¢ . LI THOGRAPHI C APPARATUS AND METHOD FOR CALI BRATI NG THE SAME BACKGROUND OF
"THE INVENTION 1. Field of the Invention [0001] The present invention

.relates to a |lithographic apparatus and nethod for calibrating the sane.

2. Description of the Related Art [0002] A lithographic apparatus is a

* machi ne t hat applies a desired pattern onto a target portion of a

. substrate. Lithographic apparatus can be used, for exanple, in the

| “ manufacture of integrat I TF ht ESAPPAR! SCA nst ance, a
| i t hographic patterni %J\_! %I ' I r&a,g ferred to as a
"mask"” or "reticle," ﬂ’g@ bfﬁg & ﬁV @iﬁdﬁ&f@ern

corresponding to an individual layer of the IC, and this pattern can be

i mged onto a target portion (e.g., conprising part of, one or several

di es) on a substrate (e.g.BAGKGROUND odf EHE INVENTHAON a | ayer of

radi ation-sensitive material (i.e., resist). [0003] In general, a single
substrate wyll ¢ ﬁlﬂﬂgglaﬁeﬁ \{\%rk of adjacent target portions that are
successi vely exp - hogr aphi ¢ apparatus include so-called
steppers, i (P00RhTidpresatintartipatrelaRs td DlithbgrapHic AsParin@thndYn@XRPBE BdibAMingNT i €
pattern ont&ﬁt he target portion in one go, while in so-called scanners,

each target "§6#f-on is irradiated by scanning the | pattern through the
projection beamin a given direction (the "scanning"-direction) while

synchronous}y scpagiipfioh BEaRURaLealStPar al l el or anti-parallel to this

di rection. &oooﬁmg devi ce" used herein should be

br {ga\dl y i nt B0Bed dithegeaphisf appriany is nonahitevthatepphata daived patiss dntooa iafgeart a
prigj.ection i t attern in its cross-sectjgn such as to create a
pattern in %ﬁ%ﬁ%@ﬁ%&“% Eﬁt%%rai’ﬁé appALps candbe “F‘Tdi gqﬁ&wlsénﬁmm@uf%aﬁet he
pattern i npsfiftegratce cﬁ-&ﬁtsl{)IGH).eﬁltthé’créirBﬁ‘iﬁﬁhﬁB%%’a mbﬁggﬁegwerﬁ%hﬁef Qfhidngs t he
desired pattern, in the target portion of the sUbstrate. neral’l'y, the
patt ern i npaicmatvelprafereeddodis acmask!” ercaeticleyl iay bensesistp @ankerhio axcigpait pattuh ar

functi onal fa evi.ce, bei n d ip.the target . portion, such as
an integr atégg-ggo}l@t;}??o fl.wcfu@gl%?r #Iﬁ%al:g’gf‘?‘t&‘fﬁ I?‘i%eﬁ’e‘i?ﬁg’é lwggﬂdﬂ@to a target
transm ssi yertim (egf, lcegibtiviag phvt dMUne or 8éveRA IR H4 A Qubstrate (e.g., a silicon wafer)

that has a layer of radiation-sensitive material (i.e., Tesist).

[0003] In general, a single substrate will contain a network of adjacent target portions that
are successively exposed. Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire pattern onto the target portion
in one go, while in so-called scanners, each target portion is irradiated by scanning the
O pattern through the projection beam in a given direction (the “scanning”-direction) while

synchronously scanning the substrate parallel or antj-parallel to this direction.

{0004] The term “patterning device” used herein should be bfoadly interpreted as referring
to a device that can be used to impart a projection 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 projection beam may not exactly correspond to the desired pattern
in the target portion of the substrate. Generally, the pattern imparted to the projection beam
will correspond to a particular functional layer in a device being created in the target -

portion, such as an integrated circuit (IC).




- means include masks, programmable mrror arrays, and programrabl e LCD

panels. Masks are well known in |ithography, and include nmask types such
as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid nask types. An exanple of a programmable mirror array

enpl oys a matrix arrangenent of small mrrors, each of which can be

‘individually tilted so as to reflect an incom ng radiati on beamin

di fferent jrections: i.n this manper, the reflected beamis patterned.
[0006] Lit h@igbgp'qi‘ecpaitﬁﬁ’éli‘ga ?Yé‘"é’sm@éﬁféffaﬁ%lssémrdﬁﬁ%c% Esamplss of Brciesyige em

|| The notionmegpt Bhuds ¥84sRE 58 niRES birh@N Sﬁgt@%@ﬁ%ﬁaﬁe ﬂ@bePMe&Q a

- position of the substrate table in at |east a

in at feast two
di mensi ons Maskszre wall koowem lithogrephy) ané inclwie napsk vyprey stdheasduinargt aternating

dependency 0 .Qut put. Si l. prqvided by the osi.tion detector. The

ot on cont H0rE S Ao el RE b s VRt R s oA il
correct poséitd proglaninhdblemardiirtadiehpl@s RNER dnePlent df SmMP Hifrbi8Nedeh of e
substrate table is detected by the position detector, and a difference

bet ween t heWiigh e#t bejindbgduallyilied dotagdo reflest areincpwiigt jadiatips beasd irc didifetapt an
appropri at e:ack10n: af . optrohler., The pasition detector and controller
thus form p‘gr&?ﬁ% ’lanqp]gteﬂt‘(}g’flgrr\a\}aerr %ﬁ%llb(?ramfltqég azfgk control system [0007]
In a current |ithographic apparatus, a desired accuracy for the substrate
tabl e (al 00&4gndiithogsphial dppdratises ederaltyabinplogra walten &inge ksydtani NTlen or der
of magnitude of nanpneters. Hence, it .is required according to the state
of the art TRR{AN §9EOH ST SAMPHE SR (POFIligR Mrletes for geteqtingna Restiom ey the

Fur ther mor gypdi@e talf Etﬁle% 4 DEanOSE IOk REL AR OhimeALiBnd i@ Nbdhiolift t hat
the range within which the position detector is reqwregl to operate

enconpass esonstrugied dondriviny themctuatf iadepander®y®nian, oudmut tsigpabprosidedibe theabl e i n
a |ithographi.c ratus according to the state of the art is able to make
moverent o PR BE e T0F giionicon@Sl syfters UBysrrares 0t 1 UGGt 5 x 0. 5

in. To achicgiectipasifion (WHlkih 2S8R nStoleraes Mgk 'S 4 Sosith Shb Sutdtrafeidfst . the
position detector conprises one or nore interferoneters, preferably an

i nt er f er omgeieeted by the Hosition ddieptonsinda difffierenae hietwesn flleg datested position and $econd

di mensi on .pendi qul ar to t first di nension. di sadvant age of .t he
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[ 0008] A f defefref addydeatrefleriRss ﬁ)flﬁﬂ&l@@f@féﬁ@'ﬁar\ﬁ&ﬁi Amdkdrauen ﬂd&kbbﬂl‘(ﬂ@%@é}ﬁ:l state

of the art, is

[0007] In a current lithographic apparatus, a desired accuracy for the substrate table
(also sometimes called a wafer. table or wafer stage) is in an order of magnitude of
nanometers. Hence, it is required according to the state of the art that the position
O detector achieves such high accuracy. Furthermore, requirements on the position detector
are also high i that the range within which the position detector is required to operate
encompasses a range of movement of around 0.5 m, as the substrate table in a
lithographic apparatus according to the state of the art is able to make movements in two
dimensions, i.e. in a plane covering around 0.5 m x 0.5 m. To achieve these requirements,
according to the state of the art, the position detector comprises one or more
interferometers, preferably an interferometer for a first dimension and an interferometer
for a second dimension perpendicular to the first dimension. A disadvaniage of the

interferometers however is that it is an expensive position detector.

[0008] A further type of position detector, well-known in the general state of the art, is

. an optical encoder. The encoder consists of a light source, a grating and a detector. By

2.



I an optical encoder. The encoder consists of a |light source, a grating and a

~detector. By Z li noving the grating with respect to the |ight source and
ithe detector, changes occur in the light pattern as received by the
~detector due to e.g. reflection or transm ssion changes. The grating is

i thus conprised in an optical path fromthe |ight source to the detector and
i by novenent of the grating, the pattern as received by the detector
changes. Fraomthese changes, displacenment of the grating with respect to
Che Tt ght s PR Tinerees Wb Giooe i e Hekantios aubibe dRiogRT-ChES: By iBrent
and knowi nglighafbinl daeRRldltyOfle ddleBBP ihd B £ 201 8%on G bahlibadh cfifield || De
known to the skilled person, "the above descrTbes an increnenta ehcoder,

t he skil | ed Thegssting isithus dompiriged iniaaroptical pathHeoni thetlighhsiure te theatesooton trd

encoders exj.st. 0 A specj,fic type of. optigal, encoder has, been
Gosor tbed | BY tHov %‘{é%ngiog € §Eatiiy fhe ey as re/&B'BFé) by edjﬁ?e’é%ﬁﬁ%’@ﬁﬂ%?%%aﬁ? chis
i ncor por at echdngéseiiplayenicai 6f @8 @eating With reflebCdlthe B 96tGEe SRIREAER Taftbe

diffraction type encoder conprising a |ight beam generator constructed for
gener ati ng &l¢Ylyed. Hoem thesa displagemeninandigowinseseninggositipma, position sec bnd

- grating bei j e first grati.ng,..and a detector
~arranged fo‘?gﬂ‘g@%{cgc%ﬁ nig %%%%f%gbggggé(gpﬁ%@’ ?ﬁe%olva HF&BBWQC@WFP cted
on the firséncade, thbekiletosbn willddeifigiliaORih tHe fidiehad hBS WHORtO&icHPers exist.
mechani cal ly connected to the substrate table, the other one of the
gratings bel'igﬁggarre hani cal I%/Prgonnect ed to a reference _base of the
i t,_nﬁ‘gar aphi pggﬁléﬁc - tYRE AboRiieahsncader ippbesmisessribed in ggrpending WS Fgteat
noyehent of piiyt oS ' hth: . i: in
Operat i on ot ApblicEbn 40050038 vhict B Hlorkid hOuFARNGLRE D
| i t hogr aphiatcedsp asompuises anpiffraation atyp®tdnoodet orttnipolsingy st kght fieeam gemdratot | i ng a
novenent of tr}g{?ﬁegb trate tabl ? Tge substrate table ia novabl e in at | east
two directiGHE I SEhERiIE pisht Reath 3 st SBtingof SeSpar eppiingy thegseebnt of

the subst raditg BhE niovabie Wih Y6 Shand s n?at?ﬁﬁé SHEY d&tzctﬁpgrré#éb,? thf{élat e

table with respect to the projection syste . a novenent o
substrate tdgiscang adiffiected heam whvientight beimtas aliffipated enrthe firshdnd theosectxeam wi t h

respect to gtrﬂﬁag,s&{%sotfrﬂ?et gef‘atiﬁg% being mechanically connected to the substrate table, the other

one of the gratings being mechanically connected to a reference base of the lithographic

apparatus, a movement of the substrate table causing a movement of the first grating with

respect to the second grating and in operation causing a change in the diffracted beam.

[0010] The known lithographic apparatus comprises a motion control system for
O controlling a movement of the substrate table. The substrate table is movable in at least
two directions under control of the motion control system. The movement of the
substrate table is to be understood as a movement of the substrate table with respect to the
projectipn system, i.e. a movement of the substrate table results in a movement of the

patterned radiation beam with respect to the substrate.



] ;SUNNARY OF THE | NVENTI ON [ 0011] The principles of the present invention, as
. - enbodi ed and broadly described herein, provide a calibration apparatus

‘that calibrates a radiation sensor in a |lithographic apparatus having an
Cillumnation system In one enbodi nent, the apparatus conprises a substrate

- hol der configured to hold a substrate; an illum nator configured to

~condition a beam of radiation; a support structure configured to support a

| - patterning device that inparts a desired pattern to the beam of radiation;

a projection systemthat projects the patterned beamonto a target portion
of the substrate; and a notion control systemconfigured to control a

novenment of the substrate taghmﬁﬂ@i‘ﬁﬁml{}ﬁ Rystem conprising a
rs that de (?

plurality of position detecto ect a position of the substrate

table. At | rality.of pasitiaon tegtors i.nclude a
single or mEtF'ti |i]- ggn@ﬁ%cﬁgﬁsgme F%:jea mg%%tbo e?éo?%bc’dbe%c?ﬁ'ag’éoaﬁy ﬁieégéqeﬁgﬁeg?m’
posi ti on vapioesis achkbratiri gpbrageRe eslsbrites MIREUR @GR allfile asMss dpplrarkabl e

at different lLocatjons wthin a three dinensional coordinate system and at
| east one pBAHg Fhillugmnaiien;systemoJn @ae cpbpdiment thi mpamituscopIpTisERa sibswate

di nmensi onal rdi . k .C t L S figured to
cal cul ate tl?l(g@égocg%l??%ﬁd g(%lﬁélﬁerg Ssuﬁglg%t?’g?‘&ahpg%l 1%8%%‘%}? eﬁtt(ﬁerp otn%?é@g&e %eﬂr?gi onal
coor di nat e syimtiem farsuppart strixtede @hfigirell @astippoy £ @atwdrmingalesics thasiphina

val ues and to. cal cul ate a%&ori(ﬁn%@t Lon of the substrate table with respect
to the thre¥SIef REES dhie begradiradiplions & projsolipn sysiem dhat Prejeeis die Rfternrd ot

| east threeyd diis aShrbeRilibd 0 '

aspegt of the inven'E¢t iiugg%, tklléeﬂf gpﬁhg%g#%%e%ﬁa%ﬁ&é%tﬁgﬁﬁ g?lrg{g%ﬁ gorna |Itr?g%§ he
position dewsioloympvemengof the hudgtratp kible, dppastamusnacleysteintgmipasiapy phiralithe

precedi ng clains, t t hod .conprisi.ng creati a first ttern o
substrate cogarﬁggﬁlgpr%%cg’?ﬁ p?agfie. t% P?(S“B‘ﬁ’ ?é&@r%ﬁ%’é"%ﬁ’h’&%; Agﬁe@étt thrgs &‘gﬁcond
pattern on gieligUrSpdsalon EamRir Hhdlsela sHBRONIMIRL dilnénQbndl FpBEAGBodBR it S|
conparing the second matrix of reference marks wth the first matrix of
ref erence raiPWde atdesstsinpedition vadispdbe optvabaspddrobeinpsdupladdm thelsebamateriable
ref erence RE

] t first tri d di . f
e scoond Tart tooforsifty TRk B herraRRE R o 8 8 Cas PR

matrix. -4 vale is provided for each dimension of the three dimensional coordinate system. The

motion control system is configured to calculate the position of the substrate table within
the three dimensional coordinate system from a subset of at least three of the six position
values and to calculate an orientation of the substrate table with respect to the three

dimensional coordinate system from another subset of the at least three of the six position

alues,
o v

[0012] According to a further aspect of the invention, there is provided a method for
calibrating the position detector in the lithographic apparatus according to any of the
preceding claims, the method comprising creating a first pattern on a substrate comprising
a first matrix of reference marks; creating a second pattern on the substrate comprising a
second matrix of reference marks; comparing the second matrix of reference marks with
the first matrix of reference marks; determining respective position deviations between
reference marks of the first matrix and corresponding reference marks of the second matrix;

storing the position deviations in the calibration matrix.



