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LI THOGRAPHI C APPARATUS, LI THOGRAPHI C PROCESSI NG CELL AND SUBSTRATE
COVPRI SI NGONETRGBLIEY TARGETS BACKGROUND Fi el d of the | neemtgresofof364] The
present invention relates to nethods and apparatus for netrol ogy usabl e,
for exanple, in the manufacture of devices by |ithographic techniques and
to net hods of nanufacturing devi ces using |ithographic techni ques.
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manuf act ure of |ntegrated circuits (1GCs). In that |nstance a patterning

device, which is alternatively referred to as a mask or a reticle, nay be
used to generate a circuit pattern to be fornmed on an individual |ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.,

i ncl udi ng part of, one, severagA substrate (e.g., a silicon
waf er). Transfer of the pattern i ia imaging onto a | ayer of
radi ati on-sensitive nmaterial (resist) provided on the substrate. In

general , a dicglogtiseubsédtmhe Wi Il contain a network of adjacent target
portions that are successively patterned. Known |ithographic apparatus
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or anti paraIIeI to this direction. is also possible to transfer the
pattern frorBdckeropad Aer ni ng devi ce to the substrate by inprinting the
pattern onto the substrate. [0003]In |ithographic processes, it is

desi r agjbeoZ|r equemIljthbgraptﬁkapmamremnh&hate thae @ptiemhude‘saed:qﬁabﬂtdpnm g.,

for process control gﬂg verification, ous tool ki ng such
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of ten used, for example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning device, which is alternatively referred to as a mask or a reticle, may be used to
generate a circuit pattern to be formed on an individual 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.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 lithographic apparatus include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion at one time, and
so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parallel or anti parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting
the pattern onto the substrate.

[0003] In lithographic processes, it is desirable frequently to make measurements of the
structures created, e.g., for process control and verification. Various tools for making
such measurements are known, including scanning electron microscopes, which are often

used to measure critical dimension (CD), and specialized tools to measure overlay, the



used to neasure critical dinension (CD), and specialized tools to neasure
overlay, the WD 2011/023517PCT/ EP2010/061379 - 2 - accuracy of alignnent
of two | ayensivm3a7devi ce. Recently, various forns of seatrtpreao®tsrs have
been devel oped for use in the lithographic field. These devices direct a
beam of radiation onto a target and neagure one or nore properties of the
scattered radiation - e.g., intensity at a single angle of reflection as a
function of wavel enoqt hI" i nt ns'gttxl at1 one .or n;i)re vvavlgl enﬁt hs as a functi.on
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accuracy of JRRHI &RMIncREGAHIR. the smaller target is affected by process
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measurenent beamis incident on the target within a narrow_ angul ar range
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inintensity of the I mges romthe respective first or
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throughput is reduce es of each grating are required and
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multiple pairs of gratings also increases the space on the substrate that
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order diffracted by the target is blocked by a field stop and the grating is imaged on a
detector using only one of the first order diffracted beams. A second image of the grating
is obtained using only the other first order diffracted beam. If the grating is formed by
superimposition of identical gratings, a measure of the overlay error between those two
superimposed gratings can be obtained from the difference in intensity of the images
formed from the respective first order diffracted beams. Dark field metrology has some

disadvantages. For example, throughput is reduced as two images of cach grating are

required and multiple pairs of differently biased gratings are required for accurate



[0006] 1t is desirable to provide an inproved netrol ogy nethod and
apparatus, e.g., that can nake nore accurate and/ or neasurenents on smaller
targets. WwOQO#yrsx16r di ng to an enbodi nent of the presentCirmpeomioors;st here
is provided a netrol ogy apparatus configured to nmeasure properties of a
plurality of targets on a substrate. The_ apparatus conprises a source, an
obj ective lens, a sensor, and an i mage processor. The source is configured
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i mage processor is configured to identify separate i nages of respective
ones of the targets in i t t [ 0008] According to
anot her enbodi nent of Bﬁ%mﬂmﬁﬁﬂwﬁg%w ded a net hod of
measuring a properties of a plurality of targets on a substrate conprising
the foliogydng st aps ddsRAFE 8 bRGidMNn inhp#6vdidib@dlo BE a¥thddl dndGpbdtishe g, that
illum nation beam as a neasurenent beamonto the targets using an o%j ective
| ens so t hatcan eakawzese pesvisdie apdanmsisHAmateusNsllor [reet.nat es the targets.
Col | ectj radi at | iffra - e [N ohjective | .
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[0008] According to another embodiment of the present invention, there is provided a
method of measuring a properties of a plurality of targets on a substrate comprising the
following steps. Generating an illumination beam. Directing the illumination beam as a
measurement beam onto the targets using an objective lens so that the measurement beam
simultaneously illuminates the targets. Collecting radiation diffracted by the target using
the objective lens. Detecting an image of the targets the image being formed by only one
first order diffracted beam. Identifying separate images of respective ones of the targets
in the detected image.
[0009] According to a further embodiment of the present invention, there is provided a
substrate having thercon at least four metrology targets, wherein the metrology targets

comprise gratings and are located adjacent one another in an array that can be

circumscribed closely by a circle.



BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0012] The acconpanyi ng
whi ch are incorporated herein and formpart of the specification,

dr awi ngs,

i 1| ustratwotzhg/q@sagent i nvention and, together w th thePdesProlptossng
further serve to explain the principles of the invention and to enable a

person skilled in the relevant art(s) tg_nmake and use the inventi

on.

[0013] Figure 1 depicts a I I t hographi ¢ apparatus according to an enbodi ment
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outline of acfeasutefeniccsmpinyimy drasecgndlt is noted that the invention is not

the specific embodiments described herein. Such embodiments are presented
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herein for

illustrative purposes only. Additional embodiments will be apparent to persons skilled in

the relevant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0012] The accompanying drawings, which are incorporated herein and form part of the

specification, illustrate the present invention and, together with the description, further

serve to explain the principles of the invention and to enable a person skilled in the

relevant art(s) to make and use the invention.

[0013] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention.

[0014] Figure 2 depicts a lithographic cell or cluster according to an embodiment of the
invention.

[0015] Figure 3 depicts a dark field scatterometer according to an embodiment of the
invention.

[0016] Figure 4 depicts targets and an outline of a measurement spot on a substrate

according to an embodiment of the invention.

[0017] Figure 5 depicts an image of the targets of Figure 4 obtained in
according to an embodiment of the invention.
[0018] Figure 6 depicts targets and an outline of a measurement spot on

substrate according to an embodiment of the invention.
[0019] Figure 7 depicts an image of the targets of Figure 6 obtained in

according to an embodiment of the invention.

a method

a second

a method

[0020] Figure 8 depicts an illumination mode used in a method according to an

embodiment of the invention.



substrate according to an enbodi nent of the invention. [0019] Figure 7
depicts an image of the targets of Figure 6 obtained in a method according
to an enbwoizoem3za7 the invention. [0020] Figure 8 depi crsTamw2eiblosrsrnat i on
node used in a nmethod according to an enbodi nent of the invention. WD
2011/ 023517PCT/ EP2010/ 061379 - 5 - [0024] Figure 9 depicts targets and an
outline of a nmeasurenent spot on a third substrate according to an

enbodi of the..invention to be used wi.th the illum nation de, of Fi.qure
o o0 dBAtIoL & Tl et et B oA o L BrshalrFAEHESh SR Sioau el
a nmet hod accRestdig tbnddmbstiNght®Mthe Ghvdntien itd e ke With [tBO 2BInlingtidie alodE @F
and advant agng of the present invention will becone nore apparent fromthe

det ai | ed deddgwptdi on set forth bel ow when taken in conjunction with the
drawi n jyn whi I.key rief-er enc a e ' th LY. .COT ndj
el errentqgo%jﬂr oughgfﬁ?.hjel ﬁ) td &(rﬁr%vmﬂﬁg : Bfiﬂieega?%%tgﬁ)gn% Xrﬁu%é’?az&geﬁ{e?gﬁ“?@md

I ndi cat e i dertdordalg, tohnraibodinant yf the Mveation.and/ or structurally sim | ar
el enents, The drav}v‘i% in Whi,%g an elenent first appears_is indicated by the
| ef t modP0gi t (s)ThenfCptyess B rEEHUMsS 0 thePEPEt dov et all become more apparent

from the detailed description set forth below when taken in conjunction with the
drawings, in which like reference characters identify corresponding elements throughout.
In the drawings, like reference numbers generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in which an element first appears is

indicated by the leftmost digit(s) in the corresponding reference number.

DETAILED DESCRIPTION

[0024] This specification discloses one or more embodiments that incorporate the
features of this invention. The disclosed embodiment(s) merely exemplify the invention.
The scope of the invention is not limited to the disclosed embodiment(s). The invention
is defined by the claims appended hereto.

[0025] The embodiment(s) described, and references in the specification to "one
embodiment”, "an embodiment", "an example embodiment”, etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0026] Embodiments of the invention may be implemented in hardware, firmware,
software, or any combination thereof. Embodiments of the invention may also be
implemented as instructions stored on a machine-readable medium, which may be read
and executed by one or more processors. A machine-readable medium may include any
mechanism for storing or transmitting information in a form readable by a machine (e.g.,

a computing device). For example, a machine-readable medium may include read only



DETAI LED DESCRI PTI ON [ 0024] Thi s specification discloses one or nore

enbodi nents that incorporate the features of this invention. The disclosed
enbodi renwQ2p1messalry exenplify the invention. The scopePofi/Ep@oiosnsent i on i s
not limted to the disclosed enbodi nent(s). The invention is defined by the
cl ai rs appended hereto. [0025]The enbod@nent(s) described, and ref erences
in the specification to "one enbodi nent” an enbodinent "an exanple
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condition a radiation e.g., diation or DUV radiation),
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waf er table) W cons?ructed to hold a substrate (e.g., a resist coated
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MA onto a targetrPortlon C (e.g., including one or nore dies) of the
subst r 4083 he patterning device support holdS the patterning device in a manner that

depends on the orientation of the patterning device, the design of the lithographic
apparatus, and other conditions, such as for example whether or not the patterning device
is held in a vacuum environment. The patterning device support can use mechanical,
vacuum, electrostatic or other clamping techniques to hold the patterning device. The
patterning device support may be a frame or a table, for example, which may be fixed or
movable as required. The patterning device support may ensure that the patterning device

is at a desired position, for example with respect to the projection system. Any use of the



