29 MARCH 2007 -1 Lithographic Apparatus and Devi ce Manuf act wx9mMgrdfe2dood An
enbodi nent of the present invention relates to a |lithographic projection
apparatus conprising: a radiation systemfor supplying a projection beam of
radi ation; a support structure for suppagting patterning neans, the
patterning nmeans serving to 5 pattern the projection beamaccording to a
desired pattern; a ﬁﬁh&%ﬁ@m ABPARtALAnd DO AuTAREfihaMethd@d @ proj ection
system for projecting the patterned beamonto a target portion of the
substrate. 10 The term "patterni ng neans” as here enpl oyed shoul d be broadly
interpreted as referring to nmeans that can be used to endow an i ncom ng

radi ati on beam wth a patterned cross-section, corresponding to a pattern
that is to be createfiniembddindnd8t thePpsthtdRvattioh Raiy RS54 itNoBraphid$rdiétBn | | ght
val ve" can also be used in this context. Generally, 15 the said pattern wll
cor r esponcapparatisgantprisingar f uncti onal | ayer in a device being created in

the target portion, .such as .an inﬁﬁggated circuit or other device (see

bel ow). Exanpl e&Ta32tion §¥siery £p% PR HRraKecion eapyal radiahigly  The concept of a
o o . . s _
mask is wel ”Q%Mr%)bﬂ s{rh&ttlﬁ%ﬁamponﬁ@%ahkmﬂg%gggaggg_ﬁgw% SnS H&P@gg

bi nary, alternat phase-shift, "and attenu as we 20
vari ouss hyjattiech thia pkojegtipasheatl aacendingtto afdesiveclpastenmsk i n t he radi ati on beam

causes selective transm gsion (j.n the case of a transm ssive mask) or
reflectiom (in %ﬂéﬁHggéﬂi%%”émﬁt$$%é?SU@Bhﬁgk) of the radiation inpinging on

the mask, accor éj-gl%%c{tilgn §%em I?@xtﬁﬁ%gthg@thﬁgﬁtmlreah{‘oﬁtg bl ﬁ&gﬁlgpl??%%@?ﬁ;fgé k, the

support structur generall'y sk table, whic t the
mask can bsbhkiedtel at a desired position in the 25 incom ng radiation beam
and that it can be noved relative to the beamif so desired. A programable
mrror array. One exanple of such a device is a matrix- addressable surface
havi nga viscoelastic control layer and a reflective surface. The basic
princi pl e behind such an apparatus is that (for exanple) addressed areas of
the 30 reflective suThatemrehteningintanstestheld ghplogal shofifdrtecireatily i ght ,
wher eas unaddressed 29 MARCH 2007 . ) L
interpreted as referring to means that can be used to endow an incoming radiation beam
with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve™ can also be used in this context. Generally,
15  the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
20 various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
25 incoming radiation beam, and that it can be moved relative to the beam if so
desired.
- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The

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

30 reflective surface reflect incident light as diffracted light, whereas unaddressed



-2 areas reflect incident light as undiffracted light. Usi ng ®MaRas g at e
filter, the said wundiffracted light can be filtered out of the reflected
beam leaving only the diffracted |ight behind; in this manner, the beam
beconmes patterned according to the addrgessing pattern of the

matri x- addressabl e surface. An alternative 5 enbodi nent of a programmabl e

mnor array enplreSefediBhdident BpRtaR QAR RhctEd hgﬂtnwsu@diqr@?ﬁ)prﬁ?e%t&fthw/@mah can

be individually tilted about an axis by applying a suitable |'ocal i zed
electric field, wnlnfﬁtayteér}mhbgan@ fpiteeqcb@lt@éﬂxeureﬂ@éftdmannd\emmly th@hce again,
the mnors are riX-a SS ..such that addressed m no refl ect
an i ncom ng radPH4EH @gﬁﬁ R P@Pﬁ?{t&ﬁ bearp |68?{n?sopaﬁﬁq§§8|a§%o§g@ % nor s;

10 in this mannge adafe@siﬁ dtRed @Eih@ﬁﬁiﬁi—ﬁddi@és&lﬂé B@eRC AQY dichtive the _
addressing pattern of the matrix-addressable mrrors. The required matrix

addr essi ng can debodimehtorfmgrograinmypbluniredslagay bmploye ainwtie amangemenbof tnyof  t he
situations described er eaboye, the patterni ns ca rise one or
nore progr anmabPEH Fgglrcgfgn% it:"ffﬁ]é’q’r]r%a gﬁﬁé’ﬁaﬁis ycﬁpng??ga?s as here
referred to canghgrglisaiged elfe&hc%‘féld%ﬁﬁﬂ%xﬁ loﬂrfn@'ﬂéé@élte@@lc%ﬁﬁﬁén RRignts US
5,296,891 and US 5,523,193, and pat en? applications WO 98/ 38597 and WO

98/ 33096, whi chOacreeagarmduepmrr&trealrehthxﬂddﬂeysabbf srchrtloa addrestel enicasewidf a
programmabl e m nqr arr.ay, the said support, strucfure ma emhodi ed as a
frarre or table, reﬁSﬁ‘t Ap,AGRIMRE ALY IBQde??@%F‘%‘F ?R}Vé’b‘i(’éggr&?nﬁé‘aﬁﬁoﬁed. 20
QUr aMmabl & ¢ Chh Ak AYhe AReGERBRISisHattSHER adofBRS I HE bl jgp 10
Un| te St at es atglr;]}t1 US’5, e2296872 vm}sgja ?Igl I ﬁcgr pogat ed %}?%&:ﬂ%%&féﬁp
reference. As a(tfcthematmybedckagpbieumsbrsudtherrequmedt[ﬂratnx addressirpycahdeenbodi ed as

a franme or table, for exanp ich . may be fixed or novabl e as_required.
For purposes of Pesfamed gsing Su‘tt‘ﬂ’ée ?VYg%Ifon&f mERSs 1R ES{@e’ S”é‘f‘tl‘é‘ésrqeé?ribeﬂocatl ons,

spect {1 cal 1y ! feihoud St bildink SO c%gmph@cyf}ﬁé/%ﬂgm% L abl e;

however, the general prin se fiScussed T R SUCh | nstances s o Je seen
in the broader ameryt;eMoreﬁnfbhmtmtcﬁﬁnmdngnaﬁaasslermfelnﬁ:deabmylme gleineﬂpfotrh
Li t hographi c projection apparatus can be

manuf alct ure of $%aMYe.dtasy Uoited gtates P@F%%US I5r¥9§4§é’|11 aﬁd @§£5th hf@ B&‘i‘ P @lTnl ng
Means nmay geneg%glg &ﬁf}lﬁ?ag%h %bSBﬁ’Sé’F{}r{B Wéz@gﬂ%d{vﬂ&hta?e 1 ﬂp'agzit | et km

| ayer of the | attern can targe
conpri sing one wrejﬁaémedilﬂﬂ)e@seaf §ptb§tahaﬁz&>k( Siitkd ey, ﬁl\afsaﬂ)sup;tbat sthwanbeen

coated with a layer of radiatign-sensitive material (resist In general, a
may be embodied as a frame or table, for example, which may be fixed or movable
as required.

