LITHOGRAPHIC APPARATUS AND HUMIDITY MEASUREMENT SYSTEM FIELD
[0001]The present invention relates to a humidity measurement system, which may be used
in a lith&JERoGRAPIEO APTARAETS A ND HUMEIIINYMEASUREMANKGROTIND
[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 used, for
examphg, i the manufacture of integrated circuits (ICs). In that instance, a patterning
device, which is alternatively referred to as a mask or a reticle, may be used to generate a
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silicon watfer). Transfer of the pattern is typically via imaging ohto a layer of
radiation-sensitive material (resist) provided on the substrate. In general, a single substrate

will I rk of adjacent target portions that are successively patterned. Known
V7 \ojiderid

litho us include so-called steppers, in which each target portion is irradiated

by epmaing am eitiseraghicp PR argehPRHAN HHues diesiranshaersalieslsaanRnats, in
which each target portion is irradiated by scanning the pattern through a radiation beam in a
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patterning device to the substrate by imprinting the pattern onto the substrate. J0003]Many
meastsmpibied prifeipid dceadst taseasureibignmidifybeviniet tim smeTeteinaurmsitapatgsioto be

applications is alsg . used jn a lith raPé;y arajus. Most methods do not measure the
o A L R e T R AL el e ol S SR B
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change in reflectivity of a chilled minor. Direct methods include cavity ring humidity sensors,
whidheREE PR ArRibabYptia rasingaie arsr ebradiphnty somtbrmratisna! arismeavidisha
sengard UGl iR TiRRRSWRIgR QlivmanalPhshiadiatioreereralsdey - Slestigahs
discharge of hydrogen. Cavity ring sensors are only suitable for very [ow (<ppm)
conduiEtivmsessirsinpalttiacse Kewrsmlishegrechiarppardthaiehidimsicechll fdistopoirsdurce
and i 0.contamination a ge radation issues. All sensors that rely on 2nd-order
e e ST R TR Sl Pl
invaluedinteyndrso aculighsadiviedys ver whioleaokl arite piatemimeasiaedenicliaging 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] Many measurement principles exist to measure humidity, which in some
circumstances or applications is also used in a lithography apparatus. Most methods do not
measure the humidity of the air directly, but rely on 2nd-order effects: for example changes in
electrical properties or mechanical resonance frequency of a hygrosclopic coated substrate, or a
change in reflectivity of a chilled mirror. Direct methods include cavity ring humidity sensors,
which use optical absorption to measure very low (<ppm) concentrations; and [yman-alpha
sensors which utilize the absorption of lyman-alpha radiation generated by an electrical

discharge of hydrogen. Cavity ring sensors are only suitable for very low (<ppm)

concentrations. Lyman-alpha sensors are inaccurate and have a limited lifetime of source and
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SUMMARY [0004]lt is desirable to obtain a humidity measurement system which may be
used in specific circumstances in lithography applications, which have a sufficient accuracy

and pRRSWRITMS BbABIRi 19005 INraeseingt it anash el afrifind MvaiB uiee dsdereyided a

humidity measurement system that includes a tunable laser diode configured to emit a

meaSHreFsen Taeiiombinfaaling @ aVenitegipored o e Ringiret RroRoSHE We/EfEngth
rangg, ComPUSING. A RINMAYS SR AP SRR ANV, AR ARFRIRIgLLPeak of water molecules,

and a signal processing unit'connected to a radiation detector configured to measure an
intensity of the measurement radiation beam of the tunable laser diode subjected to
absogﬁtﬁgl %& connected to the tunable laser diode for obtaining wavelength information.
The ssing unit is arranged to detect an extreme value in a measured intensity as

funcligongf the wavRisingile andoiginal ulaidis, unididmaius framihict etagtbe Bxtt éme
value. [00061According to an aspect of the invention, there is provided a humidit
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wavelengih. in.a.\wayelength range, the wavelength range comprising a first wavelength
associated with an absorption peak of water molecules, measuring an intensity of the

meabfiFhent fetienddretie amaspejeetabiainapriorptibwrasstorotdedor avididngipasyassihg
an extreme,value in the measured intensity inthe elength r lati
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y value from ected extreme valu ccording to an aspect
invehtioingtherevid gt tes waitt egg dphicgaprretuslensghgengodrapsitng phtkern from a

patterning device onto ﬁ‘lsu%sgﬂgg%% wherein the lithographic apparatus further comprises an
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system, the interferometer position measurement system being arranged to receive humidity

dataredratiovrdeaonodihpdselqboosiiodsetsted dn duoseion thdipRriibi ihéte ignable
prOVfgs%g (ﬁA'&Q ?9!%8@&&%0@5%‘1’81@ information. The signal processing unit is arranged to

detect an extreme value in a measured intensity as function of the wavelength and to calculate a
humidity value from the detected extreme value.

[0006] According to an aspect of the invention, there is provided a humidity measurement
method comprising providing a measurement radiation beam having a wavelength in a
wavelength range, the wavelength range comprising a first wavelength associated with an
absorption peak of water molecules, measuring an intensity of the measurement radiation beam
subjected to absorption as function of wavelength, detecting an extreme value in the measured
intensity in the wavelength range, and calculating a humidity value from the detected extreme
value.

[0007] According to an aspect of the invention, there is provided a lithographic apparatus
arranged to transfer a pattern from a patterning device onto a substrate, wherein the
lithographic apparatus further comprises an interferometer position measurement system and a
humidity measurement system according to the present invention connected to the
interferometer position measurement system, the interferometer position measurement system

being arranged to receive humidity data for correction purposes.



arranged to transfer a pattern from a patterning device onto a substrate, wherein the
lithographic apparatus further comprises one or more immersion system components and a
humjditpsneasutemecSiSiaRpEaUEING i6-HRE i aBeR! HMRVHGR 19 IeASHHR; Puppistihuln air
extracted from the one or more immersion system components and to determine a thermal

load BHHBseddAdTaRES EnrHRTR SR spattsmitsdpuise Ao DB cordistF D A aspect of
the ipuRniomithars.isRiauided aolithaganhic ARRARi RIS MRS B RYRRAHGRRSITucted
and arranged to support a patterning device. The patterning device is configured to pattern a
beahustifadimasummenistyatens appodiig to Hutpressdtamdkafiemyen dassrgiponiditsubstrate,
and a projegtion system is constructed and arranged to project tterned beam of
e e L S e S S e S e R ope
arrangehktonmeasiote Arpasiion ofstem svhgisatarand a humidity measurement system
connected to the interferometer. The humidity measurement system includes a tunable laser