[0029] The illum nation system may include various types of optical

conponents, such as refractive, reflective, magnetic, electromagnetic,
el ect r ostwoi2011023arher types of optical conmponents, or &OY/EPROMIGETY ON
thereof, for directing, shaping, or controlling radiation. [0030] The
patterning device support holds the patjyerning device in a manner that
depends on the orientation of the patterning device, the design of the
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the target portion, .such as an inte ted circuit. [0032] The, pa rnin
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Masks are well known in |ithography, and include mask types such as binary,
al ternating Hﬁlﬁ%ﬁsﬂuﬁ*ﬁnﬁt%ﬁeﬁ%e(gmhaé%@{fteas Yhh e varusthybed migsk tynes. A exasmile

hybrid mask tg ' Y,

macrix arr anhengope i BE RS, S AR FHIRD Rrdehih LS SIS Bl of
tilted so aswiiich caf bedididduillycldd® #sadi @fle@ranheesming radibfi@r Bedm di di€etdnons.
The tilted m.rrors ippart a pattern in a radiatiqon.beam ich is_reflected
by the mi " GHICHRRT 5 T iEHPSIPIrHES {BPaH & PREGTRIR F‘dﬁgl%%‘} @?ﬂm,vugsah r%efre@?ﬁeiﬁm d
be broadly it giRsEhLexas enconpassing any type of projection system

including refractive, reflective, catadioptric, magnetic, electromagnetic
and el d003Xst at i cTteptdrmal‘poyestiemssystom”amsedc berbinnalidudd ticheroadly, idsrpreted as
appropriate for the. exposure radiation being,used, .or .for other factors
Sheh RS ¢ he SIS P RO i BB TGS SRy seTive A oisdl o
the term " prgj@etit, Medt@RRenORS HdNel BB sREic ©PHSI A58 AS HWNQOMIRH BN WhERo L he
nore gener al ﬁ%§n1ﬂpro'ec§ion systent. Lg%34] zs here dépicted, the

appar at us i sis@bp@ptiptaieinthe skrasuroypéiaiien heing usagh oyfongthar factoms srichgis Ve ypa k) .
Al ternatively,. the .apparatus, m of areflecti e.(e.g., enmpl.oyvi.ng a
or ogr ammbr Sy ORPALR' SR % Boftar Sh B otiBelSBE rh e tam R ED R0

reflective magkhe cdndddkl B eyddnlyhRgs amhithe APRAFELS tofy ‘pRgc@fonayttyme. havi ng
two (dual stage) or nore substrate tables (and/or two or nore nmask tables).

I'n sucHOO3lI ¢ i pl ershaigedenieehi hesarpretaddi of anpnspupiestbay(cite eBBleYNg 2
parallel, or,praparat &BM(ggtqu{%%na@i%yg%h&gaﬁgégg%s Ol O&pBP% géﬂe%mé‘ Pl €3,

whil e one or nore other bl'es are-bein for” exposur
employing a programmable mirror array of a type as referred to above, or employing a

reflective mask).

[0035] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one

or more tables while one or more other tables are being used for exposure.



WD 2011/ 023517PCT/ EP2010/ 061379 - 8 - [0036] The |ithographic apparatus may
al so be of a type wherein at |east a portion of the substrate may be
covered byoaoligssid having a relatively high refracti vercma®z0100861379 wat er,
so as to fill a space between the projection systemand the substrate. An
imrersion liquid may al so be applied toiot her spaces in the |ithographic
apparatus, for exanple, between the mask and the projection system

apor turl@O1pr o) cit A Gyl PHE el ot LPEAMELPRCR e Bt ot

not nean thajybarasé ﬁluybabsveréwsﬁaa@uﬁ tevhetd @l@ive FUSth RErastiIRESGEE d. Nvater,
liquid, but rather only neans that I| uid is | ocated between t he pro ection

system and tRéssubYtarapes bRIvFAYthe >pmj 108 syptom3mpfes grbsiralg. AB IEMGLHQN f1<1ult1he
i Il um nator t n S

source. and (he FFEBESPEiR Sha il AR 0T Bn b BT B Bl
when t he souhe enakls aadtiex@rbjretiol s@eim. Ihningsioh techargies hildevdbkiiaven usthe(m for
considered to formpart of the |ithographi.c apparat us and the radiati on
beam i s passBdc#¥ HRmsEiGRlcapedeye @F RIAKCHien BSfsiat of N9 TR THMEREOR; & Beda

beam del I veriérdy bR Bnctli@! sk AR Gibsititb! ARl Slubfichdoldn Telr s
and/ or a beam expander. In other cases the source may be an I ntegral qp

of the |ithdgtapthec oakypareanaj$hatflu}ulcbxama&’dmhﬁweclheh@@mjcﬂlansswtemaraodrtye

| anp. The sou ce SO and the illumnator IL, together with the beam delivery
system BD i PSUPEET FUYe FRYSWBE referred to as a radiation system [0038] The
i1Tum napern 1L mefe@ﬁgu@ewgﬁr@qj, Uas alludRafd?r 112Gbdesics Ng rﬁdl@tuﬁﬁ%@zhﬁrfrom a
intensity distribution of the radiation beam GCenerally, at |east the outer
and/ or i nnerradigdmbousse 8@t TKI@ serreninyd theflithegsephioappraup g beaaparatei anfities,

respectivel y) of t di stribution | an

o nat or Rt PSR uChahiopr et e? 1 fich, B8] ndisobilf i oy
various ot h&fon@@éf@@n@ﬂbﬁm pad &It thS llﬁ{bgtaﬁbﬂlﬁgiﬁgj&ﬁfmé Mate adeaosesstris gedsedhe
illumnator may be used to condition the radiati on beam to have a desired

uni form ty dranithe sere pQifosthei Blyminptor o pwitd the géds OEécltqaahdelp@usqurm BD
radi ation bg Hhﬁn Sfo'r @Qﬁ#@@tsuﬂgbghﬁre% &Ex’?&@%n? Y 'a%%am(l%x WSGS
which is heI he pa rning device support (e.qg., I'e and
is patter nedhbyoﬁrbce npgticeaminnggraeparcef thbHuhmaphlauppaaﬂs tﬂoe emhplerwhdnghe

device (e.g., mask) MA the radi ati on0$eam asses through the ction

Gyet om bS. IR 1 bEREEY D L U S ab A GO RO Bpihet R Bt o
W W h the dideigfsydiB 99 G0MRS ), GSLr AW ANA RAFREOPRREASOT | F (e 9.,

an interferonetric deV| ce, linear ehcoder D encoder oOr capacitive
sensor)[003§e subskheatlemirmidrd L\ilaycamlude amadmdtea ddlfoatadjuptingthg.angsler axensty

position diff.erent 011/.023517P 10/ 61379 - 9 - ar. rti

PO e pat h distriBlion Qe Ficist oAt CoBpa ot ISt (gt o e B SBRR ang
anot her positémoRBNERErcdWRhE B-outer AR cEX Myl félsﬁécﬁvél?micth@ﬂltéﬂ%ltlf'd%&ﬁlﬂlt{b}l igan
be used to accurately position the patternl ng device mask) MA with

respect to thpuphpknefoftthe iHaminatdrornpecandiBstcd. by adchﬁqmrtﬂm&mmamlm may
retrieval fr.g mask i brar or._duri gas
the pat ternitfg g orRsscirfof ey e v iRy )R S oo RIS ROLTR

the aid of adllh@iatdEtnake wedtd em(detaﬁlrtﬁerma&iohlt@aﬂnna>)haazed (ﬁsﬁé’mjﬂlfo‘iﬁﬁt?lﬁﬁd
nodul e (fine positioning), which formpart of the first positioner PM
Sinilarly, rbBvaHerdistgputidieindisiseess 46@ionabl e WI may be real i zed using a

I on g-s O[hw modul ﬂle%&ilaaor? Q%;nﬁ leg 'irgs‘f(?enm? eepatt\éﬁfn%de{v%e;@e rr{las% %\/f& ﬁv&éﬁl‘éﬁ ond

posi ti oner I n the case t epper canne

patterning de\hekcleorstlmgmttbnﬁ@ gemcerrmquotrta(blge,)mm table WE) caninsgiagdrned by the
short-stroke actuator .onl be fi xed. E0040 Pat t er nj '}91 devi c ge.g.,
mask) MA and2HEBEe &V Vn%ga‘éﬂr%e&ﬁé%ip%fi% (g¥ike (-8, mask) MA, the radiation

beam B passes through the projection system PS, which focuses 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, 2-D encoder or capacitive

sensor), the substrate table WT can be moved accurately, e.g., so as to position different



alignment marks M, M2 and substrate alignnment marks Pl1, P2. Although the
substrate alignnment marks as illustrated occupy dedicated target portions,
t hey may we 20ooasad i n spaces between target portions (ProeEPaomcisnown as
scribe-lane alignment marks). Simlarly, in situations in which nore than
one die is provided on the patterning device (e.g., nmask) MA, the mask
alignment nmarks may be |ocated between the dies. Small aI i gnrrent mar ker s

Cave i1 1 s RGBTy Lo P Ry cRBRAR el SRR LREA! Rl ¥ "

require any d#itfahethenpoditi®OsdgorofwHi PG a RS eﬁﬁlwﬂﬂl}t defsted Iﬁamg@eb aredt bd @rtius es.
The al i gnment system which detects the alignnment nmarkers is described

further bel GfeUREbARYSTHRD @é@%@r@@g&bﬁwdﬁm eask) Ml avithsisepachtoathe patisef Hae

of the foll @%ﬁ

support (e. (}\94,115!90 91%?1193] I\#%]:ﬂtr?# CP %@c%&%@&eﬁﬁowggﬁ rgr&g Egu{ﬂé?é’ $€an.
essentially Iﬁt@hemnamgvemvhit log thé petdrhing deaideesupportpasgt, exdaslkotabm Mﬁdn@t ben
beam i s proj ected onto a target portion C at one tine

static expodGlEpd vith thy,pit phe dongrpirekenodule: (Gasse mpwf%nghamﬂé %boafnﬂrioés? Y
direction sq,{fad (?ing ﬁcfs‘ﬁ{o%ﬂ{ Y 88T f@r‘?ﬁtﬂa‘?ﬂ“ of hanfke ﬁﬁ?éi?faﬁ&d PM. ”Eﬁﬁﬁ‘a{}l

node, the maxi mumsize egexposurefleld [imts t size of t etaryget
portion C i mageuhdnh oﬁtha w@lsteatstteéal@ &V%xrmsbﬂeahze[dm&] a Jonglsiroke anodubdend & he

tt d , k tabl e d.th t abl
DRI IR e g e A T Rt I et R o g D o P
proj ect ed orsrt%I pér (a86PFdsc@R & 5Q@An&) (He- Iﬁtte?%ﬁsa&%eesug?mmg AAROFHIEMT HA¢

vel ocity and rection of the substrate relative to the patterning
devi ce suppditcofiescied toWwsho0S1ORR BBURECIIERZO1D/ @E18HY - 10 - nask table) Mr

may be rmne the n|f| t,i on, and. | e

char actBFE: oo® F RS I SHE TR B okl meals PRt usirsiick ze
of the ex posamrgﬁmémeﬂndrkh iNr tl‘SI2talﬁa stbéltdte blighrhdhe nielos BP&leAﬂglodFHi e dudkratof
the target portlon in a si ngle ynam ¢ exposure, whereas the length of the

scanni ng not3ligAmget Barks r@é§llw@tqﬁie¢cghpy éedwakt%taﬁ&eémﬁ?rthdthe@éwObs logated He
target portiy [ tter % p,

