LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD FI ELD [0001] The
present invention relates to a nethod of determning a defect in a grid
plate of an encoder-type position nmeasurenent system a position

measur enent nethod using an encoder-type position neasurenent system and
a lithographic apparatus including such an encoder-type position

nmeasur enment system BACKGROUND [0002] A lithographic apparatus is a

ar get por 1 on (SFHORUAGHLE AACKH S A PR e MANIR Grubive ity = |

exanple, in the manufacture of integrated circuits (I1Cs). In such a case, a
patterning device, which is alternatively referred to as a mask or a
reticle, mayFBd-Iised to generate a circuit pattern to be formed on an

i ndividual layer of the IC. This pattern can be transferred onto a target
portion (e.g. imebydi NGhepassént dfvenuraclaes teemethad oftieeshining sadefigbistarezidplate
(e.g. a silicon wafer). Transfer of the pattern is..typical LGl 1 ng
onto a |ayer of of agagoder-yRe E%WW%"Y%‘F%PP’%?“"(%I’eoéﬁtlé’%{gf}le%ﬁ‘é‘%ﬁ{e \elh]g%lh&rtﬁ'ﬂgg
substrate. In ggN&fader-tybe pbilGbEmeathfeitent st ald dlhdgaphicappartive ikiuding

adj acent target portions that are successivel atterned. Conventi onal

| i t hogr aphi ¢ apﬁ@ham9§mﬂ%6Yﬁﬁ%*§@9€§??%ﬁ“§¥§ﬁ%@$s, i n which each target
portion is irradiated by exposing an entire pattern onto the target portion

at once, and so-called scanners, in which each target portion is
irradi at ed bPASELIPHYD: he pattern through a radiation beamin a given

direction (the foeANNi OgiediabECL M nBchisy hehppheUsyirgganagtotdhe
substrate paral F@ﬁﬁor /{laﬁ;thlo- Sgkﬁafl#’% ltlso t hi g idi rectp?on. It |s also &dpn&s?si bl e

to transfer thesypsitdt@usmally ontoteergpiaorénn iy sybyiatse Al BhqermPhi ABEI Y
inprinting the eg,tf%leéxgmgﬁtbfﬁ thpﬁlaﬁlfgcﬁﬁljé%gc ﬁiegﬁa@&ﬂ:’ﬂc itd It emksteicase, a

| ithographic ap%ara us, ositiron sensor 1S used ?o nmeasure the position
of novabl e obj epitemimrEhicasviitieisslibraativelyercfeand & amdnasker pELcSr HONEF WedIce
support. This position i. asurn ] | OB AGGULAS ¥ RB T, UBH @b dttérnl dan be
nul tiple degr eege“(?fa%efarcérgﬁliﬂq%rr[tﬁﬁggﬁrmﬁﬁ g‘ég‘? %?lc\)r?\(ﬁlrrea%ﬁr enent s_ygé em used in
a stage system traistredsnta altirbétporimolie.g. inclpding partef, encagiseusyalidi¢s pra gifpstrate

encoder-type s e?e?g(?ré sgliggrln vldgiies I r%ﬁ]sf&no%%geeprang%qgtygﬂgllfvig frhfgging onto a layer of
radiation-sensitive material (resist) provided on the substrate. In general, a single substrate
will contain a network of adjacent target portions that are successiveiy patterned.
Conventional lithographic apparatus include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion at once, and
so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parailel or anti-parallel to this direction. It is also-
possible to transfer the pattern from the patterning device to the substrate by imprinting the
pattern onto the substrate.
[0003] In the known lithographic apparatus, a position sensor is used to measure the
position of movable objects, such as the substrate table and the patterning device support.
This position is measured with high accuracy and usually in multiple degrees of freedom.
[0004] A position measurement system used in a stage system, such as a lithographic

apparatus stage system is an encoder-type sensor including an encoder head and a grid



-1 plate. The encoder head includes a light source to emt light towards a
nmeasurenent |ocation on the grid plate and a nunber of detectors to
receive the light reflected by the grid plate. On the basis of phase

di fferences between the light received by the two or nore detectors, the
position of the novable object with respect to the grid plate nmay be
determ ned. [0005] Such encoder-type position nmeasurenent system nay
provi de a position.of a vabl e, qbj ect, Wi i i ltiple
degrees of fred %T%bﬁ’écog%?}?ﬁ‘gfncwggéaaeﬁ htys/outlgée13 tiélg%gl%%g&o Qrg%? g'}rggnsuh%h}lééya

posi tion in onac@tion®d Be deédplarandi nimiee didacciineto erveivd the lightyrsflestadiby the grido
di mensi onal encoder asur.e t system wherein,t encod

measure its podial§-oHn fetEsE BPRE 'ffﬁre’f‘??\é\/g@”?ﬂl 1By glgr?c%wg%%&?\g?g@@ Fon
paral l el to thee@tiog, tRlpasigorsdh@meidbcitj@nwhk Fqprdioahd aid plate g bei rect i on
of the grid plate. Three of such encoder - heads provide a system which can
measure the poéfie{eF[BWe@)f t he novabl e object with respect to the grid plate

in six degrees |gfosfr e8dancbRPNFe pBMfon MedurbRienf Fsibm iy Prévidicessitoh of he
grid plate, the grid or grating may include  a defect,. Ignga ticul Ly t.he
frgpdqrgc ‘g’f ¢

reflectivity ofmavablegbiegt withhigh spayragmanddn muliiplosleerert] 19 BYie ue

to such def ect -ma§+fe*’ta | EGH St MBiMink G Hsitibh inPAE GHhBcAe MO8 JfIF@AIONE ThE ERTBEL S
and are therefore undesired. To avoid inaccurate posjtion maasurerrgnts,

the requi r ementsystetnis aigvo dimprsiaiabanicedsr preawermenbiysgmgyhegeip fhseacodepheggd £3n
high, and only a Limited Pl BBibAYRalfyS hebant
quality to be unget-‘-f1 ﬁr%‘ﬁ%‘%@gﬁ%%?@@%ﬁ? tlaﬂgfnl%é a reg(bl}?%l,athé) c%sts for
grid plates ar elaoasi aidireatitrepenegiticuloo O] diectiontod thedrid plaghy Thaeg of suigh ensafeict s
may conme into existence, for i otalal - s Mak: TN &AM ar
physi cal damagg’.ea‘%lpsr%wg%aesggtelgeﬁ%}iaééﬁﬁgy ?eetglgp?sgt%r?gf:ﬂgur at 21@ O%jgéti ti 5E§ibe
measur enent of tatheprahlae objieddgrdeoof fidedath. it is used. SUMVARY [0008] It is

e et b0 Do, LB S s R A Al it o
usi ng an encodafefdcy 18 pMoisilhi, tia refeadityedeieterid phitcangy demisteat partitwarjrceieive of
defects in a g rciug t(P éu%ﬁ %efect. Such defects may lead to inaccurate position measurements and are

therefore undesired. To avoid inaccurate position measurements, the requirements during

a production process of a grid plate are very high, and only a limited number of produced

grid plate have sufficient quality to be used in a lithographic apparatus. As a result, the

costs for grid plates are considerable high.

[0007]  Furthermore, during use, defects may come into existence, for instance due to

contamination, cleaning or physical damage. Also these defects may lead to inaccurate

position measurement of a movable object for which it is used.

SUMMARY

{0008] It is desirable to provide a method of determining a defect in a grid plate of an
encoder-type position measurement system, and a position measurement method using an
encoder-type position measurement system, wherein the presence of defects in a grid plate

may be taken into account. Furthermore, it is desirable to provide a lithographic apparatus



may be taken into account. Furthernore, it is desirable to provide a

| it hographi c apparatus 2 including an encoder-type position neasurenent
system for carrying out such method. [00091 According to an enbodi nent of
the invention, there is provided a nethod of determning a defect in a
grid plate of an encoder-type position neasurenent system the nethod
including providing at | east one encoder-type position neasurenent system
to neasure a position of a novabl e object with reS@ect to anot IPQJeCt

t he encoder - t ypBeludpg R esAAGTEYRS ROSTHRR FCRSPEIRAH 5L fFPjWé{‘ggO#’fEPCBPb{e and an

encoder head, waedgi N ARSdiaits an élh@dd@mérﬁomlém»%dn@ﬂtmfﬁs@lfovidb@amathabloé
obj ect and the ot her object, and the encoder head is . nounted on the

of the novabl e dhramingnerleds & weritnlate Bf rencodendyRaROStiar MEsYpPMEpt %yéta@tt

i ncluding a ra%ah(sooiﬂaa@iugEﬁw&m{gm%gﬁﬁete@coae?.@p@pésﬁdinaﬁdaaﬂerb@mstmrds a
measurenent | ocation on e grid plate and two or nore detectors, each

configured to nmesswee pasitjormafid movabisfobjegtivith respechieARPThes et & S9GOd KB PGr i d
plate; neasuri sﬁsomg&xw&efmp%{emqham a B8 DRyl Rl P ErSor Al Abrefitnd S 1 O

or more detectdrs: "using a cormbi ne beam intensity of
reflected radi aﬂators niue:amd@n onhef thewoablernbiost @étﬂeftctthﬁf §bieet, andilranrerer bead is

reflectivity g{r}]?ﬁdooggﬁflz gtﬁgr%tfﬁ{[ 'nYogl {31(3 r!#epteanﬁ ld GfdriokfelYth@ nctoB@r hgéd dipkat e

at the measureneh a presence o defect at the
measur enent | oqa¢lud1ng mmdﬁdmen b@.swscooﬁgttrhcbto emelfa edtation bgﬂﬁsfpgwdﬁaéfeaiurf@lth d

plate. [000101 A ggrdﬂglg gl o Hﬁ,gg' TEDL deteameea&mcvoﬁg% rgcmo ,ﬁéagrrsahéam.ty

provi ded a p05| using an enco e position
measur enent sy Sdfedmiattohe:emtrémdted b dlelgghid pgte; prcawirohig Aguaritity eﬁsdlaf(mé)eam