20 - A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct

25  itself to examples involving a mask and mask table; however, the general principles

discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate

30  acircuit pattern corresponding to an individual layer of the IC, and this pattern can be

imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

wafer) that has been coated with a layer of radiation-sensitive material (resist). In general, a

single wafer will contain a whole network of adjacent target portions that are successively



single wafer will contain a whole network of adjacent target oir@nNzothat
are successively 29 MARCH 2007 -3 irradiated via the projection system one
at atime. In current apparatus, enploying patterning by a mask on a mask
table, a distinction can be nmade between3two different types of machine. In
one type of |ithographic projection apparatus, each target portion is

i rradi at edriayia@dRes tRPréjbeicHybteR, bRSH dndhé. &h Bt @ppdigul, angRbyiRLr L1 on at
one tinme; such an 5 apparatus js commpn]ly referred to as a wafer stepper. In
an al t er nanatigmingpas magk on agaskiable adistiaetienicandeggads betweendivg-difergnappar at us
- each target [t is jrradi . . ivel.y.scanni ng t he nask

pat tern uridess QR IboreshREb AN erthic BRRNEE Rinfonts, 5 Peslf plyiBpie

" scanni ng"indifat@ttydkposih e ehyRCAESK IS YorSE HRRARSt fditors sk & shabie
parallel or anti-parallel to this direction; since, in general, the

proj ecti oreppgratusrs epmmonkyiielfeared to anyweafer sigppasninfaacitomaivg eppacatad +y < 1), the

d V at_which t t tapl e i d ,will be.a fact ti
Chat at wiicbHnoRy igeRY Pt R m st B G sk e s oSt o
l'i thograp mrﬁgl‘é@éﬂ/él?§ca@ﬁin@&h@nﬁﬁ?%&fzde%&ﬁmetﬁoj%tﬁﬂ&dm ihQr giCerPdRirhcef r om

United States patent US 6, 046, incorporated herein by reference. In a
manuf act urdiragtipn (be §sransing gdizectipnhwhjileagynchropeusiyessaiwng depabstrais fabke 15

tt 0. k), .i i. ) 1. ) bst t hat. i t | t
AR RSNV, CEE G RN MV
Prior 10 thshifiRBhTEctSE BReehd RS LS iAot WSS O subsahi-Qle Y QERSL es,

such as prining, resist coating and a soft bake. After exposure, the

subst r at e wilybdefastonM tired thab abwhieh tigr oaskdable s scaurwid. Morainfostatienpatur e bake
(PEB), devel gpnment, a, hard. bake and nmeasyrenent/inspection of_ the i naged
features. TR tﬁﬂwr@hl%&vme%w deserbed cbelease et APl ferB LIRitEH

i ndi vi dual g,y LR U 64261769, ineo@ora%aﬂegmﬁyme&nce@atter.ned layer may then
undergo vari ous processes such as etching, ton-inplantation (doping),

metal lization, oxi danamandhanuagipobessiusial apohdgséphigprogction appdratusitaended to
finish _ off an individual . %er. | f se\%eral Iayeri are required, then the
whol e 1gr ocRATGE(e- &0 RS ) is haeciaBioud FIDSITRE thah ki 1438t Bastia peFEsd gt lagerch
new | ayer. sl d Wit AV Ok I8Yd 136 i doi t

Subst 1 at ¢ AranRki A RLA e SR hitlrhdai e p e SR My ergo

t echni que wdivis procedwres)guer asgaishing, revibtaroating el 4 sodi bakd uafterdsposas, than be

nmounted on a carrier, connected to pins, etc. Further information regarding
such procesbsiate mayhe subjsetad Hoother pypcedirsspiush as a pastierponise RaleiPEB)c hi p

by Pet or vy DRrieRE e bRy ooy BRSO BY B8RS Rilyes TN BB 2

i ncor @ at pdcdtrieiih uksd dsef Rk Ne pattern an individual layer of a device, e.g. an IC. Such a

patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
25  present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
30 Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be referred
to as the "lens"; however, this term should be broadly interpreted as encompassing various

types of projection system, including refractive optics, reflective optics, and catadioptric



For the sake of sinplicity, the projection system may herei ngbtnexrd1£2007
referred to as the "lens"; however, this termshould be broadly interpreted
as enconpassi ng various types of projection system including refractive
optics, reflective optics, and cat adi opt-#i c 29 MARC' 2007 -4 systens, for
exanpl e. The radiation system may al so include conponents operating

accor di ng dysteanyfookxirhplseTlberadgtion yys&sn fray ato isdbdengymsinapts ogeratingont r ol | i ng
the projection, beam of radiation, a}nd such conponents may al so he referred
to bel ow, #6P1dEs to\aay ¢t Hiese desig fyBgs for digectigg.shapiag or poptrollang the peojection

l'i t hogr apgﬁ&%ﬁ&i}?\gﬂglgﬁ aﬁﬁ¥u<§1‘aco%po%gllﬁtgg?aygf’sx)iﬂége%%m beﬁoﬂ?&oqlte§%§ te

tables (a nore nmask ‘ta C tiple stage evi ces

t he addi t i smgllarlyglak e Slersy Foghersed lithogeaphid dpplaratey my Bpaf iype Hadhepso sRy be
carried out on one or nore tables while one or nore other tables are being

used for eRPEsUPEEAte tahlas (ndigydwo or i mapiatablegh b pughy snulfiple gtager deyaces f or
e i . S ' oo
66/ 40701, the guiBthy Al ERaPB: Gt it Pardel G e e QMO A R PR e 01

i nventi on érSmélertatsieewhil©oheody mere@itlen gibites dré bding usdfyr syppbers Bust btags t hose
operating at 193nm and 157nm as_wel| as extrene_ ultraviolet (E

| i t hogr aph¥thpgrepkic appaspiua preydeseibgdsips exampleda Linited Statergpaienidiied.8oythl  of
bel ow about ef er. u t ef erably bel ow
about 15narﬂdm?<t§{r¥[p p@ﬁg%uoé \&/?v%(ﬁ}gé? hﬂjf:%l%? %]éeng iréo}{relre\%?ﬁ'ch i S gaining

consi dgy abl e 15 i nt engeinbodinidie of ihe pageaiihventiof isdirectddsto 1sw 4velehfrugh there
are also other promsing wavelengths in this region, such as 11 nm for

exanpl e. | kthagriaply systeansatyely as thepr oreritesy $9m and hafinam powell agiertragnecar bon

Const der ant Eevigr Py ks BB Rt Rl b PR Bl BT Rasrishh 2 o

anount of §fRIA abaRSLRM, pRi1SETbEIBAIbIGE 10RnRartddbs préBrably I aVodthr oughput
in the optical train. Further, these carbon filmnms nay be non-honbgeneous

and as suchSmmanAnesanpleiai apyayslengthiin the BAY repgion sthidbrig geiningreonsidggablef f ect i ve

strate is therefore requir.e o.mijgate the. . effects of carbon

cont anthat PUSIEU e APy iRTushE i | A R Gotltind atirth Be BoBRMnt obi ens

i nvol ves t@gve@%?ggimﬁsg%&g sAEHUsON nhk f@axafplet he systemin relatively high
5 ;

concentrations, followed by 25 UV irradiation. However, this known technique
has i nherent di sadvaltalyefthe hibpvelrentimaed syfstenpptddeasiontinduredcagbhy (e. g. 193nm

o LSO S ek bl S WESMINth 2k L 209, B Lhe . catbop cont an nat | on
Wi | st t hi §robRENNE IS BRHiPERBoS RN cah AbsSH 4GEmAMREbIE AR uRf ofHRE BRfecEAW h i n
>om® 20  beam leading to a reduction in energy throughput in the optical train. Further, these carbon
films may be non-homogeneous and as such can result in phase shifts and patterning errors.
An effective strategy is therefore required to mitigate the effects of carbon contamination.
A standard approach used to date to address such problems involves the
addition of O, and/or H; gas to the system in relatively high concentrations, followed by
25 UV irradiation. However, this known technique has inherent disadvantages. In the case of
optical lithography (e.g. 193nm and 157nm systems), it is thought that cleaning of the
carbon contamination occurs through direct cracking of hydrocarbons in the gas phase by
photons. Whilst this technique has been shown to reduce the rate of carbon growth in some
situations, a temporarily higher hydrocarbon partial pressure is induced by the cracking
30 process. This in turn subsequently induces the growth of a carbon film. Thus, the known
technique is not effective in all situations.