(e.g., nmask g%ﬁseegé#lféé@g%? 8}et{sz)§én eg%larg h‘lgnaotg\?1 ongr{%h %ﬁn%ﬁ@ I%éhgg@g%n)abl e
patterni ng dawilagy, mrmtuEMSsu bdticlatmerd &hh@n\a!\?ﬂm & providdd on the patteeninphlicliec a

pattern inparted t radlatlo beamis proje dontoatarget po n
C. In this rbde, m@%ﬁ b ithe Eag %ﬁn?lgd%ﬁl%ﬂéysﬁﬁr 1505 DIHEFH i d lgﬁdémhli
progranmabl e, %ﬁﬁﬁeﬁ‘{ ﬂhﬂkgrsdﬁé@r %f‘so'b% iHodaled i dieguh ra%ngitttﬁé d@ﬁ@lr] FORKENERA
of the substrate table or in between successive radiration pulses during
a scan. Thi svinoldeaswsf 1t@q3ée$atabbrth@1aﬁnetreaﬂ<aadnel 35 gl a$ﬁ0$d>l¢msd< lnessequire any

| it hography t utilizes progra | e er.ni ng .devi ce

ot 061 armab] <lERERbmagiRegr Biotivy Gaieds Pie st &bt e e Hignien dystem

[ 0045] Combi nahitIP Bste@D eHeMliphMehdhaiRBS i9BescABePReE: Bigskr | bed nodes of use or
entirely different nodes of use may al so be enpl oyed. g§046] Li t hogr aphi c
appar atl0841lA i s ofhcalepistagizppadtusisanlddreaged ingddcaghonsrofiag fol e iramedesat e

bl Wb and d.8
Stat i ol et woert-whi off THoredhar sl FHBRBLCE Bk e aTECHIt S,

substrat e orsubsitatStabit Wat g tkapl @sddial@isRgoLAPOSRIl ai cithie pa@gastipertsd atthon,
anot her substrate can be | oaded onto the other substrate table at the

measur enent 3AEEHRCHRA IS wHPIcHiGd PH@ FalAEEERPraie fsalc aRg A i 2 PHgle static
preparatory e%b&ﬂﬁes)mﬁ Q@t%%eta%pWTng th%?sﬁﬂéé?&%ecﬁ%h r x@fdlr"e@?on g’bﬁﬁlta{ ate
using a | evel “sensor F&"and neasurin osition of alignnmen ers on
t he subst r atdffashnearget pdmgmrﬁerchn stensx;roséks InTktep raodh | ths rmxsmbmt sing iodl the
increase in the thro ut o ar at us f the position sensor IF is
not capabl e eépowaéeﬂﬁq}@tstth%%?)g THEGHEOrHD S iBRETiha g HalhPIeSE. | s at
the nmeggpjfnent siatiqp sas Wkt tﬁép@&erﬁlﬁg dE¥RO SRSk, IRAk thl@FM?{and the
position sensor may be provided to enabl@ the positions of the substrate
tabl e to be subsiitethblkt Wobate statedayschrpO@si] wbils Iaquennnlnﬁmagadeo Phe tabmtion

I|thograph|cbe par at.u &A or s art ofC%Iithoglr

1s projected onto a targe portlon €., a81n narmc exposure). The velocity

and direction of the substrate table WT relative to the patterning device support (e.g.,



cell LC, also sonetines referred to a lithocell or cluster, which also

i ncl udes apparatus to perform pre- and post-exposure processes on a

substr at evoGorvesdironal | y t hese include spin coaters SCPCO/ERe@oO®s51379 esi st

| ayers, devel opers DE to devel op exposed resist, chill plates CH and bake
plates BK. A substrate handler, or robgy, RO picks up substrates WO

2011/ 023517PCT/ EP2010/ 061379 from i nput/out put ports 1/01, 1/02, noves them

petveen, e A P65 PR B 00 biAn D, o el e

col I ecti vel ychaberiked 60thRSproftRtibh agitemaP$ NGQh bee, COBtmMimA 8izk raxcke
control unit TCU which is itself controlled by the supervisory control

syst em SCS, axhperc Acklolimtntheoviith fia the ppwrgeapmiecdisgspamae flide yarget pariery aphy
trol unit, difif t
e m ze. ¢ hebEan s GereSec Wk EheThe RRRAL BF 4R SARoRE AREET Ehrhibes he

field metrolheipht CanhdsahwiugdirectiodPo 200 %@t onorand | nt er nat i onal
application WO 2009/ 106279 ( PCT/ EPQ9/ 001271, filed 23 February égOQ, not
publ i sH&M4H: t he dr esdAtangticomadg. Higt RACHNRE ASHER SYRISTS(Ce eMARY BBIE) MT is

i ncor por at e - ' i ' idel y
appar at us ag(ce gya&%ﬁ? rkgﬁldg%%gc?%%?ﬁ %#Og%%mﬁgggﬁﬁ%@ﬁ%%&éﬁb%@ }Hr?%%{bg%%{g 3.
The dark fi ghlde VT noinogsd appanadushiteypdiermingaated tathemedidiear beanors projected
incorporated in either the. lithographic apparatus, LA .e.g., at th

measr enont SYGE Fsk TGP bR Qo BB 1 DY iR S Pyt g
emtted by spu ﬁ)i?%g&ﬁmﬁﬁe%atteﬁi a8Mcd BMPpdated AirbQGiEcQthiRDlAcS HRSEMBASMAYI a
a beamsplitter bi;ean optical system conprising |enses 12, 14 and

obj ecti ve | enbstide tableeWd drdn devesn suencsaryradiaiian guigeudirengsespaentlas ofodg of F

arrangenent . Ther ef or t he..angul.ar .ran at ich.th adi.ation is

e dent - on PRETERpr b5 KGR BUNEL L I0ER 55 Wl g Fal P PelFumare,
di stri buti orpattBrnéhgdedite, fvhtes bpre@Minti@Bleamitior BrrbIef St4ps ks Bdf@red todbova Pupi |
plane. In particular, this can be done by inserting an aperture plate 13 of
sui t abl[804Jr m i n GHebipgiNggader yrE#Eons cnvibe sbpendessribal madesiaf userprtgpgirely
present enbaogdj r a single small aperture | ocated
of f the opti({ggg%girlng&ggftugéeﬁﬁf%%?rl%rel%{ﬁllp(r)bﬁégystemforrred by | enses 12, 14 and
16 so t[ed6]t he ndaitwpephint afyeeatus LA riciodentsoanllslildatlr sthge Wpen whidhahioweone

of angl es not enco%?ssi n %{ﬁ? normal to the substrate, The illum nation
system t her e“HPStfa(S‘? &n of'f _ anq fWeuiaHaRy oS a8SWF Siitign §‘Pﬁgj’! ’é‘ei%‘Feé?lelffhe
rest of the puRhl_ plidBe WhidaR: saRktcdalks 8 BO%HMARGLESHRIY ohb 9lbstat Si-de
the single pole w reduce contrast in the detected 1mages. In an

enbodi nent , dnkesubstgite tafle inbeidernspowfl dthtbe clpedure attiod, drochemrsabsiratereat bbeam

th ti i ted i ith th iitch of, th ti
that one of PABIRTTS g i BreFs Htcl (e A PR g e EorS PR PRtrEa
into the objggkickgiddens. Ie %kéfﬁﬂlt&%lss(gébggﬁ%ﬁﬁlcﬁ&b %ap@fﬂﬁetﬁé ki€adcRRBtrdfoNAs a

hi gh nunerical aperture (NA), e.g., O. or greater. [0050]In one exanple,
the zeroth oubgratdhesans & soiel sensomley anhtheaneingithsposgiader! abigarenidoarkers i the

line) diffracted by the target on subsirate Ware collected obj ectiye
ens 16 and ohissobirlos LBt EmsiiE 815, 8t PR FLa b g
beam spl i tt ehrolphpud cFaBOBppha IPtHet pBitich7sedbot el doaeaghibid baedcadriheads
into two nmeasurenent branches. In a _first nmeasurenent branch optical system
18 forms a diopktipacafitha supdeis bl phpe It |5 rfbe imeRgerment staton ay getl asnatfthe st
sensor 19 ( '% r r | t ; i.r st
diffractive ggsrlrlgés e ’%usgl %ﬁ%%?srer)ﬁsgog%ﬁ’g?e eéﬂge;i/%s%}la?gb?th%g Oglgl%g{)(gejﬁéged
for focusi ngubdteatereableab bgyraeldait bdthstaiods.or normal i zing intensity

nmeasur e s of the first arder, beam The pupil plane_image can al so be
used fd_%‘prﬁny medSUHoRE Pﬁwrﬁ&é@a@hegfaﬁ@c ABeisAGt Tdu farsh ba Aenhogente
the subject Qf iieRrLaRAmdSEHaPI £LithbQ9OH] c'lﬁbtérh@zhn%ﬁ(‘a%%ﬁﬁée%%p‘ﬁﬂi’%ﬂis to
branch, optical system 20, 22 forns an I nmage of the target on the substrate
W on sensor R8ofm.pge-, aral @EDerposOBos@pesorn) a shibstiale  Serantdomelysthesmaniude
branch, an aperture 1 r.ovided jn a pl that is conjugate to.the
ol ane of "t naPGLiTT e Ty Se B heE doieRpfa e Bty SRR B el o
bl ock the zgyatdCer 8@l valtd plarstrd beamvsaatd haldidrher tdBaer Of pitiReup sigahtes
formed on sensor 23 is forned only fromthe first order beam The inages
captured by sensors 19 and 23 are output to inage processor and controller
24, the function of which will be described further below |n another
enbodi nent of the invention, on-axis illumnation of the targets is used
and an aperture stop with an off-axis aperture is used to pass

substantially only one first order of diffracted |ight to the sensor. In
yet other enbodi ments, 2nd, 3rd and higher order beanms can be used in

o e e M T - o




[0052] Figure 4 depicts a conposite target forned on a substrate according
to an enbodi nent of the invention. The conposite target conprises four
grati ngs 80 20/@51posi ti oned cl osely together so that trey/BrR2éi0/061379 be

