LI THOGRAPHI C APPARATUS AND HUM DI TY MEASUREMENT SYSTEM FI ELD [0001] The
present invention relates to a humdity neasurenent system which may be
used in a lithographic apparatus and a nethod for manufacturing a device.
BACKGROUND [ 0002] A lithographic apparatus is a nmachine that applies a
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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] 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 hygroscbpic 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 lyman-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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1 optics due to contam nation and degradation issues. Al sensors that rely
on 2nd-order effects require an equilibriumto form Due to the |imted
speed of the physical processes involved, they are conparatively very slow
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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.




being arranged to receive humdity data for correction purposes. 2 0008
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Syst emiaser diode subjected to absorption, and connected to the tunable laser diode for obtaining
wavelength information. The signal processing unit is arranged to defect an extreme value in a
measured intensity as function of the wavelength and to calculate a humidity value from the
detected extreme value. The interferometer is configured to receive humidity data from the
humidity measurement system for correction purposes.

[0010] | According to an aspect of the invention, there is provided a lithographic apparatus
that includes a support constructed and arranged to support a patterning device. The patterning
device is configured to pattern a beam of radiation. A substrate support is constructed and
arranged 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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positi oned between the projection systemand the substrate support and/or

the substrate, and a humdity neasurenent system constructed and arranged
to measure humdity in air extracted fromone or nore conponents of the
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t he acconpanying schematic drawi ngs in which correspondi ng reference

synbol sdetegiell edtesmecatycespondi ng parts, and in which: [0012] Figure 1
depicts a lithographi c apparatus according to an enbodi ment of the

i nvention; [0013] Figure 2 depicts a schematic di agram of an enbodi nent of

t he hun% ﬁﬁﬁﬁDEWW@Fmﬁqﬂtﬁm@@di ng to the present invention; and

[ 0014] pIcts an exenplary graph of an intensity profile as
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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 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 (¢.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 impafted to the radiation beam B by patterning device MA onto a target
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in accordance with certain paraneters; a substrate support (e.g. a
substrate or wafer table) WI' constructed to hold a substrate (e.g. a

resi st-coated wafer) Wand connected to a second positioner PWconfigured
to accurately position the substrate in accordance with certain
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or

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.

[0019] 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.
[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

5




are well known in |ithography, and include mask types such as binary,

al ternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. An exanple of a programmable mrror array enploys a
matri x arrangenent of small mrrors, each of which can be individually

tilted so as to.reflect an incomng radjation_beamin different directions.
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[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 paft 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 c-outer and c-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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when the source is an exciner laser. In such cases, the source is not
considered to formpart of the |ithographic apparatus and the radiation
beamis passed fromthe source SOto the illumnator IL with the aid of a
beam del i very system BD conprising, for exanple, suitable directing
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mechani cal retrieval froma mask library, or during a scan. In general,
mov enenthogfstiokemedslk (finapdsitivdingipsyhick foreaparzefdheditsh posigorsr @MdfSimilarly,

| ong- stroke nodul e (coarse positioning). and a hort-stroke nodule (fine
posi ti JRPYgyent ahihe ﬁ'g'?%qam tﬁ@?&&tfnﬁyﬁ’é redlized using o fengrrokpmodale nfdy | Y,

ey e BRELBLE LA SRR AR (5 AR ORI B,

PW | n dppescdlas @ sednndr)Sheppsk ta()l@M'i“ may be connected to a short-stroke actuator only, or
may be fixed. Mask MA and substrate W may be aligned using mask alignment marks M1, M2
and substrate alignment marks P1, P2. Although the substrate alignment marks as illustrated
occupy dedicated target portions, they may be located in spaces between target portions (these
are known as scribe-lane alignment marks). Similarly, in situations in which more than one die
is provided on the mask MA, the mask alignment marks may be located between the dies.
[0027] The depicted apparatus could be used in at least one of the following modes:
[0028] 1. Instep mode, the mask table 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.c. 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 exposure field limits the size of the target portion C imaged in a single

static exposure.




opposed to a scanner) the mask table MI maybe connected to a short-stroke
actuator only, or may be fixed. Mask MA and substrate Wmay be aligned
usi ng mask alignnent marks M, M2 and substrate alignnment marks Pl, P2.
Al t hough the substrate alignnent marks as illustrated occupy dedi cated

target portions, they may be |ocated in _spaces between target portions
(these Fqg,zg] kndwn a8 Segmeste, themaask fablgMd and tag Eg’FtratSitaqu ‘3@??? S¢4H0€d t yat i ons

in whic e -] ' : t . i gnment
mar ks bt Fufe R ol sy b F i Bt b hfSe ERRE BeCET
be usedci(e. alsigRAShaREexPbsdrOEThOV ANy REd BRERDN of HR38dstrhte thisle WERIARME, the
mask table MI and the substrate table WI are kept essentially stationary,

