, ©3662234: 4NA66j 6T6Yb7 -1 Substrate Hol der and Device Manufacturing
thhod The present invéntion relates to substrate holders, such as may be
used in a lithog i Wection apparatus conprising: - a radiation
system for supplﬂ%ﬂ@%ﬂ“ﬂ@ﬁ%@ction beam of radiation; - a support structure
for supporting p ans, the patterning nmeans serving to 5 pattern
the projection beam™@according to a desired pattern; - a substrate table for
hol ding a substrate; and - a projection systemfor projecting the patterned

beam onto a target portion of the substrate, and to nethods of
manuf acturi ng devices. 10 The term "patterni ng neans" as here enpl oyed

shomwmmm Jm{m}ﬂmy i nt eiSpbstate elderranfl Bevice amdactmdopsMethed can be used to

end g radiation beamwi th a patterned cross-section,

correspgndi ng to a pattern that is to be created in a target | 5 portion of
t he subsfrate the term"” Irght vaI ve" can al so be used in this context.
leggg; a: lnya Ejg\ell (S:ZI gePﬁ]I:Itg p(r:erseeéfnve []OI] regahes (fs?lgs(ilra{ (ﬁol%er SUC angL%a‘ CUSCCPCtI Onal

i nt egrated ci:thcgnaphxcrpromtxheappdauso:oem(nsm beI ow) Exarrpl es of such patterning
means i ncl ude: on known in

| i t hography, and |“fd |lﬁ?: yStam%r S "%Oapt“)’)e%oggeﬁ'@r?fggmﬁl hary, alternating
phase-shi ft,- and aatfpen statcawkt fphmprwrtsigrpﬁttemna@mm$ lthe psttevraumg roeags fepingitd nask
types. Plac nt ..o on beam causes sel ective
transm ss?o n?tcmt}{eﬁrmyc%on&a{nr%aopil%g ges{rga\%aaér]{ﬁsk) or reflection (in the
case of a refl ectisustratmklp faholding a subdratt pwh | npi ngi ng on the mask,

according to the support
tructure w1l gaRRyesipthyRin S GuBa i Mldlh 1R Gl ki o 1€, POPPDCL
can be held albstlatedesr red position in the incom ng radiati on beam and that
it can be noved ,e(jtg%,'re%%d o3 ﬁa&ﬁ%@déxﬁce?o desired. - A programmable mrror
array. One exarrpla of such a device is a matrixaddressabl e surface having a
vi scoel a$®ic control layer and a reflective surface. The 30 basic principle
behi nd such an apparatus is that (for exanple) addressed areas of the -2
reflective surface reflect incident light as diffracted | Idi? wher eas
unaddr essed areas ref Thédtrmi“peticengimepnsy At heasempinyed shpWld befiroadyht . Usi ng an
appropri at e fhielghddd as tdi@risgto thebrdGial £ah 86 LRM td dnBkW artiaddndi rhdidtlof b&kh out of the
refl ected beam | eaving onlé the diffracted Irlght bghr nd; . in this manner,

t he beam bec%%%f’aﬁ%‘??de"r"i’féaec o 6P RO ipH o PaYEn Batdt 9 Se FRYCHAL 1S of t he

mat ri X- adslr esss@aloths With@gs theAdimadipte waet"icmear?rﬂaggﬁdmemrs cEiftexd @haﬁryamnl eh
mrror array, enp trix arrangenent of tiny mrrors, each o ic
can be | ndi VPBHAREYerR pill eiresmapli 2 B SngerabpielindgevcedEing S5FES Pocal | zed
electric fi edad;argerrpohjonesirﬂi BYh ifegpiedzhalite biheleded (s ibtlow). Eraisges obnce again,
the mrrors are At | I g sabl e, such that addressed mrrors will 10
reflect an i NSO “%g‘&i’é “beamin a different direction to unaddressed
mrrors; in+hi sAmlnélrhp cérioept &S hask isockllikeawn indithogrtiplyy and @t isdheles Waskg t o t he
addr essi patte th I r d matri x
addr essi 2‘8 can b ‘f)sesrl ?hoarsr%r’{a Uzgeleryr?atmgﬁ'ﬁ% @H a%fi {r}ag{rdﬁ’gasrlrggrf{sa%%h oth of the
si tuations descr viyeds hxbrié alegh/pmes. tPﬂveerpert @fepmangasmamra@atwncbmpcausae one or
nmore progranmabl g r, I AN 0 Srah ot QL OB i Qfe ALd AYS as
here referred togecézgﬁ . S+gsa%e3q %?%\ggfgrrarpsﬁjf 1?E§n?%r{| te cmn 'Enatee% Patents US
5,296, 891 and USofs @Q@tllmaskhﬁdwmtlpatwgmp’pIthe(!%ﬁSk @mrdmtggl/f38597 and WO
98/ 33096, whi ch Biien] AV Rk th Y fIE LA Maskind ShRFHGSuwe Wil IGufARS Of @
progranmmabl e m r?%r array, the sa'{& pa§o>r/tt sﬁﬁcturéerra ée aéﬁno%odr ed as a
frame or2iable, Mmask teblamﬂrrcéenwr that th@!yas €arferheld abarderrw@mremzwthas required.

- A progranmabl em'c&Bn%MdﬁMonlﬁQmea)ﬁéml@ca(ﬂfbeﬁfd%draat%%}réblﬁ}n'lpﬁ is given in
United States Patent 229,872, which is incorporated herein by
reference. As abd¢sged-t he support structure in this case may be enbodi ed as

a frane or tabl ey fQkari¥Rhifor ). COIBYNEof idfofheltte RRYARKE as required.

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

30 basic principle behind such an apparatus is that (for example) addressed areas of the



25 For purposes of sinplicity, the rest of this text may, at certain

| ocations, specifically direct itself to exanples involving a mask and mask
tabl e; however, the general principles discussed in such instances should
be seen in the broader context of the patterning neans as hereabove set
forth. Lithographic projection apparatus can be used, for exanple, in the
30 manufacture of integrated circuits (1Cs). In such a case, the patterning
means may generate a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be inmaged onto a target portion (e.g.
conprising one or nore dies) on a substrate (silicon wafer) that has been
coated with a | ayeftectfe sudiate &ﬂbcﬁ)ﬁwﬁi&ﬂﬁgﬁtiaA/chf'ﬁ&‘e’d?liéhﬁlwh(réa‘SShaﬂiﬂl)essed n general, a
-3 single wafer will contai.n etwar k af adjacent t rtions
Chat are success et yir padrs bl o bt bt Sind SregRis oAl & o e,

I n current appar andisfracRaHEDyanbg ﬁp&bd@uaﬁtmgewteabémslea\aﬁg callymsk table, a

di stinction can bg_nade. bet n two different In one type
of *1i thogr aphi ¢ STEREELISPRpaR b g b pberaler S PEE D adi ated by
exposi ng she entim@daﬁsskmg@atehedfﬁhe@mxﬁ ddb@sshtdd Gefhcep Ahtaltdibtivel one go; such an
apparatus is commbé referred tob a waf er IZ‘tepper In an al ernatlve
appar at us commnl%°P PeR PeyPregaTye? ’E'frgrpméﬁﬁm AA BB AFateFeent ot ¥h t ar get
portion is irradinifred, dash @mghe&%w&ltv}ﬂus}qanﬁcﬂﬂguttahexmr‘a;sdpppa:rghern under the
proj ection beami refer e direction (the."scanni ng" direction)
BhiT o synchr onoushyledsedlren el Subl AP BV peBr HGro R RaR TSy
anti-parallel to Qdetsgath thesiirtomsure mamﬂeddrdsnblg,en&ftbdt addrdm:dpmﬂﬁrewtli on system
will hav amagmf cati.on fact.o II < V at which
the subsiPat e ¢ apriscr 2BmrR oo S-S0 Reenl aectprle sl RBES TN ch' ¢ he
mask tabl e is scamtheonanhdpsthe mﬂn‘cteﬂhmm1@patMmb¢1acctegagmtlnecnddmsimggataphl c devices
as here describeqcGal,Bg HhEANRninbA! TRSAIREE nalk A Laf 6 792