Wi thin the neasurenent spot 31 fornmed by the illum nati on beam of the
metrol ogy apparatus and thus are all sijjqultaneously illum nated and

si mul taneously i maged on sensors 19 and 23. Grati ngs 32 to 35 are

ot torned i it rnepGnPLF BOBPROYF PRe sy HEk il P Rl n{ WPl parecs

substrat e Wan@®livegshd?td the3dadih@ bdy fifebemd thbiaped dppa@tder The devices,
facilitate neasurenment of overlay between the |ayers in which the di fferent

parts of thevkighmserspiten gpeqtingly tsfsredotonisdthel tiackn aemrodsr fanicorfrolt efea track
I nvention, g:roﬂ{rb th"gégﬁvgkpgl? 1sm?sﬁlfrm}ﬁ?oll?é the (Hl erQ’soryQ’ontrg?’s?ste{rﬁ%S %lt%%ey

means that one o I'ngs OneMNt s arrange
wer e both pralgat mtmmalbllyh@grapmerappmmn@d hﬂmgaﬂphpmSnmﬂeumn‘ LAIG#). cditpandat s

woul d be off relative to_the ot 11/ 023517PCT/ EfE;_ZOlO/ 061379
- 13 - dist éﬁ%@reﬁﬁ apRaES AR b SPB?I‘F‘WE t%asaxrnrlée ?Ffﬁ%ﬁéﬁ% par»r%g%a K¥ICHat i f
per fectiyysgyri nt ectxtaﬁgﬂe% WP Uaek %l@%&?élé?} c‘aﬁ r!;?j B4tind Bn TR ORBOBTE RS and

dlrectlontotheflr t grating SO on. In a nethod according t
an enbodi nernteofatiphd apmheattornoWO %011%\%062%9 PEP@?]/rEé’OB/OOﬂh'él cﬁled RAyFebruagr 2009

bet ween the two ers ont ai nin s of rat s 32 to 35,}s
measured. alhgubibSia F wEaprant: eOoPRRn putendaf hitle tgptppice b
gratings 32 r%fére%%elnﬂh@fg'feﬁiu%%d fromone of the first order di ffracted beans.
If the 8rat| ngs are |ocated in product areas, product features nay also be
vi si bl d00491t hi s |Arég1é: ﬁdﬁémﬁtr@gyr@paltahé a@&@étngatp@nwrdqodtm@lt@ééhet mventpeingis e
13 is rotat e?}o ¥ %0 0 hf’he aﬂ% {ro geaofargthe |n s &‘Si ng th% ot her
first order YFrActEd° peam™ Pived 2Py 615, ces and 3 ner S er
24 pr ocessesnédipsatedRgabertthe lhdﬁigtapﬂnc éﬁp@ras@pmg& 8., Iaﬂﬂﬁ&ﬁea@ﬁreﬁfeﬁt bthEen, 32 to
35. This can be done by pattern matching techniques. Once the separate

i mges of t Hbe hhagianhis Cﬁﬁxlé? blaghisiagpaeius. gt cmptedibysenssetlil §8 2o XehsBMD)

B T s T
processor ana, dérﬁnriojHJ@rwézleﬂsrlcﬁm Thesctlbusss atit mm@ddrlmtaedmbtwseqaémsaf ae4@
accordrngtothefollo tron I diffract] rder. -~diffraction
order] (over @é@}lg%@fc Whergf OFe: Jhe rang abFQ%H at wlncﬁ| tﬁe (rial_cjlatlon 18 incident on the
substrate can be selected by defining a spatial intensity distribution in a plane that is
conjugate with the substrate, i.c., a pupil plane. In particular, this can be done by
inserting an aperture plate 13 of suitable form in the conjugate plane between lenses 12
and 14. In the present embodiment, aperture plate 13 has a single small aperture located
off the optical axis of the illumination system formed by lenses 12, 14 and 16 so that the
measurement beam is incident on substrate W in a narrow cone of angles not
encompassing the normal to the substrate. The illumination system thereby forms an off-
axis illumination mode with a single pole. The rest of the pupil plane is desirably dark as
any unnecessary light outside the single pole will reduce contrast in the detected images.
In an embodiment, the angle of incidence of the chief ray of the measurement beam on
the grating is selected in accordance with the pitch of the grating so that one of the first
order diffracted beams from the grating is directed into the objective lens 16 along its
optical axis. Objective lens 16 has a high numerical aperture (NA), e.g., 0.95 or greater.
[0050] In one example, the zeroth order beam (solid line) and one first order beam (dot-

chain line) diffracted by the target on substrate W are collected by objective lens 16 and



[ 0054] Thi s enbodi ment therefore allows a nore accurate determ nation of the
overlay than if a single pair of oppositely biased gratings is used,

wi t hout dworen#i2eg)7t hr oughput. In Equation (1), N equal #CoEP20189613than t he
nunber of differently biased gratings so that, for exanple, with four
differently biased gratings the rel ati.gaship between overlay and intensity
can be nodel ed as a function mﬁth three harnnnics As each grating has a

Caeh oy ot o RIS L B IEGEYS W echl Sk TLBE 1 2ARAFes B Bl OF

al | gratingseamBantd heorrﬁ@@@@hieﬂebraﬁa@mnhowﬁttauealgu@menﬂmﬁch tltteat Watem 18
neasurenents on each of N different gratings give N egfatlons whi ch can be

sol ved to gifoent ndiffiartiawspcatrmdpupl alapaymeed) f thy errgagon) fingt seaserel? (c.g., a
[0055] As shyRpip gFl\h?grS&?SO?)l?S trﬁe ZEJ@tﬁan%”E’rQP&H@“&lg?Jcnw8 Iﬂs"‘tﬂ%ﬁ@t pﬁtﬂebe

extended to inclu arger S rati il T aneou

Figure 6 shommgemmauﬁﬂm@osnmerg@amlm§am&iﬁMOﬁﬁﬁmm@chnmaybg@mpphumseadbéD
-30, -2D, -D, O, +D, .+2D, +3D, +4D. wn in Figure 7, separate inages
61 to 69 of MOK@AIZIRg iptenedy %e&ﬁmlﬁ@ep‘ééﬁttﬁ? ?ésa oFderibgam; nkiePuPd %ﬁ}ee’(ﬂnqgﬁ can

sensor 28 g@gxéle{dgt%g?;azlg GléShethLaf ﬁt@%_gge% sicht-4s recbggﬁﬁ}&ﬁ‘ Whieh %Yeeﬂ& fhpat

t he intensity profi e spot IS uni orntover the area of
gratings, a sobjeredithopresan diseloappl i ed by the image processor and controller

24 pri calc i on of |ntenS|t val.ues he co may . be def i ned
by readi¥flo°the tadht Safd bRty et Btical T HRA on RETENiRES S G an
unpat t er ned pakt oRhd HdsREOW: od §en%$1€‘233'(@§' AASCBI ORIOY Spsah) MnGhO8&ond
together on the substrate, it is possible fhat the opti cal filtering in the

second neasuneaversmebt Briogh, rryapsEusestey 84 ds p@lvmeldenmtelnnestt@h &l eonjugatet foathe

cvent L SN PRAGH I8 Ty RS By 5o B oL R B

enbodi ment  afrdérhiffraewdrich®rso thatvhé ﬁrﬁﬁ@%f&hmg&rm or0fenb@®t 18 ¥ formed only
from the first order beam. The images captured by sensors 19 and 23 are output to image
processor and controller 24, the function of which will be described further below. In
another embodiment of the invention, on-axis illumination of the targets is used and an
aperture stop with an off-axis aperture is used to pass substantially only one first order of
diffracted light to the sensor. In yet other embodiments, 2nd, 3rd and higher order beams
can be used in measurements, instead of or in addition to the first order beams.

[0052] Figure 4 depicts a composite target formed on a substrate according to an
embodiment of the invention. The composite target comprises four gratings 32 to 35
positioned closely together so that they will all be within the measurement spot 31 formed
by the illumination beam of the metrology apparatus and thus are all simultaneously
illuminated and simultanecously imaged on sensors 19 and 23. Gratings 32 to 35 are
themselves composite gratings formed by overlying gratings that are patterned in
different layers of the semi-conductor device formed on substrate W. Gratings 32 to 35
are differently biased in order to facilitate measurement of overlay between the layers in
which the different parts of the composite gratings are formed. In an embodiment of the
invention, gratings 32 to 35 may have biases of +D, -D, + 3D, -3D. This means that one
of the gratings has its components arranged so that if they were both printed exactly at

their nominal locations one of the components would be offset relative to the other by a



and Y overlay error is allowed. In the second enbodi nent, the intensity
distribution in the pupil plane of the illumnation branch is arranged to
be as showo 2rv@Byyare 8, e.g., by provision of an apert rCeE/Rr@EDA6I329 Wi t h
apertures 71 and 72. This arrangenent ensures that the neasurenment spot on
the substrate is illumnated by two cqongs of light, one having its chief
ray in the YZ plane and the other its chief ray in the XZ plane. In other

words, the i Ium ti te an off-axis_ i i nat.i gn wi.th,two
e The i3t @ NeE SRR Ro BhbadH, Reriised "o Bl PR, Pifila )
to 85 as shawseiwbuld geuztnao@set a‘etbungﬁthszp &%it89ir6 QR th S ﬁl\é@glgfl hitDSo on.
oriented for neasurenent of overlay in the X direction, ) aving their

lines gAP231l el t dntanecthodecording thay PrEoBMeskel Be IpNHR sheyvnéeﬁwm vehy
and two gr atdv@ﬁ% gﬁ{;ﬁﬁ‘é&fgeﬂ ﬁ{el @ﬁﬁygﬁgﬁg&@%&‘ée&o@é&&s to?%ra‘(m k@?% 330

i.e., having t i neés “para I'S and again Ravi respéctive
bi ases of +DneasdredDUsﬁgoﬂnbaMrdlc@gg@aﬁmstdf FKgurefs, hﬂﬁﬁﬁgegﬂiféthe @gasmgs 82 sh13%n
in Figure 10. As he first enpodi t hese i mages can be separately
i dentified dh@bt ‘?rﬁtoélﬁsq tth%rém ﬁétrg&nélﬁf&ft%&b?aﬁ@ i Hehe gfﬁ"é‘ééé‘éf‘o%cétﬁg in

control ler 2d,qd a@&segﬁdﬁ%@feaﬁﬂ@s ARG’ Ald B8 ﬂﬁlbﬁ?hﬁ‘l ﬁ%%@ hMefer! et he

sane as the first enbodi ment and the’sane consi derati ons nd vant ages
apply. [0058pbstrare W obehapperase alad 18hatrotated byad §@t soathaayssemmivmk@ afnthe hi s

o oduct - ar eaett e AT (ol et UPER) R fof eSS oM sa it el oy
the nmeasur ergaioRRaly ﬁé@es%"tﬁés%'mﬁ?é’satﬁtlé&ﬁﬁy E@se?%feut%tagEQBf E%BRRI B to 35.

t hroughput is increased by acquisition of nul e target inmages in one
exposure, | elus aaleéveodvntehle/ thtﬁm rra@tehlneetdclmquedl @meethet spaate Umggy afahget s

