AN OPTI CAL FOCUS SENSCR. AN | NSPECTI ON APPARATUS AND A LI THOGRAPHI C
APPARATUS FI ELD [0001] The present invention relates to a nethod of

i nspection usable, for exanple, in the nanufacture of devices by a

| i t hographic technique and to a nethod of nmanufacturing devices wusing a

l i t hographi c techni que. BACKGROUND [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, wusually onto a
target portion of the substrate. A |lithographic apparatus can be used, for
ex ggg{ & | ggt h%@wi@&;}ﬂ‘ggﬁfs SENCORAUMAANPIECTION A FBARAS ANp ANSt ance,
reticle, may be used to generlfIHAQGRARHIC ARPARATRSt 0 be fornmed on an

i ndi vidual layer of the IC. This pattern can be transferred onto a target
portion (e.g. including part of, one, or several dies) on a substrate (e.gqg.
a siliconpgfpr). Transfer of the pattern is typically via imaging onto a
| ayer of radiation-sensitive material (resist) provided on the substrate.
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pattern f[@o2] Iztelithagrtap]mmapmramy i nfashink ehat sipblsdsradesirby phtsgrn iontd ngutistrete,
pattern onto the substrate. 831{ % det er nLne fe&cures of a substrate,
such as i {8Ually; Ytioréntareeh PB&%%? ey HOSERPy A eAPParafust fi % Mg dOf
the subst gghfple, 1ﬁrtheeff1§1mi1&u1%tofé}ﬁ‘te€ﬂatéarﬂa'i%ﬁfts (@596t thatidiafl, 'arfﬁggmh% deblgat ed
on a canmera of the redirected beam By conparing a property of beam
bef or e andvhichf tseﬂtematlhdgs réfered ted$ mevaskdory raticke, mdyslter ated, to ggepeaper tiycwf

t he substr may he termn Thi for e le, by -
conpar | ngPeien Folie FEpR TRt abnOE e ACTRR Paced ogf ey Rur oY o o
neasur e e frfet PORRAI (BRI RArtdToNe, SHAS AR VOP&IbsKate Le.g. a silicon wafer).

Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material

(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Known lthographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
stlbstrate by imprinting the pattern onto the substrate.

[0003] To determine features of a substrate, such as its alignment, a beam is typically
redirected off the surface of the substrate, for example at an alignment target, and an image is
created on a camera of the redirected beam. By comparing a property of the beam before and
after it has been redirected by the substrate, a property of the substrate may be determined.
This may be done, for example, by comparing the redirected beam with data stored in a

library of known measurements associated with a known substrate property.




SUMVARY [0004] When detecting features of a pattern, the pattern should be
in the focal plane of the optics. A nethod for determ ning whether a
pattern on a substrate is in focus is the so-called "knife edge" nethod
disclosed in U S. patent application publication no. US 2006- 0066855,

whi ch docunent is hereby incorporated in its entirety by reference.

However, this nmethod may be conplicated and nay require conplex parts.
[0005] It is desirable, for exanple, to provide an apparatus for detecting
whet her the substrate is in focus. [0006] According to an aspect of the

i nvention, there is provided an optical focus sensor arranged to generate
a focus erSl@vIMARNYal indicative of a position of a substrate relative to a

focal pla ctlv | ens,. t he opt,ical us nsor, inclu
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constructed to direct the first sub-beam to a first detector via a first aperture, and to direct the
second sub-beam to a second detector via a second aperture wherein the first aperture is
positioned between a first back focal plane of the objective lens in the first optical branch and
the first detector; and the second aperture is positioned between the objective lens and a back

focal plane a second back focal plane of the objective lens in the second optical branch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] 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:

[0008] Figure la schematically depicts a lithographic apparatus in accordance with an
embodiment of the invention; -

[0009] Figure 1b shows that the lithographic apparatus, controlled by a lithographic
apparatus control unit, forms part of a lithographic cell in accordance with an embodiment of

the invention;



determ ne one or nore properties of the surface of a substrate in
accordance with an enbodi nent of the invention; [0011] Figure 3 shows a
scatteroneter configured to nmeasure, in the pupil plane of a high
nunerical aperture lens, the properties of an angle-resol ved spectrum
reflected fromthe substrate surface at a plurality of angles and

wavel engths in accordance with an enbodi nent of the invention; [0012]
Figure 4a depicts an optical focus sensor that includes a |lens or optical
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to the objective lens is too Iar?e; [0017] Figure 5c shows two graphs of
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of the anmauwnirdanot withdhaidbodinieacef the dhveytidényo respective detectors as a

function of .the distance between the substrate angd the objective |ens.
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front of the splitter conpri'sed by the optical focus sensor. Al LED
DESCRI PTI (N1pD620tc & dopietslaa aptih@nieticsdnkyr deggicetdsnea Wwith o gndpdincenappdnat us
in accor dlanr‘lf(égﬁaqnl';t h an
[0015} Figure Sa shows two graphs of the amounts of radiation received by two respective
detectors in the case the substrate is at an optimal position relative to the objective lens;
[0016] Figure Sb shows two graphs of the amounts of radiation received by two respective
detectors corresponding to the situation that the position of the substrate relative to the
objective lens is too large;
[0017] Figure Sc¢ shows two graphs of the amounts of radiation received by two respective
detectors corresponding to the situation that the. position of the substrate relative to the
objective lens is too small; and
[0018] Figure 5d shows two graphs of the amounts of radiation received by two respective
detectors as a function of the distance between the substrate and the objective lens.
[0019] Figure 6 shows a depolarizer for converting polarized light into non-polarized light

which depolarizer can be positioned, for example, in front of the splitter comprised by the

optical focus sensor.




enbodi nent of the invention. The apparatus includes: an illum nation
system illumnator IL configured to condition a radiation beamB, e.g. W
radi ati on or EUV radi ation; a support structure, e.g. a nask table, M
constructed to support a patterning device, e.g. a mask, MA and connected
to a first positioner PMconfigured to accurately position the patterning
device in accordance with certain paraneters; a substrate table, e.g. a
waf er table, WI constructed to hold a substrate (e.g. a resist-coated

waf er) VV?ﬂ%L&%Qﬁ?E%@@RIPTﬁﬁ@econd positioner PW configured to accurately
position ordance with certain paraneters; and a
projection system e. g a refractive projection |lens system PL configured

to project ttern arte the radi ati on beam B hy atternlng devi ce
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orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a

~ table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™ herein may be considered
synonymous with the more general term “patterning device.”
[0023] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section such
as to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the radiation beam may not exactly correspond to the desired pattern in the target

portion of the substrate, for example if the pattern includes phase-shifting features or so




a particular functional layer in a device being created in the target
portion, such as an integrated circuit. [0024] The patterning device nay
be transm ssive or reflective. Exanples of patterning devices include
masks, progranmable mrror arrays, and programable LCD panels. Masks are
wel | known in |ithography, and include nmask types such as binary,

al ternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. An exarrpl e of a progranmable mirror array enpl oys a
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addi ti onamaftap| es and/ or suppor t structures may be used in parallel, or
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structure ['e one or re ot es and/ or suppor ructures are

bei ng useendoatpassippany eype] O0ZBjechibe syitbing gichplng rahparat edBy, adtsdiopeicof a
type wherein at |east a portion of the substrate may be covered by a
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considered as synonymous with the more general term “projection system™.