i ncorporated herein by rererence ? nutact urin process using a

| i t hogr aphi c pr ojpedfermedusingaitable g ctranicpaepinse Ambogheof ghe sityrtignsrigsekiedi s | naged
onto a substrate f

radi ati on-sensiti Ie}%ﬁ}%é[ glre ?gfeh?'%%eap ch E@}ﬂ: ke &QXP&ﬁgg%ﬁgﬁaﬁéﬁ%{%p t he
subst r at d5may undermgol\flpeprmf@wnmm@mmys as herpiredparehojcan bgleanegsfost coat i ng

and a soft bake. HfffL AENRARY Rates ﬂaﬁnéﬂb%tzbéksﬁ an@wsla%mtm Salpeg to ot her
procedures, such as a post-exposure b devel opnment, a hard bake

and measur erment / iPal§papRlicionpV O 388 3?%&‘@@3&"} %%&3 S’thhI'?TF iceperaigd bsfeimr ocedur es

is used as a basi re;fé?erﬂ@-tlhﬂfe@as@'afé PrerhtAbN midYRfay, e sBiddEpost Rrucred. an 1 C
Such a patterned g may then undergo variQus processes such as etching,
bf

i on-i npl ant at i on "R SpFARPHied e fme;os RPIEJPF expmple 3thich may bhiied orBeveaki cal
polishingp etc., aaﬂealmfeatended to finish off an individual l|ayer. If several

| ayers are required, the vvhol e o ed r a variant .t her eof,
] hane o e AR AER AR et b R Ralon ) S il o
devices will be [Seesentnt Qs stzhe,sm,lb»sicﬁ Bliofpo@ie@hidrein if)hﬁ&eenekemme are then
separated from one ano%hter ey ﬁ’bt echnlgj e §Léjj p as, di ci na% saw 1ng whence
the individual d&tiRERET SLFEED FL et SR SROEISH AT 2 Tame B iRk PR BT B pi ns, et c.

Furt her i nformat m(hwhmgaarﬁhedgrmmhlepymws&es can be obtai ned, for exanple,
fromthe,boo Mcro |ct| N ehnbractlca Sem conduct or
Processi ng L(erﬁ cc’jse(fiog’q "lpp(ljlrcl (ffg}ls RV L2 ?enalf\'/}:off%ns Iii?elcﬁlc%gg S hi ng Co.
1997, | SBN Ouﬁlﬂdﬁ?@ﬁ)srm\;olvmmqsbn@trmk tablle,ehowe\by thegfmra pomipldsor t he sake of
sirrplicity, ] : i naf as the

L ons - howeyiisB] B8 e TR AT W B! GhOR btk BP0t BN BB R i g
vari ous -4aSthy1pd®V®$etiorth>j ection system including refractive optics,
reflective optics, o) Qk g{;gjlee e radiation
system may al so incl tr}%th(d\%ﬁ% éncltilgrp%?gé?tgste%ae asc(?:o(sé t(l)ntg%y of these

desi gn t%esmﬁrmfacmrercnémqgmgpd csch!ap(lﬁg lp such @ nase,ahe fatggningmeqns oleegenérala beam of
radi ation, a r peCOl I ectively
or 5 si ngul a? rcﬁﬁ’%ﬁe&%ﬁ?&ﬁo%ﬁﬁp%ﬁﬂl&% ]%% }gquga?lgf) ?cagg%gﬁ{'r atus nmay be of
a type havi nglagmntwa tareat porser(e gr @meritingyine or r(uandhﬁst)lontamstmte (sbea@ nmask

bl es) 1 o Dol Pt L AREToy Y oiEont R AU Hlif Rl BRRRATRY DE used
in parallel, preparatory st ed out on one or nbre tables
whil e one or nore other tables are bel ng used for exposures. Dual stage

| i t hographi c apparatus are described, for exanple, in US 5,969,441 and WO
98/ 40791, 10 incorporated herein by reference. Silicon wafers used for
manuf act ure of sem conductor devices cone in standard sizes - 150mm 200mMm
300mm (often referred to by their approximte size in inches - 6", 8" and
12") and the larger sizes are becom ng increasingly popular since nore

deV| ces can be manufactured on a single wafer, reducing the nunber wafer

_________________



15 and hence increasing throughput. Lithographic apparatus, and ot her
‘apparatus used in semiconductor manufacture, are designed to work with

t hese standard wafer sizes. In general, a lithographic apparatus wll

accept wafers of only one standard size. In spite of the general preference
for larger wafer sizes, in sone specialist fields it is desirable to be
able to manufacture on wafers that are snmaller and thinner than the
standard sizes 20 nentioned above. It is however uneconom c to manufacture
or adapt |ithographic apparatus to accogmodate such small and thin wafers.
Silicon wafers of the type discussed are usually very thin (for exanple 100
to 350Wh, e. gingld dBfetn)l camain bedelts@wak of fifjaert et fotionsithuersubeisarlyl al | y

under their n_ makin exposur es on a st epper tool, the wafer
needs to be f"\fl\ﬂ’tamgn @ﬂleﬁr%?fgmﬁ’s‘ﬁ‘f‘t‘g’f}ﬁ@tt ﬁ“ﬁﬂ‘i’?’ﬂﬁpf‘raﬁuf’ e‘%g{oé’a%ant ageous for
t he waf er tophemidgaly aduskmg:xhamhbiermdlsmcttohainHehedm\eafenmdxtfaeﬂmved t hr ough
tight spaces_w t hout CO|IS Furt her nor e ive.rise to
other probl chEed BHEHmeBE By or GlTBeRTT BF-gion A b s BE PR i e fr agi | o
and it i sssofediaeeby ddpf)sfmgxué éntiteanagbpatern ogoalek targe perdidn nvichéiga suchanium hol der
when a wafer is t%urved I1 slvé?erefo %3 de5|¥1 bllf thke % the wafer flat
for all of tARP*P Fréscf’rﬁglfm?'ﬁeée O A "@ICBHRPH MR AR YYS PREYPSphi ¢ appar at us.
It is an obj esimanly ItefGﬂ'ecptbeseﬂép and«smtappmutse— percbw'rgéEpcmﬁbnadmpdmed byhat can
h0|d a rel atlvelévgaanmn El Sq( te udatg T CCQIO mn 1V %I‘ ITCBQEd on In a
| i t hogr aphi cPEBSANAY IE" "€ B RAVI R A "Sib st Fare f‘gﬁalme ﬁéaﬁ? T receive a
| ar ger subst maetceioxe(nd/' smmtmg" bmoﬁo@&eﬁsgdcm«nomlyhaeﬁnnmglﬂetsnlatrae pblecessi ng
g?gg‘reﬁt u%n\a/‘g}a%‘ tlFe?or antl Baral d)thx rec{lgn? En?ce in geqegx? I;lhle I}?I‘O_]%CLOH %ijwelﬁtll t(f) Q El'ﬁet he
hol der of thelagmﬂtemrn f@mord\afgebeallysfeld the Stpbﬁd%ebsvmrchﬂe sehst#te mble &iskangah waf er s
as vel| as USRS Mlimol RS T PG IBANE bR BAREL Rche inlhaioR Bily OF Ner

obj ects are ac eve accord ot Invention In a substrate oIder
conpri si ng argghrd tadithagrapbic dﬂaqpﬁ aﬁglee desoribad capbr ghrahedsiop examplecfrombdBe by a

