L METHOD AND APPARATUS FOR PRODUCI NG ULTRA- HI GH PURI TY
wo MMER{10001] The present invention rel ates tporaydIBisHass2o
and apparatus for produci ng uHrapurc water. In
particular, the present invention relates to the
production of ultrapure water for use in inmersion
I'ithography processes. Further, the present invention
relates to the p oduction o f ultiapure watei in a
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ayRy K iowexgs orepgh ntiyeerropid cal | it hography
approaches a |imt, new techni qgues have been devel oped

that extend the useful life of the technol ogy. The use
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I gn cant potential to extend the useful ness of
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production technique for semiconductor devices has been nearing a number of phyvsical
barriers for several years. In fact, since the mid 1980°s, the end of optical lithography
as a viable production technique has been predicted to be only a few years away.
However, each time optical lithography approaches a limit, new techniques have been
developed that extend the useful life of the technology. The use of imumnersion
lithography techniques now offers significant potential to extend the usefulness of

optical lithography even furthes.

[0003] Optical lithographic techniques require a beam of light that shines through a mask
and exposes a photosensitive material coated onto a semiconductor wafer to create a
particular desired layer, e.g. trausistor contacts. Following exposure and creation of the
entire IC layer, the now soluble portion of the photosensitive material is removed; e.g.
rinsed away, and a negative image of the IC layer is Ieft behind. Further processing,

such as jon implantation oy deposition, can than be casried out, and then the remaeining



particul ar desired layer, e.g. transistor contacts.
Fol | ow ng exposure and creation of the entire C | ayer,
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r@di ai)i ogaand NA is the numerical aperture. Wth the
shrinking of lincwi dths, the exposing wavel ength has
al so shrunk. 10005] For exanple, state-of-the-art
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even smaller Imewzdths, but a number of technical challenges remain to be overcome.
For, example, it would be necessary to change the optical exposure sysiems to be all
reflecting oplics because wavelengihs less than 193num are absorbed by the lens
material; generally fused silica. All reflective lens exposure systems represent a

significant cost in new equipment as well as new technical issues to solve.

[0006] While exposure wavelengths have been reduced, lens design improvements have
increased NA for the exposure systems lens. For example, NA values of approx-
unately 0.4 were typical in the mid 1980’s, while more currently NA values of greater
than 0.8 can be achieved. When using air as the medium between the lens and the

wafer, the physical limit for NA is 1, while the practical limit is closer to 0.9,
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significant cost in new equipnent as well as new

technical issues to solve. [0006] While exposure
weernoeheagt hs have been reduced, | ens design  PCT/US2006/039520

i mprovenents have increased NA for the exposure

systens | ens. For exanple, NA values of appro imately

U4 were typical in the md 1980's, while nore

[0007] ﬁﬂt'iﬁﬂfééém 1}{‘?111@1% 1o 1%&?&1‘ 1! RN OBt ARt 8 f several
) Ry Brh Shof Kt Atkompig ol of sy

armbbsl,snandhng Dhomésmt ,qu:nlhg, q:fﬁ\;lms clahmilnamn, 1éamﬂut[‘<|ﬁu exﬁlaﬂ_qement

€ the.practi s closer 1t0.0.9.(0007] The
and Qe el BB e he ey T6Rg RO AR I ot St
impré&@mEneX afidip@rhoprasey 1dderViatit RRhQ@sht tded athiup9.25.
photoresist quality, off-axis illumnation, resolution
enhancenent and optical proximty correction. The k

[0608] fLQ:QIuQKu, gmkl INHRS @, zﬁé\lwsomlbh Y B8RP chﬂ@«[ﬁ?@h%ttmo may
al t houg ractical |ower I|n1t is thought to e

%%6ﬁﬁiﬁﬂ25ﬂm[ O8Eh eslatign phialese |initations, the
resolution limt for 393nni exposure systens nay be
cal cul ated using the Rayl cigh equation as follows: W=
W07 252X x 193)90.0.=954mnb4pm [ 0009] Thus, a highly

optim zed ArF exposure system may be sufficient for
65nm | i new dl hs but woul d not be capabl e of producing