whi | e ate thatrasletapletVid rmayi gpdatermanaddytthe (degtiagnilioatidreand iinggpraypwset ed onto a
target portion .C%t one_ti.rre)gi.e ZLQSi ngl e stati c .exposure The substrate
tabl e WNATECIESERS Sihe Projection sysian BS dngrdt modeythnp i g7s pdhe SX9s¥ker ent

t t tyd . J i i .th
xpocur SOHERG e R O B RAERih FUBLRRIBGe R poffR U Bl Aindiid. 1°,
static exjoesl Wherdas[tRORAEhDT thdbcamiie filoten détBeniAesike balphig(itMhe atwhninge

substrate table WI are scanned synchronously while a pattern inparted to
t he radilisedtion) ¢feheriarget pedicact ed onto a target portion C (i.e. a single
dynam c osure). .The velocjty and directi.on of th ubst r at ble WI
rel ati v[ﬁéﬁo t He' mid ﬂnqtg%l%o%%msggaerlﬁ%ﬁ@c?sw l?lﬁeﬁftwggﬁyﬁﬁ’gﬁpg fcation
and i”Bﬁl% R £ i€, bt e Suliral MGLIBRPT SChbOR G¥%eiHRRY RRjlckn scan
node, t egfrf@am gﬁ#%?ezeﬁ%?&%ﬁ% exposﬁrea flgt()al ?}Iri mts the wdth Eien t he
non- scapdiengintfiarted td Mo kadidtidnteathds p@fecpedrdnton target pogiondt. én dynawoile |
exposure, whereas the length of the scanning notion _determ nes the height
(i n t hegenetalliamylsed radiatiangayresfs employesrapdtthpprogragmaly opmBning devicaifot her

de, th k tabl i s, kept tiall [ | di .
or ogr artHBIEG Baveae A B oRmENa e oo Wl At S L eBireiyeor
Scannedram'tibﬁﬁﬁ‘lseﬁﬁfrﬁq ek Ao & dpbitibAdhibd RAdREAMILS (halkegted onto a
target portion C. In this node, generally a pulsedradiation source is

enpl oy efithagdplishtapridigesproglalen b fasteminpgded®e] areh asa progoairablasintecmay ed
after each novenent of the substrate table WI or in between successive
radi at i ®f® typ¢ sesfaieditagbevescan. This node of operation can be readily

Aot & e b3S Koo AREERRM S a it i SRR LRAERLY Se BRLARLY "0
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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of a type as referred to above. [0031] Conbi nations and/or variations on
t he above descri bed nodes of use or entirely different nodes of use may
al so be enpl oyed. [0032] In imersion |ithography tools, a 2-phase flow of
air and water is extracted through the wafer table during the exposure

phase. Evapgpratj.on_of ter into the airfl ow cause unwant ed heat
oad ; noaBhp e GdrE of B el e aBer BrErUE AR L6, e o T e o

ot hers i i i.di i i : { L0, out
of the vaRsPrOSEFaPR BRIl K pllechiae Meba S tlem by R P RS Cor <
do not wmmel ptdisurd emimsdvitigtesPeaire,ahd icbiise homidityEasuiperaire depaafesncy (> 1
Hz) and accuracy (< 1% . [0033] Methods which rely on the formation or

di st ur bARsduts i§ Hrerquantitatvs amennt ghvater vaper & 2 giypo pampleHt jstexpressed

surroundi re.general ly too slow b e of .t limted spneed by which
2 ohysr PP eRBRSTOE e s Rl LB TRPRE et o P halro e e e e ©

speci fi £dtdr QBRindeqs ideREEM FRGYeaR BokTRAS HORIBALLdT SRAUSNGENe frlitfontddh Be Bt hOd i s
bul ky and expensive. [0034] Inthis description, terns are used which are

consi deceedidersdwquand cl ear to the person skilled in the art, but for
clarity, in this description the foIIovvipag terms are used in the given

i nt er pr 03P} on Acepiding toyhe wiessns inventione therabserniien offlight e wates slequiesthe air

Rel ati v Laity | i0-0f the actual water  vapor.pressure and the

ot ur at Fed ¢ el bl el L b oo W BERF PR R Fesed as

per cent @@8grafefaparnis R WRKIHAY BB aAPIhet HEIRbrpti¥A Pk RLEIH Rat¥Ar i es Wi th

tenperature, the relative humdity is tenperature dependent.” Absolute

hum di tmolesulehis equiareséntat ahomt A8 mn. Bfanvréserf ottep peakisrwlaclyinaghe ssabpd e 1t i s

- expressed. in sol ute units; for exanple a mass fraction (kg/kg) or nolar
fracti cﬁ*%’%l%ﬁ@l 1)9.58=§4t§§én@ﬂé92 BBl ar volume is identical for ideal gases,

t he nol ract,l.o f i . I [ 0035]

e ol B Ha AR U AR R By SR SRR S8l (O

ol ecul RBerh&ticall$ &0FizOred. he@diadoMRASY 1€ , b BEnAET RN 2T RePdiS B Chits @ bPam @

space in which the airflow of a |Iithography apparatus flows. It has been

f ound tdfaadiatmorathkioh pt tramsfopmadk by alesd Shgtowaneasurenmehtloaale Thie sneesygempntesent  at

i t about
So00" Tam S scanpuiadee depcior 12 TAlGg o firdhcr 16n18 and the detector 12, a2 22!

measured intensity signal (including absorption in the entire path of measurement beam 5) is

fed to a signal acquisition and processing unit 14.