[0026] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[6027] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more support structures). In such “multiple stage” machines the
additional tables and/or support structures may be uséd in parallel, or preparatory steps may
be carried out on one or more tables and/or support structures while one or more other tables.
and/or support structures are being used for exposure.

[0028] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, 50
as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the mask

and the projection system. Immersion techniques are well known in the art for increasing the




5 nunerical aperture of projection systens. The term "i mersion" as used
herein does not nmnean that a structure, such as a substrate, nust be
subnerged in liquid, but rather only nmeans that liquid is |ocated between
the projection systemand the substrate during exposure. [0029] Referring
to Figure la, the illumnator IL receives a radiation beamfroma radiation
source SO The source and the lithographic apparatus may be separate
entities, for exanple when the source is an exciner laser. In such cases,
the sourc t f &: i-f ho i P t
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with the beamdelivery systemBD if required, may be refereed to as a
radi at i on ssyrse M. T[he(m@qce'ﬁhé the lllﬂmgrapmmrappa_ratrmaynayrim wegeratenendities) Soeexaniplé or
adjustingthe n i ntensit distribution of the radiation. heam
Cenoral 'y, ViiT LR i PR gt F Voo dus st cis BRS SoRpioBdR fm par
referred @ tRsligoebRic Apdrafusi 4HdCthe rb@SRAL beME Y baREd Hden Rt ®RSdet JO to the
distribution in a_ pupil plane of the illum nator can be adjusted. In

addi ti on, ifyqeinplof l!ilcnwwh the aid ofraybepmcdaliorery szs'a*teian@ sehdings drpoepls sudade as

cond 11 on ey PRfs B ARERARE oo e HER R P R P RREeL R g
di stri but itlenlithograplsic @ppatus et Ieﬂe[:'tnpl[a Qﬂ&ﬁ]tha' beurtath Atrerarp Laip. Bhesouﬂa:elsﬂ}ant
on the patterning device (e.g. 2 which is held on the support

st ruct ur e 2pd e iTypigptor 4by éqgerbnfr “3% hesbegat delivrsy spyemnRDpidtrediridn giates ce.
Havi ng trl?lé@gﬁéaeg és*&%acﬂﬁﬁ&% ijg device MA, the radiation beam B passes

t hrough t projection systemPL, which transmts the beamonto a target
portion C{@f30 ffhe sl]nhmina&irdL\May Wdhkdet:heacaustexom Ifeer az@mng tb@angularnmtenﬁlw and
position en or, (rg g an |Fterf I’IC devi ce, ar. enc@ltgyirl

capaci ti v P)Of fidadi et g ?HS%%P P exaenb
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beam B. S| e Tirst positioner 3{ er posi‘tl on sensor
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posi tion t ngﬁ%aﬁe? I;:gllnggncgl%sv ISI(J.:C al\sAAan%tggra{o?SIﬁea%E atc%n(tienserp &t) hThe illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity
distribution in its cross-section.
[0031] The radiation beam B is incident on the patterning device (e.g., mask) MA, which is
held on the support structure (e.g., mask table) MT, and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation beam B passes through the
projection system PL, which transmits the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and position sensor IF (e.g. an interferometric
device, linear encoder or capacitive sensor), the substrate table WT can be moved accurately,
e.g. 50 as to position different target portions C in the path of the radiation beam B. Similarly,
the first positioner PM and another position sensor {which is not explicitly depicted in Figure
1a) can be used to accurately position the patterning device MA with respect to the path of
the radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In

general, movement of the support structure MT may be realized with the aid of a long-stroke



the radi ation beam B, e.g. after nechanical retrieval froma mask library,
or during a scan. In general, novenent of the support structure MI may be
realized with the aid of a |long-stroke 6 nodule (coarse positioning) and a
short-stroke nodul e (fine positioning), which formpart of the first
positioner PM Simlarly, novenent of the substrate table WI may be
realized using a |ong-stroke nodule and a short-stroke nodule, which form
part of the second positioner PW In the case of a stepper (as opposed to

a scanner) St Ut ur . t
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rel ative {@38hé. dupppr modé,r thet supporivktreatyird &1 T eindr thiz nabstiye tdbde WT are kept
(de-)magnificatjon and i e reversal characterjstics of the projection
syst em PLeSSERIAly:Fte, YEHE h e Sn 8Pt (Oribe BFHSDPEIR I LPRIAeIHIED { he
width (i natligeihise @t a8 1ihd ﬁ%t. b%mgl@gtaﬁ@&sao@m?tmgﬂlbgt% {1 AW TS sNEbS
dynam c expoSure, whereas the Iength of the scanning notion determ nes the
hei ght (i shifiehen the ahmdigr idiredtidnoo)thatfa differenbirageet ppoion iCoean 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.

[0034] 2. In scan mode, the support structure MT and the substrate table WT are scanned
synchronously while a pattern imparted to the radiation beam is projected onto a target |
portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate table
WT relative to the Support structure MT may be determined by the (de-)magnification and
image reversal characteristics of the projection system PL. In scan mode, the maximum size
of the exposure field limits the width (in the non-scanning direction) of the target portion in a
single dynamic exposure, whereas the length of the scanning motion determines the height (in
the scanning direction) of the target portion.

[0035] 3. In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,

generally a pulsed radiation source is employed and the programmable patterning device is




[0035] 3. In another node, the support structure MI is kept essentially
stationary holding a progranmabl e patterning device, and the substrate
table WI is noved or scanned while a pattern inparted to the radiation
beamis projected onto a target portion C. In this node, generally a

pul sed radi ati on source is enployed and the programuabl e patterning device
is 7 updated as required after each novenent of the substrate table W or
i n between successive radiation pulses during a scan. This node of
operation u‘{p@ﬁe(@ & fegaded Xﬁ@%@éﬂ ﬁzgv&ﬁﬁm Kl LSBstrdit Ea!ﬁf%mp&ymtﬂ%%eeﬁtsh!:éegsﬁ?
programmabl e patterni ng device, such as a progranma mrror array of a
type as r efdatiaadpilsesabome.a %daﬁSBﬂnsGmﬂm oladpeoaimnacad/ter reudity appleddo onaskhaes
above des ribed f use or reI di f.ferent nmodes of use al so
Do o oy AHROR U3 AR ed PO HORLIe, s IPYLE OYFIa B P R B S RO

control | e@rly ofa typk RO STaRk 6 abgRpar atus control unit LACU, forns part of a
l'ithographic cell” LC, also sonetines referred to as a lithocell or

| i t hocl ust@436] Wembinasioss ander Wﬁ@@fl%m theusbave grseritmdmmodes of uspoe eptiely and

post - expo r.oc UL A bstr Cbnventlonally t hese i nclude one or
nor e spln%ﬂgga é@%ﬁgéf Iﬁﬁﬁ%g) “% 8§|st | ayer, one or nore devel opers DE

