Li t hographi c Apparatus, Device Manufacturing Method, and Device
Manuf act ured Thereby The present invention relates to a |ithographic

proj ection apparatus 5 conprising: a radiation systemfor supplying a

proj ection beam of radiation; a support structure for supporting patterning
means, the patterning neans serving tolpattern the projection beam
according to a desired pattern; 10 - a substrate table for holding a
substrate; and a projection systemfor projecting the patterned beamonto a

target porti diithiographic ppaiatus] Device Maiufadtafiny MethivH)Sands here
enpl oyed shoul d be broadly in;ergreted as referring to neans that can be
used to endow an inconing Peuieg nfagtuxedhTherehY er ned cross-secti on,
corresponding to a pattern that is to be created in a target portion of the
substrate; the term"light valve" can also be used in this context.

Gener al | yThelresehd iRA86A reldtes 30 £AFKESRYMC Eg;)fbo?ﬁ’frf hgghﬁdynct i onal

| ayer in a device being created in the target lon, S as an

i nt egrat edomipresing: or ot her device (see below). Exanples of such
patterning means include: A mask. The concept of a mask is well known in
lithography, aRdadiating|syséemniesicupplFingagroectiombeam of radiatiomg
phase-shift, and 25 attenuated phase-shift, as well as varipus hybrid mask

types. Pl acemeAtSURIPOLERUGYRESIOT i SHRRAS g PatteFRingmAatis, 4 Bs FRRge
transm ssi ' LSS YEaBs 1 legti-on;(in the
case of are xféeg%%\{?lgg&g?%{t@%} ﬁ?%?%r?%g} lg’?ll %ﬁ |np¢<c)r1°d-|8%n g{)l ﬁéeélgrgcslk,
accordi ngpheteirhg pattern on the mask. In the case of a nmask, the support
structure will generally be a 30 mask table, which ensures that the mask

can b hetd at asuksiratadtaldsifor twldinga substrate; and
- a projection system for projecting the patterned beam onto a target

portion of the substrate.

15 The term “patterning means” as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming
radiation beam with a patterned cross-section, correspbnding to a pattern
that is to be created in a target portion of the substrate; the term “light
valve” can also be used in this context. Generally, the said pattern will

20 correspond to a particular functional layer in a device being created in the
target portion, such as an integrated circuit or other device (see below).
Examples of such patterning means include:

- A mask. The concept of a mask is well known in lithography, and it
includes mask types such as binary, alternating phase-shift, and

25 attenuated phase-shift, as well as various hybrid mask types. Placement
of such a mask in the radiation beam causes selective transmission (in the
case of a transmissive mask) or reflection (in the case of a reflective maskj)
of the radiation impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will generally be a

30 mask table, which ensures that the mask can be held at a desired position
\



in the incomng radiati on beam and that it can be noved relative to the
beamif so desired; A progranmable mrror array. One exanple of such a
device is a matrix-addressabl e surface having a viscoelastic control |ayer
and a 5 reflective surface. The basic principle behind such an apparatus is
that (for exanple) addressed areas of -#he reflective surface reflect
incident light as diffracted |ight, whereas unaddressed areas refl ect
incident light as wundiffracted light. Using an appropriate filter, the

sai d undi i thetifdoirifiBtradéatioRehdainh | 8h8dhatit ehnthemiBlderd1gdvEea thel €avi ng
only the diffracted |1 ght 10 behind; in this manner, the beam becones

pat t er nedbgavwifdsndesisedhe addressing pattern of the matrix-addressabl e
surface. An alternative agrl'rbodj ment of a programmable mrror array enpl oys

a matrix ~arrafgRiRETERmakle mirror arrmay. Qe egample & sth salevies 8 aual | y

tilted ab : | ' .sujitable.localized.electrig field, or
by enpl oy%tﬁaﬁég%%gwg%égﬁag rf%ﬁ Vﬁ’gcla?'?%as%ggngboéﬁﬂyelf ﬁ@arﬁ‘ rrors are
mat i x5 aﬂéﬂ&&ﬁﬁabgﬁrfa%léP*thf@ésié“ib(?irﬁﬁﬁféjb%fr[&Egcl‘i{' afh éﬁ)ﬁalrﬁﬁﬁs A hAEOM NG
radiation beamin a different direction to unaddresse rrors; 1nthis

manner, t (fer exbneplepdddeesséd apedd of tied reftenivit sigritoe rbfleadiicidehntight
pattern of the matrix-addressable mrrors. The required matri x addressing

20 can beapélifforted light gvheraasneadieesscdnre ct imciglents lighttame

or & pr oo ML ST 195 USRS apBrabrALGILEE Y SR EPAUTaRFS) Ehlas her e
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WO 98/(B3086hindhj Ehtlsisemane®ip i@ bedm BeebmerypattefresEnecordifgiteetase of a
programmable mrror array, the said support structure may bé enbodi ed as a

frame or addressihgrpaixermpbé theumatrixragddrossdble sdirfacardmbllteraativequi r ed:;
and A pr Og;na[)%lbrlleentLo a?)rrE)a ém%]agféag?rlr%r%&rg;rj (f::?np ogr(s)rjasgautgit:g on is
arrangement of tiny mirrors, each of which can be individually tilted about
an axis by applying a suitable localized electric field, or by employing
15 piezoelectric actuation means. Once again, the mirrors are matrix-
addressable, such that addressed mirrors will reflect an incoming
radiation beam in a different direction to unaddressed mirrors; in this
manner, the reflected beam is patterned according to the addressing
pattern of the matrix-addressable mirrors. The required matrix addressing
20 can be performed using suitable electronic means. In both of the
situations described here above, the patterning means can comprise one
or more programmable mirror arrays. More information on mirror arrays
as here referred to can be gleaned, for example, from United States
Patents US 5,296,891 and US 5,523,193, and PCT patent applications
25 WO 98/38597 and WO 98/33096, which are incorporated herein by
reference. In the case of a programmable mirror array, the said support
structure may be embodied as a frame or table, for example, which may
be fixed or movable as required; and
- A programmable LCD array. An example of such a construction is

