

opt i cal' axi s1bi t Adithesmihic spPaSySt aieprding oSIHm: ML her somurisyne aFdiRtaR Cor di ng
ot oo o B RS AEALRIO0 G PR kg WELER AL B S ) oot @

pattern”inpart pat evi
disposed in the optical path of the radiation system arranged to control a

polarization-characteristic of the radiation system, and a polarization measurement device

arranged to measure the deviations from the target radiation-system polarization-characteristic.

12. A lithographic apparatus according to claim 11 further comprising an
illumination system arranged to condition the radiation beam, whereby a partially reflecting
mirror with different reflectances for respectively s-polarization and p-polarization radiation
traversing the mirror is disposed in the optical path traversed by the radiation beam to direct a

portion of the radiation beam to the polarization measurement device.

13. A lithographic apparatus according to claim 11 whereby the polarization
manipulator comprises a half wave plate and a quarter wave plate, each rotatable around an axis
parallel to the optical axis of the radiation system.

14. A lithographic apparatus according to claim 10 further comprising a projection

system configured to project a pattern imparted to the radiation beam by the patterning device
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-20 onto a target portion of the substrate and a pol ari zati on measur enent
device arranged to neasure the deviations fromthe target projection-system
pol ari zati on-characteristic. 15. A lithographic apparatus according to claim
14 whereby the polarization neasurenment device is provided at substrate

| evel and conprises a retarder wave plate capable of being rotated around
an axis perpendicular to fast and_ sl ow axes of the retarder wave plate, and
a | i nedtte ¢ tasgetportianpf the:substsate apd apelaztion measyrementdryicaraangetio Jnersws

compr 1 <08 dERafSE et o AR NG B pO Rk A SRERIGRIET, | L) Stem

arranged to project an inmage of a pupil of the projection systemon the
spatially resolving. detector. 17. A device nanufacturin t hod conpri sing
proj ecti ng afiattéﬁﬁhqar SAPRIANTIPIPEf A 16y rbyg the polangation ng an

el ect r o5 ERAASHdrE d%‘?gég]g AR REA Rubstif 180 Qﬂijcongﬁm% h Adt&ider @%&H ﬁlitg cﬁiﬁg& of

characterizing a I ngence property of the patterning devi usti ng

one or beingrofateddroimnd)anixispeapemticulanto fizst and slowrzeofithe mderrmj/ieqﬁatc;randaam
control l.ing sajd adjusting to conpensate inpact of the patterning device on
a pol arél'}eﬁﬁ?'é?ﬂianﬂ"ﬁjta@aléﬁerg&mop‘ﬂg?ati on beam at substrate |evel.

16. A lithographic apparatus according to claim 15 whereby the polarization
measurement device further comprises a spatially resolving detector and a lens objective system
arranged to project an image of a pupil of the projection system on the spatially resolving

detector.

17. A device manufacturing method comprising projecting a pattern from a
patterning device onto a substrate using an electro-magnetic radiation beam, the method
comprising:

storing data characterizing a birefringence property of the patterning device,

adjusting one or more birefringent elements in use traversed by said radiation beam,

controlling said adjusting to compensate impact of the patterning device on a polarization

state of said radiation beam at substrate level.
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