to devel opodsIposRed NbSshsivs tﬁmethequth@@ﬁ@n@ mgbiraﬂls JtRScldtofod WNg 1Bhogi@Ihee
bake plates BK. A substrate handler, Elcks up a substrate
f r om i npuRPRARTBY coNst Hailt LA, fqm@zvarmf\ﬁelsthpgraw albhCt deo &nmtft@a@rr@ferrpd Bress

devi ces aggffqﬁlldcgﬁ 8§ hkﬁocfugte} N?h%}?%ﬂb rﬁg(%l{? fos @E?rﬁtfél% Etl eIchg)/rh?g A e %re—a %nd[ he

appar atus. Thes evices, which are

track, ar posimipmsutéwrcmem:s ain ofsubsttateckomeatibrally thede inthldewbrec br insort tspad f
controlled bg su erV|sory control system SCS, _which _also controls the
i t hogr apRP& féé?fépalﬁnfgsﬁ\ﬁ gSIR IR YE RS iTROTS g U eRersDE oo AP WHloR FiPOsqdAERiSt, qfus,

the diff eBPHfor@&Hﬁrp?étébscﬁ%d%e%?%&E Picd gla{@@@g%%&%wl%e . &N8bot, RO

processing efficiency. [0038] In order that the substrate t i's ekposed
by the Ii ptwkgmapmlsubsaqapafratmmpus/omqopbpm 9 Ts d&ﬁ,lmowﬁsoﬁt dmtvseeat thatdiffedent

each layer of res s desirable to ns substr e to
roasur o ORI GiSIeEE prd feltor 8 GUBR 1 bBnER BR SEERT R iR These
rotation, de®éds; whikMerd aﬁe@édm&uw Y‘&@l@ecﬁtbba‘-‘secﬁé'?rﬁ&k Ay @&{dr td é&niohm%as&s
critical dimension (CD) an error or ch ange is detected, an

adj ust mengoniigy upé eNIileh amlté‘:)l%@tmwéle@ﬁ)ydhe sepervisvry cogtrob emt,r@mtSCS which

tsﬁgtSt rat egr, SRR 81 I%h(l)graﬁhqg af)p%ﬁssc ;[fxlaqlqh(g:gararl]phu? a;gjp%? ffus" trof U umt fL%%U Oth
the different apparatus may be operated to maximize throughput and processing efficiency.
[0038] In order that the substrate that is exposed by the lithographic apparatus is exposed
correctly and consistently for each layer of resist, it is desirable to inspect an exposed
substrate to measure one or more properties such as whether changes in alignment, rotation,
etc., overlay error between subsequent layers, line thickness, critical dimension (CD), etc. If
an error or change is detected, an adjustment may be made to an exposure of one or more
subsequent substrates, especially if the inspection can be done soon and fast enough that
another substrate of the same batch is still to be exposed. Also, an already exposed substrate
may be stripped and reworked - to improve yield - or discarded - thereby avoiding
performing an exposure on a substrate that is known to be faulty. In a case where only some
target portions of a substrate are faulty, a further exposure may be performed only on those

target portions which are good. Another possibility is to adapt a setting of a subsequent

process step to compensate for the error, e.g. the time of a trim etch step can be adjusted to




anot her substrate of the sane batch is still to be exposed. Al so, an

al ready exposed substrate may be stripped and reworked - to inprove yield
- or discarded - thereby avoiding perform ng an exposure on a substrate
that is known to be faulty. In a case where only sone target portions of a
substrate are faulty, a further exposure may be perforned only on those
target portions which are good. Another possibility is to adapt a setting
of a subsequent process step to conpensate for the error, e.g. the tinme of
atrimet c j_US - :

ubst st e PEPLERCR SEBRLUEL SO Cr) ERIRARAENEL: Hom the libomaphic process o
step. [0038p. An inspection apparatus is used to determ ne one or nore
propertie f substrate, and.in partjcular, how one or nmgre properties
of di ff er API39 B FBReHEn PP it Wi P AlplTInStoner Rl MerRroRsTHEs phy &Rsialps

fromlayernge {Jﬁ%@tﬂa@ RSN Une dE HRRS prpeties b @itfﬁren-{g@ol_si&r@éﬁ’ OF hifftRen® PRAFAI U

may be integrated into the |ithographi c apparatus or the ITthdécell LC or

may be a stmaadubstiatererydront byelty kyebire/srostoss apiubstnsa sTheemepecson apparatus
desirable that the in Chi appar.atus  neasure. o or e properties in
the expos gEyfbgsqugthgi@fo h’r‘?‘ﬁ’%‘?ég 16 RRALEPS ﬁ%eoret}?ﬁﬁ}glﬂp‘éu %ﬁfg?y 6&?@32
depi cts anlonBIpEes. TV endPRIAG: KipiSelsuddndhts ¢at HEJiABRIBA th&Rkp&Atn BSpaed tO
determ ne one or nore properties of the surface of a substrate W wever,
al so ot heineapyig pae o1 BArEdEIPE LSS iftle Srposedadsistdaen immediatedy #fiqs donepesure[ 00411
The scatt vy el ud ite lLigh jat | pector
2w ch  (PAOE Rt BUcb M st TRRR bl o MRl B R BB PA RS <
passed t odaespidetonen®t fiore Pripefife@rofdthe Wtfade bR assibesata Wpeldwaver, Jdso bther a
measurenent of intensity as a function of wavel ength) of the specul ar

r ef | ect ed SEERLRE dSHIceTMBYPE Bied, theh as an plipsemeiet ure or profile giving rise
to the deyfmyeen ! ' unito 80 by
R gor ous. b S RS ey el R RAGERE Cuitle ol RRERRI MUALL 2 sih,
with a |ipragecys oddiatennettataeshitsppect 6. dllasreflectat radiatibre ibphdseint@fa fheguset2r | n

general, for the reconstruction, the eneral formof the structure.is
known and €6 gaWEﬁEtf’é‘?aé“r&? & RELHR A0t or RBRIERGY oS fnteRsiy 4 dpwstion, gt

whi ch t heya{ by & HeSpdTRUE retleBRY IrRHattiN. ¥rdin HEVARA! BESEE Sk phdtle giving
structure to be determned fromthe scatteronetry data. Such a

scat t er ongsefo Heyddetaioscgumedanbe aecongruridd byioi esrseing caits egobeiRégorons an
obl i que-i EZ%{J&E(? “Wavs %r}ag}’s%ngﬁ I’n'on-'?}n\éazlirr {'eagpéssi(())L or by comparison with a library of

simulated spectra as shown at the bottom of Figure 2. In general, for the reconstruction, the

general form of the structure is known and some parameters are assumed from knowledge of
the process by which the structure was made, leaving only a few parameters of the structure
to be determined from the scatterometry data. Such a scatterometer may be configured as a
normal-incidence scatterometer or an oblique-incidence scatterometer. A variant of
scatterometry may also be used in which the reflection is measured at a range of angles of a
single wavelength, rather than the reflection at a single angle of a range of wavelengths.

