Li t hogr aphi c Apparatus and Method [00011 Thi s non-provisional application
clains the benefit of and priority.to U S. Provisional Application No.

60/ 859, 940, filed Novenber 20, 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 (1Cs). In that

ci rcunstance, a patterning device, which is alternatively referred to as a
mask or a reticle, may be uit pattern corresponding
to an individual |ayer of Fﬁﬁﬂi%ﬁmﬂﬁgﬁ ?&%nﬁ%&k@?n can be imged onto a
target portion (e.g. conprising part of, one or several dies) on a

substrate (e.g. [o@oﬁtrhisﬁapprx\ml&ﬁbap{aﬂwﬁonciaﬁ\ﬁ 1 bbRYiESF o prlof@ii@ison- sensi tive
mat eri al (reS|st e substrate w | ? contain a network

of adj acent r‘if"é*‘ﬂ‘ﬁ‘é‘tApﬁB‘ra??‘U?I& 6?’?1%?':94%{‘?%@{%@5’%%%@9 thexepdre eepeniRabun

| i t hogr aphivhichaprith ikheleREintite 306 afdr@de. St eppers, 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
irradiatedlﬁ@g$canning the pattern through the beamin a given direction

(the “scanni ng[OO I%rés Iﬂlnv\é\gl()ﬁ Fela?% RS anr I%QI% 1c|; %}8%33{3@1}1 Q—gtht J] e substrate

parallel or anti-p I'rec n Sorre circunstances
it may be deS|rabIe to ensure that a certain area of resist on, for
exanpl e, apQW@Eongyi on of the substrate is readily renovable. The outer
region may, for exanple, be a peripheral region ée.g., an edge region) of
the substrate. 0BFH & thogmphus ApRarais e ¢y athip that aBplistip desirgdgptiesxenipt e, when

" packagi ng targdapcbrgbr(dfawbstra@um{olgﬂagn%ma@s d@@@méd fok txahi@®, iR@en conventi onal

to use wires connec in recent years the
di st ance bé‘fa\ﬂ)éfgcﬁ“r? 86&?‘?%?1@"“?18“\5\5%?)% “W ?”@5‘“%7’“86 FBatﬁ@‘"ﬁgﬁ‘ﬂ‘ﬁ’dWIPi%{?S becone
progr essi veltynagingy tefatred @nea mhskhaSICthke mayrergedio ﬁénbx@mlatolréxﬂ patsstn W r e bondi ng.

A process W%l ?otﬁdmgbgag?gmrl By lg the %nathnBat{g chil lige! lrrgiggl’egg‘r?tlo ngal %étnuse.d to

connect an nst e; 'Ust ngrconnection W res. flip-chip
bunpi ng, saopder (e@ofomptisies Mtthépnermmbryl dies) q@rﬁ@wsm@d(eataﬂhospef@ﬁerﬂ thgt | ocat i ons

on each | Cugn, l@ye§M{?ﬁid‘ti@ﬁ—?ensit-[\n%a&lﬁgﬁkgiﬁiﬂl ée§cril,r5\@ﬁ{gfeggos§ﬂgwmc&@rqﬁgat 0 a board,

network of adjacent target portions that are successively exposed. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
entire pattern onto the target portion in one go, 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.

[0005] 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 meftal) is provided at
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for instance by heating the solder such that it nelts and then allomﬁng‘}t ,
to cool again. [0006] The solder (or other nmetal) nmay 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 "bunp" is required
(the person skilledin the art will appreciate that these regions my be
either irradiated regions or non-irradi ated regions depending upon
\gpgz[]rezp?a%?e%fﬁ% 10{:a%ons s eac%q& ong fulr’l_?gtlsas O‘Fh& s&bs a%e i nverfegaléc{ bopﬂg¥c;s i Iugdel’ go an
Iocations.ﬁA&Emmkhybanapp¢emkameuhﬂMewpmmdeesmawm@ehemkmqpmat|ng i nvol ves
an el ectrical I n t is to be

1#1%
deposi t ed. Accor Fﬁfe S%erﬂa%%eérg?&rdgg yg{s% nb pgotvg S Vgglﬁg hwggrslsl 4t free area of
t he substr ézthegrﬂrew pmkﬁs rig sych e peskess the |s@atratewhmleem @me@@lvmw of [3007] Wil e

it may be sufifidel @11 a fafer Bf Q¥heH8 shsiBldHi&ial (RSLG A ﬁtﬁ@gepmea@tara&%amkl ng such
an electrical connection, it may be advantageous to provide a continuous

ring of redf&edpimdiatedhnyesiy &tdéh%st&Jﬂ’as"'ﬂ‘l‘?éﬂyoﬁﬁlegf"dﬁéﬁ'i‘od?fl Hhegnseifisubst r at'e.

Such an ar ﬂ(ﬂﬂgﬁﬁﬁlﬂfhlcﬂﬁyoldéﬂahh@”ﬁrdmfee (thé @ksb@bMiled & ®edt Willappr&@anect i on.
Fur t her nor I NUoys resis rin the utgef,' edge of the

araqun
substrate art's ! reﬁlﬁn FROE FEST 'gf‘&‘%drrﬁ%‘f“ﬁ B 88’3 VeI AT dPed using the
resi st frebetheegpoiive piorgzixanpité, usalp TupKt reaydien gndeedolan riayirobletingrsoy i ded on t he

esist 11eg HagiRlfl o fiic aggt@g&e&ﬁ%gbagfagcjmng ppreglgtr%%gigrgc%%g gforms the

base of th ectroplating I'n or to ensure
that good elegioplnting alvolyermeleetienh canpectiviemade ogherasticls oneaa*hlctbenemhdeo bet he resi st

free ring afoid ARGr&RIHN, HAURUSoplafifSheD bedif £8:i@ M NOLoraRMRME NG €d. To help
ensure this, it my be useful to provide that a patterned region of the

substrate d’&@%gth‘i)‘“tlc‘”r%]rjﬁi‘nleft@antly encroach-upon or is inmmediately adjacent
to the resist free region (or the region which is to be subsequently made
resi st frengMA%s is so that, for exanple, a chemcal, a solution, etc.
used in the proctessing of the patterned area of the substrate does not | eak
onto or into tME7IrEkiestmdyrteeuffiggi orprovBuekindleakisges pay fhenapingweint ed by t he

formation of 2 RALLLEL.R ma@%gg%vgtftg’#&gt S;J? cf%%tcgrg n{?cﬁlgPﬁ CH QN 5 ‘é"h' chis

referred to as arln% sea esira exanple, to provide
a novel appRptEegEuahiEe it IREiPIoBIhe Subgialsi Sigh A reneamet ey simblk 2 mpre

reliable electrical connection. Furthermore, a continuous resist free ring around the outer
edge of the substrate allows 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 confinuous, 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] 1t is desirable, for example, to provide a novel apparatus and method for

forming such a ring seal.