[0009] tThes,fadf gisig ShathiZRINmH dxpewire s¥sem Fae teaahidiedl for 65nm
es related to 157nm and shorter wavel ength

lmffWéQ*gaE&{] Sy ok e STraRls CERrte g o frFresid dpTT TR the The

techricH) Th A XROSWe Bt &Y S IBTBmMVAN Sh&&dr v £ aRkhgm SO 593@1115 make
net hod f or potentlally i ncreasing the useful life of

extenEyrh iy eredinacss 4he Mpwghemopme sySHgh veryldesirdblea hy.
Jam.ciMn aJtSs ainoaeiumwit T. bet worn the
projection lens and the wafer allow ng the printing of
[0010] ﬁmpm@wg«pd far @e@nﬁd@ﬂs}ctq‘a@ihw Iidrc u'%bﬂjl tﬁfﬁi diet %ayl}' gysthims is through
equation c dsum,.ot her .

lmlnxt h;un r) m;ﬂs\ 15 1t1 Ll‘pcn %au h IT\ u ”‘v?n il?) gtx [ u i m\(éémt. ﬁem asg

r evi 6Us

wats ;rrbdtl\ um} h) et ;Weysz} bhénk endtland: ft*hzﬂ oW&fogﬂm ﬁri’ﬂlﬁng oy s ader

tines) LML Of, his is because NA is deternined hy
HICSt h’é}"fial“’r oW g“‘ GAEY sheh equation can be increused by using a medium

other than air. As noted previously, when using air as the medium between the lens and

the wafer, the physical limit of NA is 1. This is because NA is determined by the

following equation:
NA = psino = d/(2])

{0011} where, n is the index of refraction of the medium surrounding the lens and o is the
accepiance angle of the lens. The sine of any angle is always < 1 and n = 1 for air,
therefore the physical limit for an air based system is 1. However, by using a medium,
with an index of refraction greater than 1, it is possible to increase NA. However, in
addition lo a higher index of refraction, the medium must also exhibit low optical
absorption at 193nm, compatibility with the photoresiat and the lens material, and be

uniform and non-contaminating. Ullrapure water meels all of these requirements; an
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refraction of the nmedi um surrounding the lens and ais
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ﬁn&@kgknﬁﬁﬁmu@;forn1ty [0014 j There remains a need in

the art for inprovenents to providing ultrapure water,
{0014] There remains a need in the art for improvements to providing ultrapure water,

particularly for use in immersion lithography for the formation of integrated circuits.

SUMMARY OF THE INVENTION

{0015] The present invention provides an apparatus and method of providing ultrapure

water capable of meeting the requirements for use in immersion lithography.

{0016] Further, the present invention relates to a system for providing ultrapure water and
including flow control, wherein the ultrapure water meets the requirements for

immersion lithography.



particularly for use in imersion |ithography for the
formation of integrated circuits. SUVWARY OF THE
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i mrersion |ithography, [001 6 J Further, the present

10017] DVRM QN He®r&eBSint ehtRnSYBEE T b OYstdh @Fbl@k’ﬂgnddbltJa@@*d:r\%ter

waver and including flow control, wherein t he

thatgpp ba Baredipesingieesbing e saay e ventnrs iRgerp ARdifizPhY
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the WRRERI Avdpkibpapure water is supplied to an i nmersion

i t hography tool through an |ithography tool support
cabinet. [0020] Figure 3 is a schematic drawi ng of an
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a number of ways to purify water, including
filtration, reverse osnosis,

a2t} Figure 4 iy a schematic drawing of an embodiment of the pressnt invention

wherein uih'apure water is combined with other fluids.

[0022] Figure 5 is a schematic drawing of a further embodiment of the present invention

wherein ultrapure water is combined with other fluids.
DETAILED DESCRIPTION OF THE INVENTION

{0023] There are a number of wayvs to purify water, including filtration, reverse osmosis,
detonization, degassification and exposure to ultraviolet light. Bach of these processes
solves different purification needs. For examptle, filtration is used to remove particulate
matcr and contaminants. Different filters can be used to filter different particle sizes,

and may be used at multiple stages of a purification process to assure complete removal

of particles and contaminants.



dei oni zati on, degassifi cation and exposure to
ultraviolet light. Each of these processes solves
walpdof7eraat purification needs. For exanple, fiPCT/EHS1006/039520
is used to renpve particul ate mater and contam nants.
Different filters can be used to filter different
particle sizes, and may be used at nultiple stages of
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SDl (Silt Density Index) and turbidity. [0025]
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0sSi t veI char ed. i ns ile anion resins contain
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then combine to forz.n watﬁr molecules. Deionization can be carried out in separate
beds where the reactions are independent and generally incomplete, or in mixed beds
where the reactions are simultaneous and the water produced is virtually ion fiee,

Deionization works well for removing dissolved solids and gas ions.