30 given in United States Patent US 5,229,872, which is incorporated herein



30 given in United States Patent US 5,229,872, which is incorporated herein
3 by reference. As above, the support structure in this case nay be
enbodied as a frame or table, for exanple, which nay be fixed or novable

as required. For purposes of sinmplicity, the rest of this text may, at
certain |locations, 5 specifically dire&-itself to exanpl es involving a
mask and nmask table; however, the general principles discussed in such

i nstances should be seen in the broader context of the patterning neans as

here abovbysmfercmet As dboveghemippartateatinr iapilasalase @ay the used, for
exanple, in the 10 manufacture of integrated circuits (1Cs). In such a

case, thecpurediediayya fremesontablgefreampleiwhigh mayt befixecoor sxpmideng to
an indivi duarl Ia%e of the IC, and this pattern can be inaged onto a
t ar get po??i Sﬂuﬂ ?CB. conprising one or nore dies) on a substrate (silicon

waf er) thai, ‘;&@ Mt Lati gp- Itive.material
(resist). | rﬁl%ir er alg,Of?%gﬁg:lﬂ#dltge\?vglfsgp?&mh te{:}%%%hggc\%ﬁ%ﬁé}#‘éﬁ}\gﬁé’ of
adj acelt spegificablgrdiretisitbéidito exaenplesdassivag v dskdhAld afa¥ikaabiie
projection system one at a tine. In current apparatus, enploying

pat t er ni nGOMmevernth& goneralpriRcipdes discusseidsin siech dnstarcaseshodiel bet ween

two di fferent .types, of chine. In one type of |lithographic projection
appar at us S¢&3¢dH ﬁ?’&f@l&ﬂ%@ﬁ%ﬁﬂ QP the patigrans meane G RRME 86t i re nask

pattern Opﬁr‘%ht he target portion in one go; such an apparatus is conmonly
referred to as a wafer stepper or step-and-repeat apparatus. In an

al ternati Eﬂ:l’fb@ébhi@ﬁrgje@ﬁﬁﬁ%dﬁare{tﬁfs%d@EetLQse%G,,f@r ek8RiFIBIS ¢RE appar at us
- each target portion is irradiated by progressively scanning the nask

pat t ekth umiEnutdesups of infegraterhciremmtsi (fCs). gnvarch af ersenthe pateetriing (t he
"scanning"” direction) while synchronously scanning the substrate table
paral | el ~BREAHY MPLEENFEALE & FUCHISPAtEER COBrESPONERg tpraydpdividual Jayer

proj ectioge %l){étlé[nawd {higaﬁls&t@rn can be imaged onto a target portion (e.g.
comprising one or more dies) on a substrate (silicon wafer) that has been
coated with a layer of radiation-sensitive material (resist). In general, a

15 single wafer will contain a whole network of adjacent target portions that
are successively irradiated via the projection system, one at a time. In
current apparatus, employing patterning by a mask on a mask table, a
distinction can be made between two different types of machine. In one
type of lithographic projection apparatus, each target portion is irradiated

20 by exposing the entire mask pattern onto the target portion in one go;
such an apparatus is commonly referred to as a wafer stepper or
step-and-repeat apparatus. In an alternative apparatus — commonly
referred to as a step-and-scan apparatus — each target portion is
irradiated by progressively scanning the mask pattern under the

25 projection beam in a given reference direction (the "scanning" direction)
while synchronously scanning the substrate table parallel or anti-parallel
to this direction; since, in general, the projection system will have a
magnification factor M (generally < 1), the speed V at which the substrate
table is scanned will be a factor M times that at which the mask table is

30 scanned. More information with regard to lithographic devices as here



magni fication factor M (generally < 1), the speed V at which the substrate
table is scanned will be a factor Mtinmes that at which the mask table is
30 scanned. More information with regard to |ithographic devices as here -4
descri bed can be gl eaned, for exanple, from US 6,046, 792, incor porated
herein by reference. In a manufacturi ng4pTocess using a Ilthographl C
projection apparatus, a pattern (e.g. in a mask) is imaged onto a
substrate that is at least partially 5 covered by a |ayer of

radi at i ondesofibedvwanrbtglleahed ! 3 ékamph, FRSmtUSIA 086, 799 itkorpdPatdde
substrate may undergo various procedures, such as primng, resist coating

and a sof hepeineby Aeferenegposure, the substrate may be subjected to other

procedur e such ost - exposur e bake ( PEB) devel opnment, a hard bake
and neasui%@ema/m?i%gsé@pgdwww rsinagglthograpkic preisctipm apprratisef
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cheno- mechani cal polishing, etc I nt end finrs an i ndi vi dual

layer. |fimegegitémytessabstraesmaedndergn vahoushptecetiurespsadhrsas or a
variant thereof, wll have to be re[:)eat ed for each new |ayer. Eventually,
an array BFITGEVE,JESISH qqatu& phdse soltdpalineAeon sxpasare, (thef wl)»stramasreay
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Practigal féﬁnuiest’Dhﬁemna@r@UpthedErreseﬁjs@a"as abdsls tEQidttérn aBy Peter van
Zant, McGaw Hi |l Publishing Co., 1997, |SBN 0-07-067250-4, incorporated

herei n byinévedeakleyersf a devisake. gafarsl(ﬁrpSHGht@patmnpddﬁEcm Ay tyem em may
hereinafter pbe 25 referred to as the "lens"; however, this termshould be
broadly i £aVaglous processes such as efching, ion-implantation (doping),
metallization, oxidation, chemo-mechanical polishing, etc., all intended to
finish off an individual layer. If several layers are required, then the whole
15 procedure, or a variant thereof, will have to be repeated for each new
layer. Eventually, an array of devices will be present on the substrate
(wafer). These devices are then separated from one another by a technique
such as dicing or sawing, whence the individual devices can be mounted
on a carrier, connected to pins, etc. Further information regarding such
20 processes can be obtained, for example, from the book "Microchip
Fabrication: A Practical Guide to Semiconductor Processing”, Third
Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997,
ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be
25 referred to as the "lens"; however, this term should be broadly interpreted
as encompassing various types of projection system, including refractive
optics, reflective optics, and catadioptric systems, for example. The
radiation system may also include components operating according to any
of these design types for directing, shaping or controlling the projection

30 beam of radiation, and such components may also be referred to below,



as enconpassi ng various types of projection system including refractive
optics, reflective optics, and catadioptric systens, for exanple. The

radi ati on system may al so i ncl ude conponents operating according to any of
t hese design types for directing, shaping or controlling the projection 30
beam of radiation, and such conponents-ifay also be referred to below, 5
collectively or singularly, as a "lens". Further, the lithographic
apparatus may be of a type having two or nore substrate tables (and/or two
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exposures. Dual stage |ithographic apparatus are described, for exanple,

in US 5, 969ask tablesyi Inosgeh/“roitiile shage’ derdoepohataelditional tablysrmabgrignce.
Sem conduct or- based faHOt o-detectors or photo-detector arrays are generally
sensi ti ve YSdtiRcPraligl) T PREPRFHOTY StepTMak e sarrieds ouhenne of gheTe 10 To

make ot - : L1 ectro netic,radiation in the
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conver si oanidaWed 987Yak07bE cbdith irfverpokédtéddvhermdn diyi pefepdrtbeconverts it into 15
radiation with a longer wavelength referred to hereinafter as "secondary

radi ation". ThSmicepdystyr-Lageatphntordetgsters 9r photo-Wgtettongmays aree
infrared and visible light and ultraviolet .spectrum. that is, generally of
a wavel efft'R Bty ﬁﬁﬂsﬁﬂ%tl& @“%V@Bﬁ.aﬁéﬁ%aﬂéf pd redpn c?fjst?"l’3 EdHvert ed
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(typical pixel size 5-50 mcron). A typical conversion coating nay be

sel ect ed tyRigalyrerging fr0m25RmldPP43n) vrg e Fecnipim Ultraviolet region
(VUV, typically ranging from 195 -120 nm) they can be coated with a
conversion layer that absorbs the DUV/VUV radiation and converts it into

15 radiation with a longer wavelength referred to hereinafter as "secondary
radiation”. This secondary radiation is usually of a wavelength in the
infrared and visible light and ultraviolet spectrum, that is, generally of a
wavelength of 400 nm to 1 micron. The radiation which is to be converted
will be referred to hereinafter as "primary radiation".

