Radiation System and Lithographic Apparatus Comprising the Same Field [0001] The present
invention relates to an optical sensor apparatus and a lithographic apparatus comprising the same. In
an embodiment, the invention relates to an optical sensor apparatus for use in an extreme ultraviolet
lithographic system. Background [0002] A lithographic apparatus is a machine that applies a
desired pattern onto a substrate, usually onto a target portion of the substrate. A lithographic

apparatus can be g, {R5PSHRRIE il NSHBRRAIRSIULS P inta0 @iRRpISHIRHIGRD that instance, a

patterning device, which is alternatively referred to as a mask or a reticle, may be used to generate a
circuit pattern to be formed on an individual layer of the IC. This pattern can be transferred onto a
target porjiiige.9. comprising part of, one, or several dies) on a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imagig%aonto a layer of radiation-sensitive material (resist)

provided on the Kf9ditabe presentinycntisn gratssierraenitRLeRsan A PRERS R Blifbesiphifget
portions that aresueagntivetRalierae: Knaud HihearaplicdPRsAHSIRE i praligdmtgppers, in

which each target portion is irradiated by exposing an entire pattern onto the target portion at one time,
and so-cARRISEINIE S PR ERTSHRN %@P%ﬂ!%ﬁggaﬁh&dﬁﬁéﬁrby scanning the pattern through a
radiation beam in a given direction (the "scanning"-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It is also possible to transfer the pattern from the
patterninﬁémlﬂaﬂﬂe substrate by imprinting the pattern onto the substrate. [0003] In addition to

EUV radiation, rpstiadipa saHssesHREsb Y ilhagianhy dvRisshl Qeneialecpniamnaptamaterial that
is harmful for the optics and the working environment wherein the lithographic process is carried out.

This is espleiEig.tHealzons atareohrepinrefdheshsaim A Hibesmp HrIBUAEY s HiEded
plasma. HgnseipleUY didearanhvtuie $2Sie Sxistbdrcinmt e contaminatinr Ohtharentiaal system that

is arranged to condition the beam of radiation coming from an EUV source. Furthermore, it may be

desirabledeVis-apictyinibisrattrrl s tnse 60 edABAT AR FEHHE IR AL BEARPAIMEERFTHE EEIPWstem.

Another degiseMay R A RERRIE HUNRRIEPIHNG MRt OTERY YaRBEI e¥naR @hateshY amdh)V source.
Summary [0004] According to an aspect of the invention, there is provided an gptical sensor

apparatusH8FRATHNAE S FOmR SIRaDAIATIiAnSyPASFTE S Siem LRSI CAS- Srftisibicenegier)
Comprisinpy#sRASPHIRMFRERPRAPIQNG V@l [RRehaNk carliausetiRiemakassieRsmiterthe sensor
surtace. (resist) provided on the substrate. In general, a single substrate will contain a network of

adjacent target portions that are successively patterned. Known lithographic apparatus include

so-called steppers, in which each target portion is irradiated by exposing an entire pattern onto

the target portion at one time, and so-called scanners, in which each target portion is irradiated

by scanning the pattern through a radiation beam in a given direction (the “scanning”’-direction)

while synchronously scanning the substrate parallel or anti-parallel to this direction. It is also

possible to transfer the pattern from the patterning device to the substrate by imprinting the

pattern onto the substrate.

[0003] In addition to EUV radiation, radiation sources used in EUV lithography
typically generate contaminant material that is harmful for the optics and the working
environment wherein the lithographic process is carried out. This is especially the case for an
EUYV source operating via a discharge produced laser induced plasma. Hence, in EUV
lithography, a desire exists to limit the contamination of the optical system that is arranged to
condition the beam of radiation coming from an EUV source. Furthermore, it may be desirable
to be able to monitor the amount of contamination that is accumulating in the EUV system.

Another desire may be to be able to monitor the amount of EUV energy generated by an EUV

source.



100051 According to an aspect of the invention, there is provided a method of detecting EUV radiation,
comprising exposing a sensor surface of an optical sensor to an EUV source generating EUV radiation
to detect the EUV radiation, and removing debris from the sensor surface. Brief Description of the
Drawines [0006] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference symbols

indicate cg[{ﬁﬁgﬁging parts, and in which: [0007] Figure 1 depicts a lithographic apparatus
according to an embodiment of the invention; [0008] Figure 2 depicts an embodiment of the invention;

[0009] Figure 3 d8disArromdinioBbarpesirdtinanysmitpthere immm]dﬁb@n@mig@m@mg% graph
illustrating, g, relatioR LM R R HaasHIHANTS SAIRRY e D SlingAIpRalQengRd 100111

Figure 5 depicts another embodiment of the invention. Detailed Description _
comprising a sensor surface and a removal mechanism configured to remove debris from the

sensor surface.

[0005] According to an aspect of the invention, there is provided a method of detecting
EUYV radiation, comprising exposing a sensor surface of an optical sensor to an EUV source
generating EUV radiation to detect the EUV radiation, and removing debris from the sensor

surface.

Brief Description of the Drawings

[0006] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0007] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0008] Figure 2 depicts an embodiment of the invention;

[0009] Figure 3 depicts another embodiment of the invention;

[0010] Figure 4 depicts a graph illustrating a relation between an EUV transmittance
ratio and a degree of contamination; and

[0011] Figure 5 depicts another embodiment of the invention.

Detailed Description

[0012] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises:

[0013] - an illumination system (illuminator) IL configured to condition a
radiation beam B (e.g. UV radiation or EUV radiation).

[0014] - a support structure (e.g. a mask table) MT constructed to support a
patterning device (e.g. a mask) MA and connected to a first positioner PM configured to
accurately position the patterning device in accordance with certain parameters;

[0015] - a substrate table (e.g. a wafer table) WT constructed to hold a substrate

(e.g. a resist-coated wafer) W and connected to a second positioner PW configured to




[0012] Figure 1 schematically depicts a lithographic apparatus according to one embodiment of the

invention. The apparatus comprises: [0013] -an illumination system (illuminator) IL configured to

condition a radiation beam B (e.g. UV radiation or EUV radiation). [0014] -a support structure (e.g. a

mask table) MT constructed to support a patterning device (e.g. a mask) MA and connected to a first

positioner2Pdratshigoseipedlesibsitely porssonlenscpsite somgpseBacEs éHance with certain

parameters; [l -a Subﬁtf)%?e@%ak@s(fs&nﬁ(wgf%rr@piamé/%\%%eﬁgg%ﬁg§ shioplg pesubstrate (e.g.
configure

a resist-coated wafer) W and connected to a second positioner to accurately position
the substiegaligurEsrdupicst wipattanamppeedrinctee sadigtion beam B by patterning device MA onto

a target portion C (e.g. comprising one or more dies) of the substrate W.

