| MVERSI ON LI QUI D, EXPOSURE APPARATUS, AND EXPOSURE PROCESS CROSS REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains priority to US
application 11/071,044, filed on 3 March 2005, which clains the benefit of
U.S. provisional application 60/651,513, filed on 10 February 2005. Both
priority applications are hereby incorporated in their entirety by
reference. FIELD [0002] The invention relates to inmersion |iquids;
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phot o-acid generators) diffuse or dissolve into the imrersion liquid. See
al so EP 1482 372 Al. [0004] Accordi n§IBLD obj ectives of the invention
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flow of imersion liquid (discussed in nore detail infra). SUMVARY [0006]

The invention provides imrersion |iquids, exposure apparatus, and exposure
processes. BACKGROUND

[0003) Immersion lithography is gaining attention due to improvements in
critical dimensions and/or depth of focus that it provides. However, the technology
also faces some concems. For instance, on the one hand an ultra-pure immersion
liquid may be advantageous to minimize the appearance of stains when drying areas
wetted by the liquid, but on the other hand it may be desirable to include additives in
the immersion liquid to influence or create desirable properties. E.g, it may be
desirable to include acid components in the immersion liquid to avoid or minimize so-
called T-topping or other undesirable effects, T-topping, for instance, may occur
when a resist layer on a substrate to be exposed to radiation comes info contact with
the immersion liquid and components in the resist (e.g. photo-acid generators) diffuse

or dissolve into the immersion liquid. See also EP 1 482 372 Al.

[0004] Accordingly, objectives of the invention include providing an
immersion liquid comprising one or more additives yet having reduced staining

concerns.

[0005] Also, objectives of the invention include avoiding or minimizing
streaming potential effects caused by the flow of immersion liquid (discussed in more
detail infra).



[0007] In an enbodi ment, the invention provides an imersion liquid forned
by a nmethod conprising adding an ion-form ng conponent to a liquid (e.g. an
aqueous liquid), wherein said ion-form ng conmponent has a vapor pressure
greater than 0.lkPa, e.g. greater than water. [0008] In an enbodi nent, the
invention provides an imrersion liquid having a pH below 7, said pH bel ow
7 being at |least partly caused by a conponent havi ng a vapor pressure
greater than 0.1 kPa, e.g. greater &agﬁég? [ 0009) In an enbodi nent, the
i nvention provides an i mrersion |I& ing a pH greater than 7, said pH
greater thangGiepei ng Eie ineasion protides iommesdch liyuids, expoguonggiardnay amy a vapor
pressure greater than 0.1 kPa, e.g. greater than water. (00010] In an
embodi ment, “FREYMCRIERTFON provides an imersion liquid having an electric
conduct|V|ty of at least 0.1 gS/cn1 e.g. at least 1.3 gS/cm at 250 In an
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i nvention pr es a process conpri ing a conponent to a
liquid, said conponent havi ng a vapor pressure greater than 0.1 kPa, e.g.
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wher ei n sai i'on has passé sal d aqueous r|S|ng
sai d conponentH préager tham 7, saxd pH greater than 7 being at least partly caused by a

component having a vapor pressure greater than 0.1 kPa, e.g. greater than water.

[60010] In an embodiment, the invention provides an immersion liquid having
an electric conductivity of at least 0.1 pS/cm, e.g. at least 1.3 uS/cm at 25°C. In an
embodiment, the invention provides an immersion liquid having an electric
conductivity in the range of 0.1-100 pS/em at 25°C, e.g. in the range of 1.3-100
pS/ecm at 25°C. In an embodiment, the conductivity is at least parily caused by a

component having a vapor pressure greater than 0.1 kPa, e.g. greater than water.

[60011] Also, the invention provides processes, e.g. an immersion lithography
process, using the immersion liquids. In an embodiment, the invention provides a
device manufacturing process comprising exposing a photosensitive substrate to
radiation, wherein said radiation has passed through the immersion liquid prior to

reaching said substrate.

[00012) In addition, the invention provides immersion lithography systems
comprising an immersion lithography apparatus and one or more of the immersion

liquids.



reachi ng said photosensitive substrate; wherein said adding of said
conponent increases the ion concentration in said liquid. [000141 In an
enbodi ment, the invention provides a process conprising: (i) adding an acid
to aliquid, said acid having a vapor pressure of at |east 0.1kPa, e.g. at
| east 5kPa; (ii) exposing a photosensitive substrate to radiation, wherein
said radiation has passed through said |iquid conprising said conponent
prior to reaching said photosensitive substrate. [00015] In an enbodi nent,
the invention provides a process conprising: (i) patterning a beam of
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i nvention provjdes,.a |lithography apparatus having a voltage generator
capabl e of ﬁﬁﬁvﬂ¥m§La vol tage difference between a first part of a
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at least 0.1kPa, e.g. at least 5kPa;

(i)  exposing a photosensitive substrate to radiation, wherein said
radiation has passed through said liquid comprising said component prior to reaching

said photosensitive substrate.

[06015] In an embodiment, the invention provides a process comprising:

(i) patterning a beam of radiation;

(iiy  passing the patterned beam of radiation through a liquid (e.g. an
aqueous liquid), said liquid comprising ions formed by a component having a vapor

pressure greater than 0.1 kPa, the conductivity of said liquid being at least 0.25

uS/cm;

(ii) exposing a photosensitive substrate to the patterned beam of
radiation.
[00016] In an embodiment, the invention provides an immersion lithography
system comprising: '

(1) an immersion lithograptly exposure apparatus; and
(i) an immersion liguid, e.g. an imwersion having an electric
conductivity in the range of 0,1-100 pS/cm at 25°C (for instance in the range of 1.3-

100 pS/cm at 25°C) or a carbon dioxide enriched immersion liquid.



a second part of the Iithography apparatus, e.g. the imersion hood of an
i mersion |ithography apparatus. [00018] Additional objects, advantages
and features of the . invention are set forth in this specification, and in
part will becone apparent to those skilled in the art on exam nation of
the follow ng, or may be | earned by practice of the invention. BRI EF
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conponent s hmogajahycappﬁtama g. an aqueous liquid, for instance a liquid
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[00019} Fig. 1 represents an immersion lithography system according to an

embodiment of the invention.
[00020} Fig. 2 represenis an embodiment of an immersion hood of an

immersion lithography system according to an embodiment of the invention.

