P-0360. 010 -1 Lithographic Apparatus and Devi ce Manufacturing Method An
enbodi nent of the present invention relates to a |ithographic projection
apparatus conprising: - a radiation systemfor supplying a projection beam
of radi at ipogggp@1gUPPOrt structure for su1pporti ng patterning neans, the
patterning means serving to 5 pattern t'he projection beamaccording to a
desired pattern; a,substrate table for | di a substrate: and a

proj ection system f]b'h'o&rg? CARPITEtHS aﬂﬁgfegf%ﬁa 'ééﬁ?ﬁ?ﬂ@'&ﬂ!%'r get portion
of the substrate. 10 The term "patterning neans"” as here enpl oyed shoul d
be broadly interpreted as referring to neans that can be used to endow an
I ncom ng radi ati on beam with a patterned cross-section, corresponding to a
pattern that is to he created in _a target ortion of the substrate; the
term"light valve" ﬂh""a‘i"g’éﬂl@é‘ qriléléecPfFW%f m"gf?%'rrﬁ@iaﬂo edithaezanhic propctipe sai d
pattern Wahbar&Qt EERP@AAet 0 @ particular functional layer in a device being
created in the target portion, such as an integrated circuit or other

devi ce (see beloadiatidixguiehefor sipplyng b ppatédtienbemng of eikgionncl ude: - A nask.
The concept of a mask is well known in |ithography, and it includes nmask
types such as BiSHBRQFt SLEHCIUEE FOLSHARPTHAGRALCEHPE me%ﬁﬂeanatﬂéﬂmﬁ@awrﬁa%ngm ft,
as welt a | ' 3 : nt of such a mask in the

r adi at%onﬁgté%ﬁ]tﬁéﬁ%g%gﬁglg?{%%\?gﬁ?r {%%&ngghﬁ%?ﬁr?t he case of a transm ssive
mask) or Frefl eatsibstrafd tablelfer loddiag achbaratebhdct i ve mask) of the radiation

I mpi ngi ng on the mask, according tq the pattern on the nmask. In the case
of a mask: the2PIYpIion syptemderpRissiing theenatierapd Yease opto atarget pertipe of thisi ch
ensures thalhfae mask can be held at a desired position in the 25 incom ng
radi ati on beam and that it can be noved relative to the beamif so
desired. A programmable mrror array. One exanple of such a device is a
matri x- addressabl e surface having a viscoelastic control |layer and a

refl ef?ive surface. The

The term “patterning means” as here employed should be broadly
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




basi c principle behind such an apparatus is that (for exanple) addressed

areas of the 30 reflective surface reflect incident light as diffracted

| i ght, whereas unaddressed P-0360.010 -2 areas reflect incident |ight as

undiffrac%ggﬁpb%?t. Using an appropriate filter, the said wundiffracted
be T

i ght can ered out of the refl ectdd beam |eaving only the

diffracted light behjnd;, in this manper, the beam becones patterned
according to 8" éegiffre’gg‘idﬁ'& et f‘%‘t’lﬁﬂ racteddighh Vyng apaproercae Sltentheasaid  An

al ternative 5 %H&?ﬂém%ﬁfcaﬁbPﬁﬁ ed i fgffef:tgg b@érﬁ,?)éaﬁ%l)ﬁ%%hf. matrix
arrangenment of tiny mrfors, each o i'ch cah be T hdrvl dua y tilted
about an axis Wiffragted Yightobehindsin thishthanrencid benethebart patterfiddedcdorddig Yy
enpl oyi ng pi ezoelectric actuatign neans.. . Once again, the mrrors are

mat ri x- addr ess &5 addresging pafin of Hymaatsswddsessablesutipre. Am altéraativean i nconi ng

radi até on beam,j ol ' ' ddressed ;mirrors: 10.i.n this
manner® the.r oFbefnfioh oE8 BRE- AR liflor Bl ARG R0 RS At Snet R Bt L or
of the matri x- afftoessahlof whith @hdbe iddieiduNuikeChbEat £ as;iﬁgﬁlﬁﬁﬁﬁhgq can be
performed using suitable electronic neans. In both of the situatlions

descri bed her suitiblalocalived glectrisrfiald@r b smplaying pernstdcts ashmtion nmane
programmabl e myror .aryays. Mre informati on.mrror, arrays as here
referred to cgy e 2 éﬁ%ém?rgﬁel@até’%' eé?*‘%?ﬁi’ﬁ'r‘ﬁ%hf‘t_taélgr"éfeélt rosipting s US
5,296, 891 and Wieet Alihcdfihg radikiF BeanPRl LA e RARPHEAbL 8En M ARBRRAsaNd VO
98/ 33096, which are incorporated herein by reference. In the case o? a