- 10013] The term "projection system used herein should be broadly
.interpreted as enconpassing any type of projection system including
“refractive, reflective, catadioptric, magnetic, electromgnetic and
el ectrostatic optical systens, or any conbination thereof, as appropriate
. for the exposure radiation being used, or for other factors such as the use
iof an imersion liquid or the use of a vacuum Any use of the term

Cord et on gl ey che Sots doi 03 syainunes b L0 e ero
| [00141 EnboghdsRipassitf anyfpd S14R6cbh Hhetn, Hﬁlﬂdﬁ%ﬂr@ﬁ%f%ﬁ%ﬁedﬁ%ﬁpﬁaml €

tonly, with reference to the acconpanying schermatic draw ngs 1n

| ' correspondi Rggraiceslediomagnstivirol slecimotatisiapticd systems ndamyropdritation dredeof;ras

- which: [001 ' [ l.i t.hogr.aphi ¢ appar.at accor.di to an
enbod: nont - aProiEte tor BRI AanlslilPOLRR Beg, SIBELRY RuRS R bl el o1 s
an exenpl ar immaediodiliqgidtor ee 88 0OPVAEM. AGD GEAThErmh Pfro]dotiGP BRI din may
apparatus accordjng to the invention; [0017] Fig. 2b schematically depicts
‘three possi Bt eonsifecd asimeonsnans Wit thepere s germiipsojectionsystemtit i cal | y
depicts a first 6 DOF nmeasuring configuration conprising an interferoneter
encoder conbination [00191 Fig. 2d schematically depicts a second 6 DOF
measuring configuration conprising an interferoneter encoder conbination
[0020] Fig. 3a and 3b each depict a configuration of a substrate table and
a plurality of position detectors according to enbodi nents of the
i nvention; and [0021] Fig. 4 depicts an enbodi ment of a nethod for
C&Lﬂbrating a position detector of a lithographic apparatus. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0022] Fig. 1 schematically depicts a
| i t hographic apparatus 1 according to an enbodinment of the invention. The
apparatus 1 conprises: [0023] an illumnation system (illumnator) IL: for
provi ding a



b . projection beam PB of radiation (e.g., W or EUV radiation). -6 [0024] a

. first support structure (e.g., a mask table/holder) M: for supporting

! patterning device (e.g., a mask) MA and coupled to first positioning

- mechani sm PM for accurately positioning the patterning device with respect
to itemPL; [0025] a substrate table (e.g., a wafer table/holder) W: for
holding a substrate (e.g., a resist-coated wafer) Wand coupled to second
posi tioning nechani sm PWfor accurately positioning the substrate with
respect to itemPL; and [0026] a proj ection system (e.g., a reflective

projection lens) PL: forg q,m@ he projection beam

PB by patterning device &ﬁﬁ%%@% arget o?‘mh% 8§ conpri sing one

or nore dies) of the substrate W [0027] As here depi cted, the apparatus

‘ EAIS of atr alﬁwﬂrﬂ kEinbedimepis of ﬂle(j;nveat'rmi w?lm@vb?c}dsemmﬁsawﬁf dm&hl)eonly, xlmth

] ternative e_appar at us of .a reflective errp oying a

. progr amabl 5*???‘?%‘}0 @Eraﬁwlﬁ?a"é{“éyi? ematic dragingsqin whig cﬁpgesmn% &U668 a

reflective sasHols infRHE8brrds %@ndlhéﬂ (Natd fRvigyst em may include various types

of optical corrponents suc as r ractive, reflective, magnetic,

el ect rorragnetr c, electrostatic or other types of optical conponents, or
any conbi nat®0sH tFier edfdepictr a dithogophitgppstatysi asgerdong tocnmttvmbddlrn@trddhfatl on.

[ 0029] The %V&Rﬁ)ﬁt 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

l'i t hogr aphi [ﬂompaﬂ’zg.t U2, highrigt sdidﬁ&ihc@lgnﬁhpﬁdt@ﬁlﬁex@ttﬂity%ﬂlbﬁ)@ﬁnelﬁ&ﬁﬁ@bﬁtdmet her
or{.npt the (i% PI ng device is held in_a vacuum environnent. The support
striucture ¢ yhagraphic appaaiispecadiag to bsdnsenionr ot her cl anpi ng

techniques to hold the patterning device. The support structure may be a

frame of a (vBbe FikOnb EHAMRLAl AR boRRHIE b diRbnslRUFRk S T eaui T ed.

The support structure may ens

[0018] Fig. 2¢ schematically depicts a first 6 DOF measuring configuration comprising

an interferometer encoder combination

[0019] Fig. 2d schematically depicts a second 6 DOF measuring configuration

comprising an interferometer encoder combination,

-[0020] Fig. 3aand 3b each depict a configuration of a substrate table and a plurality of

position detectors according to embodiments of the invention; and

[0021] = Fig. 4 depicts an embodiment of a method for calibrating a position detector of
a lithographic apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Fig. 1 Schematically dépicts a lithographic apparatus 1 according to an

embodiment of the invention. The apparatus 1 comprises:

[0023] an illumination system (illuminator) IL: for providing a

projection beam PB of radiation (e.g., UV or EUV radiation).




‘that the patterning device is at a desired position, for exanple wth

‘respect to the -7 projection system Any use of the ternms "reticle" or

"mask" herein nay be considered synonynous with the nore general term
"patterning device." [0030] The lithographic apparatus may be of a type

havi ng two (dual stage) or nore substrate tables (and/or two or nore mask

tables). In such "multiple stage" machines the additional tables may be

used in parallel, (?rzﬂgrep%ratory steps may be carried out on one or nore
tabl es while one &0 (HSHPROADF I deBeichiyatl whleigidesk s ufes. [ 0031]

of - the Subetrat o R BiE Eaverah Bycdte o MBI ShE Bl 150k, B Rort O

refractive index, pesnyomngvan@hamsn m fop detchithtely ppsitienihetthe @attérhidgpr oj ecti on

: ' system and the sulstrate. An immers liquid may al so be applied to other
spaces in the |itABgrapHhees %&r‘é‘?”&gﬁ

- the projection system Immersion techniques are well known in the art for

»for exanple, between the mask and

i ncreasing the numEsTala ABSH&LIIOfe. D Pivfeh IBle/RNIL S W fmﬁﬂ&ﬁgﬁ‘
i mrer si on" as used herein does not nmean that a structure, such as a

substrate, nust beéubsEyBnéaged iresifticqated, walsr) VHt bt Oonplyd rrt@arsecqnﬂat i quid
is | ocated bet wee ctio stem and th sub uri
exposure. [0032] E?e;ltleoﬁlrn?%mle&(?n"—glngljws%r f“f?@r%r’lm?ﬂiﬂ ﬁ’%@g

radi ati on beam f r espet toditbndPLOoshd source SO. The sour ce and t he Irthogr aphi c
apparat us nay be separate entities, for exanple when the source is an

exci mer | aser. h cases, the source is not considered to formpart of
the 1 i t hogr aphi ¢ @ég r a8 QREOR st Sat ¢ seflasiemprogeciars daag) PRofer t he

source SO to the ﬁﬂagﬁ{% Q%Rimt%qﬂggg&dr b Q&i ?{ gecgﬂ‘on%egﬁagb&ﬁjohgtg&%%g%st em BD

conprising, for ex irectfng mrrors an
expander. |In ot hedeviméds ctnltrea&mgatpertlon@(etge, @mpirising@halbr pwrd dies) of he

| it hographic appag qu q& exarrpl e when the source is a nercury lanp. The
source SO and the ?F"F fretsa¥or together with the beam delivery system

BD if required, may be referred to as a radiation system [0033] The

i 11 umi nat orjoed7] ey K@ERk biRRdath bR is AP f Rinsifibsirt {yP (¢.BCerd

intensity d[| stribution o t he reafﬂjrpatl on beam GCeneral yg F ? gﬂyb?he out er

and/ or i nndransmissive 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).

[0028] 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.

[0029] The support structure supports, i.¢. bears the weight of, the patterning device. It
holds the patternihg device in a manner that depends on the orientation of the patterning
device, the design of the lithographic 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 with respect to the




" radial extent (commonly referred to as a-outer and or-inner, respectively)

iof the intensity distribution in a pupil plane of the illum nator can be
radjusted. In addition, the illumnator IL may conprise various other

| ' components, such as an integrator IN and a _g_ condenser CO. The

Cilluminator may be used to condition the radiation beam to have a desired

| ‘uniformity and intensity distribution in its cross-section. [0034] The

radi ati on” beam B is incident on the patterning device (e.g., nmask M),
“which is hePWSHOR Resteppey Hsesqfrthe tegims “yedicly” or (rmesk thebtie vy )be congidsr
patterned b ] i g ' AQving. traversed the mask MA, the
radi ati on bgyél% %&a&?gltgg{htgﬁl%gﬁ %l\ébgﬁeermﬁéﬁt%g#gg%géstem PS, which focuses
the beamonto a target portion C of the substrate W Wth the aid of the
second posi {003tler TiRNithographis iappavatusl etag dicarf al typd having tia@luabsthged or atoat e of

the art e.g..an i rferonetric device, linear encoder or capacitiv
sensor, ac%‘@%tﬁgftbfeé( OL TR QR MOKHE tB?)‘F?)clgi sughﬁrg@gpleﬁagp’ﬁ%ag%@ 9 be
descri bed bgidaynal tabrs navipe : IRACGIE g. so
as to position diaffergnt 5‘t a?léﬁ}ﬁp%%%?gﬁ}e%ﬁ?ﬁgﬁéﬁ\ég%h of t e(ﬁlrt};l6 iogtfion

beam B. [ 00@3orsitahl¢sarhile onelvas nfore sthertelslies arobeing Rsédfiod expostieer positi on
detector (which is not explicitly depicted in Fig. 1) can be used to

accur at el it A ith re ct » to th at h,of. the.radjation
oo B O M08 LA AASTRRK oMRrithd Bl ARBSE ot 2 ot Wis PRI 4 PGPt oc ' o
scan. The phsistlisanRmaypbs téveedd Wed B6iiahadisg \Waklatiddly dighorRihedvedhds 6.g.

conprised on a notiqn control system_ The controller is constructed or
progt amred WS 8t 3P HY aspece hsbeqen thansejepfionsystom aad eghbsirate pndBanersiony a
desired posjdy,t - ' f. the. 510 ckQr

representi ng(fugérjlﬂlg ?%gla&pfg%?ltg #Igonsfh%ﬂ@aﬁ%t ﬁnotﬂgcl:lgﬁg?dgwcs{}g e&rhﬁtg)(r% G leé. g.

f eed- f or wartgttvogenahd amsk bat theqoojectinn dysem. Ihmegtoreeetniques wanwell kadwi e mask
table Mr 3’ be realized with the aid of a | gng-stroke nodul e (coarse

posi ti oni n&? A for IngreAsiues theo Rumpsial| wertrren el PEQPetiosn SYROMmS. whilh 118t m par ¢
of the firs{npPesidi’a0etedIMrei L las | eppnt, of te
table WI maymlae rélgl i.ze% us?%gg%qqt%@gﬁtgﬁgu%ﬁ%ﬂgﬁg ng)s (ge?%&?éﬁ%ke
nmodul e, whisabméngedrirnpbguid,dfut rdtker oetyomenrp dlsit tliqoides lockMd betweeh ¢cheomeiectidn a

SUePPer (23, BRORSthe Sofrt AN hpbll, 5K el e MT ey be

[0032] Referring to Fig. 1, the illuminator IL receives a radiation beam from a radiation

source SO. The source and the lithographic apparatus may be separate entities, for

example when the source is an excimer laser. In such cases, the source is not considered

| to form part of the lithographic apparatus and the radiation beam is passed from the

O source SO to the illuminator IL with the aid of a beam delivery system BD comprising,

for example, suitable directing mirrors and/or a beam expander. In other cases the source.

may be an integral part of the lithographic apparatus, for example when the source is a

- mercury lamp. The source SO and the illuminator IL, together with the beam delivery

system BD if required, may be referred to as a radiation system.