DETAILED DESCRIPTION
[00021] Preliminarily, this application at various instances refers to vapor
pressures of components. In this regard, the vapor pressure of a component refers to
the vapor pressure of a component in its pure form (thus not in a mixfure or in

solution) at 20°C.

[00022] In an embodiment, the invention provides an immersion liquid. Also,
the invention provides a process using an immersion liquid, e.g. an immersion

lithography process.

IMMERSION LIQUID
[00023] In an embodiment, the immersion lignid is prepared by a process
comprising adding one or more components to a liquid, e.g. an aqueous liquid, for

instance a liquid comprising, relative to the total weight of the liquid, at least 50wt%



[ 000241 I n an enbodi nent, the conponent added to the liquid has a
relatively high vapor pressure. A high vapor pressure may assist, e.g., in
avoi ding stains on a substrate when inmmrersion liquid is renoved (e.g.,
evaporated) fromthe substrate. In an enbodi nent, the conponent added to
the liquid has a vapor pressure exceeding the vapor pressure of the liquid
it is added to. In an enbodi nent, the conponent added to the liquid has a
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Er osi on- Cor 5 g?clPa, such as a?gcas@/ski’a Gt egst %183% atqgastvﬁfkgg a?ﬂegst 30kPa, or at least
50kPa. In an embodiment, the component being added is formic acid or acetic acid.
In an embodiment, the component added to the liquid is, in its pure form at 20°C and
at 1 atmosphere pressure, a gas. In an embodiment, the component added to the liquid
is carbon dioxide. In an embodiment, the immersion liquid comprises, relative to the
total weight of the immersion liquid, less than 5 wt% of components having a vapor
pressure below 2.0kPa (e.g. below 1.5kPa, below 1 kPa, below 0.5kPa, below
0.25kPa, below 0.1 kPa, or 0kPa), e.g. less than 3 wt%, less than 1 wi%, less than 0.5
Wwi%, less than 0.25 wi%, less than 0.1wt%, less than 0.05wt%, less than 0.025 wi%,
less than 0.01wt%, or less than 0.005wt%. In an embodiment, the immersion liquid
comprising the component having a relatively high vapor pressure is, not taking into
account the main constituent of the immersion liquid (e.g., water in an immersion
liquid having water as the main constituent), essentially absent components having a
vapor presswre below 2.0kPa, e.g. below 1.5kPa, below 1 kPa, below 0.5kPa, below
0.25kPa, below 0.1 kPa, or 0kPa.



Dunne in J. Phys. D: Appl. Phys., 18 (1985), p.211-220. Stream ng potenti al
may, e.g., shorten the lifetinme, for instance through corrosion or
erosion, of e.g. coatings, sensors and/or (alignnent) markers that cone
into contact with the flow of immersion liquid (in particular
substantially conductive conponents of, e.g., coatings, sensors, and/or
mar kers). In an enbodi nent, the conductivity of the liquid conprising the
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[00026] While increased conductivity may assist in reducing or eliminating the
effect of streaming potential, it may also increase the amount of component(s) that
needs to be added to the immersion liquid, which may lead to staining or bubble
concermns. In an embodiment, the conductivity of the liquid comprising the component
is less than 50 mS/cm at 25°C, e.g. less than 25 mS/cm, less than 10 mS/cm, less than
5 mS/cm, less than 1 mS/cm, less than 500 pS/cm, less than 250 pS/em, less than 150
uS/cm, less than 75 uS/cm, less than 50 pS/cm, less than 25 uS/cm, less than 15
pS/em, less than 10 pS/cm, less than 7 pS/cm, less than 4 pS/om, or less than 2
uS/em. In an embodiment, the conductivity of the liquid is in the range of 0.1-100
uS/em at 25°C, e.g. 0.25-25 pS/em, 0.4-10 pS/cm, or 0.6-6 pS/cm. In one
embodiment, the conductivity of the liquid, e.g. an aqueous liquid, for instance ultra-
pure water, is increased by adding salts or acids to the liquid. In an embodiment, the
liguid is enriched with acetic acid, formic acid, CO, {CO; may form in/with water the
ions H* and HCOy), or NH; (NH; may form in/with water the jons NH," and OH").



effected by the stream ng potential (e.g. the substrate table, for instance
a sensor or a sensor plate on the substrate table) and anot her area my
limt or negate the wundesirable effects caused by the stream ng potential.
In an enbodi ment, the invention provides a |ithography apparatus having a
vol t age generator capable of applying a voltage difference between a first
part of a |ithography apparatus, e.g. the substrate table, and a second
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or bel ow 4. PrOVigEs aHOGSHRFGHIPHEAE APRIHES 5P1°‘t@°ﬂffqr@]§§ pet?"ee“ a2 S RaBeT &t | east
2.5, at | eas‘lfthc% aghy @f)palre%?ssE g3t}é1su@§tratel 8BRSl and- a7 @coﬁi gelrﬁ‘@ﬁihe‘hﬂ%gra%h | east

4.5, at | east or at least 5.5. In an enbodi nen onent added
to the |iquidaPHaug egadks n@n?jma}arﬁe@ﬁ af pEsmersisp dikqerphy agpactiie 10 Adrer si on

i qui d Y Q5bhginchd) WRIHR HERBLOR BERCDIYORR Ao b BaBl0 Al MY cOrTe

into contact with the immersion |1 qui he resist conprise alkaline
conponent s 1%&9%1@@?9 atrlgash @V, ethigest élﬁ, at E@Wﬁ@hﬂ@stt%torrﬁﬁ%aﬁfe%\l’( mes t he

i nmersion |i &%bgmehpthg%%gﬂ%'r%%@}sl S%\@%ngbgw d conprising the conponent

has a pH abSve above 8.5, above 9, above 9.5,
or above 10. In an enbodlnent the pHis below 14. -7