[0037] The laser diode 11 is connected to a laser diode driver 15, which controls the
characteristics of the measurement beam 5, most importantly the wavelength and output power,
e.g. using temperature and current control. The laser diode 11 may be a tunable laser diode,
known as such in the art, of which the output wavelength may be accurately controlled. 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
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[ 0036] An exenplary enbodi nent of a hum dity neasurenent system 10 i s shown
schematically in Figure 2. A radiation source 11, e.g. in the formof a

| aser diode, emits a beam of radiation which is transforned by a | ens 18
into a neasurenent beam The neasurenent beam5 is directed towards a
detector 12. Using a further lens 18 and the detector 12 asuyr ed
i nt ensi EYMBENSAEtheBracastiag Abths HIPPET Bensity ﬁlﬁ%gém feleciag |2 @rdﬁgé@ PEnent
beam 5) Sé‘%ce%l Qbiliiaesa signal acquisition and processing unit 14. [0037] The
| aser di ode is connected to a | aser diode driver 15, which controls the

char act @391 | csriRfledsbe1 IMBRE i SiISMEasdRABNDset WP Hhay HEBpha1bdsct, Fehisavel engt h
and out put power, e.g. using tenperature and current control. The | aser

di ode 1pravide abeclhdefimed phrellélagensundinsdichcaminbamingss gigee heanm widik aag well of  whi ch
t he outpu vel ength may be accurately controlled. T | aser di ode driver
15 can Bt PRaRTEY MU RO ST 2B P FRL R ior Bedht ARETIEn TR yi ng.
wavel englfy, vfifan AL AN LAHRME (RIRRRI B Ghe %seﬁ%&m@@ﬁﬂnmgﬁleﬁamagange-

The laser dio I's connected to the signal acquisition an

pr ocessThE allgiws toldapOthp hRdsudem @it ®eirs evidihame lleigdt dvcoritmy toapedfic (directly as
a wavel ength signal or indirectly, e.g. providing only paraneters such as
cur r ent Beaswkementpesdat kiraaexgopldnagnbedimpithe beapowidth gag llh’gﬁ oeder gE& Wi ode
11). [00&3’] In an enbodi ment, the hum dity nmeasurenent system 10 further
conpri sBEHESm splitter 17 which directs a part of the nmeasurement beam

to a rejgugpce @%@% Qrangf§a SFfre]lgr Rnsitfphotil ORFheaks €28 islSbwn B GulBbROSI Y

ref erence signa asure the reference detector 16 is fed to the
si gnal aeuémiti. ilotheanthepl itess (a1g 18ATAm 14.10%)] & dbedptienpeaksiagied by sarerbe
used to 9 conpensate the processi ng@of the neasured intensity signal from

det ect omolepulesis pagsent(baifay Gom oty bswrptipstngnks, pt whish oppzbpwippligarsed 18
used in this neasur nt sets.u spheri ¢ .l.enses, whi id

e ot e B e B A s ARG B0 SR s e
def i ned  FRARIHE Bl SRA Bn Q) R adQbEGHRN Jeik *RMehEEAIBNEE Wikl Blhled6. The
measur enrent  béam wi dth and | ength determne the actual vol une associ ated

wi t h t hat abouni 1871 ymreaabed@emnted vefhasuedtdlpvetsipnalbegtisitioe and poessmgnmnitbeam

wi dth and | ength according to specifijic _ neasurenent needs. In an efxerrpl ary
embodi niheanthearisaged i verHPIRRISClY deteraing theesxirgme Antersiy Vialuelin Histtanse o

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 reference 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
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[0040] In Figure 3, an exenplary intensity profile as nmeasured is shown as
function of wavelength. In the range of interest (e.g. 1877nm 10%, an
absorption peak caused by water nolecules is present (but far from ot her
absorption peaks, of which one is shown in Figure 3 at a | ower

wavel engt h) . controlling the tunable |aser diode 11 to make a scan over

a (con eﬁ%‘x‘&’)@t%? Bt v,va\qu@gg;(%{&to spleplatsta lpynidibn kalag fpwbe caused

by wat efjoBRLESHES: vale @bOUt 1877 nm can be determ ned very accurately. The
signal acquisition and processing unit 14 can be arranged to very

preci se{0p48iet eniaf émbBéinRxt, iR Erst WiveNigthyis 187 U8ml Thd Wevdl@R@eraake isies. er est ,
and using the reference signal as described above, it is possible to

accur at By 13déperrfi hénmhEhik cowiedh thy entive alrorpanipeds ofvedenmelnsnts dnd am ibis

