;e3e[x"[ . $!6$"Tx"X 0 Lithographic Apparatus and Devi ce Manufacturing

Met hod. The present invention relates to a |ithographic proj i

apparatus conprising: a radiation systemfor supplying a proﬁmﬂm@m”m#wmof
radi ation; a support structure for suppqrting patterning neans, {he
patterning means serving to 5 pattern the projection beam accor d|’ﬁ°¢59fo a
desired pattern; a : ] poand a

proj ection system L?:%ﬂgﬁ@‘ﬁ%bg?#%%ﬁd Qﬁtﬁﬁgﬁ'@ﬁ?&gﬁgmﬁf“@or proj ecting
the patterned beamonto a target portion of the substrate; and a

di spl acenent neasuring systemfor neasuring the position of said at |east
one 10 optical elenent. The term "patterning neans" as here enpl oyed shoul d

ncom ng T adiati on OSRRrsFRELE it PRk g8l 6RRn P&l pondi ng 10

a patterncbhgfising: to be created in a target portion of the substrate; the
term"light valve" can also be used in this context. Cenerally, the said
pattern wrl| ceradigiemiystem far gupplyingik arojdotion beamaf radiagion; i n a devi ce being
created in the tarlgoe ortion, such as . an.inteqgrated circuit or other
device. (see boloHpPOrEstnpre Bt spORtEng BuBhiph gL palipiriE Mies SHVINEAD s
The Coﬂceﬁ)‘htt&{]ﬂ?eﬁﬁj‘&tibﬁbé’ﬁ{ éccbf&l‘ﬁ’{g‘tda{ﬂésir&d‘?é] edphy, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift,
as wel | as var iasubstiayeotabld forwltding pesbstidteaamdrent of such a mask in the

radi ati on beam causes sel ective tr_ansqi sSsi on (ti nleh%g cag)cre of, a transm ssive
mask) or ref| e@PFPRCHQASYSIAY. CORRIISAE 3 Ieast PREQRUFA £t 19 Praiecting dhest i on

| (i NG N pQfferhBP LA bnto A4EREoRor & thbSuRBaR3kder N O the mask. In the case
of a mask, the support striucture wll generally be a mask table, which
ensures that t lelisphadementmérsutieg sistem for demsurarg the poditiemof said stdedshameni ng

r adi aéhon beaqT and that it can be noved relative to the beamif so
desirdl. RPPFHGIEMMED e mirror array. One exanpl e of such a device is a
matri x 30 addressabl e surface having a viscoelastic control |ayer and a

reflective surface. The -2 basic principle behind such an apparatus is
that (for exanple) addressed areas of the reflective surface reflect

incident |light as diffracted |ight, whereas unaddressed areas reflect
incident |ight as undfffPadREEMMEgAans &Y %eﬁwpg’dﬁ‘?é‘tﬂ'-&%g"ebW@lﬂer, the said

undi {1 aCt el RARIREIS S IR oitbe AledbEnd S hPfcBRRAAMaibPBANT 0Nl Y
the 5 diffracted |1 ght behind; in this manner, the beam becones patterned
accor dbng with 4 pateattdroressisegiiopacdreasporafing toen paitern thatid do bs embtcd irsaitargate.  An
alternative enbodj nent of rogrammable mrror arr mpl oys mat ri x

ar r angeme MO afthe Sypstrstey Be amdiieBrValys cAnalsh be st hREaaRy GMOU. about
an axis Dynafid i Fiipubd bl Akt EhGRhA e ith deviel bty BERAYH NY

pi ezoel ectric actuation means. 10 Once again, the mrrors are

mat r i X- ad dhetasgeb pertiop smbh hhat integdated siemhitrorratipar slewvice [see below). Examples of

such patterning means include:

20 - A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the

25 pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
incoming radiation beam, and that it can be moved relative to the beam if so
desired.

- A programmable mirror array. One example of such a device is a matrix-

30 addressable surface having a viscoelastic control layer and a reflective surface. The

T
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reflect an incomng radiation beamin a different direction to unaddressed
mrrors; in this manner, the reflected beamis patterned according to the
addressing pattern of the matri x-addressable mrrors. The required matriXx
addressing can be perfornmed using suitable electronic nmeans. In both of the
situations described 15 hereabove, the patterning neans can conpri se one or

nor e progranma L1 I : i i N’ I her e
ot or fed t o cab s PHfRk Lefindicn M pBaltds (L (el B0 Bes Bl nEEF 0P
5, 296, 891 and flebtivelshirfadSrefROdnEI@dnt igheat diffrieteddight, vikrddOuRKIds&S&Y and WO
98/ 33096, which are incorporated herein bg reference. In the case of a
progr anmabl e nhreapreflgetingident Aightas undiftreered 1ight: rUsing ancappoopyigie filkerethpseided as

A pr ogr amabr e peAraERE Rt MisF Lol BEw P EE nlm TR AR Syt VO (R
Uni teds St at es Rafigitkd ishtbeBRd; RtRis idHner) theShdahORBRESH R riAARERdINg to

reference. As above, the support structure in this case may be enbodi ed as
a frame or tablhe adidwmssieg patpire of @8 mdtriciladdnessable shifaeed Ao altaywathyee as

required. For purposes of sinplicity, .the rest of this .text may, ai.certain
| oant | ons, | SpeETPDAEIRy St POBIEAY i) A FHIRYS VRS G SRS R S s
tabl e; however p Anidl dah e RhAiddABFERIEMob S by APIAREES Shoul d
be seen in thengffrg%(’jgér%ﬂ?gnthéxtdagf the pattierni ngoneans asﬁﬂgﬁfga ove set
forth. 30 Lit hegjtabplocalizedjekectricdield op &y atmployirggpitmelestrit, achatior xeapd.e, i n

t he manuf acture of inte%rat,ed circuits (IGCs). In _such a case,. the

pat t erfli ng meafncragaipdhe marers arcmateitraddgsahls. sudupriadoesrdgings il
| ndivi dual 1 ay el Qf of fiRodin a&&qﬁm&npﬂu@?@reaa&r&%o '@@-aﬁéﬁg%%é?i Rirkd; 96t
portion (e.g. conprising ofme or nore dies) on a substrate (silicon -3
waf er) that hasn thiemante]thelrefletied deim yepateinadadcatingne sensidtdssiag patterni al
(resist). In general, a single wafer will contain a ol e network of

adj acent t ar ge®f Bratgxaddrcasable rairis: - Basreguirgrd matrix fddresging Fap bee
proj ection sys ].n%aql R : t IR . '
patterning by ;&%S orig §5Qr#g£sl@gt%{aeﬁ{r§?lsy %ﬁ%tllnnct|%ﬁhgglﬁu%fgn%rg%%ﬂg%% ween two
di ffensént 5 typerabbventhepatiemingmenns chry pemprisel dneloo groapprogramimatsie mirvor
appar atus, each targ@t portion is irradi ated by exposing the entire mask

r

pattern onto t @EaysarMerc iptarmation pmmamer agerys as bére sefemphiorean be gleaned fopon| v
referred to as f.e t r sS4 WS oGt
referred to as cgaﬁé@gbﬁgnﬁgggg t%%%%@%%tgs - ’g%%f%%taé@gg? %gtgrg’?lggh I'S 4
irradi ated by paegtgplicuidng WOBDB8397 hhd WiBSI8/33896,avhichi addncarperated it | on
beamin a given reference 10 direction (the "scanning" direction) while
synchronousl y $yapfsrenge-t ehe case of a prografpmablsapigior array, the,spid supppy|sfratusey