[0017] The illumination system may include various types of optical components, such

as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0018] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered
synonymous with the more general term “patterning device.”

[0019] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its
cross-section such as to create a pattern in a target portion of the substrate. It should be noted
that the pattern imparted to the radiation beam may not exactly correspond to the desired
pattern in the target portion of the substrate, for example if the pattern includes phase-shifting
features or so called assist features. Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.

[0020] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The
tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.

[0021] The term “projection system” used herein should be broadly interpreted as

encompassing any type of projection system, including refractive, reflective, catadioptric,



[0016] -a projection system (e.g. a refractive projection lens system) PS configured to project a pattern
imparted to the radiation beam B by patterning device MA onto a target portion C (e.g. comprising one
or more dies) of the substrate W. 100171 The illumination system may include various types of
optical components, such as refractive, reflective, magnetic, electromagnetic, electrostatic or other
types of opaeatdarnisshemagnstigpdeletinatitn apsicabsyibednaatity, ahabingiar Germedliasg radiation.

(0018] The, Spnert-sisLalu s Al thaipatiering s nAJRnRRIeLARRRIHe R Hiegrientation

of the patterning device, the design of the lithographic apparatus, and other conditions, such as for
example Whagisiooliquidies thatvserifig vesHomisnelyse o thecoum ervicshendsasT hereiippartitructure

can use mechagical VAT SISGIRS BIGRT OUREEAIPRINGSRRAIHGR Ag,o!d the patterning device.

The support structure may be a frame or a table, for example, which may be fixed or movable as

required. The sul9982 sh ket sl enigjedntheranpriatheipafte isingdes vpdd ag LaPINEESDsItion, for
example Mﬁééﬁ%"ﬁﬁs@.tﬁ?tcﬁ{ﬂﬁ%%tﬁX%ﬁHrdﬁIMﬁEiﬁb‘éfotf‘?t@ﬁ@?ﬁj55%?@1%@5%%?]%19%%% may be

considered synonymous with the more general term "patterning device.”" ™[0 The term
"patterningagenissivasesserein should be broadly interpreted as referring to any device that can be

used to impart &g ipfoRAGR U CRBURILIRS SEOSSRLRSHE A (BT SRIR PopRISE In 2

target portion of the substrate. be noted that the pattern imparted to the radiation beam may

not exactireHFAESFRRS (entedaseteesHPRYthE iy SRiBH b Tl iplsstieae’ rercdiaghpie if the
pattern inghydes,phagessifing | ﬁ%@ﬁ&ﬁx@éﬁ'ﬁﬁ;aﬁéiﬁ&ef@%%ﬁ%ll@?&%?é%mﬁ%@r%{é%%iﬁwa”ed to

the radiation beam will correspond to a particular functional layer in a device being created in the

target poRfofArEgEEoaPRserraese tahiesifand spepmorharpeierming e vee shBiP IOtk §#Rlssive or
reflective FxaPRID 5tk BRUGTIRY HEVWERS W ds: WgRfardrogrammable min-or arrays, and

programmable LCD panels. Masks are well known in lithography, and include mask types such as

binary, alternatin@03rthddelithoginhinenparbsinaselinhe o imeaehessin i 1B ADoTESR §fes. An
example ﬂfeasmagé@m{gﬁmecm}a% B AYiGHR ISR DRIIN WIPRgE MRl s RALME DR aRAGR of which

can be individually tilted so as to reflect an incoming radiation beam in different directions. The tilted
mirrors indp&tiHlFeirsas hevesaithroproieshomssts s #ed hasubsiraife MdBmeRiAR LIQWiheRY] The term

"projection st BaI&!Syakauid ik RIRsEINCIPHRIEHATENSAMPRS Bawasy thagekprojection

system, including refractive, reflective, catadioptric, magnetic, electromagnetic and electrostatic
optical sy&itdiths, Rsp@ﬁpqzbwmaubnrﬂ%?@aﬁgﬁﬁw@ﬁfﬁa‘@kbkqa%%ww@ faBinsERMEHYUsed, or

for other Iﬁ?ﬁ%@@%ﬁ%@rgﬁ%&fm inarsiamdg ShihfMRmOhSuRANGRI MDESEE Fhdhe term
e hat & Stricture, Such a3 & Substrate. must bd SabIargsd i HULd, bt rather oty moeans et "
system". ) > g quid, y
liquid is located between the projection system and the substrate during exposure.
[0025] Referring to Figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to
form part of the lithographic apparatus and the radiation beam is passed from the source SO to
the illuminator IL with the aid of a beam delivery system comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO and
the illuminator IL, together with the beam delivery system if required, may be referred to as a
radiation system.
[0026] The illuminator IL may comprise an adjuster to adjust the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent

(commonly referred to as c-outer and c-inner, respectively) of the intensity distribution in a

pupil plahe of the illuminator can be adjusted. In addition, the illuminator IL may comprise



[0022] As here depicted, the apparatus is of a reflective type (e.g. employing a reflective mask).
Alternatively, the apparatus may be of a transmissive type (e.g. employing a transmissive mask).
[00231 The lithographic apparatus may be of a type having two (dual stage) or more substrate tables
(and/or two or more support structures). In such "multiple stage" machines the additional tables
(and/or sigperssttirtasg)anensheughad i presiaioiomsre serdenseistEhe ithayibal e useh one or
more tablgsdapeion SHPPRILATHHHSS IR QURSIARSINRY ARleR AR risHBRRMSIRYRIures) are
being used for exposure. 100241 The lithographic apparatus may also be of a type wherein at
least a poHtisa-giciensubstrate may be covered by a liquid having a relatively high refractive index, e.g.
water, S0 as 10 fih@5ipage Pf&}ﬂ&&&ﬁ@&@@i@ffﬂ&ﬁ&ﬁﬁ@ﬂ@%@}&ﬁghévi%keceég), IMMersiRn liquid may
e

also be applied to other spaces in the lithographic apparatus, for example, befween the mask and the

projectiorPdysteimheif e BforppeHiuedsrewe RAb IFAIM M andas nesterasthytie Raticeriag
aperture gL projegom SYSIAIS ThE JEHTh RURErSaNAS HE SRS ERR TSI e My dgh argiructure,

such as a substrate, must be submeérged in Tiquid, but rather only means that liquid is located between

the projedueitejendsigntihevdiip degesayhed easpenioa targe{porBRe e hstigiard 1 WK
illuminatof, i 8 CHMRS BRI BHOR ARAPWARIHERAIBHBROMES @Q: IR RPRCMmaRE i /ghographic

apparatus may be separate entities, for example when the source Is an excimer laser. In such cases,

the sourchinganenesiesiorrarpesting sersn dhtahoiot s L psarda sanadreckadieliof HSARSis
passed from db SPHIRRSHP dRdhe Hluaiiaaian i oithibe aid-adiadReasmadelly aysisiomeqmrising, for

example, suitable directing minors and/or a beam expander. In other cases the source may be an

integral paesisions Rcadamthappriitiensearaiihee bissdie assureelys rosHige thy RIS source
SO and theyiuminatan redpae taehdithbe e 2B 6N BRASMSIRID. § fisAiterhnay Bgitetg oo as a

radiation system. 100261 The illuminator IL may comprise an adjuster to adjust the angular
intensity AiSABUEBIOS Mialvamgfcease ingeaenb mmy ek thicsaopertahaeia AT iaambextent

