P- 0405. 010 1 Lithographi c Apparatus, Device Manufacturing Method, and
Devi ce Manufactured Thereby. The present invention relates to a
| i t hographi c projection apparatus conprising: a radiation systemfor
suppl yi ”QPM§.9i§Ct i on beam of radiati Oﬁ_; a support structure for

in

supporting patterning neans, the patter g nmeans serving to pattern the
proj ection am according.,to desire attern: .5 - a substrate table for
hol di ng a %ﬂﬁggﬁﬂgﬁéﬂ; BR -‘“%"f??”c?f@@?‘i"gfﬂg‘%'ﬁ%éﬁf%ﬁ’ e Pexiee ﬁ?@ﬂ%ﬁ#@%&?@ er ned
beamonto a target portion of the sugshggy.e. 10 The term "patterning
means" as here enployed should be broadly ‘interpreted as referring to
nmeans that can be used to endow an inconm ng radiation beamw th 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. Generalhy prebhif id@hHol Alidt&d @ a l%&%'a[lﬁﬁé Pﬁz&?gg gaé]?a.r?tgp %ﬁlt;ﬁéﬂaé”

functional layer 1n a device being create portion; such
as an i nt egr at ed radiationi system fot supplyieya pejdctior bewrh ofjadidivanpl es of such
patterni ng neans include: - A nmask. The concept of a mask_is well known in
|i t hogr aphy, an# SYRPOTtRuGRER o supporting eatteningmganspthe patjerning raeans SeTving
phase- shi —shift, as various hybrid mask
types. PIg;éﬁ%ﬁ?m%%kg%gﬁ%ggﬁggeaﬁﬁ&@ﬁégFgﬂﬁgﬁﬁgﬁmbean1causes 20 sel ective
transni ssion (i asibsearaslle 6r lolding o substatey endrask) or reflection (in the
case of a reflective mask) of the radiation inpinging on the nmask,

accor di ng-t o t hiProjeatiogsystern fetrrojesting the maﬁma)h@@ ofito 4 targekportioeokthgpor t
structure]ﬁ% egenerally be a mask table, which ensures that the mask can
be held ai" & aesired position in the incomng radiation beam and that it
can be noved relative to the beamif so 25 desired. A progranmable mrror
array. One exanple of such a device is a matri x- addressabl e surface having
a viscoelastic control |ayer and a reflective surface. The basic principle

e nf b 2 380 itk okt e MR FHHERIE el 41
P- 0405 2 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, the said pattern
will correspond to a particular functional layer in a device being created in the target
15 pbrtion, 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
various hybrid mask types. Placement of such a mask in the radiation beam causes

20 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
incoming radiation beam, and that it can be moved relative to the beam if so

25 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 reflective surface reflect incident light as diffracted light, whereas



unaddressed areas reflect incident Iight as undiffracted light. Using an
appropriate filter, the said undiffracted |ight can be filtered out of the
reflected beam leaving only the diffracted |light behind; in this manner,

t he beam pgggges patterned according to,the addressing pattern of the

matri x- addressabl e surface. An 5 al terr%ative enbodi nent of a programmabl e
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the nirrors are matrix-addressable,” such that addressed mrrors

refl ect an i ncomnlyghe difffractécolight delminininahidinfaneere the beamdetornes fditetmed
unaddressed mrrors;. i hi g, manner, the.refl ected be i s patterned
according to tﬁ%coéqiﬂggos&’Fﬁ drﬁggqgepaﬁteg;otith%n}qgﬁ-g &S&%ﬂ%é@ﬁﬁ@?e% rrors. The
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nmeans. I n both of the situatior?s (I:I)ggggri bed he?ﬂgag%%lﬁﬁﬁtse%afi.erni ng neans
can conpri se onarrangemgntof tmyogirensyebdheofiwlicio carber individuatly élted hlosurahagiz on
mrror arrays as here. referégd 15,to§iean,b§ gl eaned, faqr example, from
United States P Y apRixinga syitale logglized plecisis ddgrdyeyployngprerciptient
appl i cations V\Dﬁc‘%ﬁét?b%ﬁﬁg N0, %ﬁ%ﬁ:ﬁm&’ﬁfe%ﬁamﬁfa%d}e%%L&Qﬁc%tggt herein by
reference. In the case of a programmable mrror array, e >S$A support
structure nmay beddressed imgomawill réflecomn incoidly radiafion beand [a gifferedd dibetigay be

fixed, or novable as required. 20 - A programmable LCD array. An exanple of
such Y const r ucta Waddeessedpaigrors; in fiis mannesthe eefleptgd bpam iepattepmed agourdinghi ch

i s incorporated ' e ;| prort strycture in

thi s case may b DeEadheRind SRR nihi PRt eSO L AR BAEE, b
fixed or novabl gddiessim@diahbe perfbmiednisingamaablo tlesirdmit nfdahy/, Intoeth 6€mE of this
text may, at certain locations, specifically direct 25 itself to exanples

i nvol vi ng a masktuatignsdeskribeddreseabpvradhiecpatteriieg geanscan cpmpriss pnecer matiescussed
i n such instanc houl e_seen in,the.broader context of the patterning
means as hereaﬁ%&%‘%@fﬁ?%ﬂr L AT hogTa it ?Bjogé?lirrc?ﬁ_aﬁ%aﬁsi'ﬁfgrebﬁdbe
used, 1§ or exanpiesanite didRedEOEARPI, Frodf Unitéd S@fca Pakn&i S 9208 86k GSd US N
such a case, the gatternl ng means may generate a circuit pattern 30

correspondi ng t 8538 1PhdindiPdilapatent peplicationhWQ 88/385F andi WO28/3 3096, whichbe
I mmged onto a target ortion.(g.d. conpriging one or nore.dies) on a
substrate (sili ars nmtg?ged@ﬁrﬂé ﬁé%f%gléc'ﬁ In ﬁlc cgse é}e a prograrmnab(iie mlt)l‘(}l' 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 a circuit pattern

30 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



coated with a layer of radiation-sensitive material (resist). In general, a
single wafer will P-0405 3 contain a whol e network of adjacent target
portions that are successively irradiated via the projection system one
at atinme (Lqﬁﬁcurrent apparatus, enploying patterning by a mask on a mask

table, a HF nction can be made betwees two different types of machine. In
one type of |ithographic pé‘%{_ection apparatus, each target portion is
obgfy
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| i t hogr aphbraratas/i—cesrhdarghtepastionlisswadibted by progoessiyelyaahing te neaskpattern fr om

US 6,046, 792, Jncorporated herein by reference, 15 In.a nanufacturing
process ug?(ﬁeé the }FI’IO_{EE@&I}\ g‘fﬁ'i'?lf“’pg%f’é#‘?r LRGSRl (flae SSAIPURG drifretie "é"iq n a
mask) IS kyRARMOANY Scaniidiid siiblsRatk Mle paralidl ok SRS baRRELth ik YirEQYRL ScbY 2

| ayer of Tadiation-sensitive material (resist). Prior to this | fragl fig

st ep, 1@ heimsgdnstal,abhe progaction desteo will Aeveoamagaificabnrfestor Mgbnasllypxiliithe,

resi st coati and . of t . bake.  After exposure, .the_ _substrate pay be

subj ect ed SReSHS{ ?‘Fe"?hlg]i‘ SybiELe ta@@dﬁ S(ggngf)‘b'ﬁgbq 2iastos M Bmgs fhat EPEB‘)?X they

devel opne . ﬁp@ﬂft‘ ?!ﬁ% ' f: | features.
Thi s arragltatsjl]g %b%?i(%g%%ﬁ%é}ﬁ «:f)‘lg lg@g%b}%s a gé 1 S tg&%%??rg]rmnaéz}ﬁc%%?g%dual | ayer
of a devi describedjcanche dl€aned fohexampatfton WS, 0460/292, imyrporeed heerrtgo vari ous
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These devices, are then separated from one anot her ba/] a techni que such as
di ci ng or radiatjopgsensinuhmaterinkiresisy). Prigtt thisdmpgiag steanthe substiatemaay wadengo

cor L% ARt Bhasgifing ok 1 TR Bl AR SiBRLoL
Fabri cat i ubstréteMhfyCid subjectaditél6thePprocedures, such as a post-exposure bake (PEB),

20  development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to 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

25 thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
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

30  Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



30 Sem conductor Processing”, Third Edition, by Peter van Zant, MG aw Hill
Publishing Co., 1997, |ISBN 0-07-067250-4, incorporated herein by
reference. P-0405 4 For the sake of sinplicity, the projection system nmay
her ei naftﬁr%Bg referred to as the "lens"; however, this termshould be

T

broadly i reted as enconpassing var i4ous types of projection system
including refractive optics, reflective optics, and catadioptric systens,
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and the actuvaﬁhekew};agnmahemodmdleamagwom@mmémém%fMogﬁBﬁlcbuI It up
on the surface of the optical elenent. The result is that carbon is renbved

from the 2RAGFFALESIRG 2 F%blamqrt%ﬁ phetangand gasemeSenseal dlfﬁ@mtuc&mmgmma@gwar t