this djprection;..sj ceqlm i I : i
magni ? |bcati on f‘%a?tl%r d(d E;Egﬁag%g?ﬁe %,It?ﬁ)e,!i)fo? Jﬁgﬁg%g’&jﬁéﬁgﬁ%%dcﬁsd? E}e‘%g u lgt rate
tabl e i s scannedretuiredbe a factor Mtimes that at which the mask table is

scanned. More information with regard to |ithographic devices as, here
descri bed “can HePHgEwaadle LD wxaymArexamplepf Micha congmction 38 gll"ﬁbB‘r'gB‘F?Qt ed
herein by refer tLhC:L . S i i r i

proj eot  on apparAPiEy bl Us TRARPE MILRR BEGRRARIIAILG el APMEE ot
that is at | eashe pgpbitatruptuedveiiie dadeymay begrbodiéd asadfranhe ontablenfortexyaple,

mat eri al (resist%. Prior to this inaging step, the substrate nay undergo
vari odd pr ocedurkieh maybg fixed gy mevahje as wgpiged.coati ng and a soft bake. After
20 exposur i t .QCe as a
post - ex poslﬁdrr & Lﬂ%ﬁ%%k@?&%@@% Ir%g r?gﬁ}t?g ég{ ﬁ%’dﬁq lggr&%? !ator? g{l&%’ gﬁgcmll? bt
measur eneritseifiis Beaipleyin@blvidgen maskaad rhakithileshoweves iy gengrab prifciplesdur es i s
used as a basis to pattern an individual layer of a device, e.qg. an IC
Such a patdisqusssd in aychrinsiances Reavldiheisgegdn therbroader serexicafdhe patiening megahi ng,
ion-inmplantatio dop'Enﬁi), metal | i zati on, oxidation, chenp-nechani cal

pol i shi ng,as feabovg ¢ ‘ntended to finish off an individual |ayer. If
severag | ayers are rgehdgtiflic fropbridMSppabdh£cad RAREY F6r exdimple, IR feant
thereof, will have to be repeated for each new | ayer. Eventually, an array
of devi cesmanufhctiwe of insegrated sircuitsISs)b dn suahen ¢aseftbe pattemhing eneday ingl genaratet hen
separated fr.om.one anot her a_techni.que .such_.as i Ci .0r _.saw ng, whence
The T nd vi SR FELOrEsendinete o cuivigHed e A A Bad fickas tiens, et c.
Further in; ' 108 (S8 ’ r& ks éh 2 RIrAe dsitit

Al 6, T B O o B At

Sem conductor Processing”, Third Edition, by Peter van Zant, MG aw Hill
Publ i shing Co., 1997, |ISBN 0-07-067250-4, incorporated herein by reference.

-4 For the sake of sinplicity, the projection systemmay hereinafter be
referred to as the "lens' ; however, this termshould be broadly _

oy o o - a Y I e




One of 'the nost challenging requirements for mcro-Ilithography for the
production of integrated circuits as well as liquid crystal display panels
and ot her types of 15 devices, is the positioning of the optical elenents
in the project systemPL. For exanple, henses used in conventional

| it hographi c projection apparatus need to be positioned to an accuracy of
less than (L0 ifat fasHetn CGHESH RN gflayfef SEAGE6PEnsitivedrdal {Sfe'éi@ﬁ.g h?”géi%ral,
apparatus nmust use mrrors In the projection system becadse no nateri al

sui t abl e faginglowafenyilbcomiin acitiokenawbikoafladpceanteaetipottidrs\that ardsuovessivnly nust
be kept in vacuumto 20 avoid contam nation_and attenuation of the beam At
t he wavel éfgfligfed ¥iadhe projasticnmystapsonmat & timeo In cyrFanb apRarItBhH CHRIYERr acy i s

required. Presently, |lenses a irrors are position usi oar se

boai t1 on REVGEERLY SR tmavtt ot ithelbl BB el ety P BE02 °Fhe
ent i r e5WolyiieR of adtifie. RO tyfY SHlithsprsphiCmdRetion Epf’d&uﬁk? ghdh tarpegbriiéh 1At or .
The later 1s responsible for correcting for the 25 residual error of the
coar se pogsiradiated hyexpodingghe entirk makk pattermontodhotarget portion i ppega; sneh ather eof
as the case nmay be, but onl%/ ngeds to aceonm te fl very limted range of
travel . CARMBALS S ommmany feftrestions o Waliiiapar-p g alterartive ApA S oo

pi ez0el eCichinahfy MAlrRlito af a e 4 S0 apblifs ELQGEH (r TR BOFToh s RAUIALIEY.
While positioning 1n the fine nodule 'S usually effeected In all six “degrees
of fr eedomrogressiyelyr sagangrdeinmask pattenuadeithe progastioe tednoin argiven tdferen@0 t wo
degreeg of .freedom thus sinplifying the design of the cogrse ule

consi géralﬁillrﬁ“oﬁk@‘ems%ﬁ’fﬁi @fq}e)%\‘&‘l}g?” synebipnousty seanninghe substrate sahle + i i ng
can readil {:€ i : : i 5110 .

ntert or ofirheLA AR B B ALhodl 3806, iREherhshe PSR YR itthaye a

degr ee of niagaéitation fiowe M (gentlhally & Jethe speedaV et whicktiexgubstsdte tabletis séannedir e
not capabl e _of repeatabl e neasurenents, and only ca e of neasuring
changes iﬁ"‘Hi%gﬁlfégngﬂmF%@ﬁté}‘ “fl'!‘Fgﬁhﬁ Eﬂ‘ﬁéénﬁlf"@ﬁg}oﬁ)gﬁf‘ﬁn&qoﬁé‘é r enent
of the opt] : : i T EoYal I Aial er hand,
has to betr%%]?[? @#@Qﬁ?ﬁhlgpﬁlgﬁxﬁ%é]gger%g(é%ﬁc?y Q? frl ggglc%)rﬁnﬁ%agh%oe}x %ﬂle\’/\?t8 ﬁp[ggpr esent
requi n&nmed,GiocRaimcoipoeatatirsein by acfereneeed. As ever finer resolution is

requi red, the wavel ength of the radiation OQ t he jtho%ra hi ¢ projection
has been reduced (f riBmmManplacHring proqess yRg 3 Hihgaraphiciproj PQﬁ‘fgg‘f"r?’ ®f about
5to 20 n E e Wi 1.

et i ned. | FRUREE mEpARIH FRRe@ORD ARt A K B RS RO by R e
measur enendf radiationtsehsltioe matviabiresisty i Pripraa flids imagieg sep)she subseatansay it i s not
possi bl e to discrim nate between rotation and dj spl acerrgnt of {;a acitive
sensors. MUAENEEVATIOUS Precadiesst JUgh as BHEMIE resise copsingadgeplibake Alethl e over

the enpir i _— i i (=Tl at us
thor o s SPRES M LBRAR mi) tRsubPo@l i oler e IS E P oS naR
r esol ut i oPEBandevdiepmenty a hardlbake sretimé dsuospeant/inspectionet s snaged features Has h

conpact and can be used to asure the positign of the tical ele ts in
all six d@&axegpﬁﬂce e IS A8EDas I SRR indlyidhal Jaxer of B dBKcs. S ARG ve t o

t enper at ur I ! i j invention to
provi de anﬁc%}%gﬁg%%ggﬁ %@%ﬁt“hﬁqggﬁﬁ‘g%g?ﬁﬁn@ %lfésﬁezgﬁfl% a |lithographic
pr oj ect i oriomipplantation (dopihg)smetallizhtion, @xRigtidw whemomiohbnipalqiolisiieg satd.f dl ed by

exi sting systens are solved or,  aneliorated.
25g i%tended to%nish off an gndividual layer. I? several layers are required, then the whole

procedure, or a variant thereof, will have to be repeated for each new layer. Eventually, an
array of devices will be present on the substrate (wafer). These devices are then separated
from one another by a technique such as dicing or sawing, whence the individual devices
can be mounted on a carrier, connected to pins, etc. Further information regarding such