[0010] According to an aspect of the invention, there is provided a ring
seal form ng apparatus, conprising: a substrate holder arranged to hold a
substrate coated at least in part with resist; and a heating device
configured to heat an area of the resist, relative novenent between the
substrate hol der and heating device being possible, the novenent being
arranged such that, in use of the apparatus, the area of resist heated by
the heating device is ring-shaped. [0011] According to a further aspect of
the invention, there is provided a |lithographic apparatus provided with a
ring seal formng apparatus, the ring seal formng apparatus conprising: a
substrat e hol deg r e _coat ed, at in part with.
resist: and Illﬂggfgllﬁﬁcg&@g El:ogrég%!ecg?ﬁheﬁl#‘g Eonatli'nﬁ’e Istproglﬁdeda?_ iing sea?? PRI o st
wherein theﬁﬁﬁﬁﬁtﬁaﬁ@$mblder and heatlng devi ce are arranged such that

relative mOVeNgRbstaf HRESSkRhL ta%}&%@ﬁbS&A?@co§tu@§tléa§l%€pa'&%6ﬂ%.sﬁ the heating
device in order to heat a ring of resist formthe ring sea [ 0012]

According to a fhftiresdevigsqsaiger li‘eﬁ‘emla’ﬁ?féfi‘?’f‘q ¥ IRl Bovanepibeiviedied a

substrate il ﬁﬁdtldﬁ@lol\dtrtaﬂdl&aﬂiﬂgmgvl&%ing pdshiBle fthe HbvaiRak: béﬁ"ahﬁ\%e@ﬁx@m formed by
heating a rh{{qnusee% 5| st _on the 0013] According to a further

aspect of tRE& TAVEATT R Phdlearr gfsrﬁ‘?sét}‘iaﬁggy ‘QL hféf“l‘*?dj(?“&ﬁf STEGHRRcg a ring seal
on a substrate HOHL e‘dccadlmg teaﬁirthbrraslparof theink éntibe Selis priied mthlag}ﬁbh(‘eonpr i sing

heating a r trat 0014 ccordl n to a further
aspect of te{ggzg?tn éél:}lt?(tl%% ?\/‘th th sezsfo%lflug gl(sj t}% rllnF f 4 ll;mé%apgar t hod

conpri sing @@P*iﬁ"?ﬁg aring seal on a substrate coated at least in part with

‘resist by heat} 88stRehbRe R fnb 8B indilt a%s&%oﬁ%&ﬂeﬁ& artaﬂh EEIS gCRl PTION OF
THE DRAW NGS [0015% Enbodi nents of the iInvention WI now escri bed, by

way of exanpl e fAREdevips Hnfiasred idistien et ¢ reésbonpanyi ng schematic dr awi ngs
in which corr espﬁﬁﬂdm lﬂgsubﬁtﬁfe&ﬂ)ﬂ%ﬁd Eaémfgoileﬁcd aﬂﬂinﬁﬁée@ akRageR@RdI ng parts, and
in which: [OQ% %? Figure 1 tw % L?l% gr%rl?p ic a aratus according to an
enbodi ment "ot LS PPRDERES 8 YOLYF "eg e ﬁ‘eiﬂé‘ﬁl fog inordagfpdieptar o and a
ring seal frmgnfmgsta{fparmmg saaicor ding to an enbodi nent of the present

i nvention; and [00i2} According te a further aspect of the invention, there is provided a substrate
provided with a ring seal, the ring scal having been formed by heating a ring of resist on the
substrate.

[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
heating a ring of resist on the substrate,

[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

heating a ring of resist on the substrate,

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

[0017] Figure 2 depicts a substrate, and a ring seal forming apparatus according to an

embodiment of the present invention; and
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3 [0018] Figures 3 to 6 depict operating principles of one or nore

embodi nents of the present invention. DETAILED DESCRI PTION [0019] Figure 1
schematically depicts a |lithographic apparatus according to a particular -
enbodi nent of the invention. The apparatus conprises: [0020] - an
illumnation system (illumnator) IL to condition a beam PB of radiation
(e.g. W radiation or DUV radiation); [0021] - a support structure (e.g. a
mask table) MI to support a patterning device (e.g. a nask) MA and
connected to first positioning device PMto accurately position the
patterning device with respect to itemPL; [0022] - a substrate table (e.qg.
a wafer table) WI configured to hold a substrate (e.g resi st - coat ed

waf er) Wand cofitidttigeret bio §dedn arardias pringiiichef caetringee @W@l@%ﬁ:@fﬁ}eat ely
position thgnstbstisate with respect to itemPL; [0023[ - a projection
system (e.g. a refractive projection lens) PL configured to imge a
pattern inparted to the radiati on beam PB by patterni ng device MA onto a
target por tDETAIKED DESCRIPTIONDT i Si Ng one or nore dies) of the substrate W

and [0024] - n red to heat selected parts of the
resist with V\:hh@l% Fl %egu\ﬁ EIC%_PW ngaghm £Ppf parat%s acc?rdm%%t ‘ed, the
si gni f i cangertioflarwinbalhnent ¢fltheheved@s Clihe H&J@kHWnconmme det ail below [0025] As

her e depi ct ed. i ARARLAHSn bRl fyhhANS T A, 4 kRG rbSs AunGP! OY1 N0 2

transm ssi ve mask Al'ternatively, the apparatus may a reflective
type (e.qg. (e&ﬁlvdﬂ'ﬁ@“arD‘éYﬁﬁlﬂa‘?ﬁ%abl e minor array of a type as referred to

above). [0026] [ImlIaesruﬁi&ort%ﬁ&&édélgnegnéi@tébleﬁ\mb%ﬁ oH%Ea@&eHm?ghi@M&éie Qe broadl y
interpreted as referrlnqetto a device that can be used to inpart a

radi ati on B M4 19505E e Frsi aesifieranedpiedM g apquyalsy ol S to create a
pattern |npattehﬂlrggiet1cepmmtrhs@ébtfmf1teﬁlme substrate. It should be noted that the
pattern inpart tlonb exac espond to the
desi red patterﬁgoztzﬁ a[shl tr? g abﬁ't“‘t(e%(%rwtal otﬁbk(ri}%ﬁ ﬁ"é‘%%‘iii% t %¥%SU% ﬁi%)%ilal y, the
pattern i npaistedied gaftrh®y nd doratdted o eadpositichihg deeice BWpomdurttely aosgiant i cul ar

functi onal ﬂgeew@{méQltﬁege&lmclemm ng created in the target portion, such as
an integrated circuit. [0027] A’patterni ng device may be transm ssive or

refl ecti ve. Ex dﬁ(ﬁpb»sa Rg(pjecrgalg AT ) (er@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 substrate W; and

[0024] - a heating device HD configured to heat selected parts of the resist with
which the substrate W is at least in part coated, the significance of which will be described in
more detail below.

[0025] 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).

[0026] 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.

[0027} A patterning device may be transmissive or reflective. Examples of patterning

device include masks, programmable mirror arrays, and programmable LCD panels. Masks
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. devi ce include masks, programmable mrror arrays, and progranmable LCD
panels. Masks 4 are well known in |ithography, and include nmask types such
as binary, alternating phase-shift, and attenuated phase-shift, as well as
vari ous hybrid mask types. An exanple of a progranmable m nor array

enpl oys a matrix arrangenent of small mnors, each of which can be
individually tilted so as to reflect an incom ng radi ati on beamin
different directions; in this manner, the reflected beamis patterned.