pr ogr #hmabl e nitr thir manneaythe teflected ibdars igyptetned tacending ¢o theayddizesingpatired as a
frame or table, .for exanple, i ch may _be fixed or. abl.e as required. 20
- A progr ammbPﬁ%&ﬁg}%ﬁQ{“%%&}%-e%l‘ﬂglg}gﬂ rgatgggggqe%@gml?es given in
United StatespBias@i udeulasl Bitronbinfelnd SnbREAIAAL BhBARCIRERLDY
reference. As above, the support structure in this case nay be enbodi ed as
a frame or tabhercaliove, the pagdreing mdans bamwoymirese foh ecimore proyahingatds mirsui r ed.
For purposes of si the rest of this text may, at certain

i ci.ty, Y,
| ocati ons, spe@lfrﬁsggfl?rfr' ”(’J%F‘B%tfon FEFT RS 85 hexarpiiresd tp s be elsaned. faisk and
mask bl e; ho% Ig]gt@ K L Oci ' ' | nces
shoult be seen in lﬁ’eﬁ-(gﬁoa e§ S?é%ﬁdﬁ‘%hq%ﬁb??e%?aﬁ%&e@ﬁsg’bjﬂn%z%%%gs@%ereabove
Sﬁt forth. Litpagniapplicatipne N0 V8859 Pant Wi(iS8/3 3006 vhitgede irfcofpogatedrié®in i N
t he

by reference. In the case of a programmable mirror array, the said support structure
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



manuf acture of integrated circuits (1Cs). In such a case, the patterning

nmeans nay generate 30 a circuit pattern corresponding to an individual

| ayer of the IC, and this pattern can be inmaged onto a target portion (e.g.

conpri si n?&gﬁ g nore dies) on a substrate (silicon wafer) that has been
A 10@

coated w er of radiation-sensitPve naterial (resist). In general, a
si ngl e wafer V\Aé/|v ctg‘gt ai.n .a whole network of adjacent target portions that

are succ eliZadjale BEI YO Sy agidhe é‘Hlevh]ac“E"ﬁ_ét MPaTates: PORlYE em one at
a tine. | B.gdihingMy ARRK A HSas O §i3GnctRAhE E? *‘I‘% e B%(m%f:mgdﬂfér&t mask

table, a distinCtion can be nmade between two di ren ypes of machi ne.

I n one typeesdf nathingdapht typpob)itogiaphicappiactiintppaniashedchigeét gootidd @n i S
i rradi ated by ex osipg)g the entire mask pattern onto the target portion at

one time; &siaied Ry Sxposing the erlire Sask ppHsmm gntodhetargel pesion gt eneimersushepper .

In an alt ' H‘Hﬁ‘t{ = referred tg as . a step-and-scan
appar a?u S géﬁhgéatg%%tcgr ge rﬁ%ié&?ﬁr%drc]tgggg%#%rds ??? ed ?rbzil/n gber“ia&vg ?EP%E\%@ “scanni ng
the mask pahimenly rfetied tb hea pepiaf¢sémppeaiisi N eaclBiaV®R pbelofi £ fiatd kyect i on
(the "scanning" direction) while synchronously scanning the substrat’e table

paral | el Brogigssivelyseanning the sask pattern uadaritbpprossiction bednm inye givem ke ferehee

| ection: il h .a .10 I ficati fact Iy < 1),
Phe speeddiePhiferitaniial istd TR Ry sbaaht hASERE o, o 1
times thaparallelVdtiatihi-pafigleMskistdlebeon; Sins€ N B&kral MG Srdi AR HERAWNY Halle a

regard to |ithographic devices as here describeq can be gl éaned, for
exanpl®, magnificationefctogivh(geseglly rld, thissed Msatagdich thecubgimtatablt if evapned by

ppar at o Vil Bs & SEMEGRE%: BHRERE maik Plicls scqonbe AR ofp@ieiiR  hat | s
at | east &%ﬁdt@'liﬂoﬁﬁb&ﬁé 86VilY a8 hbrRWRScribRll cArol @E&&!a; R BRAhpl¥ S ORIl

(resist). or to this imaging step, the subsirate may undergo vari ous
pr ocedur eStatesyratent S, 046, 78, incemiosatectheaxtinrby referknae.sof t bake. After

exposure, the substrate he subjected to other. procedures, such as a
post - exposur e bake E%E)af“rﬁ%é@{?@gB Fusing ﬂ&h@ﬂ&l&‘ég%‘if’mn apparatus, a