30 processes can be obtained, for example, from the book "Microchip Fabrication: A Practical
Guide to Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill

Publishing Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



This and ot her objects are achieved according to the invention in a

| it hographi c apparatus as specified in the opening paragraph, characterized
in that said 25 di splacenment neasurenent system conprises a first
diffraction grating nmounted on said at l,east one optical elenment and an
associ ated second diffraction grating nounted on a reference frame, wherein

one of said first a econd di.ffr i i | S t hve
G Trracted 11 ght 11 oot HRGARS opbidf) b brGbaldn ek haRREfer 3 rpRAEN
posi tion @b ad the "RAS'; haleRdrMREm: Shotit B brohdy finteipretel 4 dnd6inpaingGragibad i Ng

is nounted may be reliably neasured in one degree of freedom using the

i nt er f er efiypealof prsdestion wpstem pgn¢lnding refragtive pptisantefleetive aptics @pd catagdioptticup t o
0.1 nm Wen the% first diﬂra&.ti.onﬂg&ati ng ﬁove? elative to tfge Eecond

di  fracti OWFGPSIPHGAmple sthefagdiatipR sk may alja 19q ‘b‘{ﬁc"Wé\?B%m&P%" EfAerat ed by
the di&fr i i ; I z idh Lot fromthe
other i i eRlingIcRRRAs Y T Ak Fen pes ol it Sphigty

pr oport i orahtrélting e mojeptiactsaendf radiathors and §fchaohiponems atay alyorbelreferredta o t he

other and their peasurenment can thereby be used tq accurately neasure the
posi ti on &elahgolisstively|or SingwisRY, 4kia et Pt e 08T PR i b of

principle i i e fi L J a g system
o the. pr SaTig BN Cor ey e b R b RO RARAR TanBs M2 =1 T
"Li near arfehuitiygle btape Hdevitde tie ddditionkleabieginge be bisdd iapalfdtial et prepiramtgstsps n
Preci si on Engi neering and Nanot echnol ogy, Braunschwei g 1997, i ncorporated
her ei A0by ™ast hercaricd outioRiong or BEigbles Whtle ong iomgregtheritblesyrbeingiused for e g.
interferenti [ r - r . ' ' H,
Tr aunr eut %&kgguées P Qgglys.t&%ghr% ?éhb)%q%ﬁéat%soag%}l%rclé‘?%gy 0 Eﬁééﬂgpg %:’%cg gir?ei nt

measur i ng a5 WOrngnf079hEinfirpSrated herdhe By teférendehe system can be nmade conpact
and easily made vacuum conpliant and tenperature_ stable by careful choice

of materials for théOResfithemosishaliengingsreqyirementy for piereditbagrapinionthe each

diff i i ng- . - . i NGy i
mar ke 1 or WeficAbh 8Pirteiu gl (RIS, efids haud Pkl Uil BlysRbBl thd Bk P REST
way, tise afesieks)ticthppositibhing of tHeluptioal\chsiidnts hhepiojeraysheen PEAFOr &xhmpley, a

preferred enbodi ment, the di splacenent neasurenent system further conprises
a |ight sderseeusedrin ganventionaldithographicquoisetion apparatusnegd 4o bepesiiignsdo an

measuri ng | . S I.d I C i i

di ffract ea&g@&g{;’%ﬁ%ﬂgzgf@ ﬁrlﬂggg 1xadr¢§ﬁ§%t}§fé%e§§hm Wr‘ a@f |E§)Jr\1} %‘?ggﬁah@s t her eby
to gener ata%pﬁ‘aﬁisrrﬁist géef thiresed Rothé pfijéctidoh §yaem \beeuise ho hiskerthl fitabisifed | i ght
signal is diffracted by the other of said first and second diffraction
gratings tfReniapg refsaciiveeptiead elemeat fos dEUY fsrknopineand mygh be kepfrin VaGimet® second
diff rapt ?davblﬂﬁéltﬁﬁigﬂﬁ? drd atfeful i P theeatid! A HOG 9%1 hqsegf 1F|%}1 mpg second
di ffraction gratings ereby to generate a third dryfracte i ght signal.

Pr ef er abl ysystemi, sutoh& naf pdsittoning sscwaogisyequired. di f fraction gratings 25 is a
transparent diffraction gr ating and the other_ of the first and_ second
di ffraction gratingsPresenHyylenses and mirrers are pesitiopgd Yping acgarse ROSIHQUINGay t he

di spl acene Eusag(‘ﬁ.%ﬁ{ ,%gg;&&,gtgF%éggﬁcl&é %uPt?aJéﬁH{§ Lﬁ}ép{ﬂe ARtk %vﬁlgcriﬁéalgpged z,ﬁtg ce and

any optica sors - can oned ¢l 0s one ano t he one

of said fiwkith & ¢hscade®adingipbiitiogibl actugtont ThgRiter B ebgunsivley for berredtinglfeckoent
measur enent system conprises at least two first 30 diffraction gratings and

at | et treeidud egerobihe parse pesitioping medule tp thedastfew mapgmetersor fipgtiens and
d dif ' t] ' ] . |
This way.  PHEOHEMe SRR, BE Ay AR LSRR R ol 888 ety T

be measur edemivioniyl dskd b@uﬂbﬁ&bﬁéﬂchtﬂaﬁé—pbﬁﬁoﬂﬁg iddl@de piézoeleetritpichedrs 6f enent
may be neasured in all six degrees of 7 reedom by providing a pair of

first and wdcoeall Gpe tleelze magneficaactuatpss.f Brhile popitigaingde ther fieraedideris yspaldy di ng
to afurt hgf%ecg%qg %h s10xf detg?c%s ioP ¥rggc}oirr?, rTartg‘t,]-(%armegein%ot orncs)\41irc;-,dlsaa(ljeb‘?1 re%%}/rie& for more than
30 two degrees of freedom, thus simplifying the design of the coarse module considerably.
The micrometer accuracy required for the coarse positioning can readily be
achieved using well known position sensors, such as interferometers. These can be single-

axis devices each measuring in one degree of freedom. However, these devices are



manuf act uri ng method conprising the steps of: 5 - providing a substrate
that is at least partially covered by a | ayer of radiation sensitive
material; - providing a projection beam of radiation using a radiation
system - using patterning neans to endoyv the projection beamwth a
pattern in its cross section; 10 - projecting the patterned beam of

radi at on. oiushiice, Bk o8 hoPBafPbt ke E s bR s ki ElaphGE bf o of Lhe

| ayer of radiation-s trve ma nmeasur’i osition of said

at | east omeasofihg cldngeeintikisplacematitrather ihasdbdojuté pesidéps of . providing a
first diffraction grating nounted on said at |east one optical elenment and
second diffraction giesitiongneasuiemeat efithe optiqabelement gt therfine positioningiactyaterct i ng

light diffracted by o of .said first and second.diffraction grgtings with
the ot her 81 g 3fhe” FR Baio pe e armé din A e SR BeradrR ™ I PROUgHb opeci 11
reference presenPRqiRSBentscdgatitive SetlsolsQrd fiRgdquse of the apparatus according to
the invention in the manufacture of ICs, it should be explicitly understood