|'i t hogr aphi c¢appRal, A eRindvaliBeiQr holding a substrate of a second
nom nal si ze6%sal gl s%bi"é’ﬁd 18 Hlor% naIe cS| ze being smaller than said first
nonmi nal dPze. Pref er alylaymanyfactetingmppocess ugiadlitbegrapbic Rrsjegtienagpasaigsse r at e ar ound
substanti al | }fat@xjnj(e Qﬂnh%ﬁskﬁ’%ﬁxh%@BMo agﬂbtﬁtﬁhit%%]eséﬂﬁarm %Bve;cg bP & 1k&Pt
substantially fl and enSures that good contact wt he vacuum systemi s
achi eved wheff ’H@Ptl% SV gt GESisnPHgs o ‘b%ﬁ‘@"ﬁéﬁbé‘i‘e subtrate e dpdetei ng t he

vacuum t o t heariad ﬁBcedlﬂresSS\BHascﬂrm RGisitcBRing AR d Bft bikeDsidr A Rstrg 1R | ar ger
pl ate nmenber, which is of om nal size such that it can be )processed by a

standard |it %&F%H?y@eé%eﬁe&f%her piogedurssy sych as 2 passepatuE Bk {PER): pr ocessed by

the |ithaogr aﬂé’vbﬁpxﬂmaﬂl&ﬁlb‘éke 2048 n@asbleﬁaersmhﬁécﬁcaimmﬁmgessdam@s AMPBAFrY 81S,
wi t hout nodification %?Eere ferab bstantially

o1 oular T BIOEOES wHAG R EE A BV Piohe Sl o eRlB S e ol ot e
menber may cpanemedRyaanay themmWel\gafzarouqfroatsas“\aﬂaraﬂ egthifg i&i-impdantadonrhi ch t he

clamp I's att ﬁ(ﬁ)Pm%Ometal 1zatloatolx1\c/1§l chem “m! ?haTlca 1 potis I’TPIB%{TB X m?en(rir%qg lr(ljlfh Zer odur

(TM or anot erra expansi vi The first
nom nal si zeoffsn pdefdealédyb:ylfiﬁ@raﬂpyemmqmd 30 thewadple parcgire, or'léhcanamcond

nom na! 3 ZethereXf qu h]é? tIng;'e PeB?a%%(Lr e%h new ]a er BveBm?!ya%{ a%r%&op de%%‘«%hv ﬁ gse Is the

25 nom nal dianmete I'sreg ardi ng any
flats or not phest on'lfhﬁesumtlbtst(wa”trb Taerd dhmedepthqeedarmgd friye onezmntherkbuta may be of

anot her s hap%bhn?qug such gy{%lgg orISE\viBQ%hence the individual devices can be mounted on a

carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
30  Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be referred

to as the "lens"; however, this term should be broadly interpreted as encompassing various



case, the nomnal size is the |argest dinmension. The plate nenber
preferably has one or nore positioning pins |ocated such that when said
substrate is abutted thereagainst, the substrate is |located at a
predeterm ned 30 position and/or orientation on said plate nmenber. Were
the plate nenber is provided with one or nore flats or notches and the

hol der is to be used with a substrate having one or nore flats or notches,
the positioning pins are preferably | ocated such that the flats) or -6
notches) of the substrate are in a predesterm ned, preferably corresponding,
orientation to the flats) or notches) of the plate nmenber. The clanp

pr ef er abl y coyppes ofpegection systgmahclnirgneftacivervatia) refdctiveaypiicagpnd catadimpeic cont our

simlar to byl siell grblah. the QUL el Gantiouh 0. Saldea Oehla ¢ and a
plurality of °5 rragne?s Pxed "6 eavY pImaYe menbar . THNFS ArPatgenent ensur es

even forces aterdappb seycf thosetdadgrstyies far direefing) eapingigr cogrokl g thetphgecsarbst r at e
flat whil st %nabl i n t hi ckness der to be kept

t he tot al of the substrat 0
ral 110" a PO S OB B RO T i i HRBEE ST B G w th a fine
burl patt er n singuldrhgasracipngh Fothenbie tithographit appavaitsmadyde b tye hbengpivaeed. The
burl pattern _prevent hort. range hei h% riations.,in the clanmped
substrat e. Aélgoéer s&lgsgﬁ%tt%b%ﬁ%?’%’i T g'grﬁénc? 19:8 les¥hes“?lhv"éuntﬂplle()sﬁagf h‘%?’léesi s provi ded
a devi ce manulieadditioriahigblesstdyde ued ipparalelng prdparatetyefsss mdy.be carpiednt ofi ong a
sub SF r at et h%% mbie ta_%tiei %ﬂﬁles 5ne B?‘rﬁ]gafe %1hL:Mabq&\é%rb%1?F lkx%d r le)%\é&?es%%i 85e atio n
sensitive matertial; - providing a projectron pearn or radiation using a
radi ati on syditleggaphic apparatgs padesaibad, g enmmhs intldS AWM adeV@P/PEL on beam
with a pajt eri&oggra{eg SerGih 9?1%?&&154. on; - projecting the patterned beam of
radi ati on onto target portion of the layer of radiation-sensitive
material, 20 charact eSilizeiwifers pdad for gandactireqs sopicqpdetdr deviggs eomsiibst r at e
conpri ses the,siby é}eﬁpfso%, 266Lrﬁrl,' BbdAn gﬁlsxﬁ%e&%?ﬂorbﬁh%ir h&r&f:ﬂix%& spremoer
having a | arger nom nal size than sald substrate; and - |oading said plate
menber havi nanchesi-@".$l prst 122aad i rgsetizes bre becrwing ircrsasinglyypopular since more

devices can be manufactured on a single wafer, reducing the number wafer exchange steps

15 and hence increasing throughput. Lithographic apparatus, and other apparatus used in
semiconductor manufacture, are designed to work with these standard wafer sizes. In
general, a lithographic apparatus will accept wafers of only one standard size. In spite of
the general preference for larger wafer sizes, in some specialist fields it is desirable to be
able to manufacture on wafers that are smaller and thinner than the standard sizes

20  mentioned above. It is however uneconomic to manufacture or adapt lithographic
apparatus to accommodate such small and thin wafers.

Silicon wafers of the type discussed are usually very thin (for example 100
to 350um, e.g. 140pum) and because of this tend to curve substantially under their own
weight. When making exposures on a stepper tool, the wafer needs to be flat within one

25  micrometer. Further, it is advantageous for the wafer to be flat during handling so that the
wafer can be moved through tight spaces without collision. Furthermore, curved wafers
give rise to other problems when handled by robot, for example because they are fragile
and it is sometimes difficult to obtain good contact with a vacuum holder when a wafer is
curved. It is therefore desirable to keep the wafer flat for all of the time that the wafer is
30 inside the lithographic apparatus.
It is an object of the present invention to provide an adaptor that can hold a

relatively small substrate and allow that wafer to be imaged on in a lithographic apparatus



| i t hographi c apparatus. 25 Al though specific reference may be nmade in this
‘text to the use of the apparatus according to the invention in the

manuf acture of 1Cs, it should be explicitly understood that such an
apparatus has nmany ot her possible applications. For exanple, it may be

enpl oyed in the manufacture of integrated optical systens, guidance and
detection patterns for magnetic domain nenories, |iquid-crystal display
panels, thin-filmnmagnetic 30 heads, etc. The skilled artisan wll
appreciate that, in the context of suchsalternative applications, any use
of the ternms "reticle"”, "wafer” or "die" in this text should be considered
as bei ng r ephadmh dobstrath eablendgptglenerave dlagasubsmasiat/or todea pstessddan otherd "t ar get
portion”, res Es'\t%a;[tei Vglegs'in a larr]atlgsha%apgrd%rqgrt ergu% aqc?snt , the terms "radiation”
and "beant afe Used to é%g%npass N tyées of €l ectromagnetic radiation,

i ncludi ng ul travi ol et Itisadfuabdr objedtion tp.themrésknt invevaioe logmgtide nebnsI65, 248, 193,
157 or 126 nFr?a.rl ari1nc1|n gh%vwgfe% ene ultra-violet radiation, e.g. having a