{0026} Degagsification lechnigues are used to remove gases from water. Membrane
contactors, such as micro porous hiollow fiber membranes are used to bring the Liquid
aud gas phases in direct contact. These membranes are hydrophobic so that water will
not flow through the pores. In operation, water flows on the outside of the membranc
and the gases flow ¢aibe inside of the hollow fiber and may then be removed.

Degassification works well to remove gases, such oxvgen and carbon dioxide.
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that is exchanged for negatively charged ions. The

rel eased hydrogen and hydroxi de then conbine 1o form
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separate beds where the reactions are independent and
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reactions are sinultaneous and the water produced is

virtually ion free. Deionization works well for

renovi ng di ssol ved solids and gas |ons
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T er advantage of ozone is thai 1
sy@mnrHeSmamqﬂenﬁﬂuMhmucmmsxahdubﬂmnrmemaﬁmﬂaﬂL@MSCﬁmhxdnd

PG RS 8 e tri-| S A Pt o SR aaetiy g vutbie
freWah @ (el bebi tr-a@ur-enasy)airse spsmsﬁc bemaam deych,d for a
avai | able to the lithog raph¥ tQol.s. rticul ar

the
%pqg:pf{icr ‘é\“ﬁiﬂi“é“\ﬂdtt}é‘i’gfﬁﬁg WoCase i PR Fihxuanwgﬁi 9P i cggﬂf)cess oberators.

FOI £F; ans‘f“ mapesd £iicall.om bnandet.il 0. aghieye vihe-guel water
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process. The present invention provides an apparatus and method for providing water
{0 a level needed for immersion lithography, and also provides a single cabinet that
may house all of the necessary purification units. In particular, the present invention
comprises a combination of several purification units, each of which provides a
different purification function necessary to meet the ultrapurity required for immersion

lithography.

[0030] For example, one embodiment of the present invention is shown in Fig. 1, wherein
a single cabinef 100, houses a number of different purification units. Shown in Fig. 1
are a prefilter 101, a reverse osmosis unit 102, a deionization polisher 103, an

ultraviolet light unit 104, & secendary filter 105, a degasser 106 and an ultrafilter 107.
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specific imersion |ithography process will be
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1ntl%ﬁQédaQB thd &b i HRY 0D KR8 At aQEclig ﬁ?@ﬁ@e?ﬁ@'i y Thc prefiltered water

urification units. n particular, present
s thetvieRt¢sopd bpnpierssesmasic anbil AAte mmqyfc sgeve@@ﬁ and large
mopéamc;, G AentlBhd 310 FAGL, Aes 6 R QULEPBy B HhHlE5ED!

cation function n cessary to nee 4 rapupty

lithogogphy el f @nicie mapuidd ohe hiatdn tﬁrg)naﬁhw\n @080}l BOD is pumped ©

the GEB{}\M"‘S‘H”#-J“E 1rﬁ8%@2}%{ﬁ%&1%$§§$ sgléc bnﬂl(_;ggyentl r%llﬁlg}é)énmd
W aﬁ:z RUABE {)zc@ﬁsﬁdﬁvﬁ(@h@ﬂhaﬂuwt ixgl@tahhtommlrétﬁov&lﬂbﬁﬁmh;fhrﬁxes and
arc a |ef| rover t osnmosi s unit

SUSB&‘F%WP%Y%%P‘%I“?% her bfmswv th oY he seprsiapy [ itP@HfS uﬁi‘@c

wo@%u Q'z‘ti(?@g@fﬁx.crés'%tﬁﬁgv 4&%»%@1@&&%ﬁﬁmyl@@:ﬁm 88 ultrafilier
ulfrafilter 107.Qther ‘el ements include a storage