[00028] In an embodiment, the component added to the liquid is an acidic
component, e.g. acetic acid, formic acid, or carbon dioxide. Acidity of the immersion
liquid may assist in maintaining the effectiveness of resist that may come into contact
with the immersion liquid, e.g. by helping to slow down/decrease diffusion or
dissolution of photo-acid generators, that may be present in the resist, into the
immersion liquid. In an embodiment, the liquid comprising the component has a pH
below 7, e.g. below 6.5, below 6.0, below 5.5, below 5.0, below 4.5, or below 4.0. In
an embodiment, the pH is at least 2.0, such as at least 2.5, at least 3.0, at least 3.5, at
least 3.75, at least 4.0, at least 4.5, at least 5.0, or at least 5.5. In an embodiment, the
component added to the liquid is a base, e.g ammonia (NH3). Alkalinity of the
iminersion liguid may assist in maintaining the effectiveness of resist that may come
into contact with the immersion lquid should the resist comprise alkaline components
(bases) rather than acid components that may leak into the immersion liquid. In an
embodiment, the liquid comprising the component has a pH above 7, e.g. above 7.5,
above 8, above 8.5, above 9, above 9.5, or above 10, In an embodiment, the pH is
below 14.



[ 00029] The manner of adding the (one or nore) conponent(s) to the liquid
may vary and may depend to an extent, e.g., on the type of conponent being
added (e.g., whether it is available as a gas, a solid, or aliquid). In
an enbodi rent, the conponent is added via diffusion through a nmenbrane.
For instance, the liquid may flow on one side of a menbrane and the

component on ot her, side of .t ane, ereby t .ane i s

i nper meabl e | P'ﬁ)"llshe | i @i‘ﬁ At Oﬁégfﬁ%%g‘l%?’?%o’i %%88%%%8€§,t0tiﬂeuéq‘3‘?| owi ng
tgg gomonenﬁaﬁ@rﬁihﬁémﬁdé@h@w arOgsiteht, ), mhequmdjfmponentmng:mpmnent t hus
added is a

se0ete o s ot il 500 50 R B,

liquid (e.d.compoRaitRused hﬂﬂiff‘imoﬁ HroughS BEEEratY,  Fot-hkinee, Wid Bqulid fnlapws on one
side of the nmenbrane and a CO2/ N2 m xture flows on the Oth%g,ﬁ%etge of the

menbr ane, alfoBhicRPRecHge gha MEMPEIGPRG (5 SORPEERER ey gfhgr S gi al
exanpl es of Iﬁéa'ﬂlﬂraiel %h @Hﬁmb%b'hspi Bimdabe & 8, ligBid%ut pririekBle ke MENTDI aNe
contactors from ME an enbodi ment, the conpaonent i s _added to the
liquid by f|c@m‘pmgen(,éh1§ allomgﬁm ﬁ@ypqnﬁ@ tO@bfﬁbﬁéh@ﬁthqpﬁt doeaenbedineat (or by
flow ng a C%ﬁ]@oh&ﬁltﬂ hasGRBGERLS Bk edy @@ﬂpﬁ%ﬂérﬁﬂddﬁh%n@ tﬁ@l:éthf;dﬁ@nt'@to t he

liquid; e.g onponent-1s anmoni a and i qu IS water, the
anmoni a may a@ée%@xgdmﬂyorfem@mm@maﬂ G@ﬂ%&r&ﬁzvéP?OTd@%c@ﬁﬂﬁﬁfoéﬁnﬁ%éous
ammoni a sol n r

corrponent ( s;ﬁthr%%g ﬁ&a@@&;s‘é}%&xﬁ rl%-m%f%@qg%g??g?%@% (vggﬁl()%r%lgésrlg%ﬁél iquid
may be "pre- npernéqnareeniﬂ)a CRA%, mudire dowayn ithe of élderoféhesmgabrame allowingt hat is
linked to t ra t eapparat us
may be adap[@&%g% |ngsg%tltﬁ 1?ae%;r e?}%&é@%ﬁ%o el%nl% it%l)brl'g Qﬁe addi ng may
be i nt egr at equipfien mctiedaap;garlaQUi;-CElﬂmw fO0E80 frmeMEMBRAN AN Inr ovi des

t ti
o1 ocesscs wABREIROIegh b Papar e Lot TRt BoPny (b g, JeghBRLARCT,

radi ati on pasm@éenchhr meeghthe haqmm‘nédsm@n flavejng da bebmparativebe hiongentrhied
substrate. [00031 n.enbaodi [ OCESS S _provideg i ng
exposi ng a CQE‘B%‘#‘E{}B‘B“ 601?%’&% i eﬂhq‘\]/\‘ﬁe‘?%r it %ﬁha ?Tgﬁ‘imgfﬁ;l %rmﬁn as paésed
through an imareisidoR Wagtli the &ftmodsanibed adied ey dowite seainparativelp an

enbodi nent, the process conprises
concenirated agueous a%)moma solution into the water). The adding of the (one or

more) component(s) may be done remote from the apparatus (the immersion liquid
may be “pre-prepared”), the adding may be done in a separate unit that is linked to the
apparatus (e.g., 2 water purification unit for the apparatus may be adapted for adding

the one or more components), or the adding may be integrated into the apparatus.

PROCESS

[00030] The invention provides processes using the above-mentioned
immersion liquids, for instance processes wherein a substrate js exposed to radiation
and wherein the radiation passes through the immersion liquid before reaching the

substrate.