II f
cremo s TAES Repie forcARinlc EOYIRISI S B0 et O RS g beam

of  phot oosyges) E@Vtrhﬁaﬁ@dw&h lo@6neSFSISOfin rhdlaﬁdih ﬁntﬂ@!@n@"[fhetrﬂﬁh&l)idvﬁﬁjes
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cleaned and thereafter supplying a cleaning beam of photons to the surface of the optical

element. The cleaning beam of photons is believed to cause secondary electrons to be
20  generated near the surface of the optical element. The secondary electrons thereafter
activate the oxygen and the activated oxygen then oxidizes any carbon that may have built
up on the surface of the optical element. The result is that carbon is removed from the
surface of the optical element.
The above-mentioned prior art method is carried out by supplying oxygen to all of
25  the optical elements in the lithographic apparatus and then supplying the cleaning beam of
photons using the radiation system. In this way, all the optical elements in the apparatus
are cleaned at the same time. Further, the whole useable surface of the optical elements is
cleaned to the same degree.
The present invention in a first aspect stems from the realization that it is not
30  always desirable to clean all of the optical elements at the same time or with the same
cleaning rate. The invention therefore provides various means for cleaning only selected

ones of the optical elements in the lithographic apparatus and/or means for causing



The present invention in a first aspect stens fromthe realization that it

Is not 30 always desirable to clean all of the optical elenents at the

same tinme or with the sanme cleaning rate. The invention therefore provides

vari ous mf”?d]iﬁaf or cleaning only sel ect ecgr ones of the optical elenents in
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the lith I c apparatus and/ or mneans “for causing P-0405 5 different
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proceks. Th@4,77¢l eaning of the optical elenents which require cleaning can
be carried out _while those optical elenents that do not need cleaning are
not cleaned. 25Thisandetisr abjeets sreraddrasspdiaseordingutp thenfirst aspsctiof thef inventiont o use
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radi ation. can
means for subjecting to cleaning individual ones of said optical elements or subsets of said

optical elements using at least one cleaning beam of radiation and a gas.

20 The ability to subject only individual ones or subsets of the optical elements (i.e.
not all of the optical elements) to cleaning ensures that the problem of overexposure can be
reduced, because the cleanest optical elements in the system are avoided in the cleaning
process. Thus, cleaning of the optical elements which require cleaning can be carried out
while those optical elements that do not need cleaning are not cleaned.

25 An advantageous method for providing this benefit is to use one or more shutters
that obstruct the path of the cleaning beam of radiation. The shutters can be positioned at
various positions in the lithographic apparatus and can be selectively opened and closed so
as to block the beam of radiation to one or more of the optical elements.

The use of such shutters does not on its own avoid the fact that the first optical

30 element, (i.e. the most “upstream” optical element relative to the cleaning beam of

radiation) is always subjected to cleaning when the radiation system is used to supply the

c_leaning beam of radiation. This is because it is necessary that the cleaning beam of



various positions in the |lithographic apparatus and can be sel ectively
opened and closed so as to block the beam of radiation to one or nore of
the optical elenents. The use of such shutters does not on its own avoid
the fact phpphsthe first optical 30 elenent, (i.e. the nost "upstreant
optical elenment relative to the cleaning beamof radiation) is always
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transm ssive or reflective charaCteri'sti'cs across IF'ts extent so as to 20
endow anyofthe apficy clearmt afowsadeamingto belvahcepaaed ontthese agdas ivthefy the Sarbeh | ect ed
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has a pat SERPRItSE dhickest Bég%’éi ’%?f NEOVEIFSPARIRe Haes kavinealy lqwylevels of earben by
the opticasgirgment or el enents to be cleaned since the | ast cleaning
process. This 1s useful because it has been found that the build-up of
carbon deposi t sThemeans for causing such spatially varied cleaning can be, for example, a gray

filter which has varying transmissive or reflective characteristics across its extent so as to
20  endow any cleaning beam of radiation that passes through it or is reflected from it with a
spatially varying intensity.

Preferably, the gray filter has a pattern which is based on the average pattern of
light received by the optical element or elements to be cleaned since the last cleaning
process. This is useful because it has been found that the build-up of carbon deposits is

25  related to the light intensity received by any particular part of the optical element in normal
use. In particular, parts of the surface of the optical element receiving the most radiation
tend to have the thickest carbon deposits. The pattern for the gray filter can be calculated
in accordance with the known history of usage of the machine or, alternatively, detected in
use. The gray filter may thus have a pattern based on the actual deposits of carbon that

30  have been detected across the surface of the optical element. For maximum flexibility, the
gray filter is capable of being dynamically adapted so that, instead of being replaced for

each cleaning process, its characteristics can be changed in situ. This can be carried out by



25 related to the light intensity received by any particular part of the
optical elenent in normal wuse. In particular, parts of the surface of the
optical elenment receiving the nost radiation tend to have the thickest
carbon depggpts. The pattern for the gray filter can be calculated in
accordance wth the known history of usage of the machine or,
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el ectrons to nove away fromthe surface of the optica enent (and thereby
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el enent ’ t dedreng mieawnfod suppindng a cleaning beam of radiation to the surface of said optical
element, and further characterized by means for establishing an electrical field near the
20  surface of said optical element;
means for supplying a reactive gas to the vicinity of said optical element to be
cleaned; and
means for charging the reactive gas molecules.
The combination of electrical field and charged reactive gas (e.g. oxygen)
25  molecules allows a higher than average concentration of gas to be positioned near the
surface of the optical element. This in turn means that a higher cleaning rate will be
achieved near that optical element. It can therefore be seen that different cleaning rates for
different optical elements can be achieved by varying the local gas environment using the
electrical field and reactive gas ions.
30 Preferably, the reactive gas is oxygen that is preferably charged to be negative so
that the secondary electrons do not de-charge the oxygen. In order to attract the oxygen to
the surface of the optical element, the optical element can be charged positively with




means for charging the reactive gas nol ecul es. The conbi nati on of
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photons interact with the optical element surface.

20 A sixth aspect of the invention provides a lithographic apparatus characterized by
means for supplying a photon beam to the surface of the optical element having a
wavelength which will not substantially be absorbed by the optical element but which will
be absorbed by any hydrocarbon or water molecules adhered to the surface of the optical
element.

25 The absorption of the photon beam by the hydrocarbon or water molecules
shortens the length of stay of these molecules on the surface of the optical element.

Preferably, the photon beam is low energy and comprises a radiation beam, for
example infra-red radiation in the 1:m to 10:m region. Such radiation is absorbed by many
contaminants (including water) and is also very well reflected by the optical element.

30 . A variation of this aspect provides a lithographic apparatus characterized by
means for supplying microwaves to the optical element, which microwaves are absorbed by

any water molecules on the surface of the optical element.



means for supplying a photon beamto the surface of the optical elenent
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provi ded gstem said patterning means or said projection system is not cleaned.
In accordance with the second aspect of the invention there is provided a
lithographic projection apparatus cleaning method comprising the steps of:

20 providing a cleaning beam of radiation so as to cause a spatially varied cleaning
amount to occur across the surface of an optical element forming part of a radiation system,
a patterning means or a projection system of said lithographic projection apparatus;

In accordance with the third aspect of the invention there is provided a
lithographic projection apparatus cleaning method comprising the steps of:

25 establishing an electrical field near the surface of an optical element forming part
of a radiation system, a patterning means or a projection system of said lithographic
projection apparatus;

providing a cleaning beam of radiation so that secondary electrons are created;
attracting said secondary electrons away from said optical element using said

30 electrical field; and

reversing the polarity of said electrical field to thereby attract said secondary

electrons toward the surface of said optical element.



| i t hographi c projection apparatus cleaning nethod conprising the steps of:
20 providing a cleaning beamof radiation so as to cause a spatially varied
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15 In accordance with the sixth aspect of the invention there is provided a
lithographic projection apparatus cleaning method comprising the steps of:
subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus with
photons having a wavelength that is not substantially absorbed by said optical element but
20 which breaks the bonds of hydrocarbon or water molecules adhered to the optical element.
Once the bonds of the hydrocarbon or water molecules are broken, these
contaminant molecules can be pumped from the system. Thus contamination/oxidation of
the optical elements inside the vessel is prevented and the pump downtime of the vacuum
system is decreased.
25 In accordance with a variation of the sixth aspect of the invention there is provided
a lithographic projection apparatus cleaning method comprising the steps of:
subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus with
microwaves, which microwaves are absorbed by water molecules to reduce contamination.
30 There is also provided a device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-

sensitive material,
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use of the terms "reticle", "wafer" or "die" in this text should be considered as being

replaced by the more general terms "mask", "substrate" and "target portion”, respectively.
In the present document, the terms “radiation” and “beam™ are used to encompass
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a
20  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.
Although this application focuses mainly on the removal of hydrocarbon and water
molecules from the surfaces of the optical elements, other types of contaminants may also
25  beremoved. For example, oxygen deposits from oxidated ruthenium can be removed using
an appropriate radiation together with carbon monoxide. It is also be possible to remove
deposited silicon (e.g. from a silicon containing resist) in a similar manner. For example,
gaseous hydrogen (H;) can be used to remove solid Si contaminants to form gaseous SiH..
The use of infra-red radiation is preferred because it is believed that such infra-red
30  radiation causes an energy transition in the contaminant molecules (e.g. water) that are not
caused in metal. The absorption of the infra-red photons by the contaminant molecules