Meas uf £Mepiddri fPEGh b Mhs] istiGed IBHE Y shifabhid Bt is a_t}]ie%% Phrkia Phverdl WY Qfaggl“fes
is used as a basis to pattern an individual layer of a e¥/| ce, e.'g. an IC.
Such a pef tadiatied-strmjteve metgrisl{esistinBaorgo thiaimagiag pep.ahs sestraaiayamdetghi ng,
i on-inplantatio [ , metallization, oxjdatjon, cheno-nechani cal

pol i shi ngY AT .P?Ocsgigf%%g eRFESS TeRiSkepatpg Ancd soih aks: AfAT SARRyWie, thet
oiciss | SNBSS weMal o bRl SO R O
of devi cedeweldpmeng aAGirgbalecmtl norastrementibspecadeof thaftged Ftacs. TIEY ag&pofr €
then fOepa{)%E:gc?urLsrig rl?sgm z?s aal?agltshcg E)attt)g/rn%n 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



t echni que such as dicing or sawi ng, whence the individual devices can be
nmounted on a carrier, connected to pins, etc. Further information

regardi ng such processes can be obtained, for exanple, fromthe book

"M crochi p.dgbphgati on: A Practical Cuige to Sem conductor Processing”,
Third Edition, by Peter van Zant, McGaw Hi|ll Publishing 30 Co., 1997, | SBN

0-07-0672 i | r ake of
Gimpl i o1 13 e O o BN TR by M IR tua bR BE g 0 (e
"lens"; heverding td mysoftthesedekion kypeb orldireaitgy shapigy drcehelliag teNseRass Ng
vari ous gy es _of projection system including refractive optics,

reflectiv e%ﬁtof radiatignqandush cosppencatsimasgee ba Glerrdgg belows collestivelyampl e.  The

radi ation ke 2l 8O | e s gperatin ccqrding to any of
{hese. dest BRI A AL MR GRERRRE per RS hK v g iR it b ron
beam of r atbratutettateastlesS@EHof BAPONABeSNABR a3 OniacK ShekipRAstige Reliows
collectively or singularly, as a "lens". Further, the |ithographic

appar at us thesaddiionak tables giau b avedhig pavadleb or prepanatory sopt way be tarbied sul emelieor

two or nor Les)...Lh ch."mul.tiple stage;.devices h ddi ti onal
t abl es m?Fgﬁégﬁg%ﬁﬁggpgﬂ Ié’l%?e %Perp éﬁ%&g{%sw “g? for i\ léﬁ‘?ﬁrsﬁaéﬂ out on
one or nifgtaphiceppifatdserod@cAbed RSrex@hPR! inl BiitAS1AEE pREANTS YR 40T
exposures. Dual stage I|thog'£§g8h| c apparatus are described, for exanple,

in Uni t edasi BEEpajeat applicai®rs 8/44791, wdreCredbereintbyapferéncat i on WO
98/ 40791, incorporated herein by referepce. 10 .An. enbpdinent of the present
i nvenz(?on is di Iroect éd’cﬁle(ngbq b‘%?f%%ﬁé*reeﬁ{aﬁeﬂplfﬂ"?‘!t}%? aﬁﬁ?“&?slf’gﬁﬁavsejfé’ﬁg’as t hose
oper at i ngligogl PR By st@hlsikh 48 ﬂlos%\})ég@diﬂg A99906h 888 571t b A1k 8k erdEV)

)
| i thography tools. Typically, E ystens operate using a wavel ength of
bel ow abouttrastreh(Epheilighegsaphyediswl gicalty, EUhhsyatedsmpstatpusiigea siavgletigh ow

bout 15 A | f th | t he, EUV i ich. i i ni
cons! der o Ee1a% SPRetoRag: Brofeiah belobr dhamn iy AR EeR e Revbsbdhabobogh |
there areshso Axdxamph §id \%ﬁ%ngm%%@l?w}%%ioﬂ &Méﬁisfgﬁgi@mﬁ%&b@ 11

run, for exanple. In"all of the above-nentioned syst adi at1 on-induced
car bohS conerastiim 8tei Ishographysindgstiyhie 13 dnmathioogh thieref aré also otheo ptantiaingel enent s,

is a considerable . problem Even very thin carbon filnms can absorb a
r emar kabl gaﬁ%?ﬂﬁs ’&ftL{SHEg‘B?’&F‘élb?q Ur'r‘“_é(f‘"lfé‘ém %ading to a reduction in
energy throughput | th AINGT MEbbGALmEhindd sTihd) MdialdhGRGuEAIaRn 1] M may be
non- honbgeneous and as such can result in phase shifts and patterning
errors. ¢omtahination,wausing tiedgymatentofidilia$ on eptieadjslemedts] 3 andohsidetablet he
effects of e bOB cont ami.nat | on C
problem. Even very thin carbon films can absorb a remarkable amount of the projection
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 UVirradiation. 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