IOK/E@@éP ek grdingt pOthys ulapure waidrecatyfotigvan enSHeMsIPR
Titho tgl;z( 'wﬁo% “?m"\@icet{sznotsﬂ%ntq B agg 1y Q%( ' dg% spirm(f%{%o allow

wat er sup I's i'ntroduce he cabl net
fOra‘mﬂbﬂ ls ildn s;tn Cfudlftcﬂm 51 daympr Efd ﬂotaemztmﬁ)}i; draihéf necessary, sech as

d, en _processed. by reverse osnpsis
n 5B B et S s R R RSB B TSR RS R
is then sent to a storage vessel 110 until needed by

100331 Biq P Urar LGB~y SR 88Y L) poiy oRe o4 e%%'xéxﬁ&&ﬁé‘?ﬁm“é@éfo%

woidcl-oni/ Ut 4L R Pokisher: 403 bt aul enpve; di sspl.ved sofkdson o
and gas ions. The deionizcd water is then processed b
thegrREeTen e W@f be pgiernindi qutsidrthe sabisptoh\@ awel heitially processed

w LJJ}TPWH'L%?L@ @%@?n msik;sapf'bvs% S A 0l 620 108
ﬁe 165" fhe

~ renoved secondary fil
Immersion hthography tool.

[0832] Figs. 2 and 3 show different configurations of the present invention. In particular,
in the embodiment shown in Fig. 2, the ultrapure water leaving the cabinet 100 is first
sent through a lithography support cabinct 200 prior to being introduccd to an
immersion lithography tool 300. The embodiment shown in Fig. 3 introcduces the
ulirapure water directly to the immersion lithography tool 300 from the cabinet 100.
Additiona] operational control elements can also be included in the apparatus, such as,
pressure and temperature controls, fluid flaw control devices, valves (manual, shut off,
pneumatic), mixers or blenders, flow restrictors, non return valves, flow meters and Ph

probes.



processed w er is then degassed by degasser 106 and
finally filtered using ultrnfJUcr 107 prior to exiting
W@ 297021431100 as ul trapure water ready for use PEI/ES2006/039520
imersion |l hoi'ianH )I. The reverse osnosis unit ]02
and the storage vessel 110 also allow for water to be
di scarded fromthe cabinet 100 to a suitable drain if
[0033Ne8 ﬁSﬁi@'ﬁ%asﬁét@ Bf &% pResefit idvatiot), dupaad rhaymﬁa ARl Qfihi uﬂtmpm(,
not required a |nner5|on I|tho graphy tool, {0031
watghie @ﬂ@@}dqxi%ﬁhe wiradiveiipd o 2 d proyide égpﬂcyy OHE w1dth capabilities.

In o‘}@&ftia %léfdﬂdce{)c Q}fle \R/cl.i}.gi 1EH¥t's{1 l?l?éc't ar 1’equxaen4enls noied above and in

e uiir/ .
addrtiq) ﬂow coquoé mdﬁmuﬂ; mealtSheua*t dvorsddosmsis tm@b@e

nnrHersmquﬂEggr x;%}ﬁrquircgme tscg}% IQSIS’lialog ?ﬁ‘s?sterﬂ'rﬁéd%&n%llowu*g

rocesse

uu$n0m1theaﬁﬁhﬂm36ghﬂgxﬂﬂnﬂ.req red b an i mersion
l'ithography tool. [0032] Fiys 2 - d 3 show different
configurations of the present invention. i particular,

[0034] Nn phLicRMROGe FeditbntS @M oh Brdvidbs ad appdi€tud bhd ﬁ{éﬂfo@ feat er
IeaV|ng the cabinet 100 is first sent throug