often causes the molecules to reach an excited state and thus increases the probability of



use of the terns "reticle", "wafer” or "die" in this text should be
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to renpve deposited silicon (e.g. froma silicon containing resist) in a
simlar manner. For exanple, gaseous hydrogen (Ha) can be used to renove
solid Si contam nants to form gaseous SiH4. The use of infra-red radiation
is preferred because it is believed that such infra-red 30 radiation
causes an energy transition in the contam nant nol ecules (e.g. water) that

are not causedg] . | A -red phot ons t he
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possi Bl e with tHigup bdeniets adikasranbic prejedtien anpgeatesropondingdto amsimhodinent whi | e
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1NVENiQL,
however, t M abs| odge hydrocarbon nol ecul es as well as water

nol ecul es. 5 Enppalid®aépictsbn iREninAid ¥ys@h Webidinpa¥ afnfiRamhdR 8€theby Way of
exanple only, wth reference to the acconpanying schematic draw ngs in

whi ch: 10in¥egigns 1 depicts a |ithographic projection apparatus according to
an enbodi nent

according to anﬁfgﬁ%eggfi‘%@%tg %’If(%?ﬁg’@ S?#%‘i‘r?%?‘grﬁ Igl%g aﬁglglblg‘hil un} 'gf[a@e %peﬁg J'Stegm on
syst em acgRefligly to an enbodi nent of the present 15 invention;
Figure 4 depicts a modified reticle or wafer with a diffuser element, according to
an embodiment of the present invention;
Figure 5 is a graph showing the reflectivity of a MoSi mirror according to the
present invention;
20 Figure 6 depicts an illumination system with a gray filter according to an
embodiment of the present invention;
Figure 7 shows the composition of a gray filter having a plurality of discrete
elements;
Figures 8 and 9 show a pair of discrete elements being illuminated and reflecting
25  light onto the surface of an optical element and demonstrate how the reflective properties
of the discrete elements are varied according to an embodiment of the present invention;
Figure 10 shows a means of cleaning a surface of an optical element using an
electron beam according to an embodiment of the present invention;
Figure 11 shows a view similar to that of Figure 10, but which includes a
30  magnifying means for magnifying the width of the electron beam;
Figure 12 shows a side view of an optical element and an associated electrical

field according to an embodiment of the present invention at a first point in time;



Figure 4 depicts a nodified reticle or wafer with a diffuser el enent,
according to an enbodi nent of the present invention; Figure 5 is a graph
showing the reflectivity of a MoSi mrror according to the present

i nventionp 2@sFigure 6 depicts an |Iluglgat|on systemwith a gray filter

according to an enbodi nent of the pre t invention; Figure 7 shows the
conposition of a.gray,filter .having_.a pluraljty of discrete  elenents;
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how the reflective properties of the discrete efenents are varied
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means of cleaning a surface of . an optical elenment using an electron beam
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point in time; Figure shows a side view of an optic ene

associ at edaskes preater iriaghificat@rCef thé Blgctich BrantandaBédRY ndbednh Qe dtiSAsdns.
invention; 5 Figure 15 shows a side view of an optical elenent and an
associ@t ed el ecinthgFigures, spmespending gferencersymbolsindiate sompspanding parthut wi t h
a different electrical field. Figure 16 shows a plan view of the
configuration of Figures 12 to 15 and; Figure 17 shows a viewsimlar to
that of Figure 11 except that the beam magnifier causes a greater

magni fication of the electron beam and there are no beam steering neans.
10 In the Figures, corresponding reference synbols indicate correspondi ng
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conpr i ses partichiafébodimetSii B Inw¥atidn.- Thé 8ppasstiPtothptisedt Proj ection beam PB of

radiat] on, (e-g. a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.
EUYV radiation), which in this particular case also comprises a radiation source LA;

a first object table (mask table} MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means for accurately

20  positioning the mask with respect to item PL;

a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

a projection system (“lens”) PL (e.g. a mirror group) for imaging an irradiated

25  portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
substrate W.
As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However,
in general, it may also be of a transmissive type, for example (e.g. with a transmissive
mask). Alternatively, the apparatus may employ another kind of patterning means, such as
30  aprogrammable mirror array of a type as referred to above.
The source LA (e.g. a laser-produced or discharge plasma source) produces a

beam of radiation. This beam is fed into an illumination system (illuminator) IL, either



EUV radi ation), which in this particular case also conprises a radiation
source LA, a first object table (mask table) MI provided with a mask hol der
for holding a mask MA (e.g. a reticle), and connected to first positioning
means forpgﬁ%grately 20 positioning the sk with respect toitemPL; a
second obj.ect table (substrate table) provided with a substrate hol der

for hol diyn substrate W(e.q. a,resist-coatedq siljicon wafer nd
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here depicted, the apparatus is of a reflective type (e.g. has a reflective
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addi t 1®n, amerqury lang der examplaobip that it mey alsnibe wntode framaberithograpbic such as an
integrator_IN.and a condenset .CO. |n this. way, the.beam PB, inpingi ng on
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LA may be within the housi ngasof the |i thographl C projection apparatus (as

i s often thesoumed.Ansam exbiones dase d he duirent im@ntiomandGlayms empmpfass bah afipl e) ,
but that 'tt rrac\é al.so be renote fromthe |ithographic projection apparatus,
the radi al1®8hSB¥hi ch it produces being led into the apparatus (e.g.

with {yie ai d of TRebéRPB Hbse@BbdtAntEidehRtBY mablMA, WAHiEIETs IREEAPS hidsk BibRf t en
t he case when the source LA'is an excimer laser. The current Invention and
Cl ai ms endbivgiavingseh selectiveherfieged bpthicasask MA, the beam PB passes through the
lens PL, which focuses the beam PB onto a target portion C of the substrate W. With the
aid of the second positioning means (and interferometric measuring means IF), the
substrate table WT can be moved accurately, e.g. so as to position different target portions
20 C in the path of the beam PB. Similarly, the first positioning means can be used to
accurately position the mask MA with respect to the path of the beam PB, e.g. after
mechanical retrieval of the mask MA from a mask library, or during a scan. In general,
movement of the object tables MT, WT will be realized with the aid of a long-stroke
module (course positioning) and a short-stroke module (fine positioning), which are not
25  explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a
siep-and-scan apparatus) the mask table MT may just be connected to a short stroke
actuator, or may be fixed.
The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
30  image is projected in one go (i.e. a single “flash™) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB;



15 The beam PB subsequently 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 |I|ens PL, which focuses the beam PB onto a target
portion C oOf4 %he substrate W Wth the ?id of the second positioning nmeans
(and i nt ePf¥dnet ric measuring nmeans |Fj5 the substrate table WI can be

m)ved accyr at el SO as t osition different target portions 20 Cin
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essent i al Fejativelit lapgednsget mﬂioeﬁ %Bﬁﬁépqméwﬂﬂmt hakingtd compreinisstond i n one go
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in a given direction (the so-called "scan direction", e.g. they
direction) wwth a speed v, so that the projection beam PB is caused to
scan over FIRSEASPRETOF I INVENTIONt he substrate 5 table W is

si mul t anedousTy noved 1 n € sane or opposite direction at a speed V = M,
in which Mis the nagnification of the lens PL (typically, M= 1/4 or

1/5). In this ne el.ati vel tar be exposed,
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apparatus to he present invention I1s appli€ now be descri bed.
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toward the pro m that the kno
req {re E erent amounts of cpeamng Overcleaning an optical element can lead to

irreversible reflection loss.
Figure 2 shows the invention applied to the illumination system IL. As is already
20 known, the beam of radiation produced in the source LA enters the illumination system IL
and impinges upon a first optical element, in this example, mirror SPF. The beam is then
reflected by several further mirrors FF, FF, N1, N2 and G until it eventually leaves the
illumination system as projection beam PB.
When it 1s desired to clean the optical elements, the entire illumination system is
25  filled with oxygen and a cleaning beam of radiation is supplied. In the prior art, this
cleaning beam of radiation was most readily supplied by the source LA since this required
no further radiation sources to be supplied. In accordance with the present invention,
oxygen is also supplied to all internal parts of the illumination system IL but the cleaning
beam of radiation is caused to interact only with individual ones of, or subsets of, the
30 optical elements. This is achieved by using shutters SH1, SH2 which selectively obstruct
the path of the cleaning beam of radiation. For example, shutter SH1 can selectively

obstruct the path of radiation between mirror SPF and mirror FF. It can thus be arranged



