Li't'hogr aphi ¢ Apparatus and Method [0001] This non-provisional application

"~ claims the benefit of and priority to U.S. Provisional Application No.

60/ 860, 214, filed Novenber 21, 2006, the entire contents of which
application is hereby incorporated by reference. FIELD [0002] The present
invention relates to a lithographic apparatus and nethod. BACKGROUND

[ 0003] A lithographic apparatus is a machine that applies a desired pattern
onto a target portion of a substrate. Lithographic apparatus can be used,
for exanple, in the nmanufacture of integrated circuits (I1Cs). In that
circunstance, a patterni ng Litbwdramhic Aypiacitusiagd Vediliodr nat i vely referred to as a
mask or a reticle, my be used to generate a circuit pattern corresponding
to an individual |ayer of the IC, and this pattern can be imged onto a
target porti onl0f@] ghis perpevigemippplisationghimsdirpdennfit efavéprarityde BS) on a
substrate (I@mgmongi@ lléaﬁ&mm/%o)ﬂ& nﬁcthomelaﬂll @@()@rthe%tn%@ghe%& lLpn- sensitive
material (resist) Ip eneral, a single substrate wll contain a network
of adj acentht“é‘ra@fétcatt?Br‘St eEshis inprppratssyby refiigce s si vel y exposed Known

| it hographi c apparatus include so-called steppers, in which each target
portion is%@dl ated by exposing an entire pattern onto the target
portion in and so-called scanners, in which each target portion is
i rradi ated by smanmirbgpréshﬂ ipaitioe Fefutds iy Aliigpigrapieagpeas ind nathgd.ven di rection
(the "scanning"-direction) while synchronously scanning the substrate
parallel or anti-parallel to this direction. [0004] In sone circunstances
it my be BAGKGRIED o ensure that a certain area of resist on, for

exanpl e, an out gpos gqmpo@ragmc ;}Jagatwpmmngma@apw@q Loted SAQY AR £ The outer
region may, for exarrpl be peri pheral region Zi an edge region) of
the subst rdtrest PRSP @RS &élwgwlrl@:mﬂtm@bwew% exafn@k isfenpl e, when

" packagi Ng"matkadtkee Gfmt@gratecfﬂ?ﬂdﬁﬂs'(mg) NhR ciruRQMcE ) patlenifpasvileRRcc@Nvent i onal
to use wires to con é an |C to a hoar wever In recent years t he

st ance. DETTRBHOY BISE! BHee FEHRT BROGRLL: oo etrels SOHIgs s becon
progr essi ve:bxyesﬁmiﬂing E)I‘a,n uaimhualtlay{aaﬂ‘ tHaae ranmmrs@att&ﬁ dah emrtagad@nws&rgm re bondi ng.

A process _whi cg nm .S, .1 Nncr.easin sed to
connect an ploxaortl . cotr)n(gnsn&{g qa"rito one rsev]pralodlesir‘:on a ng%ﬁ':étg { as1 1con walgr)¥hﬁy f1ip-chip

bunpi ng, sdhgeayef @ﬂ‘ra@%mm‘e‘lh@rmmr@la(re)ustb én g;nm/ll mlﬂastlbsﬂrats pébqon‘xtmc al ocati ons
on each | C0Qoak of WhREA £t poltifas SHARILALSVE edpB¥8 R0 AfGHaRded to a board,
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
entire pattern onto the target portion in one go, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through the beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction.
[0004] In some circumstances it may be desirable to ensure that a certain area of
resist on, for example, an outer region of the substrate is readily removable. The outer region
may, for example, be a peripheral region {e.g., an edge region) of the substrate.
[0€05] One such circumstance occurs, for example, when “packaging” an IC (i.e.
mounting onto a board). It has been conventional to use wires to connect an IC to a board.
However, in recent years the distance between locations to which wires are to be bonded has
become progressively smaller, and it has been more difficult to use wire bonding. A process
which is known as flip-chip bumping is increasingly used to connect an IC to a board instead

of using connection wires. In flip-chip bumping, solder (or some other metal) is provided at




for instance by heating the solder such that it nelts and then allowi ng it
to cool again. [0006] The solder (or other netal) nay itself be provided at
specific locations by a |ithographic process. In such a process, the
substrate, which may conprise a plurality of ICs, is provided with a |ayer
of radiation-sensitive material (resist). A lithographic apparatus may be
used to irradiate the resist and the resist subsequently selectively
renoved at the specific locations in which a solder "bunmp" is required
(the person skilled in the art will appreciate that these regions my be

either irr agbeélﬁuegcart@xgs' oRR&h @(‘f oﬂléjsﬂbénjéﬂé aﬁk @Jb@tgater 1?&%?{%& and%g @gla@)gar}f pon
whet her a positive or negative resist Is used t hen undergo an

el ect r opl at fohistarcepy hetaﬁ“géb"'p"l"&‘?ertsl*@ gt preles aﬁl@)thﬁfhfélol’v@g&tm %Oh’eﬂgé;pem fic

| ocations. As wlaohslbnlea@w@@bta&rmtantnmnmmﬁ%sldaifat sRLiSChEARMsaL L ng i nvol ves
an electricgé nectlo to thelgrtlcle onto which netal 'is to be

deposi t ed. Fﬁﬁ??quﬂﬁ LR, Ypuatieirg ity rearrse aplpgly 8f Iy ee area of
t he substra&em@ﬂahmakeqhhekehﬁeﬁ&mﬁmkn&&ﬂﬂ@ﬁﬁhpmJMﬁQMN&RMwu&QQQ@] Wiile it

may be suffic r,ovi d e Lesis ing such an
el ectrical féeodrs]%%é %r%agﬁg tl}e remste ang the reas. !\/ sg.lﬁste%len ljglectnée bgag\c/wea gt the sé)8lﬂ 9 nuous rin 9

of resist fb@émmémbh¢h®¥@EBWQUMHS@h&f@ﬁkﬂmmmegﬂbmmdhaﬂhdlambs@&ate Such an
arrangement thm%seer@?ms%a? b&BE irrddf eld"i’t%koﬁs @rlngxg Ir{alilgt@(ll reg&%n&%%]ndl%g U% Fu rthernore,

a continuous resist free ring around out er strate
al l ows an eVt RSty ‘?Tgle&?ﬁ‘feﬁesﬂsbls B@d)cﬁwgrﬂaé the yﬂdﬁ@? aedlectrenlatigs sthre resi st

free regione aﬁﬂythemmioehe 1813t thPspbAitdbAGondaslwillBapBeciREOME Hi8tksOfF the resi st
free reglon of the . bstr such that the substrate forns the base of

the el ect r opfeaPRHGE B‘é Pﬁes o %ﬁﬁﬁ%‘]ﬂ PHGIagPde P g 2eiklanpP @bick geghis9re that good
el ectrical d¢omnetbronlitaty, thheegrapisting akeneetanesiefrévac? of hbabdeeist free ring
shoul d be c free and not contam nated. To help ensure
this, it nﬁg gggge 1&%§&E%bV|de that a patterned region of the substrate
does not significantly encroach upon or is inmmediately adjacent to the
resi st freeguggia@y (Oor the region which is to be subsequently nmade resist
free). This Is so that, for exanple, a chemcal, a solution, etc. used in
the processing BP0H g 'ﬁ&t“taéf”ﬁ%‘ﬁﬁc&ﬁ‘é&m@fldﬁt hngisybrist Frestreinggesalirgtsitheak ont o

or into themnfeesitisd cdnh&@gor, ﬂg‘laQBb adRiGRecu €@ hAYRE Q&ﬁt:%uﬁr@‘é?ﬁglﬁ%epy t he
formation of or seal_around the patterned region, which is

referred to %?mﬁmPWWd (3§fwgf©@§§FmFF”F§“ﬂ€§ﬁ?ﬁﬁ?&m“PﬁFm§%§HHFé, to provide
a novel appaliadkgbctaccamdichodFirtermofeps whiiGosuaht Beelrin GroGRdlke. oudr

edge of the substrate altows an electroplating bath to be conveniently formed using the resist
free region. For example, an upstanding wall may be provided on the resist free region of the
substrate, such that the substrate forms the base of the electroplating bath.

[0008] In order, for example, to ensure that good electrical connection to the substrate
can be made, the resist free ring should be continuous, resist free and not contaminated. To
help ensure this, it may be useful to provide that a patterned region of the substrate does not
significantly encroach upon or is immediately adjacent to the resist free region (or the region
which is to be subsequently made resist free). This is so that, for example, a chemical, a
solution, etc. used in the processing of the patterned area of the substrate does not leak onto
or into the resist free region. Such leakage may be prevented by the formation of a barrier or
seal around the patterned region, which is referred to as a ring seal.

{0009] It is desirable, for example, to provide a novel apparatus and method for

forming such a ring seal.