[00031] In an embodiment, a process is provided comprising exposing a
substrate to radiation, wherein said radiation has passed through an immersion liquid

as described in the above section. In an embodiment, the process comprises



-8 patterning a beamof radiation (e.g. with the aid of a reticle or an
array of individually programmable el enents), passing the patterned beam

t hrough a projection system (e.g. an array of |enses), passing the
patterned beamthrough the immersion liquid, and exposing a portion of the
substrate with the patterned beam In an enbodi nent, the substrate is a
sem conduct or substrate, e.g. a sem conductor wafer. In an enbodinent, the
sem conduct o %5{&555 %%&, f;r?&a-g{h it Be 86 P8 rdit R b el FURiviGRUNSI Sting of
Si, SicCe, S&% , ol G, &f Ks%%n p, and 'nAs. In an e%rb_odi rr‘élnt,§lt he

seni conduct progsulpsibleatieménts) apassinly threpatiomad bewn rthwsglp 6 umieiection syfie®nbodi ment ,
the sem conduc ' b 1L SHIALE thel i SMhadiament, the
substrate i $% ag%lhggngeh%egi’ﬁjg%%gat}h%bgértleg%ﬁbogﬂgner?t,é tt}?e1 su sltra e’lis a
ceram ¢ subaid apesing mpation efthedilistnit withiee saioged feam.i & amenahogiming

substrate, g.9..a plastic substrat M) I S rate is a
phot osensi tﬁ'\?esugi%get ?Sa?es,enlé(foélaucéo§ %gﬁtfaﬁegaené%a%egpd% ﬁh]g&%)ﬂb‘gt}%ét y’ vS\aAE] th a | ayer
of resist. {ORRRANL rheaensivhaidétor sthstrate dmeicdal manelédat Frormdhpromess i s

provided conpri.sing,. [ tterni b of, .radi ation: (i ssing the

patterned b&SHGE &%ﬂh éb%dsﬁg'f(fr“f%@g(ﬁga@%ﬁéﬁgb%‘g In‘fa?'q]g'i 2g subgs e%alttqﬁlgous l'i qui d
conpri si ng idadiSontiadtoriibnitedis a QPO saditondamomgugpowah ot anprebedineet, greeat er t han
0.1 kPa; (iii), exposing a photqgsensitive substrate to the tt erned beam of
radi ati on, f%@@éﬂm‘i’{l %’gs,mit § ?lécr‘?ﬁéﬂl?sﬁétr‘?t %RQHISP%S‘%E?H‘}’ eps?lg g ®

CONPr i Si NG: gladsi Jubftidktd. € MR AR Gerbdatayit, Othe Isalbatel N4 ofrhinje pdsigdta1g Ihha patt er ned
beam of radration through a |jquid conprisi ng an %%i.d @r % ba%e, said acid
or base havfHPEGE %P%@W@ne‘?{g@’é‘ﬂg‘ﬁ’d“?tﬁe B4 BEFIG FLSEHPe Bi*Psai d

liquid;, (ii}n6ounas:NGe 3ubiaaicos angtictdsyBitiy abstateg ele0 by adviag icomed Wher ei n sai d

radi ati on has passed through said aqueous |iquid conprising said conponent
prior to rahektnyitkalarepeestdensiti ve substrate.

[60032] In an embodiment, a2 device manufacturing process is provided
comprising:

6] patterning a beam of radiation;

(ii)  passing the patterned beam of radiation through an aqueous

liquid, said aqueous liquid comprising ions formed by a component having a vapor

pressure greater than 0.1 kPa;

(i) exposing a photosensitive substrate to the patterned beam of
radiation,
[00033] Also, in an embodiment, a process is provided comprising:

@ patterning a beam of radiation;

(i)  passing the patterﬁed beam of radiation through a liquid
comprising an acid or a base, said acid or base having a vapor pressure exceeding the
vapor pressure of said liquid;

(i)  exposing a photosensitive substrate to radiation, wherein said
radiation has passed through said aqueous liquid comprising said component prior to

reaching said photosensitive substrate.



-9 [000341 I n an enbodi nent, the process is a |lithography process, such as
an immersion |ithography process. An exanple of an apparatus for carrying
out an immersion |ithography process is shown in Figure 1. The apparatus
depicted in Figure 1 conprises: [00035] an illum nation system
(illumnator) IL configured to condition a radiation beamPB (e.g. W
radi ati on or DUV radiation); [000361 a support structure (e.g. a nmask

table) MI cepgiqjuct eg, bo e&%@@gl@&, the REdEEEN DRI Brodsandh Gonpect ed to a

first positionef PMconfigured to accurately positiaon the patterning

devi ce in aeverdenbithogiaphy poeesai \bEKIEe 6F S1 2PPAAIEY B RATYINEI P ERur e
supports, 'igg?ﬁrg?&{ifiiﬁoérgiﬁly 6(9@%%% LR @i RAL €68 ﬁi)g.raqﬁ\@e?@tedh{b‘i@ﬂ%ds the

patterning ce I n a manner t twgepends on the orientation of the
patt er ni ng Heammises: t he design of the |ithographic apparatus, and ot her
conditions, such as for exanple whether or not the patterning device is
held in a vacuum environnent. The support structure can use nechanical,
vacuum el 08035t at i en olluminktem systeny (iHgminetwhinllgwesfiguped kolcandifiee pat t er ni ng

devi ce. The %gﬁn(% gg%lﬁ;ﬂn@\%wamm%ﬁ“;%a@% r a table, for exanple,

whi ch may BE i ke e as require >support structure may
ensure that the patterning device is at a desired position, for exanple
wi th respeci00838] t hea snegjosicativetires (e @nmaskHableleMh cqnairecdydnionyiPEEyRce” used

herein ShOLﬁaﬂeaﬁltg%a@éw add%oﬁ%&fea%@g 82 SR PG oh Ao dE8 £8yt hat can

be used tofinpart a radiation beamw a pattern in’its cross-gection
such as to msiiat éheapatitstningr deviae in acenrdpace pdthtdenfin phranteéers. s b syrwos. |t

shoul d be noted that the pattern i Lt ed ot{%. iatl t{% y not
exactly cor%%ﬁ%nﬂ‘@%ﬁsf H&* g;ggr?rtg%l v‘bé%%tteoﬁhtﬁenp% %ltgé(raﬁgi%é'g%r ?anmhg? t he
substrate, pattmingxavipd @ arharnbethpadepends on the loviceistiqnhd siee mltedingrigvitgat ur es or
so call ed si.st f ur.es. ﬁenerall L th attern i rted to the
adi at i on DBAAR 91 b BB peauapy ST Aot oA o SR 0 a
devi ce bei nghetliceaf ast the pitkenih@dgade ipGrkiian, vastah eatrcamentnTegsaiped circuit.
The patterning device maé@be l'tsr ansm ssive ar r e{h[ﬁe tive. ¢ a.nBI es of
pat t er ni ng SHEFPCLE™ T PRI is KE 4o © Firagiple of © rd?%ﬂ’ﬂﬁl? BdP anmabl e
elements (Ridthe pAOBMANTRRC TH bigdortdinoMe Mhy PE eoianewbletableDiganel s) .
Masks are well ~known in |ithogr aEﬂhx, and incl QI[(%1 mask t tPues such as
bi nary, al teSPTHBIR; Wﬁlcjbﬁ%’ebes ﬁﬁ(}? or mo able as required. The support cture may

ensure that the patterning device is at a desired position, for example with respect to

the projection system. The term “patterning device” used herein shouid be broadly

interpreted as referring to any 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 patiern imparted to the radiation beam may not

exactly correspond to the desired pattern in the target portion of the substrate, for

examaple if the pattern includes phase-shifting features or so called assist features.