(Comm0nr'é‘a[?i@d@ﬁﬁ%%@f@?ﬂoﬂ@@@éi{g‘ﬁfoc{mﬁgf{@%Qtimﬁﬂé‘}%ﬂaiWsﬁ@@&%i&'ﬂﬁ&@p” plane
of the illuminator can be adjusted. In addition, the illuminator IL may comprise various other

componetfise pesiiaring)intbigtutoraparhiohe drsiarostienauPivhatbpitasly-Haaysa s ¢okition the
radiation SR, 1Ay Ve A8 66l BIREI RN mdgrg%k@l islsthpiandn Ussrtassrestitinle, [0027]

The radiation beam B is incident on the patterning device (e.g., mask) MA, which is held on the

support strbiciferrs Rpttobidie sesradmasiipreist Ky e e Herstaperiitg eermsed IfA/778W8lersed
the patterging, geyicaMAuihRriedialion AaacBPassesdhlaral %ﬁf@ﬁﬁﬁgp&yﬁa@me&&ewhich

focuses the beam onto a target portion C of the substrate W. With the aid of the second positioner PW

and positeieaingAerizqdi andsbserm¥imaybeislisnpbasiag poderine dpucripheEREY), the
substrateahle WiT 6BLRE MONEAAaHAEY nBrks30 a8X0naRition Aifaeal iy grERARIPRSIKIN the

path of the radiation beam B. Similarly, the first positioner PM and another position sensor IF1 can be

used to ascilkietarisdsawry Wedisaies frgtiRostienn Abgtm Ay Rslocaicth i SRS STRAVY PSR EE8H beam B,
e.g. afterjperhRniaal saluayRiem &%ﬁﬂ@%@ﬁnﬁé&%ﬂ&@c@.%ﬁﬁldﬂ&g%‘@ft%ktmﬁé/ﬁmﬂ%@f the

support structure MT may be realized with the aid of a long-stroke module (coarse positioning) and a
short-stréRFibaLRIGIHE SouRvdrbynirtatisirnsde s frstip paftemirerdavissalignieifovement

of the subsirpieiabis YWda8ay &6 dsalizedisising a long-stroke module and a short-stroke module,
which form part of the second positioner PW. In the case of a stepper (as opposed to a scanner) the

support structurdW#8InThy dericied appsmiysrenihhe tistbinaiustst drmpioheiall oringsrOdsstterning
device MA and gygfjate W niyibie,aligneg dsing Ratigiting devigsaignmanhmaskie MM and

substrate alignment marks PI, P2. Although the substrate alignment marks as illustrated occupy

dedicate§%air §ercptirrtatinagnnayhie fwcertiteipatisardansstodde thargdiatonibrrmdiduaissdnown as
scribe-lagggligarpei Rk e) ol athe é{!e’?‘i&@ﬁ@l@%tﬁii&"@i‘é@ﬂ%@ﬁﬁé%@ﬁa@é&dﬁl@'W*M@ﬂl@ﬂi‘ the
r

patternin%device MA, the patterning device alignment marks may be located between the dies.

100281 PhHted prcleerappdipiystitstirns o friiffreetametaramiondisrinke marpsed. In step

mode, the maximum size of the exposure field limits the size of the target portion C imaged in
a single static exposure.
[0030] 2. In scan mode, the support structure MT and the substrate table WT are

scanned synchronously while a pattern imparted to the radiation beam is projected onto a target



[0029] 1. In step mode, the support structure MT and the substrate table WT are kept essentially
stationary, while an entire pattern imparted to the radiation beam is projected onto a target portion C at
one time (i.e. a single static exposure). The substrate table WT is then shifted in the X and/or Y
direction so that a different target portion C can be exposed. In step mode, the maximum size of the

exposureftstiiphirkifs ehesshzteshranigreyaosbreb & kg inbditeglensediiecsubstatetabboB0i 2.1n
scan modey i SHRROMLSHIE UERME RRF MR, BURRYAIRIAAIBME R fnapRedsysicanausly while a
pattern imparted to the radiation beam is projected onto a target portion C (i.e. a single dynamic
exposureyc.evrqﬁ%éb@lv@éweaﬁacgiﬁééh@ﬁr@fqﬁ@gwgtemé’ﬁaﬁmswrrmé@sv@qm@uﬁpwpgf&mre MT
may be delgrIReAdARY e iR madnficalion.Ad imaag dRVatsh) chatesiai i ide pulgrtion
system PS.'In scan mode, the maximum size of the exposure field limits the width (in the non-scanning
direction)dyngmei¢aepasptivhonsas thedragihmiitiie waspigacing dedsrmase tegheekdisdhaning
motion delernine e aiby e {Q‘Eé‘?@?ﬁ!ﬂﬂ direction) of the target portion. [0031] 3.In another

[ es

mode, the support structure MT is kept essentially stationary holding a programmable patterning

device, and the Kififdtdte tabike wrpthermods) Brestmraedimsiera Matiskerhpaaiatly fatieniation
beam is praiggied QOIR AMAHBR! PAFIRRNE dEVIBLS MedR afReqallY.810WEeH iadiRtins sexk&is

employed and the programmable patterning device is updated as required after each movement of the

substrate"thBfanattgniipatcd o the sadiativr hepmpisaniertekonin mredamtion (s Mobis 8isseration
can be readilyApRlisiierpasiiRisdiiesiarmp bl diidessyRgammalicRatisminddede, such as a

programmable mirror array of a type as referred to above. 032] Combinations and/or variations

on the apdaigd asrpeeinebeliar spelsmoyarenbnf Hirsrbstat HbloVUser B RIS hEesRpfed.
[0033] |n1%iﬂbﬁ%r?gﬁ§e§@lﬁ%§%€ﬁr9ﬁﬂﬁ% HygaEeB ieshoN Ear e FRIER) SSNRQS RYsiamddor an EUV

radiation system 2 is shown, the sensor system 1 comprising a sensor surface 3 exposed to an EUV
source 41%%6@? at%%ﬁﬁpm&f?@@ﬁahigmﬁq@g}&fswam%w&ﬁmmr&mgayayer 6
from the §§Q§%§5§flz@,@§1§dt{gﬁaggp‘gjs layer comprising, for example, Sn (typically when using a Sn
EUV source) and/or other contaminants, such as carbon. Typically, the radiation system 2 comprises a

discharge prodJ8832)i5omkhigatioas andiseryardations o the e dedssived Bodgsthusagpentireurces is

possible.jl#1ersquiRié denictathinsgyeepidyaically operated in a pulsed way so that EUV radiation
7is periodically[ﬂsnerated in conjunction with debris 8 traveling from the source 4. Typical operating

frequencies are LEl) }gﬁé@l{ﬁ M@g}l{@éﬁg%% invention is shown. An optical sensor system