diodt? &M guredr Raa FRESREFERT At FAVRHSH HrtediHanHgs ditaosrmphisraparatus
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absorption peak of water molecules, and a signal processing unit connected to a radiation
detetevicedhfifiiadred faausigra ahdmeatmgdittie Meabsiamenprattiovnbeustednmde

tunq9|§| Seldig | 0 orption,. cted to tunable laser diode for
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extrpatematlecimaoinedstireddnte tsityubstfatectifine aptheava vedbnihaanditofeaioidate a

humidit%} valug fram the detected extreme value. The interferometer is Qanfigured to receive
f
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[0019MAsaisine-tedan aenaeRibnttayentio Ruthrneyimpiausaee Jyhesl arNEaPPaRiRIR that

includes a support constructed and arranged to support a patterning device. The patterning

devieshiestfiiREaursbintemit 4 Breansmeriizbing oo bapayhite e ppo scostisivcted and
arr%&@&&?@y%%@b@gn%%g%m px %&gﬁﬁ@d&&&@ﬁ%ﬂ%@&&@%@%ﬂ%@ to

project a patterne nto the substrate. The apparatus includes an
imnadssitri sy ek posittonsd loetles emihe sigoi plioressysgaminnchtieetsdbstrataiatipport

and/pr the substrate,,and a humidity measurement system cons ucteg)and ranged t
oSN TRl BB O HaTi SOFBHGHAI B e T
andiisegdieganingjtresinal doashivih e fi dBre i B BRI NIUSEE Al CRITRONRALSInkhe
humidity measurement system includes a tunable laser diode configured to emit a

medSHE et ImndirBe dReHgIALPEORR S NgihifPE ARacd ferlstR My i SR gth
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and a signal processing unit connected to a radiation detector configured to measure an
intedditgted tiérensacinemEhe iatticfionmistents obifigueiaiol ecierdes biimldisy dpsztidndhe

abslgl)rgtign and connec%ed %o thF tunabk%.laser diode for obtaining wavelength information.
1 IES’ measurement system 1or COIa'ﬁ%C 18ﬂ % 0SCS, . . .
The signal"processing unit'is’arranged to det CPRR&xtreme value in a measured intensity as

fungoieropf thevaarelapgshnaashtecafebiaie anfivmitdityevalperiiand thatBeiesiBr axpames
value. BRIEF DESCRIPTION OF THE DRAWINGS [0011]Embodiments of the invention
will BWRSE BRSE SRR ThS RS ted 2Rh BIEBEY, LU RPPROME FeprEeTB g SdEs mbRs hagming

schemrtiapasin bire e SaReBtiagisIeceBMmRO AR SRUSaRR iRy parts,

~and in which: [00121Figure 1 depicts a lithographic apparatus according to an embodiment
of tiganged to support a substrate, and a projection system is constructed and arranged to project a

patterned beam of radiation onto the substrate. The apparatus includes an immersion system

_ positioned between the projection system and the substrate support and/or the substrate, and a
humidity measurement system constructed and arranged to measure humidity in air extracted
from one or more components of the immersion system and to determine thermal load on the

one or more immersion system components. The humidity measurement system includes a
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invention; [0013]Figure 2 depicts a schematic diagram of an embodiment of the humidity
measurement system according to the present invention; and [0014]Figure 3 depicts an

exerpplany.gheRuRiRRIAIBNRILY Brefie Amidastianaf maxslensthnBEAAlER velength in a
DESCRIPTION [0015]Figure 1 schematically depicts a lithographic apparatus according to

one eanblstitherange. e inoeslgngthThesssoaRRS N s GripHiSEy glenptirpasiF csy 8 tlnen
(llurnatg - CORNgUISALIg 6P gi%g%ﬁ‘dr%g %@}P%g@& (Snl YnERAIAYEY AR

radlaﬁlon LPpport structure (e.g. & mas MT constructed to support a patterning
dewdetéetgr eonfasicpdid masbaenneciedsioya fitst pesiivaacktivhdanbigurenntofabeunatble
p05| ion the patter nln device in accordance with cer eter te support
(o 0 Eoe, NG P IEdD ELTEP i OB SHOREELY 0 Aol FatE s et e
Wafe&)a\//\éléﬁ@d@ﬁﬂﬁﬁﬁ&ﬁ@ﬂo Reaens p@ﬁéﬁ%ﬂ%’ﬁW@@ﬂﬂﬂﬂgﬁ@dﬂ@e&s&mw&ﬁﬁﬂﬁm tha

substrate in accordance with certain parameters; and a projection system (e.g. a refractive
projdeeRTIehiptgpsibney feseinmal faeavsieneth anddnscmie adumydity vaiefomstam B

by pagt%%@ device Ma.onto a target portion C (e.g. comprising one or more dies) of the
substrate W. [0016]The illumination system may include various types of optical

components, such as
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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:

[0012] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0013] AFigure 2 depicts a schematic diagram of an embodiment of the humdity
measurement system according to the present invention; and

[0014] Figure 3 depicts an exemplary graph of an intensity profile as function of

wavelength.

DETAILED DESCRIPTION

[0015] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises an illumination system (illuminator) IL
configured to condition a radiation beam B (e.g. UV radiation or DUV radiation); 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; a substrate support {c.g. a substrate or wafer table) WT
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioner PW configured to accurately position the substrate in accordance with certain
parameters; and 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
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refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.

[0017FthensUpROrcatipeisiig suppeimrt dikgaraiibeuveiatt v, the patterning device. It holds
the patterning device in,a manner that depends on the orientation of the patterning device,

the dB8IGH of tHEGiHHEBIAAHAN PSRRI I EIBRAMSEO I SRtis el COTmOBsHipI sURhather
or NeLARLRALIRIANEHENIGS a1 eI BACHUID, SRUBEMEN: LRRSHPROHIFHCH e can use

mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning
devieemphecstp pb anstagorbipatiny theseofraon divectingbibapin g xaepitolling redistjobe fixed or
mov, S reguyli T t structure may ensure that the patterning deyice is.at a
desil’fhel?cji%isitio?:l,{{c%(“jl g&é}rﬁﬁé@\%ﬁé Sf?é&é%gerg ’tléeth%é aﬁ?oleec |8Hga}51§/g é%? B\?ﬁ%éﬁlgggo The éI?ms
"retiblddothnpatitrinegeiev ioain henaansidesedepyndnyimbesiditution ofokie gerenaldelvice,
"patternjng device." %5018 The term "patterning device' used herein should be broadly
intenrgﬁe‘{%%%%qgﬁ%?lli T ADRE HaPRAThE GEBHHS T SUFR AT AN BPRIEAHRSAER o
pattaE iRdisREPRRISACIRR ARDER IVHaRIE arRaliardn. arirrogiRertign@hiibeauRstrate. It

should be noted that the pattern imparted to the radiation beam may not exactly correspond

to tHEEamHsal psttanclselieyiglic po aIbr slameisgosalumiaursriekaidshe ipatierpiageadevice.