20 These conversion coatings are typically 1-50 micron thick and can
therefore be applied without the loss of resolution of the underlying array
of photodiodes (typical pixel size 5-50 micron). A typical conversion
coating may be selected from Gd2028S:Tb also named P43, Y2Si05:Ce, Th
(P47), and Zn28i04:Mn (P1). Also CaS:Ce, YAG:Ce and ZnS:Ag, Al, are

25 used as conversion coating material. These coatings leave the incoming
visible or infrared radiation almost completely unaffected and do therefore
not decrease the camera’s sensitivity to radiation of visible and infrared
wavelengths. The secondary radiation is emitted more or less isotropically,
so about 50 % of the secondary radiation is emitted backwards and does

30 not reach the photosensitive surface. This results in a significant yield loss



(P47), and Zn2Si O4: Mn (P1). Also CaS: Ce, YAG Ce and ZnS: Ag, A, are 25 used
as conversion coating nmaterial. These coatings |eave the incomng visible
or infrared radiation al nost conpletely unaffected and do therefore not
decrease the canera's sensitivity to radiation of visible and infrared
wavel engt hs. The secondary radiation i§ Q@mitted nore or |ess isot ropi cally,
so about 50 % of the secondary radiation is emtted backwards and does 30
not reach the photosensitive surface. This results in a significant yield

| oss 6 foilfot tiee photo dittetmirpsince maky lealf\bf hAkfinefddrterddigtigadndradiigt i on
energy is  detected. Further, the secondary radiation emtted inthe
di r ect i on dgkesteds Farthen thsotansmearyinadiativn smittidyin thefdismxtticat asaye

di stance above,th | mage.sensor, return tq the image sensor, and fall upon
Lhe w ong THIRde BhptaSensifave Susiace aiait flestat isogi diptanssshtedthe
Especi al | Y foetdd h = .S, U on _pakt of a
Sensor oot 8L feeirtt i imARE RerlsDr. 56 128 i 3 SHOrB0RBRLCo i on
with o ophocehe piaiTarheid the DISValgdhtlwis whsBiBEl) r ansmi ssion  or phase
distribution, for e.g. alignnent or dose neasurenents, in front of 10 the
array, this addispesially gphis ghotoatsiacton dniragasisedgay ¢he ideted o peirt

spuri ous r?flections. Thi s e.f%gé:ét resul{s in the | oss of spatial resolution

and in t h8! agRaRson e We Whighaeansistyplhsaid pagtosdeteater armsgi sensor . I n

addi ti on, . | ative hjigh.sensitivwity for visible and
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unwant ed baGHHRUARtribuftich, TeRARNE aligMht %?%He%ﬁ%u?é’ﬁ%%, f}fﬁ%ﬂltod’f .
optical nethods that enploy radiation at these wavel engths w give rise
t o anl@Qnwéhe edrayodss adalikiohel weeicall eldmerntvillicagilgdive risestoes®ch20 1t is
an object of the present invention to inprove the detection

char act er SRHrIQUSFelle@diQng-r ent phot o- det ect or havi ng a conversion | ayer, so
that a higher yield is achieved and the presence of ghost inages is

This effect results in the loss of spatial resolution and in the
generation of 'unwanted' ghost images on the image sensor. In addition,

15 because of the relative high sensitivity for visible and infrared radiation,
stray light in these wavelength ranges gives a large unwanted background.
In a scanner, other measurement systems based on optical methods that
employ radiation at these wavelengths will give rise to an unwanted cross-
talk between different diagnostic systems.

20 It is an object of the present invention to improve the detection
characteristics of the current photo-detector having a conversion layer, so
that a higher yield is achieved and the presence of ghost images is
suppressed.

These and other objects are achieved according to the invention in a

25 lithographic apparatus as specified in the opening paragraph,
characterized in that the lithographic apparatus comprises a radiation
sensor which is moveable in a path traversed by the projection beam, for
receiving primary radiation out of the projection beam, said sensor

comprising:



suppressed. These and ot her objects are achieved according to the invention
in a 25 |lithographic apparatus as specified in the opening paragraph,
characterized in that the |ithographic apparatus conprises a radiation
sensor which is noveable in a path traversed by the projection beam for
receiving primary radiation out of the-pgrojection beam said sensor
conprising: 7 a radiation-sensitive material which converts incident
primary radiation into secondary radiation; sensing neans capabl e of

detecting sai dasl%ﬁilad@hyséﬁéiﬁ&_éirﬁﬂter@é]ﬁirﬁidlﬂcéﬁ@é?@%h@idéﬁhﬁﬁfrﬂ}gsensi tive
material; and 5 a filter material for substantially stopping secondary

radi at i onrédimtion intves¢audaryaradiiaionj on away from the sensing nmeans. Such

afilter mterial will reduce the nunmber of visible and infrared stray
li ght phot ons FEBEHIEEGANS pHRRRE fddetectingRaid seaandpreatiatign sol ar

blind detector . The. Layer it hus..enh th | .selectivity of th
10 i mage. sensofetgd Frord g raaf g slie BhARFEL Sadior “The primary
radi atg on., h&er%ﬁt&@p@r@mstahlﬂﬁlly %@g@g@%@&&%gﬂbﬁam@g%ﬁ econdary

radi ati on. Preferably, however, th mat er | IS re ctive for the

secondar y travating irpa difectivraavappfronatheseabirghnagdid.i onal filter materi al
layer with 15 the proper optical characteristics on top of the conversion
layer will sePewh adilier eratedal wilk rednge wheawmdpen of sisitde ayrdeirifeaiashs

Whan 1o SERTERLBNGHIYS FHRSBE R BPPASS) SRR St b BelRT s
Conver si ogTayaftcEfor. I ATIARE I ACLARARGCS The sBRc bl SRRl R e ans.
This M | | imageearsBorhe detector signal with the reflected fraction of

The filter material may be transmissive for the primary radiation. In
one embodiment, the filter material absorbs said secondary radiation.
Preferably, however, the filter material is reflective for the secondary
radiation. Such an application of an additional filter material layer with

15 the proper optical characteristics on top of the conversion layer will
selectively reflect the long wavelength secondary emissions from the
conversion layer, while transmitting the primary DUV /VUV photons.
When reflected, not only the forming of stray light and ghost images is
prevented, but also the secondary radiation emitted by the photo-

20 conversion layer is reflected back into a direction to the sensing means.

This will increase the detector signal with the reflected fraction of
the secondary photons originally emitted away from the photosensitive
surface, and thereby reduce the loss in yield. It will also reduce the
contribution of the backward emitted and at some point reflected

25 secondary radiation.