More significant problems are experienced when the technique is applied to

EUV systems. EUV tools typically employ multi-layer mirrors, which have highly



situations, a tenporarily higher hydrocarbon partial pressur@9MaRanG8ed by
the cracking 30 process. This in turn subsequently induces the growh of a
carbon film Thus, the known technique is not effective in all situations.
More significant problens are experi en_%e_d when the technique is applied to
EUV systens. EUV tools typically enploy multi-layer mrrors, which have

hi ghly 29 MARCH 2007 -5 sensitive surfaces. The standard 02/ UV cl eani ng
met hod frequently not only etches away the carbon filmon the surface of

the mirrorsengiive arieesddiggadaOLd steaping srdhoddrequartly Ryt cichss @y anage
I's typically cbr%&r?}ﬁ%%nbllh@ s hSNGE nlifkBADul As@ dhRgses! the CEIPIRE Ty §t¥the AN

i nproved carbon cl eani ng net gd is therefore requited, in particular in the
field of Huoltrorl Suthodanegghys typically ireaversible afd hencelepdsdtioradass infreflastivigy. edent

invention to prqvide a, |lithographi o] ect.ion.a rafu i S means
for in-si t‘ﬂ‘pé‘gvﬁ? “8f OBfCIeﬁB'Ingéﬁ‘%éﬁ ’Ség‘?{&gﬁ% rr?glt"lregh m %@%‘ﬁgrﬁééﬁg%n&e ectively
be used imna@ggﬂguv and EWV |ithography. This and other ains are addressed
according to an enbodi ment of the invention in a |ithographic apparatus as
specified in the opening paragraph, characterized by supply neans for
supplying to a space in said apparatus a conposition including: one or nore
per hal ogenated Ci -C6 al kanes; and one or nore conpounds consi sting

iall f . . Ni . > | d
{7 om hydr ogen, onyded® ahctRarhbgRrerRlF Rl Rl BAfaf e iy 8 °

invention [phexhsies projsstivnl ¥ppatat@neomprisingd meeatd o én-siourRotinels of efoleuularabove,
typically together with nitrogen, hydrogen and/or___qne or%&glrte i nert gases.

The conpoutfiianypation,which mepnyeansoiGeely b used Hekpth BUhandk hegtanhyr ei naf t er

referred to as the cquPasd HHRP-ainkd Gr’ 2RASEd hORdTRY 1§ ASeboddhedt & ol €
conpound in pure formor may be a m xture of conpounds. The conposition is

suppl i ed tioventiopaw e lithographicagpparatitsias spécafiedein dhgpppening peragieph, ghaspaenzedn
system Activation of .this conposition eifher appl yi. th rojection
beam to t esungé’d’éeaEf‘)RT&F?’HIWBEF%%SP@S%‘O%PE"}pgﬁr?&éra Cgﬁpég{e}gﬁ‘nc@r@‘ﬁé ternative
activation source, |leads heotRerepestialcehfléd O-CHhkamsl aid on of the conpounds
into various reactive species. These reactive species act as highly

sel ective etching conponemns orahdre ciompeindsrconsigtingg esshytillycefr ensner wotehout
causing damage to the sur fnﬁ?oegeg fatoe%r?sy an%uc}{lergrrrﬁgrresat%se §§Qct[ed h(r)lm hydrogen,

oxygen and halogen.

The lithographic apparatus of the invention provides a supply of one or
more of the compounds set out above, typically together with nitrogen, hydrogen and/or
one or more inert gases. The compound, or mixture of compounds, provided to the space
is hereinafter referred to as the composition. The composition may consist of a single
compound in pure form or may be a mixture of compounds.

The composition is supplied to a space in the apparatus, for example into the
projection system. Activation of this composition either by applying the projection beam
to the space containing the composition, or by use of an alternative activation source, leads
to the excitation or dissociation of the compounds into various reactive species. These
reactive species act as highly selective etching components, efficiently removing
hydrocarbons without causing damage to the surface of any EUV mirrors present. In
addition, the compositions used in the present invention typically provide a high etching
rate of hydrocarbon species. Their light absorption is also generally low and the
introduction of such materials into the optical train therefore has little or no adverse effect

on transmissivity.



addition, the conpositions used in the present invention typizaVagcpea de a
hi gh etching rate of hydrocarbon species. Their |ight absorption is also
generally low and the introduction of such materials into the optical train
therefore has little or no adverse effec®t- on transmssivity. 29 MARCH 2007
-6 In a preferred enbodi nent of the invention, the conposition conprises
ni trogen di oxi de. N In apgefercidenlddinpas o€ drdavension,ohis cnppsttién esnpivesh make
it nore advantageous than oxygen as a cleaning agent. Firstly, it has a
much | ower MiogeR ioxtde Nl%&%ﬁwcﬁ] S%ﬁ%ﬁdéﬁowoe%mei WBIcBRAke 1meIY y be
di ssoci ate } SER Lvation
of i tr ogehs LBk GRfech aF RERAKe 2o TN IE hae AN Lobrer WS A
effective efehy thgn agegen. andivan tHeyefoteremsibit becdqssrznglapsrddigqmotmisyma secondetryogen
dioxide_ is S|gn|f|cantl her than that for ggﬁg ensurln% that a | arge
anount df el§erenseasrongly, éﬁé‘ﬁ 1vation of auteqgen dipxidede ?ﬁ@e@“{lﬁl%‘e" OZ@Bked. As a
result of | ower
br ossur e SIET ARRKAHAAEE ecf hgﬁ%ﬂr??@ 1, Stdleo Bty T B ot
where  oxy gesigrificansle thighet tHah eliat forexygen, enﬁfrfnlgﬁhaﬁlatlaﬂgb ramg@ubfdh@&baiﬁngsl eani ng
technique allows a reduced cleanlng time to be enployed, leading to a
reduction REet FePrewwihen Hs suFfagasdo §9]§t1@€1} 15 According to a further aspect
of the invention there | i.C ct

r%s&sf{ %%%d@ s c‘feanm%l c%% ? FE s)}ﬁ'%{)nu

conprising: - prOVIdI g a Fate th Sast vg?ed by a
| ayer of r ﬁmei\tpk&@ure%ﬂaeamlvgeagmt @hh aie,requlwaqyla@bﬁesp@n&hgjpﬁwesmh&eam of
radi ation using a radiation systen_ 20 - using patterning means to endow the
proj ect i onok¥gemisised. E\mﬁmttéf: morgeificientnigrogen dlexidp gleaning mebp@@@ iaHgws e

patterned r adi ont 0 ort on of Y.er of,
radi ati on- E%ﬁg?fQQ%“W%ﬁ ?%P?e%ﬂgwg%?%%i W%@“‘nﬁﬁg% HﬁlPéha space
t hrough whigdergai d proj ecti on beam passes at Ieast one one or nore

per hal ogenat ed Cl-C6 al kanes; and one or nore compounds con3| sting
essentially of one or nore

15 According to a further aspect of the invention there is provided a device
manufacturing method comprising:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
- providing a projection beam of radiation using a radiation system;
20 - using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
characterized by:
25 - supplying to a space through which said projection beam passes at least one
of:
- one or more perhalogenated C;-Cg alkanes; and
- one or more compounds consisting essentially of one or more
nitrogen atoms and one or more atoms selected from hydrogen,
30 oxygen and halogen; and
- causing excitation and/or dissociation of a plurality of the one or more alkanes

and/or one or more compounds.