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



A standard approach used to date to address such problens involves the
addition of 02 and/or H2 gas to the systemin relatively high
concentrations, followed by 25 UV irradi ati on. However, this known

t echni quem%o'g%;er ent di sadvantages. In the case of optical |ithography

(e.g. 193nman 57nm systens), it is thought that cleaning of the carbon
contam nation. occurs through,dir cracki ng of drocarbons in the gas
phase by S?)'ﬁﬁlv&‘? "AGHH; ::li'{: S%‘Hfl%rdt(g@‘ﬁm ickﬁ@“ﬁgge%’eggqéﬁ{% nRLPN{YelGhes }¥ 1 at e

of car bon g Qdh filth SPIR suFhde FhOMTrordbit NS afalcby/thb! SHGRE bon
partial pressure is inducsed by the cr%éki ng 30 Socesg%ﬁ}ﬁ%@/ﬁ\ turn

subsequenmiisroi. nSuchakintage isgypieslly iofeversibéer didrhehid leudstoudosstiheeflovtvity. An
technique.is no eﬁf ective in_ all si t%at ions. Nore si ?ni,f icant problens are
exper i enc SOPRNES, catRen tlsuing Bisthodds i‘ﬁfﬂ org dequpred dppagticafag i thedigld oY

typicakl yliﬁ‘[@#@l‘n multi-layer mrrors, which have highly P-0360.010 -5
sensitive su cés. The standard 021UV cl eaning nethod frequently not only

etches away the carbon filmon the surface of the mrror, but al so damages
the capping layer of the mrror. Such danmage is typically irreversible and
hence leads to a loss in reflectivity. An inproved carbon cl eaning nethod
Is therefore required, in particular in the field of EUV 5 |ithography. It
is an aimof an enbodi nent of the present invention to provide a 10

l'i t hographi ¢ proj eclifiigan aipwaf &i ¢tibadimipit ofitRgpreSalfavetion ©-prbdide gont r ol of
nol ecul ar __contam nation, which neans can effectively be used in both DU
and EUWV | lithesmphisrRroiettipnsanparnties qomprigingsneans fordansisy senfrel of oradéawdart o an

enbodi nen | [hV: ' | |t hogr aphi.c ratu ecified in
heopent s pairadonaHER el b Ful R R BRI pORANTE 13 A0 SRR o o
space in said appar ahitsandlotheafifis 20 ad@ksstd accordifg & adBhBodiRERRIfARENAL ed

Cl -Cd al kanes; and one or nore conpounds consisting essentially of one or

nore nit hygeomingnithegrapliaepparatip pespatifing ins e operidg paegraphdthetpeterizedxy gen
and hal ogen. The |it raphi.c aratus of the inyention provides a supply
of one orEy SEPRNL SNy O?ﬁ‘gg’@dﬂ%gﬁﬁﬂ’?c%@ts pp&ﬁ'&*f@ﬁﬁ‘p‘?"féﬁ y together with
ni trogen, hydrogen and/ Obne 8NR0R peffil Szchied C, 4838 mnest RRd COMpound, or

m xture of conpounds, provided to the space is hereinafter referred to as

the conposition. The conpbsPtinore qpapovndssionsisiiig esseritiallly of one or more
nitrogen atoms and one or more atoms selected from hydrogen,
oxygen and halogen.
The lithographic apparatus of the invention provides a supply of one or
20 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
25  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
30  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.



conpound in pure formor may be a m xture of conpounds. The conposition is
supplied to a space in the apparatus, for exanple into the 25 projection
system Activation of this conposition either by applying the projection
beam to tIpep3zpage containing the conposigion, or by use of an alternative
activation source, leads to the excitation or dissociation of the

conpounds into vari gyg prgacdd é(ﬁbo?ﬁﬂ@ﬁt‘??%he-riﬂgéﬁ'on,r &@%Bf'n)é8siﬁ§§8§];§§ri&‘§t as
hi ghly sel ective etching conponents, efficiently’ renovrng ydrocarbons
Wi t hout caitsigey dibaideg ditregentidoxdde passessef vanioys pddyerties which malesiemfore | N 30
addi tion, the conpositions used in the present invention typically provide

a hi gh et CRTARPECPYY 182 PXYRFA RS & SleBBine age; Fisstly i bay a mugh lovegs disspeiafion i s al so

general ly {. it { . ialss into.the tical

Or ot horhRbl B ohdfen dnd bRl SEERAT G eiudi fld SERpRY

P- 03605 01@leeGons Secandby, eheraetvaidpadinieipen dioxidicleadive fid oAmatkidicofCRBROSI ti on

conprises, nitrogen dioxide, Nitrogen di oxi de possesses various properties
b

whi ch mak #s¢lf a fighly efigetixe etgbing agenth Birdiy e siickingprebability for nijegan disxidet | v,

it h . ' i.af i h d f
casi 'y be iSUGRATD KRS Shdbd 28 o EL Bk A OMER BRAC L BERER e