1 for an EUV radiation system 2 is shown, the sensor system 1 comprising a sensor surface 3

exposed to an EUV source 4. Furthermore, a removal mechanism 5 is shown and configured to
remove a debris layer 6 from the sensor surface 3, the debris layer comprising, for example, Sn
(typically when using a Sn EUV source) and/or other contaminants, such as carbon. Typically,
the radiation system 2 comprises a discharge produced plasma source 4 such as a Sn or Xe
source, however, another type of sources is possible. The source 4 depicted in Figure 2 is
typically operated in a pulsed way so that EUV radiation 7 is periodically generated in
conjunction with debris 8 traveling from the source 4. Typical operating frequencies are in the
range of several (tens of) kHz.

[0034] In the embodiment depicted in Figure 2, the optical sensor system 1 comprises
an EUV sensitive scintillation material 9 and a photo-detector 10 to receive electromagnetic
radiation 11 from the scintillation material 9, the radiation 11 generated by scintillation 12 of
the scintillation material 9 by incident EUV radiation 7. Although other materials may be
possible, in an embodiment, the EUV sensitive scintillation material 9 comprises YAG:Ce. The
YAG:Ce material accordingly converts EUV radiation to higher wavelength radiation, |

typically visible light radiation (blue) which is conventionally electronically converted using a




[0034] In the embodiment depicted in Figure 2, the optical sensor system 1 comprises an EUV
sensitive scintillation material 9 and a photo-detector 10 to receive electromagnetic radiation 11 from
the scintillation material 9, the radiation 11 generated by scintillation 12 of the scintillation material 9 by
incident EUV radiation 7. Although other materials may be possible, in an embodiment, the EUV
sensitive sbitilaitsonthtelild-9 comprises YAG:Ce. The YAG:Ce material accordingly converts EUV

radiation to high I lai Ically,Visi [ iafi igh.i ijonally
electronically comdegr?l/} &ggl%g g%g?%t%%?éxﬁé%%%%ﬁg?egmgéo%ﬁ%? g%?hcg%%@%ﬁ%lgal&ﬁ?{r?lﬁrﬁgthods,
such as cfeesilitalioleasmgastinratiitherdelyisedeasitlodehanismbmapmessta teddedsig diedval

mechanis S?é?%’b%%%? s §¥9ﬁ%ﬂ%f€y§éﬁ%é¥é§?%§g§ﬁ§%t§m§ﬂ%‘c%ﬁr}éﬁ%%gaeﬁb@gg%%' SHRlypRystem

may compr rogen gas supply system 13 a‘filament 14 or other means, such as'a
microwaveygietinéJirad krithament tHeosidthat meassnsuehcre atmiaeitals esthehkenknupbliehrydrogen

gas molegilifisq INHsn SROYELRIPRACING 314 Gh FHENIRINii RyAdiea SRNAMLRLRANHES dRhiiament at

a temperature of, for example, 2000 C. Using cleaning with ‘hydrogen radicals, it may be possible to
provide actedsuaRiofehsxanplsyhiscedieabsensraty sarbe a igggemenbalarifsereweisaraton, the

debrs 2yeH yBNE BBt DV ILIAMAYEH O 05 NS SUHACS 3pln N AR GRerAatnode.

the sensor cargl]bé used as a c?ﬁ%amln ion de at Is occasiona eaned, at certain interval
times, or sgusnrrégudskdidy GxastpleEWNewwaresrtain threshold is reached that indicates that the

photo-detector 14 4 longe IS iciently receivin ' ode of
operation the dé@pégﬁ%g%%%%ﬁg%ﬁ%%&ﬁ%’ Enygngi%}é%jl&Qggﬁ%b%qﬁﬁ%}%g%&e%qggﬁited debris
layer 6 orfithe therssosautfsfaes fo Instiahthe optasifieni maitte rife sense tarFhgmssdiasn epitheinaiioge of
operation I nij ly.r e he se , Wl ns, that the
removal r%ée%%tgr{? |Hs{r% |1§ g%?gg%\?le 3?}, agt%légggs U)cr/litn%é%?e u%gé%%ﬁo%tiggﬁggﬁggﬁ%ﬁ’tggrg lg%lvmg’ein the
degree ofdemtaredrtatiothisskelst istraackeththaewdlicdtssithil yhearootr-delevtsir i) iexanhpgetromsvhich
reliably an Ingi Y, determj ' ' 6 substantially
Constant I e e aing £V
radiation Pigatrangpetificaiy EuNtoedidoterinitoatthiskiess g_lﬁerdﬂmﬁéﬂehgﬂbniadmo_ﬁ 08 ﬂilighly

S ve i RN RYEL i iR lE B R HSEIRGA SIRDOFERt o
sensitive and will give ‘the quickest response. 0038] However, in some cases one may not need
such a hitite debsitigitpayrbtherntaseubky K@ Ce fromnctiialsonsmswdacsplavddchynfansthatphe, a piece of
glass and a radiafi f e f | I -1R:ightgan be
e, g B B R S e
may be cthealsgresmf aottmrsnationimbapizite wrstsansoreledesiseblsitierofor edevelfieream®lerhus, this
embodi IS, Sl icati r inati i ' ' . This
can be. 1 B G B et
[0039] Inlayeempahiiarsial yeossiagontiagkibesplaced at various locations in the EUV

[0037] In the embodiment shown in Figure 2, the advantage of using EUV radiation 7
is that specifically EUV radiation, in contrast to higher wavelength radiation, is highly
sensitive to a thin contamination layer 5. Due to this, the previously described embodiment is
most sensitive and will give the quickest response.

[0038] However, in some cases one may not need such a high sensitivity. In that case
the YAG:Ce material 9 may be replaced by, for example, a piece of glass and a radiation beam
of a longer wavelength, for example, in the range of UV — IR light can be used, generated by a
separate radiation source (not shown), such as a LED. Such an embodiment may be cheaper
and at the same time make the sensor less sensitive for contamination 8. Thus, this embodiment
is suited for applications where contamination with a larger thickness is expected. This can be,
for example, in a location near the EUV source, where source debris 8 is still amply present.