1 [0010] According to an aspect of the invention, there is provided a ring
" seal formng apparatus, conprising: a substrate holder arranged to hold a
substrate coated at least in part with resist; and a deep ultraviol et

radi ati on outlet configured to irradiate an area of the resist, relative
novenent between the substrate hol der and the deep ultraviolet radiation
outl et being possible, the novenent being arranged such that, in use of

t he apparatus, the area of resist irradiated by the deep ultraviolet

radi ation outlet is ring-shaped. [0011] According to a further aspect of
the invention, to&Héciwdipgown epdt of thditveapnajrn 6 prosidpber dtzus:] proowg ded with a
ring seal f tus, the ring seal formng apparatus conprising: a
substrate h%F t&ggﬁgﬁgggd to hold a substrate coated at least in part with
resist; and a deépraifheldanararest tohaldia atbiset coered abdead gnifeitgith eadist andi rr adi at e an

area of the resj &dep uidSEEhdlatlol SurRHRBfiuAN & Rk hin ABLLrlRGHE eyl t ravi ol et
radi ation outlet are arranged such that rel ative novenent is possible

bet ween t he‘“%"ﬁﬁ%“c‘}’%‘f’eéﬂH’BF‘H’é‘fat%{ﬁﬁlertaﬁ%‘hﬂ%ﬁéib“liﬁvfoﬂ%W’61“é&°u“er‘Bﬂ?ga’f’*ist?ﬁ outlet in
order to i rtﬁ@ldb\&ﬁlaltaelﬁg sagngeﬁ sicB Sh n ubdof iR b pPatalie, thd 40 oBRAbtirddQRdB] According

toafurthe ntion ere is provided a substrate
provi ded wi gl%{?a‘g)ﬁfr?]m?est(raaéhla?o“t%}équslrf? Ea@‘édlh havi ng been formed by irradiating

a ring of resisttobi Ac¢dnfbn§lub$!kﬂha‘ta@wvl0f the deapory Ihbreaviroli@t a tiddgraphicon. [ 0013]
Accor di ng tagpaaat&stn{,r;&vkh% AP PRES seR Forhiif aloYEL e 0 SRR, d SpRIQVE ded @ et hod

of formng ari seal on str coat ed ast part with resist,
t he nmet hod C@@ﬁmﬂgm ng irradiating a ring of resist on the substrate with

deep ul traviol e} sunaame%mmmr[g@&%hdé@@%@ycege&a@leést anfahkmﬁ r&Ppat of the
invention, there is Erow ded a | |thorgra phic nethod conprising formng a

ring seal on a %9f5RYpatet sdistignpulet cptigeed tp iragigieran giep pf fhegesisst py

i rradiati ng a rwhgeidhe §Lﬂ5&fa&thoﬂé’t ahch'lﬂie &ddp&trﬁﬁ&a raMakibn cﬂﬂ&@rdhhﬁﬁg@dll ol et

radi ati on. F SCRI PTI of the

i nvention W ‘fhl S IEP%BB TYESET ‘Sﬁ’gﬁlb bﬁtw\ﬁﬁv S&%%ﬁ%%‘”’é]m‘gﬁbé}‘“‘p ‘”t"??‘?ef erence to
t he accorrpaaryatmgoxskehemmnto:uﬂmatwnn%ofrﬂlsmfm tleoeing @apondi ng reference
Synbo' s indi cat ﬁ(} EAC(%%?I%}QE g%éjgttﬁ ’oftgplgvel onV\@lerc 15 prc[v]g(p%6lubg:tzlﬂagur e | depicts

a |ithographi c apparatus accor I'nvention;
provided with a ring seal, the ring seal having becn formed by 1rrad1atmg a ring of resist on

the substrate with deep ultraviolet radiation.

[0013] According to a further aspect of the invention, there is provided a method of
forming a ring seal on a substrate coated at least in part with resist, the method comprising
irradiating a ring of resist on the substrate with deep ultraviolet radiation,

{0014] According to a further aspect of the invention, there is provided a lithographic
method comprising forming a ring seal on a substrate coated at least in part with resist by

irradiating a ring of resist on the substrate with deep ultraviolet radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, and in which:

[0016] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[6017] Figures 2a to 2c depict a substrate, and a ring scal forming apparatus

according to an embodiment of the present invention,




[0017] Figures 2a to 2c depict a substrate, and a ring seal formng

appar atus according to an enbodi nent of the present invention; | 3 [0018]
Figures 3a to 3c depict operating principles of enbodi ments of the present
invention; and [0019] Figures 4a and 4b are flowcharts depicting processes
according to enbodinments of the present invention that nmay be undertaken
to forma ring seal. DETAILED DESCRI PTI ON [ 0020] Figure 1 schematically
depicts a lithographi c apparatus according to a particular enbodi nent of
the invention. The apparatus conprises: [0021) - an illum nation system

(i1'lum nator) Il@GiS?F%QI@QBattb 0NdeBic AT Briip 1 ds BEL o liBRnts §@hpreskfy Fadi ation or
DUV radi ation); [002 - a support structure (e.g. a nmask table) Ml to
support a pRIFEn"g device (e.g. a nmask) MA and connected to first

posi ti oni ng devjoo®] PMuko1:a68 w at ﬂ&vb&h@@ﬂéﬁdtiﬁ%ﬁ)r&f&%cs d@&ﬁrﬂi@tﬂ} ng de\t/): C)e Wi th
respect to itemPL: [0023] - a _supstrate table .g..a er table) W&
confi gur ed etmtgo‘ﬁ%f“&d Og[mseﬁﬁa%%“F ‘ﬁi'e@“‘(“etg may eufléewfocfgﬁ‘?aeré‘lg\ﬁémﬁer) W and
connected to second positioning device PWto accurately position the
substrate v 8§SBeSErbOo €M PL; [00241 - a projection system(e.g. a
refractiveb‘r‘o—e‘a—ﬁn—r—e‘rrgﬁj I PL configured to inage a pattern inparted to
the radi ati on b@8i PRulsy spamatesaliy dapjctelelitheuaphifappatatys accerding®ta portion C

(e.g. conpry.gidle AB&RL IRkEnRhD) TREpRARS sihstsate W and 10025] - an
ultraviolet outlet (UVS) configured to irradiate selected parts of the

resist wth whiftH! ¢ prellepipaiop s emilpgingeriiled condiien shegmiPPiof maedonof whi ch

w || be desgegitbeddinibnPpev rdpkial)] bel ow. [0026] As here depicted, the
apparatus is of ransm ssive type (e.qg. enploying a transm ssive nask).
Al ternatively, [toﬁléE ébﬁ‘&?oﬁsﬁgmﬁﬁif'gb%m%*? taﬁ“’«ﬂé? [eiebofé PeyFHEnE Vit (“&npl oyi ng a
pr ogr amablagnasi) M argircp@gctalf to frst popidortig; de@feM dcdunatedbviadn thd 0027] The term

"patternin vj ce'. rei. ould be broadly interpreted as referring
to a devi cgjaét?tﬁné’!tlg%‘é‘ﬁyﬁ%qﬁggcé%t%m%art a radiation beamwith a pattern in
its cross- sectP$d] sushstak bl (cg eatabr ablpa¥ T emfigiral tahdlds gbttrapde.t.iaon of t he

substrate. ;s &hRuhAAY DRLERALNAS secdnl osRBhihEER cE FRAL LREEQ bR, M adi ation
beam may not exactly correspond to the desired pattern
the substrate with respect to item PL;

[0024] - a projection system (e.g. a refractive projection lens) PL configured to image
a pattern imparted to the radiation beam PB by patterning device MA onto a target portion C
(e.g. comprising one or more dies) of the subsirate W; and

[0025] - an ultraviolet outlet (UVS) configured to irradiate selected parts of the resist
with which the substrate W is coated, the significance of which will be described in more
detail below.

[0026] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above).

[0027} The term “patterning device” used herein should be broadly interpreted as
referring to a device that can be used to impart a radiation beam with a pattern in its cross-
section such as to create a pattern in a target portion of the substrate. It should be noted that
the pattern imparted to the radiation beam may not exactly correspond to the desired pattern
in the target portion of the substrate. Generally, the pattern imparted to the radiation beam
will correspond to a particular functional layer in a device being created in the target portion,

such as an integrated circuit.




in'the target portion of the substrate. Cenerally, the pattern inparted to

" the radiation beam will correspond to a particular functional |ayer in a

device being created in the target portion, such as an integrated circuit.
4 [0028] A patterning device may be transm ssive or reflective. Exanples of
patterning device include masks, progranmable mrror arrays, and
programmabl e LCD panels. Masks are well known in |ithography, and include
mask types such as binary, alternating phase-shift, and attenuated
phase-shift, as well as various hybrid mask types. An exanple of a
progranmmabl e m 0028 Agrarayingdqyicoysy & trmadridsixe arreifagren®ampes ofpaetdingm rror s,
each of whigh 1.ndi Vi Y ta.r ect i hcom ng

radi ation béeéglﬁ? iﬁ%{hé?lﬁ%?%%%{éﬂ?@%c%?%ﬁg;)%’dalnﬁgrfj %lgnsm%%?lﬁéeﬂ? pang llél'ee}\/?argkesf | ect ed beam
i s patt er nexk w§li0no9] infifezwspiiypasd inchile mask trpes shrablagbinarhaligadtinephaergifidevi ce. |t

hol ds the pakLEHhRKIAPhasElSMH GE whidasRaMRY ARPRAEING: A1 fABiQrLentation of the
patterni ng device design of the 'lithographic apparatus, and ot her

the . . .
condi t i ons, PreTRTHNAS THET AERATRIIYS WA aFanEImepof spqilanimpratepdol high devi ce i s .
hel d in a vasuRAGNLILY ORIAREALS to Tdiect SARRRIE r&fdfiod SRmITE SilfraBh GRdctions] anpi ng,

vacuum or .other cl anpi chni ques, for exanple electrostatic clanping
under vacub lscr%%r’tt%ﬁ@e.%tesrﬁ%a"’s‘ﬂ ‘&Pt structure may be a frame or a table,

for exanpl e, whj0619] maysupiet sftrico@ehdds tiepuiahlie dasicd. Bqulids @epandinphi ch may
ensure that,the rnjn vice. |.S a_desired position, for exanple
with res pecdteglf eomfg ﬁ’té} %ﬁp o8 tolgglr? Orslilnéatn%nrﬁ%tﬂ}&ﬁf/ﬁeﬁns“ég {%}’met’ ﬁ%%fségrnr?gme "reticle" or
"mask" her ditlpgraplyc dpparefon siddeirce chndifierorvyrs 1 wiatmpletiietheror eot eneral term