nitrogen atons and one or nore atons sel ected from hydrogen, 2930Arc Wi and
hal ogen; and causi ng excitation and/or dissociation of a plurality of the
one or nore al kanes and/or one or nore compounds. 29 MARCH 2007 -7

Al t hough specific reference may be made-¥n this text to the use of the
apparatus according to an enbodi nrent of the invention in the manufacture of
ICs, it should be erfthpeghsppcifipaefernesonay hamade ihthisriexpp theatseofthes many

ot her possjhl e | i j ) I I i t. I i h
mant act or vt bR 6 crltim B e nvetioR Y 0B S TRCBNESLICH KMo, o1 s
for nagnet beexflidiiynuridernssodakat suélat shparaysttak nting pliry pp&itat spplicktiony: Fod m

magneti c heads, etc. The skilled artisan will appreciate that, in_the
cont ext of exnie, ibmer be amployed ppthe axnntgsire efiptegetedsipticAlsystemgseuidancecl e |

"wafer". or_"die" in this_ tex hould .be considered as. bei replaced by the
mor e gener 816 descpion piilids Kb AR Y rnaiR BRI LR o B PRREY PR et 1 ve v
10 I'n the PLREEAMAACHOER s, did)The 8Killed aftiRsH Fill Hprediatd thdpgaMe Wnext SL8hichO
enconpass all types of electromagnetic radiation, incl udi ng ul traviol et

radi at i on ¢leergativisiaphlications vay esrpefitheferds beticlg "wales' orl'klje"dn thig &xhsjouddhd EUV
(extrenme ultra-vjolet radiation, e g. having a wavel.ength in the range 5-20
by e et Sttt el RRIRRRY o more B e BRs e Rubrtls BEalRRT s
Enbodi ”Eﬂtﬁor%n‘t,f?é‘stp%&‘i/\%N.i on will now be described, by way of exanple only,
with reference to the accorrpan(?/i ng schematic drawi ngs in which: 20 Figure 1

depi ct ¥ a | it hogr aphircthgpojsenttdognmentpthe d¢rms “saslcasioni’ agd teeam? arenteddbnent  of
the invention; and Figure depicts. the radiati pn system of .a.lit hographic
appar at us %@W&?%ﬁr tyg‘as %{“ﬁ%ﬁ&gﬂe&mraﬁﬁtﬁ% énqthffﬁ%‘f‘e{r@ﬁl.ogt ﬁaqlﬂ@“Féeé'u g’é@,a
correspondj | $z4 pdi § i 5 BArL $ati i ment
1 30 gu R R B P R e Tt e
accor di ng hdvinga pavtlength i thenegi Syhhmifas wed ais paeield amsTdueh ap par Bdans or

conpri ses:
electron beams.

15
Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying schematic drawings in which:
20 Figure 1 depicts a lithographic projection apparatus according to an
embodiment of the invention; and
Figure 2 depicts the radiation system of a lithographic apparatus according
to an embodiment of the invention.
In the Figures, corresponding reference symbols indicate corresponding
25  parts.
Embodiment 1
30

Figure 1 schematically depicts a lithographic projection apparatus according

to a particular embodiment of the invention. The apparatus comprises:



29 MARCH 2007 8 a radiation systemEx, IL, for supplying a p9dylasci d#)7beam
PB of radiation (e.g. UV/DUV/ELN radiation), which in this particular case
al so conprises a radiation source LA, a first object table (rmask table) M
provided with a nmask holder for holding #-mask 5 MA (e.g. a reticle), and
connected to first positioning neans for accurately positioning the mask
wi th respect toairadigtiqlsystgmsieedhdfoo bynpdying abtaedtionbsamBeof radiabyn Wig.pr ovi ded

with a sub er,.for ol,ding. a_substrate W(e.g. a resi.st-coated

o 11 con wat VPRI BB odis Rt BB FR B0 Findie PR TR oy
posi tioni ngathe substrate with respect to itemPL; 10 a projection system
("lens") PL (e.g. a refractive/catadioptric lens systemmrror group) for

i magi ng an-i rr adifastexbjqebtabledimask table M pkovidedonithoa maskahglder fooholidmg aOnask g.
conpri sing or re.dies) of the_.substrat.e W As_here i cted,. the

appar at o MRGs80a PR R P shmBsd ¥ 679 POy e Piephier pusriiasepstbiRe (S i
general , i i RARWifk re§ebetoQfenPLy @ansm ssive type, for exanple (e.g. with a
transm ssive 15 mask). Alternatively, the apparatus nay enpl oy another kind

of patterning rraasn@),ndmt tble (aubstrogrtableaW Ieprovided withrarsapstodte holtlgnfer as
referred t bove. . The rce LA (e.g., an | .anp/ an exciner |aser/a

| aser - pr od B LEER SWUEEEA G E RSN I IEESORGEP SFd at i on.
Thi s beam :pési{ieﬂng M Qn&for abddriBlyNRbiiBRing ¥ Qibstedit wﬂﬁlreﬂk% ifeln PRI t her
directly of after having traversSed condrtioning 20 neans, such as a beam
expandéd Ex, fom peojacgunesysteing“lens’)Plnatgoa rdftactres/catadipptiis densagsteratmingr means
AM for setting_the outer and/ comonly referred to

or i nner ragji al _extent %
as a- out er SER®) friimaemg apdapligied paftipn obt qrﬁ%skilﬁé&m PIERLPOFIM & (9% i n the
beam In aggf'n%)hgﬂgtohg Oﬁ%{éﬁggg?%h;ugsﬁqgwi se various ot her conponents,
conde

such as an integrator |IN an ndenser CO. In this way, the beam PB
i Mpi ngi Ng & Hebeedopiaéd, Mife dparatusde st 4 edleutive tgperiet & hanal rélleclivd mask)t However,
distribution in its cross-section. ]t should be noted with regard to Figure

1 that thelRgehesa, it mayg{sohe afatrnsmissine bRsULT prpRple {48 With » Hgnupiasive

e 10y GRAREPHHEDS, 8 aBbdrbils b ARG HOMR: ka6 oY B eine i, BolTRl CuTY
proj ecti on agpan@inible thiteor afdy af 4 HPe befufervdal tolabote. pr oduces being led into

t he apparatus 30 (e.gE with the aid of suitable directing mrrors); this
| atter scenario is ofkhesouke Ldyes- amblg lampan sxcimeelasa/a lasegrpraduceder | aser .

An enbodi n%?s%ha(.)r]cge bﬂgmﬁ ‘ABﬁr%&tprb&l}é%QB 'bgzﬂn SPAMRBR SARs Blam is fed into an

illumination system (illuminator) IL, either directly or after having traversed conditioning

20  means, such as a beam expander Ex, for example. The illuminator IL. may comprise
adjusting means AM for setting the outer and/or inner radial extent (commonly referred to
as o-outer and o-inner, respectively) of the intensity distribution in the beam. In addition, it
will generally comprise various other components, such as an integrator IN and a condenser
CO. In this way, the beam PB impinging on the mask MA has a desired uniformity and

25  intensity distribution in its cross-section.