t hat such an appar at Aseveadinpmneyolotidrers repureidthe wapelength tof thesadiftion efchepl e,
it 20 may be enpl.oyed in the nmanufacture qf_integrat optical systens,
Ui dance AOBBPUE TP Dn CREPHS THUCeL KoMt o2 MR AR i Vamesgnih &

i quid-cry ' t | lﬂ?&ﬂﬁk. Qﬁ&g . i 11 ed
artisan w ﬂl@éep Flg(?l %ng?ﬁgé({snr?n%%%&%éo@ ext ‘of itfsbll}c aﬁagftr}%t?%gﬁc %ﬂ

appl i cat i anere rafiyed. dehasfbeeh éoundnina ther recesshny'acciraey eff position"miéastireiment isinst t ext

shoul d be copsi dered as bejng replaced hy the nore general terns "mask",
" substlat ea‘:?‘%ft’{ab € {I3ing SRPasHIVE SeRsopYPecaysgdtis apt pRssiple todliscrigninate befmteeRocunent |

the ternms [ Lath an. . Pt t f
el ect r omagoion ahi QRplaPBlentoF BN sHnBlh, rRrABGATEABAA (oHRET aflingy
wavel engt heoedifre stalld, ovéihe edtiré workihg@anpe) and extrenme ultra-viol et (EUW)
radi ation (e.g. having a wavelength in the range 5-20 nm especially around
13 nm), as well as 3”6*%%4@%%3%9&??%%%09 BPPasEEShers is @ reqiiteaIs Lok s .

_9_ Enbodi mehisctient %aéﬁgr&g&t&ﬂ Wit Ahigﬂéé&‘ @ﬁoégt?(ﬁfﬁlhlp%\lgr io u%fglli exanpl e

only, with reference to cconpanyl g schemati1 ¢ draw ngs | ch:
Fi gur el51 denpacitise sensors/which jiboth pomopat tnd carcippaed tameasucothdipogitibn ofithe
enbodi ment of trle i nvent{ an; . . ..

optical elements 1n all six degrees of freedom. The sensors will also need to be insensitive

to temperature fluctuations.

20 It is an object of the present invention to provide an improved displacement
measuring system for use in a lithographic projection apparatus, and especially a system in
which problems suffered by existing systems are solved or ameliorated.

This and other objects are achieved according to the invention in a
lithographic apparatus as specified in the opening paragraph, characterized in that said

25  displacement measurement system comprises a first diffraction grating mounted on said at
least one optical element and an associated second diffraction grating mounted on a
reference frame, wherein one of said first and second diffraction gratings is arranged to
receive diffracted light from the other diffraction grating.

In this way the position of the optical element to which the first diffraction

30 grating is mounted may be reliably measured in one degree of freedom using the
interferential measurement principle which can yield an accuracy of up to 0.1 nm. When
the first diffraction grating moves relative to the second diffraction grating, phase

differences in the light waves are generated by the diffraction grating arranged to receive



5 Figure 2 illustrates the juxtaposition of the optical element, reference
frame and di spl acenent neasurenent system of the present invention; and
Figure 3 depicts a displacenent neasurenent system of the present

i nvention. In the Figures, correspondlng reference synbols indicate
corresponding 10 parts. 15 Figure 1 schehatically depicts a Iithographic

roj ection, us. accor dj a partic r enbodi t of_.the invention.
The appar AHHB0ES hiht udE T Shergiittie B Bykig T e Epgeraed Bhase dfiroicsy ¢
proj ecti 0?) (?ﬁ)gtmngﬁoo&c aRPiadh&t of BnddiffeadMoh ggd&l?g'ragﬁve %h&&gh?aﬁdﬂhér

particul a e also conprises a radiation I rst object
tabl e (masheatwbhent dufi thorebyi badedid decaratahsineasnkaithe pbsitiohof theruptieal rlestentv/A
(e.g. areticle), and connected to first positioning neans PM for

accur at el YWihde ntesfarersial measwiementiprincipleysing single fieldfemmning, second obj ect

Labl e Gsubstrate tatig)ylf Bk Al By SR A DVREn LARIBIGANS

substrate W(e.g. a reéesi coa connected to sécond

25 posi ti @hinfiplefdadtsibEy\by SPIES; AU i tEihyarRad iAnglnk Eﬁcdda@s forlRiMighe W th
respect to itemPL; a proj ection system PL (e.g. a mrror group) for

i magi ng arResoluten Raegt’ anogte@wrrRre@lmen ﬂiasmewmgﬁﬂdd\lalomhg@pgpammnhwge g.
conprisin of t he trat I cted

e bt ue d87 SpOindiRE ety e, miti Bofoet pe Bty BIAIE e ANE,

general , letg, itferbritfal BReffendoder Eﬁsmﬁﬁétﬁ%ﬁ.lbﬂﬁ)neg Plei RYRAR IGInb W Trhuireut,
transm ssi ve mask). 30 Alternatively, the apparatus may enploy anot her ki nd

of patl@er (Fempameans, such as a programmable mrror array of a type as
referred to above. The e roduced or. di schar | asma
source) produces a lft? ?@f é’fi(aS‘f’rga“’thféﬁebgéwg elngﬂleﬁﬂmga?ﬁs Fllnlq%ﬁl?qqation
system (i lghdiBhtiAdeHibn, 1the sﬁ‘s‘térﬁ' ‘éin be madéléd; t Xnd)éasﬁf' hfatie bﬁ’dﬁhﬁgc&ﬁﬁiéﬁf afd
condi ti oning neans, such as a beam expander Ex, exanpl e.

i |l umi nat Mmpdratnm)/stahbw’py carefub diaiet wﬁTgatmdnﬁorAM: Vmotmebmnpngemme out er and/ or

i nner radi al extent co nI ref rred t a-outer, apd a-i nner
respectively) of th MRt eAC Bé’ﬁfi{aﬁtl?rh%raﬂﬁ%lﬁ?s IASSORIAEd on, it

wi || generggldng pﬁﬁéﬂﬂr\bﬂ?re‘fééﬁ&qﬁarﬁﬁ ﬁﬁrdeﬁnlﬁg%@ﬁﬁéﬁképoﬁﬁ&hoﬁﬁe Moveayiegr at or
I N and a condénser CO his way, the beam PB inpinging on the mask MA

has a desiobgedt. Unithie may meahsblutmpesmpn f thiesnovepbie iobject canikesmeasord- sect i on.
the housi ng of the 1P AREUFAGHRbRHEEH I Merlisamet Ret iRy SvaRfintie “cace.
when the sB#bfiSes a light source for generating a source of light, said displacement measuring
system being arranged such that said source of light is diffracted by one of said first and
20  second diffraction gratings thereby to generate a first diffracted light signal which first
diffracted light signal is diffracted by the other of said first and second diffraction gratings
thereby to generate a second diffracted light signal which second diffracted light signal is
diffracted by said one of said first and second diffraction gratings thereby to generate a
third diffracted light signal. Preferably, said one of the first and second diffraction gratings
25 s atransparent diffraction grating and the other of the first and second diffraction gratings
is a reflective diffraction grating. In this way, the displacement measurement device can be
kept small and the light source and any optical sensors can be positioned close to one
another adjacent the one of said first and second diffraction gratings.
Preferably the displacement measurement system comprises at least two first
30 diffraction gratings and at least two second diffraction gratings, respective pairs of first and
second diffraction gratings being mounted substantially orthogonally. In this way, the
position of the optical element in two degrees of freedom may be measured. It will be

apparent that the position of the optical element may be measured in all six degrees of