- supp bﬂ%@/@g@ mld S0P 9@,*{1@6@@@ apsfo @@Ozrﬁ?qrgpn pgmgg;p}w process. The
) bys{cm E&gﬁe% 4 ﬁ’ox@@mﬁi%f ﬁh fk zhlrti?\r AgRARNALN %’il easRBopaiBcing

shown i n oduces t he uItrapure
commteé 4i few tcpytmlb%r hg bp amedevionot $ystepythapingasugrs| angd @ontrols

the fJ}Q@ 1[‘ Qg uq’n‘?lQ ol}%gchlgtgdl @‘qg cwnggl%d 9{? %&&{1&%2@: yﬁwgg{tjtgﬁgnd
mua@;i qf rtlecspxm:s@naxmmxm campociativblendiaptcrolbsljty fid ehshrd fuélvuud

ot §h PF et A SarPRCE e Bpe S R ORI
val ves, flow neters and Ph probes.[0033} Tn a further

o_[pect of the present. invention, dopants_ nay be added
10035 o herflorgpisrapi %redww e MERE? S%ﬁ“tfé’rm?%e"irléf‘ PR When

< DACX NG DLV AR, SPECHCbL NS, At Bo EBRARE L h88.01d Rich
order to be effective, the water mist still meet the .
the pdiganyur e fiebar A otustia! sbove tapthaiieadul 1f¢rdmy rhddivm dohe pedd in

;,,,%n}d,:m in QQAP,'E, nf?mWﬁme? iR %\(l gﬁ % ang»';; il Qo “?‘?t the

i mer si on~1'1thogr aphy Tt €qui Fenment mai nt ai
corgpaigii s tyemith fedibotoreslist end thg lens material, uniformity and

non-contaminating,

[0036] Fig. 4 shows one embodiment of the present invention wherein several fluids,
including ultrapure water are provided to an immersion lithography tool 300. In
particular, Fig. 4 includes a flow controller 400 for each fluid to be combined, e.g.
ultrapure water and other fluids such as dopants. The dopants may be purified prior to
enlering their respective flow controller 400. The flow controllers 400 measure and
control the specific volumes of each laid being cambined to meet the desired

requirements for the combined fluid needed by the immersion lithography tool.

g



onsi c i i <-at ble lithography results [0034 J In
particul ar, the present invention provides an
wappanzi4es and met hod for supplying water and PCEUS2006/039520
nore dopants to the inmersion |ithography process. The
system conprises a flow controller for the
ultrapiire water and for each dopant bei ng conbi ned. A
[oo3f]lQW ool fu@tﬁm‘@%o‘@ﬁn@fﬂ)ﬁf ‘i‘l%ﬁbr@%n@ In vgﬂtﬁnemut,reﬁata mixing
neasures and controls the specific volunes of each
desfipqip @ Benrgdeonpravade mimngadheilbnds Gove thedpay aewizoligrs 400
\ i ncl ude bl endny
o B b B O R UhoRl, ' T M g of the
fluids prior to dullvt , to the |nner5|on I|thograph}
[003%}012% g%x!'xg Igbe JPHEF@ g pmeeltﬂ{adn?%*)%ﬂr Hu\;m?c?ng (ﬂl 4pul § watef h‘xat
§0 msﬁk ik’ xec.mnc; .Kcnu; of ulnhkl siod lithograph¥ cih & @@kisRnlly Bud®iced.
' i1 F ui trapurc mater and nmust al so neet
Fughg! P?éam"l“éﬁfé o oFpgpus Wwad}m 'Y B SpalereRiaet AUohnist
pointlBfhsd &gne@' iRe W1trAurB Hatdh 4B RY- supplied% L @or€ Bé it et ruﬂi
tion at I'V. . conpatibility with the photoresist and
ecqriegif asnpmt erial , uni formty and non-contani nati ng.
{0036] Fig. 4 shoms one enbodi nent of the present
i nvention wherein several fluids, including uH apne
{0039t & arﬂilc'fpapaddhimbﬁtér tmbadin ammamii \aﬂa’hértsfw@lifﬁp’ﬁyem @rodention
.300, articu ow contraller
Wil b Bah A B B S ABHEG Te hg 1tbf RRorane
desbBipebn and codnfes, ihdlit Sinfunabd 8t depapibedinldes dePatiaions
. purified prior to entering their respective
lKFY G PE GHRFGRE B Soabied W BT DI ers ADE Hksiite
clz8Rgl control the specific volunes of each fluid being
conbi ned 1o nuscl \bc desucd requirenents for the
conmbi ned fluid needed by the imrersion |ithography
tool .[0037] Fig. 5 shows n further enbodi nent of the
present invention wherein a m xing device 500 is
included to provide mxing of the fluids fromthe fl ow
controllers 400 prior to delivery to the imersion
l'i thography tool 300.
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[0038J By using the apparatus and nethod of the
present invention, uHrapure water that satisfies the

W0 ewalhraaent s of i mersion |ithography can be PCT/US2006/039520

consi stency mo uced. Further, by providing all of the
purification units in a single cabinet, such as a
poi nt - of -usc cabinet, the ultrapure water can be

Clafaepl i ed in a nore conveni ent and econom ¢ nanner.