activati oagent ispresengemtidi sarfhets tb Bacdlkaded. t he formation of ozone, itself a
highly effective etching agent. Thirdly, the sticking probability for
ni trogen di oxi de i ésdirgslfeicthereladvantagearcleaning qande csied oxyying mak ur i ng

t hat | a 2 ¢l eanin agent ..s_present .on the surfaces to be
cl eang%. eé%?%gl%ﬁ 8%?1%{}%&%@%{\1/13%?{%%@“6&"égr?f’ﬁasl)@gﬂlnﬁé’r%czg?s.rYV Cout usi ng
nmuch 10 beywh iPaedsPiter the &lopaefiioRneMig8Eerd dﬁaﬂidé\&kaﬁiﬂg wohBRub Riléws a_
correspondi ng process where oxygen is used. Further, the nore efficient

ni trogen #dgsstideaniegnimado beemployed leadinpie ageductign dethedowatimegntlhiere to be
enpl oyed, SIsc,?eadi ng to a reduction in the domtinme in the system 15
Accordi ng X¥'6"'a further aspect of the invention there is provided a device
manuf act uri ng nmet hod conprising: - providing a substrate that is at |east
partially covered by a | ayer of radiation- sensitive material; - providing
a projection beam ofcrerding tp grfuikdragpest ebibie invieoviorsihstearprayided adeving
pat t er ni ng means 19 e%jow t he. Per ection beamwith a pattern in its cross-
anufacturing method compfising:
- 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,-C¢ 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.



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 |east one
of : 30 - @oBeOp1o0re perhal ogenated Cl- @6 al kanes; and one or nore
conpounds consisting essentially of one or nore nitrogen atons and one or
nore atons sel ected : causing
excitation and/ or df%é%@?@%ﬁ%n g?&gﬂgﬁéggﬁFﬁﬁg%ggbﬁ%&%hgﬂﬁguﬁaﬁghglkanes

and/ or onepparate® aecocding auartdembdAifiSm b QHinvantidntih theghatitagirkiof ICSfiesheare may
be made in this text to tmﬁ use of the apparatus according to an
embodi mende ¥PHARY prdraseedthay wctlﬁléamﬂﬁ%tﬂﬁaﬁaﬁm@mthqrwssmk appkigatigns. Fer

explicitl I 2 : ny.. ot her possi.bl e
anpl 1 cat1 SRATPE AT S flo I UEmARPERGE 4P AR BT s LGlealy Pt
| nt egr it edndgéteatiin wiytsind 15 magticdadona madokal ReuilQryseaUisplaypahdls, magneti c

domain nmemories, liquid-crystal di _sgl ay panels, thin-filmmagnetic heads,
etc. The Hupifilmgnagnetic heady gte- Hisskilled artisap mall appraciatedhatointthe cordéxtod sch
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terns " mabk considerdibis iy repladed byathg @lore Petickdl @étms "hRASK'E Chib¥@aty"” adkd thiget he
present docunent, the terns "radiation" and "bean are used to enconpass
al | typesPeHtioa|.desnestivedfet i c radi ation, including ultraviolet radiation

(e.g.qypith a wavel th of 5:..248 93, 157 or 126, ,and extreme
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wel | as paidongdaes H1E6/HEs ofdledirorsaghétic @&ﬁﬂﬁra(iﬁclutﬁhg GltFb1Q8AMEton . 2 With a
Enbodi nents of the invention will now be described, by way of exanple
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g.
having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or

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:



only, with reference to the acconpanying schematic drawi ngs in which:
Figure 1 depicts a lithographic projection apparatus according to an

enbodi ment of the invention; and Figure 2 depicts the radiation system of a
l'i t hogr aplpigzcapp@r at us according to angenbodi nent of the invention. In the
Fi gures, corresponding reference synbol s indicate corresponding 25 parts.

30 Enbodi nent t] . icts a lith hi,c .proj ection
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a projection beam PB of radiation (e.g. UV/ DUV EW radiation), which in
this part Ll ar case al so conprises a radiation source LA, a first object
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subst r at e MAsk @it respepidejitsm Rlgat ed silicon wafer), and connected to second

osi tioning neans. faqr.ac tel 0.t 1.oni t.he, substrate wth respect to
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onto a target portion C conprising one or nore dies) of the
subst r at ePeWitigyng meansgitop pequaaiely phsitiopipa thet ubstrate withaespeéti tedtemBL;t ype (e. g.

has a,tefl ective mask). However .. ol eneral .. it al so be of a
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Al ternat i yeup) fdr hr@agiagaﬁ HratBatBRYortiOR bPMheARRKNEA JRtd 8 10fet Qaﬁfo%r@ Eéig means,
such as a programmable mrror array of a type as referred to above. The

sour ce LAc¢mpmsingandgr meseplies ofsheisnbstratd Wser / a | aser - produced or di schar ge
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traver sedjfcgndial, iPMhaRalso be of a transmissive type, for example (e.g. with a transmissive
15 mask). Alternatively, the apparatus may employ another kind of patterning means, such as
a programmable mirror array of a type as referred to above.