In a preferred embodiment, in the lithographic apparatus according
to the invention, in a direction away from the sensing means, said
radiation-sensitive material is applied before said filter material. Thus,
radiation traveling towards the radiation sensor is first filtered by the filter

30 material, then converted in the radiation-sensitive layer and then detected



t he secondary photons originally emtted away fromthe photosensitive
surface, and thereby reduce the loss in yield. It wll also reduce the
contribution of the backward emtted and at sone point reflected 25
secondary radiation. In a preferred enbodi ment, in the |ithographic
apparatus according to the invention,-i®ra direction away fromthe sensing
nmeans, said radiation-sensitive material is applied before said filter
material. Thus, radiation traveling towards the radiation sensor is first

filtered by tHeerddihtien é’éhéfﬁ%&hbahs. IV eRiscRBY ebhRAthd prfifary radiation is
radi ation-sensitive |layer and then detected -8 by the radidtion sensing
means. | ndetsatedennd shiay-light pnidnsecpndatydighonreflectett backen drdradingiod i ght

and secondary. | ight reflected backfteg the radjation sensing neans is

bl ocked oPERSIEEIARSIRYIOks s AnEslestrd Ay eHs the rAgioN SSOBE f ur t her
preferredn?é‘g}F%i ment, said filter material conprises a sem-transm ssive
netal | ayer. " has been found that preferably, said netal atons are from
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radiation is of a wavelength of 120 to 250 nm Preferably, ness

of said fsemartrafismissveanetal laget.| Iethdsbeen fieund ilae pgelerably,heaidr i mary
radiation. Preferably said filter layer is of a thickness of 0.5-30 nm
The i nvenfigal ptemseare Bpm she gsoupddAler Ganuf act uri ng method conpri si ng
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10  material is smaller than the wavelength of the primary radiation.
Preferably said filter layer is of a thickness of 0.5-30 nm.
The invention further relates to a device manufacturing method
comprising the steps of:
- providing a substrate that is at least partially covered by a
15 layer of radiation-sensitive material;
- providing a projection beam of radiation using a radiation
system,;
- using patterning means to endow the projection beam with a
pattern in its cross-section; and
20 - projecting the patterned beam of radiation onto a target
portion of the layer of radiation-sensitive material
- using a radiation sensor which is moveable in a path
traversed by the projection beam, for receiving primary radiation out of the
projection beam, said sensor comprising:
25 a radiation-sensitive material which converts incident primary
radiation into secondary radiation;
sensing means capable of detecting said secondary radiation
emerging from said radiation-sensitive material; and
a filter material for preventing secondary radiation from traveling in

30 a direction away from the sensing means.



20 - projecting the patterned beam of radiation onto a target portion of
the | ayer of radiation-sensitive material using a radiation sensor which is
noveable in a path traversed by the projection beam for receiving primry
radi ation out of the projection beam said sensor conprising: 25 a

radi ati on-sensitive material which conv&ts incident primary radiation

I nto secondary radi ation; sensing neans capabl e of detecting said secondary
radiation energing fromsaid radiation-sensitive material; and a filter
material for preventing secondary radiation fromtraveling in 30 a
direction away fromthe sensing neans. 9 Al though specific reference may be
made in t Alhaugh specificerafseerafe iiay beppadeainshzc ot donghet nsé b€ thavent i on
in the manufacture of ICs, it should be explicitly understood that such an
appar at us BRRETAEY agepringdosthe mveniion it the sranulasntuss #fRCs, it shewmld be
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terms "reinteigedted vpfieal spstehel,eruidante drid Setetiors pavednBdos dnabderied as
being repl aced by the nore general terns "mask", "substrate" and "target
portion", demiackieyeesics, iquid-caystabdispley panmls, thin-fibnmeagnaticdiéaxds, and

"beant dtop. all t | ect ti dj ati on,

e ucl ngelfic i PR SPERAS ull appibiinte atult e ChdereAbEACE! 305, 248,
193, 157 i 3 | - \(] tn h i ﬁ ) 108
havi ng a %&ﬁgﬁggjﬁﬁlﬁ%r@rﬁgge gél%ccﬁ%)\&ﬁég &éﬁﬁ\é}a’s{‘gﬁe i%:) gd egalrg}ls, such

as i or0 beds ikt alheailddse chasitered AsHdiag repMcePbyithe moyegenepami | | now
be described, by way of exanple
terms "mask", "substrate" and "target portion", respectively.

In the present document, the terms “radiation” and “beam” are used to
encompass all types of electromagnetic radiation, including ultravioclet
(UV) radiation (e.g. with a wavelength of 365, 248, 193, 157 or 126 nm)
15 and extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the
range 5-20 nm), as well as particle beams, such as ion beams or electron

beams.

20 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:

- Figure 1 depicts a lithographic projection apparatus according to an

25 embodiment of the invention;

- Figure 2 schematically depicts a radiation sensor according to the
prior art;
- Figure 3 schematically depicts a radiation sensor according to the

present invention;



only, with reference to the acconpanying schematic drawi ngs in which
correspondi ng reference synbols indicate corresponding parts, and in
which: Figure 1 depicts a |ithographic projection apparatus according to an

25 enbodi nent of the invention; Figure f schematically depicts a radiation
sensor according to the prior art; - F %Gre 3 schematically depicts a
radi ati on sensor according to the present invention; - 10 Figure 4

schematically depicts an alternative enbodi nent of a radiation sensor
accordi ng-t o t Wegure € rchema sl idepitts arbakieguadvd esthedimhéntbf 3 depi cts a
| i t hographi ¢. projection appajatus .1 according to a particul ar enbodi nent

of the inV@ tB’d{ Sﬁfﬂéoﬁﬁﬁfg&é{l{]g todhenveBEoN. "5 radi ati on system Ex, IL,

for supplying a projection beam PB of radiation (e.g. light in the deep
ultraviolet region). In this particular case, 10 the radiation system also
conpri ses a ragimbb@iméAtnce LA, - a first object table (mask table) MI
provided with a nmask holder for holding a nask MA (e.g. a reticle), and
conneci ed to fFigrepbsichieom ticallyrdapit®M lithogaplviapebjechio appatats he
mask with respect to itemPL; - a second object table (substrate table) W
provi ded \biQW%dl%t%@bBﬂtaﬁ@aﬁmb@dmﬂnh@f theinvention: The apparatgs a

resi stcoated silicon wafer), and connected to second positioni ng neans PW
for accurﬁ?g}lgps%sc)sitioni ng the substrate with respect toitemPL; and - a

R e S T G
t he subst radmtién (e.g. light in the deep ultraviolet region). In this particular case,
10 the radiation system also comprises a radiation source LA;

- a first object table (mask table) MT provided with a mask holder
for holding a mask MA (e.g. a reticle), and connected to first positioning
means PM for accurately positioning the mask with respect to item PL;

- a second object table (substrate table) WT provided with a

15 substrate holder for holding a substrate W (e.g. a resistcoated silicon
wafer), and connected to second positioning means PW for accurately
positioning the substrate with respect to item PL; and

- a projection system (“lens”) PL for imaging an irradiated portion of
the mask MA onto a target portion C (e.g. comprising one or more dies) of

20 the substrate W.

As here depicted, the apparatus is of a reflective type (i.e. has a
reflective mask). However, in general, it may also be of a transmissive
type, for example (with a transmissive mask). Alternatively, the apparatus
may employ another kind of patterning means, such as a programmable

25 mirror array of a type as referred to above.