[0042] Figure 3 shows a scatterometer SM that is configured to measure, in the pupil plane of
a high numerical aperture lens, the properties of an angle-resolved spectrum reflected from
the substrate surface W at a plurality of angles and wavelengths. Such a scatterometer may
include a radiation projector 2 configured to project radiation onto the substrate W and a
detector 18 configured to detect the reflected spectra. The detector is in communication with

a processing unit PU. The pupil plane is the plane in which the radial position of radiation



scatteronetry may al so be used in which the reflection is neasured at a
range of angles of a single wavelength, rather than the reflection at a
single angle of a range of wavel engths. [0042] Figure 3 shows a
scatteroneter SMthat is configured to neasure, in the pupil plane of a

hi gh nunerical aperture lens, the properties of an angl e-resol ved spectrum
reflected from the substrate surface Wat a plurality of angles and

wavel engt hs. Such a scatteroneter may include a radiation projector 2

configure j jation to t nate W.and a .defector 18
confi gur egiepgeggé?lélg@‘g £ ﬁgl%lrdge’ft‘ eeaélficeege 4 i(;a? §§{B%g€ﬁ ot ¢ 6&1 i“%gl?‘ %t%e rédiation.
comuni catfihendatedtdr 14 iprpdaed Sihn@e Uiipil Flehe DichpUgl nphmaneali spettiee Rnan®hé n
whi ch the radial position of radiatigon 9 defines the angle of incidence
and the arfyiegFalsmsitiiesH the fonp 8wy s high and dggiebby IStahéeaﬁta@?&ﬁab}ﬁast Oz An
det ect or [eSci | { I i Byﬂg Lcal; aperture

| ens. The%%ﬁﬁﬁ%gﬁ%%Fggggﬁ%ﬁﬁgQ§9&%%§aﬁ%ﬁggﬁg%aﬁgﬁﬁggﬁ an égggﬂfably is at
| east 0.9 [60434tA ba#tstoniPtédaccoMding itorake embodineaaistskownii Ergunay. lavkin daaive the

|l ens with a, nunerical erture over 1. [0043] A scatteroneter cordipg to
an ombod FEHHIRS CEH Gt bY AT BIa0FE rivs I oBIg JS P ot e
by the ragh@ifb@RcsSRur ¢ot3hdwn) HAYREHIZHS1 71 Il QR B REEMyLeNLMLULAR 6 and

interference filter (not shown) and pol arizer 17, reflected by partially
refl ect edisfrduseseonto suhetraté 3V fvic as adbjestive lensbby, rwltich Wayi bavara bighemumeréecal ens

15, which_may h a_hi nunerical —aperture (NA), .preferab at. least 0.9
and mor o gPatuat TR Betlby M RN G pna BREHGN phar B eRRlel o
partial | y tagdrhi@cthtot@h pdrtfalle @efltiv @ bh@fRe d8tifetadetdebori 18 i ERE t& RalAUE sdder
scatter spectrum detected. The detector may be |ocated in the

back- pr oj épacEmydgseateds Tha deteatoiympy: he legatedtin thecickperiented ppik pleng Enwhishds em
e : . ; : i _
opt i co. (gt Bl iR RRG R s, ASNERR. B vh) bPBCH Mg i hpR i o

for exanphexilitny apeias@oestiova) bifoaksictoy 18f the incident radiation. In order

to do thi when the radiation beamis incident on the partially reflective
surface 120063} { sferpne beamiig Ofteh usrda AT examplen Knineasue te}ﬁﬁﬁt&awwa\éh% eidese as

a referenceiBRaMn bLWRIAG, fhid SHRLSRE BditdonYears iddfork %%ﬁfg%;ggﬁ?fﬁ?gcﬁvé hen

projected onto a different part of the sane detector
r ef | ect edsuréate dibi pant ofsthe matjendratnhie GGk et eloogh thetsucfaceraya heforenanbeam

;n% \?\gf S;[ Inglrrs}gqr | ngefgt{q’a%ﬁc %rréarxl%f%g ’I'Cfgt%ng(j: l:ain? ?Sct%gg ?)ron)gcrte Srﬁcq%' di fgreglthliagrt \cl)\?y’
the same detector 18.
[0045] The reflected radiation is imaged on the CCD detector, which may have an integration
time of, for example, 40 milliseconds per frame. In this way, a two-dimensional angular
scatter spectrum of the substrate target is imaged on the detector. The detector may be, for
example, an array of CCD or CMOS sensors.
[0046] One or more interference filters (not shown) may be available to select a wavelength
of interest in the range of, say, 405 - 790 nm or even lower, such as 200 - 300 nm. The
interference filter(s) may be tunable rather than including a set of different filters. A grating
could be used instead of or in addition to one or more interference filters.
[0047] The detector 18 may measure the intensity of scattered light at a single wavelength (or

narrow wavelength range),' the intensity separately at multiple wavelengths or integrated over

a wavelength range. Furthermore, the detector may separately measure the intensity of
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scatter spectrumof the substrate target is inmaged on the detector. The
detector. may be, for exanple, an array of CCD or CMOS sensors. [0046] One
or nore interference filters (not shown) nay be available to select a

wavel ength of interest in the range of, say, 405 - 790 nm or even |ower,
such as 200 - 300 nm The interference filter(s) may be tunable rather
than including a set of different filters. A grating could be used instead
of or in addition to one or nore interference filters. [0047] The det ector
18 may neag, g\%réehﬁla%&&i%n%taytra{svag@teﬁ& bRdpdikRk F%htaarﬁff/&g pxe! &ngldiod or
narr ow wave ength r the 1 ntensit par at e at nul tipfe wavel engt hs
or int egrdvebwenwlertranavmﬁahgwgbmndamyeverﬂmwm puﬂaﬂzedtii@tdet ector nmay

separ at el re the int ty transvers net ransver se
bt i o Ao Bk Galeth i SioRole P dnhdeet BRI ST b OrHEEn (el HHe
transver sQci@E Bt Cthe BAE dré BRMEArTR0BA 84t lifeP alhdHazesla dﬂr bﬂé}ham[e%%&:tcﬁ&ﬁ
target on substrate Wnmay be a grating which is printed such that after
devel opnetto thehabpizate Tcdatest patigriofs chosando be sersitive ta @aﬁaram‘éerb@frlstemy such
alternativyel et.ched ubtr at ternls ch sen
4F ER IO il ey Pl o FE et LR RO f sl RuG P ey

to be sen5|t|v

chromatic sﬁ&ﬁﬂlhﬁ{farﬁﬂoh fh tHeerelevhiQ@EARRECWIN AhLiGdst @0 vaRpidhah Wse peiited targ&Uch
that variation in the relevant paranmeter will manifest as variation in_the

printed t&PhexamplEdhe Ereshfaliernimay bapgbitivede cclramatisyabsatieiiy theJidhagsaphic
chromat Clpﬁﬁ ﬁﬁtagﬁé}afggtéﬁ?&cdléﬁss{] }ggjéb on Wsﬁnﬁ?b oM ﬁﬂﬂ%&ﬁo‘ﬁs symmetry and

particul a on sy and m hat1 on symret
presence dfe Iﬁeuehccah{équbhhbmmnlvml madnii festSitselftis e vhriatronainvhe pradted targen p'ahﬁ“n.
printed t et pattern. Accordingl he scatteronetry data of the rlnted

t
target palESHinel; fae scatteromsty dat a)étthq Penteq gt PAsEY IS ved 19 &eqonst
of the tapggl fatheie p%fb?fﬂetéi@ olf'tﬁ@tavxgaéi paatt@aad s@na@ehnmmtﬁ%ndlsﬁ rﬂ ﬁehe

reconstructtfon process, perforned rocessing unit, fromkno e of
the pri ntnmgttstbep‘ewmdmwlootmwessqmtﬁ)ancﬂrby B \DIPIeeuBS saﬁ frt[nﬁ(ktl@}rvletdge a)rﬁ the

enbodi nment .t he cat tdgq W_FFt 1!5 1_‘Ei)row ded with an optical focus sensor 200
and a beRHEWS Y ‘fpe?n T SO RELEBESuhet her the substrate Wis in

focus of [dlﬁ9Phi ﬁ?éﬂlﬂ&hﬂn@ﬁ'tsthe I&atteldifetiEd FRRdddt®fih 24 op@GR FN RS sélier D& hrt ed
radi ati on beamfromthe substrate Wvia the partially reflecting surface