wavel engt h i PHE nge B- nm, as well as particle beans, such as ion
beans or él ectron beaffbe hokiebafdhaievehgonodan bdweed withesnbstrate swohlas sitiwwaters
described, b of ample 10 only.. with reference to the acconpanying
schemati c drgﬁmv\vl\%gass s?bﬁgg\}ﬁs%ﬁgerﬁoa'wrag}éfc ﬁ%tf)rila(]:sf s a |lithographic projection
appar at us i n whi ch enfbhid emisatites olgéctstareachiaved atcoing e ingentioetd;a skbsgatee 2 i s an
expl oded view .of a substrate hglder. accordi ng,t.0 an. irent of the
Crvent on t obRRieinGiR BRlpdfel R s SRR % A IRREA IR T i e
of part of t hgpastissind atlempfirtiddingh substepter o a 2econd loménabydzstaidast@nd | anped
therein; JGigure. 4 i i . rate show ng the areas that can
be i naged]%ang&grrlgésshgg%’%ﬁ%ﬂcrﬁagwgg 'gs?rﬁozryﬁe)aﬁ&se' held in the substrate hol der
of Figure 2; Figure 5Pic&raglysey dqmpcs adapteq fodalddlfe substrae rofinsksubstantially ali
substrates ogf Jofithe? 18K B AAIR cclsull BT ErenFOitlurel BHTBod 1S 8
perspective view of a wafer handling tool, as V|emeém_ron1un erneath. In

t he Fi gures, cenach widpibevacrm psfemrivashievedyyipbhalesiapearvidedindbg plde pombirng part s.
25 Lit hogr apf; GafiRRahdthtiSacthn otk Berl Schematically depicts an exenplary

| it hographi c projection . o
15 By clamping the smaller substrate to a larger plate member, which is of a

nominal size such that it can be processed by a standard lithographic apparatus, the smaller
substrate can be processed by the lithographic apparatus, or other substrate processing
apparatus, without modification thereof.
Preferably the plate member is substantially circular in plan and may have
20  one or more flats or notches. The plate member may comprise a silicon wafer of standard
dimensions to which the clamp is attached. Alternatively, the plate member may be made
of Zerodur (™) or another non-magnetic material of low thermal expansivity.
The first nominal size is preferably 150mm, 200mm or 300mm or larger.
The second nominal size may be 100mm or smaller. The nominal size in each case is the
25 nominal diameter of the plate member or substrate, disregarding any flats or notches. The
substrate and holder need not be round but may be of another shape, e.g. square. In that
case, the nominal size is the largest dimension.
The plate member preferably has one or more positioning pins located such
that when said substrate is abutted thereagainst, the substrate is located at a predetermined
30 position and/or orientation on said plate member. Where the plate member is provided
with one or more flats or notches and the holder is to be used with a substrate having one or

more flats or notches, the positioning pins are preferably located such that the flat(s) or



~apparatus in which enbodi nents of the invention can be used. The apparatus
conprises: a radiation systemEx, IL, for supplying a projection beam PB of
radiation (e.g. DUV radiation), which in this particular case al so
conprises a radiation source LA -g_a first object table (rmask table) Mr
provided with a mask hol der for holding a mask MA (e.g. a reticle), and
connected to first positioning neans for accurately positioning the nmask
with respect to itemPL; a second object table (substrate table) W&
provided with a substrate holder for 5-60lding a substrate W(e.g, a
resist-coated silicon wafer), and connected to second positioning neans for
accurately po@blt(tsmfthgsut)ﬂ@te@tﬁtis@ pradetermine preéasgblscrorresponidingmripitation tr oj ect i on
system ("l eng, @30 ot es?of'iﬂ%f fGhdye, | ens system) for imaging an

i rradi at ed portl o} e MRSk onto a target portion C (e.g. conprising
one or nore dies) of fl'heaclmmmfﬁrdﬂ:ecwwli@amghﬁnm@emam@dhavmm imgpar at us is
of a transm in general,
it may al so g&’ko\ﬁfﬂgﬁgﬁ f)eég?]{?g%ny%%g&?r%méﬁg%ﬁeH%ﬁm andd(MﬁMa ?fef | ective
mask) . Al er magretsdixyd totshid plajs premberu Shivayangennbgnsurers treforeks ancappifiedat t er ni ng
means, such m’g&hg r to above.
The source L%é(“go.sg%teg%\lﬁe Cl r?%rt %ggérra?e %?%h %c%lgblglgglgéﬁ%&&%g%@% on. This 15
beamis fed bubstortedioldef fobakephismalln system (illumnator) IL, either directly
or after having trave ander EXx,
for exanple. The ill u?n1Sa a%f%%eg}lr_]gdr?gﬂén@ r%rl se a%ygg??ﬁe&vrrlehgﬁﬂc%ﬁ'ﬂ@f or setting
t he out er anpgtigm in fheegsionadiwhich eaid @ itra(ecmqﬁenlagedr @heé?"ﬂ@@fte!'fmr%ma outer and
a-1nner, 16eSARfnehaim 9frialifh il Bl ASAd Nl bution in the beam |n
addition, it wll "generally conprise various other conponents, such as an
20 i nt egrat or IN and écqs)amém@rth@@ﬁpeptwfthhilryem;aytherteh@r%@ﬁﬁwlqenpl ngi ng on

the mask MA hasfanl@g eMbd ébmpf,gﬁé"lfhé Mep'gragl intensity distributioninits
cross-section. It should be noted 8\? rd to Figure 1 that the source

LA may be wit hi n RO Lbsae gt if ﬂéeqsq Haﬂ’é %ﬁF%byﬁrlﬁjeb%ftr?Wo%Tppar atus (as
is often the casgemfiRBnbfagasource LA is a nmercury |anp, for exanple), but
that it nmay al so be . renote fromth I|th phi ¢ 25 projection apparatus,

the radi dfi oh bedFRTWHREAPYIEetins brgmob tadgto mgééa faﬂ?’bsyFtﬁE’ apparatus (e.g,
wi th the aid-of siingpdteminginetité e@oWitherpddj&)ion el vith aphtRin is@eadssi 0 is of ten
t he case when section:
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
20  characterized in that said step of providing a substrate comprises the sub-steps of:
- clamping said substrate to a plate member having a larger nominal size than said
substrate; and
- loading said plate member having said substrate clamped thereto into said
lithographic apparatus.
25 Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be explicitly
understood that such an apparatus has many other possible applications. For example, it
may be employed in the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic
30 heads, etc. The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terms "reticle", "wafer" or "die" in this text should be

considered as being replaced by the more general terms "mask", "substrate” and "target

portion", respectively.



the source LA is an excimer |aser. The beam PB subsequently intercepts the
mask MA, which is held on a mask table MI. Having traversed the mask MA

t he beam PB passes through the lens PL, 30 which focuses the beam PB onto a
target portion C of the substrate W Wth the aid of the second positioning
means (and interferonetric neasuring neans |F), the substrate table W' can
be noved accurately, e.g. so as to position different target portions Cin
the path of the beamPB. Simlarly, the first positioning means can be used
to accurately position the -9 mask MAswith respect to the path of the
beam PB, e.g. after nechanical retrieval of the mask MA from a mask
library, or during a SI;rCthﬂpredem @amenathptdmsr‘emmwtn‘ndt‘ﬂswmohjeeseﬂtd ables MI, W
will be realized with rse i tioning)
And a short - SIPORE® HLABREr BrieEeaRes haim o Fralrcat ol BRI EaiRA 1 1y

depi cted i n Magikngthlof 363028y €93, 1597r0r 1 26enpasEEGY (atrmmtéﬁa-ﬁblenpmtxo@aesg opposed