"patterni ngbaﬁ'@n‘ﬁh%;cﬁ;ice & hetl ngagluu%r}ﬁv:f"o%éﬂt'iﬂé &bﬁﬁ@daQ&e%)é%ﬁ@ll used herein

shoul d be broadly interpreted as enconpassing various types of projection

system i nclAnpinggasuemy theydarping techniquss §¢r s¥pmple elegirsiatie ¢lympingpmiiecal syst ens,

and cat adi cpédinGofiohe The SYSIQFBoturéSay R RHORE brattgbld, e e)@&%mlﬁchfnﬁgf t he

exposure radiatjon b 'ng use or .for other factors s as the use of an
e et Bl

, . Cr
i mer sion f [raEreg AR AR UAMP %@“W‘%H%‘"ﬂeésrafﬁ "projection
| ens™ her eidasif@yoshien, C@rsinthds €icth rapect S\RQRYRDLSsybrh. Aoy he: dfeeengeneral term

"pr OJ ecti On‘re§i¥I§’t(§'mr;1'sk{’ 9 Qéljf Jna Tl;]eec:oéslic{erlilac%yggg | 31 v%%%ﬁeengrgn %ﬁer%l & Enconmpass
various types of opfl ca coyrrponen S, ‘including re ractrve. reflective, and
cat adi opt r i“eatepmingdedicctonponent s for directing, shaping, or controlling the

beam of radi ati [86k0; @Meﬁ#‘ﬁkbj&%ﬂwﬂ&m&d%}ém%&& bb,%roadly interpreted as

encompassing various types of projection system, including refractive optical systems,
reflective optical systems, and catadioptric optical systeins, as appropriate for example for the
exposure radiation being used, or for other factors such as the use of an immersion fluid or
the use of a vacuum. Any use of the term “projection lens™ herein may be considered as
synonymous with the more general term “projection system”.

[0031] The illumination system may also encompass various types of optical
components, including refractive, reflective, and catadioptric optical components for
directing, shaping, or controlling the beam of radiation, and such components may also be
referred to below, collectively or singularly, as a “lens”.

{0032] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (anid/or two or more support structures). In such “multiple stage” machines
the additional tables and/or support structures may be used in parallel, or preparatory steps
may be carried out on one or more tables and/or support structures while one or more other

tables and/or support structures are being used for exposure.




referred to below, collectively or singularly, as a "lens". [0032] The -

| it hographi c apparatus may be of a type having two (dual stage) or nore
substrate tables (and/or two or nore support structures). In such "nultiple
stage"” machines the additional tables and/or support structures may be
used in parallel, or preparatory steps nay be carried out on one or nore

t abl es and/ or support structures while one or nore other tables and/or
support structures are being used for exposure. 5 [0033] The lithographic
apparatus may also be of a type wherein the substrate is imrersed in a

l'iquid having ajobss ahd edoyaphic Sfpafafl MAFAI0E of NARXVheRindhe WBBE ;s SO as to fill
a space between the final elenent of the projection system and the

substrat e. TYRFETIET B HIYY Rireia relaiyely %{gl’sfﬁfwfﬁé"ed‘ffﬁ‘ i*&d" 1Y Vthrilisates in the
lithogr aphnewapxptaer ﬁ{aUﬂemeﬁlﬁfftlﬁ)fﬂdﬁhh@L syhet Mﬁeﬁsﬁﬁa@tmlkers@nnhutdb&a)f |k rst

el ement of on rsion t es are well known in
the art for SO%C norea mdet ther Slﬁicgs 1ﬁgﬁlﬂltlh3gﬁp KPR eor(g‘f‘ amgjllfoﬁeet‘é“felngﬁ kst ens.

[ 0034] The qnﬂ thaﬁrsntattn@nt dfthe pegeaiionesstan. bmamlmftedhmdﬁeaane@miknmmtha adi ation
source SO :ﬁ_@g Qﬂg; paratus nmay be separate
entities, fag;lf&g&cge%ﬁqggﬁ? “&aﬂ%ehg%ur cé H&H Sr@%xm mer |aser. In such cases,
the source is ni@P34¢Shesiiiereinaer IE eeceivns mbiﬁa?rctfméfatl‘ﬂf@mqlla@lﬁ@g sedsiSe- appar at us

and the raditdtduR@ RO hPRAS 858l A ﬁeh%aﬁgleﬁtﬁ@s RPeckfhpi\eheh b um nator 1L
with the aid of a beam delivery systemB rising for exarrpl e suitable

directing SAPTOFC*IREDBE & SB@’aﬁ‘?’r?eéﬂi?éﬁ‘H%"r‘S ng ?P“Bf‘eﬁ%irm frgayt ol source may be
i ntegral pattog@phid ipgarataqmaﬂatraasmmf 1Rkm eXpassgl fﬁym\M‘i@aurTF:]JE’lm &)Qhkf] lga‘i:l]lhﬁ%ra mercury

| anp. The ur S t t or et her. w t he beam

ol Tvery syLraanef el ety SR M3t Hopms oL GHFRC TSRS, Pon Syt em

[ 0035] The nilrbrpidfivat baamlekpanﬁqr Ig othprerssethadjushaytg immpa pardtieor adj usting t he

angul ar. | ntgpshiyioflhshil SRk | DReREAT, GRORLAL W unfl| cast Lhe outer

and/ or inner radi al connon to as -outer and a-i nner,
respecti veIIWm‘wﬂffIhé’gFth‘tTéWé|ﬂle9aeand¢°§t’f’rf¥ fysferh BH iff rpquigech oy be pferprtoof  t he
i11um nat or, isBob§sgd] usted. In addition, the illumnator IL generally

conpri ses varioys other conponents, such as an integrator IN and a
condenser O HR8Y {re iypmpaser O My epmpRs e diusippmennt i dgeimtst radi ati on PB,
havi ng a deﬁguliﬁdltddﬁlyfdﬂt‘riﬁmﬁoyi of @B BeainNG@BSEIY, Yt 1€kt Sherduldbiind@Pinhé} ridia$

cross-section 003 adi atjon beamPB is | dent on the patter ni ng
device (e.g" n'éc’[(’ © EWF O CTOR R B § K T eﬁ%“é"ﬁ%g?ﬁi]i‘e EPHEt ure MI. Havi ng
traversed tdhmbptamnrear Impmglalmbe:\f ihe éllubviyatot £v@ be adjusted. In addition, the illuminator IL

generally comprises various other componeants, such as an integrator IN and a condenser CO.
The illuminator provides a conditioned beam of radiation PB, having a desired uniformity
and intensity distribution in its cross-section.

[0036] The radiation beam PB is incident on the patterning device (e.g. mask) MA,
which is held on the support structure MT. Having traversed the patterning device MA, the
beam PB passes through the projection system PL, which focuses the beam onto a target
portion C of the substrate W. With the aid of the second positioning device PW and position
sensor [F (e.g. an interferometric device), the substrate table WT can be moved accurately,
€.g. s as to position different target portions C in the path of the beam PB. Similarly, the first
positioning device PM and another position sensor (which is not explicitly depicted in Figure
1) can be used to accurately position the patterning device MA with respect to the path of the
beam PB, e.g. after mechanical retrieval from a mask library, or during a scan. In general,
movement of the object tables MT and WT will be realized with the aid of a long-stroke

module (coarse positioning) and a short-stroke module (fine positioning), which form part of




be‘a‘m PB passes through the projection system PL, which focuses the beam

" onto a target portion C of the substrate W Wth the aid of the second

positioning device PWand position sensor |IF (e.g. an interferonetric
device), the substrate table WI' can be noved accurately, e.g. so as to
position different target portions Cin the path of the beamPB. Simlarly,
the first positioning device PMand another position sensor (which is not
explicitly depicted in Figure 1) can be used to accurately position the
patterning device MA with respect to the path of the beamPB, e.g. after
mechani cal thepesitewiag defv'rce)HMandImwkHMebﬂanymcaae oﬂiufdpﬁhg(aaoﬁmadﬁ.tod n general,

novenment of j.ec nd W b th the aid of a
| ong st rOkeSCtmt}slaﬁ]Q s@p %rt %l[jugtére%gév:r I gﬁ:?nﬁie téﬁ‘toashog fictu For Olk% ormeaful e (fl ne

posi ti oni nghe ﬁ%lPetFFnﬁdeIth\ apyd subgrate Wsémpdmabgr@mumg pdesyiingdeM and PW

However , Inaﬁgﬁﬁm@mmﬁ @2%@9&@5t641@§napm9§m PP a scanner) the support
structure Mr mai@?’e connected to a short stroke actuator only, or may be

fixed. Patterni H&FF&@‘W*’@IWEF%GWF@E‘@twfﬁwlt‘@fﬁf?@gﬂ@desum ng patterning

device alignnepgosspar ks Msicp Md2 e suppthSiriait-ena dh @ISt rBEHSWP e P2. [0037]
%e used in the foll ow ng preferred nodes: [0038]