[0033] The illuminator IL may comprise an adjuster AD for adjusting the angular
intensity distribution of the radiation beam. Generally, at least the outer and/or inner
radial extent (commonly referred to as o-outer and o-inner, respectively) of the intensity
distn'bution in a pupil plane of the illuminator can be adjusted. In addition, the

illuminator IL may comprise various other components, such as an integrator IN and a



connected to a short-stroke actuator only, or may be fixed. Mask MA and

“substrate W may be aligned using mask alignment marks M, M2 and substrate

~alignment marks Pl, P2. Although the substrate alignment marks as

f illustrated occupy dedi cated target portions, they nmay be located in

. spaces between target portions (these are known as scribe-lane alignnent

marks). Simlarly, in situations in which nore than one die is provided on

g the mask MA, the mask alignnent marks may be |ocated between the dies. -9
[0037] The a@ﬁeeﬁ@%ﬁbaﬂlgm@a@amaweug toi qendition ftled tadisiting bpanafte heesla nodes:

[ 0038] step - B8k ; A -and the substrate table WI' are kept
essenti al | ydé;%&gﬁu%l%%?l)},y \/\El‘“ﬁtglpsétﬁ d‘é%ﬁﬂgn&ﬁ%?ﬁ'ﬁe Atted to the proj ection
beamis projected onto a target portion Cin one go (i.e., a single static
exposure) . [M934fublsd radiatioh dleb BWs irideheon sie patething) déviee ¥%.g AREOMAY,

direction so.that different target portion C can be exposed. In step
node, the nﬂ%cﬂdﬁ’r@fiz‘)@ e sEPROTLSIPIEE de-gh B1aak fablg MED); pred 15 pattersed bpghe ¢ ar get

portion C ipREREnE fevieeS HAG; ' . / , sk
Pabl e T ark Crand Mot HAGHE (VS g FRRRYLE 0o HRon hEAR HTBACS thoFalT
pat t ern i nptepegedtion systerpP8) which Grvubmsaine bdam qutwi @xeger doioh € ¢f thegugsttatpor t i on

C (Le., a sj . naym exposure).,. T ve] ocit nd direction of the

suE)st rate t%%aﬁ%ﬁi‘ﬁf bé CPBHPHQHME,%?‘%{)P(@RM% cfeée"&gtlgt(?ﬁcﬁ &)‘W‘{t‘%e

(de-) magni fématdrome ande isMBASnfef¥RInSRic dENBS ARlesf e8lddes oPfcabfifiR’ St | On
e

system PL. In scan node, th maxi num si ze of the exposure field [inits the
wi dth (in taseordifgniodbe imichigordan epti¢adahcadir ohthettppaytt bpdesciibed below), shengl e

dypani the |ength of .th i tian. detern th
et ght (1 1 TRSHAE bl S0F By a0 bt S g8 “nist PPOROn COBAT] Bkl

nmode: the mrstiodsdbinghdfath of kRRhAdiSESEHaind8 | Yy stationary holding a
programmabl e patterning device, and the substrate table WI is noved or

scanned Whi G RALIS T the Boat pocttiomer B and aheihor pasitedntector (which is not
explicitly depicted in Fig. 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. The positioner, position detector as well as a controller are comprised on a

motion control system. The controller is constructed or programmed for driving the

positioner based on a signal representing a desired position and an output signal of the

position detector representing an actual position. The motion control system can form e.g.

a feed-forward or a feed-back control loop. In general, movement of the mask table MT

O 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,

[0036] 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 ﬁxéd. Mask MA and substrate W
may be aligned using mask alignment marks M1, M2 and substrate alignment marks P1,
P2. Although the substrate alignment marks as iltustrated occupy dedicated ta:rget‘
portions, they may be located in spaces between target portions (these are known as
scribe-lane alignment marks). Similarly, in situations in which more than one die is

provided on the mask MA, the mask alignment marks may be located between the dies.
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i projected onto a target portion C. In this node, generally a pul sed

c radiation source is enployed and the programmabl e patterning device is
i updated as required after each novenent of the substrate table WI or in

' between successive radiation pulses during a scan. This node of operation

- can be readily applied to maskless |ithography that utilizes programuable
- patterning device, such as a programmable mrror array of a type as
referred to @ggvi -10 {,[0041] Conbinations and/or variations on the above
descri bed mb¥8d] The depictest anpataijsapy be psediin thefallpwing peafersgd medesimy al so be
enpl oyed. [0042] In this specification, the terns direction, dinension, and
axis, as used, ar@o3sniepIRde! thd Bhdiiahit MPRRA ﬁi’é‘i:gﬁ&?até?a‘gfe pdinate
system Mreover, the termposition value is to be understood as neani ng
an out put signal bépteespansintly sratidesryc while anhentwetpptiern Simgmntet thethag

representative of _a.pgsition. [004 Fig. ,2a shows a .schematic view of an
emgodi nent of a pglg)?%ﬁ%%kﬁaé?é%k@ﬂecg% o[nﬂ:ga t?ﬁ?@é’&f%ﬂil& B8 82r&F1& according
to the invention. siftlg stafd eidufe).S The ubSird¥E BBIOWA! is tbndgiriRthestiCh a

detector. The position detector |IF conprises a first grating gl and a
second grating g2andfofey dirgosion ge that adifigentiaget pratiseC oaibgexposalg Iiy2 ar e
posi tioned parall ch other.. T Qsitio tector AF rther

conpri ses a Iight&époﬁbg%%%% :umgs%ee&gl?eg poﬂ"?ﬁ&ﬁﬁu%lgsa{ﬁ?ﬁlé?ogl‘ﬁ% | i ght beam
generat es, when ifagetpntionC itfaged infadingdé altid@pldurea diffraction pattern,
schematically indicated by DIF1, thus generating a diffracted Iight beam
DLB. The diffract 84; ght beam again creates a diffraction pattern on the
second grating g[(§,3 o4 tnoge: thrempskdable MT padithsispbyirads tableeWiliaght beam

travel |ing a samecpafh s orldughy SRS, ﬁ%ﬁa#g@ tgﬁﬁgﬁrﬁi&ﬁ&bﬁeaﬁ? urce S.

[0044] To detect the diffracted, receive source i s conbined
with a light sensprojé®dentect fargyt pbtion dil{iat,iasinglbidghath@sexipesie)di f f r act ed

twice, i.e. ont first gratin and t he se d gratin , and is
recei ved back by é’e[qcﬁﬁg“‘gé‘ﬁgcgpﬁgflégﬁ‘%“%@i%ﬁﬁ% VFF%tth'gé?rate tabl e
W takes place, tdie MT $§ daieRhinB b he Q¥ GfaPhitibatl BSRRAGNALE révifal

characteristics of the projection system PL. In scan mode, the

—+

et

maximum size of the exposure field limits the width (in the
non-scanning direction) of the farget portion in a single dynamic
exposure, whereas the length of the scanning motion determines the

- height (in the scanning direction) of the target portion.

‘ [0040] other mode: the mask table MT is kept essentially stationary
Q holding a programmable patterning device, and the substrate table WT
is moved or scanned while a pattern imparted to the projection 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 pattering device, such as a programmable mirror array

of a type as referred to above.
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second grating g2. This novenent in the exanple depicted in Fig. 2a takes
place in the direction indicated by x. [0045] Upon a novenent in the
direction indicated by x, the diffraction patterns of the 1ight beam LB on
the first grating and the second grating will change thus resulting in a
change in the light received back by the |ight sensor LS. Wen the first
grating and second grating are noved with respect to each other by a

di st ance eqrqablﬁ ]t58 a pitch p of the grating, a sanme diffraction pattern

wi Il occur, [4MLkCambinaiionsandir varationgiontthe Abayie| desgribed maedss pEYsHYT emtiselyi ght
sensor.  ThugigroRfl dlkoraRaRAT3Ish Be LI f T act i on pattern upon movement of
the gratings wth respect to each other Will result in a periodic change of
the -11 radiation received back by the light sensor LS. In Fig. 2a, the
gratings ar H042hemathiscsperificationitba terohs birectiong slimediied) andll dxispraswisett aas
adequate sol uti.on for a single dinensional ositi detector. [0Q46] The
posi tion de{ngeep?frtoorie&{ﬁ @s%’ﬁ%ﬁgé%saﬁeti?ofc@%%%fﬁ%. %éqovgré,therggs;n BSIH@S cr i bed
as a 1-di mepgioRab beuaGHRbod I RefiHOSH SRPLSiHRAPSS 4 PEiRed M thk oulpavever
make use of 1-dinmensional as well as 2-di nensional encoders. A

2- di mensi ontignabheipgleapresentaiivssdfiaiponitigat ect or can be created by using two
separate position detectors as described wth reference to Fig. 2a, thus

each positi etyectQr r .Sl . f fi n . second ting.
ovever, | O HEE AR Sl aPhe & prhodrhl o PRt FEHS Sl o
may be enplidfiegtaphie appurhtua atestiign®i theainvenidh! Fan Xedesnéora 1aliaenmemal set of
gratings is, used for the two position detectors, each detector for

det ecting LABYFEMAESHclot deteiar. dhgipopigion detsctar Fif eqmapriscs adirgrerating g #risi ons.
[0047] Effegti , f , i.si ight
bour ot and e ieing 2 THEREE eRnp of ok EEEIE o BRR L ATBOLALRG el
a measur engntachi atharofle fokition datectdr Fefashearcpmiphieesgriaght stgsced®which gemdrates

conprise lin ibn asingle. direction, but instead the gratings copprise a
grid conpr iasﬁfaﬁ bgag C; #he _haﬁt %%S?@at%ﬂézenémg@%m wer | R FERE B bfer ably
bei ng per pefidtaelidiPpatictn, dchdhatically iftfidated by DR Hushehblafifg b \@fiactel Hgngr at i ng
may al so be configured’in a so-called

beam DLB. The diffracted light beam again creates a diffraction pattern on the second

grating g2, a part of the incident radiation of the light beam travelling a same path (as

indicated by DLB, LB) back to the source S.

[0044] To detect the diffracted, received radiation, the source is combined with a light

sensor LS detecting the radiation which has been diffracted twice, i.e. on the first grating

- gl and the second grating g2, and is received back by the light sensor. When a movement
<) of the substrate table WT takes place, the first grating gl moves with respect to the
second grating g2. This movement in the example depicted in Fig. 2a takes place in the

direction indicated by x.

[0045] Upon a movement in the direction indicated by x, the diffraction patterns of the
light beam LB on the first grating and the second grating will change thus resulting in a
change in the light received back by the light sensor LS. When the first grating and
second grating are moved with respect to each other by a distance equal to a pitch p of the
grating, a same diffraction pattern will occur, thus a same amount of radiation will be
received by the light sensor. Thus, periodic changes in the diffraction pattern upon

movement of the gratings with respect to each other will result in a periodic change of the
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- "checkerboard" pattern. In such a pattern, to detect displacenents in the x
‘and y directions, a 2-dinensional position detector conprises two |ight

| | sources S and two light sensors LS, in which one conbination of a |ight

. source and a light sensor detects displacenent in the x direction and one

| * combination of a l'i ght source and a |ight sensor detects displ acerrent in

the y direction. [0049] An other possibility is the use of a

t wo- di nensi Or&b’r‘ grid, Fig schemati cal |y de%ects t hree possible
ar r angement 5108 geogivgd B?‘ikcpy the, Bghtisprsor Ly Indiig et He sratings evescheraasicalin
separ at ed opg theqqgsI pnal, : The 0 )
conpri ses tvvolone- rlren3| 3%%‘?“’“1”@‘%’.‘"31‘%5‘7"“ ,eq_ (S:(grﬁrﬁ(ﬁlng% f%h&g%ﬁ%&ﬁor{aﬁ

t wo- di mensi pesatfiongietdactang. The third arrangenent (C) shows a two-di mensi onal
grid structure 20.-Normal incidence of a |ight beam (normal to both X- and

Z-directi .12 indicated jn fi 2h de., d
G 111 2ot | onCOAEh TRRSTeRSelfor RlaseaphyS ol B i3 2o eV b Rasbien: A
of figure 2 Al-GRRABHE eneSRE.ITHS cHBSIRRAR d&ﬁ&iﬁe%e&owlneﬁ&he\ﬁét Riehan. The

arrangenent B shows a two-di nensional grating on which' a |ight beam can be
di ffract ed 9inldipensinag! ag welk g3 2- @rr@nsowrmwo@mgmbélmmmal vaoder 01( nor nal

to the X- i i,cat e and the X.axi nd . ne
compr 151 ng TLreRetEor 88 b8 xRS SR e Eoataltt peitfin iectoet BF diered

t wo- di nensiwitiareferenet StFigcla)titus2Ach PaditiciadetbRoriGoRthrRfngd séliof far et drfd
pattern. De5|gnated by 22 is an alternative orientation of the

t wo- di mensi G4 gatee s tHowevgran apethsr gmbediment et single.cadimensignal pesition
dif fracti orydddrhe, H‘ o g ] he.

vector and the X-a eoé rfﬂ %ég Ppé@ﬂﬁ§n%ﬂe§|£i§n£%ﬁmﬁgm&e‘ﬁbp% 0T &%F@te Z
axi s, pl anegratingeés me&ﬁnrthﬁ@mqwﬁmun detedtprs| edchdetettbefon déto@tingadbesmands a
vector undejy +45 degr resp. -45 degrees with the X axis and arranged in
the XZ pl arl@® SRS Wi (fgté@ﬁﬁoqﬂféh&@ﬁ@ﬂqlgm(p\ B, © can be used in

conmbi nation with one- and two-di nensi onal encoders. [0050] A

two- di mensi onal  gr jod47ICBTective i?@nﬁél%@e@%fé&t)h@rgte%héﬂ ina%fzpﬁ Bource
interferometer, In such a configuration a di nrensi on sition

det ector can andahght sensor make use of a common set of gratmgs To perform a measurement

in more than one dimension, the gratings do not only comprise lines in a single
direction, but instead the gratings comprise a grid comprising e.g. lines in 2

directions, a second direction preferably being perpendicular to a first direction.

[0048]  Altematively, the grating may also be configured in a so-called

"checkerboard" pattern. In such a pattern, to detect displacements in the x and y

: O directions, a 2-dimensional position detector comprises two light sources S and two light
sensors LS, in which one combination of a light source and a light sensor detects
~displacement in the x direction and one combination of a light source and a light sensor

detects displacement in the y direction.