[ 0028] The support structure holds the patterning device. It holds the
patterning device in a way depending on the orientation of the patterning
device, th i i nd th copdi tions,
such as f O?m%?(il kﬂ&wplil 11Eh@ aphly a‘ﬁg' ngl{n%q'{;gsl?tygeg Fttﬁégsntlmha tema ang p ase—ﬁﬁe]i din a
vacuun1envﬁﬁ%ﬁﬁ@ﬁﬁdPWﬁ%“%%ﬁbﬁ@hm§¥@uﬂuhwbm@hh®ﬁs@nﬂ%mhhnfmal cl anpi ng,
vacuum or padgh@imabl afifRirA9at BHHN AHAIH arfaRlemEt BNTa8 rrﬁ"xjr(ﬁg EJCQ%F whilc clanping

under vacuum condi tijions. The sup gort structure may b frane or a table,
for exanpl & WP ‘ﬁd”ﬁJéX/““eBéo #Sit%EHcchn FRIEE Fadiatien hew Uy qiféftﬂenaﬁ*ﬂifcwfii‘ ch may
ensur e t hatin thenapad.tigrrefiengd stemiicRtdgedat a desired position, for exanple

R G e T T L -4
" pat t er ni ngledenin gty depGORYPn t'ﬁhameﬁmofplﬁpgtemtnlgﬁemﬁytﬁé &len oi3Rd herein shoul d
be broad! y LRI Bhetudha SIFQIRARS LA YA LOHS. LIRSS Of, RL O eCtion system

including refractiv otlca systens, fe ve optica systems and
cat adi opt r ipettegg deepe i fi’érwacuafs Clafprpmr Teetspppoy streanph escfrgrhatibg  exposur e

radi ation RempEsYsRdn, &bthEQianftnd &lhdifed i%fr' é(m%y%e&%stm%l H@{% Qfg.fn 1 mTEr si on
fluid or the use of a vacuum Any use of the term "pro fion |ens" herein

may be condPURT&ePdEigns CRATHRAPHBITHS G By bf Barprgy @ taglerfer epmple pkich pryvj ect i on

systent'. [(BQBfHdoﬂ'iﬂevabllelawallma h@mhﬁyﬁﬁﬁmsﬁmmataﬁeﬁﬁtt@lﬂﬁ@dmﬁﬁat\/aarl ous types of
opti cal cqmp (p nt.s i ncl refractive, reflective, and catadioptric
optical cofPoRsiT S & exaﬂ’pr ec‘gl“ﬁ&e"t tgﬁ’ﬁﬁfof‘?@t‘oné}f“e@’oﬁw B5f P AgPe beam of

radi ation, “ande”sm&hasb’ttmmnneaytbs compiylerad sygonipeous mith ee eet deterdedow, col |l ectivel y
or singul a“‘ﬂ;aYtemf’ﬂ Qicet ens”. [0031] The lithographic apparatus nmay be of a
type having two %gual stage) or nore substrate tables (and/or two or nore
support st ruct UPBE) The|tgyms’prelsctionsitstemp hged h@ﬁg@bulﬁh@hbmntemh@aﬂdi ti onal

t abl es andeQomsdROVation typcds Hfo?e%umysteg’ﬁlnklﬁ(ﬁ Heﬁ]ac@@cr cl,a%ystcﬁ?sr preparatory
st eps my be carri ed out on one or nore tables and/or Support structures
whi | e one &ﬂc%? %ptla% fsems, and catadioplric optical systems 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”.

[0030] 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”.

[0031] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage” machines
the additiona) 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.

{0032] The lithographic apparatus may also be of a type wherein the substrate is

immersed in a liquid having a relatively high refractive index, e.g. water, so as to fill a space
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tabl es and/or support structures are being used for exposure. [0032] The

| it hographi c apparatus nmay al so be of a type wherein the substrate is
imrersed in a liquid having a relatively high refractive index, e.g. water
so as to fill a space 5 between the final elenent of the projection system
and the substrate. Imersion liquids may also be applied to other spaces
in the |ithographi c apparatus, for exanple, between the mask and the first
el ement of the projection system |mersion techniques are well known in
the art for increasing the nunerical aperture of projection systens.
[0033] The illunminator IL receives a beamof radiation froma radiation
source SO The source and the |ithographic apparatus may be separate
entities, boveeaigiphlelomaen hhpojegionpsemiaad dnswesteicnemmelsips dguidgmrysuch cases,

the source,ispephlicd MaleHghedint: 1&%&13}9@4@&{15 b Bxand petﬂa%émbhsskappar at us
and the radiation beamis passed fromthe source SOto the illumnator |IL

with the apef b irg clsmaphofiss proissiion SEERRTBINOR ST %ﬁ@w?lb‘?m‘é%}ﬁltﬂ e suitable
directing amolfrnerre&u@rﬂdjneﬁlera;altagammplaﬁd@ﬁsysleﬁ;sot her cases the source may be

integral part ara for exa en the source_is a nmercury
| The sour a3t RARRL I Rt ok P P sof GG R AT PHEE HE baam
del i very s{bdemcBRditfe littegaphieghparatgymdy@e sepfrat ereitest for @aemplawhadhat i on system

[0034] The AULCC%%@ rlas% Irt. ch%a%%gp{hh?o%gggjngtscéewreg?ﬁaﬂaén éA‘MoF E adj ust i ng the

angul ar i ntensi ty east the outer
and/ or mnéﬁlogfmﬂlcabparaémamm aéiarmmbeamyis pae@éfrpreétlets@lr%@s?%dmlblrmram a-inner,

respect | velnyontrpttm ;1&1§falua;,§a§lwé sysﬂéfn%tﬁaoay&a,@r}oﬂe;aan@plaomable dtapg of the
illum nator can dj ust ed tion, l'um nator IL generally

conpri ses varqrwé’%wém e%%bﬁwﬁ%casw&ﬁ%@%b? Higitytof hEN and a
condenser &faratud & ekdnlpl W HRATHO Boupte R\ 1BlRBINAariN TEd dolensolatiemm of radi ation PB,

having a desited unjformt ndlntenS|t istributiqgn in it
cross- sect ﬁ@‘ﬂlf“arf)b%?ﬁthﬁﬁg”%ﬁa?éﬁ IR B ffzeqi“‘r’ie(flr d&n er‘(')fﬁmf'r';f’easpat terning
devi ce (e. gradizgglsystddd, | which is held on the support structure MI. Having

traversed the Lngidevice, 1 3 ol gh the
proj ection sysﬁ@%]eﬁé 1\[7\%' %EﬂLOSLfSY‘;\ng Egdj'%glggr?\légﬁt'gﬁ?r? St‘g%%lporti on C of
t he subst r atzelapiptesity Ristripgion pighgfearn fesngdlyor dpath dis ionteromi/agmtepitiele PW and

poSI ti ON  SEEEbmh i Rrcfted B0 & BLELRES: %&tgegpgctfdaw&ﬂ)emtm@ substrate table
WI' can be noved accurately, e.g. so as osition diffeéerent target

portions Cditibytiveingaupil efierhbe Pamitrpman fﬁ‘qutafif frjaddifip the jilfugiinatoplsi t i oni ng
device PM aadramdinBiies PRSI JHRACCHBARAS, (bt £ntk arBAN 8XPlonldntek wodepi cted in
Figure The iliuminator provides a conditioned beam of radiation PB, having a desired uniformity
and intensity distribution in its cross-section.