15 cl eani ng process supplies a cleaning beam of photons and oxygen to every
optical elenent in the apparatus and thus does not take account of the
fact that different optical elenments require different amounts of

cl eaning. Overcl eaning an optical elenent can lead to irreversible
reflecti oR-MB%s. Figure 2 shows the invention applied to the illunination
systemIL. As is already 20 known, the beam of radiation produced in the
sour ce LAthaha eleaninfbean lofirddiion drons thetseunct LA candbeicapsedgaty topdeananifiot st
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reticles with a reflecting diffuser (see Figure 4) so that |ight can be

ref| ect edof mireordibng way" around the illumination system For exanpl e,
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this time the projection lens PL is provided with shutters SH3, SH4, SH5 and additional
20  radiation sources LA4, LAS, LA6 and LA7. The various mitrors M1, M2, M3, M4, M5

and M6 of subsets thereof, can be isolated for cleaning in the same way as previously
described.
The mask MA may have the configuration shown in Figure 4 whereby a special
diffusive element DF is provided on its surface so that a beam of light supplied to it will be
25  reflected in numerous directions. With reference to Figure 1, it can be seen that the
diffuser can be arranged so as to project light into either the illumination system IL or the
projection lens PL, or both at the same time. In this way, source LA3 and LA4 can be
provided in a simple manner.
Any type of cleaning radiation may be used including the EUV radiation that is
30  used for the radiation source LA. Alternatively, DUV, IR, 173 nm, 150 nm etc. radiation
may be used. Figure 5 shows a graph describing the spectrally resolved reflection curves of

MoSi1 mirrors. It can be seen that such mirrors reflect both in-band EUV (around 13nm



speci al diffusive mask such as is shown in Figure 4 onto the mask table so
that a cleaning beamof radiation follows the sane path as, but travels in
the opposite direction to, the 15 projection beam PB shown in Figures 1 and
2. This c{gapsng beam of radiation can en be wused to clean mrrors N2

and G (wth shutter SH2 closed) but none of the mrrors upstream of m'rror

N2. Figur tation o I.r st -aspect
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SECOND ASPECT OF THE PRESENT INVENTION
20
This aspect of the invention is directed toward the problem that, if a photon beam
of homogenous intensity and oxygen of unchanging spatial concentration is used, the same
cleaning rate will occur across the whole surface of the optical element (e.g. multi layer
mirror). However, it has been discovered that the carbon deposits on the optical elements
25  may not be uniformly distributed across the surface of the optical element. Thus, those
parts of the surface of the optical element where the carbon deposits are thinnest will be
cleaned before cleaning of the thicker carbon deposits has finished. Continued cleaning
will overexpose the already cleaned parts leading to irreversible reflection loss. However,
if the cleaning process were to be stopped when the thinly deposited carbon is cleaned, the
30  thick deposits will not be cleaned off.
This problem has been solved in the present case by providing a cleaning process

which can cause a spatially varied cleaning amount to occur across the surface of the



the resist in use. The special cleaning reticle showm in Figure 4 can be a
sinple | ow expansion glass without any nulti-layer coating, which wll
work provided that the cleaning light is reflected into the optical path.
Furthernore, special cleaning wafers also having a 15 reflecting diffuser
can be IOB&@B5onto t he waf er stage (see1¢ﬁgure 1) and the sane principle
can be used to clean nmrrors Mo and M6 shown in Fi?ure 3 (i.e. this
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suppl i ed Adthbigh Bigufeasho®s this €omRbt aiplicé teetie Ridiatidhpurcd [COWhichugdliinon such
as is showmn in Figure 6 can beBErovi ded. The conponents of Figure 6 are
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LA and gray filter GF. The gray filter GF can be designed so that the intensity differences
endowed to the cleaning beam of radiation during cleaning cause a cleaning rate process
that is spatially the same as the carbon build-up process.
20 In part of the illumination system IL, a constant intensity profile is observed in the
beam of radiation that is supplied to the optical element, in particular the first optical
element that the beam of radiation interacts with will receive a constant intensity profile
since there are no NA/c changes prior to this optical element. Thus, it may not be actually
necessary to have a gray filter GF located in the position shown in Figure 6 although it will
25  in general be useful for cleaning other mirrors, in particular in the projection system PL
which receives, in use, radiation beams having intensity profiles that depend on the feature
types and sizes of the integrated circuit. Thus, the filters used for cleaning can be made to
mimic the history of all of the exposures for which the optical element in question has been
used.

30 It has been discovered that the carbon build-up on the surface of the optical

element bears a close resemblance to the intensity of radiation to which the optical element



10 parts of the surface of the optical elenent to be cleaned that have the
t hi ckest carbon deposits. Thus, it can be ensured that the whole surface
of the optical elenment is cleaned wth I ess risk of oxidation of the
surface, which leads to irreversible reflection loss. Although Figure 6
shows t hi £-¥8hcept applied to the radial?on source LA which will in

general be used to clean mrror SPF (see Figure 2), it nmay be applied nore
gener al | yisssybjested in 9sex Hhusythe igraydiltecGingap besonstastidauedy hased ontbkmonwn every

diati L s 1o LAY d. [ | | t . g. '
P41 of S e oo Searcgiloa o rert o 0 mrran) Ty
G-. The gray fi lAlRfnafifel§ahe BRiydRRt GFaHaP6e {diRtrudiBebsRl BA Shda¥urBinb A bENCES

endowed to the cleani ng beam o6f radiation during cleaning cause a cl eani ng
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element DE on a sliding scale basis, digital elements can be used which may be set to one
20  of two states — a reflecting state and a non-reflecting state for example. The time that each
discrete element is in the reflecting state then determines the cleaning amount received at a
particular position of the optica! element surface.
This adaptive solution is particularly useful because the gray filter GF can be
incorporated internally in the device and can have its characteristics changed without
25 needing to remove it and replace it. The gray filter GF can thus be changed in situ during
cleaning which improves the time taken to perform the cleaning process.
One practical method of creating the filter of discrete elements DE is shown in
Figures 8 and 9. Figure 8 shows a pair of discrete elements DE of the filter together with a
radiation source LA and an optical element OE to be cleaned. The carbon deposit CD is
30  also shown on the surface of the optical element OE. In Figure 8 the two discrete elements
are shown in the reflecting mode whereby light from the radiation source LA is reflected

across the whole surface of the optical element OE. This will cause overexposure of the



The gray filtering may al so be carried out adaptively. An adaptive gray
filter G 10 is shown in Figure 7. As can be seen, the gray filter GF is
made up of a | arge nunber of discrete elenents DE which can have their

i ght transm ssive and/or reflective characteristics altered. A digital
approxinaPﬁ%ﬂsof t he anal og phot on inteﬁ%ity across the beamthat is
requi red can be provided by switching the various discrete el enments DE
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in the reflecting state then deterrines the cleaning anount recelived at a
parti cul awhphshangethe polafieatmptdf dlad reediveklight and f acflectiTdhelemaniathatiive sol uti on
is particularly . useful. bec e gray filter G- can bggoi ncorgorated

: h por at
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25 needin | it. The gray filter G- can thus be
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changed in sit ring cleaning ch inproves the tinme taken to perform
t he cl®ani ng pr Pheaswill Gedegqutided latet| inndhhation fwith thatifthaspdee of the pedsemf

di screte elenents DE is_shown . .in Figures 8 and 9. Fiqure 8 shows a pair of
di scret e HIVERAN: thepposgipilityaf ysing any el bgam, thes than o t@quamw@etﬁm and

an optical.; i L ] | shown
on the suiis IRe b b BroSRE the e Airofif P SERATo el P oRYER,

el enment's waich relowes the cirben d&fdsis: t $iAge e dRcitbe beby cr Hrovide aQidhidiatensidy at i on
source LA is reflected across the whole surface of the optical elenment CE

Thi s wi | | okglecieons, ighst sleaning cap be pehigved Al whernbphaton beam 1sgised-ne opt i cal

el ene CE. Fig |. r.di.screte elenent DE is
pi votg% SO0 as t}égjfag??%wﬁi%ﬁ? a%%geﬁu}ﬁgg%ﬁ?ﬁlsgﬁ Esltul_? E}'slncbee S(%?er?{ﬁlém%?l @ el enent
CE. The t yReriligsiafietEng| @ERRoh B&neta & didcd th sétacids BR suptht&6t@e onto
those parts of the optical elenent surface where carbon is deposited but

not to beoptital element sorastto ppinge pr those argas where gatbondepdsénpretpresent. abluswher e
carbon is, not deposited. Vari.ations of this,conc be.used so, for
exanpl e, g‘e Aheas WheTe CAron epﬂglgsqare not present can bé avo%%&, \LTRiXh w?ll prevent
overexposure of some parts of the optical elements. This concept is shown in Figure 10
20 where electron beam EB is shown passing through a beam steering unit BS before
impinging on the surface of optical element OE. Carbon deposit CD can be seen to span
only a portion of the surface of the optical element OE and beam steering unit BS can be
calibrated to cause the beam EB to scan only that portion of the surface where carbon
deposit CD is present. The three beams shown in Figure 10 show the electron beam at
25  three different times and it will be appreciated that the electron beam is capable of scanning
over all areas of the optical element where carbon is present. The time that the electron
beam EB takes to scan the carbon deposit can be adjusted to be in accordance with the
thickness of the carbon deposits. Thus, it can be arranged that the electron beam EB scans
quite quickly over thinly deposited carbon but more slowly over thickly deposited carbon to
30  ensure total cleaning of the surface of the optical element.
Figure 11 shows a further development whereby magnifying optics BM are used

to expand the width of the electron beam EB prior to steering the electron beam EB with



whi ch change the pol arization of the received light and a reflective
elenment that is transm ssive or reflective depending on the polarization
could be used to transmt this light to the optical elenent CE to be

cl eaned. }Q(ﬁjﬁgere wi || be described Iatgi, i n connection with the fifth
aspect of the present invention, the possibility of using an el ectron
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embodiment, the grid member GM is distanced so that a space of about 1cm is present

20  between the surface of the optical element and the grid member GM. The voltage VS
enables an electrical field to be set up in the space between the surface of the optical
element OE and the grid member GM and this is depicted in Figures 12 and 13 by the use
of “+” and “-” symbols.