[0049] An other possibility is the use of a two-dimensional grid. Fig. 2b
schematically depicts three possible arrangements of such a grid. The first
arrangement (A) comprises two separated one-dimensional gratings 12, 14. The
second arrangement (B) comprises two one-dimensional gratings 16, 18 combined to
a two-dimensional grating. The third arrangement (C) shows a two-dimensional grid
structure 20. Normal incidence of a light beam (normal to both X- and Z-directions
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operate with the same target. [0051] The two-di nensional grid may conprise
11 or 2reflecting surfaces at different levels relative to an i ncom ng

"wavefront of a light source. Wen encoders are used, the difference in
. optical path |l ength between light reflected at the first and Q second

reflecting surface is generally selected to a quarter wave |l ength in order
to reduce the zero order reflection. The two-di nensional grid can act as
reflector of a i nterferoneter system provided that

| a e r
i nterference d’F‘dIE %Féer 8M§°V143r?ctf’v&é1ﬁ@@lsllqn@h@1f %Pﬂl“@ellef |l ected by the
first and secqpd diftdsifmbOsra aSm@rPéa.rEaglgC L Welh AR e;pbl‘é?e and of

sufficient intensity to | ve t e system angi ng tance between
the first and gsatingihds b@hlpmhdatﬂgfoswcha]nﬁemfontﬁm:graingemetﬁlBlsjm&/s adi f f er ent

wavel engt h or var si.ze of.t i Xxe i nat .on can be
oo Suoh 't patv e ider R or bR R B! el S be e Suto Lin s labed D
i nterferomete Ip1anr=.- @ bﬁéindg the %oﬁhlélfde@tb?(ﬂonﬁﬂga e A 'z@aﬂ.r&ﬁoﬁ yethdichRl) a

di spl acenent of the gri per pendi cul ar to the beans can be detect ed.
such, an i nt eep@hsreaxs, asserdaanecomprisiag ithermormal vsetor erd thedoaxior measuri ng

the position %naﬁgelﬁglt%csthow?%‘fwo 8?311—3{1({:}%\"78 ﬁ%gro@t%r% ggle%docom_)l nation

can, 1 n gener onprise a one- ISI ng a

. one- or two ddifeasionpatterdr Bédlg’t&te(dey ik e althative RHESBtob&NEer and an
interferoneter systemhaving an interferometer beam arranged to apply the

grating as a Per-ferestonaligridisgognre. This godsirueter carraselt i a ditfragiondg hei bed
wi Lh refer encioRifd fandd Oﬁl%gjcgﬂesc%ﬁw?ls%lg thd SRhE kol YRE REIEREE 8{1%080“9

S msw also be re am generat or sensor

LS may al so beommising thel nbmlﬂsecﬂométhé Zﬁmshﬂﬁﬁ&]}reb respi iblbn@ﬁuﬁ@ﬁﬁlﬁﬁii@t ed by

the skilled pﬁlgson that instead of, or in addition to, the diffraction
type encoder tELeraFgct ab%rrﬂeavegrowne%rrréﬁ degrsesyegy. -Ehessmes vithdhe Baxifsed.

Further ore, i diReKAIR RZEHE! TREGftnl drflmedmerdd e RO dafl e HSda3gt O 1 F
conprises an incr ergrent al er, @f%o&g R %soﬁft S(I"e)nclél{(%ge may be
used. combination with one— and two-dimensional encoders.
[0050] A two-dimensional grid, can also be used as reflector target for an
interferometer, In such a configuration a 2 or 3 dimensional position detector can

operate with the same target.

[0051] The two-dimensional grid may comprise 1 or 2 reflecting surfaces at
different levels relative to an incoming wavefront of a light source. When encoders
are used, the difference in optical path length between light reflected at the first and

O second reflecting surface is generally selected to a quarter wave length in order to
reduce the zero order reflection. The two-dimensional grid can act as reflector of a
plane mirror interferometer system provided that interference of zero order normal
incidence light that is reflected by the first and second reflector surface is not
completely destructive and of sufficient intensity to drive the system. By changing
the distance between the first and second reflecting surface of the grid, using a
different wavelength or varying the size of the grid pixel area, a combination can be
made such that a reflection of interferometer beams of a plane mirror interferometer
results in a sufficient signal modulation such that a displacement of the grid
perpendicular to the beams can be detected. As such, an interferometer encoder

combination can be realized for measuring the position of an object. Such an
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- [0054] As will becone nore clear below, an advantage of the diffraction
. i type of encoder described above, is that a distance between the gratings,
i.e. the distance along the direction indicated by z in Fig. 2, can vary

over a large range in this particular type of encoder, hence meking it
particularly suitable for use with a substrate table, as the substrate
table is commonly able to nove in a plane of around 0.5 tinmes 0.5 neters.
The gratings naﬁ, t hus be positioned on a short distance relative to each
ot her, however™EHEYMERLy engodgr (o ooy e ngenstal.c CHMPHEY ef sONr %Bven
0.5 mapart. QubRaSsidal iReadi SRHAGREE he! @ | i@ ayaf er
table WI is very lar gstla t he pos?{plﬁongget%ct ggsg ﬂ%@%ﬂlﬁ#?@ﬁ%@%%ﬁ&}ﬁ%’g may
be used in varopbea senspeandon iftetferveretir sysiém havidg 2a dtenfnsmennbeaanaaneed as
will be explained,w,th referenc 0 Figs. 3a, 3b below. Assuming that the
waf er tabl e V\fog%pl%\‘fﬁ%}ngaisﬁrﬁﬁeﬁkéﬂe defined by the co-ordinates x and vy,

1 then the diffraction type encoder nay be applied for detecting movements of
the substrp082]t aficepositi@nyetedtbreTr b deschib&d wiﬂlffeféi_éﬂcertptmggz RBAPESS 4By be

applied in a_ configuration where the direction x in Fig. corresponds to .
the x di menSfiastigniyperacodsr.tbe squsee $ may alsodg refiprred toasraclkght bdam gonerdtor

| e, j - ' - f t of th
ot or o e i SBEERS Bl ook Brid B HallePlof T 7S Doseible that the

diffraction type encoder is applied in a configuration where the direction
z as indi ca08s8]i rt wilgbe Speevistebppthe skilled person thxi Msteid ofy oliniaddition té, et case,
t he_ di spl ac(f)@gﬁ in the dire tiobg i ndicated by z may _be as | arge as the

range of no 0 bfper Feoderdescribgg| abover algonothfiaypes ofisagodars qareber wstlur e of

t he di f f r aqtur@Brmdr¥, A8 tRNGQHGe &&@ﬁbé.dtinil%g.v%,rt}ie hgﬁﬁ&?ﬁ&%to}l@’ ﬁ%nﬁ)l?i@&gzﬁl in the
di stance between the gratings gl and gZ; becofres particularly
advant ageouscrehegal gnc@ierf athongh ardbsduteentsdeanmypessédl e to obtain a two- or

t hr ee- di nensi onal position nmeasuring unit conprising 1 or 2 diffraction
type enco C i with a plane. mrror interfer t erein
t wo- di ngnsﬂgélsg‘ﬂ %Pﬁ]?ggco&eeamﬁ Cgaxr B‘prf"gc?? g : ?%e?f_{ﬁle@i ‘gfﬁaé’gh% type o
schemat i calehyoddepéseiibedPatfovEG tha AR EBBkweeR Hd gl A0 e it tlory ane.
In this enbodi nent, position detectors ,
the direction indicated by z in Fig. 2, can vary over a large range in this particular type of
encoder, hence making it particularly suitable for use with a substrate table, as the
substrate table is commonly able to move in a plane of around 0.5 times 0.5 meters. The
gratings may thus be positioned on a short distance relative to each other, however they

may also be positioned tens of centimeters, or even 0.5 m apart.

O [0055] As the displacement range of the substrate or wafer table WT is very large, the
position detector of the diffraction type may be used in various types of 1-dimensional
and 2-dimensional encoders as will be explained with reference to Figs. 3a, 3b below.
Assuming that the wafer table WT is moveable in a plane defined by the co-ordinates x
and y, then the diffraction Atype encoder may be applied for detecting movements of the
substrate table in any direction. The diffraction type encoder may be applied in a
configuration where the direction x in Fig. 2 corresponds to the x dimension and the
direction indicated by z corresponds to, for example, a direction perpendicular to the x-y

plane of movement of the wafer table WT.
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- 1 P1, P2 and P3 are connected to sides of the substrate stage, and targets
v ;are connected to a reference frame in the surroundi ngs of the stage.
" Position detectors (or sensors) P 1 and P2 can be arranged on side 1 of the

substrate table, position detector (or sensor) P3 can be arranged on side
2. As indicated, position detector Pl enables a position neasurenent of
the substrate table in the x, y and z dinension, position detector P2
enables a p tion measurenent of the substrate table in the z and y

g Sj
-1 1 di nensi on, ([)(H’égl t Ingothet erbesimpy, it irgtoswble thay dhsi diffantiorstypeensaderts apbliede

o 2 Lwo-di pororaRaeIg Kol (REARCA - WoBHER i R B Rbals G R Bk, °°"

| ¢ di mensi on, whiisdp thatcosedbe displag@idn@inthé figccpios iddicred bBYeARA IR Mrgé 45 théie

Y-direction saipl ridis_arranged as _a reflectqor as described abqgve. The
target of sEM&Y? lagvee%ﬁt%f.fg.e WBET 9leWd o die thagpitugtion, thafgatyra of hestifftaction he
Z-position thedsulstit Rtent; r eTor i ght
beamto the%gensor p2 1i n opﬁd%?kﬁﬁ%lﬁ%%g%ggﬁggé%g? ?tgrﬁ?ﬂ@éﬁgag}rng%%i can
e.g. conpri &y g2, ptcames paiticulerly hdwaatagerusnet er, as such, the target of sensor
p3 can be an encoder grid (as described above) or a reflecting plane

mrror. In the arr it. as sho he gri co-qperating with the
sensors and the sewwgﬁe ttf‘ﬂ&"ﬁﬂ?ﬁ arrﬁlgwﬂ’i‘ﬂoa‘ﬁ’&égai“ﬁo'tq{e sane
XY-pl ane. Al t girealinwab¥naltpdsitiss Aeashsing MMt QSmﬁﬁédIﬂgi%?Q diffra@idndly ence frane,

whi | e the conbi ned encoder, interferoneter grid plates can be connected to
the  subst r at ncodargsombimd withsaylane minos inter ferometentwheadin ¢ teleginegnsionalpossi bl e

enbogi ment of .34 6 ROF ] nti qurati on compr i Si.

t wo- di mensi ongﬁd neasu?%/aﬁfgehﬁétgﬂ&m%%‘ F@e %ﬁcggg%gﬁﬁg%néé}?ﬁhgﬁ(ﬁgads can be

arranged to cmeayesnadng configuraiondh HROUY Plnk WA thik BRBSdiaRal, padifich dédtéddrs - 9.

can be conneci)fﬂ)to a reference franme arranged adjacent to the top side T

of the measuftrd wéé’é&r%ﬁ%ﬁg@d@rﬁédesvﬁ@eﬁﬁ 4 SiRgehadareatarq seanented ar e
arranged suc htotan%ﬁereﬁ%@ eeiﬁlﬂierkgnjagt?cgnﬁaoggg% %?%’%ﬂg?ﬁtgﬁﬁ{r&e&?%%% (d(rgl: OS:‘(‘)%; I on

with respect to the Z-direction an ct1on as
i ndi cated in Pl agutR @ubeAsasgedion sided of e-sdbstrnstableplositiphideteatot Gor schser)
reflective s UISZI &n esal#aggt g‘r} side £El?;s| i%ccl{[cgt((jed,l Iaio%irt]fon%g%rcrgo(r:%? er?eﬁ)igsicpegsi\éi%g by the
measurement of the substrate table in the x, y and z dimension, position detector P2
enables a position measurement of the substrate table in the z and y dimension, -
position detector P3 enables a position measurement of the substrate table in the x
dimension, As such, the target of sensor P1 can be a two-dimensional grid enabling a
position measurement in X and Z dimension, while, in order to perform the position
O measurement in the Y-direction, said grid is arranged as a reflector as described
above. The target of sensor p2 can e.g. be an encoder grid arranged to measure the
Z-position of the substrate table and further arranged to reflect a light beam to the
sensor p2 in order to measure the Y-position. Sensor P3 can e.g. comprise a plane
mirror interferometer, as such, the target of sensor p3 can be an encoder grid (as
described above) or a reflecting plane mirror. In the arrangemeﬁt as shown, the grids
co-operating with the sensors and the sensors can substantially be arranged in the
same XY -plane. Alternatively, the sensors can be connected to a reference frame,
while the combined encoder, interferometer grid plates can be connected to the

substrate stage.
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. measuri ng heads in order to provide positional information wth respect to

. the Z-position. The positional information with respect to the additional
~direction (X or Y) can be obtained [0059] To further increase accuracy of
“the position detector, the gratings of the position detector nay conprise
i a plate made of a | ow thermal expansion material, preferably conprising a
~glass or a ceramc. Further, the gratings nmay conprise a channel, the
- channel being connected to a fluid circulation system conprising a thermal
stabilizati &(ﬁlssh nFigureo?d sehebiaticatiyndppicts e ppssitde embodiinenh ef grﬁa.DDﬁgvdntj!cahclt i ng
on a tenper £t fluid.in the fluid. circulation, syst thi's
nmanner , the@(ﬁaH ea(r&g u&an&smlgh%“eﬁr §9-fipensipng) gneaspcipg IhF"idédi;{ 1S’i ﬁg] P:{' &ﬁ“‘gr ating
bei ng heat etheaduriag Glesdt day Yeherahkdd @ dotopeife WithiadefibdimgltblPRensioral 84 - ~
[ 0060] Advant ageous configurations of a |ithographic apparatus conprising a
plurality HRtpeapbsgorneced top sefareres fnmgaranzedadisoeneiotthoiopwidel T be

descri bed w . L GS. 3 The, enbodi nents_as scri bed
with refer \éqﬁfg%u'gl gé Eléﬁ %ﬁg{égﬁ gﬁ%h %e nnge%s%n%xhee lg<E|Ss‘?'éltao © PN A, af’fafl%%(fﬁufiﬁ ﬁfa§pe
encoder as eehceddgpcheadh careproeidt bogitidhad inierimatiyp @ith ¥éspe@ne AReA-dirsonvhandised.