There is o restimes Yt B BOMMToRR e Fiabdaa P FRREEL B Yo M

bet ween the d.@1 Bpaidragig of stfenith fdlestenbixkl nsdnsiy deluesli The actﬂl@ncahetas@ band
overlay. Target Position Correction [0059] Whien the optical stem suffers

f r om aber r atdctmginedelpyo gsimage| niAsasear B saeHegehdian die thuSap CaRash HERTISHI
thereof, the,fps ?Sé.lé e&cﬁﬁﬁ%ﬁ# g)suo(xh% &ﬂy{%ﬁéﬁml | target overlay neasurenent)
e

or intensities ‘dar pen only on the overlay but also on
t he act ual p05|t10n of the target in ﬂge | i ght bgam S|C@@,Me canaot

predict this posiki-Qp. e coll-gyl.ead. 1 @velgni = c2nk, ngn dvailezagcept abl e
i naccuracy in the nmeasured overlay. Tinme spent ort accur pic 3gom tioni.ng(lw ||

reduce throughput of the apparatus. To provide optical elenments with |ess
aberrat[0634]wi | | sThipkmbodikent HerdpeadBirisa ﬂﬁr@ac&?ﬂmmﬁbwﬁmnMQnODﬂ'th‘egi\mrlay

there will e described techni ques for. correction of positio endent
errors. [0068111 aoPéIF € ppigpP Otmﬁsla@tlt%eergr%tngt Fresedr Withoyt ﬁetrﬁeltg ?uggl@atm is

in principl g,knp gcﬁléaﬁalfs e Ris HIRARe himb&CQ cﬁ'ﬁE’reh{‘;[r bhged Qﬁﬂﬁgsoic?ﬂ&@t

(alignment carrera |n This 1nformation can be used 1o correct the
measur ed i ntfenskamplei th rourhdiffierpntlg ripased gadtinga lthdyraddtionshiprbefweem dvieday ehd cal

know edge of. the aber ations., [00 n th se.of calibratio es of
reasur event SEESSRPTE A UG B8 i REATE 6 Ee ATt aroLFb SR T BF et t o
correct fut WiffeRRAKHEWIBNESay Blﬁls ftl'fbeosfe@ﬁ? vafue an tREMOOE k§@ltioAIBF ORE Bratinfy i9ne
knows the aberrations in thé measuremen optical system then the position

dependency dhe tsha ﬁﬁﬁ%ﬂ@ﬁ@lntun&wm@V@ﬂth@Pde qqemon te lalingratingsorand the

|nhom)gene|t| es _can . be neasure caI bration ste and subs
ke Sty R ke S TR e L R S Al

measur enent . grdthtfys @iV Maigastion QVHI&}’Caﬁla]ﬁb tdledai togriexthe agkesivih Bctdalfdverlentalue
modes: and (N-1) K values.

[0055] As shown in Figures 6 and 7, this embodiment of the invention can be extended to
include larger numbers of gratings to be simultanecously imaged. Figure 6 shows nine
composite gratings 51 to 59 which may have biases -4D, -3D, -2D, -D, 0, +D, +2D, +3D,
+4D. As shown in Figure 7, separate images 61 to 69 of these gratings can be identified

in the image captured by sensor 23.



Reconstruction of the overlay can be done using in a scalar nodel wth
inputs: (i) position information, (ii) defocus and (iii) aberrations. 1In a
| i brary appronaiz3zine can use scal ar or vectorial sinmul aPCoEPa1DcBD
position variabl es, and defocus and aberrati on-set as paraneters.
St ack-dependent 1st order diffraction_gfficiencies relative to the specul ar
reflection may be used as (linear) scaling factors. For this purpose, the
specul ero ord refle tjon Si naI red i.n _sensor ile
the dar &0§ el d i r‘}a%ég e\éené éhat(%uf} Hlt%l)? ¥ Brofile 05% 3 non—umporrn over the aI’ea\Mfl
2011/ 023517 R@éﬁﬁﬁ@sl@/ c@ﬁé&?&l can}R@ app][l&gﬁzi@&ﬁﬁ HprocWRbEINd Son@ol@sl4 hrivt to

a

error in the Z direction, acts as an tlona aberration. Accordingly, if
focus vari atdalsHEtian ofdpGHLY vHEcs akBe SPTTAKIOp| B3y darfichacd bl measuriee dsy vrokt

intensities rape u by

MR S s DS L L SR R

i f focus (Z gasigsi@aipagjcubriyocldaetghthtr beaete tsobmmcm@ podsibledtat ehe optical

accuracy. THLS can he solved in the foll ow ng asure focu? as part
} S.

of the cal i BHEEINGAN BreseeriisrmeasHEpant @Pclagﬁywﬁv@ qz?ﬁévw &@@vieﬁ stgpals. In that
correction I%,R»eﬁte%r@enem SRAIRC n@@ﬁmﬂ%‘%fz@rs%@la% M Sad B 4 s§i9fe”«§hﬁs@ be

reproduci bl e dufing the nts. Measure (and or cortrect ocus at
each neasur ettidodkintgethe zgrottbyrdamal yzi ng the i mage of the grating. [0063] The

correct of ne sur nts to,take count of positional variation e
Conl T odOBEIot nor Mo BTt SnbaalREneR it tin B HoRirkh R e e Ren08s Sl X
measur ement gase rokz&%%r &P&V@ allowedeng k&%@orﬁp%ﬁodlﬁ%ﬁﬁ thd M&%&t@&sﬁﬂﬂ&% grent
can be done with the apparatus described. In co-pend |n% i nt ernational

eshp

pat ent appl |tbgpumhplla@erp otb@m@embranclors aéwagpd@beteh: wpiih Figrag8, senbpr

19 is used tgo neasure t he, + fractiaon from
a target, afiCYRQLg!f ?%‘*h r? I}fal‘se?’;‘)n‘g t a%?““r% nr%1e7312 dh“ OBt HIE ah e"\%%reﬁ

nmeasur enent .thOfchfiGerdtiRpat oTRRSs ViRt is iifensaed B3 t@'aldoﬂi)@ afsigdt, bac hakeg &ts
second i mage sinmultaneously with the inmage recorded in the pupil plane

sensor 19. THid raeioe Yzalgac and s oslssiitsichiet irmf drthatiZoplaphi tb@an@@Sdb@d

to do th h I
to the procauuraeiBEcuRlor RrEkOaR MERRCINEErbIal 1o BLoM PP Cpo R DThEL
9 2009 and ah@&stmn@nt beant is diranged s iBMORT; 856t of prasidgo’? Hefi avdhemwnlic PZ@QB

[0064]Altho h spem% ef erence may have been made above to the us
enbodi ment s ‘b ORRHEZH i Bh T SHMPIRCHE BEUES SFioped Syt PEAsPrMePh e EpRY In | >&A |

be appr eci atcﬁf%ctt@@tl o Nfavid Vtﬁ&} 'h‘ﬂ@ Wg?:?éllgeto%ﬁ@@l( hiis %hﬁ'%vmg%és%éBTQ!bsanJ 9h

exanpl e i nprint thograp e the context allo is not limted
to optical Irﬁ$mogveéphugdtwrmgnanpgs arientddt floogreaphyment od pegntayphyhd | darcpaart, &Enl ng

devi ce defi es.t pattern on. a substrate. The to a of t

pat terning dvinednsbdheapr B EEAE a0 dnf ayah byt ecper SRS Bl pGine
substrate W&@@meonnégw Merl 9% Jrhédr @dtibys aRPIhvidinekRatd PORINEHH Ghe ﬁrst
radi ati on, heat, pressure or a conbination thereof The patterning device is

moved out ofcmiedimenti thesel imagenepndepaparately identificdzmddheir méensisich detciminedibed.

the image processor and controller 24. In an example, the operation of the second
embodiment is the same as the first embodiment and the same considerations and
advantages apply.

[0058] It will be appreciated that the target arrays provided in this embodiment of the
invention can be located in the scribe lane or within product areas. By including multiple
targets within an area illuminated by the measurement spot 31, several advantages may
accrue. For example, throughput is increased by acquisition of multiple target images in
one exposure, less area on the substrate need be dedicated to metrology targets and

accuracy of overlay measurements can be improved, especially where there is a non-



WD 2011/ 023517PCT/ EP2010/ 061379 - 17 - [0065] The terns "radi ati on" and
"beant used herein enconpass all types of electromagnetic radiation,

i ncl udi ngwolzbrizeszaret (UV) radiation (e.g., having a waverargaio/ioef37or about
365, 355, 248, 193, 157 or 126 nn) and extreme ultra-violet (EUV) radiation
(e.g., having a wavelength in the ranggsof 5-20 nm), as well as particle
beans, such as ion beans or el ectron beans. [0066]The term"lens", mhere

t he context .al n tlon of,.xari ous pes of
opti cal conﬂ%ﬁmf%ﬁhomﬁﬁ §|881&§#&5§?P$Eﬁq5et S tOHETHJYatmn i BES

el ect r omagnejviclaynd el ectrostatic opti cal corrponent S. [0067] Wil e specific
enbodi nents of the invention have been descri bed above, it wll be
appreciated that the invention may be practiced ot herw se than as

descri bed. For exa the invention may take the formof a conputer
program cont%ir%ﬁtﬁ)ﬁmﬂ’é%ﬂe fi#%e sequences of machi ne-readabl e instructions
descri bing a nethod as d| scl osed above, or a data storage medi um (e. g.

seni conduct or net.i optic avin a_conp uter.
progr aﬁﬁgdr ed t @Lé? the HE‘FQES?WIT‘O r?t Pgl tagCatl (gfl‘?%’ed tR4atipR e
Det ai | ed De%ﬁﬁdrﬁége‘ﬂ&tl%?&t ) Q&nbﬁﬁ'agor{‘ﬁferetot@eth§ﬂ{9§§tfr¥d fihSERAI ARt 1S

L
intended to be used to Interpret the claims. The Abstract
sections nayvsdty heasircoog) or imonsetidsudin datk fateld) dmmmpltmty)nbfnbmdhmemrklydjutt he

1 1 1 th 1 ) t.
P Conded o Aone ias o BE TR of e tardsh o i Btk Vol sl e Bt PheSich iy
[0069] The pryesieih. it¥eRt baniiaenthee desciinaticalif Wabilridieindhd ifusured

functional building blocks illustrating the inplenmentation of specified
functions aryerlay. lm@rSsphlilthl ttqwtaé@posrtlmutg)wﬂbaﬁrdué@ tlﬁbughpelé@f therrppiteival To

bui I'di ng bl O%Io(él ha\f)%celaeg tlgl slsyabe?ratlgg hﬁ éagy et the aé’p%;r’eh”' %1 rg of

t he descri ptl on. rnat e oun ar| es Ccan ong
speci fied furptispns Anwdrdieglal ithas s ﬂoherbeottesaﬁaecam&h@mubatfef Yeopettic vgd.

[ 0070] The foregoing description of the specific enbodinents will so fully
reveal the Dposition-dependent errors.

[0060] In dark field the position of the target in the light beam is in principle known,
because the DF image is recorded in the image plane (alignment camera in YS). This
information can be used to correct the measured intensity either through empirical
calibration or from theoretical knowledge of the aberrations.