[0039] In an embodiment, the sensor may be placed at various locations in the EUV



lithographic apparatus that are exposed to EUV radiation. For example, the sensor may be placed
near the illuminator or projection optics in order to monitor the amount of contamination (e.g., carbon)
growth on the optics and to have an alarm to alert of sudden increase in contamination growth (for

example, due to a leak in the vacuum). [0040] In an embodiment, the sensor may be placed near
the EUV disheezaniiie enpatatis s exposerdadil Bhardistios: For paamp]antbsseRsBbBIAYER, the sensor

is placed peag ihe HIHENINGARYICS ﬁﬁcgecm&tm HRaLPTRRIRLENRATOURE 6f contamination

accumulating on the patterning device. 1t is important that the patterning device remains clean, and

therefore ePRiamiRAtES (et 6arbemeZeoy th et oPi e axshiakiraab A lmdo MtHedsuddsdre. For
example, iie RARIURGHAGKGH S PEFETIS LR AR AradaaHE 9asaing of the EUV resist.

[0042] Whether Sn contamination can be removed from a YAG sample using hydro%:i?rn radicals was
tested and found 848l reeanhpsinesabihspeater(may trerierd reantesB M mBIRS: firsfilExperiment,

a circular Lo dliapeteri Riers ahy s¥as used onto which a thin layer of 4.7 nm Sn was deposited
using sputter deposition. Next, a thickness of the Sn layer was measured. Next the sample was

exposed to hydriffd kniearmbedigsnicbaissaurdsnastdacss theattrrisgaleting EudrdRithis 22.0 A
and the vQltaaR WasdhitbVind AR 0RGKSr el RIS RIH S WaR W R Shpied dbm e Reiadieief the

sample holder varied between 15 to 50C. Table 1 shows the results of the experiment. In the total

treatmenifprrigntbaidbe peteraing devier beBAiRs flev AnihetpL A maites FudiBREsHS d5i5tieaning
rate of at {gagh it WM ESEAREST Cad PSR ud REEUNGI Uhnt R4 Bl T A erAi SR AU i€ Siihy

become contaminated due to out-gassing of the EUV resist.

[0042] Whether Sn contamination can be removed from a YAG sample using hydrogen
radicals was tested and found to produce a high cleaning rate (may be more than 560 nm/hour).
In an experiment, a circular (1 cm diameter) piece of YAG was used onto which a thin layer of
4.7 nm Sn was deposited using sputter deposition. Next, a thickness of the Sn layer was
measured. Next the sample was exposed to hydrogen radicals using a hot-filament H radical
source. The operating current was 22.0 A and the voltage was 21.0 V. The background pressure
was 20.0 mbar and the temperature of the sample holder varied between 15 to 50 °C. Table 1
shows the results of the experiment. In the total treatment time of 30 seconds, all Sn had been
removed from the sample, corresponding to a cleaning rate of at least 4.7 nm/30 seconds = 0.16
nm/s = 564 nm/hour.

[0043] Table 1

samp Sn Sn
le (ng/em?) (nm)
YAG 3.43 4.7
before
YAG 0.01 0.01
after

[0044] Figure 3 shows another embodiment of an optical sensor apparatus. In this
embodiment, an EUV source 4 is depicted. Also, there is depicted an optical sensor system 1
and a debris removal mechanism 5. Here, a sensor surface 3 is a surface part of a rotatable EUV

translucent plate 16. The removal mechanism 5 is arranged to remove debris 8 from another

8



(118/c1112) Sn (tun) YAG before 3.43 4.7 YAG after

part of the translucent plate 16. The plate 16 may be rotated continuously or intermittently,
wherein a part positioned in front of a detector 10 may be used as a spectral filter, and wherein
the part positioned near the removal mechanism 5 is cleaned. Alternatively, the plate may be
shifted or translated to move a portion exposed to debris toward the removal mechanism 5. In
an embodiment, the EUV translucent plate 16 selectively passes radiation with wavelengths in
arange of 10 — 20 nm. As an example, the EUV translucent plate 16 may comprise a Nb filter,
a Zr/Si multilayer filter or a Zr/Nb multilayer filter. Likewise as in the embodiment depicted in
Figure 3, the application of this sensor system 1 may be used as, for example, a contamination
monitor or as a dose sensing system.

[0045] According to an aspect of the invention, the embodiment of Figure 3 uses a filter
that stops Sn debris while still having some transmission for EUV (e.g., a 100 nm thick Nb
filter has an EUV transmission of 62%) and the regular cleaning of the filter uses hydrogen
cleaning. This can be done by rotating the filter 16 such that it passes through a cleaning station
5 each round trip and putting an aperture 17 before the filter 16 such that the detector 10 still
experiences EUV, but the part of the filter that is not facing the detector is shielded from the
source 4.

[0046] As a practical example, an EUV detector 1 according to the embodiment
depicted in Figure 3, is placed at a distance of 10 cm from the EUV source 4. The EUV source
4 typically generates an amount of debris equivalent to 10"°-10"® atoms per pulse. For a
repetition frequency of 15 kHz, a total amount of atoms of 15%10'8-15%10" per second is
emitted equivalent to 2.5%107 to 2.5%10™ mol of Sn (for a Sn EUV source). Accordingly, in
this example, the flux of Sn atoms per unit area (at a distance of 10 cm) is 1.98%10™ to
1.98%10 mol/(m?*s), corresponding with a deposited mass of Sn of 2.35%107 to 2.35%10™
kg/( m**s) and a layer thickness (density of Sn is 7.29*10° kg/m®) of 3.2 to 32 nm/s. Using this
example, a typical Sn-cleaning rate would be between 3.2 to 32 nm/s or better, which is
conceivable, for example, using a hydrogen cleaning method by supplying hydrogen radicals
15 from a hydrogen radical supply system 13 as illustrated in the embodiments of Figure 2 and
Figure 3. Of course, the cleaning method is not restricted to this type of hydrogen cleaning but
could be another cleaning method, such as halogen cleaning or the like.

[0047] In an embodiment where hydrogen cleaning is applied, desirably, the surface to
be cleaned is provided with a cap layer having a hydrogen radical recombination constant less
than 0.2, which, for example, may be provided by a SisNy4 layer. Such a cap layer may greatly

improve the efficiency of hydrogen cleaning.