Tovabl e ob ect aNFTudBaLet Bora st s Ger e nRins B BRld b el inpsiy
measur ement Sy sjred ﬂeﬂé‘dtéddbdﬁ@tlcﬁa t@ﬁmdmrﬂlhfﬁﬂm@ cRtbradetanas thedetdnemnd 2 roftvetiviyn t he

grid plate is nounpted on one o e .movable object and the oth

and the encoders‘gﬁ‘ébﬁpﬁeéem%ﬁ?ﬂrél& rgHectiKiy B&h%grlg#’g{eﬁéﬁﬁwgﬁwm jﬁ’é:%t nl c?t t he
other object, therd reftfasbratdete@sithe hhaghrethengocutivm o it ibays sfahk ce
conflgured to emt a radiation beamtowards a neasurenment |ocation on the

grid plate and religstivity sigpabofide g6d Bl each configured to measure a quantity
of radiation begiropl lRet@MRY at dfbddlishéht B e Rivedtish, FRASK ploRidleda fiokdtni ty of

radi ati on beam
measurement method using an encoder-type position measurement system, the method
including: providing at least one encoder-type position measurement system to measure a
position of a movable object with respect to another object, the encoder-type position
measurement system including a grid plate and an encoder head, wherein the grid plate is
mounted on one of the movable object and the other object, and the encoder head is
mounted on the other of the movable object and the other object, the encoder head at least
including a radiation source configured to emit a radiation beam towards a measurement
location on the grid plate and two or more detectors each configured to measure a quantity
of radiation beam reflected by the grid plate; and measuring a qué.ntity of radiation beam
reflected on each of the two or more detectors; determining a position of the encoder head
with respect to the grid plate on the basis of the measured quantities of radiation beam; and
compensating the effect of a defect in the grid plate in the measured position.

j00011] According to an embodiment of the invention, there is provided a method of



refl ected on each of the two or nore detectors; determning a position of
t he encoder head wth respect to the grid plate on the basis of the
nmeasured quantities of radiation beam and conpensating the effect of a
defect in the grid plate in the neasured position. [000111 According to an
enbodi nent of the invention, there is provided a nethod of -3 determ ning
a defect in a grid plate of an encoder-type position neasurenment system

the method inc|uding: praviding at |east on code 0s t an
measur enent sysie@ﬁ’?’tnﬁl arfgg%cﬁl"ea%dfaﬂ%tﬂ’ %CHS‘I"EE?WB\P% %‘%gﬁs@pwwsﬁ'ﬁem’e@ﬁect
to anot her obj afdthddiatiugihPrévidin 8t [BdsBéR enddtidr- %egmmﬂﬁeala@fademwmmm t he
grid plate is nounted on_one of the novahl e object % t he o%'her ‘ghlg%

t he

and the encoderMsa2pasitignpieapvablic PlPi%"té‘t“'llié?Sp?fF tq matharRbigst welydipg g gn

ot her object, thg.g &%Q&rhem%e%ﬁn he 384 plafRGl AL éh SRS EHelntVabloUbRE and
configured to emt a radiation beamtowards a measurenent |ocation on.the

grid plate and thewtherobipsk and e eesederhead iserpupisd op fisrather ebthpawyshleobiedantht i t y
of radiation beamd&lhRe ﬁ‘lg epélodgth'eagﬁt' 1Ehst 1H!:lﬁglﬁga%ﬁtlgﬁ’&ﬁ&d@cﬂhﬁ@r@ﬁo bRast

two position error naps | east f efent an? es of he two or
nmor e det ect ors mallatipnﬂ@stpé@tfardmmh@ugmedt Tp‘FaéiP@OaﬁGgélﬂtP nidmyoar Berect map
from the at 36 &dtb R rid

enbodi nent of t‘%tzehlo%ls\\l/%%}t)?%ﬁhl%ﬁéo(rall;el&lggre %tg;g &% gr ap apparr:at us

i ncl udi ng: an igldtymnddeteronniay st least tmnquglun exforteaps cﬁwdllt teps rﬁ‘vV@dllffamnmrlgdﬂﬁ obeam
a suppor t con zb [8 %to(?' gxfotrg il&elzj&cp ?:rwtlth r?sﬁgctt Eoethg' gﬂ@ Blgl% h& gxtratc{\% é)@etfécﬂng

devi ce being c a attenlnlts
Cross-section ttbeeit@efamtafomatltlmemmimapadl ation beam a substrate tabl e

constructed to a sub e Lon s St em confi. L0j ect
the patterned r{E@dlg ?‘f{%nabé’% ‘%ﬂ 8{th%81rv?|ﬂc?ﬁ > ey éo‘gu%f eﬂh{’é 'nd a

posi tion neasursppairus ﬁqylsltiiagi zi:ﬂllﬁi&ﬁﬁtmesyatemwehﬁgm tofcom:mmmaiadhetxcoﬂ}eemtaof _
the |ithographi c apparat Uﬁ, t he IEosl tian easug e ﬂ%t .S (i mgl ncl udi 9 cat
| east one encoddPPOrSPRSIGER (X PURAPH § PASTMPRIdGYIc 1Be BRIty URE A5 fEE ﬁ%Paée ¥ he
encoder head atimp@eifg theRediatdnbgarh With a(-iﬁft&ﬁﬁlpitsicrbs@-seﬁiﬁaw ﬁ)rlaarpamrﬁéd on beam
reflected by the grid plate_at a peasurenent ei n _the encoder

systemis conf itadiftn b@@fn&%lb&r%%'? Gerptrpced E’thogff‘ %‘%iﬁﬁt"l ﬁtpé°d%°|{19'§/sysf5’3s ed on
the reflected rQgiakédn pREFNHIRARSHE alidtid B ak\WAtoQ] tafFRf oritai T eHetibstiake,

determ ne
and a position measurement system to measure a position of a movable object of the
lithographic apparatus, the position measurement system including at least one encoder
system including a grid plate and an encoder head, the encoder head at least including two
detectors to measure a radiation beam reflected by the grid plate at a measurement location,
wherein the encoder system is configured to use a combined radiation beam intensity
based on the reflected radiation beam measured by the two or more detectors to determine

the reflectivity of the grid plate at the measurement location.
BRIEF DESCRIPTION OF THE DRAWINGS

[00013] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:



the reflectivity of the grid plate at the neasurenent |ocation. B

DESCRI PTI ON OF THE DRAW NGS [00013[ Enbodi ments of the invention \?\AIH: now
be described, by way of exanple only, wth reference to the acconpanying
schematic draw ngs in which corresponding reference synbols indicate
corresponding parts, and in which: -4 [00014] Figure 1 depicts a

| it hographi ¢ apparatus according to an enbodi nent of the invention; and

[ 00015] Figure icts a i = R

Lyeten o1 PR TR - ocentin o e

aiofogsg: 3gh! C Flpmaérmbu;s‘a_nla?:cor ding to one enbodinent of the invention. The
r at inclu n i.llumnation syst i ] {

condi t1on & radf0db1shn it s TR G p AR e RO 2d 1O

radi ati on), a patterning device support or support structure (e.g. a mask

table) MI constructed t rt a patterning device (e
_ _ .g. a mask) MA and
connect ed toDﬁTﬁW%@DEég%lifﬁan devi ce PM confi gured togaccurat el)y

position the patterning device in accordance with certain
9pparat us al so includes a substrat? tahl e i . g. V\af% gggrlara”%egf. The
substrate supp®0f16]cdiiatrs isthematicnllydepyety 'ﬁlﬁ’gﬁpglfgmiaé? 0“4 ¢ E%itstqecoat ed
waf er) Wand cogpeqfifd bethe irt8RRMITROSphiaS intthdetean itemRiiaoiybteguistinator)
accurately position the substrate in accorﬁa&nc ith certain par f.ers.
The apparatus f U ecaigured factondiian & ra9iaPR LD %%g"tlgfﬁ‘;(?aél.oﬁf)r %.“yr%‘\?er zficgls ve
pr ol ection 'ensgﬁgaﬁ&?@ an@nﬁxﬁ' oy s @hokGr s@pBitGhcite pag. hansk tabpaMed to the
radi ati on beam y patterning device MA onto a target ortio Cf{rq.g.
i ncl uding one ogonsiowateddp eeppodia periRming WY iPHicE: W“afl@@%’}?]ld %{'é‘e‘?t?&ﬂﬁi A&t i on
system may i ncl g, (a5iRUS. PYRBAGEIe@Rld:ERkeR RGP parthinpdest in

e, reffective, magnetic, electromagnetic, electrostatic or other
types of opti cabccotiangsorithreszinparamelers dhorrratasRise fsludss a sYostrgff fa&?ﬁﬂt(?'gsanape

or cont_rol radi at .o 8 ¢ 0l i I i
patterning devi 3’3&{ {r?i‘blaeg grg[(r)f;rllre%wt-g %% %ﬁgge%g@ﬁe%ﬁg&g?gm{ei(gg dgfem%tﬁgated

patterni ng devi eaferiWendesingetedto aseeondipositigniapegvice PW configured to accurately
position the substrate in accordance with certain parameters. The apparatus further
includes a projection system (e.g. a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. including one or more dies) of the substrate W.
[00017] 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, to direct, shape, or control radiation.
[00018] The patterning device support holds the patterning 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 patterning device support can use mechanical,
vacuum, electrostatic or other clamping techniques to hold the patterning device. The
patterning device support may be a frame or a table, for example, which may be fixed or
movable as required. The patterning device support may ensure that the patterning device

is at a desired position, for example with respect to the projection system. Any use of the



apparatus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnent. The patterning device
support can use nechanical, vacuum electrostatic or other clanping
techniques to hold the patterning device. The patterning device support
may be a franme or a table, for exanple, which nmay be fixed or novable as
requi red. The patterning device support may ensure that the patterning

device 15 al aflesilad-REShLiORorchHiaPHATRYSerld SROKFRAS iR A gencral

proj ection system Any use 0 erns reln may
be consi dered stgnofiyatemsgwievitet’ he nore general term "patterning device."