0041] | nbodi t, t. i isiti d i it 14
be. ar t aRGEG § SaEvay At pERdioafieE SuaEEr om Lhe i ntenai ty
NMeasur RS Ol ﬁh Qﬁb{acﬂﬁle&(?%ne'élgﬂr?@ﬁﬁﬁ{sﬁ& bPaPse‘%S Wa‘%@“ﬂ%ﬂ{n g%tu&?&ethgvavelbgngt hs

no absor pti'on takes place. e refterence val ue a can e. d.

cal cul aftadrpisi pgakachused yapstbiibletuled atoligd iRtBASIdvelewathy sy BBasdwed furt her
away fromthe 1877 nm wavel ength. [0042] In an enbodinent, there is

provi dedflermhingmg wiergnaswakig pethe st wipeelensth Grppwithprigbsorptiantabiaet meleculgi)ode
for providing a nmeasur nt radiatian. beam havi ng a wavel ength in a

wavel eneroF Sripee e ST sahE i augies ot B prgoied FHGs By gt

associ al, e det(oR B phdBF) P ieAlrRERenSk; 1R VRRA ' essing
unit connect g%:lHKOo g rad?gti gn éet ec'Enorle oﬂr%ﬁtl asuriﬁggﬁ&?ﬁﬁﬁ%@%}g}r?@%% t he
measur efvecttonrefdvatiengthien mso be iterminodtl shthiasetfetinodealus ithe6ted t o
absorption, and connected to the tunable | aser diode for obtaining

wavel ertFislengii ay diseussnd invp epbpdimantakavgnal processing unit is arranged to
det ect Xtr valuye in a 10 measured intensity.as.functjon of .t.he
wavel erg Tand PE A e e TR ATy s S SR boB Bl g o Peme
val ue. thORfMurdrRer PadBIRAHe iR Tom thRfurdablcbscrainat %’ilﬁ(ﬁi{:éc'tiﬁ %?&Zre%&rbeaﬂhg
wavel ength range is e.g. from 1877 urn 1.5nm This co%/ers the entire
absor pta forthgeadiatdn dettaor, thel fedhdresdiatich Jedctortbeing coppasédroahd dgnige nor mal |y
avai | abl e and affqgrdabl e conponents. [0044] In an enbodi ment, a neasured

i nt ensifrgeeating i s paovidipe p sefgicncy Biansitysigasle  absorption peak caused by

wat er r[ﬁbcﬁﬁ ul ©h & NS irhgn , tfh'e ﬁﬁsntm 1 yvrgéa%ﬂ%tmhe)nt srgras¥en1b fufter 90nt1p0rises 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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determ ne a reference value at the first wavelength (i.e. wthout
absorption by water nolecules), e.g. for conpensating drift or source
instabilities. Fromthe nmeasured intensity at the second wavelength (or a
plurality of measured intensities at multiple wavel engths), an entire range
as function of wavel ength can also be determ ned to obtain a reference

val ue amayHerthqrcemprisgdesirainse hamidify yelys basedion adwmidibompée rhidseaves] 0045]
The hum,dity negsurenent. syst further conprise a beamsplitter

recei vi HE PERECARRETT S RHE, Fdh S By G AT PEREHE e msBT e P fiBde and
directipg,a reference beamto a further radiation detector, the further
radi ati on detector being connected to the signal processing unit for

provi di (48] r ef &y ¢ eessentteansdinyens @fitbd hurhid4 6leatureraentapiiadi ldemdasurehe
hum di ty_ neasurenent Zé;ten1further coggiises one or A nore | enses for

provi di Hgedtyendandantlyidnebspepipn of Bahtisb %7 1P by pedgimleculisdp theo f ocus t he

beam on respectiyve tectors. [0047], The si I i iLt, s in an
erbodi nEIT BN gEers  BEh b Twe TR s ures PRA B pEERR B bRl
nodel  WoF @B huREALVASashRenREARIEE e nBE $08¢ todeglduon, andcdd® usb@ oD@ R ur e and
pressure in the neasurenent radiation beam [0048] In accordance with an

enbodi nemttre htimédity rasgepofdvi. teYo,aegrudiiest af\presears wr ampetatuneen Hednesmemiest ng
provi di ng a_neasuyrenent radi ation_beam having a wavel epngth in a wavel ength
range, BIREC Rall @1HG8% 1 APRGEPHOBIFER DS MFGSUACY YTE ACGRERIEY eWBICR I SUBRINGHAY wi t h