In Figure 12, the electrical field is set up so as to be more positive at points distal

25  from the surface optical element OE so that the secondary electrons SE generated by the
interaction of the photons with the surface of the optical element are attracted away from
the surface of the optical element and pass through the oxygen in the vicinity of the surface
optical element OE. In this movement, some of the secondary electrons SE will activate
the oxygen and thereby cause the surface of the optical element to be cleaned. Shortly

30  afterwards, the polarity of the electrical field is reversed by reversing the potential
difference supplied by the voltage source VS. This is illustrated in Figure 13 where it can
be seen that the surface of the optical element OE is more positive than the grid member



5 deposit. It will be appreciated that the resolution of local cleaning is
only limted by the electron beamdianeter and the accuracy of the beam
steering unit BS. Since the electron beam provides a faster rate of

cl eani ng, Pgd4§§1ni ng tinmes can be reduced%%/ni ch translates into greater
efficiency of use of the |lithographic apparatus. 10 TH RD ASPECT OF THE

| NVENTI ONThi t .of the, i tionu.s. di t d_obt ai pj
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symbol s. glﬁdﬁ‘le%ﬂe?GMan&pﬁsgLﬁ%Jf‘tﬁ Jéa?élglgbété@.t up so as to be nore

positive poi nts dista omthe surface optical elenment CE so that
the secondary el ectrons SE generated by the interaction of the photons

with the surface of the optical elenment are attracted away from the

sur f ab® OMW&EWIW’OUQM the oxygen in the vicinity
of the surface optical elenent OE. In this novenent, sone of the secondary
el ectrons SE will activate the oxygen and thereby cause the surface of the

optical el ement Thi3 abgece bfthe éthentibioistreMtedQo Hetppobaimdbat thdengval dleadiyg of t he
electrical field is reversed by reversing the potential difference
suppl i ed BEpcesssupplios agdeanig beamos photens andsoxygen iq evereoptioal elementanthe wher e

it can b n f t] el enent.. IS more positive
than t he. greiEtis it et GR€ feiBlund HInE R B8 i RERcRle L RefBitnlite o
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with supplying different amounts of oxygen to the vicinity of each mirror in order to affect

a different cleaning rate for different mirrors. This can be achieved using means that are
similar to those that are used to carry out the third aspect of the invention, namely, the grid

20 member GM and associated voltage source VS. It will be explained with reference to
Figures 14, 15 and 16.

As in the third aspect of the invention, the voltage source VS is used to establish
an electrical field that spans the gap between the surface of the optical element OE and the
grid member GM. The voltage source VS applies a potential difference across the gap such

25 that the surface of the optical element OE is more positively charged than the grid member
GM. At the same time, the oxygen supply means OS supplies oxygen that has been
charged to have a negative charge. This means that charged oxygen molecules which are
supplied by the oxygen supply means are attracted towards the surface of the optical
element OE. This serves to set up a concentration gradient of oxygen so that the partial

30  pressure of oxygen in the system will be greater nearer the surface of the optical element
OE than it is at points distal from the surface of the optical element OE. This means that

the cleaning beam of radiation will have a greater effect in cleaning the surface of the



Thus, the reversal of the field causes secondary el ectrons to pass through

the oxygen twice 5 and thus gives a potential increase in the cleaning rate
by a factor of 2. Preferably, the oxygen is supplied by oxygen supply neans
OS t hat apﬁﬁﬁpysically attached to the_grid nmenber GM and supply oxygen

directly t he space between the gr? menber GM and the surface of the

optical el enment, CE. FOURTH ASPECT OF THE | NVENTI ON Thi s aspect of the
Chventi onopcal @P%@h&g&ef%e Hiesnvihbe fgreaten locl fonperniration phexyesroleen
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vol tage source VS applies a potential difference across the gap suc
t hat tthe aadwsgdbe electring fighd taciarreasedhe localgmneentrtior ratherithanastepnpt bahayed t han

the grid er GV At.t sane ti . the oxygen, supp ns OS supplies
oxygen ¢ hEEAHRy e e birt e e ahich Ay B PORRLRLP Bhinef 28 s srel o
char ged oy eleRlefCOEEes which are supplied by the oxygen supply neans are
attracted towards the surface of the optical elenent CE. This serves to
set up a concenFigatd tnshgmadi pdant view af thegepticaloelehenit QB andhgnid imemb80GM.essur e
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greater effect in cleaning the surface of the P-0405 23 optical elenent OE
because t terchasged oxygenangradesadjdcentab thesucfant. r Bhdromaghalsosbegappliddtmesns

per o et o B e S SR el B Rt et e (e
el ectri cairphid &lc8ndtdnt TRfw 83¥ykEiflcan be maintained such that the charged oxygen particles
can be replenished.

20 It is preferable to negatively charge the oxygen particles so that the charge is not
lost when the oxygen particles come into contact with the secondary electrons. This fact
means that it is preferable to make the electrical field more positive at the optical element’s
surface than at the distal points of the grid member GM.

Figure 14 shows a configuration whereby the surface of the optical element OE

25  has a positive charge and the grid member GM is given a negative charge. Whilst this will
work to keep the negatively charged oxygen particles within the vicinity of the surface of
the optical element, there is a chance that when the negatively charged oxygen particles
reach the surface, they will be de-charged due to the positive charge found at the surface.
To overcome this, the configuration shown in Figure 15 is used whereby the surface of the

30  optical element OE is negatively charged but the grid member is more negatively charged.
Thus, the surface of the optical element OE will be positively charged with respect to the
grid member but negatively or neutrally charged with respect to the oxygen particles. This



Therefore, control of the cleaning rate at individual mrrors can be

carried out sinply by 5 controlling the electrical field adjacent to each

mrror and supplying charged oxygen to the whole of the system This

sol ution ha Seen found to be useful be§$use it is difficult to change the
onceR
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surface obeamhef dpctrayeslis thabargreateOensii§ of elsctzons@an be providedrapd tengverdle gri d
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particles are n8]L: de-c d but at the_same tinme maintains the effect of
element 1naum eamo electrons. This is useful for the first mirrors of the

illumination system which generally, in use, receive a uniform radiation intensity and thus
20  generally have a uniform build-up of carbon deposits. It will be appreciated, that in this

instance, a beam steering unit BS is not required.
SIXTH ASPECT OF THE INVENTION

25 This aspect of the invention is concerned with the problem that water vapour or
hydrocarbon gases can infiltrate into or are present after start-up of the vacuum system of
the lithographic apparatus and stick to the surfaces of optical elements OE. If the water
molecules are exposed to high energy photons in an exposing step, oxidation of the surface
will occur, which leads to irreversible reflection loss. If hydrocarbons are exposed to high

30  energy photons in an exposing step, this leads to contamination of the optical element.

The sixth aspect of the invention proposes the solution of breaking the bonds of
water molecules or hydrocarbon gas molecules that are stuck to the optical elements using

low energy photons, preferably in the infra-red region. This reduces the number of



keepi ng the oxygen nol ecul es near to the surface of the optical elenent.

FI FTH ASPECT OF THE INVENTION 5 It has already been nentioned in connection
with the second aspect of the invention that a cleaning beam of el ectrons
may be usedyppst ead of a cleaning beam gf photons. It has been found that
a cl eani ng beam of photons requires an interaction with the surface of the
optical elhgigiles'aftadledb QJJJ‘ti'chéi &t.s?ﬁggﬁl;‘?? oieﬂmggfngtB{fssis c%ée%@o%tﬂa%%e
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t hat the
continual cleaning of the inner surfaces of the vacuum system with continuous pumping

away of the contaminant molecules. Since contamination is not allowed to build up to any
20  appreciable extent, the pump downtime of the vacuum system is shortened.