The depicted g%Pa[aﬁt us. can

1. In step HBHE TS SIBHSY ‘lﬁf“i‘i?&fcl?fitgnwpﬁﬁﬂfotth%b"’%‘ﬂlggtmr%?l‘émfj&ﬂf’e WI are
kept essent51a}gbl}poﬁibﬁt:lni)dﬁﬂrgy(leV\ahdlrJg&sﬁﬁl:eﬁmshkﬁTp@sﬁlbs@ﬁlﬂtdbmﬁﬁﬁntO t he beam
PB is projegt t ingle static
exposure). The sugs)??%t OrtYaJ (ﬁlonsﬁtaata ‘?fﬁrgﬁtar%ehﬁri‘g‘g: éaﬂb‘f?ﬁgosﬁfén%lpor Y

di recti on swodehiht maidih $leerce§me exmmrgeficldornitsitenizCotbrralge pexipoS échged n st ep
nmode, the nﬁysmmt%cz&pog{mt he exposure field limts the size of the target

portion Cimaged in a single static exposure. [0039] 2. In scan node, the
support struct uf¥3NE. andnsee medh e pupet tagire MARDE the subsieamatdd W yrschr onousl y

whi | e a pat gcgfned 4yﬂmrn5@@ meabﬁmmﬁﬁaﬁ%em bRInPPIE G hRGL-RMLR. Aadg@r g€t portion
C(i.e. asin V%nam c exposure). The velocity and direction of the

subst rat e tBH °@C< a sigple fyngmicepoplg- Té’ﬁﬁi-l?ﬁ“? ar&#fﬁ%@ﬁ?@hwbaﬁgte&e&eer mi ned by
t he (de-) rT‘B[g'I’ﬂetl:ftivG&ttherlﬂpp&ﬁdmlcﬁﬁg[ﬁT 1srdemaﬁ:&aby mba:rca(ﬁtagﬁlﬁ@tmnﬁaad fdagd he

prolectlons imum si.ze of t posure field
limts the cdstaﬁChfraclrerishcs 0?1%?1‘” g%r‘lnﬁlsyrsltgem |er&§(5: A ERYS % n}aﬁmu’tnei’rzﬁ%fﬁ%portl onin a

singl e dynapdseredixld bails be wvdltte(rtre:a@lotlh@nﬂu@xgrtemoo)fofttﬂeeargmacmmnnga smdfld on
deter i nes §Agn0ElON khdead 1 1086 BN Dnflk REEH! BBk ﬂIefﬂaEt ahggt portion.

[0040] 3. In another he Support ucture essentially
stationary %W&Bﬁ@ecﬂ”@?ffﬁ?%ﬁﬁﬁ@lﬁﬁ@ﬂ patterning devi ce and the substrate

table WI' is novedspn. In another mode, the support structure MT is kept essentially

stationary holding a programmable patterning device, and the substrate table WT is moved or
scanned while a patiern imparted to the beam PB is projected onto a target portion C. In this
mode, generaily a pulsed radiation source is employed and the programmable patterning
device is updated as required after cach movement of the substrate table WT or in between
successive radiation pulses during a scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning device, such as a programmmable
mirror array of a type as referred to above.

[0041] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed.

[0042] The lithographic apparatus described above may be used to form solder bumps
in flip-chip bumping. The patterning device MA would be provided with a pattern which
comprises the desired solder bumps. This pattern is imaged onto a thick layer of resist (i.e.

thicker than a layer of resist used in conventional lithography) which is provided on the




scanned while a pattern inparted to the beam PB is projected onto a target
portion C. In this node, generally a pulsed radiation source is enployed
and the progranmabl e patterning device is updated as required after each
novenent of the substrate table WI or in between successive radiation

pul ses during a scan. This node of operation can be readily applied to
maskl ess |ithography that utilizes programabl e patterning device, such as
a programmable mrror array of a type as referred to above. [0041]

Conbi nati ons and/or variations on the above described nodes of use or
entirely dishfisestewt Tieaekess is @Gen H&@leﬁ)&n@ﬂr&ﬁssaﬁu@mt ey @cbs alcQQha] at fHae

I|thograph|c aratu escribed a us d to formsolder bunps in
flip-chip buﬁ%@g Eereﬁ?ﬁiegbuﬂp ef ﬁfcﬁlﬁmggs\?ﬁ?:rés ‘u‘rp P B TR W th a

pat t er n whiresst. Teompst lsshaea r¢nipered] esthat dat s@der biedps bmnsps:pwa?hs Somp@ttern i s i maged
onto a thi qJF duB Jurf?éeoﬁ@@!:%ra(e" . thicker than a | ayer of resist used in

conventi ona I|t ogr aphy Ich is provided on the 7 substrate W The
resist is then @Wéﬁ@eé’@lgh/ntﬂWﬁ?%@m@@@d%@hfe@has hera@cwsgbgragh eillf or ned at t he

| ocati ons whgiiea §BhARmPUIRS c«aﬁtgnsrrﬁl%ywp%tesseiqmgr(fok ScalnPe B @&?@t roplated in
t he recesseg)fl n the resist. The resist is then renoved, so that the sol der

bunps prol upwards fromthe uppernost surface of the substrate. [0043]

Accordingly, i t[GMM] hs iguapPive e, AledsotdBidthes B@tis@ﬂ'uﬁt@%ﬁa%nhﬁ a%leﬂﬂecf-r@glonSUbSt rate’
rate that al ntains nu rocessed | ayers

will incluyde a t eady C

(for exam#e%sgnf?SaﬁﬁY giroathee. uP‘fTﬁﬁEﬁTg %E' ‘g?t%l%ifjé?%‘ﬁ toéfﬁeo&‘é“f FYCHER soneti nes
be useful to tlprrmmhua ipabt ebseawkntlyegdde resistifile€Nin Stdginto hehian thisya @acr oachi ng
upon or bel NIE; t to the resist free region (or the
regi on whi ¢ fng to e su s%gﬁrg%t 'y made resist free). In order to achieve
this, a ring deFl Fiaye brillfistratretbe Wiaviokeeowlef3B{S intratetid to[tBC45s}ratt-Wgur e 2a

i 11 ust rat esoddagyitd lpbdid¥ kis@l. TR Sto1ddYoRed [ﬁ\/gl?!:cﬁlkéc%ﬁ b; QOr eﬁﬁnp?élﬁ)ét rate W

coated with posit | ve resist R The ultraviolet out WS 'I's connected by,
for exanpl EPUCAHIbergyf mirEgr agqngeRent fo ag vlipyiples Fo%eﬁafﬁ@éfﬁémem“tr%ﬁwéﬁ“ Hktravi ol et
sour ce Confuagiing of 30 @i (Le. a@ﬂ uBkvyiag (B@Vﬁadﬂﬁ@l‘ﬂeﬂheﬁﬂkg b&Qhg Bplcdam (i . e. deep
ul travi ol et IR%J\Q av@c\%@u X t Qe sour ¢ bei n % di 3{[) aced fr om t he
ul travi ol et™GFEs HE AT Sie e TR Adema e e Atrayialel et VSl ¢ r avi ol et
out | et UVS mayraythbtétrztvh:w BdutqeawlfOTI@tresB;Olesﬁel like 3@1sf, whitlh@edn@GhtGtcaltbd S an i -11ne
resist, &Em%%ﬂﬁ'mfl%?f%%%ﬁth? Fcﬁatloip%tgt £5 nmﬂ?at? 1%611) ft car Ie%‘éeln IPrgml t wthi-line
radi ation i : be” seen
1gure 2a that the resist R has already been patterned, for example by irradiating the resist
through a patterned mask or reticle (not shown in Figure 2a).

[0046] Figure 2a illustrates irradiated parts of the resist 1. It can be seen that these
irradiated parts 1 are separated from one another, and extend across the resist R. As is known
in the art, there are three basic elements in the resist R: resin (Novolak), sensitizer
(photoactive compound (PAC): Diazonaphthoquinone (DNQY), and solvent. Upon exposure
to UV radiation the DNQ molecule excites, and in the presence of water releases nitrogen gas
producing a compound known as indene carboxylic acid (ICA). ICA is a polar molecule,
which is therefore extremely soluble in basic aqua solutions such as metal ion free (MIF)
developer and metal ion bearing (MIB) developer. The solubility of Novolak resin is
dramatically enhanced by the presence of ICA. Thus, parts ! of the resin R exposed to i-line
UV radiation are, normally, readily removable using appropriate developer.

[0047] A resist free region 2 is provided on the outer edge of the substrate W, so that

electrical connection to the substrate W can be easily made.




. Figure 2a that the resist R has already been patterned, for exanple by
"itrradiating the resist through a patterned nask or reticle (not shown in
Figure 2a). [0046] Figure 2a illustrates irradiated parts of the resist 1.
It can be seen that these irradiated parts 1 are separated from one

anot her, and extend across the resist R As is known in the art, there are
three basic elenents in the resist R resin (Novol ak), sensitizer

(phot oacti ve compound (PAC): D azonapht hoqui none (DNQ) ), and sol vent. Upon
exposure to UV radiation the DNQ nol ecul e excites, and in the presence of
wat er rel eases rP4bigerc, gasltragiolatdmttdtnfgsa ;meﬁqaemftdnkﬂawareastmﬂdﬁ@e

carboxylic tgﬂté\k’%}e ultla%e{ outtd Ut‘v%l s be Flos%oned rélatwwn) pa a]fpropngther efore

extrenely sol uble 1 n basic aqua solu h™as ™ e |on°f’arrte°5(MF)
devel oper afft rerst by me\r\najé%ﬂﬂirﬂgﬂe(t MfB)U‘éFeveh@pmrthe sWbrgate O, obidvirigpotdf Novol ak

resinis dmmtaheedduxetmame@ismm%ehﬁ presence of I CA. Thus, parts | of
the resin R exposed toi-line WV radiation are, normally, readlly

renovabl e usi ng W8k BT Ht wovcARersisaks offimawi| R heiraigpdiztedryiddPegi on 2 i s

provi ded onrddhgoroulie reagr: L@tf‘avfoh:eo@lbkwg Al Dsech @hal JH@-&Itrm@Jl&Gﬁtfc! cal
connecti on t.he ubstrat W can <§' easi I%\?rrade [0048] In use, the

ul travi ol et Vo0t R B§ 7Y oHadh it éenteépot‘-‘%’éof%l St refRtigh t he
substrat e WrheThigavislet paei GOV £ilsodtidiaeds pWSfﬂiB.yas;aER @asuntﬂn@megreme&sgil ve to an

t utraV| tlet WS, or
?rg\elr (rjlgrltﬁees u@a{e? Cgr? e t\I/Va%lannSOf%e remsgﬁ/wﬁﬁ% ﬁgvﬁ?(ﬁh \ARoI N 6?5 It°e¥mUVS and the

substrat e Whif Bpagfs ﬁogmeezeﬂﬂﬁyghﬁgmdan amotgerotiedgrecesks, tie-linkisg. She R bei ng
irradiated yéA R aRWis RaGH Rk msemlmtﬁmvegmt&%e%je A e Pacou! let WVS. It

can be seen that the ultraviol et out i rradi ates n area of the
resist | whPHne&dl aliofergipndsath thedosecprpeurt (48 penleayizgtigpatdsonll  The

ul travi ol et aRdiidce). TAORIyMBRd idyEaa @Ee&bwm avelbite ol I\@ﬁ“'d@\telo?e surroundi ng
t he prewoug rralatlon of the resist Rwith the DU