The source LA (e.g. an excimer laser source) produces a beam of
radiation. This beam is fed into an illumination system (illuminator) IL,
either directly or after having traversed conditioning means, such as a
beam expander Ex, for example. The illuminator IL may comprise

30 adjusting means AM for setting the outer and/or inner radial extent



As here depicted, the apparatus is of a reflective type (i.e. has a
reflective mask). However, in general, it nay also be of a transm ssive
type, for exanple (with a transm ssive nask). Alternatively, the apparatus
may enpl oy anot her ki nd of patterning_ngﬁqs, such as a programmble 25
mrror array of a type as referred to above. The source LA (e.g. an exciner
| aser source) produces a beamof radiation. This beamis fed into an
illumnation system (illumnator) IL, either directly or after having

t r aver sed (GIRMenyHcderrrddesas suentesand ohisware xpespeistvey), of dre bxtensity. The

illum natage | ' 30, adj . ) AM f tti t he outer
ond or o Qistrioutiidn S TR Bearh 18 Aetiibinny il AL Beagrally Gompritk EANGHS.

o | . " . : . . . . L
Sl 1 op, PEAEEELfnen ] shEf dShfNRtdarl BN L AR AERnL

i nt egr at owayl) thecthearn B éngsingfiy ohnthehindskWA hhS@ Hesime®BdifdymhiynNg on
the mask MA has a desired uniformty 5 and intensity distribution in its

cr oss-3ecangnintensylislistribatipotiaditeicross-egatidnt o figure 1 that the source
LA may be wthin th ousi.ng of . the |ithagraphjc projection apparatus (as
is often the Etagl%mdﬁjeﬂeﬂf&ego‘ﬁ]ttberegﬂr@@ FCLWEP‘F sopgee Lsmaele put
that it 3l [- : ' ' ' tus, the
radi ati on O EeaR HRuSEIEDF (e Bhbampaik IMIARINT sBpREENS B, RORRER® i ()
the ai d otasewli@blhe doi@eé LPYigTh ThéFSiry labhs, forld:RimpRGNBUL Shhb iOf[0 the
case when the source LA is an excinmer [aser. The current invention and
claims eabunpagempgerrom thebthegraphic guojchitiwrbeppaRBusy ihequehatign

i ntercepts the sk .MA ich is held, 15 on a mask table M. Having
t r avet@ed PERE? Eﬁwﬁpl‘f)ﬁgcsémrﬁ&?ﬁfg fosthe APBAAUSE-2-cWihrthe ail of

(ocuses, | SEBEATVER IRk ALASPUALP Qe L HUHRE ke oY o
neans | F) sotif€e BAbR! ddtekcirfbt aséh. T8 Afrrent invention and claims
encompass both of these scenarios.
The beam PB subsequently intercepts the mask MA, which is held

15 on a mask table MT. Having traversed the mask MA, the beam PB passes
through the lens PL, which focuses the beam PB onto a target portion C of
the substrate W. With the aid of the second positioning means PW (and
interferometric measuring means IF), the substrate table WT can be
moved accurately, €.g. so as to position different target portions C in the

20 path of the beam PB. Similarly, the first positioning means PM can be
used to accurately position the mask MA with respect to the path of the
beam PB, e.g. after mechanical retrieval of the mask MA from a mask
library, or during a scan. In general, movement of the object tables MT,
WT will be realized with the aid of a long-stroke module (coarse

25 positioning) and a short-stroke module (fine positioning), which are not
explicitly depicted in figure 1. However, in the case of a wafer stepper (as
opposed to a step-and-scan apparatus) the mask table MT may just be
connected to a short stroke actuator, or may be fixed. Mask MA and
substrate W may be aligned using mask alignment marks M1, M2 and

30 substrate alignment marks P1, P2.



noved accurately, e.g. so as to position different target portions Cin the
20 path of the beamPB. Simlarly, the first positioning neans PM can be
used to accurately position the mask MA with respect to the path of the
beam PB, e.g. after nechanical retrieval of the mask MA from a mask
library, or during a scan. In general - Fbverment of the object tables M,

W will be realized with the aid of a | ong-stroke nodul e (coarse 25
positioning) and a short-stroke module (fine positioning), which are not

explicitly depraeetepibtdd gyparatuér@wb%ruséduﬁ heroCditRroht TdRdSr St epper
(as opposed to a step-and-scan apparatus) the mask table MI may just be

connected to alshostepmaode thet metshkrtable Miyis e pt iessdntivigkstiioaady,
substrate Wmay be aligned using mask aljgnment marks M1, M2 and 30
subst r at ea8d; ¥ eEkirefRARK image ;szpmJeqt,;tmoa@ iocl &d aa%pﬂlfat fi!@sl@ AP1He used

in two different des t d sk tabl e
essenti i P25, PRRIFS - ‘The Syl s B 1Bl 80 19Rien SBIF B hE X ARaas g0

. e. 5‘9‘3? T W is
then S |f ?cntl(%:he%g %’ln %?lf%&ehgl ttﬁg{lryoglgct an Bgl | erée%%t t'gl?:lget
portion Cbeafh PB;idricdadi at ed by the beam PB; and 2. In scan node,
essentially the sane scenario applies, except that a given target portion
C is not expos@dlnscansnogeecssdnighlly thas;aea@sccwinwaipliqaamemthata
movabl e in a given directign (the so- cgl |l ed ' scaq chﬂs@ 10 the vy
di r ect i onBIvFR FRIges poEton Cdy qqtaftxpms pRot gleniles teadlc the seavls

Sean, Over R RSSO M i, RS BBt el e,
TN e AEECITOSRURSEY, LOBAETE oty s e
15 wi t houscanwvey & maskiimage seorncurresolyythesubistratedenbie ®WBasabl e to
determ nesuI'l?lrltaenXe%rlT.lpsll)? méxbeed I1r? ttl'eure] Sslagrﬁ/e g; o%%%%lte direction at a speed V =
My, in which M is the magnification of the lens PL (typically, M = 1/4 or
1/5). In this manner, a relatively large target portion C can be exposed,
15 without having to compromise on resolution.
In order to be able to determine, for example, the intensity or dose
at substrate level, a radiation sensor can be located at a convenient
position, e.g. in the vicinity of the substrate. An embodiment of such a
radiation sensor 2 is shown in fig. 2. In the figure, the sensor comprises a
20 pixel array of photo-sensitive elements 3. The photo-sensitive elements are
generally of a conventional semi-conductor on a substrate 4 having
photosensitive properties typically in the visible and (near) infrared region.
In order to be able to detect radiation of a smaller wavelength, such as
electromagnetic radiation in the DUV or VUV region or even Extreme
25  Ultraviolet (typically 13,5 nm) up to the X-ray region (1 nm and less), a
photo-conversion layer 5 is applied typically selected from the group of
CaS:Ce, YAG:Ce and ZnS:Ag, Al, for example. Such a photo-conversion
layer 5 is typically 1-50 micron thick and can therefore be applied without
the loss of resolution of the underlying array of photodiodes (typical pixel