[0061] In the case of calibration, a series of measurements at shifted positions is done to
set up a calibration table to correct future measurements. In the case of a theoretical
approach, if one knows the aberrations in the measurement optical system, then the
position dependency of the measurement can be calculated. Here, illumination
inhomogeneities can be measured in a calibration step, and subsequently used as input for
the theoretical correction procedure of the overlay measurement. The corrected overlay
can then be extracted in different modes:

e Reconstruction of the overlay can be done using in a scalar model with inputs: (i)
position information, (ii) defocus and (iii) aberrations.

e In a library approach one can use scalar or vectorial simulation with 2D position
variables, and defocus and aberration-set as parameters. Stack-dependent 1% order
diffraction efficiencies relative to the specular reflection may be used as (linear)
scaling factors. For this purpose, the specular (zero order) reflection signal can be

measured in sensor 19, while the dark field image is captured by sensor 23.



general nature of the invention that others can, by applying know edge
within the skill of the art, readily nodify and/ or adapt for various

appl i cat iwoosuebsigpeci fi ¢ enbodi ments, w thout undue ePpEmpPrEIOELTDN,

wi t hout departing fromthe general concept of the present invention.
Therefore, such adaptations and nodifiggtions are intended to be within the
WO 2011/ 023517PCT/ EP2010/ 061379 - 18 - neani ng and range of equival ents of

t he di ed e | ments.. based on.the teaching,apnd gui dance present.ed
Rty 2 ol S AT S R T e A S B ek R g
is for the pweRassh. dlcca@sly, Rt foells whtioRd arefknbivAl thakid prissiplas taabe dppdicd

term nol ogy or phraseol ogy of the present specification is to be

i nt er pr et ed tByorrpE IRRSIIRSPr Hihar Hraperties|of ¢hp megsupddesignabhhichgee egedby fnse.
[ 0071] The br . o] i.avent | OF . | M4 ed
by any of ¢ne dtgy SoRfr PRt PIRS A0l SRS BN el Ihey
only in accqodimbamghalsh dobendtalded s by dohaivith catremt he¢uradqThisadag rticsolvedth
2011/ 023517PCT/ EP2010/ 061379 - 19 - WHAT IS CLAIMED | S: 1. A

metrol ogy apBardloldngWaAYS gured to neasure properties of a plurality of

targets on g 5NE%EJr@Lrgcustaﬁ?f?tfcgﬁti*h@tch’ﬁbrﬁ%@{a}o%&al%é a d%RHérCl?seCtRﬂan%ﬂ%%t&fr?e q

emt an illum nation beam atron; obj ective lens con
to direct the theasarenentprbeginobr rcadicet foans drfwchidnd. (Thigedquiron dos to be
substrate and h%nﬁﬁkhﬁg&m%%ﬂkg%kgangL&Lgacted by the targets; and
e Measure (and or correct) focus at each measurement site e.g. by analyzing the image
of the grating.

[0063] The correction of measurements to take account of positional variation can be
applied to other types of measurement, not only the dark field overlay measurement
described above. As mentioned above, other types of measurement can be done with the
apparatus described. In co-pending international patent application PCT/EP2009/006518,
for example, the pupil image sensor 19 is used to measure intensities of the +1 and -1
diffraction signals from a target, and these intensity signals are combined to obtain an
overlay measurement. During such a measurement, sensor 23 can be used to take a
second image simultancously with the image recorded in the pupil plane sensor 19. This
second image gives position information which can be used to do the corrections of the
signals measured in the pupil plane, similar to the procedures described above.
PCT/EP2009/006518 was filed on September 9 2009 and claims priority from US
61/097,374 filed on September 16 2008

[0064] 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 thercof. The patterning device is moved out of the resist

leaving a pattern in it after the resist is cured.



a sensor configured to detect an inage of the targets; wherein the
source objective |l ens and sensor are arranged so that the illum nation beam
si mul t anewo2by/a2B3iam nates the targets and the i mage of pCmEPR@0get3zot hat i s
detected by the sensor is fornmed by one first order diffracted beam and

t he apparatus further conprises: _1an image processor configured to

i dentify separate i mges of respective ones of the targets in the imge

det ect t he nsQr. .« .2, An,apparatus cording to claim.1

wher oi A0S | el dumssoreiagindy S0y “AREAT T Uie TERSGMakast MMM dugs gf

appar at us acgai@hiagndtl ai@aiion, dncluiap altmvidle (P8l Bti6eCAgNhARg 4 favelength

configured to recogni ze an array of four or nore separate inages. 4.

An appar at uLTRE @bedi 3G, 820, i %1,15%Obﬂ2(3, § and w@rer@wlﬁ@fmlﬁb(gﬁ&\ébwﬂ%pner

configured tqQ determ Lat-ensi I : r.ate, . :

| mages. (Q.g.,?fa%kg‘ag%%vggg {}slﬁg?:éc%%{%él/%y? (c))fn@cj’g%ﬁ%j?as\?é%é ée]? Rgéﬁﬁ% S@‘Sohn Yol er

I's further deainkgueledrdmobaatser m ne an overlay error between |ayers of the

substrate in which parts of the target are formed fromthe determned
E%? ﬁe OW:Eé‘P

i nt ensilPY08la) yes The term “legs”, wiers ihe FAtEd a5V EHBRNGTR 60 @N\PHA & COMPEIRA of he

control | er is%ri?)ﬁ@fﬂ:ygég est toﬁBti_geﬁf _‘%[l)ﬁipﬁﬁerﬁ%{eﬁﬂ&!diﬁg‘ fRachAST SerRititdle g{a%lk%t%"" ng

equation: diffractron orde diftfraction order]| (overl ay sin
1 27 n overdlayromagpiticcind eotragtatld ORBBIGPIIONEMR010/ 061379 - 20 -
[0067] While specific embodiments of the invention have been described above, it will be

appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences
of machine-readable instructions describing a method as disclosed above, or a data
storage medium (e.g., semiconductor memory, magnetic or optical disk) having such a

computer program stored therein.

Conclusion

[0068] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, is intended to be used to interpret the claims. The Summary and
Abstract sections may set forth one or more but not all exemplary embodiments of the
present invention as contemplated by the inventor(s), and thus, are not intended to limit
the present invention and the appended claims in any way.

[0069] The present invention has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined so long as the
specified functions and relationships thereof are appropriately performed.

[0070] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art, readily modify and/or adapt for various applications such specific embodiments,
without undue experimentation, without departing from the general concept of the present

invention. Therefore, such adaptations and modifications are intended to be within the



7. An apparatus according to any of clains 4 to 6 wherein the controller is
further configured to determ ne the position of said target inmages within
an i mage wopebd/mssiwhe sensor, and to apply a correcti onPCh/ErP@onet3gy m ned
intensity or overlay value by reference to the determ ned position.

8. An apparatus according to any one qQfjgclains 1 to 7, wherein the source
and the objective lens are arranged to iIIuninate t he targets in an

of f-axis illum nat node : 9. .An .a ara PEEOr

wher et n't he BTG RES savvain s g REPE S EARERL PO bR 4 Rfhe
pol e. andl @uiddAc PR dUer&if C O it ka8 itlcedteddh th&E\/@Bfagéd]o gm t@tﬁﬁm@%??
|Ilun1nat|on node consi sts essentlally of a first pole and a second

11. An apparlgfais 1%@&3’@(1?%@05@(9 épwmlqman%@r@dmt%@nf sucatth%éheeterr@mp@@w%d
on a first 0

second axi saﬁ%% ﬁlfog%gﬂ ieng,kpaet@ € (iq} SSP[ Sgggﬁggjqetgglbg}%ezs%%&ﬁ&&ga ﬁlg%ltal
12. An appanﬁﬂuﬂn&&m@@dmd@ukmnﬁiain110 or 11, wherein the targets conprlse

at least one grating having |ines perpendicular to the first s and
least JR&TYr ati ngl A Pithesepsaf Bemerend Yo gn shenld SeohRiTRiFAby any OF (R 13

An appar at U%b@%: atdlipe E&n@{ﬁ/g%?ooﬁfm&hi"bﬁ? sﬂouﬁ@béaeﬁﬂ’@agf g;t fh 436 daAEORHR

include a first grating h a first bias and a secon ating having a
second bi as,tht frdloserpeldini ad thai eqpidilédfter ent fromthe first bias.

14. An apparatus according to any one of clains 1 to 13, further conprising
an aperture stop between the objective |lens and the sensor, the aperture
stop being configured to block the zeroth order of radiation diffracted by
the targets. 15. An apparatus according to claim 14, wherein the
aperture stop is configured to pass substantially only one first order of
radi ation diffracted by the targets. WD 2011/ 023517PCT/ EP2010/ 061379 - 21 -
16. A lithographic apparatus conprising: an illum nation optical system
arranged to illumnate a pattern; a projection optical systemarranged to
project an imge of the pattern onto a substrate;



and a netrol ogy device according to any one of clains 1 to 15. 17.
An apparatus according to claim 16, including an exposure station, a
measur enewo 28t1z2831m and a substrate tabl e noveabl e bet ween/HPR@0OKIBOSUTr €
station and the neasurenment station, wherein the nmetrol ogy device is
positioned at the neasurenent station. jg_ 18. A lithographic cell
conprising a |lithographic apparatus, at |east one process device, a
substrate handl er and a netrol ogy device according to any one of clains 1

to 14. - . measuring a properties of a plurality of
MEERLIS PR

targets on a su et hod conprising: generating an illum nation
beam directinag,the illum nati on,heam as a neasur enen am-onto the
Dantets usi g an S EaRodcerpa i B0 AR SR T ERAR SRR bt RO Wb Sas

i1 um ratesibbtage tthg situC@nh@Blidgng radiation diffracted by the target

usi ng the objective |ens; ] _detecting an i mage of the targets the

i mge bei ng ¥ OUHRSFOBILWAT {0 YR an jlhuningtiondheag) ¢ffradiatiy beam and i denti fying

separate i - of - j es: i 2 i

200 A ot hodranianay FIREEhYERERETr ek BIRTP il bPRBARFLRGHEHL WREES |

a pat t emnhe edsgaticzad to collect radialion Aiffrettbd dy deaergdisngnd o cl ai m 20, wherein

the pattern recogni zfer i(g c(?nfi gured to recognize an array of four or nore
1gured tp

separ at e i melg¥Esor con cheClaR HBRECRL ARG #9565t 0 ¢l ai m 19, 20 or 21,
{ ﬁ;gggr COMY i3RI ESRETDET A cARnd LIS Yar¥ Bhifpddr QMIngRER iRimmAGoS BRAR At €
simultaneously illuminates the targets and the image of the targets that is detected by the sensor
is formed by one first order diffracted beam; and the apparatus further comprises:
an image processor configured to identify separate images of respective ones of the

targets in the image detected by the sensor.

2. An apparatus according to claim 1, wherein the image processor comprises a

pattern recognizer.

3. An apparatus according to claim 2, wherein the pattern recognizer is configured to

recognize an array of four or more separate images.

4. An apparatus according to claim 1, 2 or 3, further comprising a controller

configured to determine an intensity value from each of the separate images.

5. An apparatus according to claim 4, wherein the controller is further configured to
determine an overlay error between layers of the substrate in which parts of the target are formed

from the determined intensity values.