[ 00019] The term.-Ratterni ng. devi.ce", used herein shoul d be broadl
nterpret od as TOPQRR: i BIG oML o E° Bt Bl R be ¥y B o
radi ati on beam mfédrtingto pay edde thal cad ise used asispse arididios deas with a phieat B iss

pattern in a target portion of the substrate, 1t shoul d be npted hat the
Dattern i mpart ooreeRiRg 5 Atk Sroatsd PBOS T hA G rbeortisr i ds ubgieo L St Beheiage
desired patt ergpatithe pdernlisipa@dd b eielrbdiikiifbehii endy W séxaddcoriconéamldesiiel t he
pattern includes haﬁje-shi fting feigt ures of Sso C(rl| | ﬁ}% assi st features.
General |y, the REFRdR HCBBEPOEIPNOS e sEbSTR oL P1AgR I HE BiMARIST MeBidPespond to a

particul ar funcftagnadifih@k@turdsdr So S 6RisPRuMGEs CGARFS, thé patlehBindpait&Bb the
portion, such as an integrated circuit. [00020] The patternjng device may

be transmi ssi veagiationdfepaayill gerrespngdip pdartisplapiipgtiong];laygr ingedeyicr Beipgerpaterkin

nmasks, progranm@bleodihafion, st RYR intéislebiR@ftamebl e LCD panels.  Masks are
well. known in litho rz%%hy, and include mask types such as binary,
EP

alternating phl#8%0nilfe patigringdevics ingy &g trprsadsiv Rl feflectiys. Kyample of Ragernings
hybrid mask types; : ' S a
e 10353#&0122#3“?41&_ prSEratﬂinSlQ ﬂﬁﬁéﬁﬁ?@&ﬁ flgqjﬁrg%%mﬁ{aﬁ RY. Q¥

matri x arrangenent mrrors, each pe 1 ndividually
tilted so as tdvipsks keeovelidmovn dohhegraphydiad indnddoaastings elichfigbiaany, alternating

s Tot | oot ed byPRe gl AdcAed SRS tnR BYHCN G Durlol Ak 1R 2RI
used herei n shoeflagrémarhmatzde nyrroratray pmplopch @gtrix amengrpastsif syalh myrreny,pechodf
proj ection systemy, LGE SN S HiEFLd % rdiBlt 5 Gldotie SRLAN 2Bk Gitforent
magnetic, el ecttonragnetic and el ect rostali ¢ dptiCar systens, or any
conbi nati on t hedieofigns. The tilted mirrors impart a pattern in a radiation beam which is reflected by the
mirror matrix.
[00021] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof,
as appropriate for the exposure radiation being used, or for other factors such as the use of
an immersion liquid or the use of a vacuum. Any use of the term “projection lens™ herein
may be considered as synonymous with the more general term “projection system”.
[00022] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g.
employing a programmable mirror array of a type as referred to above, or employing a
reflective mask).
[00023] The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables or "substrate supports" (and/or two or more mask tables or "mask



as appropriate for the exposure radiation being used, or for

such as tpe use of an immersion liquid or theguse of a vaguuﬁihiéyfﬁggogf
the term"projection | ens” herein my be considered as synonynous with the
nore general term "projection systenf. [00022] As here depicted, the
apparatus is of a transmssive type (e.g. enploying a transnissive mask)
Alternatively, the apparatus nay be of a reflective type (e.g. enploying.a

progranmable mrr Orr@%&%{lcg{;@gﬁﬁﬁéﬁgﬁéez%#%n%g 'Eh%%d&i?loﬁat? Abfes opgufpsgﬂ Y B a

refl ective maskj“PPP i'C apparatus nma [
ybe of a type havin
two (dual stage)sc@n pdRL, oﬁpﬂéﬁztrétaiye;tetpahiagﬁeoatrriédsolbsltlloa@@rIBQI]QWQS@}'/E‘{PRPIW org

two or nore mask tables or "mask -6 suppaorts’ | n ch " ti "
( ; N pl e stage
machi nes the addhiiq Pisar MOEARY t%ﬁlesﬁﬁﬁ‘ﬁg’f)f%arﬁg%/m%‘elsedafglé p?grllrlpé[iar allel, gr

preparatory ste y e ' ) ' ien gf
it Sab et rmpgl)?t}her tiiggnlrgfdpﬁi@ aPpHrat@mey'#ls®be ¢fartgpd wlxres aocass appoen 9

es or._ suppor bel. :

[000241 The | i t hogetsphip elaa;bsaw&qulsbbﬁ?ﬁg%ua ‘iaaﬁ’r&g‘ "8%“26%( bjl‘%ggeffagtﬁ"éiﬁﬁ&gts e 'gést a
portion of  the, sUbst Lab &MgadibeRRURERGrNctin it drdy iungirac ot iatricriby

gl refractlve.lr_ldex, e.g. water, so as to fi|l a space petween the
pr 01| _ecfjI i ?n syrs]t Baniimdy alvebsauipbied @t%l?erﬁE??CPWé'?"sli‘tE‘?graHhi‘%tﬁpﬂfaﬁﬁ’fg%x%lpEé
applie o other_s Wl i I | fnd ARPSHH] @vaedny
between the pat {;eetw%%&g‘?%det@fnté%e‘%eglcéIa@%anzagl)a agal(dld thgﬁgﬁb(?jzsg%?if}bln S s‘{)rg’
| mersi on  t echeblgi@ss carbeliecd s dntreass thnapmerical $PREUE QRRIOIEEEP %b%‘?‘?'uﬁée g
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the source SO to the illuminator IL with the aid of a beam delivery system BD including,
for example, suitable directing mirrors and/or a beam expander. In other cases the source
may be an integral part of the lithographic apparatus, for example when the source isa
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.

{00026] The illuminator IL may include an adjuster AD configured to adjust the anguiar
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
distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator
IL may include various other components, such as an integrator IN and a condenser CO.
The itluminator may be used to condition the radiation beam, to have a desired uniformity
and intensity distribution in its cross-section.

[00027] The radiation beam B is incident on the patterning device (e.g., mask) MA,
which is held on the patterning device support (e.g., mask table) MT, and is patterned by
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may be substrate alignment marks as illustrated occupy dedicated target 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 patterning
device (e.g. mask) MA, the patterning device alignment marks may be located between the
dies.

[00028] The depicted apparatus could be used in at least one of the following modes:
[00029] 1. In step mode, the patterning device support (e.g. mask table) MT or
“mask support" and the substrate table WT or "substrate support” are kept essentially
stationary, while an entire pattern imparted to the radiation beam is projected onto a target
portion C at one time (i.e. a single static exposure). The substrate table WT or "substrate
support” is then shifted in the X and/or Y direction so that a different target portion C can
be exposed. In step mode, the maximum size of the exposure field limits the size of the

target portion C imaged in a single static exposure.



fixed. Patterning device (e.g. mask) MA and substrate Wmay be aligned
using patterning device alignnment marks M, M2 and substrate alignnent
marks P1, P2. Al though the substrate alignment marks as illustrated occupy
dedi cated target portions, they may be |located in spaces between target
portions (these are known as scribe-lane alignment marks). Simlarly, in
situations in which nore than one die is provided on the patterning device

(e.g. mask) MA _t patterning device aljgnnment .
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between éuccessive radiation pulses during a scan. This mode of operation can be readily
applied to maskless lithography that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.
[00032] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.
[00033] In the lithographic apparatus of Figure 1, an encoder-type position
measurement system PMS is provided to measure a position of the substrate table WT. The
encoder-type position measurement system is configured fo determine the position of the
substrate table WT in six degrees of freedom. For this reason, multiple encoder heads EH
are provided on the substrate table WT, and a grid plate GP is mounted on a frame of the
lithographic apparatus, for instance the so-called metrology frame.
[00034] The grid plate GP is an object which includes a grid or grating, and does not
have to be plate shaped. The grid plate GP may be any object provided with a grid or

grating which is used to measure the position of a movable object using an encoder head
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the scanning reticle SR, it is diffracted into three partial waves of the orders +1, 0, and 1,
with approximately equal luminous intensity.
[00038] The partial waves are diffracted by the grid plate GP such that most of the
Iuminous intensity is found in the reflected diffraction orders +1I and —1. These partial
waves meet again at the phase grating of the scanning reticle SR where they are diffracted
again and interfere. This produces essentially three wave trains that leave the scanning
reticle SR at different angles.
[00039] The three wave trains which are received by the three detectors DET, which
may convert the alternating light or radiation beam intensity into electrical signals. On the
basis of these electric signals, a change of position of the grid plate GP in a direction
parallel with respect to the encoder head EH may be determined, and thus the relative
position of the encoder head EH with respect to the grid plate GP in this direction can be
determined with high accuracy.