incl -shifti j S e [ rted
o e R B R A R ee
createctquitied. tdfyetypprtiostnsucts asgeimegtized et 181 Td patietaingddevitemay
be transmissive ar,reflective. Examples of patterning devices include, masks, programmable
Sl e SRR T R e R AR R e e
includeemasktp e iddaisshivamm slile wishiie: RRasersiift] adthaenudiag abasesshift, as

well as various hybrid mask types. An example of a gro rammable mirror array employs a

matt0iBlangethe st Sratarpmgsievieacrsed Wrin brordluintenpaeiahag soiSTFEIB Ct
an ipeanying.sadiaticsRsaLia @ﬁﬁ%mad&%{?&ébéﬁ?[&l{ﬁ% ]@ VRS AR AEL & RAUGIR R4

radiation beam which is reflected by the mirror matrix. [002 he term “projection system"”
usedshe@itatshppitidin brodaligeimerpestetiths ehstmipdssingidrhetyprebfhptdlecpidtesy stem,
including refractive, reflective, catadioptric, magnetic, electromagnetic, and electrostatic
opti P S e R B ML e TS i Ve e s TG teing
usegomicioo bthesibsiars, Soickkamplei f e phasriMRIe PltWidIef e fsriek anMactuIad
Any use of the term "projection lens" herein may be considered as synonymous with the
morS YRR Y prEIEY L B BpRmimpsstes ost b radintion feepranuill seriesrand tefa
ransHISEME ARSi6A4 1S/OPIRY AeAH BERIDISRIYE IR AHEI RIS sHE APRAIARS Ay be
of a reflective type (e.g. employing a programmable mirror array of a type as referred to
abo@eswt- employing a reflective mask).

[0019] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable L.CD 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.
[0020] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,

magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
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[0022]The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such "multiple stage" machines the

additigpalahiesmay beseerd iipaiallebing RIBPATAION: SIGNE Y A firRduRebeRNe or
more tables while one or more other tables are being used for exposure. [0023]The

lithograpiisieipliavites taysaisbr@ormydeyerimat eas iqiettion 6rth EgaPsmatbmay
be C%ﬁéﬁ%& %'&gﬁéﬁoi}l%ﬁ}%tﬁ%%%% g&{é{zﬂf@}ﬂ‘@ﬂﬂg&%& sifjgter, so as tofilla

space between th jection system andthe substrat n immersion liquid may also be
appli@d2d] otheAspeacek:jictké, ileagpitics apphadtassifosexatpptd cleeergdoying mask and

the projection system. Immersjon techniques are well knpwn in the art for increasjng. the
e e R S e
MmeaprHpadArsblehiieros Ush R fa Sunsintefcmustda sulreeeaatovitig wickfladtivathesinly
means that liquid is located between the projection system and the substrate during

expd80722] [0 2iREthparp i eRA%ANS Wil pladigre hadegivee @ealfHesh BeafiSrom a
radialighSeHian Pndle SAVErS RGNS e ARG RRPAAKIN dIBL PemsRaRRLaIRN ities,

for example when the source is an excimer laser. In such cases, thesource is not

considéitehad tries prary bé tredithpgraldtlioapprpanier antnheneadiaterrisd ot ipassed from

h? e aid.of a beaﬁdreéiver seystem BD comprising, for

the source SO ta the illuminator Il with, the S 168

moire 1a S one. or 3]
examp?lre, sufabvi’e |recff|ng mirrors ana or a beam expan er.}fﬁ other cases the source may

be appisigral pastlahtpeafitiogppakitapparalkishéarfexapplehwbentieasoupoetisraofngecury
lamp. The source SO and the illuminator IL, together with the beam delivery system BD if
requirbARYPBR e RoveddKE Bwaaiamﬁgs%%&ﬂvfé‘chﬁbﬁ@ﬂrﬁwa 1EAIPIBPSe

an agjygter HRIVAMNLRIRIShs Rnon B/ siBte aalvlistiutien o theradisHarBganky also
Generally, at least the outer and/or inner radial extent (commonly referred to as a-outer and

ct-inbreapriisgdethtbey pptasraiinheribp erenhisurrpaieus. gpﬁwﬁ@&%@mw aahthe

oo A DRI S o

beanpdimuhavé o ediatsystéormithenain témsityt disttibs tisslihcitsiic dass-settiean that a
structure, such as a substrate, must be submerged in liquid, but rather only means that liquid is
located between the projection system and the substrate during exposure.
[0024] 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 BD 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 BD if required, may be referred to as
a radiation system.
[0025] The illuminator IL may comprise an adjuster AD for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and G-inner, respectively) of the intensity distribution in a

pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
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[0026]The radiation beam B is incident on the patterning device (e.g., mask MA), which is
held on the support structure (e.g., mask table MT), and is patterned by the patterning
devicewriday el aveise@ihs masksMiinlagrrashiaiaombeash B-pases iMruabdhspieigsfion
system PS, which focuses the beam onto a target portion C of the substrate W. With the aid
of thRSEEsHA priditisnihewdiiipp bebriabrgor fevised vaifomatinrorisicesielisirhnban
encoglgfQlrsaRagitye sensor), the substrate table WT can be moved accurately, e.g. so as
to position different target portions C in the path of the radiation beam B. Similarly, the first
positl8AzeIPM dhd radisten bessitiBrissasison{amibh pettesnimgnirvile depictedsivEguraiichdan
be u 0 rately, position the mas with. respect to the path of the radiation heam B,
e.g. g?t@rtorrﬁ%%%aurﬁ%(é’%r%ttrﬁg\}gfﬁ% Pa ?ﬁ%swﬁ%ﬁ%rar ,’ (#? (gllfr' agégnsl,%(g%y%%%%%‘?%ﬁfnﬁé]%%eént
of thélmaskitadiesdd ThempdieMeglize ehiiitticihbeaid Bfpadengistroke thadu]ec(iansggem PS,
posit‘jﬁﬂing and a short-stroke module (fine pasitioning), which form part of the first

positBHEN PEFseshfRRAm e R i echRAEISD S thathesiatnie Wraly BB theiseef theigegnd
long pfsnleneneeiimand shaitratiple @ denitic BRIt RRY &f hitsecangQsitioner PW.