[0061] Fig. 3a depict.s atop view of the substrate or wafer table WI. The
waf er t abl e %&ﬁlt}cﬁla{c @H%E%Br%rﬁﬁ mdicatedda digaresd. As pughp thertveriipearsienabr s

pl - p5, prefgipy 08 i j Y ble WI
conpri ses aﬁi‘ii rst asi aeteﬂ%@ﬁ%eg%faa? %.ﬁmﬁﬁﬂ:ﬁ% ‘gﬁé‘%%d @%ﬂ sb ?%g c?n\l,% P‘%ﬁ‘ﬁlasl%g thé
subst ant i al ingaspanghdads intaxdento providegpositional dformation atith ssetathelh@ositiat. er
table WI' furt her .conprises a second side, in Fi.g. 3a indicated by sjde 2
which is s opeianal mﬁmﬁm%ﬁ% fSPest 19 thg Pé(ﬁaf?natl [reeiRno (398 2 el 28 em
The 'waf er tepdiged further -16 conprises a third side, in Fig. 3a

I ndicated by side 3 which is opposite to the first side and hence again

subst anti al Ib/ arallel to the x axis. [0062] A first position detector pl
and a secorld §§‘ﬁsiiﬂﬁi fortherdn@ease pcqypacy of thepopitioni detectorh thetgratinge of the pesident er  of

encoder andie SoL P bisss R ARICE £ TR Pral SRR el e |
- comprising a glass or a ceramic. Further, the gratings may comprise a channel, the
channel being connected to a fluid circulation system comprising a thermal stabilization
unit for stabilizing a temperature of the grating by acting on a temperature of the fluid in
the fluid circulation system. In this manner, the temperature of the grating can be
stabilized, i.e. the grating being heated or cooled by the fluid in the fluid circulation

system.

¢ "") {0060] Advantageous configurations of a lithographic apparatus comprising a plurality
of position detectors according to the invention will now be described with reference to
Figs. 3a and 3b. The embodiments as described with reference to Figs. 3a and 3b may
make use of the diffraction type encoder as described above, although other types of

encoders may be used.

[0061] Fig. 3a depicts a top view of the substrate or wafer table WT. The wafer table
WT in this embodiment includes five (5) position detectors pl-p5, preferably of the
encoder types described above. The wafer table WT bomprises a first side, indicéted in
Fig. 3a by side 1 which is substantially parallel to an x axis of a co-ordinate system. The
wafer table WT further comprises a second side, in Fig. 3a indicated by side 2 which is
substantiaﬂy parallel to an y axis of the co-ordinate system. The wafer table WT further
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~the x dinension and a z dinmension (thus providing a position value for the

- x and z dinensions), where the z dinension is perpendicular to the x and
~the y dinmension. The second position detector p2 is configured as a

1-di nensi onal encoder and is arranged for measuring a position in the z

di mension. [0063] A notion control system (not shown in Figs. 3a, 3b) is
programmed for determning froman output signal of the first position
detector p 1, a.position of the wafer table WL in the x dinmension and from

out put si gnSPrarrEes & fhardssidesin Fag dadndicatedcyisitiegodiich iswppaitede thefiest pide apb, 2
rotation of wthe 9 y axis. [0064] Simlarly, a third
position det ectg p%fbgﬁgﬁglﬁ%ﬁ%%ltﬁ%%g@gﬁa?%h detector p4 are connected to
both sides of a center of the second side, in Fig. 3 indicated by Side 2.
The third H6ddeh 58 positivondetagptorgd @ @se2emt pmsitiinoduéct@nsdaercoipled ke y

di i th di i ile the fourth 4 | .
1 6 manet onit s o8, & epnat hefist Sideohe Heomsioneirb Bh BRERSIA syst em
det ermi nes fupmemeRnPthBster Sh@RAraffcdt etk 2 PR%idd d?@héj@%@% %v?ﬁhﬁ

position in the y dimension and from conbi ned output signals o e third
and fourth $Hesi dimsasioerad vz dimasiopAthus muedingra pisitidrevalad &r thalsl ad\Wl wi t h

respect to f. IS, 066]. The fifth Sition detegtpr p5 is. '
nechani cal | ‘%‘H’g%ﬁ%e tvgh r% glet%%n}eﬂflf”&l 1Ssqegéeggﬁcﬁfa?%gt.he x?“i%ﬂg‘? XQ{IB?TS'B?' Bige 3,
and is -arr aeged positioRdsktOr B2 RABhIfRBd & a 1-0BneNSRE] cnBtd? alTisiafah A fork

di mensi on. The notion control systemis programmed for deriving Trom output
signal s ofM¢aRerng 3 Resitidn ez dinfenpioposi ti on detectors pl, p5 a rotation of
the wafer table WIF with respect to the z axis. Alternatively to the

configurati S i fer Rig. 2.3 Ciati er eof
are possi b|[2’,%32| 52?@1‘%{&83&%}?@ tSQStglt% @Oglgﬁe o?n ch%' v‘?’/gf 2'?) g%@%%&wﬂg%g%osi te
to the secadiettnuinieg frath anginpgt phread efthe firgd Bosdtiveh defectortpd, a pdsttidn@Thelwaltre

position det cgp_l:s BI -..p5 thus ovi de a,toLsaI of 7 output signals, i.e.
posi tion vjfdﬁ% Lt %&Hﬁ%ﬂs diFon Pefeutsignalsiof thefisghanddlc seeapdpesiliqRg
2- di mensi on@lectoffIIORB! biatdho? tRAvaBALBR YD RrobAF AT AW de one positi on

- an

val ue (each being di nensi onal encoders e notion control system

calculates a position and -
[0064] Similarly, a third position detector p3 and a fourth position detector p4 are

connected to both sides of a center of the second side, in Fig. 3 indicated by Side 2. The
third encoder p3 is configured as a 2-dimensional encoder in the y dimension and the z

dimension while the fourth encoder p4 is a 1-dimensional encoder in the z dimension.

[0065] The motion conirol system determines from an output signal of the third
O position detector p3 a position in the y dimension and from combined output signals of
the third and fourth position detectors p3, p4 a rotation of the wafer table WT with

respect to the x axis.

[0066] The fifih position detector p5 is hlechanically connected to the third side, in Fig.
3 indicated by Side 3, and is arranged to measure a position of the wafer table WT in the
x dimension. The motion control system is programmed for deriving from output signals
of the first and the fifth position detectors p1, p5 a rotation of the wafer table WT with
respect to the z axis. Alternatively to the configuration as described with reference to Fig.
3a, variations thereof are possible, placing p3 and p4 at a side of the wafer table WT
opposite to the second side, changing places of p3 and p4, etc.
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' ‘orientation with these posi tion value. [0068] The first and second position

- detectors, and sinmlarly the third and fourth position detectors can nake
- use of a common gratings. Thus, one set of two gratings is shared by the
' first and second position detectors, and one set of two gratings is shared
by the third and fourth position detectors. [0069] In a practical
~inplenentation, the range wafer table WI novenent in the x and vy

i , the plane along the surface of the substrate), wll be

di mensi ons i&p.ée.

| ar ger or gl afhé poditior detgadorstiHan pa thempevale arttdnasiil output kignals, riect i on

per pendi cul L hereto (i, 6. t he z-di pensi.on).. Thus, fhe gratings as

shared by t&%mt%%sﬁraﬁli‘egh pc}ezfngc@o?aé’n(pé(.“@ge g%oﬁﬁﬁn %ﬁl}les ‘E‘?ﬁcfbgela&g-%ﬁl?ﬂﬁ%ﬂﬂf have

a large di nemstes) R p2N4Xa8Xi 5 (Bchl prédle r(ﬁéPESstifiUr?l%lﬁeh%ea)éhaKéiﬁ% (p3,
0

p4), but only require a smaller dinension along the z-axis béecause t he
smal | er  r akgEnesionpl, ergodershiapd gthe Teotiong gonirol [69m] cateulethe mnpesition andy

practi cal ?3@&%{5??‘;}3@%%&?%%9351 e_V\,i |1 be calibrated ( e.g. making use of

a calibration na Nndy directions. This is because the

small er range of novenent in the z direction, the inherent calibration
accuracy of [00h8 eFteofiest sind viebdndbpositidnf deedats, aridsisnilElytthy (R iaad ifo@tR
calibration to.increase accuracy. [0071] For_ increased accuracy, .the pairs
of positi Onqug{o&dlce@pg)rsp?a;n IHgXe-13g 0f 8 comuiop; aratings Thissonepebptimio iatinggdh as
possi bl €. Qhatcd®yotd @t HAWeorldHokiBaS 1A téﬁf@%@%@:ﬁtﬁﬁ%%@ﬁhﬁ g%arrém‘ tion

detectors will require an increase int y (p3,
p4) - di r ectthethindfand feurgr putsitivgsietesoci at ed with that pair of position
detectors, to avoid that a usable range of novenent in that pair of

position d or, nd thus, of he fer table woul d be decreased.
Thus, in pre[gg |]ceﬁ gg_gagﬁﬁ’léw{)?@_e {?Pﬁ%é eﬁaﬂﬁ%‘é’a%e’é%%@meﬂwqw ?@(squi red.
-18 [0072] yFdinkdneions i(ke.] ShePpRfié Rlddgt thatsulRed bi @t SOBSER WlRbé B o&iCor
omtted, resulting in decreased accuracy when the wafer table W is near
i ts right mogbstywially fasger thas; asrange ofineevemsat intthe diregtiomperpersiailatitbaretarti.aaccur acy
of p3 and ' l-lj%g-r sfd A n etween.the.gratings of p3,as well
as B 2 is i ﬁ@% %gse gloﬁf s%e%ra%nﬁé £ sﬁgred%yttwo position d&ec?ors r('gg pcf anB P2,

or p3 and p4) will have a large dimension along the x-axis (p1, p2) respectively the y-axis

(p3, p4), but only require a smaller dimension along the z-axis because of the smaller

range of movement along the z-axis.

[0070] Furthermore, in a practical embodiment, the encoders will be calibrated ( e.g.
making use of a calibration matrix) in the x and y directions. This is because the smaller
range of movement in the z direction, the inherent calibration accuracy of the encoders

will be sufficient, thus mostly obviating a calibration to increase accuracy.

[0071] For increased accuracy, the pairs of position detectors p1, p2 and p3, p4 will be
spaced apart as much as possible. On the other hand, increasing the space between these
position detectors will require an increase in the length in x (pl, p2) or y (p3, p4)
direction of the gratings associated with that pair of position detectors, to avoid that a
usable range of movement in that pair of position detectors (and thus of the wafer table
WT) would be decreased. Thus, in practice a compromise between these requirements

may be required.
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. [0073] Fig. 3b depicts a top view of a wafer table WI and a plurality of

N optical position detectors in accordance wth another enbodi nent of the

invention. In Fig. 3b, the novable wafer table WF is shown in its center

iposition (i.e. in acenter with respect to a range of novenent in any of

“the first, second and third dinension). In this enbodinment, a first
position detector p | Ois connected to a first side Sidel of the wafer
table WI. The first side Side 1 is substantially parallel to the first
di mensi on. [W932h] Further.fif isspossibdd thiabpositéare detentorpd mayrher drsiétsd,aresnlbng in

di mensi onal r ed . for .nr.ovidi a position value.in the.first
(x) and ¢ hedERE %"z@a&?&gﬁ&t %Waﬁé%gt%?i?%q@“&%d?s righimopt P%*ﬁ‘“ﬂi‘osjflﬁlﬁb%

det ector p H&aﬁﬁetmed@hﬁh@m%oﬁtib@@ﬁtdacﬁﬁc)lbﬁ‘ 1 iah& th4Sik QRcrehdét ab-a dR3Rn&y ati ng
gl0 is nechgqr%{gcally coupled to the wafer table so as to follow a
movenent t hBFWesn the gratings ofpd as yesflias oA ivieeisassdr p 10, or at least a light
source thereof (both not shown in detail in Fig. 3b), is preferably

posi tioned [ga78) rBel3t3iehi r Qr i 1en t he
waf er tabl emvwﬂi S |gn aeic)ec%[htetf)pg%?i %@ﬁifﬁ%@%of .&ﬁear};c@%hgquﬁgéa?g?%ﬁemnt
in the di rdatdtars imlacengddrite witlaxhstheraembelimeteofl thegiaventioal I Fig. t3ve thovenment

can be made_ substantjally equal to.a length of the first side Sidel while
the |ight s‘BﬁYf’E’ge s %@Fi@ﬂs Hpemdni CERFEPOHIoB e &1 P GITIHIRKSEPSSHE P ¢ he

grating glGapyest rhdiRnle ih ah?BOfie Hrst "RUGTER third %%Zeﬁlio N6 f?l?ssélﬁltogg‘na tector

pl0 preferably conprises a diffraction type encoder as descri ove and
may thus conipist pasitengieteotedp i istcomec{addo a Singwit Sideil off tiboeaferiable Wl Tlew a

moverent of. the. wafer.tabl e i.e. i stationary with respect thereto.
[ 0076] Fi g_ﬁr%tgsu}e‘l’]@fl%é}s S&E%&t}gﬁy%@ﬁﬁl&o e ‘iﬂﬂleﬂsé%/%ct or pl | at a second
side Side 2, which is substantially perpendicular to the first side. The
second posi[007#) detdiesiqosipidd dectof PTG batsiads atwa diéhsindEaRb@Rakraggoder
conprising a grid, gl | and provides a position _si %nal in the second (y)
and third (9)Prayigipgaipesiion valye in thefirsy(x) and the tirrd(z) GmensionsA arating et ¢fosi ti on
detector plg. Al Gosidin’ ' i . e t.hi LtEon.detegtor nl?2 is
configured as a ﬁo\%%%tee%{so? %@Fﬂg%%oa(%% ac%g rlgglthlr%gﬁgg Sb‘%rkdg%a'gﬁwﬁa Hlﬁr ovi des
a posi ti on g30 gevatchianicallyecdupiesitto (he) wadttablei W s6 2} tlfollowsd @Ovenldie tIRedE as

The first position detector p10, or at least a light source thereof (both not shown in detail

in Fig. 3b), is preferably positioned to direct a light beam towards a center the grid gl0

when the wafer table WT is in a center position thereof. Hence, a range of movement in

the direction along the x-axis can be made large. That is, the movement can be made

substantially equal to a length of the first side Sidel while the light source and optical

O detector are in operative contact with the grating g10 over the full range of movement.

[0075] The position detector p10 preferably comprises a diffraction type encoder as
described above and may thus comprise a second grating (not shown) which does not

follow a movement of the wafer table WT, i.¢. is stationary with respect thereto.