The low energy photons and the microwaves are effective in reducing
contamination, but at the same time do not serve to damage or contaminate the surfaces of
the various optical elements in the system. In particular, it has been found that high energy
photons can cause silicon oxide contamination on the optical elements. This is caused

25  when the vacuum inside the system is not perfect, and water vapor or other contaminants
are present. The methods of the sixth aspect of the invention excite the contaminating
molecules and allow them to be pumped out of the apparatus by the standard vacuum pump
in the initial pumpdown of the apparatus. In connection with this, the low energy photons
or microwaves can be applied generally into the cavities of the system and do not have to

30  be focused or directed towards any one optical element. The fact that the low energy
photons and microwaves will interact with any contaminants situated anywhere in the

system will cause a reduction in contamination of the optical elements because the low



optical elenment does not absorb the energy and keeps its reflective
properties and al so ensures that the photons do not crack the nol ecul es.
This provides the advantage that |less contam nation is created on the
optical e ts. 5 As an alternative tf%an infra-red beam m crowaves nmay

be used to excite the water nol ecul es a higher energy stage (e.qg.
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infra-red ragi@ation so as to reduce the nunber_of nolecules attached to the
i nner  sufBhHEPUFIPACHB tFBg: teasrd berause 1twillhe gasisr wammment the punped

awnay. o [ . : t ener of the photons is
chogenﬁzo t %@ﬁ{aﬁgﬁﬁﬁlﬁt@?{g}gﬁgﬁﬁg%é@n(ﬁpﬁﬁguwg%ﬁ%m syg%/em do nolto

appreci abl y abs®hilst fyecifitaintbugliraents bithe ieutikeRgvetteen descabe®slovesit HBll
qualities, Also, the energy is chosen so that the photons do not crack the
mol ecul es be appreciated ghag thedaventiop maay hetnsactived ethgrvase than gy dessebeddiegas

nol ecul esfi@srcﬁ RLOKER: il{t%}ﬁ%d% ﬁmitﬁﬂgﬂ}%gnt?%@y' The system can be provided to
performc eanan Inreal trme so as to ensure continual cleaning of the

i nner surfaces of the vacuum systemw th continuous punping away of the
contam nant nol ecul es. Since contam nation is not allowed to build up to
any 20 appreciable extent, the punp downtine of the vacuum systemis
shortened. The | ow energy photons and the m crowaves are effective in
reduci ng contamnation, but at the sane tinme do not serve to danage or
contam nate the surfaces of the various optical elenents in the system In
particular, it has been found that high energy photons can cause silicon
oxi de contam nation on the optical elenents. This is caused 25 when the
vacuum inside the systemis not perfect, and water vapor or other

contam nants are present. The nethods of the sixth aspect of the invention
excite the contamnating nolecules and allow themto be punped out of the
apparatus by the standard vacuumpunp in the initial punpdown of the
apparatus. In connection with this, the | ow energy photons or m crowaves
can be applied generally into the cavities of the systemand do not have to
30 be focused or directed towards any one optical elenent. The fact that
the | ow energy photons and mcrowaves will interact with any contam nants
situated anywhere in the systemw || cause a reduction in contam nation of
the optical elenents because the |ow




P- 0405 26 energy photons or mcrowaves excite the contam nants so that they
may be punped out of the system Wilst water vapor is a particul ar
problem the nmethod is effective to reduce other types of contam nation,
especi al | y, dijgol e nol ecul es. The invent ??n has the advantage that the

punpdown tine can be decreased because t will be easier to punp out the 5
contam nants when they are in the ex%ﬁfgﬂé&heat ed up) state. Wil st

speci fic enbodi nents of the inventio been descri bed above, it wll

be appreciated that the invention may be practiced otherw se than as
described. The description is not intended to limt the invention. P-0405
27 CLAI MBI. 1. AAiitlhhgl@plaiplprmje@hmjappmhmacampamagus conprising: - a radiation
system for providing, tion. heam of radiation; - a support structure
for supporting ﬁé‘t“{]gtﬂ%ﬁéte Rarovi @gwoa%qnﬁnh@mwﬁr@@@pw ng to pattern

the projection Q%@&Pﬁﬁfcﬂhé‘ﬂ)r% ﬁorglggétﬁ%l i Eﬁ?the ﬁ'“? e %F%V?I%S for

hol ding a substra prOJect on préje

beam onto a tar g:epatpmthemjeéudnmamwb@ﬁmttaadeslﬁedmauéﬁi ity of optical
el ements formn art of s |d r@ldl ation system said patterning neans
and/ or said pro?é bstgte tablsy ‘é‘rﬁ"l RaAsEbERISG ed by cl eani ng neans for

subjecting to cl L | f el e ) subset s
of said optical g’?ﬂnégﬁ){lssg}%g*nigygoﬁgea@h% ﬁ@%?%g%ﬁaﬁ élat%ge{re rbgﬁ F\eon and
a gas. 2. Apparathsgramccording to claim1l, wherein said subset of said
optical elenments  _conprises |ess than all of the optical elenments formng

part of one of §§?‘Halﬂt¥@if8k"i“@|lme@?@fl@rﬁ)ﬂm@&mﬂQﬁﬁﬂi‘éfaﬁlﬂ%ﬂ@nﬁﬁﬁﬁ@, wid sai d
proj ection syst %&gﬁgﬁﬁfﬁﬁo&é {:&[%y%t claiml or 2, wherein said

cl eani ng neans gorrprl Eés one &8¢t or obstruct| ng the path of

sai d cl eani ng bebafaaénzﬁdjy&ﬂdaﬁﬁlgtrﬂee@@ﬁ)t@ﬁbj@'@tﬁl@ to@ieaiigdndihidual brie¥ 0Ptaid
optical elements. 4. paratus according to any one o? t he preceding

cl ai ms, wARNG@ ﬁle@&mﬁ 0@|Sblaﬁ¢t8rfg° saigwptieal felamants using gl d¢astencorkeanong aameoff ur t her
radi ati on SN S T%d aegag_h for providing a

2. Apparatus according to claim 1, wherein said subset of said optical elements
comprises less than all of the optical elements forming part of one of said radiation system,

said patterning means or said projection system.

3. Apparatus according to claim 1 or 2, wherein said cleaning means comprises one
or more shutters for obstructing the path of said cleaning beam of radiation to one or more

of said plurality of optical elements.

4. Apparatus according to any one of the preceding claims, wherein said cleaning
means further comprises one or more further radiation systems, each for providing a

different said cleaning beam of radiation.
5. Apparatus according to any one of the preceding claims, wherein said substrate
table holds a cleaning substrate for reflecting a cleaning beam of radiation backwards

through said system.

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



different said cleaning beam of radiation. 5. Apparatus according to any
one of the preceding clains, wherein said substrate table holds a cleaning
substrate for reflecting a cleaning beam of radiati on backwards through
sai d syst @m40§. An apparatus accordi ng Lo any one of the preceding clains,
wherein the support P-0405 28 structure™conprises a mask table for hol ding

a mask. 75%%?{ ?itsébs ﬁg%lf{agfqurﬁqcidiﬁk%im@s ) wherein said nask tabl e hol ds

a cl eaning re I'ng a cleaning beam of radiation into said
proj ection system and/or said radiation system 8. Apparatus according to
any one of the preceding clains, wherein said cleaning means conprises
spatial vdri ati &/ appaREIsagsordingde plgim 6syhercul said mask table tolstsni ohepningomask t o
occur acr - SUr t one of . said.optical elenents..9. A
"t hogr aptitaeting el A ealt or SRR R 581600 el pi L Bt
provi di ngsystgmi.oj ecti on beam of radiation; a support structure for
supporting patterning neans, the patterning neans serving to pattern the
proj ection beam according to a desired pattern; a substrate table for

hol di ng agsubstr, oy Lojection s emfor projecting.the, patterned
beam ont 08'_61 tar égb%&sta?%ﬁdlgﬁ?ﬁgo%e er%FF_%P:drH-’gp C‘alf‘lll“&pl”:h o ﬁl‘%&ﬁ?ﬂlw or mi ng
part of saiefind @shhptise@BpatMBRIRioR BictnPRt LALHSPIRARSvATed cRAhfMgRhRGEld On
system characterized by cleaning neans conprising ‘spatial variation nmeans
for causi Agrus acropsthe giifycevadat ledstone afisaid optiaalislementsoccur  acr oss the surface

of said optical elenent. 10. Apparatus according to claim8 or 9, wherein
said spatial variation neans conprises a gray filter which is arranged to

modi fy sabd cl eAnith@grhfiadpRijedtidfliappdratls edmpdsih® Provide a spatially
varying intensity of radiation across the surface of said optical elenent.
11. Apparat us agtastiationgystemdbrpreviding aprejestion bedml ofjradiatibnj t er has a pattern
which is ‘based on the avera eﬁ@pattern of I.ight reﬁ%i ved by said optical

0

el ement to be cf SHPOY SHustuLe Ro_atgqg Rﬂt@%‘i‘ sln sl’gfte 8 PEFRA SIS
according to cl g pattbfh Mk plofectih Ve aceRiNg ¥ d¥editddipaftedns dynami cal ly

- a substrate table for holding a substrate;

- a projection system for projecting the patterned beam onto a target portion of the
substrate;

- an optical element forming part of said radiation system, said patterning means or
said projection system;
characterized by cleaning means comprising spatial variation means for causing a

spatially varied cleaning amount to occur across the surface of said optical element.

10. Apparatus according to claim 8 or 9, wherein said spatial variation means
comprises a gray filter which is arranged to modify said cleaning beam of radiation so as to

provide a spatially varying intensity of radiation across the surface of said optical element.

11. Apparatus according to claim 10, wherein said gray filter has a pattern which is
based on the average pattern of light received by said optical element to be cleaned since

the last cleaning process.