[0035] 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 IF (e.g. an interferometric device), the substrate table WT can be moved accurately,
€.g. so 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-strake

meodule {coarse positioning) and a shori-stroke module (fine positioning), which form part of

the positioning device PM and PW. However, in the case of a stepper (as opposed to a
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1) can be used to accurately position the patterning device MA with respect
to the path of the beam PB, e.g. after nechanical retrieval froma nmask
‘library, or during a scan. In general, novenent of the object tables MI
and WI will be realized with the aid of a | ong-stroke nodule (coarse
positioning) and a short-stroke nodule (fine positioning), which form part
of the positioning device PMand PW However, in the case of a stepper (as
opposed to a 6 scanner) the support structure MI naybe connected to a short
stroke actuator only, or may be fixed. Patterning device MA and substrate
W may be aligned using patterning device alignment marks M, M2 and
substrate gl,hgRmRALIREKR iy Tgn?zybe{c@%g}dtIQ%oﬁ%Q&l&%%tﬁ%H@%ﬁt‘nﬂ? can be used
inthe follown preferreg nodes . I'n ste e support
structure Mfgfdatangdsyise Mdtaad el Wipenbealizned prinesgening ddvicy st at i onary,

while an e@kh&%uﬁé&&ﬁﬂnMDHMﬂﬁ&ﬁQmﬁmthﬁnﬁﬁﬁﬁiFB i's DVOJECtEd onto a target
portion C at one ingle static _exposure). The substrate table

WI is then sml?%dTheHemﬁ@ aRp"’é’"’rY‘ﬂflcé‘Pbe\}‘Sftﬁ‘l"fté“f:f"l”%‘ﬁ‘n%l‘)re{eﬁ%ijcm‘?i’eﬁl fferent target

portion C can tpﬂ]SE]X]pOSEdlstelplﬁloﬂé ﬁﬁsuﬂﬂi&dﬁruetﬁﬂaﬁdmItHﬁEHﬁBsSitZﬁbl@W'Itaﬂe exposur e
fieIdIim'[(sthe hetar ortion in a %Ie static

oosur e [abSERdh it s bR Sk iRl b RaEhR LheRe Rl he
substrate @ akge@omﬁn@raeonesmammdmgjmmp enpowsy. Whmkubttateaatha‘afﬁ@rthem nparted to

the beam P '.e% upttii?k%g&’&’d[ (B%Etgméo {hgt gl?f%er Ptﬂgrﬁ% p@ﬂ%c\cgén be exp% e‘ﬁlig Le dynam c

exposure). e velocit irection o strate tab relative
to the suppods thStﬂPU@PIHISJée Niths egpagese E¢lfriimigsdhdpjze phige (awetlaortmgnmaeéau on and

i mage revglras,gilgleg@@g@\ﬁgsggel stics of the projection systemPL. In scan node,
t he maxi num si ze of exposure field limts the width gi n the

non- scanni ng dil$%88k3 on) Ingranmppde.thesppeert spriugedfT s the subsiple lble {Wipigy ¢
exposure, vaekeasciirudengich pafert iRQarke BN agn Hﬂﬁéﬁcﬁe&lﬁbﬁbmﬁf’@s t he hei ght
(in the scannl(gg di rectl on tar | n anot her

e 9
e the: SORBT R Sl Paabostr ek psYeBEY aRD Tl o bERPRBIEIYF Dol di ng.
pr ogr anmabWg rplative &r the sugpatievhaes Ma‘nddetehmlsilbbﬂteriw )endga;lﬁbzexowldmsagemved or

scanned mlebgsaﬁ%iﬂ&&&%'i%e&fﬁEgFo e%tgcln sgsgeﬁrlﬁ P.gsgﬂé‘nf’ He u% REILECE LI QDO a target

portion C. Tn't radi ation source Is enployed
and the pr @@Psamfamlénqg&tewlmim@e nefespingiag ficeciigpdieleedaray prigiguinegidelaf t er each

novenent  Ofiynbg eydRRE, bikrEas iR MG th \WFth® Scadnthe RRLVERREmBMGEAR Shi theadi at i on
pul ses during_a scan.. This node_ of operation can be readily applied to

maskl ess | FRHEGAARHGORRE Bact #rioBs pr ogr ammabl e patterning device, such as
a progranmmabl e {0039 3. 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 pattern imparted to the beam PB is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning
device is updated as required after 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 programmable
mirror array of a type as referred to above.

[6040] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed.

{0041] The lithographical 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
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m nor array of a type as referred to above. [0040] Conbinations and/or . ,
vari ations on the above descri bed nodes of use or entirely different nodes
of use may al so be enpl oyed. [0041] The I|ithographical apparatus described"
above may be used to formsolder bunps in flip-chip bunping. The
patterning device MA would be provided with a pattern which conprises the
desired sol der bunps. This pattern is imaged onto a thick |ayer of resist
(i.e. thicker than a layer of resist used in conventional |ithography)
which is provided on the 7 substrate W The resist is then devel oped and
processed such that recesses are forned at the |ocations where sol der
bunps are required. Solder is then electroplated in the recesses in the

resi st. TheUudy B Thegesishis thep deyplgesd andpsodesies suphhat spsars preempsatficoj ect
upwar ds f r asBafidde whaipfekniigis Stifehdiee. sofdetih@esdidogépadden the R04z2) inAscor di ngl y,

it will be a ciated that references,herein to ~suhstrate’ will include
L subst r ot dOPRaRe B st e B Sl s PrstRn T BIEE (o examal ot
forman | QGpperh@0d8hceAfthelidbgugsed above, it may sonetinmes be useful to

prevent a patt e[ro&ﬁfi Agc%gjin%ﬁ'éit tv[lpdpaﬁﬂr%ﬁiteti ithc?ﬁgg%ele}{ceg GLOR Hlibggte.ugﬁ)ln or being

G
i nedi ately adjacent to t resis ree region or the region whichis to
be subsequérriudy 2 prgitatertlss pleepdyfoprtains myl@dmgcespdayess (for panglstte fatean t he heat i ng
device HD iig)relation to the substrate Wcoated at least in part with
resist R The heating device HDis provided with an electronically
control | ed fil it AhgiEEsed 2Povinit BAY 08V BE R B 1R PEvEet BIFECLREM 2. The

ceram ¢ shéiloln snABshtly BRah&inglpal @ béingeiaitelnaysed Wt Riia e Rebh ow out er
casing 3. lhe heatiq& dthce HD i§ nDunIFd on an armature 4. It can be
seen that A% HESFEP FPEL P 8y 8 as ™I SFdB® on the outer edge of the
substrate W sd0t4dhFiget @glustiagathe bawrimeiticofiD inehiva tsth sbstateeV nayedbe easily
made. [ 004 ) . i | 3D | e .ative to the
resist R oﬁl?%gmgﬁﬁgﬁﬁgﬁgRe§%€§%ﬁ§§%5g§RER%%%§%8§§&E%w%ﬁg%h%ater | is then
activat ed tentiqbeshilapeathsatefl whaahijislpcaRd prea agrsans shilie. Thresatainisghdiddnde HD and t he

substrate Waddi bic85 Ml iokedRitt a KRS ShieRaGRR. BR HBRAL 84ibYipai t her  novi ng
the heating device HD usi the armature 4, or noving the substrate W

n . . .
rel ative t&°pHed ovReameapEe "dgwﬂd?é S thai el e TEE it ih Profded pe dteioH§t devi ce HD
and t he sulgdefodithe sbéirael Wtsb gt ddtricgaciiedibBlihe sitR046haie@i@mada and 3b

i1 lustrate how [964%{ nruge? Ehe %gaﬁr?'gsdeei]::e ﬁB ?s lgc%t%il %Eati\% tm relggt l@gna tElg s%bstrate
W by using the armature 4. The heater 1 is then activated to heat areas of resist R between the
heating device HD and the substrate W. Different areas of resist R can be heated by either
moving the heating device HD using the armature 4, or moving the substrate W relative to the
heating device HD, or moving both the heating device HD and the substrate W relative to
each other.