[0076] Fig. 3b further shows a second position detector p11 at a second side Side 2,
which is substantially perpendicular to the first side. The second position detector p11 is
configured as a two dimensional encoder comprising a grid g11 and provides a position

signal in the second (y) and third (z) dimensions.
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. . outlined above with reference to the first encoder gl O also applies to the
. i second and the third encoder. [0078] The notion control system (not shown
] . in detail in Fig. 3b) is arranged to calculate from position val ues
|~ provided by the first second and third position detectors plO pll, pl2 a
[ position of the wafer table WI in all three dinensions of the 3

' di nensi onal coordi nate systemas well as an orientation, i.e. a rotational

| . position of the substrate table WI with respect to all three di mensions.
| 1 [0079] Pref BI04B) yAlsg, Figr Irsbpws ¢ thivdnosisionideicotor pik as e third idsSids 3 gPhwihigkd at a

< ¢ fourth side 2 LGl ] L.al | arallel to the.second.sife. The
| fourth posi Pomiiicfeellt o2 d conieh 0% b o GRR Frodef erBRitSEREB0EN
conpri si ng andypiostidgd 3 positioprsiptiall@s ik HEEIH) @A thid qPpdimensioche Thé ke 67)
i dinmension. The fouyrth encoder is particularly useful when the wafer table
W e near pGned Sy neh rsnes by st Siseden 810ake PURIdo dhe sseend fge
because in fhatencd¥esi tion the distance between a |ight source and detector
of the second position detector p 11 on the one hand and the grid gl |
thereof on the other hand is at or near its maxi num thereby reducing the
accuracy of [(0RY sBeomdtiposputidrsystetefiooshein in de@086]Fign3suishareangedsid i on,

t he di stance,b en the. light sour an etector of .the fourfh position
detector p (fépuﬁaﬁ\él\ﬁﬂ@ I%?ﬁﬁloﬂa eaﬁEPVfcf?g Bt a%gsféeqoﬁ@,aa%fhl%rpqsr{g tHEMhand i s
at or near pios pfl NpIUE pdsiimCof HaCwaRfeE YaAE YWOT int 1P tfred ife@stist 41O dLt €Ct Or

pl3 is not deteriorated at or near the rightnost position of the wafer
tabl e WI. Alimgpsionat cedrdinate sysiemtal atellt dsanrppientatioie iwed mtaticab] positiondsheroved

towards it ' t Ltion. . th re.the. position signals ofpl, p2 and
p3""v‘&}I I pr%3?%%%%2%%&@@rﬁSpoeﬁtetolaﬁﬁggeﬁ‘r@?nélgﬂgof provi ding positions at 3
points formng a triangle (as an effective point at which pll neasures a
posi tion nd0&B]t @réfably, gifurther, fonethPosifien @ktettde p T avrogiied bhef@bih dikduci ng
the ability .%o% tqlﬂe tion control systemto_ determ ne mnultidinmensional

i nf or mat i orr'{§ oiRbichds substagtaliy pasallel tothgisecand sidy, The foushapqsition detagter is he
noti on cont EMW & : r Ve ' Lght to a
position sicgﬁg %Cf%t he f%llkjnre?%&téﬁgo ele\ér %%@%éagggﬁ g%s‘_é{lﬁ %ﬁ?@%g%ﬁg%%h[ I on of
t he subst r stgwatialtheghiad () desensivai it fourih ancodpas pirtiowlady geefill vlsen picowvifere d

table WT is near its rightmost position (as seen in the plane of drawing), because in that

position the distance between a light source and detector of the second position detector
pl1 on the one hand and the grid g11 thereof on the other hand is at or near its maximum,

thereby reducing the accuracy of the second position detector p11.

[0080] In such a position, the distance between the light source and detector of the
O fourth position detector p13 on the one hand and the grid g13 thereof on the other hand is
at or near its minimum. Hence, the accuracy of the fourth position detector p13 is not

~ deteriorated at or near the rightmost position of the wafer table WT. A further effect is

that the more the wafer table WT has moved towards its rightmost position, the more the

position signals of p1, p2 and p3 will provide positions in one line, instead of providing

positions at 3 points forming a triangle (as an effective point at which p11 measures a

position moves to the right in the plane of the drawing), thereby reducing the ability for

the motion control system to determine multidimensional information from the

z-position signals of p10, p11 and p12. Thus, the motion control system will preferably

give comparatively more weight to a position signal of the fourth encoder p13 near a
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bypll. [0081] The configurations as depicted in Fig. 3a and 3b enable, with
~a mninmum anount of position detectors, to neasure a position of the wafer
"table WI in all degrees of freedom i.e. in the dinensions x, y and z as
well as orientations around the x, y and z axis, i.e. rotational positions
"W th respect to the x, y and z axis. Further, as explained above with
| 'reference to Fig. 2, the encoders as used in the |ithographi c apparatus
| laccording to the invention, not only allow a | arge range of displacenent in
i a directi onnalﬁtmqs’aasmoaméﬂte s(ibatrafei tgble and lesh wedigiedo by paditiobsignad bsroaidedw a
i large range, Of“gl splacenent in a direction perpendicular thereto (in Fig.
2 indi cated™b [ 0082] The wafer table WI, as depicted in Figs. 3a and
; 3b, has, in practical enbodinments, a range of novenent of around 0.5 in in

| the x direcjoosn amke Qorffigufations tab@leylctedllhqqgl 9 and 86 &HableC@sth 4 BfniRRSL 1 ON

. detectors pl-p4, this range of movenent results in a p055|b e range of a
di st ance of amppt §f pesitigysdedrctarhde measure éﬂp%l?lord@ﬁtb@t?v@fermbﬂ%wlé@w@clegtegs each

ot her (i. f i.st ording.to Fl of. af ound
0.5 ' e ookl BB B & R, & RER it ot B el Sper at o
accur at el y mign.csttitional pﬁsge)nswaﬂgﬁspﬁctdjﬁlb&nwnbe&mgmuhher g akplaiged the
configuratiqgn as ,ﬂgscrl bed with reference to igs. 3a and 3b may operate
accur at el y B0 Wiffe redergpesyta Higgeds dhe gpcpdpmsms, uﬁteﬁu@ thp difbegranhig) apRasams he
speci fic adyagly t t | ary
enbodi nents as g%q%@lﬁ%éﬁ%n’%og aﬁr . gdg@g\glﬁgggg%plaLaﬂ&%} Ei??c'aglgggcts of
t he i nvent i weasutvowet/@n F@Jﬁmmmdwi)ahlit(alss allow ajags irdge of Eﬁsplacermﬁntﬂm

control sys can co dedlc .ed_hard nd/ or can conprise a
suitably S nﬁl rkrslrﬁ)%‘:!fr" v@ “‘é‘%@ a micro controller, mcro

processor, etc. [0084] The coor d| nate system can conprise any orthogonal
or non ort r[owmalTheC%fe@llta@tsquySéseﬁbpl&éd tlHeF %QOBQ'dﬁat 8b,SHAL G priictieal
"physically present", the di mensi ons ) direction of each axis) of
the coor di rahedEyets Fraes Oﬁélwmsﬁmfﬁmeﬂs) Saiemmeprei@tecmmdr(b‘iqmllndmnt s set
n Lgbfagﬁﬁig@gtg%narﬁﬁég GRS padhich AEAGS b1 PI R AAREE ofnotdient PG 1% 1
possible range of a distance of the gratings of that particular detector with respect to each

other (i.e. a variation of the distance z according to Fig. 2) of around 0.5 m. As the
diffraction type encoder described above is able to operate accurately over such a large
range of distance between the gratings, the configuration as described with reference to
Figs. 3a and 3b may operate accurately over the stated range of movement, thus

benefiting from the specific advantages of this type of optical encoder.

Lj [0083] The exemplary embodiments as shown in Fig. 3a and 3b provide some
examples of aspects of the invention, however numerous variations are possible, The
motion control system can comprise dedicated hardware and/or can comprise a suitably

programmed programmable device such as a micro controller, micro processor, etc.

[0084] The coordinate system can comprise any orthbgonal or non orthogonal
coordinate system. As the coordinate system is not “physically present”, the dimensions
(i.e. the direction of each axis) of the coordinate system can be chosen freely as to meet

the requirements set in this document.
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‘a 2-dinensional encoder in the x-y plane. Due to the | arge range of

. novenent in x as well as y direction, gratings of such encoder would be

|1 :large, in a practical enbodinent approxinmately equal to a size of the
~surface of the substrate. As it is not desirable that such gratings

interfere with the patterned beam of radiation, the encoder in this

enbodi mrent wll be located next to a substrate area of the substrate table,

hence effectively approxinmately doubling a size of the substrate table.

[0086] To f IG08REr In mbwbasembuiinerayf thefimeatinn,ahe tithegmphiodppaatus cangrise$ t he

| above embodiments. ttie %ﬁcode s ay be cal i bflated. Cal i bration val ues

' (e.g. posit ForimgRgional fneader mthe x-y plane, Tugte yhe jared rangs of Tagvempns iy as

- dimensi onal well@s pra¢i i, grafifgd b Abh eRdldbOkEIIH BB 18EONE aPractibenfodfittnt |

- dimensional (to provide a calibration in a plane or nmul'ti dinensi onal

| space) cal i PPmAeYiBNtehnequak to Taire bf theisorfacst dfdbe Fubsirgtei As ftdaselsdesizahle dey as

absol ute er Sk conpar abl rge ur,ce of .error .in.encoders,
whi |l e ot hergl&érg%?@,é Esng%lﬁe%%gmt ﬁeﬁg?t %—%{%doi F%?yostgﬁﬁqmﬁgn’l Q’Pgiﬂcﬁd%ruﬂw $sed by
ot her nmeansembediinc@swilh®elideated e 100N subffatR bhre@ X¢fahsi Bsttad e4H1el hease

descri bed abgve. [0087]. The nmethod for calibrating the position detector in
the |ithogr &istively gprrpsimaely dewhbingastyeob thersabstrptatableon wi |1 now be
described with reference to Fig. 4. In task 100, wth a reference

| i t hographi p t LISt LR ol S e
first pattgpgchfnﬁﬁz?eﬁgngkés?ra&eﬁ%tP?)?b%]f Sggﬁ%ﬁggsﬁg%g.&%%%bo%gn t ask
101, with té¢mbodiertggtimpknamdappanst bs catibpatdds i Qudibtdtient calbes ¢aki podtied

Cetond. pat {Er QU ASTHgAdoB bEBRAC SR Hte (EPENORL o PRTVAS 2 POSE) I n
task 102, td@bseEse Bl@ngﬁ:l(%lé))bsrﬁ[gu&ili gﬁﬁ%ﬁ!{%ﬁlﬁl S( A rb9idb § cRIFRMINGH a'Midnl of B | T St

matri x of reference marks.” Sho _ ep a perfect nmatch between the
first and dweavienalspadex colibmtire matiie Galitkatidneeffietizely adgretdes racturaty step of

t he proced uld hav rovi ded rfect match, i..e. no correckion
equi red, HENRUEerioBm iR 9 B SscmmarD bSO i PR B I OWERn ¢ ne
reference ngwoks sth ds feerinkY Sdbi G cin Be BAGIY F4BpresRE b SRRPRIAE, siRh 85 @RGE: Mar ks
of the second matrix, see task 103. The position "deviations are then

stored in tHeé lewthesmal ¢xpansien mpieriphassikscridad absioul d no position

[0087] The method for calibrating the position detector in the lithographic apparatus
according to the invention will now be described with reference to Fig. 4. In task 100,
with a reference lithographic apparatus, a first pattern is created on a substrate, the first
pattern comprising a first matrix of reference marks. Then, in task 101, with the
lithographic apparatus comprising the to be calibrated position detector, a second pattern
is created on the same substrate, the second pattern comprising a second matrix of

reference marks.

[0088] In task 102, the second matrix of reference marks is compared with the first
matrix of reference marks. Should in this step a perfect match between the first and
second matrix of reference marks be detected, then that step of the procedure would have
provided a perfect match, i.e. no correction required, however commonly position
deviations are determined between the reference marks of the first matrix and the
corresponding reference marks of the second matrix, see task 103. The position
deviations are then stored in the calibration matrix (task 104). Should no position

deviation have been observed, then a value of zero is stored in the calibration matrix,
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~devi ati on have been observed, then a value of zero is stored in the
‘calibration matrix. -22 Commonly, the tasks 102-104 are repeated for
individual reference marks of the first and second natrix of reference
- marks, however it is also possible that these steps are perfornmed for a

B lpI urality of reference marks in parallel. [0089] Wth the nethod according

to the invention, it is possible to create a high anmount of matching
bet ween various |ithographi c apparatuses. The reference |ithographic
appar at us nipmirentg theltasks ¢02-i 04 ad sletted faréndisiduilovlerate inbrks o tk Festpas Si bl e

t hat the refere&ce I.it?og%?‘%)hi c apparatus has obtained no specific highly
accurate ab¥ONG RN Of pFigTangs mar Kefatt e adrodposgibic thap dhese stans jasm

resul ting i PerforiedforMBieiifihs riisleheERakb i fdAiRPYT aphi ¢ apparatus with the
to be cali b?at ed pogim?% onlﬁgebt éct or anécli‘lkt ﬁ]el% reference |ithographic

apparatus: in li thc_)q%r aphy, matching between various |ithographic
appar at uses[4089hpWithythe fmethard gererdingrpm theainventioneit iatssibledoaeae adjglof each

of the app S uch 0090] _The t hod, .accordi.ng tag.the invention
may al so b_eﬁg%}ﬁ#i gf; I\%\ngtfﬁmg E‘Ft&vﬁlﬂé "FPhot Eﬁ?&&‘camﬁ{'%§', Oghee.reéf‘f?gc%econd
l'i t hogr aphi Lithapmgliiepisariied Ay theafibraiel ih hbdbREE &Rtk ChovARBAT: 8 Mo pdfimlsecond
pattern is in that case created by rotating the substrate by substantially

90 or 180, WAk thecrebiencsalithegiaphis dppratpschasacliaingd e speeificabighlyaacchsatef
reference : fer . | of antially 90 a
so-cal |l ed )T@{Slg@&e%g{;ﬂg?l?’g@%mcao? F’%? éll’uc% to{:%%%%vgﬁ{g 5e§1?]1§§§ Elﬁlﬁlgﬁ Fb%{%’tull%n of
subst ant i al beywddaOBe lithogeaphiceappagnafl withp @Rl thibercatibfatdSposRidnhRtcfRiaE ek Wi t h .
the cal i brat}_on thod according to the invention., 0 [0091] Al so, when
making use 'GrTERcE fifgErphicaRBYARp R dithagmphy; maiching betwess vareusjithographic

| i t hogr aphi£,8BRALAEUSoRR! 5182 i ' r ' @RB?:[ t us -cal | ed
fi shbone tégghni que ca(r)1 e u%e ) e% h‘éﬁ‘gs"’hf;é‘?% ?gak?le&ggﬁl\%a er cgiolr{gea?l?gﬁg?eat ed
over a di staghaetusds assudist antially one reference mark, or a plurality
thereof, after creating the first pattern and before creating the second

trern. T d pattern is in thi di splaced w th t ot
PR e, TIICORE AT Ok B s R T Pk R,
[0092] By  GRGRR4HoppicoRBP RAd 66nd IRhGATPIRE uffbd i o TR * Vi t

apparatus. The second pattern is in that case created by rotating the substrate by

substantially 90 or 180°, the second pattern is being created with the same matrix of
reference marks on the same wafer. By a rotation of substantially 90°, a so-called x-to-y
or y-to-x calibration can be obtained. By a rotation of substantially 180°, an averaging of

position errors can be achieved with the calibration method according to the invention.