Generally, the patiern imparted to the radiation beam will correspond to a particular

fonctional layer in a device being created in the target portion, such as an integrated

circuit, The pafterning device may be transmissive or reflective. Examples of

patterning devices include masks and arrays of individually programmable elements

(e.g., programmable mirror arrays or programmable LCD panels). Masks are well

known in lithography, and include mask types such as binary, alternating phase-shift,

and attenuated phase-shift, as well as various hybrid mask types. An example of a

programmable mirror array employs a matrix arrangement of small mirrors, which

can be individually tilted so as to reflect an incoming radiation beam in different

-10-



and attenuated phase-shift, as well as various hybrid nmask types. An
exanple of a programmable mrror array enploys a matri x arrangenent of
small mrrors, which can be individually tilted so as to reflect an
incomng radiation beamin different -10 directions. The tilted mrrors
inpart a pattern in a radiation beamwhich is reflected by the mrror
matrix. [00037] a substrate table (e.g. a wafer table) WI constructed to
hol d a substgatiGns.( Tkl xﬁ@&tsslﬁnpsa%tp%éemi 8 Ladiaf bR Bk QARAGL Gicliga @ Second
positi oner PWconfigured t accurately position the substrate I n
accordance \bﬁ’tfhﬁfémﬁiah‘lxpar aneters. In an enbodinent, the wafer table
conpri ses one or nore sensors (not shown), e.g. an inage sensor (for
instance a tggns SSImbgmgﬁb@wg%&afeﬁaﬂeﬁw%&%%ed ANPL sidrar@berrati on
sensor. In an enbadi nent, one or hore of the sensors conprise one or nore
metal s, e. ge-GHisHFtERRted ks WieBe apmnesied toghiscend nesifienes PW penfigared &1 s ar e
coated, e.g aceuratta%,tﬂo%ﬁaﬁ%@ @mss&htqem £0Q91%§[§Je @mprc%a%ﬁt aQaﬂnaéﬁt e (£. 9., a
refractive projection lens s confi gured jum?t apattern

i nparted tociohadimgel e wafen }ﬁwmye%met@rmmgsem 6@1‘8 wMne.g 8t ar get
portion C ( koS i ) t he [ 00039]
The illum ngl:tﬂiggoen&igggt(%o% nma ggﬁc%drg}g %/1%% ?1{5;%% Seﬂgoe)ég 40§y9§ﬁélg}‘ﬁw§%%onent S,
such as ref ﬁmmmsens@‘flmmcdm@nmw nmreofﬂ@rmgsmmcqmprsb@ac oostatic or
ot her types i nt t| on [ eof

di recting, aeblg%%a? %con r ol Il;ﬁna(fq1 a%?g?eﬁlgnn% rr%hE pP%isgrétair%n syst ent
used herei ncmbe 'dwammanllwmdt nterpreted as encorrpaSS| ng any type of
projection system including refractive, reflective, catadioptric,

magneti c, omagne st t any

conbi nat i onk[@ﬁ%&eof ¥ E}O cag]r}gpgt (Eg aa% éeé'cg‘% h&i&'o&&%’éﬁ"@swﬁﬁ bPeIi ng used,
or for ot hewnﬂgawﬂmyomtﬁpa&smtlmeamo dfe radlmanbnan?BdJy paitepuing devicd he use of
a vacuum | e he j.ection syste S array of

| enses. In g/{’l&éﬁ g?%%ﬁ?ﬁlgﬁtcﬁé'ga%%{fr gﬁggh%grmér@?gg 05@1 bjlgsgrfto proj ection
systens, e.g. to increase throughput. [00040] As here depicted, the

appar at us i #083%a t r dienilbwimation ysyste(re. 1gay  iedhpleoyhumgs atipeangnoptiiale mask) .

I I
Alternat | velonpd, SRAPLALASJEXREADL bS] Bk ndalPBelficfhic P! 0YI NG @

other types of optlcal components, or any combination thereof, for directing, shaping,
or controlling radiation. The term “projection system” used herein should be broadly
interpreted as encompassing any type of projection system, including refractive,
reflective, catadioptric, magnetic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure radiation being used, or for
other factors such as the use of the immersion liquid or the use of a vacuum. In an
embodiment, the projection system includes an array of lenses. In an embodiment,

the apparatus comprises an array of projection systems, e.g. to increase throughput,

[00040] 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 (¢.g. employing a programmable mirror array of a type as referred to above, or

employing a reflective mask).

[00041) The lithographic apparatus may be of a type having two (dual stage) or
more substrate tables (and/or two or more mask tables), In such “multiple stage”

machines the additional tables may be used in parallel, or preparatory steps may be
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enploying a reflective mask). [00041] The lithographic apparatus nmay be of
a type having two (dual stage) or nore substrate tables (and/or two or
nore mask tables). In such "multiple stage” machines the additional tables
may be used in parallel, or preparatory steps nay be -11 carried out on
one or nore tables while one or nore other tables are being used for
exposure. [00042] Referring to Figure 1, the illumnator IL receives a

radi ation beamMed OB Snd GIh&b kdibs SRk CRe %OIMéqwl&ear@ngé N&dl dof hOgr aphi ¢
apparatus nay be separate entities, for exanple when the source is an

exci mer | ase¥Pospy¢. such cases, the source is not considered to formpart of
the |ithographi c apparatus and the radiation beamis passed fromthe
source -SO t qoddag) i | | uRmahplo IFkeutd § hiehBudindiop i, 3e BRI, H@kiide sy St em BD
conprising, for exanple, suitab e directing mrrors and/or a beam