16 and di 9&eamspitler éhtn ordariopdatedt ovhetien thefsubstente &F IlseI@tfe@uSrfa"dh@pr@ﬁlvetiem

towards t cal sensor..200 Q
gener at es lﬂg nﬂgeu ean}spht?erlbsl receives the reﬂec-[ F ra(aBltuo 5h (he S {rateo\% via the

partially reflecting surface 16 and diverts a light beam portion 221 of the reflected radiation
beam towards the optical focus sensor 200. The optical focus sensor 200 generates an output
signal S which is provided to a control unit PU via which the position of the substrate W
relative to the objective lens 15 may be adjusted.

[0050] Figure 4a depicts an embodiment of an optical focus sensor 200 that includes a lens or
optical system 220, a splitter 230, a mirror 290, a first aperture 240, a second aperture 250, a
first detector 260 and a second detector 270. The lens 220 receives the light beam portion 221
and transmits this light beam portion 221 to the splitter 230. The splitter 230 splits the
transmitted light beam portion 221 into a first sub-beam 222 associated with a first optical
branch and a second sub-beam 223 associated with a second optical branch. Each optical
branch has a back focal plane corresponding with objective lens 15, i.e. the first sub-beam
222 has a first back focal plane 280 and the second sub-beam has a second back focal plane

281. These focal planes are cach in a predetermined distance from the substrate.
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signal S which is provided to a control unit PU via which the position of
the substrate W relative to the objective lens 15 may be adjusted. [0050]
Fi gure 4a depicts an enbodi nent of an optical focus sensor 200 that
includes a lens or optical system 220, a splitter 230, a mrror 290, a
first aperture 240, a second aperture 250, a first detector 260 and a
second detector 270. The lens 220 receives the |ight beam portion 221 and
transmits this |ight beamportion 221 to the splitter 230. The splitter 230

splits thgooﬂ']@ﬂ%ﬁ@ ﬁﬂs%{;dchgl&}%nléﬁarﬁra% £ 248 1s 4 Bed sbéd élbngﬂ%ze'ii%ﬁ@ﬁfdt@%?

associated with a first optica branch and a second sub-beam 22
associ at edhafitshsub-beood2l opthe dakctimaingh theEpdittenpt(d ahe fit dadhfoealsplanco2idk

f | pl ane, correspondi with objective.lens 15 .ji.e. the.first - m
095 has a BERTED TERORT Pafioro s SEbd iR Bedit ol obpaua ik A 250
back focaldiret@mig ik8iub-B&eserd esalrdPihe RS HefuRa, The HrNEEIBEAH TN YHsses

di stance fromthe substrate. 11 [0051] In the first optical branch, a first

apert ure 2ntrelssonpadingas firsleaneriafeodd, trhmltingin a gasthpagsed baagr-porfign 22dbTheam

260, " bet helignep et OBbR 28 idd Hasuh Bt dBele a0 Rt pdiPhas By 15
oper at i on digtdiee dpiwtckh @ie iBGtrateliw aad shet digechiive $dns I8bA RN ot To0akectavdshie

first aperture 240, The first sub-beam 222 passes entirely or partly the
first aperitirRassalbeanapartionng?4, nwhich st dpisetor OB amAY (M5 1T gD 29 detgs the
portion of fir = : : ] r i

Pr opor (1 otar s o e aRiauRARiEE bath TSGR M | FherREpIH e e

| ens 15. Ardtidesttod26@otagral®da anmcgidstesictaetthe kize ahd/jpa teatiafreafithp epdt irmideaR 4,
whi ch first deégc%‘%r 2%{% may be arranged to detect the intensity or the
amount of OP2Rf ST Aet£40% s recei ved via the first aperture 240. However,

the firsto@ef atifersedffd FRaPhBAcDe RESHY ﬁuﬁe%iﬂ)eirseaﬁtan%é@ s&inZfo Qfght he
shape of the spot incident on thé first detector 260. [0052] In the Second

opti cal bpathcdf, the sewndrsubdeant 223ein266 dirsctzony fiogatic splittar 230dndhe kecohd ghack

th of t b-.b 23 | h irection.from.the litter 230, to
Phe secondoBLaRee FRb ERRERL BB 3seohamar BBk Al oM 2Pk ahfis it o
281. A m ngnt pa80of the 86doal B8k fobaltglshe 181 Batwdeatihe §litteh 23 FAR-IGRE sddhK apRaRe
pl ane 281 between the splitter 230 and the second aperture 250. A second

det ect or 270 A secapd detgetar 25ismrrangndy seenalangghe lighttatios! the scoond srfubesrb2Bram

35233 ibgh;[ %gﬂlgihdél%gtté%ngﬁaﬁ{t%@ sf;ﬁt?er%loitg bR sedt bt tk(])%alsp%e(l:r% lt,)%%llﬁnﬁ %easlec I!ld’i ne
back focal plane 281. In operation, the mirror 290 directs the second sub-beam 223 towards
the second aperture 250. The second sub-beam 223 passes entirely or partly the second
aperture 250, resulting in a second passed beam-portion 225. The portion of the second sub-
beam 223 that passes the second aperture 250 is proportional to the distance between the
substrate W and the objective lens 15. A second detector 270 receives the second passed
beam-portion 225, which second detector 270 may be arranged to detect the intensity or the
amount of radiation that is received via the second aperture 250. However, the second
detector 270 may also be arranged to detect the size and/or the shape of the spot incident on
the second detector 270.
[0053} The apertures 240, 250 may be arranged both at a distance x from the back focal

planes 280, 281. However, it may also be possible that the distance between an aperture and a

back focal plane is different for each aperture.
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back focal plane 281. In operation, the mrror 290 directs the second

sub- beam 223 towards the second aperture 250. The second sub-beam 223
passes entirely or partly the second aperture 250, resulting in a second
passed beam portion 225. The portion of the second sub- beam 223 that
passes the second aperture 250 is proportional to the distance between the
substrate Wand the objective lens 15. A second detector 270 receives the
second passed beamportion 225, which second detector 270 may be arranged

to det eCt bo%) 'Iﬁ‘%?&%h&y A0 WHIR thEBte OF i gpfc%tlé AR fBlasied HeBiE o\f’ﬁ 22@