In the case of a stepper (as opposed to a scanner) the mask table MT may be connected to
a she#Ragibke ssetgakdnesipstutia taplsefikeanasionsd apedsibytate Wantypesitfigned

using: I : Ij L s Bl R2. Although
b e i oA R S e B A
located mmsihacpssitaiwearsdalget gortionseiplicd ndepined inds merkbg-tandaligrinent

marks). Similarly, in situations jn which more than one die.is proyided on the mask MA, the
sk A TR TR B e o S0 PR R EDE S PR Bt s
coulhbehuisies ttatieasiana alaraigieyinainages sdi0281deheraiensesientde maskdrble

MT and the substrate table WT are kept essentially stationary, while an entire pattern

impathde YoTtRer e asived aithdhsaid efalorgo ioks gee porisaacaperitaning)pad a single
statig,6¥PARE NI NG E?Jsﬁeﬁfﬁgwﬂ?cwt%%ﬂmi%@&%ﬂ fggfﬁ{ngr@%ﬁfi%ﬂﬂiﬁ% hat a

different target portion C can be exposed. In step mode, the maximum size e exposure
fieldatioviesnting eizkeoiitisrate datlp Siom G nagdtbéd assiggdsigttrasposdide §6029]2.In

scan,mode, the m tahle MT and the substrate table WT anned synchronousl
e AT TRt P AT SRR I0 Qe LB Y A SR GFETS
singlgshsedmia expeey ele ThalvelbrityranshdirecisnafitiesybpiriatatiacMdiselativede
the mask table MT may be determined by the (de-)magnification and image reversal
chaFB%¥é?%ﬁE§%Mﬁ@‘é¥%ﬁe“éﬁbW§§‘§W@W§é& BEngiearlalisumeaizaapispdl, M2

expasiigiigiddmitihevinindm ihenonsRcapning dirsclianigihedarostoatinnitagingle

dynamic exposure, whereas the length of the'scanning motion“determines the height (in the
scanatgietteny tdrges partienpehipmipdediBiredinthecon b cdnetmetiptatitmMihésdkept

essgrnet'allé/ “%%tsi%ﬂf‘}f}/ﬁ‘O'diQﬁ a n%g% rrr?arﬁ(rsga ge Hat}er?riln dﬁ{%\gcgi I?Qvﬂ.the substrate table WT
is moved or scannecf waﬁll?e a%la ern imp e tothe Fadiaton Bedm iécsﬂ%r@t DAts §t©

targetppovidud On thdhiashods, genasskheptisathiatiaton seUtcatis dxRpleetheaikihe
programmable gﬁa/ltternin%device is updated as required after each movement of the

subfPA tabid WWeBHiThaRRRA S GRRlkar st dintidkastiriieod it hostiag medssiode of
opefgiigy) canibe raadiy,ARBlisdie maRkass Nnegary S uilizasoiperammaple
patterning device, such as a programmable mirror array of a type as referred to above.
[00Zss e birsalsmeai il & ari gndrepeticand mpavedde sheibwhiathwtesior ia peogrotedicaty a
- target portion C at one time (i.¢. a single static exposure). The substrate table WT is then shifted
~ inthe X and/or Y direction so that a different target portion C can be exposed. In step mode, the
‘maximum size of the exposure field limits the size of the target portion C imaged in a single

static exposure.



different modes of use may also be employed. [0032]In immersion lithography tools, a
2-phase flow of air and water is extracted through the wafer table during the exposure

phaslgg poration gf é@?ﬁ%&'ﬁ@ ﬂﬁ@rﬁé&ﬁl‘}%{@ AT RRIRWAR RISt IR ARG the
wafer table. In order to quantify this heat load, among others the increase in the humidity of

the syrehiefensty intdlandabigrofmperiodfiorthesidistinabpmmisdroesid Srdiaf yaagelipgiion
hum'i.senﬁlor 0 not meet th | ifications vy (> 1
e et e A R L S R e
someshetodspatile i i yiad elctcamdioditly fscqiderdonaging sativen ged ensdjye teostaly because

of the limited, hich a physical ical equilibrj hift. M tromet
oA BT D SRR ey o BaCER AR PGBy RS TR by
and gxRERSS thEOQRAN NifhiscdRTCsRHAM L& D bser Whiehigicoasidarptkidiawniand

clear to the person skilled in the art, but for clarity, in this descrépl)tion the following terms are

useFRReRE GivdsTRiE hedeagdnoHbeenrniazaro tonisisradpsc e haighb 04ps FFATHESir.
Rela&ﬁygctfb%%(}i{yei%@gtr&ﬂrﬁ&{_the actual water vapor pressure and the saturation
)

(maximum) water vapor pressure. It is typically expressed as a percentage. Because the
maxiiftid9] possible Wraterrep orqde dseireask tiehd e tie fogns restserdjadhe stetativsshodifigas
temperature dependent..Absolute humidity is th titative amoynt of water vapor in a
give rggrnalp ed T{i’?sp gfﬁ%lgé%ﬁcgb%% ute %Urlh sEr a%ﬁ%@(%mp e A mass ?Ea%‘i‘i‘%%&’/ﬁg‘f Br molar

fractiprdmammet:dSinge theisnolabaalinprigdeienticad totitdeabgaresCihie tuelaciaction and
volume fraction can be considered equal. [0035]According to the present invention, the

absdiptsHgrapHeed fadistion souen s s plagd i Rrasaemb i BAEHR Y 9% Sace,
e.0. goinReadtwhicithepkianRhalithegrarbyARRaAtBI S WS oftinasheen faendshat an

absorption peak caused by water molecules is e.g. present at about 1877 nm Examples of
otheragisdiks wilists dvainpe sablEhiradapbopasion tasbe 1280y ApPligd tormaskless

lithography that utilizes programmable patterning device, such as a programmable mirror array
of a type as referred to above.

[0031] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0032] In immersion lithography tools, a 2-phase flow of air and water is extracted through
the wafer table during the exposure phase. Evaporation of water into the airflow may cause an
unwanted heat load inside the wafer table. In order to quantify this heat load, among others the
increase in the humidity of the air as it flows into, and out of the wafer table is determined.
Commercially available humidity sensors do not meet the demanding specifications for
measurement frequency (> 1 Hz) and accuracy (< 1%).

[0033] Methods which rely on the formation or disturbance of some sort of equilibrium of
water vapor with its surroundings are generally too slow because of the limited speed by which
a physical/chemical equilibrium can shift. Mass spectrometry meets the specifications for
accuracy and measurement frequency, but this method is bulky and expensive.