10.LA is a nercury |lanp, for exanple), but that it may also be renote from
the lithographic projection apparatus, the radiati on beam which it produces
being led into the apparatus (e.g. with the aid of suitable directing
mrrors); this latter scenario is oftenthe case when the source LA is an
excinmer laser. The current invention and C ai ms enconpass both of these
scenarios., 15 The beam PB sub uently i cepts the sk MA, which is

ol d-ona TFREGRMEXBFE AR SRy ok i aat seerd AT GE Ry Trames R L e hmsk M,
the beam RR.pggsses through the projection systemPL, which focuses the beam

PB onto a target portion C of the substrate W Wth the aid of the second
posi tioni ng neans ( @udordmgtofacfucthetaspect obths imventjomtheresis IpE@iddédreedestidest r at e
table WI' can ?fg: npved ﬂ&furatesiﬁ/, e.rq. Sfr?n as to position different 20
target porfanyfactuningmethed comprisiie thestepealn PB. Similarly, the first

posi ti@ning ne G H&gedt I£ d wth
respectg to theq)?)éa‘?ﬁlﬂgfagﬁ?]e ezlal%n E’%,Pﬁgs.rtg%ﬂgmgwn%dc aarluia?a (ﬁ?g 'F‘dl}ée%val of the
mask MA from a semsitivd miitedisly, or during a scan. In general, novenent of the
object tables MI, W will be realized with the aid of a |ong-stroke nodul e
(course positi @EeViging apgojactitndieamsaf rakiationotsinga fadiation s¥¥¢1i oni ng), whi ch
are not 25 explicitlﬁ depi ct e%I incgié‘gﬁre 1. tlJ—|0\4l5\)ever . n ttne ca Secrof a wafer
stepper (as oppSTEP PFPHEIES Angrioeae REYTHLE PETMHE: AR BHISCRE may
just be connectsgdidn® a short stroke actuator, or may be fixed. The depicted

apparatus can be used in two different nodes: 1. In step node, the mask
tabl e I0T i-s keprojeetingrth¢ patteynesk beampofgadiatiom dsing ableast oge pptidel sembengatd &

projected in one go (J..e. ingle “fl.ash").onto a.target portion C. The
substrate tabl relar\ﬁ% og“?rh%%tﬁgiﬁyfl?%@aﬁﬁh?lﬁ% ‘g?'t’é'ﬁ&?aé"rm\}’ ections so that a
di fferent targghedRftidg th8 ﬁgsiﬁéﬂopﬁid ht'184kt BAESPtRYA] mB@bBeam PB; -10 2. In

scan node, essentially the same scenario applies, except that a given
t ar get pordhaanteGzédsbyrthe sterpofs roviiding adirstgliffractioragiting moynted on saident teastk

table MI is novahle in a given, diyfection, (the so-called "sc direction",
0. “the yPEOPHEH e SRR fon ghring o BiE i Rl RS APE 1o
causeqst O FEffadtify Biht Aiffasted biREE of SAD Ak hfdidcnd BfRactidRSiritiieS wath thObfe 1S
si mul t aneously noved in the Same or opposite direction at a speed V = M,

i n whi ch Mfisgidiflrst amd gedond liffiiactiorogratings. | ens PL (typically, M= 1/4 or 1/5).
In this manner, a relgtively Lar target portion C can be exposed, w thout
having to conpronis ! uggg%qceﬁq%ﬁgrerpciq &Y 7% R rlaﬁmg%b%ﬁ‘ﬁt‘ﬁgoﬁéﬁeng 157 nm
wavel engt mpbﬁcah@tabémam% e thbQnWin@ibf & i MaiSdcaire BRI & sA6Rd Bk cRPHiGN PPt i cal

el ements (l'enses) which need to be accurately positioned relative to a

r ef er ence yndarstood@hat yichran apparativsdias nuiny Bther pessiiie hppjications. iFor ararapls st y
exclusgjvely to use myrrors instead qof. |enses t.o focus the beam in. the

or o] 620! orfhay s Efnefed i I maioSGt: o ine BRRE el fa PP o R E R ot ot e
PL not onl patteR bl Raghe88 BomBRAShérh&iésN B eyl \ispRGH4nels Othir-filn fRAGARS

wavel ength of radiation used but 15 also require a factor of two higher
posi ti oni rigads; eter Ay skidled agisan Mal) appreciatedbiati m theconsextiof suchaliemativhan

fracti de. Hi gh is. al, ded.. f the.i i
[ esoruti orAPoRrioab Y o o e I et Syl aF R R e b bror  The ROV
type of |iddneiERRRY baRP ApHced by MR mbfieoeREAE Rfths IMAYKM! #sQBstiate MMHPRES -

Optical elenents in the projection system PL often need to be positioned 20
w th A5« opgtiedsrespectivelgdom | n the case of optical elenents in the
projection system PL_of an EUVY apparatus, the posifionjng accuracy is of
Phe or der of 0. 1 nmInAnG Sreas foRERFL IS et s agAtIon s, it 0B S ISP or 5.1
the proj ecdicempawaiiafpeslof BRERoMhgnL ThlisTdh, RRIRES dluatRitt YAdidtiohl (2.¢0GHhRES
of freedom rcel ?%éve o the frane™ 30, WI’lli ch acts as a reference f()réagdne. 25

Fi gure 2 iwhveddngtht ef365n248&; d83,ckN7iayrl 26 nnyrand pxirerat ulttaeviolet (B0V) wdiatione t o
the reference franme 30 via an _actuat 40 (such.an arr enent is disclosed
in, for ex@rphavingdMgyeenetpit mrarzﬁfpﬁq?%aﬁ éwemﬂﬁém@ﬂg%ﬂﬁ?%weﬁ as

i ncor at ed.. i f. aTet2A) i gment neasuring system50 is

al so i us?&é@ggg%ﬁ%ﬁgyfg{aségﬁﬁy. Oowreé?%%lrotﬁmg?&t'he di spl acenent neasuring
system 50 is attached to the reference frame 30, in the present 30

enbodi nent a projection objects box 30, and another part of the

di spl acenent neasurenment system50 is attached to the optical nenber 20.
There is no physical contact between the two parts of the displacenent
measuring system 50. -11 The di spl acenent neasuring system50 will now be
described in nore detail with reference to Figures 2 and 3. The

di spl acenent neasurenment system conprises a first diffraction grating 51
which is attached to the optical elenment 20. This nay be effected by
etching the diffraction pattern on the surface of the optical element 20 or

o b1 N . o - e - - -




Al t hough the displ acenent neasurenent system 50 is described with the first
diffraction grating 51 attached to the optical elenent 20 and the

associ ated second diffraction grating 52 attached to the projection objects
box 30 this need not necessarily be the case and the first diffraction
grating 51 may be attached to the proj e i on obj ects box 30 25 and the

second diffraction ting 52 tached to.fthe tica lLenent 20. The
enbodi ment as ill us%%‘b‘gi”@s Bfé‘Fé‘F‘&BP%“ WH@\BQ/‘%B?dﬁséE‘h?fgé’th @H?‘&P&m ght
of the opty . LiSR! . system 50
descri beg dlzr)1 I’gwﬁggﬁpﬁlgggiﬁlgfﬁcioﬁaﬂgﬁgF%@@?Eﬁd@gﬁé@?gﬁ%x zvithout bei ng
transferred through Rifiee dciepiatseylithographici projéckion apywaratusiacerdigtot i cal

el ement 20 is not dramatically increased by use of the displacenment
neasur emefMmbodingnt ptthedaventipler conponents in fixed relation to the

proj ecki on objects . he_ s el | rati r | i ght
sour ce553 and a sen?‘i? @gré?;@@@r%egih@@%%ﬁ&g@# (})ﬁtﬂfhﬂgtﬁ%l %Sﬁielég?efgéﬂ%ﬁ%rﬁe