O [0091] Also, when making use of a single lithographic apparatus, i.e. the second
lithographic apparatus being the first lithographic apparatus, a so-called fishbone
technique can be used, the substrate or wafer being translated over a distance of
substantially one reference mark, or a plurality thereof, after creating the first pattern and
before creating the second pattern. The second pattern is in this manner, displaced with

respect to the first pattern by a distance of one reference mark in an ideal case.

[0092] By comparing an appropriate reference mark of the second matrix with an
appropriate reference mark of the first matrix, a position deviation between the reference
marks of the two matrixes can be obtained. This position deviation is stored in the

calibration matrix. With the fishbone technique, in contrast to the embodiments of the
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i appropriate reference mark of the first matrix, a position deviation

between the reference marks of the two matrixes can be obtained. This
position deviation is stored in the calibration matrix. Wth the fishbone
technique, in contrast to the enbodiments of the -23 calibration nethod as
descri bed above, the pattern is usually small conpared to the surface area
of the substrate. [0093] Wth the enbodi nents as described earlier in this
docurnent, a matrix of e.g. 100 x 100 reference marks is applied, while

wi th the fistibotien tregthod egidesesibed sbovedtheqfattarn Raisnalky exhale .cgmp@red t3 the

ref erence nar 4 reference marks. The steps of the fishbone

s of 4%
cal i brat | on"RECHAELPi e UBsHEAGe, thus only cover a small part of the surface
of the substrate. Therefore, further patterns are created with the

l'i t hogr aphi moggpawah Yke Oibddifeitd a8 de@tiBed efEMNNRALIREIMBR] Aondiiabbt gt ed
with respect to the previous one over a distance of substantially 6ne or

nor e ref er e HirEsTenpoogs is appliad.svhiterwidy the Sskironp taghnique psedaiads efid on can

be perforned,, . fe e.mark of attern bein red wt

ref erence rrlg?tﬁ&é) %'5' %%&\Cﬁegeﬁgmﬁé’%at%sr%$§%§%568ﬁ6 @é@ﬁs;‘ﬁ?@ﬁ S qg‘if?e f Sgﬁo?%ese
reference nalikstion £ déeéritiediabeet, e osly @6 RE alsMalParbPRhORITERE 6f O Shtstzas, | n
the calibration matrix. It will be clear to the skilled person that with

the fi shbonbereigrenirbgepaiieranase crepise vgthohe lithoeraphisrappaiatusegmniihe sibsatgat t er n
with a prevy tiern, | |; j ' t r tion

bei ng oeer éaaagi%git?ég{r}clgéugg Iu?ﬂ%ét?g;{w}g???%%zﬂlgrlﬂé‘%ége? g? gggrerarr‘gg%gc,% %en a
matri x of eubstarBialy 8n®or more réleredtemarkse nmarks i s applied. [0095] Further to

the wariants as descri bed above, it is also possible to calibrate the

t
osition d or. of the lithographic_ apparat by mounting the sition
Botector 1 0821 in fhis maera e tapiich AR ERER S Bepps RS, SiATSICE g Yot or

posi tion deifatéAbemn@cofPhRatiifit @fefehc@ﬁﬁﬂ@éﬂg)r&fioﬁs PSSRV RRMR as

wel | as the encoder "as described above. The encoder can " now be calibrated
with the i debrdeathnsereerensd gorksase determindeandvsiored m ai epproprate absitieraini on, it

I's possiblet se.a calibrati. tri S rm ned,for . 0si tjon
detector wi %gﬁﬂ’ﬁ% AR Jg%@gjeggg%ﬁéb@&.,S%ﬁte‘eid)eﬁogr ttlﬁaﬁﬁ’l@a eﬁs% ne
cal i brati onechhigae 8€ 0 hpRRE 31 tRO refGbRetiRlirks Bf a pARIAKithl 4 plRODUAPRLcEn is
apparatus. This has proven to be advant ageous and provi de a_good

: required, thus i practice the translation being over a distance of substantially 1, 2 or 3

reference marks, when a matrix of e.g. 3 x 3 or 4 x 4 reference marks is applied.

[0095] Further to the variants as described above, it is also possible to calibrate the

position detector of the lithographic apparatus by mounting the position detector in a

i} lithographic apparatus that comprises an interferometer position detector for detecting a
() N position of the substrate tabie as well as the encoder as described above. The encoder can
now be calibrated with the interferometer. Also, as a further variant for the calibration, it

| is possible to use a calibration matrix as determined for a position detector with any of

the method described, as a starting value for calibration of a second position detector in

another lithographic apparatus. This has proven to be advantageous and provide a good

starting point as in practice a matching between position detectors, especially when

produced in a same production batch, appears to be high.

[0096] Although specific reference may be made iﬁ this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic

apparatus described herein may have other applications, such as the manufacture of
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‘starting point as in practice a matching between position detectors,
-especially when produced in a sanme production batch, appears to be high.
[ 0096] Al though specific reference may be nmade in this text to the use of
|'i thographic apparatus in the manufacture of ICs, it should be understood
that the lithographic apparatus described herein may have ot her

| . applications, such as the manufacture of -24 integrated optical systemns,

gui dance and detection patterns for nagnetic donain nenories, flat-panel

di spl ays, | imegrated ropsitall sydtea| ansdanbCREd | dokdetion fpalttehﬁaﬂﬁemh@eheaddmlln etc.
The skilled artisan will _appreciate that, in the context of such

al t er nat i ve™MSPIIFe dlet-pansl dls%lﬁlﬁ hﬁ@dmﬁﬂ@@@b’h@(}%f hin-filgp megpedic hgadsei n nay
be consi der or
rarger por £ on KHREBHERM SN 4obeciitf b BY e BSRBL L ity BBl O}
processed, mefweefte tahtsé‘wva&r‘p ostdie’ her¢in fnay be xammgid etecbast syackyniaus thithithd hat

typically applies re,3|§t to a.substrate and deyvel ops th exposed
resist), 3%%38??6 %&P @Fﬂﬁ?@’ﬁ%@ﬂe&wqﬁ«s@w dfwwﬁ%raaf‘prﬁfqr@ e the

di scl osur e H'é?élﬁ'rﬂampﬁé@ess@d)mefcﬁg ok Qﬁé‘"& o Lgtf&eéxaﬁjﬂéﬁrtﬁ&l@ gpfo F@api ng
tools. Further, thHe substrate nay be cessed nore than onc or exanple
in order t otypicathy epeliend tayel al egsist @ ass(mbsthm andldevdlqumlsmbsedtresmﬁ;eﬂ

herein na a substrate . that alrea oul ti
e oebesad” | ol o aiorRn HihatsieR dete Whtre pRIFA e, 58 et s BeretsuBiy ben e
above to thgpUee i®kucte BPSIHIERESs1@fe prdBeskiny 80615 OPurkKer! IR SMBERX mAf boOPti cal

lithography, it will be appreciated ~that the invention may be uséd in
ot her, appl |I€8%qsﬁﬁ4§n°ﬁedhalé§tlm¢pf@ anliﬁpleritl order o greajsra/multatayesiarse thaiéhecont ext

aIIoWs S ra [ | i.1.hogr a
Copogr aphy T itsEide el RerBf bAT st b LA Pl egs ot Aendbl o o gty
substrate. pThn&:ssetidmg:_f aphy of t he patternl ng device may be pressed into a

| ayer of resist supplied to the substrate whereupon the resist is cured by
heat,, pressure _or _a conbination

| yi et t
f E\gr )élop 9 ﬁ‘%\f @&wpa%csars% 'egrelff‘gglr?ﬁv@ay dli’ffe dreephmade gbeve tpethei ysg af
pattern i n dfbodfni&its e MGt i Tlﬁaec‘c‘dﬁf%gt ?dogggﬁhtlig%?aph9rlmlll b&pRlciaey and

"beant used herein enconpass al
that the invention may be used in other applications, for example imprint lithography,

and where the context allows, is not limited to optical lithography. In imprint lithography
a topography in a patterning device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a layer of resist supplied to the
substrate whereupon the resist is cured by applying electromagnetic radiation, heat,

pressure or a combination thereof. The patterning device is moved out of the resist

Ty
/

leaving a pattern in it after the resist is cured.

[0098] 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, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g.
having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion

beams or electron beams.

[0099] The term “lens”, where the context allows, may refer to any one or combinatidn
of various types of optical components, including refractive, reflective, magnetic,

electromagnetic and electrostatic optical components.
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- el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.

_"-: . having a wavel ength of or about 365, 248, 193, 157 or 126 nm) and extreme
“itultra-violet (EUV) radiation (e.g. having a wavelength in the range of

~5-20 nn), as well as particle beans, such as ion beans or el ectron beans.
[0099] The term "l ens", where the context allows, may refer to any one or
conbi nation of various types of optical conponents, including refractive,
reflective, magnetic, electromagnetic and el ectrostatic optical

conponent s. [@300]J0Wh{l6 ppadifid eentsydandris of therinochtivanise fendbgribad smtvegnwilhv e
been descriped abave, it will Dbe appreciated that the inventiqgn

y be
practi ced oPhaPREPEHe] fhat the mysution may bemsacticed qiasrwise {iaa ?Sn@féﬁ‘i‘l?eélnn%%y t ake
the form of eanMIpisied Wall I ?‘“@‘ﬁﬁ
machi ne-reaglabl e i nst regg??gﬁg%?g@ [ hgg%&@tﬁé’é‘g%ﬁéf”E@ ose 3’5%& or a
dat a st or agseqnentesoh aching-readabledosttgtionrdesaibing mathgh et disclovedapevesat a di sk)

havi ng such, .a _conput er ogram stored therein. [00101 i speci f.i c
erbod! mont < SPRET kAR Goe iy BB Rmoh B hesoatc fiugi i Hghed
appr eci at eds ¢diagutéripRodrid SirdOMerdBY be practiced otherw se than as

described. The description is not intended to limt the invention - rather

the scope of the invention is defined by the appended clains. -26 WHAT IS
CLAI MED | S: [00301] AWhile spssifissmbediapasés eftthesinverdiep hpyd hegn descsibedetoaedt wibl e
confi gured eoaﬂf)%cﬁiat@d ﬁlﬂpﬁ{erﬁxf&}'tioﬁr\‘{n%?l; hé’gﬁ[&?&éﬁr oth i!;egfflraﬁ%st sGag! 'fﬁeon. a
beam of radiation; a support Struc e confrgured to support a patterning
devi ce t hatdeserjptiohds Aot ideaddsderd 1pait ey imvémiohheralieatheodcop@ ol diei ifventian is
projection st hat projects the patterned beamonto a target portion of
t he”” substr %Bde@m@eapm{# flant r ol system configured to control a
nmoverment of the substrate table,
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cthe notion control systemconprising a plurality of position detectors that
detect a position of the substrate table, at | east three of the position

.~ detectors each including a single or nulti-dimensional optical encoder to

provi de at |east six position values, the optical encoders being coupled
to the substrate table at different locations within a three dinensional
coordi nate system wherein at |east one position value is provided for each
di mrension of the three dinmensional coordinate system and wherein the
notion control systemis confWidASd I CBAIMEDE IShe position of the
substrate table within the three di mensional coordinate systemfroma
subset of at least three of the six position values and to cal cul ate an
orientation of th le with .respect to the three dinmensional
coordi nate systemﬁf %ﬁéﬁgﬁlﬁ%%ﬁ%ﬁ&%fo%w%?g'l east three of the six
position val ues. Zsubdifate tabldarigipeil ¢o RPakastaeof C aim 1, wherein the
notion control syst_?m .conprises a calibration matrix to calibrate the
posi tion det ect ord illaminpigx cophigysert o ronditianpheam afradhtionai m 1, wherein the

position detector A SE; i - i QE@'Q . der jgured to
measure a positi oazs%)%gt he E@fj g?éﬂag{ugédt%\é\%ﬁggéﬂg% |1?1§:g gér}}é@eaﬁltah?ﬁﬁgdé%rrensi on
of the t hredestedpattsimoiodhe baar off madindorgyst em  -27 the first encoder being
mechani cally coupled. to a first side of the substrate table where _the
first side is subSTaNEHoD Pyicphalnreects hentiemsq keanyonip adaraet Posiannl dhy
one- di mensi pBaltatgng@der configured to neasure a position in the third

di nensi on of the three dinensional coordinate system the second encoder
being nechani cakmptionopited systen henfigurasito sondw] o novbmestolf dtersabsratetbble,
wherein th irst and secopnd encoder are c | ged to opposite, parts of the
frst st aaturtoion 8Rudt SREm, SAffirbe 3 SiBbr pf Besi b BBAThy GREIUEHY e
not i on contpogitiof Y R BubEted€ tbild) @6 leastnBifdetdf PRe pdbitidieddidotdtt cUHRBRIIRE 2 frOm a

position value of the first encoder and determ nes a rotation of the
substrat e tS#igleor multi-dimensional optical encoder to provide at least six position values, the

optical encoders being coupled to the substrate table at different locations within a three
dimensional coordinate system,
wherein at least one position value is provided for each dimension of the three
dimensional coordinate system, and
wherein the motion control system is configured to calculate the position of the
substrate table within the three dimensional coordinate system from a subset of at least
three of the six position values and to calculate an orientation of the substrate table with
' O respect to the three dimensional coordinate system from another subset of at least three of

the six position values.