12. Apparatus according to claim 10 or 11, wherein said gray filter is dynamically

adaptive so that its pattern may be varied in situ.



adaptive so that its pattern may be varied in situ. P-0405 29 13. Apparatus
according to claim 12, wherein said pattern may be varied by adjusting the
transm ssive or reflecting characteristics of discrete el enents making up
said graypfadober. 14. Apparatus accordipg to any one of claims 8 to 13,
wherein said spatial variation neans conprises a neans for steering a

cl eani ng beam of el ectrons across the surface of said optical elenent so
that the el ectron beam scans the surface of the optical elenent in a

non- uni f ot way Aippatahsraebordimghb elatm 3 pavheatinykaligRakiatiaf be ety ahﬁlstlﬁg
apparatus according to any .one of the preceding clainms, wherein said

cl eani ng mﬂéﬂﬁm%}‘iﬂmﬁef&?ﬁﬂg F%ﬂé@ctemfélaﬁgfdlmfetéﬁemntmalﬂggansmﬂ@cayrﬁlm
field near the surface of said optical elenment so that secondary el ectrons
created by the interaction of said cleaning beamof radiation wth the

surface ofi4sai d Apphianslacedrdingné ay encrdttolams 8do a9ayhdréiathidiPatalvaagsodf Sai d
optical elenent; and neans for reversing the polarity of said electrical

field so f¢ARS COMPFiseeaHcany for siepreg 4 elsaniag beanh ehelaetrang ecrods thewarfacer dfe

sur a2 oLoa Syl haTER Yol i LR FORL SSHRDGRRRAY

radi at i onnon-ugifstpPRay to thefeb attiievd @@tlﬂﬁpdéﬁﬁ]%d’l@eeﬁﬁﬁé erni ng nmeans, the
patterni ng nmeans serving to pattern the projection beamaccording to a

desired pattern; - a substrate table for hol di ng a substrate; - a

01 Lo it ot BiarBuR e Aingt b RV REfRETR: oy il abin

system  sgietindfubther dunijgtisegans or sal d projection system characteri zed by
cl eani ng nmeans for supplyi ‘r;gl a cleaning beam of radiation to the surface
of sai d opti cal mepesionestablishingantelrstri ﬁcldcleetrthzwfaw Oﬁwdgpﬁ@d element

est abl i shij e ect Ical ar_.t he.sur e of ) el enent
so t hat s%égglﬁg%erc Ve ?‘5% cé?agéﬂ@' [Ryeragtion S ‘&t ﬁ&éﬁl%m ng
beam of r agthahd Qnfask bhsdldilﬁpﬁéaﬂ El@ﬁﬁnﬂ{re §ﬁ1‘a@te9l§§v‘a§; ﬁlom ﬁl: %ﬂﬁ’éﬁe cﬁrsﬁd%hl%ﬁc'[ ed
away fromlt he t'sur(flace of said optical elenent; and P-0

element; an

means for reversing the polarity of said electrical field so that said secondary

electrons are then attracted toward the surface of said optical element.

16. A lithographic projection apparatus comprising:

- a radiation system for providing a projection beam of radiation;

- a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern;

- a substrate table for holding a substrate;

- a projection system for projecting the patterned beam onto a target portion of the
substrate;

- an optical element forming part of said radiation system, said patterning means or
said projection system;
characterized by cleaning means for supplying a cleaning beam of radiation to the

surface of said optical element, and further characterized by means for establishing an

electrical field near the surface of said optical element, so that secondary electrons created

by the interaction of said cleaning beam of radiation with the surface of said optical

element are attracted away from the surface of said optical element; and



means for reversing the polarity of said electrical field so that said

secondary electrons are then attracted toward the surface of said optical
el enent. 17. Apparatus according to claim 15 or 16, wherein said cl eaning
means conprispgs nmeans for supplying oxygen to the vicinity of the surface

of said optical elenent to be cleaned. 18. Apparatus according to claim
17, wherein saig,

the owygen gas. MSBC e BE ¥R LR AT SOty

conpri si nglectrords dré tHeatatteadtedtoward thesurfice vt sHidgpicaPeRiREL | on beam of
radi ation; - a support structure for supporting patterning neans, the
patterni ng nmeans serving to pattern the projection beamaccording to a

desired pattern;, - tr tabl e.for _hol di.ng . substrate; - a.

proj ect i o;ilu?'syst é@?@@%?%}f%@??%‘%{%?aé?@e‘? éﬂng%@ﬁ‘?"@ﬂ% TREAN3 FYRBPTGr t i on
of the sulahd ol eupplyinf oRfiicn@a theoliSARYbS thesHHE dI34id o?tica%léﬂnélﬁ@d Bd | on
system said patterning neans or said projection system characterized by
cl eani ng elearad. f or suppl ying a cl eani ng beam of radiation to the surface
of said optical elenent, and further characterized by neans for
establishi-ng an electrical field near the surface of said optical elenent;

means for 1guppl wi I j MiGiAH 10 ' el enent
18UPP! WpPskaths a@é’cﬁ]@ing% Biiin 19, WhGcihisidthéahs Wr sﬁﬁ%lgtr%g{ﬁyg@

to be cleaned; and neans for charging the reactive gas 20.
Appar at us ceropused immagns torcharigingltiic oty®enigad Sioleshles.ei n sai d means for suppl yi ng
a reactive gas is arranged to supply said gas sinultaneously to all of the
optical elenents in any or all of said radiation system said patterning

means or $&i d ppo;iBRss Vo3 &idh AP PanALidSe-according to any one of
clainms 18 to 20, \Ahe%r%ellﬂgcgaﬂjd rregﬁéar?or e@aﬁ%i shing an electrical field

near the surf ace rafiateai systan foepwvidimea ppjdctian bedne oBradiationP- 0405 31 arranged
to establish a field that teg)gs to attract said ch&rﬁged gas nol ecul es

towards the sufFURROTGYIUCHES t5 SPRROMIRE RATSHING Bieans: 175 NARErRIng Reans gering
concent rati on o, GASrf¥e%rdiBfioh ehAGEcorbingh de ARl ftbrme! eENt

- a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the
substrate;
- an optical element forming part of said radiation system, said patterning means or
said projection system;
characterized by cleaning means for supplying a cleaning beam of radiation to the
surface of said optical element, and further characterized by means for establishing an
electrical field near the surface of said optical element;
means for supplying a reactive gas to the vicinity of said optical element to be
cleaned; and

means for charging the reactive gas molecules.

20. Apparatus according to claim 17, 18 or 19, wherein said means for supplying a
reactive gas is arranged to supply said gas simultaneously to all of the optical elements in

any or all of said radiation system, said patterning means or said projection system.

21. Apparatus according to any one of claims 18 to 20, wherein said means for

establishing an electrical field near the surface of said at least one optical element is



22. Apparatus according to any one of clains 18 to 21, wherein said neans
for <charging said reactive gas nol ecul es conpri ses neans for endow ng said
gas nolecules wth a negative charge and said neans for establishing an
el ectricap.dapgl d near the surface of the optical element is arranged to
establish an electrical field that is nbre positive near to the surface of

e 9Pty LOTP BB 081 BBt A A LML B

Appar atus a ng to clarm sal

el ement i surfick a€tHe opeigaltdlement sc hatogrehtan Highesicikcemitioh f ighs FRAER savfaye f rom
the surface of said optical element are nore negatively charged than the
surface sOtsud pptical plemsntf ace is positively charged relative to the distal
poi nts, but negatively or neutrally charged relative to the charged
reactive gas nol ecul es. 24. Apparatus according to any one of clainms 15 to
23, wherepn sai dppRans at@irding 3 ab} drefifRtiRs 184E 2t Mitadin khiflntkahs fa' r anged to
establish an electrical field that varies over a space of about lcmfrom
t he surf agkargingsiid regstive gis mpleawlas commBises\psansafion sndovdog shid gas mokaylesne of
clainms 17 _to 24, when appendent to ¢l ai .or 8, . jn said ans_f or
est abl i shi'h aaﬂ?gﬁtl“éec%z’f%aﬁngfs?l A0 %%ﬁﬁg}’&%“?%%l?%%g{eﬁ)“%ﬁﬁ suﬁ%\en‘%f f or
suppl yi ngtheaiptchleféthi & ARmasdi&bstabfith b8 ebRalifelFURPS nSsle fhEif6L hearkdt 0 the
region over which the electrical field extends. 26. Apparatus according to
any one ofhecuripersofitbe optiabelemisat thampeinisdurtiaawiay drogatheissrfaveygen. 27.

Appar atus according to any one of the preceding clains, wherein said
cleaning beamof radiation is a photon beam P-0405 32 28. Apparatus
accordi ngyto cl ai al i I b iat j n- EWV
o At on 2. A e L P R Ul caPehtnte T
sai d cl eanselfjndgetivelp thargettargk distal paintain glaec bwanfrivaahe sidthce Af bdid bpticahphi c
projectio

appar at us conpri si - .a radiation stem for providing a
proj ectio eﬁ’g 1AT6Mare fe ll""?)li‘i;‘cﬂ‘gt"'g‘éld Q@Bﬁléﬁ’t“"é?? ﬂ@@i‘% th%“@ﬁ%&&%}tw&g’
atternin : : j i j ection
boam accoriTEaTilatiy DS BE Ao BEAaR Y bhfeuhlly BRBET RIARE (PR B¢

subst r at echarged reactive gas molecules.

24, Apparatus according to any one of claims 15 to 23, wherein said means for
establishing an electrical field is arranged to establish an electrical field that varies over a

space of about lcm from the surface of the optical element,

25. Apparatus according to any one of claims 17 to 24, when appendent to claim 16 or
18, wherein said means for establishing an electrical field is physically attached to said
means for supplying said reactive gas such that the gas is supplied directly into the region

over which the electrical field extends.