The source LA (e.g. an Hg lamp/an excimer laser/a laser-produced or
discharge plasma source) produces a beam of radiation. This beam 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 ¢-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.



20 neans, such as a beam expander Ex, for exanple. The illum nator IL may
conprise adjusting neans AMfor setting the outer and/or inner radial
extent (commonly referred to as cr-outer and cr-inner, respectively) of
the intensigyo@di@tribution in the beam ¢ln addition, it wll generally
conprise various other conponents, such"as an integrator IN and a condenser
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be irradiated by the becam 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 V' = 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,



be irradiated by the beam PB; 2. In scan node, essentially the same
scenari o applies, except that a given target 20 portion Cis not exposed
in asingle "flash". Instead, the mask table MI is novable in a given
directionp(gfp.03@-called "scan direction,, e.g. the y direction) with a
speed v, so that the projection beam PB"1s caused to scan over a mask
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conpound therefore also includes reference to the supply of one of the compounds of the composition.
Typically, the lithographic apparatus contains the 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



the space. Alternatively, each conpound nmay be supplied via the sanme supply
nmeans either together or at different tinmes. Any reference above to the
supply of the conposition therefore also includes reference to the supply
of one of pidygpepspounds of the compositipn. Typically, the lithographic
apparatus contains the conposition. For exanple 20 the conposition may be
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field or electron irradiation. It is preferred that the activation neans
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carried out on the.conposi.tio descri.bed herein show ng that sp2 carbon,
i.e. ali pﬂgfqlﬁmﬂ%?%%lfﬁdf‘ pr&%ﬁ&%llgﬁamﬁﬁ%lﬁwaﬂtﬂs'car bon, is selectively
etched in favor of Re3ompbdiins d¥bidsed heledSLE bRy RhsiVHEBERIDRS by W
| eads to both sp2 and sp 3 carbon, carbon-contam nation |ayers in
| i t hogr apheactivgpspaeias as application of radiation or other activating means. A high sticking
coefficient is also advantageous since this enhances the 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;-Cg 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;-Cg 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,-C
alkanes are perfluorinated C,-Cg4 alkanes. Preferred C,-Cs alkanes are C;-C4 alkanes, in
30  particular methane and ethane. Thus, preferred perhalogenated C,-C¢ alkanes are
perfluorinated C;-C, alkanes, in particular perfluoromethane and perfluoroethane.
Typically the nitrogen oxoacid is nitric acid (HNOs). The nitrogen hydrides are

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



been shown to be forned largely of nano-structured graphitic-like filns
formed fromsp2 15 carbon. Thus, the conpositions disclosed herein are

hi ghly selective for the particular type of contam nation which is

probl emat ipGysihpyd t hogr aphy apparatus. Tpe conpositions disclosed herein are
preferably easily dissociated into reactive species on application of
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per fl uori patiedlafly hd GhtaplebdsmeBen ruthenium mirrors are employed. These compounds act as
highly selective etching 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 aminonia, 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
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sal ts, saadvansdgesusoerming substaneesivend italdw dsfocidtion @gengy ahy Highgenkingxygen and
hal ogen atong.. Preferably such P-0360. 010 -13 conposition contains _or
consi sts @%@ﬁ@fa 1gogen %%3%? €8s Férs! 1810 TgRgtvg SPCAsH supl AS tQBHS nat ed
a-c alkggﬁ% htLi.coacd raaciel lts. More preferably a
conposi tion SPHPE%FEE§§%$ﬁ%p§gntélnf&%?ﬁ%bnsists essentially of one or
nore tHnpounds selected from perfluoronethane, perfluoroethane , nitric
acid, amoni um fluoride and 5 amonj um hydr oxi de. These conpositions for
fast etching are, for exanple, usedQuiehV—Nhit@® etching of a thick layer of
hydr ocarbons is required. N trogen hydride based conpositions are
typically enployed for general use, due to their inproved selectivity.