expander . | ff%t AepdiaitiiesourageSQo isesonEsy e thie, Lithogeoghisl appaiptes gpavt bre
"thograph' SopARPRRAE Sor LAhpIEXHER e SOAEDi{RGxSOHE Lerl T SrclTERGHN | AP, The
source SO an?}p I"'um nat , together wth the beamdeliVery system
BD if requi rS@lerce myt b@lﬂdﬁ@fléﬁ’ foe pag Qafstheahﬂimm¢ mpawgta@mthq radigkion

enbodi nent, ALd gnﬂs 3 ]t/vavel ength
of at Ieast g% 1529&5&5‘&919 tﬁéﬁéédzg%eg(i% 1:hé(ﬁt t &%gﬁemﬁga bas 175nm
at | east ZO@dmersasysﬂem&@ CRBTsNg, Bt exanads, sm%lvrﬂlreettnglngasts an@@bmbgamat Ieast
350m, or a t E iatéan Vi
Fadiat i on ogurEaRoy G ek A7 SSBRCHLYR an LRGSR B8 PAENRAEE e
at nost 372ppurated fmamﬂsmm'c}wtsomstis Smmmryampmiﬁie saTon 80 mﬂﬂmst 250nm

at nost 0on t 175n t he

radi ati on hﬁs ma%%ag}é)l 8%6 g}h %5 erﬁnng‘%g’ﬁ% Syf%lgln%% %nreﬂ@?%dr%’ y[ 043] The
il ![ umi n?t o(r:I rdf:mret%;ot asoﬁpadlaﬂ?asysmnh; ust en eﬁdboﬂm*regd]msﬁdnamgn tplfifmnt ldeﬂnltgult ﬁr t
intensity distribution er ea ner a , eas e outer
and/ or i nnefadr‘aé’ﬂflﬁ?ur‘é? ?ggﬁ%}@b iLr)%fl o gt i\e_%dtog?maﬁ 88t i nner,

r lelspect i vel ySOHmLattlémé; Il‘Vﬁlﬁdet tigastl R&inkid, mﬂtleasn 2231m|@|a3uwsi 2185@{;% Qéast he

illum nator n be adj.usted ition, the. umna ycorrprlse
various ot héist %ﬁwﬁ%ﬁ?@f&ﬂl» hfga%%g‘ﬂﬁm ﬁk@f@tﬂé@%t% laﬁ%wagﬁ CO. The
i 11 um nat or pirByHiden Y6@RE: 5O 129 AdVdveeiath RE at most 450nm, e.g. at most 425nm, at

most 375nm, at most 360nm, at most 325nm, at most 275nm, at most 250nm, at most

-

225nm, at most 200nm, or at most 175nm. In an embodiment, the radiation has a
wavelength of 365nm, 355nm, 248nm, or 193 nm.

[00043] The lluminator Il may comprise an adjuster AD for adjusting the
angular intensity distribution of the radiation beam. Generally, at least the outfer
and/or inner radial extent (commonly referred to as ¢-outer and G-inner, respectively)
of the intensity distribution in a pupil plane of the illuminator can be adjusted, In
addition, the illuminator I, may comprise various other components, such as an
integrator IN and a condenser CO. The illuminator may be used to condition the
radiation beam, to have a desired wniformity end intensity distribution in its

cross-section,.

[00644]} The radiation beam PB is incident on the patterning device MA, which
is held by the support structure MT, and is patterned by the patterning device. Having
traversed the patterning device, the radiation beam PB passes through the projection
system PL, which focuses the beam onto a target portion C of the substrate W. An
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radi ation beam to have a desired uniformty and intensity distribution in
its cross-section. [00044] The radiation beamPB is incident on the
patterning device MA, which 1is held by the support structure MI, and is
patterned by the patterning device. Having traversed the patterning
device, the radiati on beam PB passes through the projection system PL,

whi ch focuses the beamonto a target portion C of the substrate W An -12

i mrer si on hpod |.H ' ks, descri B I18%id tger si on
liquid to almrg?ﬁ%h%%@é]ghmp ﬁsegegfﬂﬁbta%ﬁq%%hg%ﬁﬁ&b%%%g pr gjgg%lt %oln System FL
and the subgiatabawshh therfinAelearhioditemjectidnesystaindir andghe subbteata/\lV. aktid

i mrer si on hood .ar onnect e 0 vol T a 4y 48 Dattery)
that is cap%beIE{"gI’mf}ﬁ’o&/‘F a{&ﬁéatg%’g‘? y@g%nééll %ggﬁgg&{ %ietg l\r/e\ecgﬁ]giéheg tg dostrat e
tabl e WI' angbifahe géoaras SV (. obudtetyl) khaf &. @patieviwervidmgsiemttoge diffbrares of
substrate tabl e and, the i Si hood | H).. 045] ..\ id of the
second posi ??WFF@%@W%&%“ g%’%? g‘l io?f“g@'ﬁélapqsffm(]%of) g(}ﬁ é% Pe\r?{végr}lf%?%rsr%t ric

devi ce, |ingiafe 2RREERE tBlc WERALCHE int@esipA%069 JH) he substrate table WI  can
be noved accurately, e.g. so as to position different target portions Cin

the path of the radigtion b PB. Simlarl t ne ii-oper PM and
anot her posmpb#ﬁ ser@g}f%ﬁ\ﬂf‘%ﬁh? ERY poe%ﬁﬁ%?%%%’é’%f@%Seegghl%nﬁlf—'?g'ure 1) can
" be used to achkRiMlHRSicE]0Rar dhbglepat dapaditivegsenko) the stiitrate tdbla Wdpect to

the path of the radiati on beamP nmechanical ~regrieyal froma

B, .e.g.. after
mask | i br ar A0 RsrmewsH iafgratelk o, 50 Iaﬁtog%’%]é’roﬁldff?"mé%eﬁ? oS £ L sﬁ%port
structure M)Tf ﬂﬁ)é&a&l@tic{]neﬁéainwg. Eﬁﬁit&ﬂ%hi&e&irﬁt Ssit@néioPlg- atir olsthermpokiies ( coar se
posi tioning) and a short-stroke no (fine sitionin which form part
of the firstensqéwhich dmet s deRIptE] F&lé%%?ﬁgﬁiﬂ uggd ?ﬁ%&%ﬂ%??’s&?"é‘ tabl e W
may be real hé?;@ﬁé%&ih?ﬁevié’e MAngiS sk EronBssHiIe otthe radizsion béans PBOoKe afiadul e,
whi ch form part of the second positioner PW In the case of a gg pper (as