2. The lithographic apparatus of Claim 1, wherein the motion control system

comprises a calibration matrix to calibrate the position detectors.

3. The lithographic apparatus of Claim 1, wherein the position detectors
comprise:
a first two-dimensional encoder configured to measure a position of the

substrate table in a first and a third dimension of the three dimensional coordinate system,
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| “around the second di mension from position values of the first and second

i encoders. 4. The lithographic apparatus of Claim 3, wherein the position

" detectors further conprise: a third two-di nmensional encoder configured to

. measure a position of the substrate table in a second and the third

di rension of the three di nensional coordinate system the third encoder
bei ng mechanically coupled to a second side of the substrate table where
t he second side being substantially parallel to the second dinension, a
fourth one- therfestsnond being attehardeudlyi cgupled td o firse ald b€t Jubstid @blciwhekde

third dinepsi of .the thr di si onal coordinate system the fourth

encoder bei fﬁ%ﬁ@ﬁéﬁ? éﬁa}’@"ﬁg’dlﬁ‘fﬁqggtottge?% B si deyof the substrate

- table, wh int | f . it
abl e erein t hesdeBhd Shetlifichdibnal Otkoby &Bﬁ@ﬂ% gftgx@aosgﬁﬁo%ﬁloh% g@g{ﬁgﬂa €

‘|| parts of the second side with respect to a™m e secon
' wher ei n t hedimsosiom afofre rthieesdistensiouialt erondinats systpmsithé second ¢nvedes elomimgd

| . dinension f . PRSIt val of . t third e der and determ nes a

" rotation Of&?@gﬁcglﬁb%q@g§ﬁéoﬁgﬁﬁ'ét Séqeo‘{}ﬁ]iﬁe ﬁql?étr’?t?[}@e’gji mensi on from position
val ues of the thiwkbréinGhd Gk bl sRBEPERIoer e cdiifled fof HRBEI dARRAfiRt us of
Caim3, further conprising: a fifth one-di nensional ‘encoder configured to

measure a pvdg Vithrespget fhemiddipefthafiestsidblandi n the first di mension, the

fifth encoder bei e d.to an end.of .t he i r.d si.de of
the substrate t alo‘)Fa%r‘!;'Ifl‘heE &phﬁﬂdi %lfrgg%%%h%et%?frﬁqsgofl)}n Bgrgér?ﬁ c&ﬁne?sbont he
-28 first diomeapbsitiomnsuepPhs fitst ch@ddehad detesinirh d otdfiod drahe sbsiritatdld abl e,
the notion control systemdetermning a rotation of the substrate table

arotind t he ¥PHIdhesesarddigiensipn fompresitionyialupap{ibs fistt andgecond sucoders. £ f t h
encoders. 6. The lithographic apparatus of Caim1, wherein the optical
encoders conprise: a first two-di nensional optical encoder configured to
provi de posi ti on 4valrhedshographiduepphtanstof edmt)ivherett thepssitioh detectdrefuktherce
di mensi onal_coardinate system the first optical

comprise:

a third two-dimensional encoder configured to measure a position of the
substrate table in a second and the third dimension of the three dimensional coordinate
system, the third encoder being mechanically coupled to a second side of the substrate
table where the second side being substantially parallel to the second dimension,

a fourth one-dimensional encoder configured to measure a position in the third
dimension of the three dimensional coordinate system, the fourth encoder being
mechanically coupled to the second side of the substrate table,

7 (j wherein the third and the fourth encoder are coupled to opposite parts of the
: second side with respect to a middle of the second side,

wherein the motion control system determines a position in the second

dimension from a position value of the third encoder and determines a rotation of the

substrate table around the first dimension from position values of the third and fourth

encoders.

5. - The lithographic apparatus of Claim 3, further comprising:

a fifth one-dimensional encoder configured to measure a position of the
‘substrate table in the first dimension, the fifth encoder being mechanically coupled to an
end of the third side of the substrate table, the third side being substantially parallei to the
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encoder being coupled to the first side of the substrate table that is
substantially parallel to the first dinension; a second two-di nensional
~optical encoder configured to provide position values in the second and
~third dinmension of the three di mensional coordinate system the second

.~ optical encoder being coupled to the second side of the substrate table
i, that is substantially parallel to the second dinension; a third

' two-di nensi gnal optical encoder coupled to the third side of the substrate

' table that fisst §ub@15@ﬂtandldppoq3f&rtalth®ﬁrst side lo€ thei substrade tables ithenmeatich apoti te to

E:gﬁp];: ;?;g:g}a%ﬁg tfg m7 Th @ﬁ’s‘? tﬁél%‘?@&f aé’ﬁ%ﬁé&%ﬁ?%@ﬁ“#@tﬂg%vi de

" a position pmﬁmmuesbhmetﬂ?stradd«ﬁwmn@dde& the fourth optical encoder being

4 coupled to a fourth side of the substrate table, the fourth side being

substantially parallel to the second di nension and opposite to the second

4 side. 8. The lithagr a { 1 ti encoder
conprises a di ffpgct?l%'h ﬂ{c o‘g) a%ézsorgr%pﬁlgsﬂnng F %ﬁ?é %@g egﬁ@#eﬁ or
const r uct ededngprisgener at | ng a Ilght beam a first gr ating, and a second
grating, the seco ’g@?ratl ng heing novable with respect to the first
grating, and a det¥stiSio-diriasigud oplral @r@pé%rtqonéglae@ OFRTP S BRFIEHRUSS It he

l'ight beam@s firdhhd ﬁ]ﬁﬂtcfﬁﬁeﬁ%'fbnt d Me%tdll?l&% ?&ﬁg’c S%%{l,@:ﬂ?gﬁf@ﬁm et he

gratings bei ng nmechani cal l - connec e su

ot her one ofcodes bgngtcomgjed tmetim@rslrmdlaaﬂﬂxeahbyrambﬂeehht id mbstantédllgrparatlel base
of the “H}Oglﬁf{s]% aﬁﬁar_at us, wherein a novenent of the substrate table
causes a oV ®first grating with respect to the second grating

and ‘i n operati on sGaeidRg oA IRBANEA] éﬁlchf&co&&f:é &do BRAMe rggssmm%aiues
| i t hographic apparatus of Claim8, wherein the dgratings conprise a plate
in the second and third dimension of the three dlmensmnal coordinate system, the second
optical encoder being coupled to the second side of the substrate table that is
substantially parallel to the second dimension;
a third two-dimensional optical encoder coupled to the third side of the
substrate table that is substantially parallel to the first dimension and opposite to the first

dimension.

7. The lithographic apparatus of Claim 6, further comprising:
a fourth, one-dimensional optical encoder configured to provide a position
O value in the third dimension, the fourth optical encoder being coupled to a fourth side of
' the substrate table, the fourth side being substantially parallel to the second dimension

and opposite to the second side.

8.  The lithographic apparatus of Claim 1, wherein the optical encoder
comprises a diffraction-type encoder comprising: |

a light beam generator constructed for generating a light beam,

a first grating, and

a second grating, the second grating being movable with respect to the first
grating, and a detector arranged for detecting a diffracted beam of the light beam as
diffracted on the first and _the second grating, one of the gratings being mechanically
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. made of a low thernal expansion material. 10. The |ithographic apparatus of

§CIaim8, wherein the gratings conprise a channel coupled to a fluid
- circulation systemconprising a thernal stabilization unit that stabilizes

| a tenperature of the grating by acting on a tenperature of the fluid in the

fluid circulation system 11. The |ithographic apparatus of Caiml,
“wherein at |east one of the position detectors conprises a two-dinensional

i { optical encoder conprising: a grating nechanically coupled to the substrate

1 grating in of

11 table in orgemeeled foshe sbsiate tablep therothop bne tfehesgrbttgsdemgnadshanicallydotpled
| ¢ optical detec f, the opti.cal detectors cooperating with the
, o6} Q59150 Sind U BTMNERD

er Yhe grating along a different

1 dinmension. 12. Thehéreinho gicvehies: SPRRYsbstat®tab@ diuibsl & mOVRBIAL B HRERSK at i ng

- conprises a plate made of a |ow thermal expansion material. 13. The

. 1ithographi gfaﬁb%&fi@ﬂ?@eﬁ tacthe) serand gigting end in lepergtion cangingco ehargedn ghe

channel couglsegid @8y f | Uid circulation system conprising a thermal

stabilization unit that stabilizes a tenperature of the grating by acting

on a tenperature of the fluid in the fluid circulation system 14. A

met hod for calibr tt‘?ﬁ’ggﬁ posi.tion detectar, conprising:, -30 creating a

first pattern on Qe ERhiG yparatusioh & laime§, phereimihe igratiags saamtse adle nar ks;

creating a ﬁm}ql@ﬁ%&ﬁﬁl%aﬁﬁ&lﬁﬂ{%ﬁﬁf ate conprising a second matrix of

reference marks; conparing the second matrix of reference marks with the

first mtrix of reference marks; determ ning respective position

devi ati ons betwe ref er.ence marks of t first matrjx and correspondin

ref érence marks ‘tﬁbe @'38%548111&@1’@&@ gggjlmm §, whetemn the grafings comprise s -
channel coupled to a fluid circulation system comprising a thermal stabilization unit that

stabilizes a temperature of the grating by acting on a temperature of the fluid in the fluid

circulation system.

11. The lithographic apparatus of Claim 1, wherein at least one of the position
detectors comprises a two-dimensional optical encoder comprising;
a grating mechanically coupled to the substrate table in order to follow a
movement of the substrate table, and
- two optical detectors, each of the optical detectors cooperating with the grating
in order to detect a movement of the grating along a different dimension.
@
3 12. The lithographic apparatus of Claim 11, wherein the grating comprises a

plate made of a low thermal expansion material.

13. The lithographic apparatus of Claim 11, wherein the gratings comprise a
channel coupled to a fluid circulation system comprising a thermal stabilization unit that
stabilizes a temperature of the grating by acting on a temperature of the fluid in the fluid

circulation system.

14. A method for calibrating a position detector, comprising:
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:storing the position deviations in the calibration matrix. i 15. The
; method of Claim14, wherein the substrate is rotated by substantially 90

7 - or 180 degrees before creating the second pattern. 16. The method of C aim

14, wherein the substrate is translated over a distance of substantially
one or nore reference marks before creating the second pattern. 17. A
| it hographi c apparatus, conprising: a substrate table configured to support

a substrate; an illumnator configured to condition a beamof radiation; a
support struct ur ecté@Htg @dirs datternserp ponbstatepetnisingng fuisvinatextdfatferampart s a
desired pat .to the beamof radiation; a projection systemthat projects

the patterne tamonto a target portion of the substrate; and a notion

control system cosbitihgr detchdCcpattenlonaheRUBIRN c&thplidits SULShAALALS! 8ge  or
t he support structure, the notion control systemconprising a plurality of
position dEIEEREKHat detect a position of the substrate table or the

support st ructur oonififhg o Bboodi®AtliO0P «brehf1e I WiBNdCSP LA bF 2
i nterferoneter encoder conbination conprisrng a one- Or twWO- I“renst onal
encoder gri tferamweopirksgcal sensor and an interferoneter, wherein the one- or

t wo- di nmensi onal (gencoder rid s canstructed and arranged to co-operate as

a reflecting tarfEFTYEng FrSPISHYE pPYlighdavations between refesencemasksyefihmitist
appar at Us Ofa@hah@cdrfespWiiBhSidieble ﬂﬁﬂ’k@ﬁ{f 6 WBhEMmaR)d dnje Optical —sensor

are nounted to the substrate table or the support structure and wherein the
one- or two- di rémBigcheposithaodiaiatigns h thecalibraiogmehtin a ref erence frane.
19. A lithographi c apparatus according claim17 wherein the plurality of
position detectors conprises at |least three interferonmeter encoder

cortbi nati ons, eads. CORPhkSASS ChifiNe); whbref¥s stlisiFRiRSE RRALd BY saREMtAL d. an
optical sensor and an interferonmeter wherein
90 or 180 degrees before creating the second pattern.

16. The method of Claim 14, wherein the substrate is translated over a distance
of substantially one or more reference marks before creating the second
pattern.

~ 17. Alithographic apparatus, comprising:
a substrate table configured to support a substrate;
an illuminator configured to condition a beam of radiation;
C) a support structure configured to support a patterning device that imparts a
desired pattern to the beam of radiation;
a projection system that projects the paiterned beam onto a target portion of the
subsfrate; and
amotion control system conﬁgured to control a movement of the substrate stage
or the support siructure, the motion control system comprising a plurality of position
detectors that detect a position of the substrate table or the support structure, wherein at
least one of the position detectors is a interferometer encoder combination comprising a
one- or two- dimensional encoder grid, an optical sensor and an interferometer, wherein
the one- or two- dimensional encoder grid is constructed and arranged to co-operate as a .

reflecting target of the interferometer.
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- the one- or two- dinensional encoder grid is constructed and arranged to
~co-operate as a reflecting target of the interferoneter and wherein the
~optical sensors are nmounted to the substrate table or the support
structure and wherein the one- or two di mensional encoder grids are
~nmounted to a reference frame such that the position of the substrate table
or the support structure relative to the reference frame can be determ ned

in 6 degrees of freedom -32

18. The lithographic apparatus of claim 17, wherein the interferometer and the optical
sensor are mounted to the substrate table or the support structure and wherein the one- or

two- dimensional encoder grid is arranged on a reference frame.

19. A lithographic apparatus according claim 17 wherein the plurality of position
detectors comprises at least three interferometer encoder combinations, each comprising
a one- or two- dimensional encoder grid, an optical sensor and an interferometer wherein
the one- or two- dimensional encoder grid is constructed and arranged to co-operate as a
reflecting target of the interferometer and wherein the optical sensors are mounted to the
substrate fable or the support structure and wherein the one- or two dimensional encoder -
grids are mounted to a reference frame such that the position of the substrate table or the
suppbrt structure relative to the reference frame can be determined in 6 degrees of

freedom.
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