26. Apparatus according to any one of claims 19 to 25, wherein said reactive gas is
oXygen.
27. Apparatus according to any one of the preceding claims, wherein said cleaning

beam of radiation is a photon beam.



- a projection systemfor projecting the patterned beamonto a target
portion of the substrate - an optical elenment formng part of said

radi ati on system said patterning nmeans or said projection system

char act er ipzp@sby cl eani ng means conpri s%?;g means for subjecting the surface

of said opti cal el ement to a cl eaning am of el ectrons in conbination

wWith a gaseso a ff in thesrface t he. opti.cal el enent.
31. Appar gﬁ'us acc?&?gr(?r& rEh é‘?%p %7TWP? THE,S Qtf? afﬁ AR 1SA0Bzr i ng
said el egUWdRmM across the surface of one or nore of said optical

el ements so as to achieve spatially resolved cl eaning. 32. Apparatus
according to cl ai m 29 30 or 31, further conprisi ng means for magnifying

t he wi dt h,gf said ctron beam 33. li.t h i on pparatus
conpri si nag - aAPga‘ia iagrording ta any We(g qﬂﬁag ﬁgF‘é‘céﬂd(fh

radi ati OnyadiatfonSy RRelebtr&t bd4mt.ur € for supporting patterning neans, the
patterning neans serving to pattern the projection beamaccording to a

desired pattern; a substrate table for holding a substrate; P-0405 33 a

pr oj ectlog syst 0] ectl{g;';l the patterned beamonto a target portion
of the Bstra gﬂ‘a]glﬂfp&(g?ﬂ CRBAPIIP SPMPHYBart of said radiation

system said pagtrﬁlﬁ;d}lgs g@ﬁ{ﬁoﬁﬁ,@g{l tg@%ﬁég%ﬁ%’gp&g@%ﬁtem characterized

by neans for supplying a pho bea e optical elenent

havi ng a wavel eagupponhitnictusé fdr suporingsdt@entingineyms) thegasambeombnstsbeigpt i cal
el ement but which will be absorhed by any hydrocarbon or water nol ecul es

adhered to the t%WHb@e@FOJF‘H@“W@&FOTQWS%ﬁldeSIEFil PafERm; t hogr aphi ¢
proj ection appay, ﬁgﬁ %%E'ﬁ?ﬂﬁ?ﬂdmg a@uﬁsﬁqt ation systemfor providing a

proj ecti on beam o iation; - a”support structure for supporting

patterni ng nmeans prajémlopaystamrfbﬂlg-oj&aﬁ@th%%utrﬁed bézen pitotatthdpet ptiph of det | on
beam according to a desired pattern; - a substrate table for holding a
substrat e; substrate

- an optical element forming part of said radiation system, said patterning means or

said projection system;
characterized by cleaning means comprising means for subjecting the surface of
said optical element to a cleaning beam of electrons in combination with a gas so as to

effect cleaning of the surface of the optical element.

31. Apparatus according to claim 30, further comprising means for steering said
electron beam across the surface of one or more of said optical elements so as to achieve

spatially resolved cleaning.

32. Apparatus according to claim 29, 30 or 31, further comprising means for
magnifying the width of said electron beam.

33. A lithographic projection apparatus comprising:

- a radiation system for providing a projection beam of radiation;

- a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern;

- a substrate table for holding a substrate;



- a projection systemfor projecting the patterned beamonto a target
portion of the substrate; - an optical elenent formng part of said

radi ati on system said patterning nmeans and/or said projection system
char act er ipzpgsby means for supplying m'Fgowaves so that any dipole

nol ecul es on the surface of the optical el enment are excited, reducing
contam nation o tJ ! raphi.c o] ecti

appar at us cl ean%r?rgrg&]rgmqt o%&?%n%ﬁ‘gﬁg}‘% H’:eésps"‘%‘@blga‘6?&‘98‘3‘@\%‘8{%%51’%{%8?8%%9
beam of radi ati eubstiatd; a gas to an optical elenent of a radiation system a
patterning means or a projection systemof said |lithographic projection
appar atus-to cl 8aAprdeal glegisnt foaming pagteafsaidiadiptéon sysieo, said peieinng mednsnent  of

said radi ation aﬁ@f(a{ %ﬁél%ﬁe%ﬁﬁgtg}s% ning neans or said projection systemis
| graphi ¢p

not cl eaned. 36. rr%’j ection apparatus cl eani ng net hod

conprising the sh&adedded byRheink @ritpplyliz@ahotth IRAA o e SAfcabE MR opfcAS 1O
cause a spatially varied cleaning anount to occur across the surface of an

optical ekElement havinge wgvelerath ghich widldios substantighty bagbsotbed dytthe optivgl means or
a projectign .of i d Jlithaqraphic,projection a ratus, P-0405 34
370 A 1 it Risgelb R s wBEbs aisottbdy 2pybvarmeathon of Watermalechls adharhiorthe
steps of ! surflePkhesdpitiasl Admedtectrical field near the surface of an optical
el enent formng part of a radiation system a patterning nmeans or a

proj ection systemof said |lithographic projection apparatus; providing a
cl eani ng 8$am o] di ati.on so 1 hat secondar% .el ectrons are created,

f, ok
attracting sai d%@'ﬁ%ﬁ%‘?‘% PEY S0P SRRArANS COMPHSINE 5i d opti cal el ement usi ng

said el ectricah rddigldhsySeth BPURNRIifdl blefecSh Bedrh bt pkdhd el ectrical field
to thereby attract said secondary electrons toward the surface of said

optical elenent as@goristivctund fpr apbpocting phteotinpmeapp tiegtatternoigrasamgervirighod
conprising the steps of establishi g]%cag. el ectri.c%l field near the surface
of an optical e e PRORGIPMhermecording 4o 3dpHrFIPae®n  a pat t er ni ng

MBans or a proj §ghbsRateiBle 50 Hldifgh Qubsdiatt?9r aphi ¢ proj ection apparat us;
charging reactive gas nol ecul es; and
- a projection system for projecting the patterned beam onto a target portion of the
substrate;
- an optical element forming part of said radiation system, said patterning means
and/or said projection system;
characterized by means for supplying microwaves so that any dipole molecules on

the surface of the optical element are excited, reducing contamination of the optical

element.

35. A lithographic projection apparatus cleaning method comprising the steps of:
providing a cleaning beam of radiation and a gas to an optical element of a

radiation system, a patterning means or a projection system of said lithographic projection

apparatus to clean said optical element, whereby another optical element of said radiation

system said patterning means or said projection system is not cleaned.

36. A lithographic projection apparatus cleaning method comprising the steps of:
providing a cleaning beam of radiation so as to cause a spatially varied cleaning
amount to occur across the surface of an optical element forming part of a radiation system,

a patterning means or a projection system of said lithographic projection apparatus,




suppl ying said charged reactive gas nolecules to the vicinity of said
optical elenent. 39. A lithographic projection apparatus cleaning nethod
conprising the steps of subjecting the surface of an optical el enent
form ng pardspef a radiation system a pgiterning neans or a projection
system of said lithographic projection apparatus to a cleaning beam of
el ectrons in conbination with a gas so as to affect cleaning of the surface
of the optical elenment. 40. A lithographic projection apparatus

cont am naBvon r édithographioptdjedion@pparathi blganinf enclicdadniprisiiglthe stepder: t he
surface of an optical, elenent formng part of a radiation system a
pat t er ni ng mean&sStahlis %%ﬁ@ﬁ'?@ﬂ%@él%ﬁﬁ%ﬁ“@%@fﬁnphw glsmeat forpingaron
appar at us ' 553% F‘ ' L Lally
absor bed 8{/9?51?%&%% ?gtec@?é{ﬁ%rr@ﬁl eglt-lg (‘:ﬁﬁﬁéﬂg tse?)l? %%Y‘gﬁﬁ@ 5 Iyr% nant
nmol ecul es pajdutioadpparatue opti cal el ement. P-0405 35 41. A |ithographic

projection apparatus contam nation _reduction nmethod conprising the steps
of . subj ecting PHding p gkanige beam ghradzation sp that secopdaniclegtrpns are greated;
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of a radiation system, a patterning means or a projection system of said lithographic
projection apparatus;
charging reactive gas molecules; and
supplying said charged reactive gas molecules to the vicinity of said optical

element.

39. A lithographic projection apparatus cleaning method comprising the steps of:
subjecting the surface of an optical element forming part of a radiation system, a

patterning means or a projection system of said lithographic projection apparatus to a

cleaning beam of electrons in combination with a gas so as to affect cleaning of the surface

of the optical element.

40, A lithographic projection apparatus contamination reduction method comprising
the steps of:

subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus to
photons having a wavelength that is not substantially absorbed by said optical element but

which is absorbed by contaminant molecules adhered to the optical element.
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41. A lithographic projection apparatus contamination reduction method comprising
the steps of:

subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus to
microwaves 5o as to excite dipole molecules adhered to the optical element and reduce

contamination.

42. A device manufacturing method comprising the steps of:

- 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 using a projection system;
said method being characterised by:

cleaning the apparatus using the method of any one of claims 35 to 41.

43, A device manufactured according to the method of claim 42.