0.010.01 [0044] Figure 3 shows another embodiment of an optical sensor apparatus. In this
embodiment, an EUV source 4 is depicted. Also, there is depicted an optical sensor system 1 and a
debris removal mechanism 5. Here, a sensor surface 3 is a surface part of a rotatable EUV translucent
plate 16. The removal mechanism 5 is arranged to remove debris 8 from another part of the

translucent platel4®!8T e gsldieonsareiptive ﬁﬁat@dco/daﬁim@ah@bl_mhmmméﬁhyt i éreﬂﬂe@ﬁdé‘_iﬁ_t
pos'“one‘ﬁl&f%fs@x?&@&%‘%é&&ﬁ%#?oﬂ?&%?&x_é‘ RSHA {Q&ﬁfts%ﬂq @’ﬁ‘%[;‘?épé{“%eﬁ{ bRPsiijoned

near the removal mechanism 5 is cleaned. Alternatively, the plate may be shifted or translated to move

a portion M%@dmmgrmaﬁdhm@ﬂﬁmim@ﬁwa mmahiosmBouiiherate wieabemy Xanslucent
plate 16 seloctiyelyRARPERIRURUIQPNIN WRKEERAS INBJAN98/95 105 o RIANS ApiciRARle, the

EUV translucent plate 16 may comprise a Nb filter, a Zr/Si multilayer filter or a Zr/Nb 'multilayer filter.
Likewise 8 pnttdizermsosinfsn dapitren ithgureldthee inmblcdioeroy ehisitepsmosy dhanabavay be

used as, {9p 96%@?@0?499@%&%%[11@9&?%@5&%& d056iSANAMNG HSED: betwkIR ] BEEPrding to

an aspect of the invention, the embodiment of Figure 3 uses a filter that stops Sn debris while still

having sorhérastiysissiag firthURIU0E detestond end arfierteuly firrtatiems ofrl Ecny, taansoibsdn of 62%)

and the r?ﬂéﬁ'@én%?@ﬁiﬂ@r@ﬁﬁ@&éiﬁ%ﬂses hydrogen cleaning. This can be done by rotating the filter 16
such that it passes through a cleaning station 5 each round trip and putting an aperture 17 before the

filter 16 such thd08481dR edexdpa o Jtigepbricgien & Ulpstgicthehpwinsfatrdatioay kegenBMcing the
detector ig sligldaH-LPMIRAPLUEEEA of cot@ARKiAS A PEaRIIGS] XA BB v R Y feleGiRIodt

according to the embodiment depicted in Figure 3, is placed at a distance of 10 cm from the EUV

source 4. amEonentishikaionghipe atkesrin dhgteansmisiansentdofiershriadgtinafdneidenoasl 1016 atoms
per pUBetrEx%ﬁt{@cP@ﬁEi%?, fé?)?é’r?é?@éﬂ &éc%dé%ﬁh%ﬁﬁé@b?ﬁﬁé%%@iéﬁ%%@f LRahihtd per

second is emitted equivalent to 2.5*10-5 to 2.5*10-4 mol of Sn (for a Sn Eli'T source). Accord’mgly, in

this exanfiRiaR@afisadhickngss gis! pen certespeadariliehnreeedn tonsmytiancogk i thsvbiahdgano-3

mol/(M2*§) - GRAIEG SRR IRENAIR 2 ASRESIRELRAFEIS PRIAl 3 RE8rOHO: 230 HA4Hah 882 gband a
layer thickness (density of Sn is 7.29* iO3 kg/m3) of 3.2 to 32 nm/s. Using this example, a typical

Sn-cleanfi'pErEtansa Ebe isahoubh. B andofarail s hickaeshiiantiansspéansiziads alaesple, using a
hydrogen.glgaging segihod by supplying hydrogen radicals 15 from a hydrogen radical supply system
13 as illustrated in the embodiments of Figure 2 and Figure 3. Of course, the cleaning method is not

restricted to thisIBAS8lofrsRIdnely creasiHg Rt @Sl Banshutisce radiohy Medéerteuth s halogen
cleaning psiRgilecor the IR BT %Mi%%d’i@%@cm&’eﬂi’?ﬁﬁ“ aieaninchisepplirdigerirably, the

surface to be cleaned is provided with a cap layer having a hydrogen radical recombination constant

less thanlyr (uifieRtamination may withehacsvsuraie $ovd S Nmeape MaEFPY éassaai e Anedy dreatly
improve hgtiigiencyiafhyJregem c\R8HEor example a leak in the vacuum tank). Continuous

monitoring of the transmittance ratio detected by the optical sensor system 1 may therefore be a
means for timely and adequate action to be taken upon detected irregularities such as a sudden
increase in contamination. Furthermore, in an embodiment, the scintillation material is
YAG:Ce having a conversion efficiency of around 2 to 3% (i.e., converting EUV radiation into
visible light). Another material, CaS:Ce has a conversion efficiency of around 0.1 to 2% and is
also suitable.

[0051] Figure 5 shows another embodiment of a removal mechanism 5 configured to
remove debris 6 from the sensor surface 3. In this embodiment, the removal mechanism 5
comprises a heating system 18, to actively or passively elevate a temperature of the sensor
surface 3. By elevating the temperature, a dynamic equilibrium may be reached wherein the
amount of debris deposited can be matched to a debris evaporation rate, for example, in the

case of Sn debris, such an elevation temperature would be more than about 900°C to maximally

about 1400°C. Accordingly, a continuous or semi-continuous state can be reached wherein
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[0048] In addition, a rotation frequency Q is desirably chosen such that the time that the filter 16 is
exposed to the radiation source 4, the exposure results in a Sn layer of about 0.8 nm thick, or, more »
generally, a thickness ranging from 0.4 - 2 nm For a growth rate of about 32 nm/s, this would imply an
exposure time of less than about 0.8/32 = 25 ms. With a typical value for an active sensor area 3 of 1
cm2 this woeldrtisatendgslyimineame discitpestweonentmer sboanireli/o oS suEmenis covhiieh could
contespondr yblcal aglal deianseearen ASENes AN AEARSHE QLN dlstector 1

and a center of rotation of 15 cm, to a rotation frequency of more than 0.4 Hz. 0049] Referring to

Figure 4, ygipgshnidiniisetsdd strontirigiagrbratios betmrnen20\gunfianesd iedrred %M%hdl a degree of
contaminafipy; ACGRIANAY w1 SR MBLIRGI5J% AURRSLAP ARSI IIAARRR igherein the
transmittance, defined as a ratio of incident and transmitted energy, exponentially decreases with
thicknesstemedsdbbrenteyentarod endiviple fhectsttetnnnation thickness of 1 rim corresponds with a
change in transmyjiagce.pfintorpRichisian prewAGY HidkisoPimalRps L peRiges Withvadadiation

sensor. For a 30 nm thickness, the transmittance ratio is about 0.1 and for a 100 nm thickness, the

transmittfheeingiaistdrve? }aa ceatbiaasierowith angBss)sadus et file 23 manbaeblatrcool
transmittangg radia Gy Jhe dgtaeies s dnsisalief heamanataladramipatan mpisspsgifically, of

the thickness of the debris layer 6. Contamination may either accumulate slowly in time, or may grow
instantly deeweter plowiesn be scaladhe vanambeastdentopesteahiptasnisalomitienasutaiank).
Continuog@gp@ﬁgg of the transmittance ratio detected by the optical sensor system 1 may
therefore be a means for timely and adequate action to be taken upon detected irregularities such as a

sudden increasd (033 fdamimaniere withpembedimentherpisauny banted isdkginigisinedarBUY YAG:Ce
having a coRVesInSMESNCY /haHP dither @Bk thRtioeBY RIEAG HiVided Alier Rigwisble light).