[0046] Figures 3a and 3b illustrate how different areas of the resist R may be heated
using the heater 1. For clarity, the heater 1 is shown without the ceramic shell 2, hollow outer
casing 3 and armature 4 (shown in Figure 2}, and is also exaggerated in size. It can be seen
that the heater 1 has a circular footprint (although it may be another shape such as described
below), in that the heater 1 heats a circular area of resist R which is located between the
heater 1 and the substrate W. Figures 3a and 3b illustrate two embodiments for heating
different areas of resist R. In Figure 3a, it can be seen that the heater | may be moved radially
with respect to the center of the substrate W, and also moved around the center of the
substrate W, In this way, an arc or ring of resist R may be heated and the thickness of this arc

or ring may be controlled by radial movement of the heater 1. In Figure 3b, radial movement
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using the heater |I. For clarity, the heater 1 is showm wthout the ceramc
shell 2, hollow outer <casing 3 and armature 4 (shown in Figure 2), and is
al so exaggerated in size. It can be seen that the heater 1 has a circular
footprint (although it may be another shape such as described below), in
that the heater 1 heats a circular area of resist R which is |ocated
between the heater 1 and the substrate W Figures 3a and 3b illustrate two
enbodi ments for heating different areas of resist R In Figure 3a, it can
be seen that the heater 1 may be noved radially wth respect to the center
of the substrate W and al so noved around the center of the substrate W

In this WaYor 13 Heatth ¢ 1sc?1g%1£ b(ﬂgblgfbu esﬂ(c:f%t%r IS ihethe eebltt:' g’gﬁn%qqe%grfqerz Lhi ckness of

this are or rin e cont ro radi al  novenen “heater 1. In
Fi gure 3b, SkbHia P‘fﬁ‘\?%ﬁ@ubst@t@ow istifyedf Ihetableto bllng @ffagralamaspxﬁmrstm e, but the

heater | i SeR@tn HOMERDI £id MeQbHIGd WeTE SISl W a&'ﬂgmta%éd*%?%h%@&bﬁraw I nst ead,
the substrate Wis itself rotatable to bring different” areas of resist R

bet ween t hé®Xfeaffer 1high holftibin spiop fugt showmy mﬂﬁéreééuf?sﬁt) rgtell i may be rotated by

t he subst r ap@ecida@bthesmbodihe er Fxglt&HSGbanhQi) flay Eetapﬁrﬁ%rﬁféﬁl dolBiRed( NOt  shown i n
Figures 3 to 6) odinents of Figures 3a and

[ ec the e
3b may be appr op?ﬁz{)}éqt%fesb%ﬁ%f‘ﬂ t.“'c[a@%ﬁs?‘j“’eﬁ%‘faélﬁ Ejtadys 2 ssitiEer fdlgat i ve and
positive, twhpi c@bsedtodBntadintiis ractse:rfsmqtalczamcaﬂ haff:h is sdwlﬂerhneé(v[amﬁeedjstn@ w

r ?‘di ation r RI?BPL(EIUR/LQOI‘ ng%a%é%escsq ecglg) lf.l‘e or non cx osure o%%e ﬁ%ﬁt ch g%?%ltg lcrg er. Usi ng

ei ther positive or tive res exposure or “the resist
can be used Pﬁt@ﬂb\rle?iltlémﬂéubﬁatl tifelplnpemp@hrtalrspaimsfolhaﬂatt@n arn) n«dmlv@qoer (i.e

certain parys, @f rlibigs &%IE;@&)“HW&:@&“I% séﬁﬁmﬁeg be Mgv 32’11&90& fh%%ési%{]

devel oped). However, this sensitizer can renove e resist
cross-1li nké‘é?s%liﬂk%dd’éﬁﬁlﬁf??‘&feé‘eﬁ’é&?ﬁt?*Fg‘cSéfF Fortgample refeingtgek teXignpPef referring

back to Fi ghifhe—lta':\.2 1 of the héah@ d’é@l@é E]D 1s]poﬁtfon§d'h%prbﬁﬁlﬁtb1@g nquﬂoggthmrfhc% oPoOsi tioned
appr oxi matcﬁ1 ﬂmd § th e resist Rand is used to heat
the surface 6F t h&eErel ?i‘tfhﬁmﬁ ﬁﬁ@f%‘ﬂﬁ‘@“ﬁ?ﬁ%@“ﬂ&ﬁ’@@“ﬁ“ 100C to 450C
t he sensi t il2EC tcen (bide seasiivecdn be @fvlel Rorh @S InSist AHSY tBS relifl @ad8S EiSds- Made to
cross- lin I St cones.d itiz to UV radiation and becones

i nsol ubl e iﬁr}lk Eee\/rgﬁls%ecome ‘%ens}t’lﬁeﬁl towrﬁ‘%?)lro%ri g?‘é‘)&lef Wé"fl%? 1B IR I enper at ur e
required twllkf@mnmwlatwehasélnsxamtmeraalrﬂdﬁqmredio ossve the fehmﬁﬂaean%sdr@t wi || depend
on the typﬁnlptfle 83t déﬂ&ﬁ%m tl"c gpﬁ%sm@'ﬁ’s?% 6 4@(}5% i&_{ﬂﬁcan&@ he te n%?artuat ure shoul d

not be sufficient to nel esl st rgure Wws a ring shaped
| ayer of dé@é‘%i’ttbiei‘éfﬁc“?”é?l%ﬂt“t*le(restshat may be forned using the heating

arrangement s d@@ﬂﬂ'fb@ﬂe mhgvesla%ggﬁpéd@ayEﬂo@quaﬁm%@r@s%qilo?tpat miPbs ring of

resist 10 is desen ized to UV radiation. The ring of resist 10 is
desensi ti Zg)amet dlsw eating arrangements described in relation to Figures 3a and 3b. This ring

of resist 10 is desensitized to UV radiation. The ring of resist 10 is desensitized to UV
radiation because it has become cross-linked and/or polymerized. If the desensitized ring of
resist 10 was patierned before heating, the heating process will remove the pattern, If the ring
10 is formed (by heating) before being exposed to radiation, it cannot be patterned. Thus, the
desensitized ring of resist 10 forms a barrier or seal (i.e. a ring seal) between a central region
of the resist coated substrate W (which may be patterned) and an outer region 5 of the
substrate W to which, for example, electrical connection may be made. The desensitized ring
of resist 10 may also be used as a supporting structure for clamps or seals which are attached
to the substrate W, for example to make electrical connection with the substrate W.

[0049] Referring back to Figure 3a, the heater | was described as having a circular
footprint. Figure 4a illustrates a heater 20 having an elliptical footprint. Instead of moving the

heater 20 in a radial direction relative to the center of the substrate W to define the width of a
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radi ati on because it has becone cross-linked and/or polynerized. If the
desensitized ring of resist 10 was patterned before heating, the heating
process will renove the pattern. If the ring 10 is formed (by heating)

bef ore being exposed to radiation, it cannot be patterned. Thus, the
desensitized ring of resist 10 forns a barrier or seal (i.e. a ring seal)
between a central region of the resist coated substrate W (which may be
patterned) and an outer region 5 of the substrate Wto which, for exanple,
el ectrical connection may be nmade. The desensitized ring of resist 10 may
al so be used as a supporting structure for clanps or seals which are
attached to the substrate W for exanple to nake el ectrical connection

with the sdb‘éf’ffﬁ%lséRWa“[dGUA@ile%fz%rt?q }ﬁﬁefﬁﬁé“kmfeéd rixlee imacay femieat er 1 was
described asc c&gs@haltﬁeqwgams ofleQﬂlpﬂ'dafbetprEit @@ oAR td thé Makd: at es a heater