[0034] In this description, terms are used which are considered known and clear to the
person skilled in the art, but for clarity, in this description the following terms are used in the

given interpretation. Humidity refers to the presence of water vapor in the air. Relative
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[0036]An exemplary embodiment of a humidity measurement system 10 is shown
schematically in Figure 2. A radiation source 11, e.g. in the form of a laser diode, emits a

bearmphididiatiar whichislicarsiormednsolepeskiriiadmeearbetethRaamm) haiter
measurement beam 5 is directed towards a detector 12. Using a further lens 18 and the

dete¥fli*l PreasHE A df SPHSTRPTgTal ThriRFERAG aSs SinfociF R e RgRsHhle water
mea%a}seﬁtﬁeésﬁﬁeva@s@fméﬁ]ﬁe%ml BRUUSHAMARA P RERTINA e JARRAL The laser

diode 11 is connected to a laser diode driver 15, which controls the characteristics of the

meaddbsoivenbiaahiiyss mﬂumpmﬁmmmm@anm@mmeb digs @simgssed
empeRRA SLEenL eatcl, e Basrlone dh ey b3 nshie sser dlods kagun as

such'int e art, of Which Wavele be accura yco [Bser

dlodmdravebnﬁaeam idensicralrfgedisal lgewglﬂ&la&ﬂmﬁadﬁ@h&drwb&be&moﬂﬁh Saxdrying
waveleng .g. a continuous sweep over a predetermined wavelength range. The laser
diod&°d F &bnnected to the signal acquisition and processing unit 14 to provide

precjggaspvelengiby e matiop (diaGyasisnMavelrREbE siastal alt indirsrlyrBcRviding

only parameters such as currents and temperatures used as set points for the tunable laser

dlode"‘i‘i}o [dosgiirseensibaimentiminruimeryrBeasprepiaiugbitm adirimpér comprises

[ S n tector 16
(V|a an a%oéw?%ﬁens 8). (taﬁ |§?§§§%t§ re erdelnﬁé% %&na?%t&%aégagﬁq%gt e%r/e glfence
detenmed@ds ifeelgoptiescaigt abasy UESiTi amaRdjnipassinthenicids Whish efeydncassideatcan
be use p te t r ing of the measured intensity signal from detector 12 for
drift Po?gglﬁﬁcﬁﬁgta?ﬁiﬁﬁé%c%%%ﬁe lenses 18 used in this measurement set-up may
be gapheric lenses:avprbyievsaaareddefnadiparaielmeasugaent Peanowaving a

given beam width and well defined measurement spots on the detector 12 and reference

deteclFmaicrhy mEitirme iebiatan Wead fehdirilirciemmie tnendiodeonime beam
assqgigledagiinineupiditymeasienant: § Wz.AllansdpatanibsmeRsHeGoLRgam

width and length according to specific measurement needs. In an exemplary embodiment
the beamSwidifraoted mmed@rajéeteﬁarféw bl etbrsh 0 (4] 18 Eigluitee detamtexdPypalary
intensit rc()ifllet as.measur, f as f nctlon of w vele In the ran of interest
(oo T T o GRS e ST B QIR B AP e
fronfedthen sipsarptignistakandiprdesiaaadstgaown in Flgure 3 at a lower wavelength) By
controlling the tunable laser diode 11 to make a scan over a (continuous) wavelength range,

the Bt absdiftibiicp e ttdrroraeried By ke dingredines bb-apyeh ravralthsan be
detQiAGE a4 BE A AlER e IaRahAe MR AR R RICARSHRE MR i 4. FRBRS AP RNGEed

to very precisely determine the extreme intensity value in the range of interest, and using
the ¢fevemedsipssiccdodoriveahagrovmlitThpbssilids Atouatedadetehlsitasthdibdmidity

in t&n(?wﬁhaggl%ﬁqrsx %erygntfb ﬁi@ﬁhe output wavelength may be accurately controlied. The
laser diode driver 15 can be arranged to have the laser diode 11 emit a beam with a varying
wavelength, e.g. a continuous sweep over a predetermined wavelength range. The laser diode

“driver 15 is connected to the signal acquisition and processing unit 14 to provide precise

wavelength information (directly as a wavelength signal or indirectly, e.g. providing only
parameters such as currents and temperatures used as set points for the tunable laser diode 11).
[0038] In an embodiment, the humidity measurement system 10 further comprises a beam
splitter 17 which directs a part of the measurement beam to a reference detector 16 (via an
additional lens 18). The intensity reference signal measured using the reference detector 16 is

fed to the signal acquisition and processing unit 14. This reference signal can be used to

9



[0041]In an embodiment, the signal acquisition and processing unit 14 may be arranged to
determine the reference signal from the intensity measurements outside the 1877 nm

absqrptigeReRkhasyinseovaaEIRRghsINaBRS e BipR tekas iReR Theseirrenaa/yalue

at 1877 nm can e.g. be calculated using an extrapolation of the intensity values measured
furthequaeeapsiailitiss. 1877 nm wavelength. [0042]In an embodiment, there is provided a

h”mﬁiﬁ%ﬂ:eas %%%Qééi’ﬁ?&@d‘iﬁﬁiﬂ@l@%&éﬂ[&% @tlﬁﬁ%$%e§%ﬁ%ng%,%hich

measurement radiation beam having a wavelength in a' wavelength range, the wavelength
ranggrooitpaisiall defirsidyavelehgitaassociaitbdamith laviap saptorbpealkvedivatelr wetllecules,

a sig rocessing unit connected tp a radigtion.detector for measuring an intensity of the
e PRGN SRR 51 e RIF Bl B (SRS 00 1 e RO o
connpgiadiaihmiinRabie deaehsliedrefastolitabninge wavelengthy il ereataii theseishent.
signal processing unit is arranged to detect an extreme value in a_measured intensity as

funcidis slgsinsdaehtm s bareaidin i caatleaserrling Wetrestif extreme
valug, {00430, 2R LHPRHIMEREBE D SNBRIRRBM BAET &M Fhe Warelsagtaraneg is

e.g. from 1877 urn +/- 1.5nm. This covers the entire absorption peak of water molecules and
yet imgllpossitile to use normally available and affordable components. [0044]In an

embsfgﬁ nt, asured intensity at a second wavelength (outside the absorption peak
i 1 Nk s Snoe o G e e e

refergaeel anpihe Iatbae s ofavelengid gl B Wwithout 4030 ptiebdypiiatgraaiotacsdd By eaefor
compensating_ drift or squrce instabilities._ From the measureﬁ_intensi,ty t the second

wavEleIsH o RisRFRLEPh B Rt HRSERIRL REFK QDI AoV airdierEeabe
as funghian Rhwaslanot can@brdRamaiapieeskis AbIRIN Proaipens Soklyecahthe first

wavelength, as discussed in an embodiment above. [0045]The humidity measurement

systéeantiayofisthiey elsngihisenger rmeastitebroatiningpk extreme caused by water molecules

at about 1877 nm can be determined very accurately. The signal acquisition and processing unit
14 can be arranged to very precisely determine the extreme intensity value in the range of
interest, and using the reference signal as described above, it is possible to accurately
determine the humidity in the path of measurement beam 5.