t he secon aperture However, the secon etector 270 may

arranged tapd dlist ®cond prsssi lzeenapm:lﬁom 22 herestvhptentodlytdqealspodhatithe ficke Kietednr 26(he
second . det ect 0053 ture 40, 250 nm rran bot h at
2 ot ancd™ 1 stpuh dUgsR 270 Br A IET YIRS s mppie dp e G iy he P pe
possi bl e tsmaxshtﬁe%fdhétp@aﬁﬁjée&u\mmh@ae@%ﬁtwoeanarzdop back focal plane is
different for each aperture. 12 [0054] In operation, and when the substrate
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260 and 270). [0055] . Figure_5a shows two graphs of the_ anounts of radiation

recei ved ByoMBEpiciadiption Jeseiedos ropective Wrﬁ 60 nandc 4L comespending ftatthe w
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both anmounts are equa gure ows two
radi at i on ameozt trferhdm,nonafscpmmdl e detettec 260 Ss ﬂﬁzﬁ laglabrmﬂﬂh dmratrﬁ&pmriﬂlmgaﬁm t he

situation that 0Si of the substrate Wrelative to {he objec
lens 15 i LE€BE4| arda ctmtﬁéﬂ ﬁﬁf Shppw s (9, %@%ﬁfﬁ@&&%& qigﬁ%@f%testw lev. s

then hi gh?éspéétﬂr@ dA&t@FD60t arfl 27@%&&@9&@@ 86 &th¥ &ftulYordfle Bl bokttiCh oFitRAIN €
5¢c shows two graphs of the anmounts of radiation received by respective

det ect or s s@&0atil reiﬁﬁ\f@tmrtheslg@ﬁdtedgmkﬁ is b snallidhie emottaif radmxcpwcttwcmb}of

t he substrate elati,ve he o e.lens .15,.i s The anpunt
of radiat 5§ tP’é%éq]\%lﬁenblySS ttﬁﬂ%‘ ri‘%“ﬂ%ﬁ%%@?%#iﬁ?‘t ?gsam)unt of

radi ation a(sepeté@atls@ywé%sxbteﬁﬁs 31760use[:10t95§ler531€@!f31ﬁe LWestSHD WO RATTS fRNE Msed
to determ ne 1f the substrate Wis in focus, it is possible to det er mi ne

i n which apssie itordetanaing iy which diseoiienrthe ristanpssbataeen Weapbstrale W and the

objective lens 15 should be changed in order to get the substrate W in an optimal position
relative to the objective Iens 15. This is because the situation in which the distance is too
large (Figure 5b) and the situation that the distance is too small (Figure 5c) can be
distinguished so that it can be determined whether to reduce or increase the distance between
the substrate W and the objective lens 15. Figure 5d shows two graphs of the amounts of
radiation received by respective detectors 260 (left graph) and 270 (right graph) as a function
of the distance y between the substrate W and the objective lens 15. At a distance y=yy the
substrate W is at an optimal position relative to the objective lens 15 which corresponds to
the situation that both amounts of radiation are equal. In general, there will be a capture range
Ay defined by values y=ymin and y=yma within which the optical focus sensor is operational.
If the optical focus sensor operates in the capture range Ay and the amount of radiation
received by the first detector 260 is higher than the amount of radiation received the second
detector 270, it can be seen from Figure 5d that the distance y should be enlarged in order to

achieve an optimal position of the substrate W relative to the objective lens 15. On the other
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objective |l ens 15 should be changed in order to get the substrate Win an
optimal position relative to the objective lens 15. This is because the
situation in which the distance is too large (Figure 5b) and the situation
that the distance is too small (Figure 5c¢c) can be distinguished so that it
can be determ ned whether to reduce or increase the distance between the
substrate Wand the objective lens 15. Figure 5d shows two graphs of the
anounts of radiation received by respective detectors 260 (left graph) and

270 (rightp.gqapthe dpicd f&é{ﬁ%%ls%go%é}gteg hemdics m%n%ee&f%ﬁl@ doenfyBakLALE W

and the objective I'ens 15. I stance y=yop, t strate Wis at an
opti mal pasicivedrby tedirstvéete¢abort 2 sbpsscthaw ¢hd amsurit Hfwhdietior cacees dindsecond

t he situatjon t both anounts af radiatign are equal .. In neral , fhere
w11 be-a Bt AR Rt i e Fizrpg it e Be Y Bouid i ATAGHTS et
whi ch t he Jepiti € offtREH PoSBHS f thi SulBaicalirelAle to the objB&iventical focus sensor
operates in the capture range Ay and the anount of radiation received by

the first [B7esothorein Figung §her patth longthneteiennithe objectivedicnt 1 and be dirsidack he

second d 7 it.c b een from Figure 5d .thaf.t di st.an
Shoul b 2 it f e sl it AR OL O MRS ATl WP Bk foc
subst r at e pldhkee Haticver, iontifle KihRCEdsy @hdte s thbtanéNdid @ lid@hturel 3f faNdptidaf

the optical focus sensor operates in the ca&ture range Ay and t he anount of
radi at i on elemsats appHedip thp sopfigusatione therq 52 derence hesween the fwe pathd e For

di ation; ' ot G ' 5d
[ adhat | o0 SERELEH ARRSRERN o AEHEEH k]t old R0 A0 SESD AL GUGR
posi ti on @Ghetopacd yhejertiaiseri\he eledgd waterial Whié resbit éx ilueedr @ath [Ebgth[fODWmE]|subs

shown in Figure 3 the path | ength between the objective |lens 15 and the
first bacEe%?Béséfngﬁpfé’Hgﬁf@‘Wﬁgesane as the path length between the

obj ective [mgsfsf Figr@ld i36eRNG Qﬁﬁéﬁiﬁl@ﬁ@éf thB'o?H&u HAWeNREor ;iotoI L OREIuR& Ev{ft?

case that, for instance due to the nature of the optical elenents applied

in the cokfmisepid2niant22@thenefdrsach slibffcens avandsd tbakied thdsplittan2hlhe laan G20 .

For instance,. this ccur n_a e is placed in.the tical . h of
one of |t naaguitp et VSl LT o, B0 ABerhe B0 i des PG

resul t i nsgoh@®n@®tbeamt 23 enpt hef Alinbheo8URs the aRLRRS sh&eirt NFFUARIE g Weege.
[ 0058] Figure 4b depicts an enbodi nent of the optical focus sensor 200 that

i ncl udes embodimentihe patolangthbepneb theoelkiestbre lezsckd andohp Sashbagk ferabpldnd2¥) nd
e PSSR AR S ST B R R PR e k0
focal plane 281.
[0059] Figure 4c depicts another embodiment of the optical focus sensor 200. In this
embodiment the lens 220b transmits the second sub-beam 223 directly to the second aperture
250.
[0060] Although these examples have a single first detector 260 and a single second detector
270, each of the first detector 260 and second detector 270 could be divided into a plurality of
~ sub-detectors.
[0061] In an embodiment, a depolarizer may be arranged in front of the splitter 230. The
splitter 230 may have a reflection or transmission ratio that depends on polarization, which
dependence might lead to a focus offsets. The depolarizer converts polarized light into non-
polarized light so that the polarization dependence can be eliminated. An example of a