It should be noted with regard to Figure 1 that the source LA may be within

the housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus

30  (e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser. An embodiment of the current invention encompasses at

least these scenarios.



| east these scenarios. 29 MARCH 2007 _9 The beam PB subsequ®mihich 2007
intercepts the mask MA, which is held on a mask table MI. Having been
selectively reflected by the mask MA, the beam PB passes through the |ens
PL, which focuses the beam PB onto a target portion C of the substrate W
Wth the aid of the second positioning neans (and interferonetric neasuring
means | F), 5 the sub%he b¢am PBubsedienthninteeceptvtbelmadc Mg tvelish ischelil ors® as to

position different et _portions Cint path of the beam PB. Simlarly,
the first Pog @@Mﬁgﬁ%\s‘aﬁé’e%w%&ve}géﬁ?qcsﬁﬁebgé@amaﬁlélvif*aﬁb%P?%RBtméseﬁask MA
W th respe h t r | heval
o ' the mask et b RnB Pl uloni s OREEY P offo a8 pord R b b
of the obj ®th thalaldsst th secd¥ld poditioring mearns (2edintérfdiombteic madsainggmbadFyt r oke

10 nodul e P(h(;oarse posjtioning) and_a short-stroke nodul e é,fi ne Posi tioning),
whi ch ate H§subsals tablet Wy g e &1avgd peruratefsiy @210 asgaQastion differapbtagggie of a
waf er stepper: . angl- l.e MI
oy | ust - ECHGREE i BRIREof e Reor PRD SN AR RANREoHy ol FRT b bt

depi ct ed apjaradlyposidon tie mskdMAnvitineespict fethe phthroddiesbeakbPB, e. ¢ uftst ep node,
the mask table MI is kept essentially stationary, and an entire mask i nmage
i s proj ect ®gckaniggheetrigvabof the mask MA from & mesk Hbyary, opdwinga scapgatgeperal.i on C,
The substrgte bl ] hi ' s di ipns so that
i 1 or enfop Pyt Toikh et Gl bErhlifed P Helta Y EHoBBSHBRET o2 L1
nmode, BB Sepfodalel (YodrftepdsRivRiE) and@s skorepidkeafiodiBX (BRtpobifiahing), GiMemakabget 20
portion Cis not exposed in a single "flash". |Instead, the mask table Ml is
movabl e i nexpliciflydapidied iadtigwa 1( Hewevd, dhe ease'of e avafetistepper (@hoppasedtoa he y

direction) with,a speed g .that ..t rojection bheam PB.is caused to scan
over a masﬁteP'ﬁﬁ%'é?anca@R%ﬁyur%ﬁ}elI%Sﬁtt?ﬁbée gﬁ%&?yilfsgge PABPEedye 1 8haaf Lll(f’aneousl y
noved in thQufser Hay®p@edt e direction at a speed V.= M/, in which Mis

the magnification of the lens PL (typically, M= 1 /4 or 1/5). In this
manner, a 25 rel ati vdhydepietgd appargfus candherused ir3veedifforenempgdesed, wi t hout

havi i LUL i on.,Fi 2 tical ly, depicts t
rof acH onfoyor Shitgs mile shERPrRTbRNT: it s pARETRIGER: ral S b oy i1
In this cafRagetibprojftadcPatione Weqle A \Engle ONRDS) $1it6R tdrgetPoRRIH € ATheSsubbgate

projection system "In alternative enbodi nent's, the space is 30 typically any
area in t hablpydriathen shiftedug thevh andiot hdirgstiones thate didarenptasge portiend? ear ed

be irradiated by the beam PB;

2. In scan mode, essentially the same scenario applies, except that a given target

20  portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
the projection beam PB is caused to scan over a mask image; concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed /= Mv, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a

25  relatively large target portion C can be exposed, without having to compromise on
resolution.

Figure 2 schematically depicts the projection system of a specific
embodiment of the invention in more detail. In this case, the space to which the
composition is supplied is the projection system. In alternative embodiments, the space is

30 typically any area in the apparatus through which the projection beam passes. Preferred
spaces are those containing at least a part of the radiation system and/or at least a part of

the projection system. Preferably, the space contains at least one mirror.



spaces are those containing at |least a part of the radiation29WMirm200d/ or
at least a part of the projection system Preferably, the space contains at
| east one mrror. 29 MARCH 2007 10 As depicted in Figure 2, the
projection systemconprises a mrror 3 afd optionally various other optical
conmponents as descri bed above with reference to Figure 1. The projection
systemis contai ned Wsidhpinted wahigure 2. thélprojectiombysten sorsprigek aanirmer 8 fand he

conposi tion disglosed herein,.from suppl an ., Whi ¢ be a_pressurized
contai ner SRR PRGNS S0 Bt SERPUR AT Sor S BpONaE BTGRP SR e
conposi ti ofipd SrofdéBBh sfferh & ddiaindaNRHIRE ChAMbd¥Ba Mhe RhahBéiSh S%M hith thONPr i ses

a valve. The conposition is typically supplied to the chanber in gaseous
f orm or ascanfes#mnodisadieded hiateds frotdonpplemeans 4,rlyich alay de ngtressadizedoentinspl | ed
inthe formof a liguid or solid. Tﬂ@ sai d i ui,ﬂhis t hen, e\zag’]orﬁt d or the
sai d sol i deqnéainingyalpud ongasgausithign phibe Compoiieh- ohhq somRpsition s AP ega%@sus

form A 10.fdeh8y lﬂ%{%ﬁeﬁﬁm 5SWRRh ¥biBritdla \@%p@ﬁé édlﬂﬁbshﬁonti%gﬁ&nyde the

conposi tion encaps In mcroporous nedia. For exanple, zedlite
havi ng nol agplied toothe chambanp gasebuoformror ahe beamaw! tioksulesn Hawewet ritmayr e may be

i ded. QOnce |j duced jnt h ,. the.. ite.is,. f | e,
Dot ed 1 n DRIl 14 HepaeLin He By St Solfar be B8 LgBidiBten B mPaBEai ns

th | . . i h
Tonnl y o oS SAERGHA S qublifiefpr i fhe e SHARISITA R oY MEallaS filln. £2€

Al t er npd i VRIrther geads fopsgpplirinl theycohositipplsite groside thheorspostiGl@Rhysul@edm
either together or at different tines, Any reference above to the supply of
t he conposmifrepprouhmediao Far grageple.icegliedayivg apaleradestad thagompesisiop infheone” of

t he conpou . of. t I fq TV PI 2 l. i i r-at

cont ai ns tg%%(l:e%r%rﬁgtg ?%rﬁég%mqﬁécﬁ 1')é«;§<l:§)1\r’r@é&e)' B%A %‘Hga‘g%%}é}é Pl?ﬁg%%ggfge %gﬂgerlg’sfégt in
suppl y neagsandpléndaed in brdehanitesat tHetcppipositiby, t he proj ection systen).
However, as will be apparent, it nmay al so be separately supplied to the

| i t hogr aphi ¢ appar at Yéherathespmppsitipih comiing moshthampee ¢aaPABdclav of mers

appar s, .th ositlon | I ypl cal ivat i | arried
out a?{%l s%%gfyaﬁg%ilﬁr@;% ﬁ]ée%%,&%&éé(%g%ﬁge%% f@# 8’?%1!,11}1 e,igﬁ #lﬁgl sotnggogli)og& {(’S)si ng
t he subst r gfe@pacEheAlsadRelys eddhesdnpplhdnay by siiplige diadhe mu@%;;e}dmwlsr enove
the conposition prior to said exposure. Activation can be achieved, for

exanpl e,  tijher togsthcarr aigliffprenttimese Awhietirenicagbevectodampwpln ofdhe opmpositian
o 1511 Oy B0 Rl e R G55 LR P BB s one
(and preferably the mgpieally, Yie @thograghifapReathEsonitdind A€ composition. For example
20  the composition may be present in supply means 4 and/or in chamber 2 (typically the
projection system). However, as will be apparent, it may also be separately supplied to the
lithographic apparatus.
After its introduction into the space in the apparatus, the composition is
activated. Typically, activation is carried out at a separate time from, for example prior to,
25  the step of exposing the substrate. The space is then optionally purged or evacuated to
remove the composition prior to said exposure. Activation can be achieved, for example,
by irradiating the space containing the composition with the projection beam. However,
alternative means of activation may be used, provided the means is one capable of
dissociating or exciting at least some (and preferably the majority) of the molecules in the
30 composition. Examples of alternative activation means are additional UV sources, for

example a DUV or EUV source, plasma sources, an electrical or magnetic field or electron

irradiation. It is preferred that the activation means is the projection beam itself, in