20 having an e cal ot t, Instead of heat 20 in a
Foa el o7 ARt SRR AP i B 8 o Prreroati B AP Get Lne | ha
wi dth of a heBedringgidifi. Thelshst 20RhAyedlt @tndyysblchies daltdarctidio defe dreat er 20 is
instead r Otr%l%%k & f;gggrub ter thachQ?‘ééted Qngtlsa %Enrt F)Ctﬁe rcm%?rcgrg%ait r)he | ong axi s

of its elliptica oot corresponds ed heated
ring width, and?®8®l ’Ellga‘@ 4@ thewsthdrat estexiaxiesthclong @spdid sllipteal aprane] | est

required heatad zbl.sraggl%ﬁmadmﬁfaﬁechﬁﬁmﬁ reg[Q:ctWe &met Afﬂl;&esumyt@ﬁpl eina

radial direction to déefine radi us rin so that the
heat ed ri nglefins tl&djtf&f‘é@ﬁfﬁl%ﬂftgh’édth elps Rﬁhﬁbfén P@&P%‘h T!as arr %]m F| gure 4a
shows t hat ,F1@Ee@rlﬂ1c@%§ﬂél§m,rotﬁtm bbt@BE tR%hisrad win@me hdatepbd. @adin foot pri nt  of
the heater 20 is 2 a radial, di rf tion (f\g{th regﬁect to the center
of the subdPFETEY! ab fer (ETPHE MOsEgEsE %%gfgﬁ%q PREESW At Hf resi st R

t hat can beuthkeat deay'Ehﬁ)tzad‘dﬂﬁWaﬁfﬁ&Wmt&rmo oFbcgumeheéar ;toradii ﬁlaklﬁtStralfeGWati ve

rotation b%]i g%?%ala?eleﬁlge c%t em?‘grgélgi l%e sen51 1z € appreci ated

that the hea ‘move e’ cen r]tni;\e rgscl Strate W or the
substrate Wrrmﬁ}'bbbéelre@tvmpe@%beneath t he heater 20 or both the heater 20 and

the substrate WhsiRyighess Bbal G deBbal by fusbita BRGM QUNEA o ElBULEoAD Shows the

desensitized ring of resist formed by t heating process. [0051]
Figure 5a élr?&l,vgﬂ%ahfatﬂplt“ﬁ@f tﬁ%%ﬂa@fZOzﬂnmlg@ééﬁh%Mtdéepﬂgmh Ketpagt i he short

axis of the celdriopd éuﬁﬂﬂatcf\’m%Q%l@ﬁneﬁl@nsﬁzﬂ?thﬁt@ﬁirﬁiﬁmﬁ& PoSsibROWgalidngsred in the
radi al directi nvmth]iresg’et t the c ?nterfo subsgrateW Thi s
al i gnment  SRELE BE¥HF RS 9w ProrpoLssr Braeirses bl VPraER Phe beplgi st R i s

heat ed. Fi gures5hd Shdhisriizheéddesiersindsiszidds smatkg indidtheisin site ddbndtaedred by t he

heating pracess.. g & at LN g ring of desensitized resist 10 is smaller
in V\ndththa% S‘ggd]“énsml1 ring of resist 10 shown in Figure 4b.
[0052] Figure 6a shows the heater 20 rotated to an intermediate position, between the

two extremes illustrated in Figures 4a and Sa. In Figure 6a, neither the long or short axis of
the elliptical footprint of the heater 20 is aligned in the radial direction. This ensures that the
width of the ring of resist R is between the width heated by the heater 20 in the orientations
shown in Figures 4a and Sa. Figure 6b shows the desensitized ring of resist 10 formed by the
hedting process. The width of the desensitized ring of resist 10 is between the widths of the
desensitized rings 10 shown in Figures 4b and 5b.

[0053] In heating the resist R, it is possible that out-gassing may occur from a top
surface of the resist R. It is desirable to remove any out-gassing components so that they do
not contaminate other areas of the resist R. Referring back to Figure 2, the hollow outer
casing 3 may be used to exhaust out-gassing components from the top surface of the resist R

{(e.g., an outlet connected to a low pressure source).
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- [0052] Figure 6a shows the heater 20 rotated to an internediate position,
between the two extrenes illustrated in Figures 4a and 5a. In Figure 6a,
‘neither the long or short axis of the elliptical footprint of the heater
20 is aligned in the radial direction. This ensures that the wdth of the
ring of resist Ris between the width heated by the heater 20 in the
orientations shown in Figures 4a and 5a. Figure 6b shows the desensitized
ring of resist 10 formed by the heating process. The width of the
desensitized ring of resist 10 is between the widths of the desensitized
rings 10 shown in Figures 4b and 5b. [0053] In heating the resist R it is
possi bl e t hat ssing. nma surface of the resist R It
i s desirable t3H¥4E§“ﬁlmﬂvmeg¥§ﬁﬁH&@L%P%%%waﬂ@gg?mggﬁf%bﬁm@ﬁ Ydo not
cont am nat evapeivesrmpy eds Aof sarivé appewpiist heRingRefrermdyrbg uizd ckhettohelésguk.e 2, t he
hol | ow out gf4 i ﬂﬁ# %ogse%yanp ?ultgﬁ@‘ga}l 90&%%%}&5&16 f)eﬁngg%a%é 19 4 égr%&) nents from

the top surface of the resist t connecte | ow
pressure séYVEB}Y belfw’dﬁft?éﬁw]’comom\ﬁalheatbléclféﬁb? ket shickidnaylesiend v theat i ng devi ce

HD descri bﬁéimﬁ’@&\lﬁe HP t{gﬂ/a\’@%ehysmt NaRisBEar SXATRL B QR M- coﬁ@ﬁ’tra§QEc§/orOf
appropri at tﬁﬁ ?ﬁsource may be used to heat the resist R and this may
ﬁcc 9 2

be housed ePﬁE)‘F‘bby\ﬂéV‘eatFrolr g fopipierd heating ofpdigeniigeag e/ P8R HD descri bed
above may lﬂﬁt anonghit foi be tlediedl. UROE @ shick nay Heatorsibdded dmothauhRstdeshiiel d may
extend fro tin owards the r R, Th| heat shield
can be use ea{l%g oy ré“gn hrl%tsgou\a/tdrf ‘Gt e ieete ?Cﬁ'ératﬁléé é“ﬁéhéfﬁgf%ﬁf by the heater
1, and to pftSlelvent heat i ng of adj acent areas of resist R that are not to be

heated. Use of (@sheal sahlialdy By, ARLEROL S AL BoRIPLG,ARE U At el Y

defined heating tprint in turn resu
accur at el yAtendtidy 2hediredp HimHy i solderingjigp coulddesBploTdelntenticer | nay be a

heating fi E)&Fﬁ?l@tmﬂ‘cmeg hadlaﬁonﬁh@cbta 0R8bGR Hedt sGRRYL In@h kR Fadianh Lehdda Vel y, a
heat i ng tl%lpém ar,. to a solderin _|ron coul d be enpl oyed. In another

exanpl e, a1e8 (rdjaen Qe oRaRsyRahEuleb g & sipgls 1%%“3%101:}1"6’@“91%1‘??? ra-red
radi ati on e_gmlefntnﬁﬁ bé tisadno aamllrdtdlbf dodtrd! ed sHaﬁihnaﬁinﬁ&lﬁ@Uf E€ralidgonb@icArni pul at ed

using a si n@lde ton t?-ls:{eﬁytslg or cxama{)ﬁed amss sten?(r:]osuld bfest%qgomgga ae{ftf%used to

accurately con ST ONS " which is
i nci dent oheamﬁnevmgaasspsttwrmh omproamamlléfz urh, lveanly ethsr ssipslcomitb Ok thftbe used to

create a r@qlraarahmou@@ﬁwmx sgtgmam%%%% g&&tl&agﬁ RAAL wltﬂ%% aH;LOO m or any

ot her suitable wdth. The |n ra- Iatron source may oused in the
casing 3 oFa“E‘élt‘F%‘é%ltf‘éﬁx@Fl%evel@l {iet W tersasingddi at i on transm tted via, for

exanpl e, an op{dossin kidIRF ebRpit NDefiBs iddBe Suld be brought into physical contact
with the resist R in order to heat it. In order to reduce the drag or friction on the resist caused
by the heating device, the heating device could be made to rotate as it moves over the resist
R, and/or the resist R moves beneath the heating device. For example, the heating device
could be a heated wheel, roller or ball type structure. The heating device could be a heatable
ring, which could be placed onto the resist R to heat a ring-shaped region. However, such a
heatable ring may dissipate a ot of heat (due its large surface area in comparison with a small
moveable heating element), which may cause distortion of some parts of the substrate or
lithographic apparatus and/or cause other parts of the resist not to be heated. For this reason,
the use of a heatable or heated ring may not be desirable.