[00040] In the position measurement, the change in light radiation beam intensity as
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avai l able from DR JOHANNES HEI DENHAI N GrbH, Traunreut, Deutschland. The
encoder head EH includes a light source LS, which can be broadly terned
"radi ati on source", a condenser CD to condense light or a radiation beam
emtted by the light source, a scanning reticle SR, and three detectors
DET, for instance voltaic cells. [00037) The light source or radiation
source LS emits light or a radiation beamtowards the scanning reticle SR
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in the grid pl ateecivat byathe thesstetettoat, alde frmtlies combigasion of Hehties ragidtign ptaiit e GP be
known so that the defects n . be. taken | : ' ; he
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and for taking ihetéflecacgaifiic gldqhatd&Pect s. [ 00041] The reflectivity of the

grid plate isr ‘ﬁ)'oﬁﬁﬁd ”I"h?s }eﬁgctﬁf{g) of tliw g:id Ilaliat%t&P I‘lolg.y breau%!:ﬂoidgfgrmine the presence of a
defect at the measurement location, i.e. the location of the grid plate GP where the light or
radiation beam of the light or radiation source LS is reflected by the grid plate GP.
Generally, a defect in the grid plate GP will result in a variation of the reflectivity of the
grid plate GP at the location of the defect. Usually the reflectivity at the location of the
defect will be smaller than at a location on the grid plate GP without a defect. Thus, for
instance, it may be determined that a defect is present when the reflectivity of'the grid plate
GP is below a threshold Ievel, while the normal reflectivity of this grid plate GP is above
this threshold value. When the location of such defect is known, an inaccurate position
measurement at that measurement location may be predicted. The reflectivity of the grid
plate may be dependent on the direction in which the reflectivity is measured.

[00044] By measuring the reflectivity of the grid plate at multiple measurement
locations, preferably over the whole surface of the grid plate GP, a reflectivity profile of
the grid plate GP may be provided. By comparing such reflectivity profile with a default
profile and applying a threshold operation, a defect map of the grid plate GP may be
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beamthat is falling on the detectors DET. Thus, by neasuring a quantity of
light or radiation beamreceived on the three detectors DET, and using a
conbined light or radiation beamintensity of the reflected |ight or

radi ation beam for instance the total anmount of |ight or radiation beam
falling on the detectors, a signal representative for the reflectivity of
the grid plate at the neasurenent |ocation may be determ ned. [00042] It is
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reflectivity of the grid plate during actual position measurement may be compared with a
previously measured reflectivity at the same measurement location. When the reflectivity
of the grid plate substantially differs, a defect may be present in the grid plate GP.
[00048] The method of an embodiment of the invention may also be applied for online
detection of new defects in a grid plate. In such method the reflectivity signal of the
encoder head which is measured during actual position measurement during the
lithographic process may be compared with previously measured reflectivity signals. In
particular the correlation between the actual reflectivity signal and previously measured
reflectivity signals may be determined. This correlation may be compared with a threshold.
When the threshold is exceeded, a defect may be detected at the actual measurement
location. Instead of the reflectivity signal also another output signal of the encoder head

may be used to detect a defect in the grid plate, for instance the position signal provided by

the encoder head.
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expected. [00045] The reflectivity profile and/or defect map of a grid

pl ate may be stored and conpared with other reflectivity profile and/or
defect map. Any differences between reflectivity profiles and/or defect
maps may point at a new defect on the grid plate GP. Such new defect may
be taken into account during position neasurenent. Also, it can be wused to
det erm ne whet her the quality of the grid plate decreases. \WWen the nunber

or size of defects is I i JBYn
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li t hogr aphi ¢ pr moesy maye)&ampmﬁf]aaieﬁadt kmﬂehlsmﬂ@mhewaﬁefn@bkjﬂﬁ%@ keae] max bty
signals. In particular the carrel ati fof £kh G de¥dct ¥
si gnal and pr evPﬁ?ﬁ%‘iéF%‘a”seLﬁ%gec{?“e?émp at% %ﬁﬂ;r%‘f‘onﬂ%ﬁ%g determ ned.
Thi s correl ati ofhe gBY phie:. aaiefRt Bdefietlfas aldchhas:hmbrdn mamﬂwtwmeeﬁth@ gihDIFE: i s
exceeded, a defect may be detected at the actual neasurenent Iocat,]tpgg)
Instead of the ThikkatitioncdnyhasE gevatal susess. e emerntafehorption irdenotsd by
encoder head used { %fg{dﬁ %1@51% bk rdefect
i nstance the pg@y‘ %He%a:“"ﬁgfobeg‘r%%e\'?‘l dégorqgsggrfdtu}aéﬂgﬁ%g gr ) a Or %

[00052] The output signals of the three detectors DET are combmed in a smgle phase

output signal @. Each encoder contains two channels with different sensitivity vectors,

which are denoted by A and B. The phase errors of output signals A and B can be
computed by a convolution of the defect 7(X, ¥) with the impulse response of the encoder:

o, (x,9,R)=1(x,y)}® by, (x’y’Rx),
Vo, (x,y,R,) :U(x.-y}@)hd:ﬂ (x!J’!Rx)’

" [00053] where ho, (%7, R) and ho, (% 7. R,) represent the impulse responses of

output signals A and B. The impulse responses for output signals A and B are defined as:
Xs Vs
= - Is R )by (x+2, s sR,
hm_d(xyy;Rx) ho(x 5 S 2’ )t he(x 2 y 2 )’

yS
h X R h x—— —S R +h x+ _.’RI

[00054] where ho(%,7,R,) represents impulse response for a single spot. The single
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[ 00049] A defect in the grid plate G° may | ead to inaccurate position
nmeasurenment. These inaccurate position neasurenents nmay be taken into
account during position neasurenent by conpensation of the effect of a
defect on the position neasurenent. [00050] This conpensation may be
performed by estimating the phase error in an output signal of the encoder
head EH due to the defect in the grid plate GP and conpensating for this
phase error. For such conpensation, the expected phase error may be

predi cted by a SPAEPWHIC [FSPHST SRNBRYi s based on the forward i npul se
responses of the encodery eqd+yEH in conbination with a reflectivity
profile of thggyikl )pl@te-cln such enbodinent, the reflective profile is
used as input for the detect ker nel and the out put of the defect Kkernel
provi des infor eff ¢l ect |nthe grid plate. [00051]
An exanpl e of gﬂgdsf%gc %’rcﬁ(ta eC’gl V ﬁl?tr{‘ceilrsgl‘:’ﬁa t This defect kernel
maybe used to geferm ne a def ect on a grid pl ate GP and/ or to conpensate
for a known e‘f@f on the grid plate. A defect is defined as a | ocal
variation in the reflectivity of the grid plate. This variation can have

several sourceq0008sf & Abovelexalsie tetvafiftidns irkaoRINeeivity ol theXrid Yate in thEhY S
val ue can vary hetween Q-1, corresponding to no . defect and a full absorbing

defect. [ 00052HiroqiRm am giysm [t ds rgmanked et tbwr{aﬂ?rééﬂ wledritypstheerid Blrte IS ned

in a single phagRetiy Ry be dirgRat. Thik, sEAERy SOHRIBLVERRESH, Meerd WA rSIRRMANS) S
with different sensitivity vectors, whi cf‘; are denot ed by A and B. The

phase errors offelastipit ofghesril Rlata inthe xpireetipnger any gthsidiegtiony Ta sy BiniYeon of

the defect ' 7( e r\Q;ulWoT&e%dd@%ﬂe%ﬁvénﬁérp‘%%ﬁm% in r@ﬁecﬁﬂ%ﬂq%'ifferex{t dirébtibis Y
RX) =1)(x,Y) (r)h D, (X,Y, Rx ) rma(X, Y, RX)=r7 (r)h Y, Rx) [00053]
where hma (x, ynaYFb@)de@numn@ t@)detesmmﬁsi?fe@tém@gén Ptat'ife |rrpul se responses of
out put signals and B
are defined as: (]\?ﬁa?x%a@? (ﬁ{mlﬁ% 13&)}&913 Fﬁcﬂﬂ%ggﬁ%b%\:{g&%ﬁ{%r@
hma( x, Y, Rx) =hm(ptesgaied MsTaRle)l+h, (x+L y_Ys,R,) 2 2 2 2 [00054] where hm (x, Y,

Rx) represents [bﬂﬁ%‘éi S‘%aﬂl@?ﬁ%ﬁ&?ntsf.Qerc?n?oing' e spot. The single

Symbol  Description Value Unit
R 1/e2 beam radius 0.7 mm
Xg Distance between spots of same channel 5.7 mm
Vs Distance between spots of channel A and  2.34 mm
B
SP, Signal period y-direction 512 nm / period
SP, Signal period z-direction 5735.294 nm / period
P, Signal period @ 16384 counts / period

[00059] The Lissajous radius is representative of the amount of light or radiation beam
falling onto the detector. In case there is no defect, the normalized Lissajous radius equals
1. In case there is a defect the normalized Lissajous radius for output signais A and B is

given by the convolution
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-13 spot inpulse response is given by R 2x'+y' h,(x,y,R)=C e m [00055]
in which the defect constant Cis defined by: C = 2Pm SP2 [00056] In the
above exanple the variations in the reflectivity of the grid plate in the y
direction are given. It is remarked that the variations in reflectivity of
the grid plate in other directions may be different. Thus, simlarly, to
the above relation, there is arelation for reflectivity of the grid plate
in the x direction, or any other direction. To further inprove the results
of the met hod, 6f: W ¥ek® bn(*-vdriations in reflectivity in different
directions nmmy be determined, to determ ne defects on the grid plate.