30 conposition. Exanples of alternative activation nmeans are 2ad0dAkcro2087 UV
sources, for exanple a DUV or EUV source, plasnma sources, an electrical or
magnetic field or electron irradiation. It is preferred that the activation
means is the projection beamitself, in-P8 MARCH 2007 -11 particul ar when
using an EUV projection beam since this leads to a high degree of

di ssoci at i partioflar WhercetipanBY Vi projenorcbrapo since 8ns leads toralbigedegraeel ¢l eani ng
ef ficiency,. Activat.ion occur rincipal Ly by .t ans., Firstl .

i ssoci at ] Girdsiisl D s Birads bt forhRosuiampanti® BRERY aiesttensur ce i s
used as the activati artibatiRaRsurs pEGOIRAIY by fd m¥atsl FirsIRViReEHliosle t O
secondary el ectrons produced, for exanple at an irradi ated surface or by an
el ectron sexpitedon may ogenridingcilebyiphatens weenm G renico s usged ap ghecactivatipeci es, in
particul ar_nol e Iesd Whaﬂ ghthave been xcti tegl ho a higgher ne(r&ﬁﬁ | evel, and
fragmems BFd SESEUY iV TPeL Uiy tosaeiritiy clestrenarog stk FXABYi de

hi ghly sel gcdii inadiateaurficeddr byamkttrod Qolrté. MBetivhifibf 1d28s €LiRpsédiRties oPy tests
carried out on the conpositions described herein show ng that sp2 carbon,

i . e. aliphegticvespdeiesan panticulanmojsicules whinhh hgve pérnt xcitedioolnghérenerggllest i vel y
etched in %@/ﬁr of SE@? car lgon. V\hill st dissociation of hydrocarbons by W

| eads to agments, phdissocriedpplsEules o hon- cont ani nati on” | ayers in

l'i thographi c apparat yge RaXfive §R61s pRANEd Rotfe hphBLId-AVO8cNin@ of carbon
nano-structured graphitic-like filnms formed fromspZ 15 carbon. Thus, the
conposi® i ofikmsi Bluk osdahdnsirated by testshhagitdyous eh detdowgobitions Bescpbed hareihar t ype

of contam nati.on which iis probl.ematic.in lithography apparatus. The.

oot £ oMING LD e FaHhapel  AUPBA PRP Y RBRCP R AR St i
reactive s i i hL P&, digat:i ; ! i A
T R B e G G LS e AU S
possi bi | i t 1o ladth dp’ssdaspatirbon, aadboniventazindtiok ddyietsdo ditlafgrapgdcapparatus hdvespZ

car bon. ly, the corrp(isi tion conprises,or consj stﬁ essentially of one

Typi cal consj
or nore cg?ﬁS’oihﬁﬁ’ﬁl tg &e fxmed largglnob apnpsstabnsd %T&P}@Flﬂ’%éeé'} wa hrgedfram ggen
di oxi d nj e 0 i .ni t g : | . i
nyari dgs, "EaPAEC Ty URARRs 0kl ARABR AL HEHAN SRR BB bbRER  pS o,
atoms. For ofeaiihmatidhehivhrip pobidnoitic imlithography agpaeatu?5 consi st essential |y
of one or nore conpounds sel ected from perhal ogenated Cl.- C6 al kanes,
ni trogen oxoaci ds, nilte SHBROHYRNS ditcdosge Bersm arg Dsferably eaglyiflisspaiateddato said
salts cons| st < Rl gen,: .l n these
ol ts, “thersfiShabies Bh bARGHlon BY AARGRor SRYORN AL MEO A hiBh SiBng T 007
fluorine. Tygtficiaht iy alsb hdvarideatogacahidEnkincESthe possibility of dissociation and the

20  likelihood of reaction with sp” carbon.

Typically, the composition comprises or consists essentially of one or more
compounds selected from perhalogenated C;-Cs alkanes, nitrogen dioxide, nitrogen
oxoacids, nitrogen hydrides and salts of nitrogen hydrides, said salts consisting of nitrogen,
hydrogen, oxygen and halogen atoms. For example, the composition may comprise or

25  consist essentially of one or more compounds selected from perhalogenated C;-Cs alkanes,
nitrogen oxoacids, nitrogen hydrides and salts of nitrogen hydrides, said salts consisting of
nitrogen, hydrogen, oxygen and halogen atoms. In these salts, the halogen is typically
fluorine, chlorine or bromine, preferably fluorine. Typically, the perhalogenated C;-Cg
alkanes are perfluorinated C;-C¢ alkanes. Preferred C;-Cs alkanes are C;-C, alkanes, in

30 particular methane and ethane. Thus, preferred perhalogenated C;-Cs alkanes are
perfluorinated C,-C, alkanes, in particular perfluoromethane and perfluoroethane.
Typically the nitrogen oxoacid is nitric acid (HNO;). The nitrogen hydrides are

compounds consisting only of nitrogen and hydrogen atoms. Examples of nitrogen



al kanes are perfluorinated Cl-C6 al kanes. Preferred Cl-C6 al RaMsrar0Cl- C4
al kanes, in 30 particular nethane and ethane. Thus, preferred perhal ogenat ed
Cl-C6 al kanes are perfluorinated Cl-C4 al kanes, in particular

per f | uor onet hane and perfluoroethane. J\pically the nitrogen oxoacid is
nitric acid (HNG3). The nitrogen hydrides are conpounds consisting only of

ni trogen amdiridgsinstysla anmmaonga (N anhy deazined (NaHy), bydnog@BaigeRERN 2 00Tmonilh
hydri des i ia (NH3),..h i pe. (N2 d i de (HN3),
ot um | BBl st AL S RO Mkt SRS (Np1. 12) aind
tetrazene (i ’KN=N=NHNDrefcReehRFIz8A hiirided dR Nk AfigzeAt Snd IR Mife, ifll azene

and hydrazine, in particular ammonia. Typically the salts of nitrogen
hydri des apartiewtamammpnigalypically thg saltd ofiitodgearhydridesrars athtmoniune balde ammoni um

hydr oxi de and anmoni um hal i des. suc as a ni.um fluqri de, .a i,um chl ori de
et s S R A S A N T H R A e SO A b

essenti al | % A mORGnPfiudRicCammBARAMEISr &SARGEHodibABrBfRIde! uori nated Cl-C4
al kanes, nitrogen dioxide, nitric acid, nitrogen hydrides and amoni um

salts. Exanpl es of ptThisprefdradoopypesitiooneommigeror sensist ed@ntadlysifanees semné i al | y
of one or nore c unds_sel ected. fr perfluorinated Cl- al kanes, nitric
acid, nit r%ﬁ’éﬁ?“ﬁaﬂ slefdes o %Fﬁwmnaﬁﬁ?m%lk%wtﬁ%@?ée%  BBRHALFt i ons
conpri se ﬂp%} hinBhivkh Qits e ; m
tetrafl uor%&g a e‘?fdﬁlgfgl?(ggen r I OX|Fl gle, ni tlersirgg{pg%tl&gggd#ﬁ%ftgﬁngﬁ %lgﬂls{iéro
ammoni Im hyahisBK edentiadlynod bhaor tiosezengoandts selegthddrom perfluorin@xd @pt@4 alkanes,
tetrafl uoronethane, nitric acid, amoni um fl uoride, anmoni um 15 hydr oxi de,

anmoni a, RIS drtetand eRRIETTIses M PrefaFrd COmROsKiont FEMPYSconl y
of nitroge c%'ﬁg{spéssé})fﬁﬁ?%?gne GARLRI BhipIusREEERd. {eﬁgﬁhérgm%ﬁgﬁé Mifroddnt
e or nore y advant ag en