Another material, CaS:Ce has a conversion efficiency of around 0.1 to 2% and is also suitable.

[0051] Fi§gHe SR HiswsnsaptysicambatfiEN spursethdlevarserianerdinEonmypesritheipeis debris 6
from the seasRy FUigas: ?&Mﬁ%ﬂ%ﬁ%&%@%ﬁﬂ@ﬁ@@mé FA'BRIIRBR AARLING System

18, to actively or passively elevate a temperature of the sensor surface 3. By elevating the

temperatiieindighasaetaainmptitiap ey ovenchbe whtvainapdammathst a1deriscdbpbditsd can be
matched {Q.8 H&%ﬂér%%@&gé%%éﬁéﬁ’fﬁﬁs%%ﬂweg&%mﬁfﬁﬁ%ﬁl RHehisc Ay AraplaYalien
an about 900C to

temperature would be more t maximally about 1400C. Accordingly, a continuous or

semi-contihthsusdigtiengnerateddonte WHY envresr araaxiran d4biin 8 frurbcs ssrmpaisletments or
contamingfian MeRARL SMGHIR (3R PerapRA L ASIRbRIATWRIEy Sch A AeRiciedIniigy R, the

sensor surface may be surrounded by upstanding walls 19, comprising heating elements 20

configurei@a HaeH R Ay alIo i haicHienpingIromEy i BanbFadtiersd Hem HifIRPRIG: 21 to collect
and collipaie JighbIRwatdsHb ¢ rSBTREE SRR fRBE: ARIRHGintons 190 wither, for

example, in the setup illustrated with reference to Figure 5, a 10 mm flowing water layer 22 in

combinatiddiation SeTRROEBYire et sadifersshe i eradiion dpl aheapothat infuber 6 w
respectively dhasid anvaResSiTesE RIS &) Thus 1Redaies:of tbawalE! dirwosnhesraled off

using a broad-band spectral transSmission filter, e.g. Mgi:2, Si02 or CaF2. = [0053] One or more of the

embodinf&e the@iivhsaynse 4te b EWMmBrss e acelbesios dapsriaaiahy sklducalither debris
mitigation peads PIMAgertin e AatwaYsRRN thesRBsBhsRIsI B0 B SORGS-4. However,

depending on purpose, the sensor system 1 may be present further downstream of the radiation

system Zofbectivermwiicas thet grastarkrdat artistansaengipy e straioly, hetweanlanthasfrap may be
a device MiatHs6vRNigh BRSO oiessiéanied irdralignggdgenerally parallel to the direction of

transmission of the radiation generated by the BUY source. Contaminant debris 8, such as

micro-particles, i98fdl phihershane Riraorafmotimpies of theeonisrl pratasansyatNs dercplids. Thus,
such a fillap fHOEEANRs B EPREH %@%?MU@(&@H%@%M RO tHALEr Bk ierdhe sRIIce.

Downstream from the foil trap, a colle may be present which functions to collect EUV radiation

from the Bep\Peysrd dndivathst dewastse Rt inftraISdamepaRarGriariasinidaed abthhstream
by projecliarpPticpartitusr 16 GRUBHIQ ©NUERIART ARG B Y Iadiatieniiomh R F A esBB R AtO further

BUY optics. Such a collector element may be cylindrically symmetric along a central axial direction and

comprisdliotresptrisaiire mrraeha deemibueramnsedve Gerfld¥swiation soprerdyemgitiStance ranging
substantigliy hefyeasbdedndid P o HRIRAIVRN i EBRYARiRbRsMultilayer normal incidence type.

[0055] Although specific reference may be made in this text to the use of lithographic
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[00541 Although one or more embodiments of the optical sensor apparatus described herein has been
described as an apparatus located in the vicinity of the source, the sensor could also be used in further
downstream optics, for instance to measure a contamination level of the system, in particular, for
instance to measure carbon levels or the like. In such an embodiment, the sensor surface may not be
directly exposetuointbaBunutdhationfd6isrdeshorlh by badinstived ihae poktw sriplvaammembie BUY

reflecting quidtea RGnl AbRHAN shaclliptelRieRce,tirk e Wadeal s derldpdiedisaiehithographic

apparatus in the manu it snould be understood that the lithographic apparatus described

herein maydtewe, grdanmepiiskdingicuphtiesnhfonTargifeltt entfinegmares opticarnsistishlayyuidance

and deteqfian pRtssQhesness fomammemeras flalbane! iRy doidsarysip! displays

(LCDs), thin-film magnetic heads, etc. The skilled artisan yvill’_appremate that, in the context of such
alternativer@sptietaidas inthepoatoktiod Teehalteregiiye gpplikatinaseiyieg bthe s rewpiyy” or

synonymoys with the moie geNSIRLITDS  SYRSITALE Wit 1REIRERASAGIaI RARECUMBaFPE, SUbStrate

referred to herein may be processed, befdore or after exposure, in for example a track (a tool that

typically ajspigsspettont. ceseesivelyahasstbateatgraterscdiopsmia BRyGSaIqessisry, hetserenad§iool
and/or an.psecliqn fooL MHNGLe aRekcakie: s WHaRY S pRESNIRRY HeaRRlisd Wriuchcand other

substrate processing tools. Further, the substrate may be processed more than once, for example in
order to cieegtopsiheigpgradiTsish. tharetiel eayion) saeharan datperdiemionhy insseratalieablesthisstrate

that alreagly GontAINS,WHIRIE RI9GERSE A48T Smd oHRPSAIMUROMIR SRR SIS eRRRe, MRy have been

made above to the use of embodiments of the invention in the context of optical lithography, it will be

appreciattbeatameinbentRssyiedysaLdes anethir sspreitisherder exaniie mptnaNgdgrashy, and
where the;comtext 3l Qs AL 19:RR1IAS) HRaHR bR RN LIFEASr RBRMASARAAFAPNY In a