[ 00057] Exanpy, €s yof= Inunferijcdl, (labdes for the constants in above equations
are presented in Table 1. [00058]  Table 1 Constants defect nobdel Synbol
Descri ption Val it R &/ @2ybeant@diu ol ]

spots of sane cﬁﬁﬂ#ﬁl oo nin ys stance’%BI(e%ts%t(raggknslég%e?e %F%c%ﬁgfnﬁ@u\f\%g%r%
2.34 mm B SPY &i.gaal TRekipaie yesporsechor anpiknalsy andd dredefir8®2s Si gnal peri od
z-direction 5735. 294 nrzﬂ{il period Pm §Siggnalthlperi od g 16384 counts / period
[ 00059] The I h QUS(I-aldi ys Jrepreseny atbye of the amount of Iight or
radi ati on belgfh%)é ?’il FZ;’S(ng @n?o Jt’?le dg{eé’tcr}]ri. 14%/1, case there is no defect, the
normal i zed Lissajous radius equals 1. In case there is a defect the

normal i zed Lih[s§§b,9g$,[(rxad§£u§, _fm %(puf_s ,sJi,gﬂgaj s Aand Bis
2 277 2 2 ,
{00061] For a Gaussian irradiance distribution, the impulse response of a single spot is

given by

2.2
LY Y]
QM TIM

h[(styM):;;Te K

0

[00062] Above the forward impulse responses of the encoders are presented. Given a

defect 7 (%) we can compute the position response and the normalized Lissajous radius.

Now the measured reflectivity profiles Tii (x,y ) and '%s (e, ) are used to compute the

phase errors Yo, (x.7) and "® Gery )

[00063] The measured reflectivity profiles do not only depend o the true defect 7 (e, ) s

. X n, \xX .
but also on additive measurement noise g ( 4 ) and ’B( o4 ) The Wiener kernel may
be used as a method to include this measurement noise in the design of the defect kernel.

[00064] A first step is to compute frequency reSponsé function (FRF) corresponding to

b, and A, , which are defined by

H,'4 (a)x,a)y):: ﬁ"tZ(h,A (x,y )
and

H, (a)x’wy): fﬂz(hig (x’y))_

[00065] The FRF of impulse response of ha, and ho, are defined as
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given by the convolution -14 r,, (x,y) =1- gq(x,Y) (r) h,., (x, y) r,,
(x,Y) =1- z](x,Y) (r)h,, (x, y) [00060] where h'. (x' y) and h e (x' vy)
represent the inpul se responses of output signals A and B. The inpul se
responses for output signals A and B are defined as h,. (x, y) h, (x-XS

, Y+YS +h, (X+XS ,y+Ys) 2 2 2 2 h,e(Xx,y)=h,(x-XS ,y_Ys )+h, (x+Xs,y_Ys 2 2 2
2 [00061] For a Gaussian irradiance distribution, the inpulse response of a
single spot is given by 2 =+A hr xMYnr = ~, z e [00062] Above the
forward i npufise 7té8Penlses of the encoders are presented. Gven a defect
q(x'y) we can conpute {the position response and the nornalized Lissajous
radi us. Nowfshe @ &Jred reflectivity profiles r,A(x'y) and r e (x,y) are
used to conpute the phase errors ro' (x,y) and rc, (x' y) [00063], The
measur ed refl eqboosis y Gwedfihd @svetlspetiad ofald positiop emnek dsmntl e atdities hédedon the

g(x'y), but also on additive neasurene ise.n, + V). ) 'y).
The W ener ker riBFsyienpethg neé§“5“%?ﬂh‘d% Oﬁi}i‘E Fﬁfﬁ%t%'ﬂ’l@sls ﬁ%ﬁlg B f’% m(e)r(lt V)
noi se in the design of ghe defect kernel. [00064] A first step is to

conput e freqH@g&jw)eﬁagﬁéé—%unction (FRF) corresponding to h' 1 and hl"
which are defined by{# o \vf w = fft2(h a (x,y)) and H,, (ws,w)=
fft2(h," (x,Y)) .[00065] The FRF of inpulse response of h and ho, are
defined as nydich

H(o)=H}'H,

[00067] The impulse response of this filter #,20, can be found by transforming

H, 2, back to the spatial domain.

hf,.zcb,, = ifﬁZ(H,A 2@, )

[00068] A convolution of this defect kernel with the reflectivity profile gives an estimate
for the phase errors,

=l ye, O,

[00069] It is noted that to compute the defect filter numerical fast Fourier transformation
can for instance be applied, which assumes periodic boundary conditions. These periodic
conditions are incorrect for the present application. As a result, the estimated kernel may
be inaccurate around its boundaries. To provide a solution for this problem, the defect
filter may be truncated using a Lanczos correction. This correction involves the
multiplication with a sinc function before the actual truncation.

[00070] The above described defect kernel will provide a useful estimation of the phase
error due to an effect in the grid plate and may therefore be used to compensate for position
errors due to defects in the grid plate GP. However, any other defect model may also be
used for detection and/or compensation of a defect in a grid plate GP.

[00071] In an alternative embodiment of a method to determine a defect map of the grid
plate, defects in the grid plate may be determined by determining at ieast two position error

maps for at least two different angles of the two or more detectors with respect to the grid
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HL, = Mho, Hc, = fft2(hme [00066] G ven the power spectra of the position
error Amand the additive noise 0,~ on the intensity signal, the Wener
estimate of the FRF of the defect kernel is defined as: HO', H., 204 IH2
00A + 4n in which Hw) = HOA H, A [00067] The inpul se response of this
filter h1A20A can be found by transformng HLA24" A back to the spati al
dp?ﬁl?h h, ?ﬁA :llfftZ(H,f EO [ 00068] A convolution of this defect kernel

Wi e reflectivity profile gives an estinate for..the phase .er r ol
e o e e R B e T e S e
numerical fast Fauih@frolhaRSs REMBE hodesc@RA if U phisfapplicatibe 1 BPH,97%dthe whi ch
assunes periodic boundary conditions. These periodic¢ conditioFs are

incorrect for tépatepisesshichamhardaicamoras by refgweneq in s RRITEY: PARPEYker nel

may be inaccurgh@r3" QhE nididRPURGAh Epplid@ioR | NB061E700a feitithieadr ey mihbes
probl em the de@ec_tﬁ ?I fhter may beq{areuﬁa?gtledousi ng’a Oﬁggczos corr?cti}gn.
This correctionohitsinslbyes the nultiplication with a sine function before

the actual 1runaalde -in{rl&g)gF{%;mIfaap%ﬁpg@aﬁggfagé ReAivEeS BGInchRE BRd phie] 4

provide a usefu estl ~the ase error due to an effect in the
grid plate and pmitichlbéthebagebdies eswd!ledbycomesserirdler.or position errors due

to defects in the grid plate, GP. . f kS O
be wused for de@é‘&?%fslgwgglﬁr&?%tp © Ena\r'rrr)' %@ﬁ? Flg?lr?{;)%fhé; efbggt% élﬁﬁghaeggéri?ger%t@k%.
[ 00071] I n an adht efidodérigvid; aribodi ment of a nethod to determi ne a defect map

et ermi ming ot Desneig yoe] EpRtisPr PRt SRS g e

angl es of the tyRith ofideetageintaned by the seesplat. to the grid -16
[00073] On the basis of this registered signal a position error map may be determined.
When position error maps are determined for at least two different angles of the encoder
head with respect to the grid plate, a defect map can be extracted from the at least two
position error maps. In this example, the variations in reflectivity are determined by
changing an angle of the encoder head with respect to the grid plate between
measurements of two position error maps. As a result, variations in the position error maps
measured from the two different angles may be determined. However, the vartation in
position etror maps, resulting from reflectivity of the grid plate, may depend on the angle
in which this movement from the first angle to the second angle is made. For instance, a
rotation Ry about the y-axis may result in determination of a defect due to a change in one
of the measured position error maps. However, a rotation Rx over the same angle, but
about the x-axis, i.e. perpendicular to the rotation Ry may result in determination of no
defect at the same location, since the measured two position error maps will be the same.
[00074] Since defects may only occur in one direction, an embodiment of the method
may comprise determining a third position error map for an other angle of the two or more
detectors with respect to the grid plate, wherein the ‘angle is in another plane than the first
two angles, and extracting a defect map from the three position error maps. By
determining a third position error map at another angle than the other two angles, the

resulting defect map comprises information on the effect of rotation about two orthogonal
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pl ate and extracting a defect map fromthe at | east two position error
maps. To determ ne position error maps, a nethod as described in US patent
application 11/006, 970, the contents of which are herein incorporated by
reference inits entirety, may be used. [000721 In the nethod of US patent
application 11/006, 970, a position error map nay be obtained by: a)

novi ng, in response to a setpoint signal, a stage relative to an encoder
grid plate, a position of the stage being controlled by a stage
control l er; b) #®asuring during the noving the position of the stage by a
sensor head coqpgy7a} i NanhbbdihdiR IRABIRFSIZIAS hubstadit@ly prrpe@RitSires B @lade 8T gnal
representative of a difference between the setpoint signal and the