(di odes) 5Ma.disptHeernfst rckSureft dyk@hi oftRe/presen® dveBto@and erote from  -12 the
di spl acenent neasurenent device to avoid |ocal heating. The |ight may be
transferred to the diigypedclepiststa displacementmeasgeament systean ghtheprésen! fibre. A
|l ens 55 faor facusing light fromthe |ight source 53 onto the second
diffracti dﬂveéﬁg'?'i ng 52 and for focusing diffracted Ilight fromthe second

di ffraction grating Iﬁalmgﬂe§%6ﬁ@§p%n5i41?3ret§éhcc SybolSinBicalé dedspabugen S5 the
second diffraction grating 52 and the light source 53 and sensing system 54
and i d40al partsi xed in position relative to the projection objects box 30.
The functional principle of the displacenent nmeasurenent device of the
present invention, which may be called an interferential |inear encoder is
described in detail by SPIES, A "Linear and Angul ar Encoders for the

H gh- Resol uti on Range", Progress in 10 Precision Engineering and

Nanot echnol ogy, Braunschweig, 1997. The light source 53 provides a
collimated |ight beam which is perpendicular to the direction of
measurenent and falls on the second diffraction grating 52 where it is
diffrgeted into three orders. The zero order is hidden, and only the +/- 1
orders pass as a first diffracted signal to the first diffraction grating
51. At the first di fHigwetlisomeniBicghiydepicts 5 lithdgeaphia prbjediidn apperatuls adcgtuding
signal is diffracted in.a Littrow arrangenent and reflected to forma
second di 1P AREEIL FEROAGIGhed HE FRERLEE SFLF TPRRRRSPBPTSFSht i gnal
interferes on t b £ rpckd [ iGHBkal [ s it
passes through a{lﬁ%ﬁ@@@%ﬁ&éﬁé%ﬁﬁﬁc&r?%ﬂé@ tair}%%ﬁ%% to%?%bg;{dﬁ#i;ogqa'?f fracted
| i ght si gV radiatian) whichlirf thisoertahlar ogbet also cpraprises a fatiatsmcsoogeelleys 55 on

t he three phot odet ect,ors 54a, 54k, of the sensing,20 system. The sjgnal
Fecel B by eacHist SRS i bHEBIPNT BavteEni anarotaes ¥orlling ek O
fromthe opil@al asdtRNy) shd BhfdI&oTitstgRitBhiNgméanS PRO &Il &gy ciitRthg 540,

54c. The outputs of the sensors are constant if there is no rélative
movenent cdhe trask Withsespectftd itemtRIgn grating 51 relative to the second

diffraction gratin .. 25 .Th | ectri i gnals fromthe sensjng system
are converted Weﬁﬁ%“ﬁcﬁi‘w @“Eﬁ%ﬁ?abﬁ?mﬁp%ﬁﬁﬂ‘m %S‘éqs&ﬁtﬁﬁ?fdeﬁgor_r el ative
novenent q{ol&iﬁgafshﬁs‘ﬁiatedwf(%.t@r.aﬂés&i‘-c%t@& sifi@orPwate?), hlPcoireRd télédcbhdict | on
grating 52, the output of the sensors 54a, 54b,” 54c oscillates. The sine
and c&i nepositipnaliganemms PW fdractirately pasiticnirigathe sebspratei with mispéod to it ks t hat

of the diffraction grating (Recause of the doubl e pass whereas in an
arrangenert wi twrpﬁgmrwfsgem Bbée-gfaawrﬁgsg,romsef%%m& aairragiagEportien elfhtiay e

a period m% 1 { [Wele 1 gngl e
pass) V\heﬁ&%ne |(§rﬂr) gg&t‘%ﬁ%ﬁ‘g‘t? thgﬁgj%r}ggg%%@ﬁ%ga{eg) ?ﬁgegé%g?t_e hus,

el ect r oni cAs héredopiated athe apparatexsraflacefigctine typet(be. ak a2éflectieasiakl). |Hawkset,0' a
measuring step of less than 0.1 nm . -13 The fi rft diffraction grating 51
may have oR&eBirakeay alsabeofadtransmissivedypt o cxerwls (With 2 Bpasmissiys BasK)r at i ng

51 an or [ ' ' ' r.atd 52 such

Chat ti0e. ApESRANS iR A fE ARy ARoRATRTEbalohARG HRan LB Ak 7

anot her phsroeAaineMOmirtdtQiral lof B $fpealseelerred fieaioster ence marks can be made to
5 produce a separate reference signal. As wll be appreciated, neasurenent

of the position of tTHee wyrdedad (ef.anlesar praluced abdischargeplasiea spaeed prasfuces
freedomis_possiple. use of further pai.s of .associ at f.irs 1.and
second 52 Lo abwisen Tfis Ppun & fed b Bl I an Sibied Ehebiih il o
diffraction gratings. Two orthogonal pairs of diffraction gratings nay be
provi ded in a single housing.




10 It will also be appreciated that other geonetries of optics may be used
in the displacenent neasurenent system For exanple, the collimted |ight
beam fromthe |light source 53 may fall on the second diffraction grating 52
at an oblique angle and a prism between_dghe first and second diffraction
gratings 51, 52 may be used to reflect the first and second diffracted

i ght sign fi i f td i ively. 15
Furt her mor e S b HelinglaPltted RRQRonite AL 0P R BRpeh SR Kon' T, ¥

di ffracti ogxa@iphd. i The iHGshinHesH L ddy@ontpricé adjasiin AV €61 seftihgahseoutavai | abl e
whi ch work on the sanme principle as the one described above. Wile specific
enbodi ment andgdr intes radislententcomananl hrséarredde @s ohmiter abd veinnér, regpectively) of
appreci ated that .the inventign may pe practiced ot herw se than.as

descri bed. tﬂerHﬂ?%yg‘é%la‘?ﬂtm%ﬁﬁbsa_ oy t&%wlﬂmﬁrﬁh CQPRIIAFERT SR - 14
CLAI MB'5 1. cotndonbAIS R B 4n et RETINCAhdAPRAHSSS COO TR tHi$ WA the bént PRI ati on
systemfor providing a projecCtion beamof radiation; - a support structure
f or supporimpiggipgdh dremasy MAdns a dediredpmifornity agl inteasisy distributign tnoitpat t er n
the projection beamaccording to a desired pattern; 5 - a substrate table
for_holdid§°§*§9W§%rate;_- a projection system conprising at |east one
optical element, fory Bﬁcgilc?&-’f hdtdq &J{iﬁ rP8d & ﬁgﬂrebletﬂg@ tﬂ@%&r@e LA .be“&{t inon of
the substrate; and -—"a di spl acenen asur’i fig system tor neasuring e

posi tion othe haigingbf the fittogeaphicqpdjectidn ipariant(as i dfieh teaube whaetheisbuicbat

sai d dj spl acenent neasurenent systemconprises a first diffraction grating

mount el onlAds ymgrcury laap, rexappleddut thabiaray absedbedamatedisem sheslithagraphia
diffractio ' . in. o Ld first
and second PRk b ERAE IR0 SERFRERGS: broBiEes bINEIE! IR afberfl 0
fromthe ofelyewithithé aid@if swimbly ditdctifig mifrord); tHIQ 1ARP SdehlkiS isasTrenrthe fige wheil ai M
1, wherein_each diffraction grating has one or nore associ ated reference
marks for YespurabAds peexsimeciasgodhe cumensfinveation aad Claime exgonenass bagh ofin
appar at us &g&osrcgﬁagg to claim1 or 2, wherein said displacenent 20 measuri ng
systemis arrange 8uch t hat light froma light source is diffracted by one

of saigs first and seThdbbagi PB satsseqentlgimtics tHdaaRMAL il i haldonaa f i r st
diffracted light signal which first diffracted |ight signal is diffracted

by the ot h@asksableY. Having bseriselecsiyely reflectedbst the magk MA rife beare PBassas