patterning device defines the pattern created on a substrate. The topography of the patterning device
may be ppeeessgerhlayaayer of resist supplied to the substrate whereupon the resist is cured by

applying electropaspr AT HRHIAIR IRt ISR/ A OREIANAR $h6veal dbeRastering device is

moved out of the resist leaving a pattern in it after the resist is cured. = [0057] The terms "radiation"
and "beafithasimeisaf the dorapaes ey sestsrbrl aptsrhdfmraplanaifonillha damgcintedionét (Uv)
radiation §ig.gn\AYI0E AWHEISODHH et AHaABRs IoPeldflpitIthplif Bhd2RpY) Alirhaidieme

ultra-violet (EUV) radiation (e.g. having a wavelength in the range of 5-20 nm), as well as article

beams, stherrerieshabesmdoraiinisd eeptisal lithogsehy e feprindibo afpe Hlows,
may refet, 0, A0y Q1310 O MUHRSLIAR RhNAHQYSAER%R AfsaRlitakCOMPRPEBisp Y diRG sntasiye,

reflective, magnetic, electromagnetic and electrostatic optical components. = [0059] While specific
embodinavisempehavsersen iniva lssenadsesisbemrlisl e thevintse apprbeiaieanibe trdshivention may

be practiggebatenyi36 iianes drsciidRd-RkieY Rl epiEQURYSH QB b kRS tHigetimIIRf @ computer

program containing one or more sequences of machine-readable instructions describing a method as
disclosedalepinoierisstis srovagout of the resist leaving a pattern in it after the resist is cured.

[0057] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having
a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron
beams.

[0058] The term “lens”, where the context allows, may refer to any one or combination
of various types of optical components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.

[0059] While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences of

machine-readable instructions describing a method as disclosed above, or a data storage
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medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer program
stored therein. [0060] The descriptions above are intended to be illustrative, not limiting. Thus, it
will be apparent to one skilled in the art that modifications may be made to the invention as described
without departing from the scope of the claims set out below. CLAIMS 1. An optical sensor
apparatustfediuse(megaseantmedectdtradiolety Eughdihogrephial sysiehavospridingcompatebptical sensor
comprisircllgrﬁ%%éerplss ( §%E&_%}%gi,nwherein the optical sensor comprises an EUV sensitive scintillation

0 :

. O . . . .
material rising e and a detector configured to detect photonic energy emitted from the

scintillation mateli@b fspdmssntiauintitationdatesdddy britlesreyy ratilamsimaddius, i véthoval
mechanisgg gonfien s RAIGHAURY [ MaVR defiadels petRi TR R bRitRreval
mechanism Ing a hydrogen radical supply system. 2. The optical sensor apparatus of claim 1,
wherein tHeshyitied geithoadiidenastipg {remsiens copanpfitwscloimgisotet heloWupply system and a radical

generator. 3. The optical sensor apparatus of claim 2, wherein the radical generator comprises at
least one of a filament and microwave.
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4. The optical sensor apparatus of claim 1, wherein the sensor surface comprises a cap layer having a
hydrogen radical recombination constant less than 0.2. Si3N4. 6. An optical sensor apparatus for
use in an extreme ultraviolet (EUV) lithographic system comprising: an optical sensor comprising a
sensor surface; and a removal mechanism configured to continuously remove debris from the
sensor surface, the rengtlvallM8chanism having a hydrogen radical supply system, wherein the sensor
surface comprises a surface part of a rotatable plate and wherein the removal mechanism is
configured to remove debris from another part of the rotatable plate. 7. The optical sensor
apparatus of claim 6, whereinAine aptistd bienstateppamtEUlotrass|icemn ghiteroe antrRYYigefEkive

scintillation material.
lithographic system comprising:

an optical sensor comprising a sensor surface, wherein the optical sensor
comprises an EUV sensitive scintillation material comprising YAG:Ce and a detector
configured to detect photonic energy emitted from the scintillation material in response

to scintillation caused by incident EUV radiation; and

a removal mechanism configured to continuously remove debris from the sensor

surface, the removal mechanism having a hydrogen radical supply system.

2. The optical sensor apparatus of claim 1, wherein the hydrogen radical

supply system comprises a hydrogen gas supply system and a radical generator.

3. The optical sensor apparatus of claim 2, wherein the radical generator

comprises at least one of a filament and microwave.

4. The optical sensor apparatus of claim 1, wherein the sensor surface

comprises a cap layer having a hydrogen radical recombination constant less than 0.2.
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8. The optical sensor apparatus of claim 7, wherein the BUY translucent plate is configured to
selectively transmit a spectral range of a beam of BUY radiation from the EUV source. 9. The
optical sensor apparatus of claim 7, wherein the BUY translucent plate selectively passes radiation
with wavelengths in a range of 10 - 20 nm. 10. The optical sensor apparatus of claim 7, wherein
the EUV translucent plate comprises.a Nb filter, a Zr/Si m er f||t or a Zr/Nb Itlla er filter.

11. The optical sensor apparatu SPECAHTLSYarRARAS 9 éa eﬁ%"olr § 63?6@ S |scéor¥°flflgsﬁ?ed to
be used with an 5} radiation system; and the EUV radlatlon system includes an EUV source
haying a laser in plasma source or a discharge produced plasma source.

6. An optical sensor apparatus for use in an extreme ultraviolet (EUV)

lithographic system comprising:

an optical sensor comprising a sensor surface; and

a removal mechanism configured to continuously remove debris from the sensor

surface, the removal mechanism having a hydrogen radical supply system,

wherein the sensor surface comprises a surface part of a rotatable plate and wherein the
removal mechanism is configured to remove debris from another part of the rotatable

plate.

7. The optical sensor apparatus of claim 6, wherein the rotatable plate is an

EUV translucent plate or an EUV sensitive scintillation material.

8. The optical sensor apparatus of claim 7, wherein the EUV translucent
plate is configured to selectively transmit a spectral range of a beam of EUV radiation

from the EUV source.

9. The optical sensor apparatus of claim 7, wherein the EUV translucent

plate selectively passes radiation with wavelengths in a range of 10 - 20 nm.

10.  The optical sensor apparatus of claim 7, wherein the EUV translucent

plate comprises a Nb filter, a Zr/Si multilayer filter, or a Zr/Nb multilayer filter.
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12. The optical sensor apparatus of claim 11, wherein the plasma source comprises Sn or Xe.

11.  The optical sensor apparatus of claim 1, wherein:

the optical sensor apparatus is configured to be used with an EUV radiation

system; and

the EUV radiation system includes an EUV source having a laser induced plasma

source or a discharge produced plasma source.

12.  The optical sensor apparatus of claim 11, wherein the plasma source

comprises Sn or Xe.

16