6.

[0039] It is anticipated that other enbodi nents and
variations of the present invention roll becone

Le aglisl % ARBAL LR diA Lultifurs kidkd a4 aQﬁ'Hle?QQn hﬁm@;%h& 'dgbltce the

the foregoing descri ption and exanpl es,
i ntoRgadcarhprisingich enbodi ments and vari at i UI | s

1 kew | 5% Flecﬁltgfhuﬂﬁgc%mbﬁa{lg?@&oﬁgatg suﬂag ;I nventi on

ae system f or
prOV|d|ngnukhmapmmmsmamerﬂmdcannnmaaﬁmnnvM1ﬂh@@ﬂﬁpﬁy
devi ce, stem co. ui
communt cARFBRAANTHIS: Rt cStppfyRie rabdbet glmpsmesi
unisnit;n fluid communication with the prefillcr; a

dei oni zation unit in fluid connunlcatlon with the

rever se GSHWEY®I Akt uiiin fjud soppiusicalipyyithihe getppization
fl ujdi;communi cation with the deionization unit; a
filter in fluid communication with the uItraV|oIet

| i ght unpfilteninddyd seemupisation vithdberminayiekat light wiith t he

filter; - f |, A quplcatlon
with the ggﬁ%éﬁé}rﬂ ﬁE%COIAnF&LCM}'n&fJgE}k Eeilmv‘\qg er gm ts the
systen1fmonmmﬁémwhﬂhmdcmhnmnandmﬂawhbaedqmeﬂxb y the

|nner5|on lith qg

wherem ulfrapdr CYV&?@I ez xﬁs the system from the ultrafilter and may be

used by the immersion lithography device.
A sysiem acconding (o olmim 1, wherein the syslem is housed in a single cabinel.
A system according to claim Z, wherein the cabinet is a point-of~use cabinet.
A gystem according to claim 1, further comprising:
a storage vessel in fluid communication with the reverse osmosis unit;
and
a pump in fluid communication with the storage vessel and the
deionization unit.

A system according to claim 4, wherein the system is housed in a singfe cabinet.

A system according to claim 5, wherein the cabinet is a point-of-use cabinet.

It



rifioseccdi jiptod Ir!t 1, v. herein
the systemls lio svd in asingle cabir?t 3 . L syslcm
woe@endi4sj j io claim/'. wherein the cabi net iBCHUS2006/039520
poi nt - of - use cabi net. 4 . A system according to claim
1, further conprising: a storage vessel in fluid
communi cation with the reverse osnosis unit; and a
7. pUNps bykedih H&(ﬂ\rcﬁﬁmm@h@zaﬁj @Heﬂéht the tBienBhOs G, \tﬁssmviom
and the deionization uni . A system accor di ng
cl ailighiyunt, \l\h‘“e%‘?fnm@l’i‘éé%%??t: éwi fhe %%m@éa apePoysey | Wg} %mlc
cabiggt.e1 6 . A systemaccording to claimb5, wherein
the cabinet is a point-of-use cabinet.7. A system
according to claim1l1, wherein the dcionizaton unit,
t he [ e.fil ,
3. and h)gsgc%\{ 940 émé g@ﬁg}ng‘?h% E%xteeg thg calgzg& is %Egmggg-ﬁg’é(sggbénet
A system accor ding to claim7, V\,her e| n the cabinet is
, a pojnt-of-usc..c 9. . A system according to claim
o1 PUher e At Re FETLAER dcvbee Bhit Bra TRE oart 2af Fbr
ar e lmafiilddiack QARG 8RR Ativh Witha Syshedregr ai n. 30 A
system according to claim4, wherein the storage
vessel is in fluid comunication with a systemdrain.
1011, Aseysh RAGRLIEERGN UOwWARLRITE stk et ReT] fsqﬂnm@ ng
neans to add dopantstothet I(raplne water. 12. A
syst@ﬁﬁ%‘@@@iﬁ@iﬁlh’gﬂt%’i)@h&?ﬁTalll wherei n sai d neans
includes ilow controllers. 13. A systemaccording to
claim12, v/herein said neans further includes m xing
11i  fidesystérh aegording to AametlhbHuotthof cpnmakicg mgans tbradp dppants to the
wat er, for e |rm’rerS| on |ithography process, the nethod
conpti & kg ate