to a step-an -scan appar.a th onnected to a
short stroke N CE N G e %t‘“ﬁﬁ)ga%égrﬁa‘é‘g as‘?‘%LaS(%rBflgF%HJ atb%‘aﬁsé‘t“tci’?“& ah be used
in two dif5f eelecitoneabss: 1. In step node, the mask table MI is kept
essentially stationary, and an entire nmask image is proj ected in one go
(i. e. asingle "flash") onto a target portion C. The substrate 10 table W
is then shifted in the x and/or y directions so that a different target
portion C can be irradiated by the beam PB; In scan node, essentially the
sanme scenari o applies, except that a given target portion Cis not exposed
in a single "flash". Embtddachts dfithe 1mstlontvralbhcavlbd13ei;<$ib¢mb3a\b¢ye>fiexamlegi ven
direction,(t direction) with a
speed v, nls)o tgﬁé’t : gg#teﬁgcgkr%gg%?g%‘wﬁé&ﬂ ??g’{: u@gwclfycpo scan over a mask

i mage; concurrently, Fiwesuhsctrahtbogr@bicqurwtwrsapsaratuﬂ ih athisb ewbadimeptsed i n t he
sane or oppo a speed V=M/, in which Mis the magnification
of the lens étﬁl%tng%lﬁlglg R 1/4 or 1 /5). In this manner, a relatively

| arge target portion Elgeraﬁlm eeplprlsd igw ofik subesate Holdei aseprdiog wa@npr omi se on
resol ution. o'%l-ﬁé}n@ftﬂélhﬂﬁ%anth%r@lﬂPﬂuﬁ&MQ is adapted for use with a
substrate (wafe of particular size, e.g f nominal dianmeter 150nm 200mMm
or 300mmlSand shape, &igee 3dsarcsess-gactiouat Yiew plpats of theveubstragerhelder of Figwestlch. 1n

particul ar, GAR . sibRSdd el dlef; W || be adapted to receive such a wafer and
have a burI pattern of appropriate size and shape and |ocating pins to fit

the notches or flats B‘S“’Fﬁésﬁfrﬁ“é’rf‘db‘tfasﬂtﬁs’fti’%{Pgs‘g"\m&a%‘hatéfsn'?es‘mé%mn t he
substrate isagfndaaieh mnthlaeubw&z@tsr]atiettba&bﬁraemommm@retzbe vacuum nozzl es
wi |l cover the whole ﬁx@ua of the substrate ? ensure %2 even c] anping force
to avoid distorting theWeQJF&Respestivenyieyof atpl Igr gogpting supsates ontolfs pr of ect i on
system ard vmmmm@reﬁm as alignnment and |l evel sensors are set at
a particular |evel substrate.ta eneral |y have only
a linited range of rros S?étsﬁeéﬁ‘ffvdwgta‘*aoevr\??{’ép?ﬁwgﬂ fewfﬂg “Bubstrate, is
adapted to posdeineain the 30 top surface of a substrate of given thickness at
that particular |evel a _substrat r too.thick is

(0]
used, the substrate t ab]fe F1%es corr{:spgncfa %Ffa reilce sglabo?s 1{15‘ cate corresgoxldm&n

sufficientl ypars. put the top surface of the substrate in focus of the
projectiog systemand the various sensors.

Lithographic Apparatus

30 Figure 1 schematically depicts an exemplary lithographic projection
apparatus in which embodiments of the invention can be used. The apparatus comprises:
a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.

DUV radiation), which in this particular case also comprises a radiation source LA;



-10 Substrate Holder Figure 2 is an expl oded view of a substrate hol der
according to an enbodi nent of the present invention and a substrate. The
substrate hol der 10 conprise a 5 plate nenber | 1, to which are fixed
positioning pins 12,13 and permanent magnets 14 which, together with clanp
ring 15, forma clanp to hold substrate Wfirmy in place. A burl pattern
16 is provided to support the substrate W The substrate holder 10 is, by
way of an exanple, for enabling a substrate of nom nal diameter 100mn (4")
and thickness 140Nrn to be processed ing-a |ithographic 10 projection
apparatus, or other substrate processing device, that is adapted to handle
substrates of nona firstl objtitaatid (erask talBMA frévidedawith atrimisic koldes for BiMiEzinmasks wel | as
bei ng di nensi dto.,.fit t tr f i iC

proj ection a%%g % ﬁ?senecalﬁdang:l g%“%ﬁ?dg'toﬁgsg §°ﬁ%§{ﬁ%‘§{"e af écgr%tsekip%’g%?%en%% ght, the
substrat e hohderwillregpagto bsn Plhat t he substrate W which nay be relatively
fl exi ble and, hi gh cury. i j i t for
exposure. This i seJ %%%ﬁgggcgtag%?? %ge{ra“eg%%et)w k?gé}g‘?lﬁeg ‘%?J‘Bisg?b?g%téehc\%% l;c’?LcI anped by

t he cl anp5ri hgldibg a avbstmatelWa(4.2.,a rexist-seaked tsidirdni vedféry amticopnectedtoperongphery and by

the burl patter ich i f L LGl : ' k. range hei ght
vari ations. %lﬁstrlatl (I:’Yr\{grrrnﬁar}si%gaé‘%{aé\}}géﬁ%@%l#e&%%gg{a%a‘?@%ﬁ?% g)%gﬁopgfi ng during
handl i ng of the sairgjtstian eysteml(dens”)iPh (e.be refectve lgis eysppan) for @rmgingen exposur e

chuck, “the SYrEatsd{%ggg}égﬁW@fﬁéﬂasP%#@ﬁ% &%g%'g@%ﬂ CRQ%.Qﬂ%Fkg%&té é&rrn%%ee hol der 10

20 and the su I's 1s achi ev usin rou t he bottom
of the pl at edigprmifthe substratedi. ch transnit the vacuumto the undersi de of the

subst r at QoW fy g SLISIY AL BoahdBlor HansBSATRE L T Lublfidilomagen i n Figure

4, the substrate Whas a prinmary . ave a secondary flat F2.
The posi ti onHageyskisgeneralf 2 mey plso herpf efefleativy typs, borlexsempieed s 28thagefiepde t he f1 at
FI abuts agaipsh AIRGMiIR, &0 Eﬁ;ﬁﬁdg%ﬁa{i%ﬁ&ﬁm})iﬂ% KAH0T bltiRinng W, fffasSUbSt rat e

hol der 10 which’in turn 'has a 7 7or location of the substrate hol der
10 on the suBgtogummmablgpiirorwray ofia&ypp arlerresP AkPYRi n 13 abuts a point on the

waf er edge of anot her thd RhircERA (Lg. 36 BcRL1aER) Pr&futesR®ednt bQ4UidAG. ThRE Cl anp
ring 15 may be provided with recesses in its underside to accommbdate the

posi ti onildg PFasis fed intq an Ypmingfonssyenydlmenatorhlh, eiBey directiyjor aftephaviagpr eci at ed
that the posirhverdd &adibmfg heans, hkhaNsbdamaksandict Ex 13s exdnfplel Thoplumbane to ensure
positioning of the substrate to within the overlay requi r_?rrents of the
| i t hogr aphi ¢ IpPeceaeriseqdysing mepns AN for stiine the qpisy a’ﬁé’éﬂ‘“&‘ﬁ?%}a Pt e the
substrate W gddhfroflly @d¥érted td t-ouddr b TRIALr, OREUREIS) dTHIRVAtERTEY @drithtiodme W t hi n
the capture range of the . | ) ,
the béam. In addition, it will generally comprise various other components, such as an
20  integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA
has a desired uniformity and intensity distribution in its cross-section.
It should be noted with regard to Figure 1 that the source LA may be within
the housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the lithographic
25  projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser.
The beam PB subsequently intercepts the mask MA, which is held on a
mask table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
30  which focuses the beam PB onto a target portion C of the substrate W. With the aid of the
second positioning means (and interferometric measuring means IF), the substrate table
WT can be moved accurately, e.g. so as to position different target portions C in the path of

the beam PB. Similarly, the first positioning means can be used to accurately position the