30  size 5-50 micron).



at substrate |evel, a radiation sensor can be |ocated at a conveni ent
position, e.g. in the vicinity of the substrate. An enbodi nent of such a
radi ati on sensor 2 is shown in fig. 2. In the figure, the sensor conprises
a 20 pixel array of photo-sensitive elegfnts 3. The photo-sensitive

el ements are generally of a conventional "sem -conductor on a substrate 4
havi ng photosensitive properties typically in the visible and (near)
infrared region. In order to be able to detect radiation of a snaller
wavel ength, subh the cogiventioma gndiation adnabt,cabout 508 bitheindMdéntegi on or
even Extre 25 Utraviolet (typically 13,5 nm up to the X-ray region (1
nm and | e§a§liatipon gRETE! @Sﬁ%ﬁlﬁ%@ ﬂrapba radiatign sionseet ¥isdaavsling pweyed

TOLS{n ot an\gre?ﬁﬁ:g fplfl C@?F%iq %H?%Ig‘ig%}%%gﬁgrﬁC&?HHaﬁﬂP%ygﬁorl’ %‘Qﬁystcﬂe?ef ore
be appli edeyhhfQm raalgﬁdrpﬁi%ﬁéteﬁeﬁfgﬂ%ﬁﬁegf%hE@né’f%gﬁl A ?greg"[ﬂtaé(f gf

phot odi odes (typical pi xel Si ze heé “convernt i onal

radi at$ ongsiantam-cebeetsibB%pricebbemoreidlelebs is@Fopidally. AReEFwh i Gk | | Ne
6) froma radiation source 7 is traveling away fromthe photosensitive

el enent s pigiewer Aacbadesondagy iredidtige 8 maynhe sefllectednvely by refi¢ctive

(depi cted t | nes enerated as result of a 5 quantum converS| on
process, Hﬁ'ﬁe %PW@%@HP@J@P&% Epmﬁ@gs QFt TRRgsRsIccR sadiation

secondary | at | . V, f the
ppar at us ERRLE k%é‘ﬁ%r}f@ﬂn%iﬁe‘?%aﬁééﬁ% RGBSR S FehkEy B%r#gﬁ%auced
on nei ghbbeicnpapt setise %@ns&ﬁbs@mw‘rlﬁﬁh e aogfénﬁg nBMt 1tbﬁ1a€}r BRI bOL the
sensor assenbly, such as a grating, but it my a be a 10 "general

refl e i veesersd-refllective ssdetwall ke sofchalike Imémmhta-r pfart bE thap ppparatus.

Especi al | he det Is used for e.g. alignment or dose
nmeasur erre#t‘;?et:’f?é Yo Whesy t %LFSQQ‘EQC{!OEMF‘P@JQT 818 @ét%ﬁﬁnbpém with a

spatially ase dlstrlbutlon fr ot t he

hot o quPiAAtheAG o SEn gl GhaRiPSharbai Bt odiadlemth witheaer y

gl ve risegpftially varying transmission or phase distribution, in front of the photo-
detector array. Such an additional optical element 9 will easily give rise to

15 such spurious reflections.

Since the scintillation layer 5 is generally transmissive for
electromagnetic in the wavelength range of secondary radiation 8, light
emitted by light sources 11 in that wavelength, such as, for example,

20 monitoring lights or other forms of ambient light sources, generate a
background level which is generally undesirable. Background light
sources may include monitoring lights or other forms of ambient light
source. These are shown schematically as light source 11, with the
ambient light shown schematically as being incident in region 12.

25 Figure 3 schematically illustrates the presence of a layer of filter
material 13 deposited on the photo-conversion layer 5. The filter material
13 prevents secondary radiation 8 from traveling in a direction away from
the photo-sensitive layer 3. Hence, the energy of incident primary
radiation 6 is "trapped” by the filter material 13 in the photo-scintillation

30 layer S. In the embodiment illustrated in figure 3, the filter material 13 is



15 such spurious reflections. Since the scintillation layer 5 is generally
transm ssive for electromagnetic in the wavel ength range of secondary
radiation 8, light emtted by light sources 11 in that wavel ength, such
as, for exanple, 20 monitoring lights or other fornms of ambient |ight
sources, generate a background |evel whitch is generally undesirable.
Background | ight sources nmay include nonitoring lights or other forns of
anbient |light source. These are shown schematically as |ight source 11,

with the ofabreflectiveidtuaBdor theeoBhiasy lré(dﬁﬁld}?sngVHIEH'&fé}rs ﬂr{é tfa@.l%f?{' 12.

25 Figure 3 schematically illustrates the presence of a |ayer ter

material 08 nd¢pody tyviding decqpitetry-lightv@ tsavalingback Sntd tiee bippaeatugt eri al
13 preveni)%secon ary radi atl on 8 fromtraveling in a direction away from
t he phot oP&&Rlse énF’éfi?eSrmgt ﬂékgiast yielh sinee ghe dightrisir¢8actest baekinto

radi ation b |Iter ter|
phot o- sci ﬁﬁ? Iqslﬁqt%)b?f)o S}Oéijlg’} ?Hdtlﬁ Glatﬁe%le PﬁPi&lSFHﬁiH’q kvergire 3,
the fidte I ref ry
e, (13 cppoRLgblal N madral o t‘ﬁlﬁ?ﬁ (S Pl ind B SEAGNOCTY o
8 travel i OgbH30knmnt o t he apparatus, but also of increasing the |ight
yield, since the light is reflected back into the photo-conversion |ayer 5
and is directed to the photo sensitive layer 3. 5 Preferably, the filter
rder qof - 30 nm Such a
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from a spectdndary racdiapicay Ibegemmnal the seovndasy cadaticeniviiddeepastially
properties 1? n&eahaené %%%%:x];ily absorbed.
The dichroic behaviour of the thin layer results from a specific
interplay between the intrinsic optical material properties and the specific
15 thickness of the applied layer. The general optical properties of such
metal-multilayer structures have been described in the following
reference: Max Born & Emile Wolf, Principles of Optics 6th edition,
Pergamon Press. Oxford, 1993, ISBN 0-08-026482-4). Based on the
theory, sub-wavelength ('thin’, <100nm) metal layers sandwiched between
20 two other dielectrics (a gaseous or liquid medium or a solid state
passivation layer on the top side, and the conversion layer on the bottom

side) show a transmission behaviour that changes upon the wavelength of

the incident light.