12. A system according to claim 11, wherein said means includes flow controllers.

13. A system according to claim 12, wherein said means further includes mixing
neRns,

14. A method of producing ulirapure water for an immersion lithography process,

the method comprising:

treating a water supply by prefiliration to obtain prefiltered water;

{reating the prefiltered water by reverse osmosis to remove ions and
large molecules;

treating the water from the reverse osmosis process using ultraviolet
light to rernove impurities and suspend solids;

treating the water from the ultraviolet light process by filiration to obtain
filtered water;

treating the filtered water by degassification to

treating the water from the degassification process wo wltrafiliration to

obtain ultrapure water.



treating a water supply by prefiltration to obtain
prefiltered water; treating the prefiltorcd water by
WO 20020383DsnDsi s to renove ions and | arge nol eRCl/E82006/039520
treating the water fromthe reverse osnpsis process
using ultraviolet light 10 renove inpurities and
suspend solids; treating the water fiorn the
ultraviolet light process by filtration to obtain
filtered water; treating the Itere water by
15. degAgnethod atcoshing Ql?léh% Friyrthysomatiengtro t he
denazi fi gat:i. OR,. ' : A o f
Ul apur G g e e v e o el oy e pted o
f ur ededry tho rpmiessianglithggraphnpgrocess. wat er from the reverse
osnosi s process until requested for use by the
i mrersion |ithography process. 1 . A nethod according
10.t 0 slattimddocofding hedlaicomprivshargorpddpig a dopant to
the ultrapure water, %7. A system for providing a
nmedi um h ””agogﬁégi1F€“bﬁ@§%?€?ﬁined refractive
index to an inmersion |ithography device, the system
conprising: a source of ultrapure water; a source of
T.at Peysemore PropaRg 2 Fredsin Srving A dp seinr cdderssehrHTasgve
t he; ki 1 48 hiuang: Mccl BASLL nt, .
mut A B aa e e e B ) SRk i ng
to cl ai m squrceplaprrsayadenreans f or comnbi ni ng i ncl udes
" uV Tsgltee ot Yoost S S pedeb Pl ne dopant -
mat er i al means for combining the ulirapure water and the at least one dopant

maerial to obtain the medium.

18. A system according to claim 17, wherein said means for combining includes &
seporaie Toa controlier for the wltrapure water and {op cuch of the at Juast one

dopant material,

19. A system according to claim 18, wherein said means further includes mixing
means.
20. A method for providing a medium having a specific predetermined refractive

index to an immersion Lithography device, the method comiprising:
providing a precise quantity of ultrapure water; and
adding a precise quantity of at least one dopant material to the ulirapure

waler to oblain the medivm,

21. A method according to claim 20, wherein said adding is carried out using a
separate flow contreller for the ultrapure water and for cach of the at Jeast one

dopant material,



19. A sysiemaccording to claim218 wherein said neans
further includes m xing neans. 20. A nethod for
WEe@viodi4ey a nmedi um having a specific predet erP@TES2006/039520
refractive index to an imersion |ithography device,
t he nmet hod conprising: providing a precise quantity of
ultrapure water; and adding a precise quantity of at
22. | easbys0ne acdapaing tovdbel el fuftRertddgpuikingapure YWterfo
obtain the nedium 2 1. A nethod according to claim
20, wherein said adding is carried out using a
separ at g, i@ h@ qnialpeié Whted zﬁfd th18 164 apya&kwhﬁmﬁmd
for each of the at ¢ one dopant materi al
system according to cIa|n120 further conpr|3|ng.
m xing the ultrapure water and the at |east one dopant
mat eri al .
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