-11 alignment system of the |ithographic apparatus. In other enbodi nents,
"the substrate Wmay have different a nunbers and/or arrangenment of flats
and/ or notches, whilst the |ithographic apparatus may be adapted to receive
a substrate with a different a nunbers and/or arrangenment of flats and/or
notches. In that case, the positioning pins 12,13 on the substrate hol der
shoul d be so |l ocated as to engage with whatever flats and notches are
provi ded on the substrate in order to correctly position the substrate
whi |l st the plate nenber 11 shoul d have_d.l ats and or notches to engage
what ever positioning neans are provided on the substrate table of the
l'ithographi cmslﬂjdﬂ%ihwespeqomahmthsof th€heanpRB; ielgi aftat mechicasretridyal bftBe | ocat e t he

wafer Win the marrbe 1 whil st ttern 10
locates it iR? %“ﬁégr}m o’PaSE?S‘ﬁ‘E »GiPEE 58%1“ ‘}‘lg"“ef“llium°vé’%§8p‘}r‘]&r?ﬂ"o S pl ate
menber | 1 cdipwsed barah&ddahdxejaﬁim fonf-6ttgke miotule @ourssfositioniighendaocat i on

pins 12, 13 ar f. fer sta ) e pl ate nenber
Dby an epodriiemedietfreha Rl nih iR e Rati LI RERENP TRiEe S ol at ed
with N P andHblevet hranhpcase ofg waser seyther @4 opipudad ioaays&p&nd}ﬁcafl gyipaiatue) thd radsk| ess
steel. The u a sses ei ve the magnets
and/ or posit aglﬁ:?\);]]éme’fJUSt X"?%Z"sﬁ% RStFOE(\C/?S " OT'H’ra?S {1 aol es or cut-outs
are made in the ring Tlmedepucmaﬂpaatlusamrbehavmrtwodif&;entrtmss| S rmch easi er than
formng blind sh hi n Yl ..5an f a steel
sel ected fOI’?I ts%?tgp f)ge Fhe'rnSSké?btlﬁgI\éIg’sacﬂtetssﬁ" la“ﬁ% gy adg °enee"§a§ ected for
strengt h. O inmagelispenjecgedsn qmglge(zleaajarglerf‘ﬂashb)emtm%dgeftcpombrhé. Teawhptrdto ensure a
m ni mrum hei g i hei ght T
of "t e citrmp pietT R hitlRy o oo lBnn Tk LA i Boron £ B

at t enpt ed t obgirrefigted byethe boamad®; wi t hi n a di stance d, of the inner periphery of
the clanmp ring I t he thickness
T and the nu?rerl Eﬂgcsxg?r%%g%g%%%t@%saﬁhé&ﬁdﬁ%ﬁ@e? \é%ée#“gaw Qg’t\?\ﬁet h det erm nes
t he angl e of parhien Gistnet axpesed mapmelof flashc Insteas), the miaghriab)e MR is Mbesblgiinia h of t he
annul us that glgm&log%hpﬁ) éaﬁ&g‘:s‘gn gf?ecYM)xl”l eé)%le?%@étloﬁ)qwﬁiasgée'd% sto% maxi num

w dth, Om-, of the overl agﬂ between clanp Ting 15 and waf er By suitable
choi ce oftST BAaromsiion hepra PRiichepsed o seamevertimadgames éorwquilbﬁhwbwﬁe substrat e,

whi ch may beype@ar {efhuitncbile mg%eqam& Hep sﬁéerEﬁdh%aspasu pe \nBde
conparable to the normal edge bead of 3mm In I|thog 1ghlc apparatus wth

on-axis | evePPiRyMit Wé’qaé‘\}’éqai"?’i’g"fé}l%ﬂ@‘éﬂ Sga?ﬂ]}’_’élBIWOFI]/S H/Bis pares[a) ower angl e
of 30 incli natatively lahd fergeNForfinQG &6 bE BiposeeAMhodthbingBabBEproMAt of he shadow of
the clanp ring to the |eveling sensor beam LS-B, SLB, will be wi der and the
verti cal posfeg‘?‘ﬁﬁ’“of a larger portion of the wafer surface cannot be

nmeasur ed20Thi s pr obl emcﬁamhbga;a:mpﬁl@dusbyacam&dap&haﬁmmgub‘smmv&aﬁamiﬂ ng .
measurements_nm n the . nner ortl r at In Figure 4, the
5 gabl ot e EfGatir Bt Bt 2l fd0Fbhntsd et he shadow of
the | evel secisohr Wittaoneios tvHtawr asotéh. dra;ainﬁdlaf lh&eubsﬁ\atb cahldlwillgbetaﬂqitedZG for

| oadi ng waf e}’esel\\//é/sg&to tfhe EUbsggur{ eattehomd ro nate e an&’"ﬁ@ nd'l:o %le ein5' The

| oadi ng tool "has ‘a aI BT m 21 B C chPPRE ﬁ at8° meht f ?ggplaced,
e.g. by a wafodit tﬂaantdhqsngﬂatmfdte iftergied sxhﬂmm|th¥c,gwsem§1)wmnhermbwab Isy. The

pl at f or m,21 ' Iate
Tember 1251 o ang i AR IR e i G0 RROERAEy e IR M s o P 21
correctly | opdsteatt to brsusgah e\renVlﬂmBlng)fometdavomdﬂtwm tlhnﬁubstxpat Abspithefaek] agal nst
the position } i r i ng robot
or manual ly. b l%%éghﬂ'?p mﬁg I:?JthS&:Eler ea {355%%%%8% Ju%gggg@ye\l/]gaélmg%ato egljp it in 10
pl ace. Meanwet ita pattipdard¢vahand the gepstiae falle, H@\Il(di “olhgﬁﬁabhm¢ enly ¥ woigdm chuck 23
by vacuum t{Aﬁ ARV Afenfil Kdl%:ﬁar ﬁ%ﬁl%%? E btk is2da @%nﬁltﬁmh'eons t hat
engage with ocat or |ns rovi atform 21 en e annul ar chuck
23 is inverttep S‘Hﬁ‘deq' webswe refvsn thigkngsh E{ttﬁaopm@mf lepelt Hatsulisimaie bhtdsmooring i s
correctly | ogat rel eased and the
annul ar chucﬁ’ﬂlrog%\%gglsh%g\}lﬁérl%ﬁgnﬁgt[a?le\ﬁ{ng-ﬁpﬁﬁéaﬁemgg]dbﬁtsﬁ?ag{lbents 14 to 15 the
pl at e menber sufficienttyie patithe top suriacyfItheepbstrate wfecup ef the Eral@sttqnamfmmésm t hen be
delivered to,the Lithographic apparatus, e.g. by wafer handling robot.

Waf er Handlini R~ obot 20 The wafer handl i ng robot (known as a wafer
handling tool) referred to above can be used to position the plate nenber
11 correctly on the platform 21 and can al so be used to position the
substrate Wcorrectly onto plate nmenber 11. A wafer handling robot is
preferred to manual handling because nmanual handling can cause

contam nation of the wafer Wand can result in | ess precise positioning
than is possible using a robot. 25 Figure 6 shows a bottom perspective view
of an enbodl rrent of the waf er handl | ng tool 30. The tool corrprl ses a

. S o ”~ A o I 1 I ”~ ~ o . I o,



-13Each of the three perip eral regions A, B, C shown in Figure 6 can be

" connected by holes inside the tool to a vacuum connector 34 which in turn
is connected to a vacuum punp systemor the |ike. The vacuum slots (or,
nore generally, chanbers) 33 in the peripheral region 32 are preferably

| ocated such that, in use, only the outer edge of the wafer is in contact
with the tool. The recessed central area 31 prevents the wafer touching any
other part of the tool. As will be seen in Figure 6, there are gaps 35, 36
at certain positions around the circunfigrence of the tool and this is to
allow the wafer to be pressed against fixed points on the wafer hol der
surface. For exanple, for a wafer having flats F1 and F2, the tool 30 can