an absgQrpti o) YL ' ' t he
roasur o P Bt hog o B BB BR0rVERSHErR, BResk bRl Bl

wavel engihits detiBsh ntghuddin@X hécaRyVRliaB]d [Asck BRdBR RS sfeealingl inbenstletgthn t he
wavel ength range, and calculating a humdity value fromthe detected

ext r enerangahtgand THE fith ast regdilpeind mdfordably avagabla877 nm and the wavel engt h
range e from1877. nm _ 10% A neasured intensity at second

wavel eHE%ﬁE}my I’ag‘]ﬂl?ﬂhmpﬂﬁl%?f}ﬁ fré lé%ﬁ%]]l; PEARYY 2RPATATE 4 efﬁgegi“’r‘@t

wavel en Qs Atlngi ik } [, ddqtd . t hod
11 may %E‘i?}%%rt(gg}%“ggrll’se %@ér m nlglrtl%:]j{ng‘fi uér?nﬁ%?t Eﬁ}%@gggg%ddggﬁivaﬁ-g%ﬁ y
nmodel  Waibe$stéRs ¢h ¥eembddhefERs Uindelifyth @Bsicngniahid), 1 0ans, i pliedipenater e and
pressure in the neasurenent radiation beam [0049] As the present

enbodi nbrtsflushce pldnimiditdehap geramdbe waten stagsy $iSaintetiromesienposition 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 toad
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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directly and instantly the absorption of |light at 1877 nm by water

nol ecul es in the neasurenent space 5, a high neasurenent rate i s possible
(>l Hz). Furthernore, the elenents of the hum dity nmeasurenent system are
not prone to degradation, and can be used over the entire humdity range
of 0... lr%%% regardl ess of pressure or terrperaturg in the neasurenent
space 5IUrAFEC 281G oF YIS AP IoN HAiPThertroRens apd ¢ bpipidiyaneasement whi ch
i n conbj ' j g i nto Ors .

(¢ erper St Bbordthl b By RUIBE b Uk RERAb PO R HRREID e e

accur acyxtrabtsdating tHeamelor eHodslRemdrdiofRestah icBBpbiends MRAME ldeRehie thaR8Igoad ound
. 1877 nmare readily and affordably avail able. [00501 In |ithography

appl i caph thepneer gore mmeérsiohisyteygcaphyneappar at us as described with

referen Figure 1, t present humdity asurenegnt system 10 may be
useq T ot ar G Re specilraBlef e map b g B o The s LR AR

measur e - | t ! ] umdity
changee Bartn R T AICR N SBHAR FRELREN ok B M IR e e

The hi gliesotibalticedi® Riay haes oBBCappliodtioRs, GUEREY thein anuflch@of Bgratdddptical
correction. A further application may be considered for imersion based
it hogrﬁflﬁmfisﬁg@ﬂ@}?ﬁ .w%dwgtlc@mﬁﬁ@m ;ﬁmrgm:gmefméommpmmtgnmyﬂzstm@a?lahapﬁwsh
especi al. 0 a e.wafer tahle or i e mmer si.on hood are
t her na?‘:l‘yﬁ‘il'ﬁ&’é?’dgaﬁfi{ﬁﬁ&g mﬁu‘ﬁ%ﬁmﬂﬁﬁlﬁfw}e 45 ettchﬁlﬂe ?r]‘éu HECYEY from these
conponefypsediate thaflif B lofRIEWN Bl Merh PR afé@?craﬂ&lls LeRHse oFthStethd Sfifer or
measurenent of thermal |oad on various mponents In an | nMersion system
usi ng t'higetreesie ntaytberboiidgredasnoryranis wisly S @ord Qeimdrhlawsnst Guitiphictioze t he
design of the wafer table and the i mersion hood. [0051] Enbodi ments of the
present HIEGALEAN, tegnegtiecly.ol he spbstiatngetopied éo hgspammybs pavdessedSrefare or afteansf er
a pattern froma patternin evi ont o substrate erein th

7 EhoorapareSah furR el ik reloEBapreal Sitiene Bvbtotiands b sudfipteqnd

Meas ur efiRBlop$ e pdsa tesiin)IH Meftolofy THAHI BB hsplYish %Hl.%ﬁ% ?ig,ﬁ%%aﬁl‘% &gy one

of the enmbodi ments described above connected to the Inter ter position

measur elisidsusylstraémmaytie dppliat fosucinmidsth@oabitiabnpioeasingessntFustiet i@ bei ng
arranged to receive humdity data for correction purposes. [10052]
Enbodi righsteatemay he piocessehmorgiian onesy far exampletn order o gieaje apmilielayepkr.ao us

wher o rrite e ARl Re Bs B Al £ RE o Rl eaD b miliel "™ ®

| mer sipaccsdatigagonponent s and a hum dity measurenent
[0054] Although specific reference may have been made above to the use of embodiments
of the invention in the context of optical lithography, it will be appreciated that the invention
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 365,355, 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.
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system according to any one of the enbodi nents descri bed above to neasure
humdity in air extracted fromthe one or nore i mrersion system conponents
and to determine thernmal |oad on the one or nore imersion system
conponents. [0053] Although specific reference nay be made in this text to
the use of lithographic apparatus in the manufacture of ICs, it should be
under st 686 hatTherierm ilerdgwagmitke eontsxt allavs, magseler 9aay Ras ef sPrpatIeRE ot her
applications, suc s the manuf acture of. inteaqrat i syst ens,