CEEr . e | . . .

dranar s URFER BoleshBL Rlind PO uh 3akee it BT BBAHG Al phEphE ¢ e

gratings tdubsedy W.oWakh e arldfliee cbid pekitibring meimdand Hikrfaomaric mehsuriiy

apparatus according to claim3, wherein said one of said first and second

di f fract i omedisdF). agssubstrate tableWiR easibeanenedraceuraielh egr 4 asig Penition differenther
¢ Cdfi . . . . - . .

o ot rih i AR IR el SAGL b B0 SR gk R NE ] c O

refl ecti veusdi td actatdtelp pasicion thg rhask MANViErespect & the Rthi sfahe Bda@OPB] e.gfaffer AN
apparatus according to claim3, 4 or 5 wherein said displacenment
neasur enenimedipgicakietrigvahefithe mapk Meefrom amask lbrasy of dwping? sqaac & genseply i ght

of said t hf.nE)gergéxItforf ﬁfeto%ﬁ]cck la%ﬂ:% l\ﬁ'i‘,g@ﬁl will be realized with the aid of a long-stroke

module (course positioning) and a short-stroke module (fine positioning), which are not

25  explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a
step-and-scan apparatus) the mask table MT may just be connected to a short stroke
actuator, or may be fixed.

The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially stationary, and an entire mask

30 image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB;



7. An apparatus according to claim®6, wherein said sensing system conprises
10 three photosensors each for receiving a light signal 120 out of phase
with the signal received by said other photosensors. 8. An apparatus
according to claim6 or 7, wherein said dji spl acenment measurenent system
conprises a processor for converting sibnal s fromsaid sensing system 15
into posi&ifona i nfornmati on 1(%;1 ?Paid optical elenment V\gtﬁ'lh refertenc? to said
reference“fra Wninﬂﬂ r%sg?xg ¥ _esgme'&ﬁerglblf}gpglﬁfsegggo ﬁti%%)w?lba{aﬁ?y one of
the precedbApn@ RO exy¥ied &i Isifdik df1n8 PLAGAIRAL mi¥EIREMIAMRNE niNEBIET a
conprises at least two first diffraction gratings and at 20 [east two
second di fgiveadirectiongtlet sorgpdied Sscandiredtiod” rag. tise ylirédtion} withd spestiondo that
diffraction gratings bejng nounted substanti aI,IZ orthogonal ly. 10. A device
manuf act ufheigolvetiobbeambiB iy caustyl tormeanseyeh 4 mesk Imags; GONCYITRRtIY 3 et e ¢ hat

s at s eaghplOdt iU RURIPiobe A thédiite HopbAdlicHiteBo R SR8 VIV in
material; - providing a praojection beamo latton using a radiation
system - wiiihny ipdietresgnifigtion ahthe lensePid@ypicdily, - Madril¢s). ie s wahferpa
pattern in its cross sectign; - projecting the patterned beam of radiation,
usi ng at FatdvelblseeedpigetpartipFisap be grpased, vaithouh hgdeg oMM obhe | ayer of
radi at i On'rfs%fh?iir?hi ve material; and - neasuring the position of said at | east
one optical nenber; characterized by the steps of: providing a first

diffraction gratingIieUtHopthpB apptirslu@lisih€ 85t nmrvmeleh%mhdi@ﬁmﬁs and second
diffraction grating nmounted on a reference franme; an -16 dlffractlng

| i ght 1Qi f Drejetion spster P ks onajorimbre epticalelemments flensghX whigh neeshtodheaaceurgtelyni t h

Cavo A AR el o SRERERRG0, HEFE RGeS technologs, tis
KeJ| | wr hiabodse) 6Ny ol alreimbrsthoehat 1eadks o] fokad tebeaha pahsal cal cal cal

ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] cTa!l y! #&+()**<+}++,S,, ,E---S...$////J0

0} xsni d_Zpraedtiva)sysitmdiLe allwa] BHY ctical|edemhends indhe piajestion pysi¢m DLcngt ealyca] ca] ¢

. | 001111: 222 L
o Sah-ah, Sl RlEE bR Rk RegOte A Forer avelspeth oL FGIR{ORPRA PHa) .o
ca] calisa] arbeaduielcratterbClcLKeR beslieMhE atdrdyaleeaise Rleyats adedan eeFiee@yvSWBBOC
CCCVDDF, Fr FF&G GGGHFHHHH;

Y1111 1) J oabecthapdefraetive mpdes Highdrosturadycis|abse]needesthiecalse of the] ivereauidg a] ca] ca)
C . ! LL M NN, O
GOk yp IR THBlEfth i RG] EICRER B Leip el e HER T R Gl oo cal ¢
a] ca] cal cakissraml epbaaks al€ tegseaMhoaltonlis sharbeal cal cal caV] ca! hh#) kLiln(n
Whql sst Ruxx8yyy<zczz{i{{|}}9~R~~~/ 4<t}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca]ca]ca]c

5ol ol sttty eyt s et 1
e B R e

h& () - 10%aR &V apparatus, the positioning accuracy is of the order of 0.1 nm. A typical EUV

apparatus will comprise six mirrors in the projection system PL each of which may be
positioned with six degrees of freedom relative to the frame 30, which acts as a reference
frame.

25 Figure 2 illustrates the connection of an optical element 20 relative to the
reference frame 30 via an actuator 40 (such an arrangement is disclosed in, for example,
European Patent Application Number 01310781.8, incorporated herein by reference). A
displacement measuring system 50 is also illustrated schematically. One part of the
displacement measuring system 50 is attached to the reference frame 30, in the present

30 embodiment a projection objects box 30, and another part of the displacement
measurement system 50 is attached to the optical member 20. There is no physical contact

between the two parts of the displacement measuring system 50.



ML0% h& ()-f10% h& ()-L910% h& ()- 9, 10%YhYh& ()-:7i}iK- ! 10% h& ()-Y10%
h& ()-f@0% h& ()-10% h& ()- ~10% h& ()-s@0% h& ()-10% h& ()-sMV i K- 410%
| & ()- 410% h& ()-93$10% hé& () - ZlO%h&'()-*‘$10%h&'()- L$! 10%

h& ()-", #10% h& () - KG|H410%|&')( ,#$10% | & () - Y10%1| & () - |

10%| & ()-10 h10 h10 h#=10% h& ()-; $100%h& ()-G & cBi H 410% |

#$109 & ()-@10% &' - 10% | ; | & .
"31099) 7| & (- #1098 PPISTRID et e NraoR, B ol bs gesirg e iboar
& ()- 0" $Afi%eferdne f0 F@uﬁé&@% mle%isg%&&eﬁt)méastﬂfn'éﬂ@dykteﬁyw

@#10% h h& () -, " $10%& () $10% 2177 10% h& () 210 ] 10]7| yk&: B Tao| |

' $10% &&' @ijffra@ti@]@%ﬁg%l(\)/hicﬁ Mah&d(t)){hd\tbmrb@%itmﬁ& 20) Thlﬁﬁ@?/b&f@(}ted by
’ 9 ] 9 9 - 0hh10hh10hh
]P / $?éoo/h/ﬂ ggp:%n heHdlféXé%%)g %#grg é)nghe gurface gfl t cﬂ])ggcaﬁ )elelrnml]? 2/8 Ol&by molecular

Bé/iigf ! Bndihe of P K ) e BB b Bl rdrcie BEBIIRNE 1" 1%
10 h 1o grating N5 Ge 1fkulacaied rronmba%&n(a) expSibA Yxdoriut sqoh £5) ZetStr

& ()- <+} ++ S, dEaSAY 1010% U& 2_? -10% U& () - Fy10% U& () - 10% U&' () - FMLO%
g () - F 1688 Maor JLE ®RTM Bmddlzaékf actipp mmxéamommlw 4 erating op

U& () - F3" 1)91%/8&& f‘l& rf:n‘?‘ls]s%%%ble and the diffraction grating is a reflective diffraction grating.