I irr
radi ation caur>sf'8 gy %59%-‘(“‘%12%333%% fifesenpiieed ' dy&tdisor-s a pol yneri zed I ayer,
fornmed by, amn@E)BO]dEhhm’dlapdSrOffeﬁsseﬁtheed‘s@lﬂ“e‘b}lthd’lkirzﬂfgﬂetEﬁhﬁt UVGhayid t he resist R

will form d%d/ngLtﬂoweQﬁhapo\éfg ak sga[k?(r:t uorste@(%omcmbfa(au%1 ﬂ‘r:‘g%fﬁrA pol ymer

will also f rm onds wth et Ut 4tion
process wi | radiptiphef appeppedte ardah ef thoksatBhy thedltlaylerouBet Uy Spattangotheibl € in M B

devel o per O&TroMiiEki C%@FHGI‘IZCE Hg 5 I} %&TBEoethnU& tIR:QilleYrHﬁ %tlal‘ﬁﬁglg 0} tﬁé, J ist 3 is

desensitized to radi afi on. 50 The radiation o as o the resist R
by the ul trviol et outlet WS may be preceded and/or followed by a post

exposure bake. [0PQFigueXRABIH:sEheRakeErR WRAET HadkRRIREILSK. 1t S be seen that
the development process has removed the majority of the areas 1 which were irradiated with
i-line UV radiation. Due to the development of the resist R, it can be seen that the irradiated
areas of resist 1 shown in Figures 2a and 2b are no longer present, and are instead replaced
by gaps or indentations 4 in the resist R. Although the majority of the i-line UV irradiated
areas of resist 1 have been removed by the development process, it can be seen that one area
of i-line irradiated resist 1 remains. The area of i-line irradiated resist 1 which remains is
located beneath the polymerized layer 3. Since the polymerized layer 3 is insoluble in
developer, it has prevented the region exposed to i-line radiation 1 from being developed.
Therefore, by exposing the outer region of the resist R to DUV radiation using the ultraviolet
outlet UVS, a non-patterned region is formed between the resist free region 2 and the
patterned regions 4 of the resist R. The polymerized layer 3 thus ensures that pattemed
regions of the substrate W do not significantly encroach upon or are immediately adjacent to

the resist free region 2. This means that, for example, a chemical, a solution, etc. used in the




irradiation of appropriate areas of the resist R by the ultraviolet outlet
WS enhances the cross-linking of the polynerized | ayer 3, and al so
enhances the thermal stability of the resist R [0051] Figure 2c shows the
resist Rwhen it has been developed. It can be seen that the devel opnent
process has renoved the majority of the areas 1 which were irradiated with
i-line W radiation. Due to the devel opnent of the resist R it can be seen
that the irradiated areas of resist 1 shown in Figures 2a and 2b are no

| onger present, and are instead replaced by gaps or indentations 4 in the

resi st R. Abodresitgldf ﬁlhﬁatﬂéﬂlja&iréatoy tHkubk i@ Wbds A6 1ddY irded &3 AeGLlist Bl€as of
resi st ha\{aem?e[lpl r eno veqj Bif? éje vel opnent process, it can be seen that
f°& BPYPRGTAEET PEEPEOS  $#ni ns.

one area ine The area of i-line
irradiated r eS| $1053] AMmmhnnb@prav;mslyJ iis ddsma:ttedlsheﬂﬁedéaalkhaldpﬁbﬁfﬂeri zed | ayer

3. Since t h gﬁ(&;‘%f'r&%dbs A thaf the seaﬁ is 1 dliga]:[lalp OcﬂFlfu ev3e B0 £% ‘5 ity 2

prevent ed t gion exposed toi1-l1Tne ra W&atﬁevel oped.
Ther ef or e, W%%ﬁdﬁ%ﬁ@llﬂhﬁebedmﬂ region of the resist Rto DUV radiation

using the ul traw0§j]@{igure@la]tls anu\é%ofﬂw OR0ERAH LELASHR": ggh?q"hflﬁrsemg rIE:eI:TEd bet ween

the resist free region 2 patterned regions ist R The
pol yner i zedreﬁ‘&%/%‘fa“ ef¢ﬁh‘§‘teé?f§%l‘?r@§dtthﬁaﬁﬂpbm’ plehqrabstraie 8 iPentss f G retShteI subst rate W

do not si gniabd aikdxpyse€RGNAA0N rddRQbh, A de@fiSedlHIVEdL @fg@:le)fa adhageR, .0 the
resist free I"ﬁqﬁl on neans t or exanple, a chemcal, a solution,

the 1016@0%‘96&§glﬁ¥]@0v&radﬂaﬁ§wﬁl& P&t REge caqn@éoque splpfpate Wbst rate W

etc. used in
does not | ek uitaticetantlo VS ridgaiss @lighatildeR: mdvegir®md he i@ opmé ynmerized |ayer

3 therefore revi qu is desirable
to ensure tsﬁ'gsgr Etg‘/g(g;%ﬁ%{?%gé B s %L’ 6 tra‘aoqq Oﬁdewggfnp%l@?‘if l%imtvﬁlé BStrate W

i.e. that t 1@ oreift Rimaybie ngdlshéwéldDUFufgunesT&ahltlalesmf|hls|at¢3)tr rlagxeay how such a
ring seal mRY.oReIdd %&@ﬁqopn[algga%g‘il Erlgvleglgt{tgf Bulleicy B llt%tnljﬁg 9l 41e substrate W

coated with resist he resist free region can be ‘se&n eXtendl ng
around t he PEHMBrEIY: theplvavielgiasile BV8 'WalPa?Sf@e it thidtrgvicdgt satlel have been

exposed to uvd &ﬂ@nﬁ\éabl&dioaﬁd t@d‘bent@r%fﬁ@%&lraw (ﬁfh&l\égit nla?bf ngHLe 3a, i E Cfant Ee
W t respec (0] e

seen t hat ”ﬁedu”tlfﬁ %gutl L{E/ may nove radial

center of tHe SUBS: Pt B suostrls [kt ré?(?F‘B‘F @tbr‘B%u‘t‘“lffErf’ntWS; Hayisdl so or

al ternati véileyve@ehmw@leammdvshﬂueeuusmewaHehﬂastraumﬁarya;w)st(uy e. in a
ring). Singg nove . i an are or
ring of resi Sth%ﬁathaBlE g%do?drefgh u}lo b I{Oﬂn%t PR AY i €5ﬁes 21‘}5£Ia¥ﬁl‘r8kness of
this arc ore¢ Fliowgthﬁ@ﬁer eosyro ntinaohd mobedsss cAPigwopinioal apalginadzedmngenent of t he
ul travi ol etshQk bRt 3 WYsPmed. As GLO4H-8 ak%bs, it can be seen that this ring-shaped

polymerized layer 3 is not patterned. Furthermore, it is insoluble in developer and
desensitized to UV radiation. The polymerized ring-shaped layer 3 is a ring seal.

[0054] The polymerized layer 3 formed by the apparatuses and methods described
above may be any desired thickness, so long as it is thick enough to prevent the resist
underneath the polymerized layer 3 from being developed. A typical layer of resist R may be
5 pm to 200 pm thick. In comparison, the polymerized layer 3 may be, for example 200 nm
to 2 pum thick. The thicker the polymerized layer 3, the stronger it is. A thicker polymerized
layer 3 is also more robust to developer, for example. However, the thicker the polymerized
layer 3, the more difficult it is to remove it (which may be necessary in later processing
steps). The polymerized layer 3 may be so thick that it is not possible, or is at least very
difficult, to remove it using a chemical. It may well be that the polymerized layer 3 can only

be removed using a plasma. A thinner polymerized layer 3 may be easily removed using an
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radi al novenment of the ultraviolet outlet WS is agai n possible, but the

" ultraviolet outlet WS is not noveabl e around the center of the substrate W

(although it may be in an enbodinment). Instead, the substrate is itself
rotatable to bring different areas of resist R between the ultraviolet
outlet WS and the substrate W The substrate Wmay be rotated by the
substrate table or holder which holds it in position (not shown in Figures
2 or 3). Figure 3c shows that after exposure using the processes of
Figures 3a or 3B, a polynerized ring- shaped layer 3 is forned. As

descri bed al®uweriatt theimal. Hm@nes&mhhlpalpmérhbcslajf& ng-nshapede apohyienisged | ayer 3
| s not patter neﬁj Fblérrr;[ resusc I%I lt)em ssolvegm(gv?ol n devel oper and

desensiti zed1 Fadl at “the ﬁéjf neri zed rpeng shaped layer 3 is a ring
seal . [00541 ThéDOB%lane e@lrrfpt;rqfredmbbys ctflﬁcernaippanaieuisze@pl]ctequlFygmrdiazled y and

met hods desgri Sy as it is

t hi ck enougﬁalhtbg?eg? %@g%esut éelte lrgg‘lés?g%pagéﬁ %geﬁ%g%?ﬂgalﬁﬂjeﬁ% tﬁerrsédrjs?rgtgci | ayer 3 from
bei ng devel epted Witng-{igph-dind. i-lingype progibandeite resiR ”H’ﬁyeSb‘éls fh5n patteedXy0 gm t hi ck.