G0 dancedity i obpf el PeRRHG FObiRa Pk KieRte IR, YT Lt anel

di spl a}’ﬁ}ectr&-hﬁ’%ﬂ_egc Gy @b @tosthtie BhRS chhfdaRhts. thin-fil m magnetic heads, etc.
The skilled artisan will appreciate that, in the context of such

al t er na{0088] appWVhitaspeoiis, endodinsis afthe inseritmnimve bednatescrined abaliegit villibei N may
be considered as syngnympus with the nore general ter "substrate"  or

"t ar get PRIEEIRtEH that %@é‘b‘@@?% 81y Fbe?F?é“%‘ijit%]PWESé thagy *??rqeé‘gi’%“ #@Pé‘?ﬂﬁplﬁ’a@e be
processed, before fier e Jjn f t @ol that
typica|kagﬁnggémgéF%?éﬁn8?§§§§ﬁ§@“¥8b§“§%%§¥§a eﬁgﬁﬁn&%gg eg%§(?he
exposednfa8Bihstdadale MR RE el @BIngaNEéA6d ANdibNsREGbORS) of #B4ta sibhrke
applicable, the disclosure herein nmay be applied to such and other

subst r atredpnoees sémigondute mdanry freagnetiher opigblsdisldthavimgpudiea gomeéersed nor e

t han once, for géagyLe in order to create a multi-layer IC, so that the

t er m suB¥EFAR HOPEdRFTH8r ei n nay al so refer to a substrate that already

cont al Ningay] L1 PE qcQI-BREAS Hv BhRnaddddBEIALE RGN BRRGE! s RhANGRCE MRY

have be above e us diments of the inVentidn in the
cont ext agfar@iptd 6l skllietl i@ gicapitiat thédifiédionban pp iRde & € idveation Seddsaitedt | on
may be used in other applications, for exanple inprint |ithography, and
wher e t withewrieparting fbmaie scaps ofithe didims se@ut belewt i cal it hography. In
inprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device my
be pressed into a | ayer of resist supplied to the substrate whereupon the
resist is cured by applying electromagnetic radiation, heat, pressure or a
conbi nation thereof. The patterning device is noved out of the resist

| eaving a pattern in it after the resist is cured. [0055] The terns
"radi ati on” and "beant used herein enconpass all types of electromagnetic
radi ation, including ultraviolet (UV) radiation (e.g. having a wavel ength
of or about 365, 355, 248, 193, 157 or 126 nm and extrene ultra-violet
(EW) radiation (e.g. having a wavelength in the range of 5-20 nm, as
wel |l as particle beanms, such as ion beans or electron
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beans. 13 [0056] The term "l ens", where the context allows, may refer to
any one or conbination of various types of optical conponents, including
refractive, reflective, magnetic, electromagnetic and electrostatic
optical conponents. [0057] Wil e specific enbodinents of the invention have

been degggiﬁﬁg abogﬁi 5% will be appreciated that the invention may be
practic ; as described. For exanple, the invention may take
the formof a conmputer program containing one or nore sequences of

machi ne-readabl e i nstructions describing a method as di scl osed above, or a

dat a st or aga hufdittiiedsardgnent S5t B6lpidio: menory, nmagnetic or optical disk)
havi ng such a conputer program stored therein. [0058] The descriptions

above are i atuaeledeseidipde ¢d 40 emé a mepsuteineit tadigtiom hesn hatingw | | be
apparent tq one.skilled in the art that nodificatjons be made to the
i nvent i gﬁv‘ﬁgn%églcar Vil PR ey %@5"0‘?%%“"8@0%?@?@1% | ai ms set
out b,el MOCi;téd% la&qﬂgfd lof;bvatjer 1&'&1@5%!11[&13/ nmeasur ement SySt em

seﬁ 5|

conprising: a tunable ode configure 0 enmt a measurenent

radi ati on besipndl avicegirg unitooahesndl 0 J adiativedetengionfizasd e mbherevayvel engt h
range conprising a first mavelenggh associ ated with an absorption peak of
wat er mptasily ekthe measuseraeny rsdiation beas oif s tunrble lagen dinde subjecsedtorabstiratioon

Doam o ind @b ind Sulie BbesTulh oy BRERRE Y Ao RO conaott et Lo
the tunabl %ﬁ&&ﬁ&h@éi@@?#o%ss?%ﬂﬁﬁtgg taiga%g%&% 3&%%ie%%@%lh?ﬂ1a%§§h%dn the

signal processing unit 1s arrange etect an extreme value 1n a measured
i nt ensiinensisy dsunadtionrofdie whela@itedndrigichicalatt damgadicg vdlaé Gom thedditty val ue
fromthe detected extrenme value. 2. The hum dity neasurenent system

accor di §¥§ers v8lugi m 1, wherein the first wavelength is 1877 nm 3. The

hum dity neasurenent system according to claim2, wherein the wavel ength

range 2 S f’fﬁyﬂu}lﬁai?y ﬂgﬁsu;enllséﬁ%ystem according to claim 1, wherein the first wavelength is
1877 nm.