[0041] In an embodiment, the signal acquisition and processing unit 14 may be arranged to
determine the reference signal from the intensity measurements outside the 1877 nm
absorption peak, as for those wavelengths no absorption takes place. The referer_lce value at
1877 nm can e.g. be calculated using an extrapolation of the intensity values measured further
away from the 1877 nm wavelength.

[0042] In an embodiment, there is provided a humidity measurement system comprising a
tunable laser diode for providing a measurement radiation beam having a wavelength in a
wavelength range, the wavelength range comprising a first wavelength associated with an
absorption peak of water molecules, a signal processing unit connected to a radiation detector
for measuring an intensity of the measurement radiation beam of the tunable laser diode
subjected to absorption, and connected to the tunable laser diode for obtaining wavelength

information, wherein the signal processing unit is arranged to detect an extreme value in a

10



the measurement radiation beam from the tunable laser diode and directing a reference
beam to a further radiation detector, the further radiation detector being connected to the

SignalsHReEs SHchIRi FORIANH IDER: R IRIGBESINIRR s Aignat JARARIIN-AD. IR BRAIMRNL, the
humidity measurement system further comprises one or more lenses for providing the
meadtiksifd SrFEmstEIMSeam, and possible also to focus the beam on respective detectors.

[004 signal i s 4 I ' o determine a humidit
valugdgégged o%ﬁaa?qlrg %ﬁ%ﬁ%ﬁgﬁ %ﬁ%ﬁ%‘g@ s%?g rfSnaiepfazil]srlllﬁ'(?fii1 %n&vse%/n a Jgn%%g th
temperatlifE aman pressime. ifltiseoneasheemrtatadiqtion bednf jodéBiolactesdadoeniits an

embodiment, there is prqvided a humidity. measurement method comprising providing a
mea%%sr%%n? }138i%?%&aﬁggﬁ%ab\??ngf?/glg{fg@i%ﬁ??ﬁpﬁﬁﬁ%Iength range, the wavelength
rang@epprising:a dtdlodiavalendile assedaiedswithanaks@r pigeaeak Qiuiaderreolecules,

measuring an intensity of the measurement radiation beam subjected to absorption as

funcli BURADSHE RIS dra drmter arelsavlsharoundehn fira maeenath)mandis usedie
wavglength taNngge2at calodIAtng A-Rumidiv.yalye fromnhic %%985;&; %ﬁ'fé@ml;%g/

first wavelength is e.g. 1877 nm, and the wavelength range may be fro nm +/-1
A me&sipedompasaling dridbeosuhwavaitabiiticndirirm tseodesuebinineity rtibrercendlue

at the first wayvelength, e.q. for compensating. drift or source instabilities. The method may
e B O e B s repene

the foeasoned inieakifigtiadue apodEhrtampeidivrebant prekseriecindhe meaastrament
radiation beam. [0049]As the present embodiments of the humidity measurement system 10

mea bty ehastss AP HsSed iy R RBdBHSHEL APSFight at 1877 nm by water molecules in the
MegqgpNent SRAREPidR At RISHIE TSR 38 AR RISs s E 17 b EhY RBP Eediong
elements of the humidity measurement system are not prone to degradation, and can be
usethe vesasvecarivaatiatientheam deowf tbe moabk: lsgadivdssed pirestio gxorefenmeefuretin
the measurement space 5. Tﬁgﬁ%ﬁ es in absarption can be measured yery.accurately,
whicgrﬁn corqr]%z}?\at(?c)n w%ﬁ e{ ’mcfJ el ta iﬁ%dfr? bog?g%%%?r&%n%t%oénfefc?gﬁg ééem%%’r%ture,
pregsucedsaifechaisoppiioidjng autfcivradigtemeasigeahent accuracy. Tunable laser diodes
11 rating in a wavelength range arqund 1877 nm are readily and affordably available.
%884%} g Pn an em%ocﬂrgnent, th%%um?glrt]y measurement system ¥urther compriseg one or
more lenses for providing the measurement radiation beam, and possible also to focus the beam
on respective detectors.
[0047] The signal processing unit is in an embodiment arranged to determine a humidity
value based on a humidity model which receives the measured intensity value, and the
temperature and pressure in the measurement radiation beam.
[0048] In accordance with an embodiment, there is provided a humidity measurement
method comprising providing a measurement radiation beam having a wavelength in a
wavelength range, the wavelength range comprising a first wavelength associated with an
absorption peak of water molecules, measuring an intensity of the measurement radiation beam
subjected to absorption as function of wavelength, detecting an extreme value in the measured
intensity in the wavelength range, and calculating a humidity value from the detected extreme
value. The first wavelength is e.g. 1877 nm, and the wavelength range may be from 1877 nm

+/- 10%. A measured intensity at a second wavelength may be used to determine a reference

value at the first wavelength, e.g. for compensating drift or source instabilities. The method
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[0050]In lithography applications, e.g. in the lithography apparatus as described with
reference to Figure 1, the present humidity measurement system 10 may be used for a
variehy,ofeaHhey Siemrs A RGP NI EAPHIRMAR AN R ON AR 0E:
applleg to correct the influence of humidity changes on the wafer stdge WS interferometer
positin meaasexkinensisy stene, Fnkthigtmernsuremd piréyuenchamdaauoimsotradiatidow
real time correction. A further application may be considered for immersion based

litho Fa?pl}ﬁy systems. Some components in the lithography apparatus, especially those
locatpadojthe wafeidphicoor imbadiinumersienhoos dite thasmelylaagednanthasnidity of
the air that is extracted from these components is a direct measure for that thermal load.