I n conpari S%osu{ghﬁ'e rQs%lt %réarnlezhe[%e iBNEEr bRoaliBMd Q@avﬁlé@?adﬁﬁmlrﬁg gegﬂs nm to 2 m
thick. The thlcker t he agﬁtr})\erlzed | ayer. 3, the stronger it is. A thicker

pol ymer i zedther fgipef omthe é“bélf YIFHoE S 6Mreﬁ%t HRYE ryipErT oI 2ex anpl e.

However, t hgolfritrigddatyet h@o@eipyswuaz&dtheﬁ ayétakeh, to &I{mamamreerodmrﬁdnguﬂt it isto
rem)veit( i ch may, be necessary in ter in s). The

pol ymeri zed' FE@%’?“@%@?’B@% TRTEKR" tf“ﬁg 1SB Z‘tyngﬁl begl'g gl Br is at |east
very diffited deyeleped Homexee bédcaustqﬁiemglyaerab@mecaldeserhsttrzm (Werhdiatio_m tiehat t he

pol ymeri zed,,l ayer mgesgm @ ¥scalier LA agpgroﬁJla@esagas oftnd AL HRET

polynerlzed aye e easlily re appropri ate
chemi cal . I-M)é‘\}?éFXPOﬁdtﬁdriPIﬁV reiatenep f%cfon easmle Qle Figg 558t bofese e regefthas a t hi cker

llayer, andeyilrlis 8psRd RS- hﬂ@rra@atﬁa%&@@ﬁ Jlelgllre% pﬁt&n@%tﬂ&egétﬁsgh&Qﬁ i n devel oper.
[ 0055] One exanpl e of a process of sea depicted in

Figure 4a. PUymeEzd e Sedsereiizd ¢ He faé‘ti‘ﬁ%“e &é{’f‘bﬂoitgeﬂat?‘%etd b&ilﬂt—?béﬁ“‘ed for
exanpl e cl eadfigtibn, dNe ¥ikrefokd1Re iBghed val Rt beSomfio@isexd Wi th g-line, h-line, i-line

b dband ph Th t t hen.pat.t th
Cesist o g1 | ndVSH b Pore S Brb ALty “ULP U TG AT R0T on A ring
seal is theem hoteBobsone & fist gedost rfateganpe doapasNexy te snhstige BEoatedsi st t o DUV
radi ation thtJ%n kialllncpolk]rn\é Wrbﬁ@&ﬁ%@tﬁoe{emstﬁ} Rl%tsshal %&&'ﬁi@&jgﬁﬂ:pgﬁgﬁa!e% then

undertaken to ance’the cross ynerize and al so
t o enhance thesinghaingadresst @MUY tadiatpn tq fhéﬂ 3 E{bin?fmdmer Fleogpsdst (npls ¢ hen

devel oped. W@énlng@@ﬁﬁy% gahanaa%w{p%&hgztﬁ@lrem ogghdesh AesenRbi i zed to W
radi ation, the Fosure rocess can be reverse For exanple, in

principl e, tﬁ?ﬂﬁipzﬁlﬂlu éiflgetdlf. gn @fp()ftﬁépols%%li)agf is It_-lélcn undertaken to cnhance the’

cross-linking of the polymerized layer, and also to enhance the thermal stability of the resist.
The resist is then developed.

[0057] A lower dose of DUV radiation is required to form the polymerized layer 3 if
the resist R is exposed to DUV radiation before it is patterned with, for example, i-line
radiation. Since a lower dose is needed, the formation of the polymerized layer 3 may be
undertaken more quickly, or using a less intense ultraviolet source UVS. However, since
exposure to DUV radiation will generate heat, which may slightly distort the substrate W and
resist R, it may be desirable to expose the resist R to DUV radiation after it has been
patterned using, for example, i-line radiation. This is to reduce the chances of applying a
distorted pattern to the resist R.

[0058] A lens and/or mirror system may be provided to control the radiation emitted

from the ultraviolet outlet UVS. For example, the lens and/or mirror system may control the
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could be exposed to DUV radiation to form for exanple, the ring seal,

before the rest of the resist Ris exposed to i-line radiation to form
desired patterns in the resist R Since the polynerized layer 3 is
desensitized to W radiation, it wll not be patterned by the i-line

radi ation, and therefore the ring seal will not be conprom sed. [0056] An
alternative process of formng a ring seal is depicted in Figure 4b. It can
be seen that the substrate is first prepared, for exanple cleaned. Next,

the substrate is coated wth g-line, h-line, i-line or broadband photo
resist. A rjiff oSEak- sécﬁonfaﬁﬁzmégf Diarh BEEHBR LhAL LY ihe @&m@l&@&le@UVS ng of
resist to DUV radjation to forma polynerized |ayer. The resist (not

form ng theThF fepyymiganiyyien may fgtiedya eeut hisam piradixips siving adracieedi st to g-1i ne,
h-1ine, i- Iuemeerms mifaTRANthewidr am&lngeear(admatpb@mméd n@@@) @xpesure bake is
t hen undertda g tgqhanﬁ% the cross- I|n¥| ng d§ 0p rrerl zed layer, and
al so to enHaNES “FHe"t REARED "SFYBTTTY Potepd of #d7? §°%f°m YR resist is then
devel oped. JtBOBE] cuetlLiXfEn thel omlial difectDbVith geticartid i cdngr dsfemulﬁs&ﬁte.t o formthe

p0| ymer i Zeqﬁ e%XtWer, t]bé &rmthto?ﬁw Iseeaﬁxlm%t a?bé <§eﬁ ; %ﬁiler waygﬁjvcxgrg ¢ 3;[ i on bef or el t

is patterned wth, |on nce ower dose is
needed, théﬂof"wgﬁmllt@ﬁole*fOUtlﬁéWﬁGIOﬁmqrﬁ@uerlaayseﬁonsthmstlfeorhmdéﬂ'ltgaken mor e

qui ckly, OrrUSERD pard BBR radmlsrnéﬁnéaIﬁtoﬁl%uﬂla%leﬁs%%&@vws However, since
exposure to DUV radiation will generate heat, which may slightly distort

the substrate VPYIHAS fesgibed abrye, § posiergostys bk ajay Bbidertalsendy prpsere e resi st R
to DUV radicaki-@kinght @€ pilimdias Ige,emns@@t&aﬂmmnuﬁmga pokiQkpacappte, i-1ine

Lot he rosits RubeenER PO SR Srerar o pror Boet i hragwe e gvitied to - |
cont rol t henay adur@titapen efird D@ expbsupamivring DUN tekmwire loeiftcoDUV ekpokivS.  For
exanple, t Lhe. dth or
Cross-sect ?ﬁrﬁg%&%ﬁgpe ol eam%é@%%% rg%}rgg%/%ﬁ?e%aﬁ ed Pr anfe\r?é ul travi ol et
out | et UVS.crosstiipking grepgrivsiof e crgspdinkah(zphyynehizedlisstlastvesll s imertaingitbeam of

radiation h’lﬁ:ﬁhﬁﬁlatﬁht@'Pﬁ%&%ﬁaﬁ?opm&?@ﬁaﬂ@%e(?esﬁt m&l&%&rﬁi&@n udif@aiph dth of the
ring seal (i.e. pol yneri zed | ayer defined using the |lens

and/ or mi rFHF"%‘?@P%’HPg oHEE- éawxa?plﬁﬁnwwa%la{%ﬁ %’/flgcfﬂa“%eat RPE MR ul travi ol et

out | et UVSiifa-rtdadismds@hcedhd @84-1e0 RdMiidnRolr @SR G a&@nﬁahﬁd Beigfle Of the
w dt h of the seal .rin fined in

Zggts L(ra?t \i/ay @%J;ﬁﬁg%&%ﬁg?{%@;s Qﬁ%"\? |°?{6r°]tqﬁ(ét’cﬂﬁ‘1f %begﬁf‘fléfcpt&%’%&l oser to or
further awagurde@mbtdrewidésingthage). Like tHoyltmeclktismgcee fmftﬂtrf@eleemtle:dj\psam‘e s of the
radi ation et L&l MGl b HaY i hn: FRUESEatNSind resist R or be located
elsewhere with the radiation transmitted via, for example, an optical fiber to the outlet for the
infra-red radiation outlet near the substrate W and resist R.
[0060] In some circumstances, it may be undesirable to use a heating process, since a
change in temperature may have an adverse effect on equipment and material in the vicinity
of the heating process. For example, heating an area of the DUV irradiated resist to speed up
the cross-linking process may inadvertently cause adjacent areas of resist to cross-link and
become insoluble. In another example, apparatus within and around a lithographic apparatus
is extremely sensitive to temperature change. Even a small change in temperature may
adversely affect the operation of the lithographic apparatus or other equipment, material, etc.
In some circumstances, therefore, it may not be desirable to use a heating and irradiation
process, but instead to use only an irradiation process.
[0061] The eross-linking process may be accelerated by altering the atmosphere in

which the cross-linking chemical reactions take place. For example, it may well be that the
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[6059] As descri bed above, a post-exposure bake nmay be undertaken to