The second major component of the displacement measurement system 50 is

10 asecond diffraction grating 52 which is fixed to the projection objects box 30. In the
illustrated embodiment the second diffraction grating is a transmissive diffraction grating
with a grating period of 512 nm i.e. the same as the first diffraction grating but the period
may be larger. Preferably the second diffraction grating 52 is also made of a low thermal
expansion material such as Zerodur (RTM) or ULE (RTM).

15 The diffraction gratings may be manufactured in the same way as a reticle of
a lithographic projection apparatus. As the position of the second diffraction grating 52 is
fixed relative to the reference frame (i.e. the projection objects box 30) the length of the
second diffraction grating 52 may be shorter than that of the first diffraction grating 51. In
fact, the first diffraction grating 51 is chosen to suit the desired amount of movement of the

20  optical element 20. In the EUV system this might be about 1 mm.

Although the displacement measurement system 50 is described with the
first diffraction grating 51 attached to the optical element 20 and the associated second
diffraction grating 52 attached to the projection objects box 30 this need not necessarily be
the case and the first diffraction grating 51 may be attached to the projection objects box 30

25  and the second diffraction grating 52 attached to the optical element 20. The embodiment
as illustrated is preferable however, because the extra weight of the optical components of
the displacement measurement system 50 described below can be taken by the projection
objects box without being transferred through the actuator 40. Thus, the inertia of the
optical element 20 is not dramatically increased by use of the displacement measurement

30 system 50.

Other components in fixed relation to the projection objects box 30 and the
second diffraction grating 52 are a light source 53 and a sensing system 54 comprised of

three optical sensors (diodes) 54a, 54b and S4c. The light source 53 may be remote from
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light from the second diffraction grating 52 onto sensors 54a, 54b, 54c is provided between
5 the second diffraction grating 52 and the light source 53 and sensing system 54 and is also
fixed in position relative to the projection objects box 30.

The functional principle of the displacement measurement device of the
present invention, which may be called an interferential linear encoder is described in detail
by SPIES, A. “Linear and Angular Encoders for the High-Resolution Range”, Progress in

10  Precision Engineering and Nanotechnology, Braunschweig, 1997.

The light source 53 provides a collimated light beam, which is
perpendicular to the direction of measurement and falls on the second diffraction grating 52
where it is diffracted into three orders. The zero order is hidden, and only the +/- 1 orders
pass as a first diffracted signal to the first diffraction grating 51. At the first diffraction

15  grating 51 the first diffracted light signal is diffracted in a Littrow arrangement and
reflected to form a second diffracted light signal. The second diffracted light signal
interferes on the second diffraction grating 52 and is diffracted as it passes through the
second diffraction grating 52 to form a third diffracted light signal. The third diffracted
light signal is focused by lens 55 on the three photodetectors 54a, 54b, 54c of the sensing

20  system.

The signal received by each of the photodetectors 54a, 54b, 54c is 120°
phase shifted from the optical signals received by the other two photodetectors 54a, 54b,
S4c. The outputs of the sensors are constant if there is no relative movement of the first
diffraction grating 51 relative to the second diffraction grating 52.

25 The electrical signals from the sensing system are converted by an electronic
circuit into quadrature signals. On relative movement of the first diffraction grating 51 to
the second diffraction grating 52, the output of the sensors 54a, 54b, S4c oscillates. The
sine and cosine signals output by the circuit have a period of four times that of the
diffraction grating (because of the double pass whereas in an arrangement with transparent

30  gratings, the electrical signal would have a period of only twice the grating period because
there is only a single pass) when one diffraction grating is moved relative to the other.
Thus, electronic intepolation, for example by a factor of 2'%, easily leads to‘a measuring

step of less than 0.1nm.
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adjacent the first diffraction grating 51 and corresponding marks adjacent the second
diffraction grating 52 such that the absolute position of the optical element 20 can be
sensed by another photodetector (not illustrated). The reference marks can be made to
5  produce a separate reference signal.
As will be appreciated, measurement of the position of the optical element
20 in more than one degree of freedom is possible by use of further pairs of associated first
51 and second 52 diffraction gratings aligned orthogonally to the other pairs of diffraction
gratings. Two orthogonal pairs of diffraction gratings may be provided in a single housing.

10 It will also be appreciated that other geometries of optics may be used in the
displacement measurement system. For example, the collimated light beam from the light
source 53 may fall on the second diffraction grating 52 at an oblique angle and a prism
between the first and second diffraction gratings 51, 52 may be used to reflect the first and
second diffracted light signals to the first and second diffraction gratings respectively.

15  Furthermore, the second diffraction grating 52 may also be a reflective diffraction grating
and many other different geometries are also available which work on the same principle as
the one described above.

While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. The

20  description is not intended to limit the invention.
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a substrate table for holding a substrate;

- a projection system, comprising at least one optical element, for projecting the
patterned beam onto a target portion of the substrate; and

- a displacement measuring system for measuring the position of said at least one
optical element;

10 characterized in that said displacement measurement system comprises a first diffraction
grating mounted on said at least one optical element and an associated second diffraction
grating mounted on a reference frame, wherein one of said first and second diffraction

gratings is arranged to receive diffracted light from the other diffraction grating.

15 2. An apparatus according to claim 1, wherein each diffraction grating has one
or more associated reference marks for defining a reference position of said moveable

object.

3. An apparatus according to claim 1 or 2, wherein said displacement

20 measuring system is arranged such that light from a light source is diffracted by one of said
first and second diffraction gratings thereby to generate a first diffracted light signal which
first diffracted light signal is diffracted by the other of said first and second diffraction
gratings thereby to generate a second diffracted light signal which second diffracted light
signal is diffracted by said one of said first and second diffraction gratings thereby to

25  generate a third diffracted light signal.

4. An apparatus according to claim 3, wherein said one of said first and second
diffraction gratings is a transmissive diffraction grating and said other of said first and

second diffraction gratings is a reflective diffraction grating.
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diffracted light signal.

7. An apparatus according to claim 6, wherein said sensing system comprises
10  three photosensors each for receiving a light signal 120° out of phase with the signal

received by said other photosensors.

8. An apparatus according to claim 6 or 7, wherein said displacement
measurement system comprises a processor for converting signals from said sensing system
15 into positional information of said optical element with reference to said reference frame by

interpolation.

9. An apparatus according to any one of the preceding claims, wherein said
displacement measurement system comprises at least two first diffraction gratings and at
20 least two second diffraction gratings, associated pairs of first and second diffraction

gratings being mounted substantially orthogonally.

10. A device manufacturing method comprising the steps of:

- providing a substrate that is at least partially covered by a layer of radiation-
25 sensitive material,;

- providing a projection beam of radiation using a radiation system;

- using patterning means to endow the projection beam with a pattern in its cross-

section;

- projecting the patterned beam of radiation, using at least one optical member, onto a
30 target portion of the layer of radiation-sensitive material; and

- measuring the position of said at least one optical member;

characterized by the steps of: providing a first diffraction grating mounted on said at least

one optical element and second diffraction grating mounted on a reference frame; and
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