N2, H2 and/or on Inert gases, are particular eous

r ut heni um giokide] Sitriy i rpineyteaim floAde aaonaumnds dakideasmmidnihtiszaed #dt i ve
etching agents, renoving substantially all hydrocarbons_present in the 20
syst em whi elrezing ifergexamplq tetraflyoramethaig, piiye a¢id, aympaiym yaridey ypmonipiys, i n

syste eg@gﬁ&?ﬁiggwéﬁ]&mi%&%g%%mg eferred conpositions conprise or

consi s 'y 0 ogen rides optionally together with N2, H2

and/ or one or nore i Qefipogts@sthat\onsist g3s@tially efly oornAgkEh bidsr R@RPFdnse or
consi st essentially of one or nore conpounds selected from amonia, diazene

and hydr az¢anainivgspeqiese PRilonally teaepiss Mitds He apdipt ene amespirarsgasgs are
cooenti oL | Yy BVRR g P R 05 B S ARRRAC TR HG0RF BB oo
with N2, HgioaRdeRkti®&ckihg agents, removing substantially all hydrocarbons present in the
20  system while causing little, if any, damage to ruthenium mirrors. Thus, in systems
employing ruthenium mirrors, preferred compositions comprise or consist essentially of
nitrogen hydrides optionally together with N,, H, and/or one or more inert gases. More
preferred compositions comprise or consist essentially of one or more compounds selected
from ammonia, diazene and hydrazine. Most preferred compositions comprise or consist
25  essentially of ammonia. Typically, each of the above compositions comprises or consists
essentially of the above specified nitrogen hydrides together with N,, H, and/or one or
more inert gases.
Whilst the nitrogen hydrides provide highly selective etching, other
compositions, such as those containing halogen or hydroxide groups, typically provide a
30 faster etching rate. Where a fast etching rate is required, a suitable composition would
therefore comprise or consist essentially of one or more compounds selected from
perhalogenated C,-C¢ alkanes, nitrogen oxoacids and ammonium salts, said salts consisting

essentially of nitrogen, hydrogen, oxygen and halogen atoms. Preferably such a



nore inert gases. Wiilst the nitrogen hydrides provide highlyvheci 2008
etching, other conpositions, such as those containing hal ogen or hydroxide
groups, typically provide a 30 faster etching rate. Wiere a fast etching
rate is required, a suitable conpositionl3auld therefore conprise or consi st
essentially of one or nore conpounds sel ected from perhal ogenated C -C6
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ni trogen d"ildc}?‘lg%geor}% lc(lge%ﬁﬁqu SP§St?r€uc§rﬁiN%(\)A/{ei§r/rot‘“a§%S%C 18? e’?écgéf %ﬁd %%bég%ﬁ%l ecul e.

As a resul §oeffidientNNitf6pee didki@xdaberdatiBdlbRciafd 0 réichisospri@GuadPagitb@ed | y by
a photon with a wavel ength of only 397 rim This is in contrast to an oxygen
mol ecul e, owigeh andrpactiesnipagemenidess fagiesampleat i on to occur. Dissociation of
nitro di oxi de via secondary el ectrons al so occurs nore easily.

Furt hernmore, reconbination of the reactive species to re-forma nitrogen

di oxi de nolecule is not favored. Thyg), ahALBID + Py oportion of reactive
species can be made available in the optical train through a relatively 25
| ow energy input.

The dissociation energy for a nitrogen dioxide molecule is much lower than

that for an oxygen molecule. As a result, the nitrogen dioxide molecule can be dissociated
20  directly by a photon with a wavelength of only 397 nm. This is in contrast to an oxygen

molecule, which requires 242 nm for dissociation to occur. Dissociation of nitrogen

dioxide via secondary electrons also occurs more easily. Furthermore, recombination of the

reactive species to re-form a nitrogen dioxide molecule is not favored. Thus, a high

proportion of reactive species can be made available in the optical train through a relatively
25  low energy input.

A further advantage of the use of nitrogen dioxide relates to its high sticking
coefficient. The physisorption of nitrogen dioxide molecules onto carbon-like surfaces is
relatively strong, in particular when compared with the strength of comparable bonds
formed by molecular oxygen to carbon-like surfaces. The sticking probability of nitrogen

30 dioxide on silicon, ruthenium and even carbon surfaces is therefore close to one. Given this
strength of bonding, a large number of nitrogen dioxide molecules will be bound to the
surfaces of the optical elements at any one time. This provides localization of the cleaning

agent in the precise position where cleaning is required and thus increases the efficiency of



A further advantage of the use of nitrogen di oxi de rel ates t@9%Mar¢H 27
sticking coefficient. The physisorption of nitrogen dioxide nolecules onto
carbon-like surfaces is relatively strong, in particular when conpared with
the strength of conparable bonds formed4by nol ecul ar oxygen to carbon-1ike
surfaces. The sticking probability of nitrogen 30 di oxide on silicon,

r ut heni umthparasessn car bon surfaces is therefore close to one. Gven this
strength of bondi ng, I e . Ni t [ oxi.de | ecul e il | be
bound to the surfaé%@nﬁgﬁ?ﬁ%ﬂ%ggﬁ%gﬁ&gﬁgﬁgﬁgﬁp§%k§%§ﬁ§ﬁg% P e Mﬂ?

provi des |igedlhsealdrafixed withx9baR Rydiggerd@RIr vidter! R@aPb@aifoend@si 4 i on where
cleaning is required and thus increases the efficiency of 29 MARCH 2007 -14
t he processompgsitiongempeisingingeogen digxedegalcopdination withiexistipg clegniagagents.dhone,

mxed with inert gase or mxed w.th oxygen,. hydrogen and/.or water. It has
peon f unc oS Ee BueRrr T bbb g PR S8R mBRTIR | on

W th exi stiiGetAeiRiulde oPEiRBEen dibRide il tpréseh@l of @XY s leadid HROSO M QT Wat er
provides a highly effective cleaning process. In particular, the use of

ni t rogen dizonedeomm to e apadivateky esfectoveydeaningesgdnt. For example, odong ¢aprbeof

ozone, known,to ,be articularly effective cleaning agent. For exanple,
ozone can EBducﬁflélaécgladgvsas follows: 10 NOR2+hv-*NO+O 0 + 02 -* 03 (ozone) or
VOCs + NOx + hv- 03 + other pollutants 15 where VOCs represent volatile
organi ¢ conpounds. Typically, the gaseous conposition is provided to the
space &t a partial pressure whi clNOs+ar—N&stO5, preferably at |east 10
tinmes the partial pressure of hydrocarbo gases in the space. In an EW
system the gaseous conposition ig)Eg%ﬁ?gbd ﬁ?@?erably ina ratio of NO2:
CxHy of 102-104, typically as a continugys or -quasi-continuous operation. 20
The actual partial pressure of gaseous conposition introduced is typically
in the order of 104 to 10VOGhaNOx\hbv-e Ohe othespaligamtonposi ti on conpri ses
an active cleaning agent as well as inert species, the partial pressures
menti oned above typically refer to the pressure of the cleaning agent. In

gener als, t?ﬁeék}ééﬁgggggﬁ%la\mg J)rggﬁc_@g[hgoms'sel ect suitable partial

pressures for use on the techniques known in the art. However, the
| ower absorption 25 Tyiieallyf tHelpasqpas eanpositionpie prdvidedso dhessplacs ach peaetiadi N neans
t hat hi gher partial pressures agn ) )
pressure which 1s at least 5, preferably at least 10 times the partial pressure of hydrocarbon
gases in the space. In an EUV system, the gaseous composition is supplied preferably in a
ratio of NO2: CxHy of 10%-10*, typically as a continuous or quasi-continuous operation.
20  The actual partial pressure of gaseous composition introduced is typically in the order of
10™ to 10™ mbar. Where the gaseous composition comprises an active cleaning agent as
well as inert species, the partial pressures mentioned above typically refer to the pressure of
the cleaning agent. In general, the skilled person will be able to select suitable partial
pressures for use based on the techniques known in the art. However, the lower absorption