25 Our application is about sub-wavelength layers {0.5 - 30
nanometers) layers. Especially a properly selected thickness of the layer
allows a controlled balancing between the level of transmission and the
level of absorption plus reflection. The right choice of materials and layer
thickness resqlts in effects that will differ substantially from the behaviour

30 of thick layersl having a thickness of more than 100 nm. Such thick layers



15 thickness of the applied | ayer. The general optical properties of such
nmetal -nultilayer structures have been described in the follow ng

reference: Max Born & Emile WIf, Principles of Optics 6th edition,

Per ganon Press. Oxford, 1993, |SBN 0-08-026482-4). Based on the theory,
sub-wavel ength ("thin', < 100nn) netal” 1§yers sandwi ched between 20 two
other dielectrics (a gaseous or liquid nediumor a solid state passivation
| ayer on the top side, and the conversion |ayer on the bottom side) show a
t ransni ssiabsobelavielect alliaghtchaadgas ngomrahlenivsivel forghb refevdrdte i nci dent
light. 25 Qur application is about sub-wavel ength |layers (0.5 - 30

nanomet er Mavegreths meddbesefoye makeo phessy 'thitkidayer nht skitesisforfdathetdrayer
allows a controll ed bal ancin &i.et en the level of transm ssion and the

| evel of X« ?J'?gtglns‘fﬁeﬁgl?%fa% ‘tc?‘gﬁ.nSThe right choice of materials and

| ayer thickness results in effects that wll differ substantially fromthe
behavi our 30 of thick layers having a thickness of nore than 100 nm Such
thick Sayers - Ajareisanither propferdayeathickings, eidriaht dMicd binsalerriye for
the rel evant wavel engths and therefore nmake these " thick' |ayer not suited
for det ecimerugialén itvingraatminngm aygtidad gierforsnafcdpBepehdimg bhethe oper

| ayer thickness, the right choice of materials is _crucial in achieving

opt i mum oftPRYE aﬁéf F}ﬂlﬁ%#@é.stﬁé%ﬁei qfghenthindayar.dhecingidenblight Ml

structure: -Ri .the incident.light will. .ipteract with the
Cayer in itereCE v ok REEErin) A S PO biane Wan s iR Bebertaensl t he
wavel engt RepbnHB®m st SRcléRstlpb] Bl HRMdEAL e58idHhd. terial
t he wavel eﬁgtﬂ dependency of The traném’ ssi on can be%’?gﬁ%retgﬁghﬁe

det ect@r propenimateaizplthearavriedgtt depeddedsy ofhbeatranshliysidepiat @@ i n
figure 3, the stray light of secondary 15 sources 11 is now bl ocked from

t he phot omafsied; trethegetector speqearipgapplicatiniefgeeniheds adi at i on det ect ed
by sensor 2 is reduced significantly.

As schematically depicted in figure 3, the stray light of secondary

15 sources 11 is now blocked from the photo-sensitive layer 3, therefore, the
background radiation detected by sensor 2 is reduced significantly.
Furthermore, the presence of reflective elements 9 does not affect the
photo-sensitivity of the radiation sensor 2 and ghost images are no longer
created.

20 In figure 4 a second embodiment is depicted of the radiation sensor
of according to the invention. In this embodiment, the detector is
protected by a passivation layer 14. Such a layer 14 is for protecting and
stabilizing the top coating. This material can be selected from the group of
oxide or fluoride materials (e.g. Si02, MgF2, CaF2) that exhibits high

25 transmission in the DUV wavelength range. The primary function of this
material is the prevention of oxidation and chemical decomposition of the

thin metal coating layer.

In the figure 5a and 5b a modeled optical response is given for
30 Aluminium irradiated by (primary) radiation in the DUV region of 250-



Furthernore, the presence of reflective elenents 9 does not affect the
phot o-sensitivity of the radiation sensor 2 and ghost inages are no | onger
created. 20 In figure 4 a second enbodi ment is depicted of the radiation
sensor of according to the invention. In this enbodi nent, the detector is
protected by a passivation |ayer 14. Subf-a layer 14 is for protecting and
stabilizing the top coating. This material can be selected fromthe group
of oxide or fluoride materials (e.g. Si 2, MyF2, CaF2) that exhibits high

25 transnil9fi nm (fig.t3e DY imadeheaobi (ée’ﬂwﬁiarghﬁa@iaﬂtimf h tHOGhhgs oIf this
material is the prevention of oxidation and chem cal deconposition of the
thi n et avigible light ({2g:edh), for difeerengvatusnofitite Myer thodehess.obs icaal be

response s given fgr 30 Alum niumirradiated, (primary) radiation in
the DUV r SAEaHt (5Pmdirseiiedtns. mpraipreciayen saioknesd: wamaes Bipr Sboorithr y)
radi ation r visible i | f Ikferent vakues of
the |ayer 1'ltn% %Eﬁ-gs@{& %ﬁ%’aﬁr}f jbczh?llll’e%# E?&} é%%ﬁ%%ghlt iaggérygg,tfhé&ﬁﬁ%“%sef’f&
layer g hi ekiigs Invidsespreited. fegicits, thié) rel@fife PFfdrafson Sf IPUNMigIRf j€ven
nore specific a layer thickness of 55 6 rim In these preferred $eg| ons,

t he rel at inght wheseas shetrarismission giftsecondhiry radistésre és rélativiehahsmi ssi on

of secondary radiation is relatively low The reduction in the DUV
transm ssion apparently occurs for a snmaller thickness as the decrease in

transm ssi on of.the secondary, 1Q.radiation. 1t is this. thickness dependency
that supports {r]ﬁlg Wﬁ@}g‘ﬁb‘ﬂb{rﬁ){hﬁ&%ﬁ%@ﬁ{ls’("}}??ﬁ%ﬂwa‘fﬁ% HF%‘%’F%?Prb%havi our .
I'n figuresgalferBAskhess aBithealedrBaROMSE frads i ¥E8n &' ttl?% éfad?)‘i’ﬁi.

wavel engths for two netal |ayers of interest. As can be derived“fromthe 15
drawi I, radfatipm.dtGa this tidekewss dependeneyfthat rstipdorto thélvuielength in  the
actinic wavel ength area (150-248 nn) the transm ssion of radiation is

rel ati vel ferpgHenfdichasiq) feansmissipadredavigurhe visible |ight area (400 nm

In figure 6, a measured optical response is given for a range of
wavelengths for two metal layers of interest. As can be derived from the
15 drawing, in figure 6a for Chromium, and in figure 6b for Aluminium, in
the actinic wavelength area (150-248 nm) the transmission of radiation is
relatively high, whereas the transmission in the visible light area {400 nm
up to 1 micron) is relatively low. It follows, that these thin metal layers of
Aluminium or Chrome show a dichroic behaviour in the relevant primary
20 and secondary wavelengths which makes them suitable as a filter layer in
the inventive radiation sensor.
Whilst specific embodiments of the invention have been described
above, it will be appreciated that the invention may be practiced otherwise

than as described. The description is not intended to limit the invention.



up to 1 mcron) is relatively low It follows, that these thin netal |ayers
of Al um nium or Chronme show a dichroic behaviour in the relevant primry
20 and secondary wavel engt hs whi ch makes them suitable as a filter layer in
the inventive radiation sensor. Wilst specific enbodi nents of the

i nvention have been described above, il7will be appreciated that the

I nvention may be practiced otherw se than as described. The description is
not intended to limt the invention. -17 Clains 1. A |lithographic

proj ection apparatus conprising: - a Chaimagi on systemfor providing a
projection beamof primary 5 radiation; a support structure for supporting
patterni ng neans, the patterning neans serving to pattern the projection
beam according to a desired pattern; a substrate table for holding a