posi tion of_théh%ﬁréb‘_@/oﬁglﬁ’éasur_ed_ by the sensor head. [00073] On the basis
of this registqy@fepi 8bAhstEhdRORE kit PRV RE AR RelAB Y LR1:8BH 85I MR F-axisVieR
position error maps are determned for at |east two different angles of the
encoder head wpteHor iagisecz plaws, enkthethird apglamay relpiefe paetptiongpowdis vakie ¥hichct ed
fromthe at le ; & thd 0. L1110 S in h8 vi U 1Shee inol AEcVRALH ati ons
in reflectivi t3§g?r%&@lectu§?mt&éeg%§ ‘_'%ﬁéd%i%né“ an yaﬂjg%g' z?é?ﬁlgmnégtrlcogera%ead
with respect tcompdgsegiifdmpitign en buatiowe aboubectk the sreeptand dfe -9ds-posi ti on error
maps. As a res aki ali - it 4 mt he
fuo di frerent J0072L " ThEli Rgirt Lok NEaRR ! A Uikle LORRSn A FRRRARR BT on
error maps, reseduiietig dneater heflltebe iiddiwithobspettdo theigdd plagt Ehe effogt degsered byn
the angle in whi,ch this vemrent fromthe first. angl gle
< rmde, For i navELEY St SREBEERGR! ROM AR e p 308k BrSot Pl BRRORR o8
det er mi nat i on ah tie idefmatsffduel thoemoddrange Sich intamal wfset dfan vemdentead posidri on
error maps. However, a rotation Rx over the sane | e,  but bout th
a5 e. pamymtb S By SRR R srnpgr R Pestipee redu Y Bndsali on
of no Flfaf gct ﬁbtoﬁdﬂﬁlcsmds@ﬁlmabﬂomlﬁinm This wiretddisrathihyhe piisiddf dre térafor
maps wi e the sane. 00074] Since defects may onl ccur in one
direction, an ShsBaORed G SH@F‘E‘&&%WIOESFFB RAHRTEENR BF ety
position error th@Rethed may e RS 8dmpditatiadFor QeI thierflfl cOBpSHehts\WEt h
respect to the grid plate, wherein the angle is in another_plane than_the

first two angltBencedrshead: Theqompgnsationmay be baser 9namnspitable offssEiniogastiangfer

error maps. BY jnstance information obtained by calibration of the encoder head.

[00078] As an example, calibration of the offset of the encoder head may be carried out
by the following steps: measuring intensity and position data on a known defect, and
fitting the measured intensity data on the measured position data. Before the data is fitted
the intensity data and position data may be filtered. In this calibration method any suitable
known defect may be used. In an embodiment a deliberately manufactured defect may be
used. When using such manufactured defect, the shape, size and location of the defect are
known.

[00079] In an alternative embodiment of the calibration method, the shape of the defect
may be used instead of the intensity data to determine the offset in the encoder head. The
calibration may be carried out at a single angle of the encoder head with respect to the grid
plate

[00080] In an alternative calibration method, position data obtained at multiple angles,

i.e. at least two angles for rotation in one direction, or at least three angles for rotation in
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determining a third position error map at another angle than the other two
angl és, the resulting defect map conprises information on the effect of
rotation about two orthogonal -17 axes. [00075] In an enbodinment the third
angle is substantially perpendicular to the plane of the first two angl es.
[ 00076] For instance, the first two angles may relate to a rotation about
the y-axis, i.e. a rotation in the x-z plane, and the third angle may

relate to a rotatji.on abqut th - axl.s I C inS.:.hAr. '

Vs, e o PubEBR RS cAR e B Enlin P RIRR AP ERClangles plyldes
conpri ses i nf or §iEfidi@n imdsinfatbmiol calkslartbeitffdoofintehme! cifaxofshaengoddidead. B s.

[ 00077] The tilt requjred.for measurer{ent of. tthe effects between different
angl es may  r eqliePEidE s HeHR YRS GOUEM Tt ed with respect to the grid
plate. The effegbogigassrR@ntder ke ehiurdmanbyysteats havd gncbder beads ediich yogether
actual change in angle of the encoder on_t.h

) .head, .but al so iLnt e
of fset of the effedgErmineHy Pogtiahofithe %ﬁ“ﬂéf“ed‘f'?‘srgstpegfogﬁeg%oggr éaF&]Lnerg@%h}g? f or
i nstance be cauggghqiifed digrdebefrdtabm ORriiks@incs, AIROWR BinBodimeithéa podibmier  head,
for instance due to tol erances of these internal IP(I:%)Rggonen Thus, when

S
det er mi ni ng t hemedsfrspent syficmIsempriyes fQYF encoderdiiatirar e Sdsier iR emont
of a position ety oy, Thhe ERAEMAY iR résPect DAY ErilBlaltas two ddpecesref ficxdomalyor
conprise the step of conpensating for offset of Internal_coppon n%s dof t he
encoder head. Tiwsitioomsenscmdnoenlytyearacosiss berdpire W‘r%‘Lff?%@ngg‘?@gg cad may
i nformation, f %ﬁ%ﬁt%?&n'eg%ggiﬂ?ﬁ,'itp%Q Bﬁ@éfﬁﬁéjotﬁéf thrdé blRbadrinedtis@fe t he

encoder head. an exanple, calibration of the offset of the
encoder head neymperathyrmok pabitmued opppsitetbe gad Plat b can dprsbe yipd oy £3lpgption
intensity and position data on a known defect, and fitting the neasured
intensity data BHPPRE measured position data. Before the data is fitted
the intensity d@oeszndnposibodimedat thermhyvealibratioremettiod, the delibagately| i brat i on
nmet hod any suit abl kn efect mm . i ranged

del i berately mﬂﬂ?@%ﬁ?‘g%}ﬁgfsea&m%ya}{620%%@2‘%]@%gﬁ%ulg%gésﬁﬁﬁsr?genﬂfaa%t ur ed
defect, the shagmositd thegralatt oai orrofedfe enbatedlefadeis amarged Rprovie the ddbraiely n

ng :lc:i ernative gl%u%gcitlggg aefggt. x&shae rcglﬁ ith%ro%ér rr“ee”&%@(%g heE;[dQ ﬁ1a§ }ngﬁdcﬂgr ﬂo?iﬁon

measurement and control, while the fourth encoder head is used for measuring position
data of the defect. This has the advantage that the other three encoder heads can be
arranged in a position control loop with a high bandwidth controller, without that the
position data of the fourth encoder head result in bad control behaviour. As a consequence,
a better measurement signal for the position data measured by the fourth encoder headis
obtained.

[00083] Hereinabove, embodiments of the invention have been explained with an
encoder head EH including three detectors DET to receive signals on the basis of which
the position of the encoder head EH with respect to the grid plate GP may be determined.
Any other suitable encoder head having multiple detectors may also be used in other
embodiments of the invention. Furthermore, an embodiment of the invention has been
described wherein an encoder-type position measurement system is used to measure the
position of a substrate table. Similar methods and devices may be used for an encoder-type

position measurement system of other movable objects, in particular movable objects of a
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may be used instead of the intensity data to determne the offset in the
encoder head. The <calibration nay be carried out at a single angle of the
encoder head with respect to the grid plate [00080] In an alternative
calibration nethod, position data obtained at nultiple angles, i.e. at

| east two angles for rotation in one direction, or at |east three angles
for rotation in 18 nultiple directions coul d be used. Position data
obtai ned at differen | es vi des suff|0|ent i pformation to cal cul ate
the effect of ]ﬁﬁ%???}cﬁBzF?ﬁfs PRPUHEBILFVIFERIP ™ he intensity data is
in such enbodi eRis4notAItheshi spesdfic QPR3 mapoamadninakie texh@akk: ise a Lithegraptiic

systens have encoder heads i ch t et her an determne t i.tion of
the grid pl at e 3RPIRAVF BIpeRENYS %Ft'irﬁé cﬁwl%ﬁg?rﬁo #‘%“f‘?\gﬁogfl ®required

degrees of freg gﬁmtuE@éscﬂl%athamrﬁmﬁhé@e@mar Ipnedione Bichak th masTtiveiof
measur enent system conprises four encoder heads each configured,to

deternine a pdgqegqa@ﬁogtfca{ HetewphEyancerea detgition P?‘@WJ&”{“’%@"@‘H@“&N HepPriSe in

two degrees of PESpIA! ligRRS Ethpdlmm LEBSRMIn- O MaddliCBeaB)eRIRe heads
are required. Ta'E S%ng]ts%g)gné der yheadS 3 egﬁsen to aet elr mane a p063| tion,

in case one of skilled atisar willmperscieis dlatdn th@é?aal@XtaﬂféUChta@ﬁﬁﬂétﬂ‘@rﬂppl%aH@tS any use
posi ti oned Oppgnzitﬁeqeme‘wgf ’do T ﬁerep%ﬂ%rﬁoﬂ&&&ecp% gx?cgl?mt)ﬁ)sr wittdnhk RicRd 1 on

pur poses. [000 I'n an e iment o bove I on met hod, the
del i berately rmnmﬁlamf‘wswé but target pertiam gredpestivedy. [The sitbisatic Wﬁ@l’eélt@lhfaﬁm

four encoder h%naaqfsoe gcegsr cli ab%ﬂ)?éj or, a?i% io%}lz?, Itngﬁ)r gﬁdnﬁnl@é ik d%{\&?tptll}?ﬂgplgél e Ct

encoder heads i's-arrang &d ‘opposite eratel’y man
As a result, thpplmﬁshéayet bdfmﬁstema&tbetrathemij@vnlays the expoeat r&mt),pwtmioamool

measur enent and ntr.o i
measuring posi taingﬁr arﬂ'&fpﬁ‘:tgfn t?ﬁew(l}gfeeag? tﬂgﬁggm ee&?e I\]/§1n geippl'}(‘.wgéi 0 Sl
ot her three encadethehwibsimtc@ocdsding @olisahgthdr, ke sabs;nammaydxe pcemnsse(binotedbépl W th

hi gh bandwi dth cantr ol ti,on dat fourth
ncoder head GBS PHRTRIG LN ITTO RV b Seod b SRag Rl MAFhRe,

measur enent si gndlaldoQkfet 10€ sibsiatel that atledds comaias! ﬁﬁﬂlph:yprbd&eseﬂ tayedsh enc oder

headi s obtal ne[gGOSS] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated
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 leaving
a pattern in it after the resist is cured.
[00086] 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.