depolarizer has a wedge shape structure and transmits light through the depolarizer at
different thicknesses. A phase difference induced by a birefringent crystal changes with its
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second sub-beam 223, via the mrror 290, to the second aperture 250. Al so
inthis enbodinent the path | ength between the objective |ens 15 and the
first back focal plane 280 is substantially the same as the path length
bet ween the objective I ens 15 and second back focal plane 281. [0059]
Figure 4c depicts another enbodi nent of the optical focus sensor 200. In
this enbodinment the lens 220b transmts the second sub-beam 223 directly
to the second aperture 250. [0060] Although these exanples have a single

first det j - .r

det oct or S000iess QuS s U aS RERRRG £ PARE T okt o ARG Hnchlifd s
sub- det ectresutt, thbﬂ@ﬁﬁi:méﬂgi@lﬁﬁﬁbbﬂﬂé@%zeﬁbmmb abn- perammyh@e Stﬁfel’ﬁgLQEG ﬁ)ﬂ
front of the s I|ttf 310 The splitter 230 may have a reflection or
transm ssi®9i* EHEROIYESENDS on pol ari zation, which dependence night
lead to aj ﬁ%ﬁ%l&%ﬁ??%?coﬂé‘?efé&ﬁ@é BdyZ6¢ nERBURTHS BRI 8 ItREdsd o NndBhshigion-
pol arized | ight so he pol ari zatl on dependence can be el imnate An
exanpl e ofapparatdeimﬂaﬂnmtfaduas of IGg dyshosithbe usdarsteeduthet thedithogagng tqspalratght

t hrough t e d: arizer fferent.thickpesses. A phase ference.
nduced by ST LRei s s b rRiaE SR o 1 menBORRT einles B e
this depO's?Jtérﬁ@@ﬂd&hé@Mecﬁoﬂ Baﬁﬁ-nﬂf&rfn@dg%ﬁ@dérﬁﬁh YRS, BRPahBURIADE; AS
a result, the I ht ener g gg%fromthe depol ari zer becones non-pol ari zed

| i ghtf Se digpidcuyssa 6d1fsnhays e(h anfiefibn maghebicl beadg.epte. [’1619621}111¢d tahtmaghwﬂl
abpar at us “PEHAS TR Sl b Rpellediod & honfifilol® 38 o s \ORE AR o

|'i t hogr aptiie” apRar alayibe wasidéred adl shesngidusmithhiy enat Igeﬁeralpuahng adubstifde” stich
as the manufacture of integrated optical  systems, guidance and detection
patterns f BFEhRERON CresRsFHVHY- njébﬁawbégatefrpféfr%é%éprem 5y dpprocassedy PEOEG 95t al
di spl ays g;Déz%pIc i I I I
appr eci at ght ha Sﬁr@ gdrc%en %1 gg Ak Kgﬁ&gl tcl-ggg ggh I %g%ﬁgtr?lsﬁggsﬁ;%ue{se
of the tesuﬂmtrémhérdévei@ps ﬂldleeﬁosb«hmlst) armetrbk)g@/dmliwlé/roednmmgtmnyaﬂo%ew th
the nore

er.ms strate" rget. p n", respectiyel The
subst r at egPFgI‘CéI?lFetﬁi‘ I§°I?é‘r‘f€ r%waﬁé’eapawg egch 5%4 at:hsr Bibstraje P@cem'éake

;n for exaiph&, thelfuBbiaté IndyoRd plddBiscd YRIrE FdnYoRRP Fréafpl AWEErdef tJ &hiela L O

multi-layer IC, so that the term substrate used herein may also refer to a substrate that already
contains multiple processed layers.

[0063] 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.
[0064] The terms “radiation” and “beam” used herein encompass all types of electromagnetic
radiation, including ultraviolet (UV) radiation (¢.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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substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Were applicable, the disclosure herein nay be applied to
such and ot her substrate processing tools. Further, the substrate nay be
processed nore than once, for exanple in order to create a nulti-layer IC,
so that the termsubstrate used herein may also refer to a substrate that
already contains nultiple processed |ayers. [0063] Although specific

ref erence may have been nade above to the use of enbodinents of the

i nventi on | bmsspﬁ%eqeﬁa& Stthy QiR i€ Aonicld RRAIARDY, ol tWah#f ohe o RO AbE Y
that the i'nvention used I n ot er applications or exanple 1 nprint
|'ithograp hytnowdtyphar ef t Ioptlm ntcemponaltd, owscludisg notfricting,t edflecivept maghetic,

| i t hograph In inprin i t hogra a topo raphy in a patterning device
defi nes tﬁ%”gg??%ﬁ wé?’ﬁ#@ﬁ“%ﬁ“ég@%ﬂ B Brhe” t opogr aphy of the

pat t er ni NqoogHE WERe RN fREBRRREHs lon i ﬁwbﬁ}(ﬁr hRk HeBS ldedcribbPRbdRY it Rilf Be
substrate whereupon the resist is cured by applying electronagnetlc

radi ation apmanatedphaécélwm&erﬁmnanwﬂﬂm@uqe@ nthehigise gfan asrld@scnb@d tFer nxwgpldéw ce
|snmwdou L H;{gshfbaw b &@tmnlmﬂg ) mnl egi sl s

cur ed. &Rf TRE Erfe' ™ Pali At SR P ERAP O Beah %Eﬁlgh gl oﬂ% s of
types of ah@ﬁmeqmal%t inGtrudtiads Aes@Ming AGhetBbNYs Widcl@wd abete, (dN) daradit@tgon
(e.g. having a wavel ength of or about 365, 355, 248, 193, 157 or 126 nn
and extr ew%wm Kagvﬁ@n@pmbﬁor\z)lem@a@ MY er gptisahyiisl) havide BIcEny CHMPRET t he
range of i(ég%@F? as particle beans, such as ion beans or el ectron
beans. QF%e tern1 ' ens”, where the context allows, nmay refer to
any one oqmnﬁhﬂmaahmm@u0ﬁsaMnmkmuanByhd$odk1ﬁpﬁﬁmﬁé o rtpinegt Bhus| itckiidbeg

refractive, reflective, gne el ectyomagnetic and e] ectrostatic
optical cOMFBHENPsON] 66 f‘? @%B@Emc{égmaﬂlwn § TBdet e hen AR Bn 2have
been desC ihaod kGt debartihd kroRfihe SRR AP AL Al Batonk BoRNVeNt | on may be
practiced otherw se than as describ For exanple, the invention may take
the formof a computer program containing one or nore sequences of

machi ne-readabl e i nstructions describing a nmethod as di scl osed above, or a
data storage nedium (e.g. sem conductor nenory; nagnetic or optical disk)
havi ng such a conputer program stored therein. [00671 The descriptions
above are intended to be illustrative, not limting. Thus, it will be
apparent to one skilled in the art that nodifications may be made to the

i nvention as
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descri bed wi thout departing fromthe scope of the clains set out below 16
WHAT IS CLAIMED IS: 1. An optical focus sensor arranged to generate a focus
error signal indicative of a position of a substrate relative to a foca