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



Typically, each of the above conpositions conprises or consists essentially
of the above specified conpounds together with N2, H2 and/or one or nore
inert gases. 10 In an alternative enbodi nent of the invention, the

conpositi?qnggﬁpgises or consists essepjially of nitrogen dioxide, which

has been found to be a particularly advantageous cleani ng substance due to

its Iom/dh%ﬁﬁg&ggion energy and high sticking coefficient. N trogen

di oxi de can 'be édsily dissociated into reactive species such as atomc

oxygen and react i ve Niirbgengdhoxiax taetse deliotre@Xathelsgsterh2ithéPalond) Miikd witR The

di ssoci ation energy for a nitrogen dioxide nolecule is nmuch | ower than

that for Heriseyefenr mtedovitleoxygen.diydeagen and/phwatgr. ty gdeenifawpd deataol ecul e can

be di ssoci gt ed .&0 d(; r ecstrlhé/ gg a cﬁgot on W tlglm . V\/aVE&IP eng[:'i h of only 397. nm

This i s i OPBAPILOPRENE BEYEIHTONEF A tarabinglignonth Exfitine.deanng fasfisoin

di ssocg at parficlilar 8€féh, hydrSgRA @hdbt te® brovides A%dhly Sifeeive lethiRg PREREI® Y

el ectrons al so occurs nore easily. Furthernore, Teconbination of the

reactive ppiciles thouseefgrogen dinxidesigéhe phiessuicel ef origen ldads tosthe produstiar efd.

Thus, a high roportion of reactive speci.es can.be nmade available in the

opti cal t PERY- KRB PR papaibLeectys Pleating aestt FoF saimle o9o0r £ pe

advant age ppfdutdiFasupBo®E: Nitrogen dioxide relates to its high sticking

coefficient. The physisorption of nitrogen di oxi de nol ecul es onto

carbon-like surfaces is relatively strong, in particular when conpared

W th e strength of conparable bgonds . fo d by nol ecul ar oxygen to

carbohylike surfaces. The stickin E%FHBEB&E$?§§Of nitrogen 30 di oxi de on

silicon, ruthenium and even carbqy syrfageghsyt herefore close to one.

Gven this strength of bonding, a ﬁgﬁge %gﬁ%e) of nitrogen dioxide

nol ecules will be bound to the surfacesrof the optical elenments at any one

time. This provides Iocaliastion of the cl eanjng aggnt in the precise

posi tion where cl eaning i s PE§TiNEE Mo DadothsiPold@es t he effici ency of

P-0360. 010 -14 the process. N trogen dioxide can be delivered to the system

either alone, mxed with inert gases, or m xed w th oxygen, hydrogen

and/ ot5 watvhere VOCh aspréseanvdlatila drgahitcompoandyosi ti on conpri sing nitrogen

di oxide in conbination with existing cleaning agents, in 5 particular

oxygen, hydrogen and¥Bicaliaihs 24spitsicamposition prgvided tocthe eace rbanrg! process.

In pressure which is 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.



particular, the use of nitrogen dioxide in the presence of oxygen leads to
the production of ozone, known to be a particularly effective cleaning
agent. For exanple, ozone can be produced as follows: 10 NO2+hv-NO+O 0 +
02 - 03 (ezppebioor VOCs + NOx + hv-* Q3s+ other pollutants 15 where VOCs
represent vol atile organic conpounds. Typically, the gaseous conposition is
provi ded { .Space at a partial pressure which is at |east 5,
preferably at least 10 tinmes the partial pressure of hydrocarbon gases in
the space. In an EUV system the gaseous conposition is supplied preferably
ina ratio of NO2: CxHy of 102-104, typically as a continuous or
quasi - conti nuous operation. 20 The actual partial pressure of gaseous
conposition introduced is typically in the order of 10-4 to 10"5 nbar
Where the gaseous conposition conprises an active cleaning agent as well
as inert gpecies, tbaeﬁmagﬁabﬂilcpmjeamraggarambbmfaﬂﬁnﬁzbove typically refer to
the pressure of the cleaning agent. In general, the skilled person will be
abl e to sel ect -sui t asrdiatipgy fystgm Top peyidinga prajection betm oé trdigtionhe t echni ques

known in the art. [ [ rptjon 25 rate of the gaseous
conposi tions di scl Eg‘ggﬁ’ﬁo&séb%ﬁunéegﬁgu?;ﬂogﬁ 851? agd?g}m%gﬁg??sa ed’ragggfﬁégw%lgn be
tolerated than may kevingheenttdts el Wojebtibhbeat aRdRNISE B2/ ddirt@phirirgue. Wi | st

speci fic enbodi ments of the invention have been described above, it 30
wi || b2 apprect at edashbstratefable dordnldiog agabstiote; pr act i ced ot herwi se than as

described. The descript.ign is not.intended.to |lim¢t,the invention. .