[00087] The term “lens”, where the context allows, may refer to any one or combination
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[ 00083] Herei nabove, enbodi nents of the invention have been explained with
an encoder head EH including three detectors DET to receive signals on the
basis of which the position of the encoder head EH with respect to the
grid plate GP nay be determ ned. Any other suitable encoder head having
mul tiple detectors may al so be used in other enbodinments of the invention.
Furt hernore, an enbodi nent of the invention has been described wherein an
encoder-type posjtioon neasurement systemis used.t : josi tion
of a substrate PRI EPHO SPt‘CﬁQ‘EOH}PéEe R "8%3‘%&?% ee%ﬁgeéhﬂg%eru an
encoder -type p@sitfnBndiRand EleERREatiS ypticanecaipoatmier movabl e obj ects, in
particul ar novabl e objects of _a -19 _1ithogtraphic. appar.atu u -
patt erni ng devi 80881 pp¥spite speeifpan 0%{?‘?%&‘%&6 E‘ﬁ%’ﬁ\oﬁg‘gverbgfme‘?éesﬁ@)ga%%(;?/‘%bfgw%de
In this text topdherdsdthathicitRAIGPRALE be pRAREA SIS thiteasiisuibed Far e of
I Cs, it should be understood that the |ithographic ag}garattus.descroi bed,
herein may havecxips theppiepten menake g 4 NEPHERBIPEEIUFPEB e TRCEGY 4t ed
optical systemsg, gwcﬁﬁtﬁﬁ&cﬂﬁg—r&ﬁﬁﬁgms@ﬁbt@ﬂi 4REMSing OmetiBg BEdibdloseOamIve, or a
menories, fl at-f)lane i splays, liquid-crystal displays Lﬁ%{ thin-film
magneti c heads, dase gorafthmediyiei(¢.£. semisprqusion mgmory, glgRedicioneruicpliik) havipg sygh a
context of such u%%?gsg%r%ﬁst@%mtﬂe%ﬁ.i ons, any use of the terns "wafer" .or
n ere

W . C r .
di e" herein nmay be c as synonynmous wWith the nore_  general ter

"substrate" or [00889etThzaletdriphons abexsmeciniepdidto bfrﬂbls%%ib’&t“roé‘(”@%lﬂéf Ehyseld Wt‘lgs
herein may be processed, A AR =T =h ¢ aTo} i Srich dkr ack
(a tool that ty ??‘:Dé’ﬂe?tetg%%g{'gégqg eaagtgfr“ﬁé?o res?ﬁs‘%{%}%éﬁ%;ﬁﬁg?ﬁg@ and

devel ops the expesedisbdvethiost departingriromahaogpypa efdhe claimg/seiroubbelowispect i on t ool .
Where applicable, the disclosure herein may be applied to such and ot her
substrate processing tools. Further, the substrate nmay be processed nore
than once, for exanple in order to create a nmulti-layer IC, so that the
term substrate used herein nay also refer to a substrate that already
contains multiple processed |ayers. [00085] Although specific reference may
have been made above to the use of enbodinents of the invention in the

context of optical lithography, it will be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical |ithography. In inprint

|'i t hography a
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~topography in a patterning device defines the pattern created on a
substrate. The topography of the patterning device may be pressed into a

| ayer of resist supplied to the substrate whereupon the resist is cured by
appl yi ng el ectromagnetic radi ati on, heat, pressure or a conbination
thereof. The patterning device is noved out of the resist leaving a
pattern in it after the resist is cured. [00086] The terns "radiation" and

"beam' used i all types of electromagnetic radiation,

i ncl udi ng ulm&@‘gwfgadi ation (e.g. having a wavel ength of or about
365, 248, 193, 157 or 126 nnm) and extrerre uItra viol et (EUV) radiation
(e.qg. havingawavelen h in. the r% ﬁ%dS 85‘277 well as particle
beans, such s i chMsWAdR! defrrmining3 d4eet Hragrd plaigg YREPUPENs" | where
t he cont ext [aggsgr\eﬁlemr@gte,ﬁqﬁ@heﬂ]@dw y: or conbination -20 of various
types of optical ngonents including refractive, reflective, pagnetic,

el ectronagnetic &fVEnB FGe4eALYRS POPHPIE BEASHESHRSBHRAED [0 rsamaBPagkion el a

speci fic embgdimRMoRcOit] R@pécﬂ‘é%ﬂ&th&rb V heDGR M 'o&i8sh ﬁ@é@ﬂl%mehttsy%dﬂ
be appreciated that”the Invention practiced ot herw se than as

descri bed. FRsmprigieaagriéplatriad mmﬂfrrélﬁadmhem%e grifkolate isfnemied op @rfistiobthe
program contgiy %}}%gjé@?an fth&?ﬁ&o gtglﬁmﬁceéncgfierrﬁs&ﬂs Bﬁ)uﬁﬁégﬁ%&oh&\éﬁtﬁyct ions

describing a net ose ove ta storage nmedium (e.qg.
sem conduct onovablabject anddivetha objectotheieuedertiesd yormprisingg redigensoursonput er

program st or &qﬁ%‘p&? - &Irggxg@%gbegpﬁ?‘g;aﬁ }n% R BN BN Bk &%@H?&?f&gé‘&? l;e

illustrative e apparent to o

the art thatormoolé dﬂt@:an's @nh; comdiguted tmelsure @ qudngity ofvredinii@rbeas refibeted by the @rid

wi t hout deparlttl ng fromthe scope of the clains set out below -21 WHAT IS
CLAIMED 1S B*®A nethod of determining a defect in a grid plate of an
encoder - t ype posiridatiting ARjastiteafradiatgstieaim refldeed e thadcbfeienpoios mog: deewws; di ng

an encoder-type %gi%:g El Ic:(())m mecfa racllllatl nEbQ:ElmSl grgs‘i:'\tg/n o% l%e lrg%l%ctgé radlatlg elagnI o%r}heot]:voaor

more detectors to determine a reflectivity signal representative of a reflectivity of the grid plate
at the measurement location, and
determining a presence of a defect at the measurement location based on the reflectivity

signal of the grid plate.

2. The method of claim 1, comprising measuring a reflectivity signal of the grid plate at

multiple measurement locations to determine a reflectivity profile of the grid plate.

3. The method of claim 2, wherein the reflectivity signal of the grid plate at multiple

measurement locations is used to determine a defect map of the grid plate.

4. The method of claim 3, wherein the defect map is used to compensate for defects during

actual position measurement.

5. The method of claim 1, wherein determining a defect at a measurement location

comprises comparing a measured reflectivity signal with a threshold.
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novabl e object with respect to another object, the encoder-type position
measurenment system conprising a grid plate and an encoder head, wherein
the grid plate is nounted on a first of the novable object and the other
object, and the encoder head is nounted on a second of the novable object
and the other object, the encoder head conprising a radiation source
configured to emt a radiation beamtowards a neasurenent |ocation on the
grid plate and two or nore detectors each configured to measure a quantity
of radiation beamreflected by the grid plate; neasuring a quantity of

radi ation begm r el SaLRg GH9NwhérehRiehiRingla dERCEat d@icatiranant locasimng a
conbi ned radration beamintensity of the reflected radiation

two or norecenprises eympating deresurAdiellectivigr signad MR ?)E’r?ioﬁﬁéilmeta%?cg?g]ﬁc?%ﬂw ve of

a reflectivi 5l)én£fatﬁigglegsru*eqnem l%%aﬁ]onat the nmeasurenent |ocation, and
determ ni ng a“presence of a defect at the nmeasurenent |ocation based on the

reflectivity signal of the grid plate. 2. The nmethod of claiml,

conpri si ng measur Jr &Po f%?nr’l !SV\!vltléfelﬁ 'tlﬁr}?éthdafco ?ﬁs@ Hegsulﬁlngﬂﬁe r@ﬂectlﬂb_l) digrR| e

nmeasur ement Iocatl rmne reflectivi rofile of the grid
plate. 3. Thefnﬁegﬁtbpiatﬂht mmaplmn@asummmatncrmetqc@fqr@@p pyaflegtigtygefle 8ﬁth$ g

map of tho PRl pibston TSR IR AETep APk AR PRERITIOE, © 25 B0

map of the g of °c wherein" the defect map is
used to conpersiusy daemdeddaefictidity prfie cfcheumid phdsi ti on neasurenent. 5. The
met hod of claim 11, wherein determning a defect at a neasurenent |ocation
conprises conparing a neasured reflectivity signal with a threshold. -22 6.
The net hod of. cl airke thethyheTcRiin ldezhefeiimtm tugnbinededdiattondicara intewiy isshetetal

| ocation conprises conparjng red refl ec ty signal with a
previ ousl y mEskRiioageqrpmieasin; ‘\‘}Fatsk}re é?‘?é?"’ogf mf)ﬁ:e& %ﬁg{asyur ement |ocation. 7.