10 pick the fer up with the flat FI being exposed in gap 36 and with fl at
F2 bei ng expg@g—ﬁﬁ—gﬁe" of the gaps 35 and this aids in setting the wafer

down again onto the pF@hxezrmdﬂibelﬂodkavwWhea gdRfatedhldedcotdingdosn help to
visual ly verify that e wafer is po oned cory ect ég g i nst reference
pins | 2, 13?m¥‘?11@“et“b |thG RIS SPVERIRP P arfséf a‘FrE}FﬁS& HrSEPIAE Y SHPRESF &1 because
sucp mat ellsD [ ?blatelx&lmelel1etas%w|h@rerméugfoﬁmbm§plmld 1d@nmhnd1am@@nl ettsm;a waf er o
surface. Polycetals 0 are cul ar sui tabl e.
The advant agéﬁ’SF ?ﬂ?@cﬁ‘g‘ﬁh ‘F‘b‘y rt“ﬁ T’Yﬁﬁ‘f“&/\éﬁ? Subsiat &affwﬁyd&ph%éf’l ed from
the top, insb@aghterd 1ts|i'bq)r&1mdetiw&:pp'5hltlsesiusstrmade possi bl e by the use of the

eri pheral vacuum cha t hat _do, not i.nteract with. the useable central
Bort !Oon of the wafer. EI%%&FB‘BPO]H%YHOf@b%‘eaylfge’lf"ia’ﬂp'v’af?r 68%}%“‘%?? Sa‘fai‘eo‘ﬁs wher e

it sI not pos?hllaklehaafgtedm%na(bl')end mxchmdduewhltk%e\wdcefsecﬁhemhbghm hFor

exanpl e: waf er .needs to itioned on.a.su there is no
room for 14 bBOESIWSPRARLTS: °rt°ﬁ§‘p§)6§5i“§'fﬂ ProgEssipg deyieey ‘é“r‘rﬁ\?g@tq%r‘%ﬂq"g e surface it
has stuck t osubktratd3er sontifk® BRmESr 156mME6' axithicaiesstsheuns t anelarad vtigl ; there are
devi ces ox other senS| ive co the backside of the fer. The
peri pheral v&ESaTIER D é}}esﬁtgg’ivgﬁ& wf?féhetllﬁ}lﬂgraﬁ T8 CtQPéra?paﬁ"ﬁém?e and thin
wafers to bEpr3§hnha¢’ldl|bﬁdteIW ata suidblectiel ght, mﬁyubstFaﬂd‘HdkEf IDdneyresithat kha s been f ound

t hat the tool en curyve | at er

posi ti oni ng f)‘fb ? Feff'%%bc?ﬁel%tgg] g‘?”%&ﬁﬁ“%&& (i”é‘ﬁj g‘ﬁ’lt%“s tlp’mneffk is

specific lénbﬂdlfampcsuxef Tluhfs achiavedithyi tbﬂfabtahaethbe&maabeWGs¢lhmtdajz)thvel,ampt vvi |1 be

appreci at ed tha t he .i r,acti se.than as
Gesor i bea. THE iree LRGN, REcRORE pEB e bR AR O

sufficiently ﬁne to prevent short range height variations. The clamp ring prevents the
substrate W from moving during handling of the substrate holder in the wafer stepper. On
the exposure chuck, the system vacuum can be used to clamp both the substrate holder 10

20  and the substrate W. This is achieved by using holes through the bottom of the plate
member 11 which transmit the vacuum to the underside of the substrate W from substrate
holder 10.

As can be more clearly seen in Figure 4, the substrate W has a primary flat

F1 and can have a secondary flat F2. The positioning pins 12 (2 pins in effect) are located

25  so that the flat F1 abuts against them to correctly locate the substrate W on the substrate
holder 10 which in turn has a flat 17 for location of the substrate holder 10 on the substrate
table WT. The positioning pin 13 abuts a point on the wafer edge of another flat F2 to
achieve correct positioning. The clamp ring 15 may be provided with recesses in its
underside to accommodate the positioning pins 12, 13 and/or the magnets 14.

30 It will be appreciated that the positioning pins 12, 13 and flats F1, F2, 17 do
not have to ensure positioning of the substrate to within the overlay requirements of the
lithographic process to be performed but rather need only locate the substrate W

sufficiently that alignment markers provided on it are within the capture range of the



-15 CLAIMS: A substrate hol der conprising a plate nenber having a first

nom nal size receivable by a Iithographic apparatus, and a clanmp for

hol di ng a substrate of a second nom nal size, said second nomi nal size
being smaller than said first nom nal size. 2. A substrate hol der according
to claim1, wherein said clanp is adapted to hold said substrate of a
second nom nal size around substantially all of its periphery. A substrate
hol der according to claim1l or 2, wherein the uni mageabl e portion of the
second substrate, in use, is a periphergl portion about 3mmw de. 10 4. A
substrate hol der according to claim1, 2 or 3, wherein said plate nenber
conprises a silgﬂn@ﬁnywhi eﬂth@ﬁth@&@ﬁﬂappiran@.n‘inm&ierdil:inbas&xn&ht@nlse substrafaiveh t he cl anp
is attached. 5. strate hol d accor di {’}&hé?“f‘ | ai or 4, wherein

said plate rr@?%@?"ed CieBl AT\ WJDETS AR %{Iafr?}‘g&’f“?”& °fp51r>§hesa%‘afs fionally has
one or nore fithapaptic apparhiaasy beadap&dw:las&xreatsﬂasﬁi'@é dﬁwaaﬁe:eﬁtdlnmgbér@ claimb5,

wherein said f rst nom na 4 20 .3Q0mm or. | arger and said
second nomi n&f %rla?éngle@e”lﬁéﬂﬁlﬁ% 0‘5%‘1 Fsemft‘j“?’ %P%UB@W%{P%I H3I°Bg}" accor di ng
to any ong okubstste }i);ﬂd%ﬁﬂﬂhlﬂ@eﬁd]ﬁtdm,as Whﬁga@d: Wltlﬁ@haﬁkvﬁ{fﬁtsanmﬁi arbas one or
nore positioni n% %wﬁcat ed uch tha e, is abutted

sub t
t her eagai nst PPA& sfete 1p & frd‘é&‘f"‘éff yé’f’s'%lonﬁﬁeesd étrel‘ﬁ g‘eé’&‘? ti on and/ or
orientati on @embaild siukithaveritidyad or mdiché. to é‘ngsgébﬂ]bfeedr@odftiﬂnﬂxglinemw ding to

claim?7, for use th a substrat Vi n ne. or nore t s ar. notches,

wher ei n sai dpﬁv’ailf‘g Wgwgﬁirafeéabﬁcr eg’@lﬂ’gﬁﬁ}'“npr@ﬁc loﬁf‘ppﬁﬁ‘f"’é ?}Pea?f’gt“&wn%ot ches and

said positi opinsg2,08 hﬁatafhewhﬁthledle$)laﬁdﬂoﬂtMatdlh&nlfefHIt\Sl)llsOthe notehas) of the

substrate are in redet.er m ned npreferabl y corresponding, orientation to
39 ofoctis Eindioutyr

the flat UL PIREIECUY menber.  -16 9. A substrate hol der

according to any one brfthnshequrmemerp@teohmbmsllcmdnmmmstaﬂaxdlﬁ;(lm[ﬁ"):orrprl ses
B o el ol kel DAV At NE SN T w3 ko ! SR e

than the out &r cont our fate nets fixed
to sai d pl at ememberdibean epdf)y, reghn. sIltqsnagmtsthwlecB ammedtm@netoplamoywmlne of the

precedi ng cl gi1g,q G 'ri’ﬁ&;}f‘r}éﬂ tﬁ{;ﬁaﬁgQﬂ?&iteisﬁirﬁés%éegeﬂme‘%etJ? fine burl

pattern in the region sa strate 1s to Iace °10 11. A
met hod oflSopdavers mglesare@éﬂsstorr%tve rh@mgwtsae@@rmdw@ntgwmrﬁg/quelymrovedeéi m 1 to

10, said net hﬁ]qou 9m5§o§bﬂg>utsareln%ggh'tﬁkgr{%%lqmmh@io%em; %ﬁl qms@nmcﬁ'tform B
pl acing the substrate on said plate ne In correc orlentatlon 15 -

| ocati ng sai €asisr ﬁ'ﬁ'pfoﬁwﬂ&bléﬁlﬁhﬂ&s in.a thinvieg: iAly, agilatercambimesisoba gedl d pl at f or m so

as to correctdideliesat ﬁqag%@aldpregeﬁap aRMRY otiRRbith sRHINSeEd] B dtRnddh ehERYrsS! @mp sai d
substrate to said plate nenb
a single layer can be used for the clamp to ensure a minimum height of the clamp.