[0057] The heating device used to heat the resist R may have a high heating intensity,

so that it takes less time to heat a desired region of resist to a desired level and therefore takes
less time to form, for example, a ring seal. Furthermore, using a more intense heating device

for a shorter period of time reduces the diffusion of heat to areas of the resist which are not to
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[ 0056] In another exanple, a heating device could be brought into physical
contact wth the resist Rin order to heat it. In order to reduce the drag
or friction on the resist caused by the heating device, the heating device
could be made to rotate as it noves over the resist R and/or the resist R
noves beneath the heating device. For exanple, the heating device could be
a heated wheel, roller or ball type structure. The heating device could be
a heatable ring, which could be placed onto the resist Rto heat a

ri ng-shaped regi on. However, such a heatable ring may dissipate a | ot of
heat (due its large surface area in conparison with a small noveable
heating ele nt%1 whi ch may cause distortion of sonme parts of the substrate
or it hogrg‘f‘g‘ﬁqt tﬁﬂﬁ&r"&?ﬁ%‘“&ﬁﬁf‘%ﬁ‘““&%‘ﬂfé@ baates phtps heatsd arpasef £8%i st not to be

heat ed. ForHdaliigShd e if a shotthperiddSeiaf re&c&@l&tp&hahlﬁh@lbfl'ﬂ@%hﬁdne[tin@gr may not be
R may have a

desirabl e. 057 deV| t the resis

hi gh heatln‘lglf'p %%I @?wﬁhﬁ%gqﬁgfh??%?5%§§m?3§?“39ﬁ§“F%“Hgﬁ¥E5 desired
regi on of H&SFBﬂ@dQm@rd®$n$edﬂhﬂwékmahdh¢h@nﬂk®h&ﬁhﬁkes less time to form
for exampl e, A fobd 1RERhansiill (1L IR freq MR 0ot AndTOLS 1l D;ERSL,IRAT T NG devi ce

for a shorter perio ‘Bduce sion of héat to areas of the
resi st whi cliParecsol mpbeds fesciierd Wt we berzmedesityy thiickpesowd trge esieis deki ni ti on of

t he boundardyggh efprdvBg ﬂﬁe@stse&d%&aﬁhé}feseﬁmﬂayer frl;mhhg&vélhﬁd rgsist for a
short period of tinme reduces the of the resist nelting or

out - gassi ng?PiR! B¥foPRTEYst RERE g ?@wﬂaﬁl% Iraqﬂmwom theifesepdtized layeer  of

desensi ti zaghyb& &k Slamble gRater 641098 b kil e iARGAY: opéﬂolﬁﬁﬁr) hfRdicl @ne T or med,
whi ch may be beneficial. [0058] The desensitized (i.e. cross-Iinked and/ or

polynerlzedeFé?%?“?BWﬁ@&WﬁymfHémg%ﬁﬁhﬁ&Fﬁ?é@“&W@BﬁEV%Gﬁ§Oﬂ@§Cr|bed above

may be any rolesi @tlelbiit, écRRBHle. HOWdvO1Ge ARkdr theidSsedsitizéKlayegNIQUER: t O prevent the
resi st undqﬁﬁcﬂth t he deﬁ1¥%lt|z d IQ%er from bei.n deVﬁIoped. A typica

| ayer of resist naybedse BB PR RSCERTE R 19" RrOSBHPRTTPEo R t he desensiti zed
| ayer nay blesensitiged Ieycamm & sgitieckttiat it isarpoR0Q, sruatldast obry didficuitno t he range of

200 11 L0 B Wik Ccned B8 1 J‘n@! G hfe AERERRG LA, SRYRTn A OP STTOnger 1t

is. Athicker desensitlze deve oper, for
exanpl e. Hd‘é\%é&'@?iamltﬂh‘éfhmﬁﬁ@k@ﬁs“m@aﬁew@EPSIIIZ eemwwwemg at gpgropatee di fficul t

it is to renaer Howtehi @l fBYsRRdN r@&%@z@étr&n@ ab %ﬁﬁer@Jygxcﬁﬁ%J1lpgsoSt eps). The
desensitized layer may be so thick that it is not possible, or is at |east

very diffi ﬁF?mSW8m“W8HHV@gﬂF“ﬂ§?W&agk%ﬁenlcal It may well be that the
desensitized | qyes9] maR dambcymaes JeBaaEove Ufd Bkt & hRdiasdietly AHdwhianer

e T R T T M S T
wi || al so conducted by the substrate to heat the remst In contrast, it may be desirable to cool the

underside of the substrate while heating of resist is taking place. Cooling of the substrate may

prevent distortion of the substrates shape, or reduce the spread of heat from a heated region

of resist to an unheated region of resist. The substrate may be cooled by immersing its

underside in a fluid, such as water or gas. The fluid may be made to flow to ensure that cool

fluid is continuously introduced to the underside of the substrate in order to cool the substrate

more efficiently.

[0060] The heating of the resist R may be undertaken at any appropriate time. For
example, heating of the resist R may be undertaken before, during or after exposure of the
substrate W. However, it may be desirable to undertake the heating process after exposure
and before the resist is developed, in order to eliminate or reduce any possible thermal

disturbance to the exposure process caused by the heating process.
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be nore susceptible to being dissolved in devel oper. [0059] In the

enbodi nents descri bed above, the resist is heated directly. However, the
resist R may be heated by a heating part of the underside of the substrate,
the heat being conducted by the substrate to heat the resist. In contrast,
it may be desirable to cool the wunderside of the substrate while heating
of resist is taking place. Cooling of the substrate may prevent distortion
of the substrates shape, or reduce the spread of heat froma heated region
of resist to.-an unheated region of resist. The substrate may be cool ed by
imrersing its wunderside in a fluid, such as water or gas The fluid may be
made to flow to Q0| contl roduced to the
under si de of thgﬁgﬁ ltgurfzeﬂll'{l\hea(l)tlrn germfelg%cl‘cég'lnwfl Flsé’a gtlﬁff ‘fgéap fore

efficientl yapp{r@@sesﬂ])wéﬁhxelt el bltei apgeaidteditinea sepsats tnithhaydy ploeidadndisat aken at any
appr opr i at Sl FAL of GXAMRLE TSR RO Rhe AR itk Biic Rl e under t aken
bef ore, durlng or after exposure o strat Wever, it may be
desirabl e ﬂ@mWﬁH@WWaWéOWW@“ﬁ@QFWﬁgmﬂﬁbwéﬁﬁcﬂﬁﬂé@se%vc@w#émwdﬁﬁ before the

resist is devekoReds cduli RuARHR 8BRSt 10atibEHYEE, ARV ROSSIAke t her nal
di sturbance to the exposure process caused by the heating process. 12