3. The humidity measurement system according to claim 2, wherein the wavelength range

is from 1877 nm +/- 1.5nm.

4.  The humidity measurement system according to anyone of claims 1-3, wherein a
measured intensity at a second wavelength is used to determine a reference value at the first

wavelength.

5. The humidity measurement system according to anyone of claims 1-4, further
comprising a beam splitter configured to receive the measurement radiation beam from the
tunable laser diode and direct a reference beam to a further radiation detector, the further
radiation detector being connected to the signal processing unit and configured to provide a

reference intensity signal.

6.  The humidity measurement system according to anyone of claims 1-5, wherein the signal
processing unit is further 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.
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4. The hum dity measurenent system according to anyone of clainms 1-3,
wherein a neasured intensity at a second wavelength is used to determne a
reference value at the first wavelength. 5. The hum dity nmeasurenent
system according to anyone of clains 1-4, further conprising a beam
splitter configured to receive the neasurenent radiati on beamfromthe
tunabl e | aser. diode and direct a reference beamto a further radi ati on

det ect o, t Adumidityyaeasurempnh etid §ePRESBE bei ng connected to the signal

processi ng (WP i . 1. i i | i gpnal . 6.
The b dr ¢ JOvREN oSBT RUE Blalith BEMAA A v RIGILANGE | ReRRE o, B8 L 0
the si 9%%16:@1@%%@ b@gpmg a fifst f;vu{/élbl%‘ih adsbénge tithandBs@pidmpeak ofwaiedi ty
val ue based on a humdity nodel which receives the neasured intensity
val ue, wmolectless t enperature and pressure in the neasurenent radiation beam

15 7. A hum dity nmeasurenent. net hod conpri.si.ng: proyidj nmeasur ement
radi ati on bE&H B%F%&t%sﬁéQtTh@ﬂbqaﬁurFWe%t rﬁé@é‘?ﬁ%ﬁ‘rf“ﬁfﬁ%@%’ ?]Pfé’rpa*Wélaengt h
range Cﬁfi’]l@{ié)r?{)ﬂgax%léﬁ 1St wavel ength associated with an absorption peak of
wat er nol ecules; nedslring an intensity of the measurenent radiation beam

subj ect ed t getedtim@ap ekddn@salae irf thd fich@ifcdihtensiveinahgvavelegitieningagndn extreme
value in the neasured intensity in the wavel ength range; and calculating a
hum dity vataleuldtingra humidigevalee é@lﬁlék‘t deterded eytigaic WlueThe huni dity measur enent
met hod according to claim7, wherein the first wavelength is 1877 nm 9.
The hum dity nmeasurenent net hod according to claim8, wherein the

wavel engt h TRNgenidls mfeés%F%nJrélz fnctBd aLO5inL Qe cIAHe 7 /W Sk ke AREFINSERAT is et hod
according to anyone” of clains 7-9, wherein a neasured intensity at a
second v&Weimength is used to determ ne a reference value at the first

wavel ength. 11. The hum dity nmeasurenment nethod according to anyone of
clainms 7-10 furt,g_er ) i )

9. = The humidity measurement method according to claim 8, wherein the wavelength range

is from 1877 nm +/- 10%.

10. The humidity measurement method according to anyone of claims 7-9, wherein a
measured intensity at a second wavelength is used to determine a reference value at the first

wavelength.

11. The humidity measurement method according to anyone of claims 7-10, further
comprising determining a humidity value based on a humidity model which receives the

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

12. A lithographic apparatus arranged to transfer a pattern from a patteming device onto a
substrate, the lithographic apparatus comprising an interferometric position measurement

system and a humidity measurement system according to anyone of claims 1-6 connected to
the interferometric position measurement system, the interferometric position measurement

system being arranged to receive humidity data for correction purposes.