pl ane of an objective lens, the optical focus sensor conprising: a
splitter constructed and arranged to split a radiation beaminto a first
sub- beam and a second sub-beam associated with respectively a first and a
second optical branch, the splitter being further constructed and arranged
to direct the first sub-beamto a first detector via a first aperture, and
to direct the second sub-beamto a second detector via a second aperture
wher ei n t BEHAT IStICIaABVEDNB: i s positioned between a first back focal plane
of the objective lens in the first optical branch and the first detector;
and the second aperture is positioned between the objective lens and a
second back fqcal EA!nadjﬁcﬁlffoEﬂeseﬁgHr%%hg’&l oeRferaf} 4 ReuSQEANELMAPIHd@tive of
branch. 2. The optical focus sensor of claim1, conprising a mnor

posi t i oned Noéitipe ef a selstratepriativeto afngak tenseinsmb]enpee lans.che phiécalifonys sensor
conflgure% &g gl ect the second sub-beam towards the second aperture. 3.
The opticaP oc sensor of claiml1, conprising a lens configured to
transmt the radl atisphtte@mthtddadpridge@ o slit alhaifphitean hecySiraensor

of claim]1], r|S|n a first lens configured to transmt the first

sub- beam Pga Hgg fi Spaop a%b%m assapigted vatoisprectivdl¥ adssiang grseepndopticdl bssich t he
second sURDGAM} BeBerRREORTsARGES UhE arbfiadh (o B QRhE TRk LRCHEP RN s
claim1l, rising contro construct an arranged to generate the
focus err detestbg wal a lﬁasﬁeuf}emreaaﬁd tesflirebe e s@ond isginbtany en ar etadi Bgtedttveviafd r st
detector and 3 second signal generated by the second detector. 6. The
optical f&%QadaRsHuEs WBF'® ai m 1, conprising a depol ari zer constructed and

arranged to convert gRGi& dpeRthelit PNitidddH BRARN AN B kR %odal Plhe of the objective
lens in the first optical branch and the first detector; and
the second aperture is positioned between the objective lens and a second back

focal plane of the objective lens in the second optical branch.

2. The optical focus sensor of claim 1, comprising a mirror positioned between
the splitter and the second aperture, the mirror configured to direct the second sub-beam

towards the second aperture.

3. The optical focus sensor of claim 1, comprising a lens configured to transmit

the radiation beam to the splitter.
4. The optical focus sensor of claim 1, comprising a first lens configured to

transmit the first sub-beam to the first aperture and a second lens configured to transmit the

second sub-beam to the second aperture.
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7. The optical focus sensor of claim®6, wherein the depolarizer is
positioned in front of the splitter. 8. The optical focus sensor of claim
7, wherein the depolarizer has a wedge shaped structure. 9. The inspection
apparatus configured to neasure a property of a substrate, the inspection
apparatus conprising: an illum nation source configured to output a

radi ati on; an objective |ens configured to project the radiation onto the
substrate; and an optical focus sensor arranged to generate a focus error
signal indicatisve ofg, HQa‘i'ﬁ&&'ﬁeﬁ%ort&%la%&bﬁtcroﬁipﬁs #g' @Edan%llEPccﬁxs{rB&@d ahd ane
of an objective |ens, tﬁe optical focus sensor “conprising: a splitter
const r uct adangl targeacrgedhe dosplertor aignaldvaatd om abieamiétettor sigial igeteratsdibybibam

and a sec ub- beam associ.ated with respectiv a first and a second
o ot S S ettior faT: SRS uEh dehtrhitd by R ey and s anved 1o
direct the first sub-beamto a first detector via a first aperture, and to

direct the second sub-beamto a second detector via a second aperture
wherein the fiBst apgéetpienlifecuyosisor ohddinbés wmeprising 4 depoliyrek cansudted hathe

f th bj ' I ' he..fir. i cal : h d the fi d ,
and the scuamr iR Rel i BhlPusifel il b octive 1 ons and &

second back focal plane of the objective lens in the second optical branch.
18 10. The inspection apparatus of claim6, wherein the inspection _
apparatus is a’- scatlfepphe! decussensoripd daygfe sthenwn dppdensdanzents Rashioned in
wherein the | Qistﬂggﬁﬂt{%l:' apparatus is an ellipsoneter. 12. A lithographic
apparatus conprising: an illumnation systemarranged to illumnate a
pattern; a projection systemarranged to project an inage of the pattern
onto a  substr %t € %’Bg optical focus sensor of claim 7, wherein the depolarizer has a wedge

shaped structure.

9. The inspection apparatus configured to measure a property of a substrate, the
inspection apparatus comprising:
an illumination source configured to output a radiation;
an objective lens configured to project the radiation onto the substrate; and
an optical focus sensdr arranged to generate a focus error signal indicative of a
position of the substrate relative to a focal plane of an objective lens, the optical focus sensor
comprising:

a splitter constructed and arranged to split a radiation beam into a first
sub-beam and a second sub-beam associated with respectively a first and a second optical
branch, the splitter being further constructed and arranged to direct the first sub-beam to a
first detector via a first aperture, and o direct the second sub-beam to a second detector via a
second aperture wherein

the first aperture is positioned between a first back focal plane of the
objective lens in the first optical branch and the first detector; and

the second aperture is positioned between the objective lens and a

second back focal plane of the objective lens in the second optical branch.
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an inspection apparatus configured to neasure a property of the substrate,
the inspection apparatus conprising: an illumnation source configured to
output a radiation; an objective lens configured to project the radiation
onto the substrate; and an optical focus sensor arranged to generate a
focus error signal indicative of a position of the substrate relative to a
focal plane of an objective lens, the optical focus sensor conprising: a
splitter constructed and arranged to split a radiation beaminto a first
sub- beam and a second sub-beam associated with respectively a first and a
second optical branch, the splitter being further constructed and arranged
to direct the flDr st Thubnipeation tgpasaths oftladet@E oviomreiui the andpectBin Fpparduwsr 8, a and
to direct the second sub-beamto a second detector via a second aperture
wher ei n t K9G perture i's positioned between a first back focal plane
of the objective lens in the first optical branch and the first detector;
and the second aperture is positioned between the objective lens and a
second back foddl plThaenspectidneanpbiabest ¢iveaine s whereiththesipspeetioro pppacaths br amnch.

19 ellipsometer.

12. A lithographic apparatus comprising:
an illumination system arranged to illuminate a pattern;
a projection system arranged to project an image of the pattern onto a
substrate; and '
an inspection apparatus configured to measure a property of the substrate, the
inspection apparatus comprising: |
an illumination source configured to output a radiation;
an objective lens configured to project the radiation onto the substrate;
and |
an optical focus sensor arranged to generate a focus error signal
indicative of a position of the substrate relative to a focal plane of an objective lens, the
optical focus sensor comprising: |
a splitter constructed and arranged to split a radiation beam into
a first sub-beam and a second sub-beam associated with respectively a first and a second
optical branch, the splitter being further constructed and arranged to direct the first sub-beam
to a first detector via a first aperture, and to direct the second sub-beam to a second detector
via a second aperture wherein
the first aperture is positioned between a first back focal plane
“of the objective lens in the first optical branch and the first detector; and
the second aperture is positioned between the objective lens

and a second back focal plane of the objective lens in the second optical branch.
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