20 As can be seen from Figure 3, the height T of the clamp ring 15 will
obstruct the projection beam PB if it is attempted to project an image within a distance d,of
the inner periphery of the clamp ring. The exact value of distance S; will depend on the
thickness T and the numeric aperture (NA) of the projection lens PL, which determines the
angle of the outermost rays of the projection beam. The width of the annulus that cannot

25  be imaged on will be equal to S, plus the maximum width, Oy, of the overlap between
clamp ring 15 and wafer W. By suitable choice of T and Oy, the width of the
unimageable portion of the substrate, which may be regarded as the shadow of the clamp
ring, can be made comparable to the normal edge bead of 3mm. In a lithographic apparatus
with on-axis leveling, the leveling sensor beam LS-B will have a shallower angle of

30 inclination than the projection beam. This means that the shadow of the clamp ring to the
leveling sensor beam LS-B, S, 5, will be wider and the vertical position of a larger portion
of the wafer surface cannot be measured. This problem can be avoided by extrapolating

from leveling measurements made in the inner portion of the substrate W. In Figure 4, the



~12. A nethod according to claim11, wherein said |owering step conpri ses:
20 - locating holes in said chuck with pins on said platformso as to
correctly align said chanp, said substrate and said plate nenber. 13. A
devi ce manufacturing nmethod conprising the steps of: - providing a
substrate that is at |least partially covered by a | ayer of radiation25
sensitive material; - providing a projection beam of radiation using a
radi ati on system - using patterning neans to endow the projection beam
with a pattern in its crosssection; - @?pjecting t he patterned beam of
radi ation onto a target portion of the layer of 30 radiation-sensitive

material, chafigble@fdaafowmcrbddhtciediatl thé @ity (ITHRhALWGS the Fb1Sérsatt €
conprises the sub-steps of: - clanping said substrate to a plate member
havi ng a | ar jfap P indRPRa 2 Bshedlifhan said substrate; and  -17 | oadi ng said

pl ate nenber having sgiddisgstJ0abQoskiWaes WhehetQubsthtohsiddrdo lsi t hogr aphi ¢
apparatus. 14. A device manufacturing nethod according to claiml3, wherein
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10%& () -sd also be used to position the substrate W correctly onto plate member 11. A wafer handling
robot is preferred to manual handling because manual handling can cause contamination of
the wafer W and can result in less precise positioning than is possible using a robot.

25 Figure 6 shows a bottom perspective view of an embodiment of the wafer
handling tool 30. The tool comprises a central planar recessed area 31 and a peripheral
region 32 that extends out of the plane of the central recessed area 31. The peripheral
region 32 is in this embodiment split into three sections A, B, C and is capable of
presenting a vacuum to the edge of the wafer. In this embodiment, the vacuum is presented

30 using a circumferential slot 33 formed in the peripheral region 32. Sections A and B of the
peripheral region 32 are smaller than Section C. In this embodiment, Sections A and B
each span a circumferential range of about 30° and Section C spans a circumferential range

of about 160°,
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acuu or, more genera ly, chambers riphera reglon
32 are preferably located such that, in use, only the outer edge of the wafer is in contact
with the tool. The recessed central area 31 prevents the wafer touching any other part of
the tool. As will be seen in Figure 6, there are gaps 35, 36 at certain positions around the
circumference of the tool and this is to allow the wafer to be pressed against fixed points on
the wafer holder surface. For example, for a wafer having flats F1 and F2, the tool 30 can
pick the wafer up with the flat F1 being exposed in gap 36 and with flat F2 being exposed
in one of the gaps 35 and this aids in setting the wafer down again onto the plate member
11. The gaps 35 and 36 also help to visually verify that the wafer is positioned correctly
against reference pins 12, 13.

The tool is preferably made from a plastics material because such materials
are easy to manufacture and do not damage the wafer surface. Polycetals, eg.
Polyoxymethylene (POM) are particularly suitable.

The advantage of the tool is that it allows the wafer to be handled from the
top, instead of the bottom. This is made possible by the use of the peripheral vacuum
chambers 33 that do not interact with the useable central portion of the wafer. The tool can
be used in various situations where it is not possible or desirable to handle the wafer from
below. For example:

- a wafer needs to be positioned on a surface in which there is no room for a
backside tool;

- the wafer has to be removed from the surface it has stuck to or where there
is no room for the standard tool;

- there are devices or other sensitive components on the backside of the

wafer.

The peripheral vacuum chamber design of the tool allows very fragile and thin wafers to be
handled in a reliable way. Furthermore, it has been found that the tool itself helps to flatten

curved wafers which makes later positioning of the wafer much easier and more reliable.
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10%g& ()-11; mmmmwmngaplate member having a first nominal size receivable

by a lithographic apparatus, and a clamp for holding a substrate of a second nominal size,

said second nominal size being smaller than said first nominal size.

5 2. A substrate holder according to claim 1, wherein said clamp is adapted to hold said

substrate of a second nominal size around substantially all of its periphery.

3. A substrate holder according to claim 1 or 2, wherein the unimageable portion of
the second substrate, in use, is a peripheral portion about 3mm wide.

10
4, A substrate holder according to claim 1, 2 or 3, wherein said plate member

comprises a silicon wafer of standard nominal dimensions to which the clamp is attached.

S. A substrate holder according to claim 1, 2, 3 or 4, wherein said plate member is

15  substantially circular in plan and optionally has one or more flats or notches.

6. A substrate holder according to claim 5, wherein said first nominal size is 150mm,

200mm or 300mm or larger and said second nominal size is 100mm or smaller.

20 7. A substrate holder according to any one of the preceding claims, wherein said plate
member has one or more positioning pins located such that when said substrate is abutted
thereagainst, the substrate is located at a predetermined position and/or orientation on said

plate member.

25 8. A substrate holder according to claim 7, for use with a substrate having one
or more flats or notches, wherein said plate member is provided with one or more flats or
notches and said positioning pins are located such that the flat(s) or notch(es) of the
substrate are in a predetermined, preferably corresponding, orientation to the flat(s) or

notch(es) of the plate member.
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9. A substrate holder according to any one of the preceding claims, wherein said
clamp comprises a ring of magnetic material having an inner contour similar to but smaller
than the outer contour of said substrate and a plurality of magnets fixed to said plate

5 member.

10. A substrate holder according to any one of the preceding claims, wherein said plate
member is provided with a fine burl pattern in the region on which said substrate is to be
placed.

10
11. A method of operating a substrate holder according to any one of claims 1 to 10,
said method comprising:
- locating said plate member on a platform;
- placing the substrate on said plate member in correct orientation;

15 - locating said clamp on a chuck;
- lowering said chuck onto said platform so as to correctly locate said clamp over

said substrate to thereby clamp said substrate to said plate member.

12, A method according to claim 11, wherein said lowering step comprises:
20 - locating holes in said chuck with pins on said platform so as to correctly align said

champ, said substrate and said plate member.

13. 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 onto a target portion of the layer of
30 radiation-sensitive material,

characterized in that said step of providing a substrate comprises the sub-steps of:

- clamping said substrate to a plate member having a larger nominal size than said

substrate; and
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