- i nprove the <cross-linking of the polynerized |ayer 3. Instead of or in

addition to the post exposure bake, areas of the resist R exposed to DUV
radi ati on may al so be subjected to heating. The heating may be undertaken
bef ore DUV exposure, during DUV exposure, or after DUV exposure. Direct
heating of the areas which are to formthe ring seal, for exanple, my

i nprove the cross-linking properties of the cross-Ilinked (polynerized)

| ayer as well as increasing its thermal stability. Heating of appropriate
parts of thatredestiosbf frapay (obenywiidesuttekeaas) irse tmgerﬁrngnmeaxppmﬁm ihat e heati ng
source. FOI’ gfﬁ@méagﬂongta&o\fa%g le 1n|;]'§aage£s fldlla\t‘?‘n-gngy sn?‘ ?he cmssqink

infra-red radiati on source nintra-red rce nay

acconpani edrraspssalf giempbselinking necess ismepdfépp,;dysmemlvmﬁyd)h fqnsecabfbreqttlccklycont rol

properties @émaseﬁ@%a; b@c[&sxl%@ﬁ% &5t Ihgtqertaqrpga;eg B,eche@@m 6 efd Sopfl oeam w dth
and shape). Like the ultraviolet source ultraviolet outlet WS, the

infra-red r@mr%q‘%ﬁe %‘Bmeﬁf‘é“ il 2peospheredt ‘é‘HCthFj FeseHikingréenigh seetigpe W and

resist R Orarbﬁklhg)ﬂ@éﬂdvr c;@lnﬁevlﬂ@rbﬁdé/\ﬂﬂyhuﬂdl&&hd’ AL ALK chEs@rb'? Wehted via, for
exanpl e, an t|c§l fiber totheﬁ%tlet r the infr d radiation outl et

near the sueﬁl§ Yrage Bie {RFSHY A PR e céﬁgﬁ‘]egi’?ﬁ) %‘gﬁﬁaléi“r‘c i t8nces, it may be
undesi r abl eutdesirstgegages hmmhenmgalmaﬁeemged sy,mﬂ-exmplecdﬁamang fcrbLMPERAL Ur € May

have an adv&%ﬁﬁq@mgf fseocf;an 1?1611 ?g htﬁnn%ngm here r@‘;[loez;hle I% y ! rt;[vt%g/ Idcrlecrt]I ty of the

heati ng process. For~ ex £ n an aréa o fradi ated resist
to speed updesitshie Ocmwgasenm angpmmm@é@atmyfonenwketm epibh yf resiuR eeimrd] acent

areas of regp&td. R O Q8Hay alme?mdemgﬁmt i) 3@ MRS o Rn@faf her exanpl e,
apparat us w thin and around It hographic apparatus 1s extrerrely

sensitive tW9tEhregosee oy deehalhiun thepesurgestidierestthange i n tenperature may
adversel y af f ectooédpen aResAtL: b)&ﬂpo§ tﬁeh@wla&h@ggua@meqv a&m@ern@wﬁbe%s ot her

equi prent, material, etc nces, therefore, it may not be
desi rabl e tb&lﬂé%tea*ewaw@h@ﬂaﬁa“‘??ﬁ%?fﬁ‘é{a létﬁm PR ViIbg EPRGTiicd 48t t 0 use

only an irragk mef@mdlmcmms be us[e@(FGﬂdxaﬂﬂ‘)e the idifer uSéﬂqmyg;e PLAC gEse, BRY be
accel er at edli X b‘?“l td§ racpa%on I{T‘Trnﬁ %e ae;{preecmted thz\alm-'e r%‘hatlfnlll asted {)S %ttel ! @kl ng chem cal

reactions ta ace i ntroduction
of ni trogerres(i&bwﬂlamgenéprhépn@wvﬁbﬂresmgzi@)f into the environnment in which the

chem cal reacti @iy &@tk@abgbeaﬁ&néded@xam&,fasb@%@&ﬁﬁﬁu@,& tol ifrh bl @ Q@R MRY speed

up the cross-linkin process. If cross-linking process is speeded up,
the ring seaf oFajen W%F?@ay%h@bmdéw%ﬁdasﬂéﬁﬁxﬁeﬁwvv itpfllhgay be desirabl e

to ensure taha@em&@rtﬁaaun rg8Si6S ofQhy &R ERInShe OV raft 3P bEuseDUY hydr oxi de) are
not prese ntra iation pa%m%ta rxrvggeﬁ)el;]lgtlil?n thQ ra},l\éyo 5‘40tnpneto gOOn%lsmAyl bre] ll(llseggor ?n%l%m cal reactions

specifically DUV radiation having a wavelength of 248 nm, 275 nm, 193 nm, etc. may be

used. Functionally, all that is required is that the radiation used to form the seal is able to

form a polymerized layer in the resist which is insoluble in developer, and which may be

insensitive to patterning by further exposure to UV radiation. The radiation may be DUV

radiation or any other suitable radiation.

{0064] In the above mentioned examples, the ultraviolet outlet UVS is shown as

emitting radiation towards a particular part of the resist R. It will be appreciated that this is

not necessary, and other methods of irradiating a suitable part of the resist R is possible. For

example, a mask may be employed to ensure that only a certain area of the resist R is exposed

to the DUV radiation. A part of the resist R which is not masked out by the mask (i.e. a part

which is exposed to DUV radiation) will, in general, become cross-linked, insoluble in

developer and desensitized to further exposure to UV radiation.
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are taking place. For exanple, hydroxide may hinder the cross-linking-
process, or even encourage the resist to adopt a nore soluble (in

devel oper) chemical structure. Such wundesirable gases and chenicals can be
purged by, for exanple, introducing a cross-linking enhancing gas, or an
inert has, into the atnosphere. A nozzle may be provided to direct
desirable or purging gases to an appropriate |location, for exanple the
region of resist R being exposed. An exhaust nay al so be provided to
exhaust any out-gassi ng conponents or undesirable gases or chem cals from

the top surface [@bsitiheigh@si- R BROAheUVstih& - BAVE vEXAMRLES, the resist R
on the substrat? W has been described as being patterned by irradiating it

with i-lineP€R7° SYIPTETSFOrPRIatR rdie ithopraphiq ppsausa Py ves Ardtbet hat  any

suitable r aﬁﬁp&bﬂatemthmf&bk ubervidReahtletROrs [ﬁ@y&ﬁmdqmndeh\:@;ffhadihaérh&nﬂ; gsethsmay be
i-1i appr eci at ed

i-line,

that the ragﬂﬁﬁ fa(S)eheXLf Osucf (gtt)heprﬁifsﬁg r@‘ﬂf}% latfogéf%%’ Wg?rfal“ﬁ’eoﬁgﬁa 'gﬁ the nature of
the resist litherdphic apra@88]forlerantiivet apevbgnmentsiagne thogioa ploesyr 2f4JY 1 adi ati on
used to irrggiats ; t rized |ayer 3 has been
descri bed as ) 8 chbGr B\%zd\t/%%plg& OP%PTI{‘Q Sgéh apprg%:%(ea 64 that™ & r adi ati on of
any wavel engt h |[996§]W991'[9§N0W8%§éﬂdmﬂ9ﬂ be- ths endiatiDigvtrca WU f&iduen) havbeng a

wavel engt h ipf: b B pRABE heQlsis?d O Wi (R a &@I@reﬂ%@gﬁﬁ &%l%sﬁgdlfﬁfentm) re
speci fical Ixa DUV radi at.i on havi ng_a wavel engt h of nm 193 nm

etc. may be"GSREf: EUHETS Brach he resiyt R s ﬁ&ttheﬁ@reﬂ‘@efﬂ‘?l? @dieYeéOPF‘Hla% the radiation
used to fordesdnkigze8 @alV iagiafdal EorTeﬁhmpfeQﬂEﬂh}&Je@QsisM[EEdi tnaRd tedy@8ledgth drhe resi st
which is |nsm(i)lﬂ%tgse | uéﬁ%? Yj??wg %1 q%] I nsen itive to

patterni ng By Tu ?“ﬁer O&¥Pdu? onféga R TP TR 20148 PHSH B FE% Rnay be DUV
radi ati on omdawheowmilengluntnsaableeo ¢racclialt paomof theOS4R. This hdyere adhiwal wient | oned

exanpl es, ttﬂ@us%l"cfn@}!ﬂr{?&rgﬁpp%?ﬂi:ltﬁﬁltews is shown as emtting radiation
towards a particul ar part eresist R It will be appreciated that this

is not necessal¥$7ldnie erlivdimenteddiodsd dbve ¢ pedicairddnige shagudityabl ie part of the
resist R i SshpRssinbheiorflusineHeRliSion frotBSK I-ﬂﬁ)fvep@t vﬁm?é fabOpgnsSur e that

only a certain area of the resist Ris exposed radiation. A
part of the™y BPrEHaRPANFTEH Jedormet frgerels asemi-dgle f’lhéheﬁﬁé RPgpatemon part
which is eaneaalguliroeuliﬂldbﬁlreadmagtdrgﬁ))e will, in general, becone cross-Iinked,

insol uble in per an sensjtized to furfher ex suretoUV
radiation. 13 [ @g@lé? THRPE 6stﬂn§ gle@?%c?escf‘ﬁgl havs e As st iRt e s i s
descri bed abipheinpige. dowepaltatigbe qppredecdofiat thg eppraenindinkaod pay &t e hin t he
l'i t hogr aphi aﬁy @&P&%%Hs%; no'fpe\é@s\{a?iﬁy ﬂi{a—khi%dnlpinlg.e'f he method and apparatus are

particularly suitable to an application where rings or arcs of resist need to be heated.