The nmethod of claim®6, wherein the nmet hod conprises neasuring the

reflectivity signal of the grid plate at nulti F e measur rk%prgla a%tluﬁ)r&? to
deternine a Pefl e€kgmethgd ?frcl?frPllecOBTP"F’l‘ig FipgPOSHORRFASULEHER V\iher &n ec

i s determ neqe Y FAPHehNhd/dehd @fIbRIItY Vighal with@h iekeciatl bbipat of the encoder head

and/or expected reflectivity signal to determine a defect on the grid plate.

10.  The method of claim 9, wherein the expected output is based on previously measured

encoder head outputs.

11. A position measurement method using an encoder-type position measurement system,
comprising:

providing an encoder-type position measurement system to measure a position of a
movable object with respect to another object, the encoder-type position measurement system
comprising a grid plate and an encoder head, wherein the grid plate is mounted on a first of the
movable object and the other object, and the encoder head is mounted on a second of the
movablé object and the other object, the encoder head comprising a radiation beam source
configured to emit a radiation beam towards a measurement location on the grid plate and two

or more detectors each configured to measure a quantity of radiation beam reflected by the grid

plate;
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previously determned reflectivity profile of the grid plate. 8. The nethod
of claim1, wherein the conbined radiation beamintensity is the total
radi ati on beamintensity nmeasured by the two or nore detectors. 9. The
met hod of claim1, conprising, during position neasurenment, correlating an
output of the encoder head and/or the reflectivity signal wth an expected
out put of the encoder head and/or expected reflectivity signal to
determ ne a defect on the grid plate. 10. The net hod g{{ecl aim 9, \é\herei.n
the expected out pHEasPEnaAEERY ! FRElPD heam refeded freoh eibe Bt oTHRYE JgeR Pt s.
11. A position Ne@sdtm@y pdtRioh @8 nd ShtdeAtitad MG ARPed ¥RBe PASplhicBased on the
measur enent system conprising: providing an encoder-type position
measur enent ByauEhaentiieasiedaipnped tion of a novable object with respect
to another Obj eCtoontfGAC ATl JRSIROSTHIACHITRAS W EIRBkuRATHSTon COMPI I Sing
a grid plate and an encoder head, wherein the grid plate is nounted on a
first of the novable object and the other object, and the encoder head is
mount ed on a;$ecopd, Ol & i ‘f?,%?eregmh%%mgaﬂaﬁ@%o& figk object, the
encoder head conprising a radiation beamsource “configured to enmt a
radi ati on beam t owinedbe milentiagyrighegrid plae &t prodictarphedeerrgring ppiagremegsdrereg  or
mor e det ect 0L:3 a?aa%g configured to neasure a quantity of radiati on beam
reflected by Fife grid plate; -23 neasuring a quantity of radiation beam
refl ected on eachconfpetdating the phase amere det ectors; determ ning a position of
the encoder head with respect to the grid plate based on the neasured
quantities of radiation, and conpensating an effect of a defect in the grid
pl ate i n thel3reasTheatiethaisificlaim 12, viligreid h defo@ kel babedainai forvlatd imyhdseeespoishe
conpensati ng rises using the reflectivity of the id plate to predict
a phase erro?fctﬁ‘gg og?fi]lezl‘qsléﬁgeﬁé%grﬁ?lé ﬁPhangﬁ% “?toatﬁﬁld%%%ensati ng the phase
error. 13. The method of claim12, wherein a defect kernel based on a
forward IrerIMS_e r’letfepn?qugi of claim 11, wherein the compensating comprises using a defect

determined by

using a combined radiation beam intensity of the reflected radiation beam on the two or
more detectors to determine a reflectivity signal representative of a reflectivity of the grid plate
at the measurement location, and
determining a presence of the defect at the measurement location based on the

reflectivity signal of the grid plate.

15. A method of determining a defect in a grid plate of an encoder-type position
measurement system, the method comprising:

providing an encoder-type position measurement system to measure a position of a
movable object with respect to another object, the encoder-type position measurement system
comprising a grid plate and an encoder head, wherein the grid plate is mounted on a first of the
movable object and the other object, and the encoder head is mounted on the second of the
movable object and the other object, the encoder head comprising a radiation source

configured to emit a radiation beam towards a measurement location on the grid plate and two
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of the encoder head is used to predict the phase error due to the defect.
14. The nmethod of claim 11, wherein the conpensating conprises using a
defect determ ned by using a conbined radiati on beamintensity of the
reflected radi ation beamon the two or nore detectors to determne a
reflectivity signal representative of a reflectivity of the grid plate at
t he nmeasurenent | ocation, and determ ning a presence of the defect at the

nmeasur enent | ocation based on_the reflectivit ighal of th ri d . pl :
15. A net hodomshord detestons araigonligraidde mepsireg @PPH%?E‘%&“B‘? Q?H‘ "Sﬁ%’gﬁeb? -“%/%}ede
position nme rement system the nmethod conprising: providing an
encoder -type" position neasurenent systemto neasure a position of a
novabl e obj ect wideermispeiote positithetdiaraps jr éee diffepat %‘}ﬁ]:egd’gfh-ett‘?%@ BESi tion

nmeasur enment stem. . I Si H’ darB' ate and an encoder head, wherein
the grid pl a?%ecﬁ%s“ﬁﬁtﬁg{lg%&tgdntﬂggﬁElste’ of the novable object and the other

obj ect, and the encading shiefdt ingp fromthegtropasitipeesBE @RS of the novable

obj ect and the other object, the encoder head conprising a radiation source
configured to emt a radiation beamtowards a neasurenent |ocation on the
grid plate angl twe lithddraphic appaeatehatosgiiong: each configured to neasure a

quantity of radiation beamreflected b he. ar.i ; Fas JIoX. t wo
posi tion error nep¥PPYF Ccf%“(’g‘?dftf’é'ﬂpé)ﬁpa ﬁ%%ggg%ﬂ%glefp\%gergggﬁg{ngf %ﬂeétgectors

Wi th respect cdpabik Beingartthgpl radigtiondieam evithragedtemgn is cressessetianetp fdrmornatteraed wo
position error_maps. 16. A lithographic apparatus conprising: a support
construct ed EMMBKE a patterning device, the patterning device being
capabl e of i npart §sad Al @bhs@ictbeamol 4 fubstrpat tern in its cross-section

to forma patterned  radiation beam. a suybstrate table cons e hol d
a substrate; a propelfigrrysyece %}‘ét?‘liftf’@[ﬂf"?gh‘teé’a ?rg?éér@@mtl ng’ e%'gg) ?‘ {é)ragtg &

radi ation begigbandsidiggland

a position measurement system configured to measure a position of a movable object of
the lithographic apparatus, the position measurement system comprising an encoder system
comprising a grid plate and an encoder head, the encoder head comprising two or more
detectors to measure a radiation beam reflected by the grid plate at a measurement focation,

wherein the encoder system is configured to use a combined radiation beam intensity

based on the reflected radiation beam measured by the two or more detectors to determine the

reflectivity of the grid plate at the measurement location.

17.  The lithographic apparatus of claim 16, wherein the encoder head comprises two

channels with three detectors each.

18.  The lithographic apparatus of claim 16, wherein the encoder head is configured to
measure its position with respect to the grid plate ina direction substantially parallel to the grid

plate and a direction substantially perpendicular to the grid plate.
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portion of the substrate, and a position neasurenment system configured to
nmeasure a position of a novable object of the |lithographic apparatus, the
positi on neasurenent system conprising an encoder system conprising a grid
pl ate and an encoder head, the encoder head conprising two or nore
detectors to neasure a radiation beamreflected by the grid plate at a
measur enent | ocati on, wherein the encoder systemis configured to use a
conbi ned radj ation beamintensity sed on the reflected di afi.on.beam
measur ed by the tW6 ligrosraphis agparais r@a“ﬂ“g6%?%‘?‘!’11‘*}?66‘#‘??8"“%@?%&1 RV of the
grid plate afeidrfihedBRTHEASIBRENtIQGAGHsRer 1 surfhbEoflthd &Pk @epfar at us of
claim 16, wherein the encoder head conprises two channels with three

det ect ors eat¢fectivity profide ofithq il RigRi ¢ apparat us of claim 16, wherein the
encoder head is configured to mneasure its position with respect to the
grid plate in a direction substantially parallel to the grid plate and a
di rection sulfst arihiedithograpbicseparatesioflaimd 61 weergjp the cgmiingd intepsity iy thertpia!

| it hographi c. L0 | ctivity of the grid
plate is de?gﬁﬁﬁﬁgggﬁ%g&#%%@b%%%€$?y@gg§%ggﬁgggég%&ﬁhe surface of the grid
plate to neasure a reflectivity profile of the grid plate. 20. The

l'i t hogr aphi ¢z apparatidioefihhilappaitdSof AMIANS] Whdréie teaidiabiRdbjetttiems isibstrae t he
total intensity of radiation beamreceived by the two or nore detectors.
21. The |i t hgbleapHpicthapipaes copstragtetiogippora PaliFEIGIYRYifhe novabl e object is
the substrate table and/or the support constructed to support a patterning
device -26
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