This St rBd deFeRibrs NN LA ThHtlEBMpEER @ HesHshihEtgion system
using.thepLasentpARlityHRIRMEMeRLYaie R s alipns fappiritrth AcaigRhibgs
wafer table and the immersion hood. [0051]Embodiments of the present invention relate to a
lithogifthh hmggmmqmwmmaoamn@m W@MMW@MWM%B@ ﬁ’s@fdh'e'
subsirale WGLRID I Ithagranfio,apnarals, Lier GRmRHSAR A NI Re mElR Rgsilien
measuremen sygftem%n ahumld'ity easurement system according to any one of the

embggsticeeh tSidadenipes iabhbve pirmenide tocdivariniertey anatetabpsittochmeasubémenh
system, the interferometer position measurement system being arranged to receive humidity
et B AL B oL N AN ILER SIS B BB R OBHRIGH P Qorgon.

lithogsanhicaP ARG SirangRchidFANS el R PRIBEE: iaiied PREBERINEIRVIGea9Benath
substrate, wherein the lithographic apiaratus further comprises one or more immersion

systengsorpBsehid ma are rv@lalda according to any one of the
oo . AR '
embRASHEn'S ?ﬁﬁ?ﬁ@%%%@ggxgﬁgamswg v dnaneaacstlandeene prnore

imm system c s and to determine ther on the one or more
immegkicnsystEmgworhpbaprusnf0etalitthosginspesificystéerd Aceanbysedhaceviittjsolxt
0 thseuggj%tgug.%gaggrwgodimem, the humidity measurement system 10 may be applied to correct

—h
—

the influence of humidity changes on the wafer stage WS interferometer position measurement
system. The high measurement frequency and accuracy will allow real time correction. A
further application may be considered for immersion based lithography systems. Some
components in the lithography apparatus, especially those located in the wafer table or in the
immersion hood are thermally loaded, and the humidity of the air that is extracted from these
components is a direct measure for that thermal load. This direct measurement of thermal load
on various components in an immersion system using the present humidity measurement
system 10 allows to optimize the design of the wafer table and the immersion hood.

[0051] Embodiments of the present invention relate to a lithographic apparatus arranged to
transfer a pattern from a patterning device onto a substrate, wherein the lithographic apparatus
further comprises an interferometer position measurement system and a humidity measurement
system according to any one of the embodiments described above connected to the
interferometer position measurement system, the interferometer position measurement system
being arranged to receive humidity data for correction purposes.

[0052] Embodiments of the present invention relate to a lithographic apparatus arranged to

transfer a pattern from a patterning device onto a substrate, wherein the lithographic apparatus
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apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical

SYStehPWiIAPE S BAUSIBRILNRAALRIE 9LEAgPRTAMARIMSMAIES falRARkn
displays, liquid-crystal displays %LCDS), thin-film magnetic heads, etc. Thé skilled artisan will

appreXiiiE geseriing ko conane of Sicemhadimanie dgsplibedicheyveatymewswethemiditisiteifer
or "die} i i A ith more general terms."substrate”
or "té?ﬁ%?r%ﬁ%ggpﬁ%e@{% e Su%%%%@%%%ﬁo El(tasreflng r%a@e%(%%ceggg f,)%)g ore
or aftertbxposwrenindomexasnmie wtrackofapaadiiisat typically applies a layer of resist to a
sub nd elops the exposed resist), a metrology .tool and/or an inspection tool.
gy Gl e e R e e R
procgssirguoRishE HithefadhrssbrtsaiesmardrRiRe§90d e enthah speshifosspsample in
order to create a multi-layer IC, so that the term substrate used herein may also refer to a

sub<IFtE RAA MSTRIR X Ss O RIS i o Su6k 8 fes snanp B aTe- Rl igtesitadirpisrirence
mayHave DERRINRLIS APAUR RN B S0 SRRAImE A iGNV TUOR 4P SRS FORIRROF

optical lithography, it will be appreciated that the invention may be used in other
applisatidresystd diemhapid ke printthinofraphygreatid dadse dive Tonséi allawsyisvildt limited to

optical lithography. In,imprint lithegraphy a topography in a patterning.device defines the
ot S O S R e R B LR 50 R o

a laydidifasistauppledisitor:substasa miherewpanib moesistisaLirachby RPRERY or
electromagnetic radiation, heat,gﬁéessure or a_ combination thereof. The patterning device is

movef BRHROT 8 ISR by Hhp ansiats refamedrindhreciame chrduosoesd] Priote Arfter
“radigtiggiran heammyRes RRIEI RUEATPSSRAlyHRERATE iFAadiatine.
includli!;:6 ultraviolet (U\g radtiation(a(e.g. having a W%vgﬁer%t‘fl %%%ﬁgg’%%%%%g %93,
157 dsvelpmily exiesediresindluitraetiolesy Eeolndiginaivimgpegtipatind, Miereaipplitibin, the
ran - Il as parficle beams, such as jon beams or electr ams.

ooa i B S B S R M e, of
varisuisstyjie maf bpticat esnthansnfisainaluelifig extiagiyén celectivesemagmeiiti-layer IC, so
elecggn}j%gnetic ﬁd electrogs atic optical components. [0057]While specific embodiments of
the HGERE e Hes bEE FRVESE b & dReHMTRY FRAARS Y 16e

pragiiseskeineise than as described. For example, the invention may take the form of a
computer program containing one or more sequences of machine-readable instructions

dest¥flify a m?éth@egh§m§ﬂi@§é&%é9@}w@mba@tm@@ Fbridpriie esdrmbediowos

T BB N TR PP 0 g
may be used in other applications, for example imprint lithography, and where the context
allows, is not limited to optical lithography. In imprint lithography a topography in a patterning
device defines the pattern created on a substrate. The topography of the patterning device may

- be pressed into a layer of resist supplied to the substrate whereupon the resist is cured by

applying electromagnetic radiation, heat, pressure or a combination thereof. The patterning
device is moved out of the resist leaving a pattern in it after the resist is cured.
[0055] 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, 3535, 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.
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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. WHAT IS

CLAIMSER)'S: Fné\URPYRARNIG ABRATALSALRRGSH I HGRIEr @ BASHR BOmB ARG

device onto a substrate, the lithographic apparatus comprising: one or more immersion
systemricostpoeenfopticahcampdocuistérohiding ttiarntiziclost et vaetammdicmore immersion

system components ¢ rising.a humidity measurement system arranged to measure
humﬁj?ff%riﬂné% eeitfrca%%?(rf)ilfgr)%trrr? s[ﬁgcoo {%%r%%rp ?rrﬁerrrlltg'rsion system components; and an
interfaoBTietric Wosid opctiftastierdanié sy sitiedavpladiddhe huemittityribabsbreenantslybtem,
the interferometric position measurement syst&:{g being a rangeggtorr,b%%ii e humidig/e dﬁ\ta
for cBPRIERGHFH U PTEEE MG DS RTRERSP B%U‘fésr‘?\éfﬂ“s%z% e GG OPE: the
radiatiopnsRi e ARiqHESEAR SMtarpeRsMRMaR farliatian:ReRb: b sgusamliength in a
wavelength range, the wavelength range comprising a first wavelength associated with an
absonssbinpaeddailainerusidtas dessrbingranethobis diselessd abaveignaldnacEuaRy unit
coumseiade fouRli e d6lES HGRRIOM %&m&% & RIS QLUAS, ARt
radiation be ﬁﬁébg tﬁje rél |at|?on sgurc ’sug ectled to E%sorptsl}g%tw, andgcoupled to the radiation
sourpeofaambtairihtheveimelength information,