6. An apparatus according to claim 5, wherein the controller is configured to

determine overlay on the basis of the following equation:

u 2
. m-n
|:[+1St diffraction order a [71“ diffraction order ] (Overlay) = Z Kn ‘ Sln( 't h Overlay] ‘
n




WO 2011/ 023517PCT/ EP2010/ 061379 - 22 - 23. A nethod according to
claim 22, further conprising determ ning an overlay error between | ayers of
t he substwet2e1ivn3shi ch parts of the target are forned fPomEPR&odet’ay m ned

intensity val ues. 24. A nethod according to claim23, wherein the
determning an overlay error is performgd on the basis of the follow ng
equation: +1' diffraction order - I-1" diffraction order] (overlay) = EKn

sin/ 27 erla t ho dln .80 I i Ims
35"t 24 wnelr of n 3 BB esordine 4§y S TRIPE oS SERBMSIRLG SoRRIE iy Ju gl
over | ayowfbued ith daeaRindane oyuléxhof bétd pagtt inigeolvitachn tm@eﬁeld [BHgEe mntsbﬂ n
the detected i nage. A nmethod according to claim25, wherein t he

i 11 uni rﬁélﬂl’f@naRié‘érﬁ F@thlp@cltle@e sletsmingd tigngiy 1i ovealay ofefucaky geferangeritaahe on
node. ggt hod according to claim 26 wherein the off-axis
|Iluniﬁ§F¥%%%§§ é consists essentially of a single pole. 28. A net hod
according to claim26, wherein the off-axis iIIunination node consi sts

essentially of a first pole and a second A nmet hod accor di ng
to claim 27,5 whereh APRAHUS peOdipg te apy Op%egf@an% ta % .“fl@fel%khesswfcem@ Beipi |

pl ane ?echb@le%@%fé”ﬂraﬂgé@to 1ﬁuﬁ1%?ett‘ﬁ9 tdt et@ﬁﬁf?&?qXéﬂl&nﬁ’ifatl&bﬁlogé!p' | pl ane,

the first and second aXes bel ng orthogonal X net hod according to
claim28 or 29 wherein the targets conprlse at | east one gratlng havi ng
| i nes perpendicular to the fir t axi %?dhat ash.one”%ratkn vin urnes
per pendi cul at to 1 APR2gats apeqrding clatim ¥ Whérein ¢ -axis illdminatio rno ¢ cofisists
essentially of a single pole.
10.  An apparatus according to claim 9, wherein the off-axis illumination mode
consists essentially of a first pole and a second pole.
11.  An apparatus according to claim 10, wherein the first pole is located on a first axis

of the pupil plane and the second pole is located on a second axis of the pupil plane, the first and

second axes being orthogonal.

12.  An apparatus according to claim 10 or 11, wherein the targets comprise at least
one grating having lines perpendicular to the first axis and at least one grating having lines

perpendicular to the second axis.

13.  An apparatus according to any one of claims 1 to 12, wherein the targets include a
first grating having a first bias and a second grating having a second bias, the second bias being

different from the first bias.

14.  An apparatus according to any one of claims 1 to 13, further comprising an
aperture stop between the objective lens and the sensor, the aperture stop being configured to

block the zeroth order of radiation diffracted by the targets.

15.  An apparatus according to claim 14, wherein the aperture stop is configured to

pass substantially only one first order of radiation diffracted by the targets.



WO 2011/ 023517PCT/ EP2010/ 061379 - 23 - 31. A nethod according to any
one of clains 19 to 30, wherein the targets include a first grating having
a first bwexomndim7second grating having a second bi as, PChEP@OONB7DI as
being different fromthe first bias. 32. A nethod according to any
one of clains 19 to 31, further conprishng bl ocking the zeroth order of

radi ation diffracted by the targets between the objective |lens and a sensor
used to detect the inage. 33. A nethod according to any one of
claims 19 to 30, further conprising allow ng substantially only one first
order of radigti onligholfdpatd HPaluistcbmptigingets to reach a sensor used to
detect the imge. 34. A substrate_having thereon at |east four

net r ol ogy témggW§Fwﬁﬁ%PE¢%ﬂﬁﬁ%ﬂ%éHW%Fé@9ﬂhémgéﬁ§p@ﬁﬁﬁkise gratings and are
| ocat ed adj ac ' - b ' ri ely
by a oi ol ot ojectOF g8 ke hAReAl o olchhn AL b BEMIR TP RSB RRE,
one of dnde targets has a first bias and a second one of the targets has a
second bias, the second bias being different fromthe first bias.

36. A subst ralelregnfehi¢rpceerdisomns e et d8inkioei a first one of the
gratings has lines extending parallel to a first direction and a second one
of the gratings has lines extending parallel to a second direction, the
first and seldond Al ageiritonschelimgtoordimolfo malluding an expo3ie sfmionppac@utsnent

conpri si ng: an objective lLens confiqured to direct a beam o .
Ot (g and 2yt BBl S Ble R hes S ARG Dt LhE e o IRt Haied
by t he RGRIES ma 18RS AEyiSORbHORY I ML RGlonith bimge Of Lhe fargets; and
an i mage processor configured to identify separate i mages of respective

ones of the targets in the imge detected by the sensor, WD

2011/ 023517P1%T/ EP& q;tgégqgah?fg 9cell comprising a lithographic apparatus, at least one process

device, a substrate handler and a metrology device according to any one of claims 1 to 14.

19. A method of measuring a properties of a plurality of targets on a substrate, the
method comprising:

generating an illumination beam;

directing the illumination beam as a measurement beam onto the targets using an
objective lens so that the measurement beam simultancously illuminates the targets;

collecting radiation diffracted by the target using the objective lens;

detecting an image of the targets the image being formed by only one first order
diffracted beam; and

identifying separate images of respective ones of the targets in the detected image.

20. A method according to claim 19, wherein the identifying is performed by a pattern
recognizer.
21. A method according to claim 20, wherein the pattern recognizer is configured to

recognize an array of four or more separate images.

22. A method according to claim 19, 20 or 21, further comprising determining an

intensity value from each of the separate images.



- 24 - wherein the source, the objective lens, and the sensor are

arranged so that the beam substantially sinultaneously illum nates the
targets awmo280/Bay the i mage of the targets that is deretimpdoloyetsne sensor
is formed by one first order diffracted beam 38. The apparat us of

claim 37, wherein the inmage processor _eenprises a pattern recognizer.
39. The apparatus of claim 38, wherein the pattern recognizer is configured
to recognize an array of four or nore separate inages. 40. The
apparatus of claim 37, further conprising a controller configured to

determ ne arp3i nt eNsidihodvalcblidy @olgact, ahirthd?@osppigihatieterMBGRSan overlay errdt-
The apparatus of claim40, wherein the controller is further configured to

det er mbsevesh lByers |odythe spbitragetiniedich) paresr of Bic terest simirrmad €iam thnideterpined s

of the. formed fromthe determined intensity val ues. 42.
The apﬁg@ggﬁéw%(gblain14l, wherein the controller is configured to
determ ne overlay on based on: +1' diffraction order - 1-1'" diffraction

order] (overlay) = EKn sin 1 27 n overlay j, pitch . 43. An i

appar at us acfor di%gﬂ%tgocbﬁ%%%mé ItQi GRIM4 831 wgerswﬁ@riﬁt?m%g EInPYSIY efrarg's

furthereﬂ%ﬂB%E&{&Qthgsgﬁﬂéﬁﬂﬁ&ﬁmgQﬁwﬂRéiti0” of said target inmages within

an image field of the sensor, and to apply a correction in the determ ned

intensity or overlay value by reference to the determ ned position.

44. The apparatus of claim 37, wherein the source and, the objeclive | ens
i

are arranged t?»illuninapg[the targﬁ@§a%ﬂgan_oﬁLKaQi 3¢1ﬁ%gd%$'on node.
n

45. The appar at usdgfioctiai m-Y4f«iptrar of f<axis Il bagr nat1on’ node

consists essentially of a single pole.

25. A method according to any of claims 22 to 24 wherein a correction is applied in
the determined intensity or overlay value in accordance with the position of each target image

within the detected image.

26. A method according to claim 25, wherein the illumination beam is directed onto

the targets in an off-axis illumination mode.

27. A method according to claim 26 wherein the off-axis illumination mode consists

essentially of a single pole.

28. A method according to claim 26, wherein the off-axis illumination mode consists

essentially of a first pole and a second pole.

29. A method according to claim 27, wherein the first pole is located on a first axis of
the pupil plane and the second pole is located on a second axis of the pupil plane, the first and

second axes being orthogonal.

30. A method according to claim 28 or 29 wherein the targets comprise at least one
grating having lines perpendicular to the first axis and at least one grating having lines

perpendicular to the second axis.



WO 2011/ 023517PCT/ EP2010/ 061379 - 25 - 46. The apparatus of claim
44, wherein the off-axis illum nation node consists essentially of a first
pol e and wogetianssipol e. 47. The apparatus of cl aiPor4®201b0er3es n t he
first pole is located on a first axis of the pupil plane and the second
pole is located on a second axis of theszpupil plane, the first and second
axes bei ng orthogonal . 48. The apparatus of claim46 or 47, wherein
the targets conprise at |east one grating having lines perpendicular to the
first axis and at |east one grating having |ines perpendicular to the

second axis.31. A mefd ddRerdapay aiyUsneddf dddidls M934,30WhakRimMtHeherckarigdhse a
include_a first gnatigg havi%% a first bias and a second grating having a
second fBptagatinghbavdee & Higst Hilagsing el 9§0RH SRERS REVIRE 8rieednd Higs; dite spenl bias being

50. They 1Bﬂ(@§ﬁﬁhé%ﬁ§ﬁﬁ%”137’ further conprising an aperture stop between
the objective I'ens and the sensor, the aperture stop being configured to

bl ock the zeroth order of radiation diffracted by the targets. 51.

The apparatus of claim 50, lerein the aperture stop | s configured to pass
subst ant i al 13- onl4 5RO pGeetdigg Hopnyopng aﬁ?latnil%w i #Rr%&tb%fdcqurt% blarkjags.

52. A lght Q&Q{hﬁc{?ﬁ'&%f AR U LRIy (Rb [hg%etéfj‘ﬂet-\)vle&yme%ﬁéicﬂ% RRAL L) sSUSTREY

arranged to illumnate a pattern; "a projection optical systemarranged to
pr oj ecttodntectithgenade. t he pattern onto a substrate; and a netrol ogy device
conpri si ng, an objective lens configured to direct a beam of
radi ati on onto targets on the substrate and to collect radiation diffracted

by the targe§ss; A method according to any one of claims 19 to 30, further comprising allowing
substantially only one first order of radiation diffracted by the targets to reach a sensor used to

detect the image.

34. A substrate having thereon at least four metrology targets, wherein the metrology
targets comprise gratings and are located adjacent one another in an array that can be

circumscribed closely by a circle.

35. A substrate according to claim 34 wherein a first one of the targets has a first bias
and a second one of the targets has a second bias, the second bias being different from the first

bias.

36. A substrate according to claim 34 or 35 wherein a first one of the gratings has
lines extending parallel to a first direction and a second one of the gratings has lines extending

parallel to a second direction, the first and second directions being orthogonal.