opposed to @medwaistlaryicvHdroguppurl likemyex dree AfFaRed HETMAEEL B 0 a
short-strok e§§§ﬂdﬁtsﬂ1’mﬁ&@ hYF 3y bRMIRA Wil¢BslaiaBak lcﬁ@%trﬂ]& m6leNd @6ardA and
substrate may be ali1gned using ali ?nrrent, marks M, M and suggt rate
al i gnment  npesiconfag) aRba sharttsokigiodie f%@ﬁlﬂw)awpﬁhmpﬁ%fﬁ@ b
i1lustrated gs%folﬂQyPﬁggﬁrﬁ I?,qn&%ﬁgﬁttofﬂﬂé' Lib9Bie tabREV TR HRaedlR6@tARE | N spaces
bet ween t a?ge portions hese are known as scribe-lane alignnent marks).

a long-stroke module and a short-stroke module, which form part of the second

positioner PW. In the case of a stepper (as opposed to a scanner) the support structure

MT may be connected to a short-stroke actuator only, or may be fixed. Patterning

device MA and substrate W may be aligned using alignment marks M1, M2 and

substrate alignment marks P1, P2. Although the substrate alignment marks as

illustrated occupy dedicated target portions, they may be located in spaces between

target portions (these are known as scribe-lane alignment marks).

[00046] Similarly, in situations in which more than one dic is provided by the
patterning device MA, the alignment marks may be located between the dies.

[00447} The depicted apparatus could be used in at least one of the following
modes:
[00048] 1. In step mode, the support structure MT and the substrate table WT

are kept essentially stationary, while an entire pattern imparted to the radiation beam
is projecied onto a target portion C at one time (i.e. a single static exposure). The

substrate table WT is then shifted in the X and/or Y direction so tha_t a different target
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[00046] Simlarly, in situations in which nore than one die is provided by
the patterning device MA, the alignnment narks nay be | ocated between the
di es. [00047] The depicted apparatus could be used in at |east one of the
following nodes: [00048] 1. In step node, the support structure MI and the
substrate table WI' are kept essentially stationary, while an entire
pattern inparted to the radiation beam is projected onto a target portion
C at one ti L. I i p e W is
then s ft cdorih el lifs 3 Sb pas fiflmulthe TSR B E 1T 15
portion C cdimily¢hessigeof the target pattiop Crimdged iv heinghaxiatiamposere of the exposure
field limts the size of the target portion Cinmaged in a single static
exposure. [W 1 2. d t Andyihe
substrate t e%WI' ajr'gn?gg{mge%’ @?ﬁ{éﬁﬁgﬁgﬁ% h\%ﬁfdfl&eﬁ%%%%rtnl_i rrpTgrted to
t he radi ati ere sommad schonjustyvedle amattem dnpasied éa thp srdidtion beang {s nsojecdedsi ngl e

dynam c exp r . i ﬁ ik i 0 : Lat: ble WI
relative t o%@ﬁeaets %*ygrﬁ%"@ ﬁfjéc% %1}1@9 na@%lte)gﬁ%)t {érﬁen}t, J]rll‘gc(]i@ %52& %%Egn b

(de-) magni f itteasubstiatedaide Wituptativetoghs alpperh sinmbre M smey be ddtermired by dieect i on
system PL. |n s h i i f ; r jehd Jimts the
wdth (in t (SRR %g%%ﬁﬁﬁﬁémf e TEL Hardofertaits °?a%;gp§@9‘%§°?it5§%%‘h?%§ si ngl e
dynam ¢ expesurmodeykier easminesizd ehie lexpdsutehield dianitsi the) widih i(nthdeber mi nes t he

hei ght (in the scanning directign) of .the. target .portion. 0050) 3. In
anot her nod&“"PHe %gﬁﬁ?g)r ?% é‘? ﬁﬂg%d)pgwwn it epfb%é%n S eﬁ’fqoglfrF’leLeg?ag?? % nary
hol di ng a pleaghaniEcmnpaheion degnodiv e heightdin the seuisg datctiot)adflte W i s
noved or scanned while a pattern inparted to the radiation beamis

proj ect ed offfFB™MP L get portion C. In this node, generally a pul sed
radi ati on source is enployed and the programmble patterning device is
updat ed as [onQsér ed &ft éx aeatbly moOdE b suppbrit dmctusa BET niakeptt @bdodallf or in

bet ween successi ve, radi ation pul,ses dur.ing a sca Thi .operation
can be read PﬁaE}OD&B’p‘F‘?@Bg 3 %@% p?ﬁ%fr%g%‘ﬁcf?y a?ﬂg’te Sﬁ%ﬁ%ﬁa&gtg@e ngf ygr anmabl e
patterning dpvece:scaimed wasic a pattag iapireh e theiradigiondreamyis pfojaatet pp® BS

{j :fs g ; r E g d t On{g&gga bo g%po%ggg%]s mo g,%ege%ﬂyoanﬁuls%g %d?aftiog %(I;lllrgé fs %rrﬁ%lo?rgd aEnta%hea bove

programmable patterning device is updated as required after each 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,

[00051] Combinations and/or variations on the above described modes of use

or entirely different modes of use may also be employed.