[0058] 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.
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wherein the signal processing unit is arranged to detect an extreme value in a measured
intensity as function of the wavelength and to calculate a humidity value from the detected
extreme value, said apparatus being further arranged to determine the thermal load on the
one or more immersion system components from the calculated humidity value. 2. The
lithographic apparatus according to claim 1, wherein the said radiation source comprises a
tungbieAase digdes D The lithographic apparatus according to claim 1 or 2, wherein the
first wavelength is 1877 nm. 4. The lithographic apparatus according to claim 3, wherein the
wavelength range is from 15 1877 nm +/- 1.5nm. 5. The lithographic apparatus according
to anyong qttdaiaphit-4opiRalis BrarfepeHrersialesieal RoTR SQeteMAKeleagH? iniisgd to
determine a reference value at the first wavelength. 6. The lithographic apparatus according
to aRASHEDfRRIhe 2DhtG APRY AgRRERNG A% eam splitter and a further radiation detector,

wherein %BP%@%@%H@&%H%Q%&E&QQG the measurement radiation beam from the

radiation source and direct a reference beam to the further radiation detector being coupled
to a signBNgeNSeE Srier N RETiOM dere ANdNeroNess APEGRINEs PREMSBNSIgMARNNtThe

lith all - i e ' - (ﬁﬁﬂp he.si ing unit
IS f%r%t r'arrgmﬁgﬁ etermlr}lge'g]aé@\tt%‘?wél{% va ué@ggégilj%snwag umll(é%@%@%}(%%i%s@&q
arrdhgedeorrecias nireensexstyideimempipentsLialcnd the temperature and pressure in the

measurement radiation beam. 8. The lithographic apparatus according.to any preceding
claims, (oML B R R SR DR YNy AR,
devsyatethet ipsitbeari engnoletiiic pdsiing weadiganesht oysttebe agereanget tadedre humidity data

for correction purposes;

wherein the humidity measurement system comprising:

aradiation source configured to emit a measurement radiation beam having a wavel ength
in awavelength range, the wavelength range comprising a first wavelength associated with an
absorption peak of water molecules;

aradiation detector; and

asignal processing unit coupled to the radiation detector configured to measure an
intensity of the measurement radiation beam of the radiation source subjected to absorption, and
coupled to the radiation source for obtaining wavel ength information,

wherein the signal processing unit is arranged to detect an extreme value in a measured
intensity as function of the wavel ength and to cal culate a humidity value from the detected
extreme value, said apparatus being further arranged to determine the thermal load on the one or

more immersion system components from the cal culated humidity value.

2. Thelithographic apparatus according to claim 1, wherein the said radiation source
comprises atunable laser diode.
3. Thelithographic apparatus according to claim 1 or 2, wherein the first wavelength is 1877

nm.

4.  Thelithographic apparatus according to claim 3, wherein the wavelength range is from
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a substrate support constructed and arranged to support a substrate;  a projection system
constructed and arranged to project a patterned beam of radiation onto the substrate; and
an immersion system positioned between the projection system and the substrate support
and/or the substrate, the immersion system comprising said one or more immersion systems
components. 9. The lithographic apparatus according to any preceding claims, further
comgrging: At lesatpne aspheric lens operable to transform the radiation emitted from the
radiation source into said measurement radiation beam. 10. A method for determining
thermal load on an immersion system of a Iit?&;ér? g{%b%f)ﬁaratus arranged to transfer a

|

pattern frotf S RAEaRAiA G REEd W R4 IR SE S urement

radiptigRiBearn LevmbwyarRienaisia f Wavaiene Hireraesd e ueeiTad Faiegrngth.
comprising a first wavelength associated with an absorption peak of water molecules;

measuriri%an intensity of the measurement radiation beam subjected to absorption as a

fun&tion SNEHNAFRHIC ARREEWRCSFPELRS RAVAINE 9h FR R HEHEh RINRRY SRgrReam
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recelving humidity data for correction purposes from a humidity measurement system
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reference intensity signal.

7. Thelithographic apparatus according to anyone of claims 1-6, wherein the signal
processing unit is further arranged to determine a humidity value based on a humidity model
which is arranged to recive the measured intensity value, and the temperature and pressure in the

measurement radiation beam.

8.  Thelithographic apparatus according to any preceding claims, further comprising:

a support constructed and arranged to support a patterning device, the patterning device
being configured to pattern a beam of radiation;

a substrate support constructed and arranged to support a substrate;

a projection system constructed and arranged to project a patterned beam of radiation onto
the substrate; and

an immersion system positioned between the projection system and the substrate support
and/or the substrate, the immersion system comprising said one or more immersion systems

components.
9.  Thelithographic apparatus according to any preceding claims, further comprising: at |east

one aspheric lens operabl e to transform the radiation emitted from the radiation source into said

measurement radiation beam.
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value. 11. The method according to claim 10, wherein the first wavelength is 1877 nm. 12.
The method according to claim 11, wherein the wavelength range is from 1877 nm +110%.
13. The method according to anyone of claims 10-12, wherein a measured intensity at a
second wavelength is used to determine a reference value at the first wavelength. 14. The
humidity measurement method according to anyone of claims 10-13, further comprising
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providing a measurement radiation beam having a wavelength in awavelength range, the
wavel ength range comprising afirst wavel ength associated with an absorption peak of water
molecules;
measuring an intensity of the measurement radiation beam subjected to absorption as a
function of wavelength;
detecting an extreme value in the measured intensity in the wavelength range;
calculating a humidity value from the detected extreme value; and
receiving humidity data for correction purposes from a humidity measurement system
coupled to an interferometric position measurement system; and
determining athermal load of the immersion system component from calculated humidity

value.

11. The method according to claim 10, wherein the first wavelength is 1877 nm.

12.  The method according to claim 11, wherein the wavelength range is from 1877 nm +/-
10%.

13. The method according to anyone of claims 10-12, wherein a measured intensity at a second

wave ength is used to determine areference value at the first wavelength.

14. The humidity measurement method according to anyone of claims 10-13, further
comprising determining a humidity value based on a humidity model which receivesthe

measured intensity value, and the temperature and pressure in the measurement radiation beam.
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