37.  An apparatus comprising:

an objective lens configured to direct a beam of radiation onto targets on a substrate and
to collect radiation diffracted by the targets;

a sensor configured to detect an image of the targets; and

an image processor configured to identify separate images of respective ones of the

targets in the image detected by the sensor,



a sensor configured to detect an inage of the targets; and an
| mge processor configured to identify separate i mges of respective ones
of the tawgebs/i2esivhe i nage detected by the sensor, WOPCT/EP2010/061379

2011/ 023517PCT/ EP2010/ 061379 - 26 - wherein the source, the
objective lens, and the sensor are arrapged so that the beam substantially
simul taneously illumnates the targets and so that the imge of the targets

that is detected by the sepsor, .is. formed hy,one first order, diffracted
boar 53, THaRparscOlelr Ta Shitdliss Yo And e sk 187 Rl & LT Beem
st at i onyubaantRAS Wi TRHeo I Rl @RinaRP dhAtasedts ki@ EE thaabhe immpeesthe thetwars ikhe
exposure station and the neasurenent station, wherein the netrol ogy device
i s posidetesirddydhe sdsonis dened yrane dirgtardey diffiacted beamhogr aphi ¢ cel
conprising: a lithographic apparatus; at |east one process device; a
substrate handl er; and

38.  The apparatus of claim 37, wherein the image processor comprises a pattern
recognizer.
39.  The apparatus of claim 38, wherein the pattern recognizer is configured to

recognize an array of four or more separate images.

40.  The apparatus of claim 37, further comprising a controller configured to determine

an intensity value from each of the separate images.

41.  The apparatus of claim 40, wherein the controller is further configured to
determine an overlay error between layers of the substrate in which parts of the target are formed

from the determined intensity values.

42.  The apparatus of claim 41, wherein the controller is configured to determine

overlay on based on:

I I [(overtay) = &, -sin| 2" overt,
+1% diffraction order T diffraction order overiay - Zn: n S pltCh overiay |.
43. An apparatus according to any of claims 40 to 42 wherein the controller is further

configured to determine the position of said target images within an image field of the sensor,
and to apply a correction in the determined intensity or overlay value by reference to the

determined position.

44.  The apparatus of claim 37, wherein the source and the objective lens are arranged

to illuminate the targets in an off-axis illumination mode.

45. The apparatus of claim 44, wherein the off-axis illumination mode consists

essentially of a single pole.



a netrol ogy device conprising, an objective lens configured to
direct a beam of radiation onto targets on a substrate and to col | ect
radi ati orwdizbfwesiied by the targets; a sensor confi gure@CrEPde@6ct37an i mage

of the targets; and an i mage processor configured to identify
separate i mages of respective ones of bRe targets in the inmage detected by
t he sensor, wherein the source, the objective lens, and the

sensor are arranged so that the beam substantially simultaneously
illumnates the targets and so that the image of the targets that is

det ect ed by 4¢he SERS@parsud @f nE@AnDW40REhckdif She asflekis dilllniagbadmbeéanonsisis A
nmet hod conpri si ng: directing an illum nation beam as a neasurenent

beam orfsgentiahlyyet s i pelg apé aspjosdolee | ens so that the measurenent beam
substantially sinmultaneously illum nates the targets; collecting radiation
diffracted by the targets using the objective |ens; detecting an

i mage of thel7t ar geteSapphfagusi afedembed, nghciran nied fiby pofel iy levaecdf ot s tfiraratéyr of the

diffracte eam .and identifying separate imges of respective ones of the
t ar get wpﬂ p?w@ agd thecteeRnq pedg s, locaygd %a&qc@@swp%hﬁmgr&ﬂee@g igst ang gecond

56. The,mebhRdoRfiodohd M 55, wherein the identifying is performed by a
pattern recogni zer

48.  The apparatus of claim 46 or 47, wherein the targets comprise at least one grating
having lines perpendicular to the first axis and at least one grating having lines perpendicular to

the second axis.

49.  The apparatus of claim 37, wherein the targets include a first grating having a first

bias and a second grating having a second bias, the second bias being different from the first bias.

50.  The apparatus of claim 37, further comprising an aperture stop between the
objective lens and the sensor, the aperture stop being configured to block the zeroth order of

radiation diffracted by the targets.

51.  The apparatus of claim 50, wherein the aperture stop is configured to pass

substantially only one first order of radiation diffracted by the targets.

52. A lithographic apparatus comprising:
an illumination optical system arranged to illuminate a pattern;
a projection optical system arranged to project an image of the pattern onto a substrate;
and
a metrology device comprising,
an objective lens configured to direct a beam of radiation onto targets on the
substrate and to collect radiation diffracted by the targets;
a sensor configured to detect an image of the targets; and
an image processor configured to identify separate images of respective ones of

the targets in the image detected by the sensor,



57. The nethod of claimb56, wherein the pattern recognizer is configured to
recogni ze an array of four or nore separate inages. 58. The net hod of
cl ai m 55,wbuntiessiconpri sing determi ning an intensity vacuEprkoonssach of

t he separate inages. 59. The nethod of claimb58, further conprising
determ ning an overlay error between | gyers of the substrate in which parts
of the target are forned fromthe determ ned intensity val ues. 60.
The net hod of claim59, . wherein.the.determ ning. an overlay error i ed
one 230 it act s B iy SSUEL T Wit ST RS AL PEE VR pEpRRL RS 4
27 n el @ystantillyGimultancousbl illufiiatHod uag@t@ Rl BgtHaOthRMha@é o£1hditdFEets Bhat O
60 wherein a correction is applied in the determ ned intensity or overl ay

val ue iipdefeeted BrHescior s forachby pr¢ Brst efdcedidkiagted bram.i rage within t he

detect ed i mage. 62. The nethod of claimb55, wherein the illum nation

beamis directed onto the targets in an off-axis illum nation node.

63. The net 3d ofThelappanatid of whaan e nfurther @infpradskigs i1 1 um nation node consists
essentially of a single pole. 64. The nmethod of claim62, wherein the

of f-axis il [AMARAOHMIHe consists essentially of a first pole and a
second pol e., ) WQ,ZQ 1kt Q3ak 4RET/ EP2010/ 061379 - 28 -

a substrate table moveable between the exposure station and the measurement station,

wherein the metrology device is positioned at the measurement station.

54. A lithographic cell comprising:
a lithographic apparatus;
at least one process device;
a substrate handler; and
a metrology device comprising,
an objective lens configured to direct a beam of radiation onto targets on a
substrate and to collect radiation diffracted by the targets;
a sensor configured to detect an image of the targets; and
an image processor configured to identify separate images of respective ones of
the targets in the image detected by the sensor,
wherein the source, the objective lens, and the sensor are arranged so that the
beam substantially simultaneously illuminates the targets and so that the image of the targets that

is detected by the sensor is formed by one first order diffracted beam.

55. A method comprising:

directing an illumination beam as a measurement beam onto targets using an objective
lens so that the measurement beam substantially simultaneously illuminates the targets;

collecting radiation diffracted by the targets using the objective lens;

detecting an image of the targets, the image being formed by only one first order
diffracted beam; and

identifying separate images of respective ones of the targets in the detected image.



65. The nethod of claim64, wherein the first pole is located on a first
axis of the pupil plane and the second pole is |located on a second axis of
t he pupi Iwpl2ane23iihe first and second axes bei ng orthog®enalEP2010/061379 66. The
met hod of claim 65, wherein the targets conprise at |east one grating
having lines perpendicular to the firsp,axis and at |east one grating

having |ines perpendicular to the second axis. 67 The nmet hod of

cl ai m 55, rei the arget s, i nc de, a i rst |as
Snd 5 second oy at Mg upegt Sebcuhdtafal’ B ChBYRI PR B & brodn
f rom t hecddni&t. bi as. 68 The nethod of claimb55, further conprising
bl ocking the zeroth order of radiation diffracted by the targets between
the objective lens and a sensor used to detect the inmage. 69. The

method of clgim Eﬁ} a‘P&‘Mﬁf?Fraé evgﬂeg @1%14 H&e%b'&ﬁ%e?”& giire%%%c%@ﬁlze

first order “of I on argets’to rea a sens

to det@@hn@b@fﬁﬁﬁ@@nmmesqmnﬂ&ﬁmqﬁssubstrate havi ng t hereon at Ieast four
nmetrol ogy targets, wherein the netrol ogy targets conprise gratings and are
| ocat ed adj acent one another in an array that is circunscribed closely by a
circle. 58. Ity heTIlﬂgth&l' s Ha%ejSO%urﬁle?'c %ﬁsm%’fa@ﬂ’eﬁhﬁlmfg 54 ﬁﬁénsﬁ?%aﬁlfe fdie
targets has a first biras and a second one e targets has a Second bi as,
t he secenldobthasemeitagnaickf erent fromthe first bias. 72. The
substrate of claim 70, wherein a first one of the gratings has |lines
extending parallel to a first direction and a second one of the gratings
has |ines exjoending Rahdd betlainPs58 HARGnPriBGidcRRmidiReah bl &lay@dn@r S8GREH

di recti ons bei ng orthogonal .
layers of the substrate in which parts of the target are formed from the determined intensity

values.

60.  The method of claim 59, wherein the determining an overlay error is based on:

[I ] ]( lay) - < K i 2n-n
+1* diffraction ovder T diffraction order overiay B Z » S

61. A method according to any of claims 58 to 60 wherein a correction is applied in
the determined intensity or overlay value in accordance with the position of each target image

within the detected image.

62. The method of claim 55, wherein the illumination beam is directed onto the

targets in an off-axis illumination mode.

63. The method of claim 62, wherein the off-axis illumination mode consists

essentially of a single pole.

64. The method of claim 62, wherein the off-axis illumination mode consists

essentially of a first pole and a second pole.



WO 2011/023517 PCT/EP2010/061379
-08 -

65.  The method of claim 64, wherein the first pole is located on a first axis of the
pupil plane and the second pole is located on a second axis of the pupil plane, the first and second

axes being orthogonal.

66.  The method of claim 65, wherein the targets comprise at least one grating having
lines perpendicular to the first axis and at least one grating having lines perpendicular to the

second axis.

67.  The method of claim 55, wherein the targets include a first grating having a first

bias and a second grating having a second bias, the second bias being different from the first bias.

68.  The method of claim 55, further comprising blocking the zeroth order of radiation

diffracted by the targets between the objective lens and a sensor used to detect the image.

69.  The method of claim 55, further comprising allowing substantially only one first

order of radiation diffracted by the targets to reach a sensor used to detect the image.

70. A substrate having thereon at least four metrology targets, wherein the metrology
targets comprise gratings and are located adjacent one another in an array that is circumscribed

closely by a circle.

71.  The substrate of claim 70, wherein a first one of the targets has a first bias and a

second one of the targets has a second bias, the second bias being different from the first bias.

72.  The substrate of claim 70, wherein a first one of the gratings has lines extending
parallel to a first direction and a second one of the gratings has lines extending parallel to a

second direction, the first and second directions being orthogonal.