2 Target - Lport PoRTRHEERERE MaoRXECR: pRhr N GRLINGE 00 Vi ch 1o

moveabl e Ln a patduihtionesrrenPior Povidiny §g;trbj&tfb%ﬁﬁbaﬁpbff>ﬁ9ﬁ 5n9 primary
ng: a

radi ati on out of the projection eam sai d sensor conpris

radi atd onradragian;ve material which converts incident primary radiation

I nto secondary radi ati on; sensing neans capabl e of detecting said secondary
radi ati on- enmePgSRBPPFOFHESIEre (o sUpRerth pRttevaingmaans, ;therpatieminger

material for_ substantially.stopping secondary radiatjon from 20 .traveling
in a diref@5HN° Sﬁﬂgn\grté’r\?%%%r%gﬁg |F%8]el’?%’é’ﬁ’sgeém ACET, ’aértgpﬂwa] sisedj ecti on
appar at us pagf@fdi ng to claim1; wherein the filter material is

transm ssive for the primary radiation.
- a substrate table for holding a substrate;

10 - a projection system for projecting the patterned beam onto a target
portion of the substrate, and
a radiation sensor which is moveable in a path traversed by the
projection beam, for receiving primary radiation out of the projection
beam, said sensor comprising:
15 a radiation-sensitive material which converts incident primary
radiation into secondary radiation;
sensing means capable of detecting said secondary radiation
emerging from said radiation-sensitive material; and
a filter material for substantially stopping secondary radiation from

20 traveling in a direction away from the sensing means.

2. A lithographic projection apparatus according to claim 1; wherein

the filter material is transmissive for the primary radiation.

3. A lithographic projection apparatus according to claim 1 or 2,

wherein the filter material is reflective for the secondary radiation.

25 4. A lithographic projection apparatus according to any of the
preceding claims, wherein in a direction away from the sensing means,

said radiation-sensitive material is applied before said filter material.



3. Alithographic projection apparatus according to claiml1l or 2, wherein
the filter material is reflective for the secondary radiation. 25 4. A

| i t hographi c projection apparatus according to any of the preceding
clainms, wherein in a direction away fromthe sensing neans, said

radi ation-sensitive material is appliedlBefore said filter material. - 18
5. A lithographic projection apparatus according to any of the preceding
clainms, wherein said filter material conprises a sem - transm ssive netal

layer. 6. 5A | i thlighegaiphie prbRaitionappaad s iSc@eadngitd driyoltiad m 5, wherein
5 said netal atons are fromthe group of Al um niumor Chrone. 7. A

| i t hogr apiprecediigeciaims, aypacin saidfitter anaterial anyprikes kesempi-ecedi ng
clainms, wherein,said pri r’r*Try radiation is of a wavelength of 150 to 250
nm 8. A Itﬁ’FFJ&ll%ﬁiﬁ?Egﬁ%j @Y¥%%-on apparatus according to any of the 10
precedi ng clains, wherein a thickness of said filter material is smaller

h h I | di ' .9 A lith [ j ecti
Lhan the vave! oniib gk AE R oh A3EB Rsclychl Ly MSARRY ot hect  on
|ayer § ghidinidlat bnASs afe Rof B BbbDT Arhiag B raRe] ect i on

apparatus according to any of the precedi ng cl ai ns, erein said
radi ati on-sensitive material conprises a |ayer of a thickness of 1-50

mcron. 1¥. A A lithegraphic projgotor appapparssacsordteg tdiany obtlany of t he
precedi ng cl ai ps, 2(gner ein said radjation-sensitive material is selected
from GdZOPS?Q‘E&%‘g AEEScwheyon) ggidrprimapcrasiiagion is0f cavavelengih of 3260

ZnS: Ag angoé%? ﬁ‘k'n 12. A lithographic projection apparatus according to any
of the preceding clainms, wherein said sensing neans conprises an array of
phot odi odes, the phot odi odes having a pi xel size of 5-50 mcron.

8. A lithographic projection apparatus according to any of the
10 preceding claims, wherein a thickness of said filter material is smaller

than the wavelength of the primary radiation.

9. A lithographic projection apparatus according to any of the

preceding claims, wherein said filter layer is of a thickness of 0.5-30 nm.

10. A lithographic projection apparatus according toc any of the
15 preceding claims, wherein said radiation-sensitive material comprises a

layer of a thickness of 1-50 micron.

11. A lithographic projection apparatus according to any of the

preceding claims, wherein said radiation-sensitive material is selected

from Gd2028S:Tb, Y25i05:Ce, Y2Si0O5:Tb, Zn28i04:Mn, CaS:Ce, YAG:Ce,
20 ZnS:Ag and ZnS:Al

12. A lithographic projection apparatus according to any of the
preceding claims, wherein said sensing means comprises an array of

photodiodes, the photodiodes having a pixel size of 5-50 micron.

13. A lithographic projection apparatus according to any of the
25 preceding claims, wherein said filter layer is coated by a passivation layer,

said passivation layer comprising SiO2 and/or MgF2 and/or CaF2.



13. A lithographic projection apparatus according to any of the 25
preceding clainms, wherein said filter layer is coated by a passivation

| ayer, said passivation layer conprising Si02 and/or MyF2 and/or CaF2. -19
14. A lithographic projection apparatus according to any of the preceding
clainms, wherein said radiation sensor <b9pri ses an optical elenment having
a spatially varying transm ssion or phase distribution. 15. A device
manuf act uri ng met hod conprising the steps of: 5 - providing a substrate

that is atj4 eagfipss ﬂa?ﬂpi)é( gggj&&ﬁql %ég%r%@ge&aﬂ;rdi%% %.H;f@f gghsitive

material; - providin roj ection radi ati usiig a radiation
system  psecglipgtdlairmisnotrezaiis said eadiationnse§c @thipeiseBagioptical &

pattern in its cross-section; and 10 - projecting the patterned beam of
radi at i onelgment hazinga spatialinvafyingHeahsydssioh omphase distrémsiionye
material - using a radiation sensor which is noveable in a path traversed
by the pr%j ect,i qn .beam hgr recei Vi*’gt?lﬁ rimary, radi ati on out of the

proj ect i ort®- beAnflCUSF MEBRAT IS Methed commpzisingitheidars @fisi t i ve nateri al

Senci ng means BAaci a8t Sabrale ALICH! RBac Mt SPLANERIS A TRIETHG 11 om

sai d nat erhdiatican@ensitivd fiat8BLEri al for preventing secondary radiation
fromtraveling in 20 a direction away fromthe sensing neans. 16. A device

manuf act ured aprovidiing a prajhetiosthesun aff raldaation J1sing a radiation system;
- using patterning means to endow the projection beam with a
pattern in its cross-section; and
10 - projecting the patterned beam of radiation onto a target portion of
the layer of radiation-sensitive material
- using a radiation sensor which is moveable in a path traversed by
the projection beam, for receiving primary radiation out of the projection
beam, said sensor comprising:
15 a radiation-sensitive material which converts incident primary
radiation into secondary radiation;
sensing means capable of detecting said secondary radiation
emerging from said material; and
a filter material for preventing secondary radiation from traveling in

20 a direction away from the sensing means.

16. A device manufactured according to the method of claim 15.