[00052] Figure 2 illustrates an embodiment of an immersion hood IH.
Immersion Hood 10 forms a contactless seal to the substrate around the image field of
the projection system so that immersion liquid 11 is confined to fill a space between
the substrate surface and the final element of the projection system. The reservoir is
formed by a seal member 12 positioned below and surrounding the final element of
the projection system PL, Immersion liquid 11 is brought into the space below the
projection system and within the seal member 12. The seal member 12 extends a little
above the final element of the projection system and the liquid level rises above the

final element so that a buffer of liquid is provided. The seal member 12 has an inner
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or entirely different nodes of use nmay al so be enpl oyed. [000521 Figure 2

illustrates an enbodi nent of an imersion hood IIl. | mersion Hood 10
forms a contactless seal to the substrate around the inage field of the
projection systemso that inmrersion liquid 11 is confined to fill a space

between the substrate surface and the final elenent of the projection
system The reservoir is forned by a seal nenber 12 positioned bel ow and

surroundi ng the fipal enent of . the ,projecti syste I rsion
liquid 11 i?eﬂﬁ%?%ﬁ‘?t ?tﬁﬁﬂeo“ffpﬁ‘ée% oo %‘%‘F"S“vﬁl“inﬁed"%%?’ S ’éftc"f“u@o%“s??/%, B o8nd wi thi n
the seal nerkeprofdtionlhistefeal thadmak slethenighdrevfdmd andy, telgl,ebe @bl esttthe fi nal

el ement of the progjection,systemand the lLiquid |ev r.i ses ove the

final el emefP?¥s ‘?“ﬁé‘fneépﬁ't@%’é’r 585?3%1 ?%E‘?D&‘S it%%r%@?%gg%he%gesggg’ frenber 12
has an i nnerectankdlaphohghiek ieddat bethe td3e, upper end, in an enbodi nent,
closely confornms to the shape of the projection systemor the final °

el enent ther nd .. €. d., e.rqund, he tt t i~nne

peri phery cI@@g?ﬁ co%r%ne?%bq ﬁ%mgﬁgﬁgejc%nﬁtnf%len ?lﬁa%ééﬂe%llrge l%?%el.o%,i

rectangul ar gaheuls ichi&n ieasbitomtor e setlenadsel2 §RHIGRSSF fadhef thesmbstsiton | i qui d
11 is confined._.in the, rsion hood.10 b s, seal 16 bet n the
bottom of th& Eefes Wﬂ%ghﬁﬁﬁ’ ?'ﬁ‘ea“scﬁrsyl};%egicgg%fl S 8B ol‘iﬁ?eél%r The gas
seal is forERGdRYzaEdSeviddmdéd gresdire SiibRRE1S B 1B fFapittweehRedmenitanti ment , N2
or an inert gas, provided undwres;urf# ainlet 15 to the %al% bet ween
seal nember 289 subgiigic euhetirged Villrseieh T e PvaPre Tt o the 88 MY Prhe

OVer pr essur §a@iint 1861 88 $hel fkiefutidOL4 and FesHHETY VIR 28Rrd AGinkdd &l thQuldret 14 and
geonetry of the gap are arranged_so that there . 1s a high-velocity gas flow

i nwar ds’ t hatis &Egi-veledtyge oy igyayds thescpilepsthelignids 4] Some exanpl es’ of
devices that can be created with the present process and system i ncl ude,
e.g., mcropglogswargrechani cal systens ("HEMS'), thin film heads,

i nt egrat ed passive conmponents, i e sensor% i nt ggvrt%t dcircuits ("ICs") -
i ncludi ng, 40§54 poméom@?mahapg% e thatiiag DgicEgied et TR Preseabprgeest qui d
crystal di sph@gstem [iRORRD]e.d1aMidR@ ofiRB6hidats e NeaEhS qaahosh, nant sief t he
invention, it will be wunderstood that many nodifications thereof wll

readi |y appéggdsointegeaechpassiy gaupengnist sagh ssrsosk intpsged sreHE GI4s) and it is
i ntended t hef gi@Le ENAbwdriEs ahfYEREs) R1Y distretd st &MAd YGhiM crystal displays.

Oy

[00055] Having described specific embodiments of the invention, it will be
understood that many modifications thereof will readily appear or may be suggested
to those skilled in the art, and it is intended therefore that this invention is limited only

by the spirit and scope of the following claims.
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by the spirit and scope of the follow ng claims. -15 Wat is clainmed is: 1
An imrersion |ithography system conprising: (i) an imersion |ithography
exposure apparatus; and (ii) an imersion liquid having an electric
conductivity in the range of 1.3-100 pS/cm (as determ ned at 25C). 2. The
systemof claim1l wherein said conductivity is at least 5 pS/cm 3. The
systemof claiml1l or 2., wherein said conductivity is at nost 50 S/cm 4.
The syst em ohatlisdiatmkd iswher ei n said conductivity is in the range of 2-10
pS/cm 5. The system of any one of clainms 1- 4, wherein said inmersion
liquidis formed by adding a salt, a base, or an acid to an aqueous

liquid. 6. The sx@im@ﬁo@mﬁog?xﬁys@in&bﬂ@nﬁng wherein said i nmersion
liquid conprises_carbon diox| The system of any one of clains 1;-6,

wher ein said |nné@§WHﬂ“4?¥Rﬂkﬁ@ﬁﬁ?@¥eﬂﬁﬁuﬁ€W3ﬁﬂﬁ&6n 8. The system of any one

of claims 1-7 , vheiShinesabdlidd RS0 ddctRegharhyity @maebgeofappar at us
i ncludes a substrate table having a sensor conprising chrom um and/or

titani um ni tk3-d80 p¥YemiprdetopminefiedS Gy one of clains 1 -8 , wherein said
conductivity is caused at least in part by a conponent having a vapor

pressure greater than 5kPa. -16
2.  The system of claim 1 ., wherein said conductivity is at least 5 pS/cm.

3. The system of claim 1 or 2., wherein said conductivity is at most 50 pS/cm.

4, Thesystem of claim 1, wherein said conductivity is in the raﬁge of

2-10 pS/em.

5. The system of any one of claims 1~ 4, wherein said immersion liquid is

formed by adding a salt, a base, or an acid to an aqueous liquid,

6. The system of any one of claims 15, wherein said immersion liquid

comprises carbon dioxide.

7. The system of any one of claims 1-6, wherein said immersion liquid has a

pH below 6.0.

8. The system of any one of claims 1~7 , wherein said immersion lithography
exposure apparatus includes a substrate table having a sensor comprising chromium

and/or titanium nitride.

9. The system of any one of claims 18 , wherein said copductivity is caused at

least in part by a component having a vapor pressure greater than SkPa.
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