[0061] In F‘Féllff“éiriadylf‘l’ié"pr?é‘ﬁi‘i’W{j"’?ﬂ%ﬁ’/F@éeW“f@s shown as part of the

l'i t hographic ampem ad 06 emBdaIRME Bescribbd Wiotd, a hbeeraﬂa&rdeﬁg ad R ehobial bemgsepar at e
unit may b 8 r|at Larea the substrate. This unit
my b par RISV Rt R T b BB L pedy PER S

conmmuni cat i uanemwatnhse fdmsed, for bagplap han&caq:)qn@cro&itewsq type paben staamtkngllone. The
~heating progess, coul dertaken at a pre-alignnent |ocation or stage,
where the su sf?%%elﬂ?gggﬁ?gned ready for exposure or noved to after
exposure. [ 006210063} In thecrepdiguntrdnerbedrbgey inrabpusivesen desafbglanbéing zed ring 10

i's shown as,sbab Blhaust A FRGinYSIPOhB Gol BRYIPNGLRE PGRSSES R fRWENEr, i1t will be
appreciated that any appropriate pattern can be formed, for exanple a

sem -circl é‘PHF‘“%?dHB"F the eghapy fray ﬁ%?trfr%‘f"ﬁ oigsr egpet d chriisafer cxargplp fsped cal , etc.

ring or shapein {0063y of Me MBaraan@@diamhﬁodd&aarm@@ﬂu@mwﬁn wRith €X haust has
been descri,bed as beln us d to ust oggpgasshgga§%ﬁ onents fromthe

t op surfacéwgwgfﬂgﬂ?%% &1 o P £P4 th%%mmg & & exhaust nay
al so r enpvédinkinfpocgases pagtdurﬂhemlmkas Tht gas nex bevphr@iubrdatiegh nogds i n the

vieini Ly OfbenSHRRLE Ao MRk ALEGSL.l Al srLbanment |1

which heating I's taki'ng ein er to ‘spee the renoval of the
sensi ti zer lepatlynpior eample prd.g:guccn the heating device HD and the resist R

' [0064] The apparatus and method described have been discussed in relation to flip-
chip bumping. However, it will be appreciated that the apparatus and method may be used for
any desired purpose, not necessarily flip-chip bumping. The method and apparatus are
particularly suitable to application where rings or arcs of resist need to be heated.

[0065] 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
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| i nki ng process, or to purge undesirable gases. The gas may be introduced
using a nozzle (which may part of, for exanple, the heating device HD)
which can direct the gas to a desired |ocation, for exanple in between the
heati ng device HD and the resist R [0064] The apparatus and net hod

descri bed have been discussed in relation to flip- chip bunping. However,

it wll be appreciated that the apparatus and nethod may be used for any
desired purpose, not necessarily flip-chip bunping. The nethod and
apparatus are particularly suitable to application where rings or arcs of
resist need to be heated. [0065] Although specific reference may be nade in
this text to the use of lithographic apparatus in the manufacture of 1GCs,
it shoul d B&Yhnweliogyh i‘rﬁlé’fh""f HRURE PRESTREIPAE s st thetrat By F i bed herein
may have Otphﬁéé’sseﬁmlrd tgﬁgdnwwa:; 2hGIR irBddet meramalau{uapmy&&: @Jthétlﬂ{eeﬁﬂhat ed opti cal
systems, guidance et ect netlc mai N menori es,

1§ qui d- crySYEFc §FS feéri/rgay(al(i&ff%” % hiad aﬁa?ﬁ%ﬁﬁéﬁ Sl ’%uétﬁ’gespm&sts?fl The skilled
artisan mnﬂ@mappre0|ate that, in the context of such alternative

appl i cati ons, a[ﬁ%d""ﬁ% t%s t‘rt;'&li t}oﬁ’rz{rrlﬁ ‘be%fl?s dhe?f[l engérgpasskéﬁr)% Nemay be

consi dered as synonhynous w t th the nore enera terns Bstrate" or "target
portion", Ekégﬁ@EFWV@ﬁvmﬂ?héW@wwﬁﬁwab@UWéﬁémmndeEéMha¥%wm@hﬁyﬂﬁe processed,

before or ak4 ers expPOIUF @asdnnancﬂ‘e&{m@ml&et@Exﬁ\gc}s&ifau()@(eth@ngQat typically
applies a layer of resist to a substrate and devel ops ~the exposed resist)

or a netr olwéwnétf‘ in e 3eeetof on0 b s Wellperagickybemse wpt &, 10‘19’?@“%:ﬂr§]é‘ff’6§ur e herein
13 may be agplsi ed to such and ot her substrate proceSS|ng tools. Further,

t he substrate roce re an once xanpl.e in_order to
create a mul ti - g)?]gwh TS cef’ﬁ&‘{{‘%’fqﬁs of {hg frypntign have E?ff‘gesﬁr &92MEF i n may al so
refer to avdllipsbrretiaedtyatheilvereiaadpaci@ptaiicd othenvist pheaspeodiedsid | ayers.

[ 0066] The used herein enconpass all types of
eIectronagﬁ%%gﬁ%?gg?g??%%9aﬂﬁ%ﬁ%a?%§%g}traV|oIet (W) radiation (e.qg.
havi ng a wavel ength of 365, 248, 193, 157 or 126 rim and extremne
ultra-violet (EUV) radiation (e.g. having a wavelength in the range of
5-20 em, as well as particle beans, such as ion beans or electron beans.
[ 0067] While specific enbodiments of the invention have been descri bed
above, it wIll be appreciated that the invention may be practiced

ot herwi se than as described. The description is not intended to limt the
i nvention. 14
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CLAIMS 1. A method of formng a ring seal on a substrate coated at | east

in part with resist, the nethod conprising heating a ring of resist on the
substrate. z. The nethod of claim.1l, wherein the ring of resist is heated
to remove a pattern from the ring of resist, or to prevent the heated ring

of resist éﬂqm geing patterned. Tj The met hod of claim1l1., conprising

rotating t strate relative to a heating device used to heat the ring
of resist. y The nmethod of claimconprising noving a heating device around
the substrate to heat the ring of resist. The method of claim1l, wherein
t he resist 4on tAveetados faraine a risg @xpos ewbsttate dogied @lldadin falt wiBipRlsy tha pattern to

the resi st tﬁodéggﬁnm?%tﬂlﬁ’tﬁéfoarmglaﬂesmto%hesu IRy the substrate is exposed to

radi ation g'fgter een heated. f . The method of
claim5, wherein the substrate i s exposed to radiation before the ring of

resist has @eenrﬂa%ﬁhe@lommm I“;hyafagﬁcamgbeemsmgﬂ 9;9%»@4 %ge Qruing a ring

seal on a substrate coated | east par resi st eatl ng a ring
of resist BArpse resifher tlogfeéent Ihbheated rmg of resist Erom bemg patterned.

% The method of claim 4, comprising rotating the substrate relative to a heating device

used to heat the ring of resist.

A

& The method of claim 4., comprising moving a heating device around the substrate to

heat the ring of resist.

5. The method of claim 4, wherein the resist on the substrate is exposed to radiation to

apply a pattern to the resist.

GC. The method of claim. %, wherein the substrate is exposed to radiation after the ring of

resist has been heated.

F. The method of claim 5, wherein the substrate is exposed to radiation before the ring

of resist has been heated.

8. A lithographic method comprising forming a ring seal on a substrate coated af least in

part with resist by heating a ring of resist on the substrate.
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