25  rate of the gaseous compositions disclosed herein means that higher partial pressures can

be tolerated than may have been used with the standard O,/UV technique.

Whilst specific embodiments of the invention have been described above, it
30  will be appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.



be tol erated than may have been used with the standard O2/ UV 20&hrGHRIET7

Whi | st specific enmbodi ments of the invehtion have been described above, it
30 will be appreciated that the invention may be practiced otherw se than as
descri bed.crJApvsdescription is not intended to limt the invention. 29 MARCH
2007 -15"CCATMS 1. A lithographic projection apparatus, conprising: a

radi ati on ;system conf | ravl -kadi ation; a support

confi guredl‘to suppoP{hgl%B%?Pﬁggpﬁ@ﬁg%élgafw%gﬁgﬁpﬁggﬁ@gr ni ng devi ce configured

to pattern theaiedimiacsatedi dghfigured td @eividech Paant ef adiadosubstrate tabl e
configured to hold a substrate; and a projection system configured to

proj ect the patetsEpPRIHCUYIgHesP SuRParks prtteripg de\dee, die naerniag destisegoniigusdr ei n
a space in_t a ratus risSes,..: sition containing (a) and (b),
wherein (35)p{‘ﬁger%Ergeab(??ﬁlnaocrccgr(a%%rtﬁzdld%algerfafag% 1-C6 al kanes and (b) is one or
nmore conpounds a syb§taksiabR cdRfgired tPhsld Aistib@e? add OMs and one or nore atons
sel ected from hydrogen, oxygen_and hal ogen, wherein the apparatus contains
t he conposi ti orprojectiom sagiparcaniigurad toqrdieeighe ppttemad heam enfa p2asgd pprtiod objie

supply means for .supplying.tg a space in said apparatus a.co iti

Consi ot 1 nguBLEin AETY a Spatsin the RIS CoffpriSes i RGN soSIB IR R o - oo
al kanes; gk €a)Q8 oADSEMERFREMHISEENERN &), Ty aliin8SHRIb) & dné o? im B Bopoutids
nitrogen atons and one or nore atons selected from hydrogen, oxygen and

hal ogen; dmtludingbhgortnogre nitergenatomsiiRd aneiponornetaamayetectedftonphydrogan, pxygen
gases. 3. An.apparatus .according to claim1l1l or claim2, wherein the

appar at us agalk}galgg%wb(eFFéng}?@pgflraﬁ,ﬁ,cgntg}%élﬁego%ayt@p. one or nore conpounds. 4.
An apparatus according to any one of the preceding clainms, wherein the one

or nore al kanes includes tetrafluoronmethane. 5. An apparatus according to
any one of2-the precddl apawites apsordiftgcto elaimt lncharagterized byrpurply Bepasiiats i ncl udes

' hydrides. 6. A . di ng. f th
or eced ng Pl ie 10 e Eih il aeeuns B SRBR R RrBRBk SoRRia T e HER: one

of anmoni gf: di azene, hydrazine and salts thereof.

- one or more perhalogenated C,-C¢ alkanes; and

- one or more compounds consisting essentially of one or more
nitrogen atoms and one or more atoms selected from hydrogen,
oxygen and halogen;

optionally together with N, and/or H, and/or one or more inert gases.

3. An apparatus according to claim 1 or claim 2, wherein the apparatus contains

the one or more alkanes and/or one or more compounds.

4. An apparatus according to any one of the preceding claims, wherein the one

or more alkanes includes tetrafluoromethane.

5. An apparatus according to any one of the preceding claims, wherein the one

or more compounds includes one or more nitrogen hydrides.

6. An apparatus according to any one of the preceding claims, wherein the one

or more compounds includes at least one of ammonia, diazene, hydrazine and salts thereof.

7. An apparatus according to any of the preceding claims, wherein the one or

more compounds includes nitric acid.



7. An apparatus according to any of the preceding clains, whe9MaREMEGne or
nore conpounds includes nitric acid. 29 MARCH 2007 -16 8. An apparatus
according to any one of the preceding clains, wherein said supply neans
further supplies at |east one of N2 andik2. 9. An apparatus according to any
one of the preceding clains, wherein the one or nore conpounds incl udes

nitrogen djoxide. 10, An apparatus accordin 0 claim9, .whergin said supply
means further suppl i%2P %?Ccﬂﬁfnég @fa%Wﬁgﬁ&’eW%ﬁegﬁgﬁbém’ grein saifly "~ ap

apparat us ¢ gﬂgﬁﬁgaﬁgﬁﬁﬁ’le@% Pie€atbast BRe OFRESM MY cl ai ms, wherein the
proj ecti on beam passes th 5hgh the space. 12. An apparatus according to any

one of the preceding clains, wherein the space conprises at |east a part of
the radi atjon systemand/or at |least a part of the projection system 13. A
devi ce maruf act ur i ngAWW%?ﬁ?ﬁF 138 {pAn -OnﬁPgme&r?Fﬁ nggfdg‘?’r‘éf}i‘gg?‘ﬁg‘f O at

| east par tdr%erc&ﬁ?&ﬁﬁq ilp&fu@eslfrﬁt}‘gg' nQfiodi@di ation- sensitive material; -
providing a projection beamof r (?I ation using a radiation system - using
patterning means to endow the projection beamwith a pattern in its cross-

section; - projecting the patterned beam of radjatjon onto a target portion
of the laydk of radiatpRemtusacepidingdogiain 9 wheremsaidsupplyimeags Birther sypplguci ng

into a spage ?%%Egiaf]%’@ldkﬁgg?agvﬁ%? protected at | east one of: one or

nor e perhaqngé)enate one or nore conpounds consi sting
essentially of one or nore nitrogen atons and one or nore atons sel ected
from hydrogen, oxygen and hal ogen; and causi ng excitation and/or

di ssoci atildn of a pl4m apparptusfaceordingnto ary peg el Ahecpreseding elpins, whereinteor

ror e Conpopl%cr)]j%gtion beam passes through the space.

12. An apparatus according to any one of the preceding claims, wherein the space

comprises at least a part of the radiation system and/or at least a part of the projection system.

13. A device manufacturing method comprising:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
- providing a projection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
characterized by:
- introducing into a space containing a surface to be protected at least one of:
- one or more perhalogenated C,-Cgq alkanes; and
- one or more compounds consisting essentially of one or more
nitrogen atoms and one or more atoms selected from hydrogen,
oxygen and halogen; and
- causing excitation and/or dissociation of a plurality of the one or more alkanes

and/or the one or more compounds.