P-0360. 010 - 155 10 &N SKS‘F‘E‘%f%ﬁrPEﬁﬁP%“’SrPé}‘%@ﬁ& BrPm BB AR RYABRI si ng:
a radiation system LotheRuBiat Ny @ projection beamof radiation; - a
support structure for supporting patterning means, the patterning means
serving to pat tkaractetizeddysupply ingnang g supmliog ¢ s gpaco imsaid sppasatupaiticast n;

one of:
10 - 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.
15 2 An apparatus according to claim 1 characterized by supply means for

supplying to a space in said apparatus a composition consisting essentially of at least one
of:

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

one or more compounds consisting essentially of one or more
20 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

25  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.



a substrate table for holding a substrate; - a projection systemfor
projecting the patterned beamonto a target portion of the substrate,
characteri zed by supply nmeans for supplying to a space in said apparatus at
| east one_Bkpopme or nore perhal ogenatggl G -C6 al kanes; and one or nore
conpounds consisting essentially of one or nore nitrogen atons and one or
nor e at o, sel ect od Ay AFMANAREG g OUHOER sk BREAGRTCIa, HneAs HRRAEA! US
according to claim1l characterized by sSupply neans fo supplying to a
space i n saindragmpainds inzluwespasertmone nitcepsh dvdmdesessential |y of at | east
one of 20 one or nore perhal ogenated Cl-C6 al kanes; and one or nore
conpounds consisting essentially of one or nore nitrogen atons and one or
nore ato sel ected clopget her
with N2 gﬁ'd/ or H2 arﬁ\clllllr one aggﬁam t‘%I}{ert gase@ék&gﬁgnla%g@gﬁi%agggr di ng
to cl a¥ m &r owretcanpoudds ikbdes at ledse ompploanahosia, Bizeaeydrazinetdnd saltethereofior e
al kanes and/ or one or nore conpounds. 4. An appar atus according to any one
of the preceding clains, wherein the one nore al kanes i ncl udes

tetrafl uoronet hane. @ﬁﬁ.@g ne of
the pr ece3| ng cl ai mma%%%%glgﬁg%%&ﬁg% al%poptﬂp?é&%%iﬁ ounds mgeilﬁgigg&%r?g or
nor e ni t r agenicdyprinde inchiles Aitriapgidr at us according to any one of the
precedi ng clains, wherein the one 5 or nore conpounds includes at | east
one of amoni a, diazene, hydrazine and salts thereof. 7. An apparatus
accor g nggt o any of Ve

corrpog(?1ds includes nit (%{agl%%g&&%(.’)@é@%o%ppar‘g#%géd;g%@rgﬁﬂsgghfgéﬂgnydone of
t he precesuppdy mleansnfisrthesapplies as ddast ore i, wnd®Bns further supplies at | east
one of N2 and Hz.

9. An apparatus according to any one of the preceding claims, wherein the one
or more compounds includes nitrogen dioxide.

15
10. An apparatus according to claim 9, wherein said supply means further

supplies one or more of oxygen, hydrogen and water.

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

20  projection 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.

25
13. An apparatus according to any one of the preceding claims, further
comprising means for exciting and/or dissociating a plurality of molecules of the one or
more alkanes and/or one or more compounds.

30 14, 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;




9. An apparatus according to any one of the preceding clains, wherein the
one or nore conpounds includes nitrogen dioxide. 15 10. An apparatus
according to claim9, wherein said supply nmeans further supplies one or
nmore of opygefoidydrogen and water. 11._;-An apparatus according to any one
of the preceding clains, wherein the 20 projection beam passes through the
space. 12. An in@ G5 yolg I .l aj 118,
wherein the sggalggbg%&n%rnlgses g%%gggttﬁg}%) %fﬁogke%rﬂgv@a at H;% lgyési{){epr;n and/ or
at | east a parseatibnf he projection system 25 13. An apparatus according to
any one of the preceding clainms, further conprising neans, for exciting

1 g m

and/ or di ssoci BIY¢rng the patigmegpeam ofgadiatipneantan target partons thegye of) kanes
and/ or one or £ 2. CC 14. A device nmanufacturing method
conprising: - %@’P&%ﬁ%ﬁ%@&aw that is at least partially covered by a
| ayer ®f rcldaatrized-bysensitive material; providing a projection beam of
radi ati on using a_radiation system P-0360.010 -17 using patterning neans
to endow the pFéIRbERE Bha snaseitinpugh whigh said prpiegtionbeam pgsses aklgast ope of:
projecting the patterned m. Qf hation . ont target portion of the

oﬁg 8Mnfle pe?lgalt?gen%e% ?;?C% g?l%ainf:sz %8& b

r
| ayer of radiation-sensitive naterials y: supplying to a

space through whi ch.sai dopé 6 @6t @hPeaads PasISEsy kentRAFof BRCoOkore ONE Of
nore perhal ogenated Cl-C6 al kanes; and one or nore conpounds consi sting

essentially of one or non#rogan alopandsne psmarchatome selectedfremdtydmgesel ect ed

from hydrogen, 10 oxygen_and h en;. and causi ng excitation and/or
di ssoci ation of a plural P%‘W&aﬂabﬁgéﬁfé aB? nore al kanes and/or the one or

nore conpounds causing excitation and/or dissociation of a plurality of the one or more alkanes

and/or the one or more compounds.