13. A lithographic apparatus arranged to transfer a pattern from a patterning device onto a
substrate, the lithographic apparatus comprising one or more immersion system components
and a humidity measurement system according to anyone of claims 1-6 to measure humidity in

air extracted from the one or more immersion system components and to determine thermal
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conprising determning a humdity val ue based on a hum dity nodel which
receives the neasured intensity value, and the tenperature and pressure in
t he neasurenent radiation beam 12. A |lithographic apparatus arranged to
transfer a pattern froma patterning device onto a substrate, the

i thogri%gi c ﬁggﬁ?r atus conprising an interferometric position neasurenent
system R tHe MR TOT FREHFCa, OMANS¥eor di ng to anyone of claims 1-6
connected to the interferonetric position neasurenent system the
interferonetric position neasurenent system being arranged to receive

hum di t y4dandithesragiac kgekdtecomprz@ges. 13. A lithographi c apparatus
arranged to transfer a pattern froma patterning device onto a substrate,
t he |it hogr agkrertaepitrustadsnd erprgedita gummoee agrattenneg deviver Sic pattgyigaievice
conponepts and a hum dity nmeasurepent system according to anyone of clains
1-6 to H%‘B%ﬁ?’ﬁg%?&aiﬂage@ﬁbeﬁ’inrot%é?{ﬂ%ﬁ’& ed fromthe one or nore inmmersion
Syst em CONpRRgtratedNfhdrledisiiidd 10 a&.{aﬁ%@% su%;ﬁzrlé’é&s%el he one or nore

i mrer si on system conponents. 14. A lithographi c apparatus conprising: a

support consprojetien sydcn actisanged atdarBagpd td prajdeed p&tciidddbedRwifeadiatidne
patterning device being configured to pattern a beam of radiation; a
subst r ap&odpPbeitateionst ruct ed and arranged to support a substrate; a

proj ection systemconstructed and arranged to project.a patterned beam of
Padl ation OhPlTRESdTs bYPUTEm Ok el i enfheled bt SrdiRer Edtruron:

syst em gonsdd dehedindipslealganged to measure a position of the substrate;
and a hum dity neasurenent system connected to the interferonetric position

measur enenta hsysdignmedsheentntsydichy conragod ene intsfebmpirepopitios nigsw@ehertabl e
| aser diode configured to emt a neasurenent radiation beam having a
wavel endistent, thepady Bieaicne gestern emprsiBE engt h range conprising a first

Sranal o ocecs g Lo DB ol ReRSnet Gl RuR biivea o °
acer | i e B o 6 e A e b e R e
di ode for ossaiatedgithvar ebsongiidn peak 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

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 measured intensity as function of the wavelength and to calculate a humidity value

from the detected extreme value,

wherein the interferometric position measurement system is configured to receive

humidity data from the humidity measurement system for correction purposes.

15. A lithographic apparatus 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;

an immersion system positioned between the projection system and the substrate support
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i nformation, wherein the signal processing unit is arranged to detect an
extrenme value in a neasured intensity as function of the wavel ength and to
calculate a humdity value fromthe detected extrene val ue, wherein the
interferonetric position neasurenent systemis configured to receive

hum dity data fromthe hum dity measurement systemfor correction purposes.
15. A |ﬁ@dﬁ@@hap¢hsga@pm atus conprising: a support constructed and arranged
to support a,pat.terning device he pa r0j | C i . igured to
pattern a beaiHf ¥I§18?%ﬁr%eﬁl lt S’é‘o’teg%%%l}sfr%%%ggﬁdp%% gaé{é)n@?arsﬁ%ﬂe?%ugﬁﬂrnaa%anged

t 0 SUpPPefitactdsHis bh@bemoR BiPbRGH:d OMhs Hiherlmapskhtel eddanthias firpgad to
project a patterned beam of radiation onto the substrate; an i mersion
syst em padiohithnad: dretare énmetsenpysiachirgoenents teninamdity reagubsentaygesuppor t

17 and/or the substrate; and a hum dity neasurenent system constructed and
arrangefPPF ¥éhsure hunidity in air extracted fromone or nore conponents

of the |mmerst of.SySikElARGad Quitehh B Rl ha6ia08y b RAGLL TTOr e

i nrer si on syst em conponé y ‘neasurenent system conprising a

tunabl e | as@hvdlémaeiCORiVBinEEah e, EE Wavdl MR ASdh &N ®Mprisa Aflidsonatatamihavi ng

a wavel ength in a wavel ength range, the wavel ength range conprising a
first wavel ssgtisted asthowiahsarption pdak ah wates oropeciulss; gsdak of wat er nol ecul es;

(o neasure an 4 HEBNERLS 01 YRR AL T A B AOBEERF bR TSV
| aser di Ode‘n§éﬁ9ﬂr'[1‘1,‘? 815 ﬁg n{egfuréxﬂélﬁ rrﬁﬁét ’beﬁﬁllq)f(ff? € fias %&&?sub#@%ﬁ lt@ | aser
engt I'n t a

di ode for obtai ng wave ormati on, erein e sig pr ocessi ng
unit is arrgiRegtiohlandebedcetadno Gittuaibic Madroderfor ehtaiaagUVRdlenpthensi ty as
function of the wavel ength and to calculate a humdity value fromthe
det ect ed exifameation|wheremn ghe 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.
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