{0069] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, liquid-crystal
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms “wafer” or “die” herein may be
considered as synonymous with the more general terms “‘substrate” or “target portion”,
respectively. The substrate referred to herein may.be processed, before or after exposure, in
for example a track (a tool that typically applies a layer of resist to a substrate and develops
the exposed resist} or a metrology or inspection tool. Where applicable, the disclosure herein
may be applied to such and other substrate processing tools. Further, the substrate may be

processed more than once, for example in order to create a multi-layer IC, so that the term
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appreciated that the ultraviolet outlet WS nmay be independent of the

| ithographic apparatus. In this case, exposure of the resist Rto DUV
radi ati on may be undertaken outside of the |ithographic apparatus, for
exanple at a pre-alignnment stage or |ocation, before or after a baking
process, or in another piece of apparatus such as an edge bead renoval
apparatus. [0066]- A single source of radiation (e.g., the radiation source
SO of Figure 1) nay be able to both pattern the resist R and also (at a
different tine and possibly at a different wavelength), cross-link areas
of the resisbstRezgedthbrain ntah elyo @fcetoiansipirabihe airdad fevelo pefipBRRcesdesensi ti zed
to UV radi at,jon. For exanple, it may be possible to change the wavel ength
of a radiation source SO such that, at one wavel ength, the source is able
to pattern the f(43§ldihe Rms “myhtionierdh®ramianalhenigtelsompiss kistyploe t 0 cross-1ink
parts of th@ec’fr@rﬁdgﬁétic%diaﬁtﬁ_?ﬁw{ﬁﬁi}{% Elga\gzﬁ”g'(@‘yﬁgdﬁﬁhﬁg A RSidSS of..ope, or nore

appropriate filters. %006 ] odinent s déscr I Bad  abBeE ol a

pol yner i zed?®i ¥ 1Shdpets [Paijalang extigme ylhaiigiet S8 Heidingiof Granbatingsi ng t he

i rradi at | ONwPRIBRASIH @ rankONBVRInm) | ab wih dslparR e BRRE §&dnal f%g béagﬁli)r el @3
appropriate pattern can be fornmed, for exanple a sem-circle or other arc
type pattern or a rectangular, elliptical, etc. ring or shape. [0068] The
aﬁpar gt us and nﬁ)ﬂﬁodvrﬁle_s;ﬁciﬁbfi?bogwms bﬁﬁd”ipdht&fgmaﬁ%éed dﬁsc&i@éd%@n@ﬂt to fldi p- hod
chi p bunpli ver .1t W .be apprecli at that the apparatus and netho
may be useg%P8§Q$%ﬁ%aé%?FFéﬁwﬂﬁPﬁgé@?Wﬁ%ﬁ%ﬁ 8@§§2V?P@¢*¥Pﬁigﬁip bunpi ng.
The mnet hod dsfreiptiop pencbinigsded tadimipthe invaptidrar | y sui tabl e to an application where
rings or arcs of resist need to be heated. [0069] Although specific
reference may be made in this text to the use of |ithographic apparatus in
t he manufacture of ICs, it should be understood that the |ithographic
apparatus described herein nmay have ot her applications, such as the

manuf acture of integrated optical systens, guidance and detection patterns
for magnetic domain nenories, |liquid-crystal displays (LCDs), thin-film
magneti c heads, etc. The skilled artisan wll appreciate that, in the
context of such alternative applications, any use of the terns "wafer" or
"die" herein may be considered as synonynous with the nore general terns
"substrate"” or "target portion", respectively. The substrate referred to
herein may be processed, before or after exposure, in for exanple a track
(a tool that typically applies a layer of resist to a substrate and

devel ops the exposed resist) or a netrology or inspection tool. Were
applicable, the disclosure herein may be applied to such and ot her
substrate processing tools. Further, the substrate nmaybe processed nore
than once, for exanple in order to create a nulti-layer IC, so that the
term
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14 substrate used herein may also refer to a substrate that already
contains nultiple processed |ayers. [0070] The terns "radiation" and
"beam' used herein enconpass all types of electromagnetic radiation,
including ultraviolet (UV) radiation (e.g. having a wavel ength of 365,

248, 193, 16FAmMs 126 ') and extrene ultraviolet (EUV) radiation (e.g.
having a wavelength in the range of 5-20 not), as well as particle beans,
such as ion beans or electron beans. [0071] Wile specific enbodi ments of
t he inventipn have beep_descri.bed above, it w/l| De appreciated that the -
i nvention nﬁy bg i %’gf’?@‘gﬁﬂ%ﬁ 2% 358 atsﬁl%fﬁatﬁgoaéfgﬁ‘ﬁ?sﬁg’&ggm esfed¥ription is
not i nt endeuktliod cbmprising irhdiaiimpsaiig iodnrsist b thChAkdE with Repritrivantkt efliafigr m ng a
ring seal on a substrate coated at least in part with resist, the nethod
conprising irradiating a ring of resist on the substrate with deep

ul travi ol et Zr adiTht ineshod of Faiffink, whetehale riog ofgsést wirtadiateddvaenaivaa patem fiomg  of

resist is i i : t ’ eI f resist, or to

pr event théﬁ%@%gg%egg ’e(;ercng%m\g% Ifraecg?idtrﬁl% r’élg{?{n%g%o rﬁ]tgggéﬁuglrg%&e)d 7] . The met hod
of claim:1,, wherein the wavel ength of the deep ultraviolet radiation is

less than Br etuahetod ofl®dn MY Rnerdit e Wielcd B of tH REp BifavidMMadHitichhGedet hod Of
claim1, wherein the wavelength of the deep ultraviolet radiation is

suf fi ci ent %48 ORSEde LP 38k 295 ik 23 b¢ 2508 ner i zation to take place in the
ring of resist. .~j. The nethod of claim,1l, conprising irradiating the
resist to fgrma cross-\linked or .paglynerized_|layer, the cross-1inked or
pol yner i zedar ayghre rﬁfgl?oﬁgf fe J‘ﬁ‘lmcﬂ’ évh%ﬂgﬁwtwc?vﬁ?nég‘eoﬁtthe dg%‘\/wr%’b(’rlreé RA2gem Fesi st

under the onfisisntltd srkedrosylinkolz prerlineeaektibatparke plaerin thaeing eSesst. | s subsequent |y
devel oped. (0, The nmethod of claimb5, wherein the cross-Ilinked or ‘

pol ymeri zed | ayer is at least 200 run thick. } The nethod of claim1,
conpri si ng Pot atherfoethod of slains tir. aprerrisiap drradipting the residiele forpl 1 ¢ressiliokedtor 1 adi at i on
outlet to lpr,?aldﬁz@a Gaybl @hel drBG 1ifed" B HoBneiel MaydeEdnUintck a%bhab phadiation. $,
The nethod of claiml,, conprising noving.a deep ultraviolet radiation

out | et ar olRFOPREN olesEYndefithe crogs-inkpdogpobyrieriggddayer ign B repigd ssdeeaiintlh deep

ul travi ol etdeveigert i on.

©. Themethod ofclaim 5, wherein the cross-linked or polymerized layer is at least 200 nm
thick.

‘3. The method of claim 1, comprising rotating the substrate relative to a deep ultraviolet

radiation outlet to irradiate the ring of resist with deep ultraviolet radiation.

8.  Themethod of claim 3, comprising moving a deep ultraviolet radiation outlet around the

substrate to irradiate the ring of resist with deep ultraviolet radiation.

q_ The method of claim 1, wherein the resist on the substrate is exposed to radiation to

apply a pattern to the resist.

10. The method of claim -9 , wherein the substrate is exposed to radiation after the ring of

resist has been irradiated with deep ultraviolet radiation.

14. The method of claim 9, wherein the substrate is exposed to radiation before the ring of

resist has been irradiated with deep ultraviolet radiation.

12. The method of claim ‘1 » wherein the exposure radiation is i-line, g-line, h-line or

broadband ultraviolet radiation.
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The nethod of claimwherein the resist on the substrate is exposed to
radiation to apply a pattern to the resist. 10 The nethod of claim.9,
wherein the substrate is exposed to radiation after the ring of resist has
been irradiated with deep ultraviolet radiation. The nethod of claim?9i,
wherein the substrate is exposed to radiation before the ring of resist has
been irradiated with deep ultraviolet radiation. F 12. The nethod of claim
| , wherein the exposure radiation is i-line, g-line, h-line or broadband
ul t ravi ol ett % adfbamitber of dgim4q Bwitkteen theskbrode ldiativh hispwgvelengthethich islobgve  exposur e
radi ation hagug a%pLRAGHR: Whi@h 1s onger than that of deep ultraviolet
radi ation. 14, The nethod of claim1, further conprising heating the ring
of resist. 15, The nethod of clainjqg, further conprising heating the ring
of resist haf orme ndinbd SQ a0 1, Kbl comprisd hakihome Bf; fgist. i ng of resist by
deep ultraviolet radiation. 1w. The nethod of claaim2 , further conprising
introducing a gas into the vicinity of the ring of resist when irradiation
% th deephmgt r et alebd dif&dﬁrﬁi{‘,(ﬁmhkl&oﬁlﬁﬂﬁnggca][ﬂh@fieriné dfréE][aebemﬁ&, k@ehg@f claim 6,

erein the.gas s nitrogen. .The nethod of claimI"™ further conprising
baki ng t he ai;t‘%éﬁragiaﬁ%]ooé%hé:&gg BiEYY g’f feop YR HBE 0f claim | & further
conprising baking the resist coated substrate after the resist has been
exposed toqgadi-@ti 11ho i.C [Tet. C i.Si form .a ring seal
ona subst ey o Hohte Bt LORRAR L IR d SRRl SRR g 2% T hg
of resist oehettighgypatiatige withileeh ulifedgetuidiatienis okieg peardi ation. it ~~

13 The method of claim46, wherein the gas is nitrogen.
19.  The method of claim 4, further comprising baking the resist coated substrate.

14, The method of claim |§, further comprising baking the resist coated substrate after the

resist has been exposed to radiation.

Zo. A lithographic method comprising forming a ring seal on a substrate coated at least in

part with resist by irradiating a ring of resist on the substrate with deep ultraviolet radiation.




