LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD FI ELD [0001] The
present invention relates to a nethod of detection and in particular to a
nmet hod of stage positioning. The invention further relates to a calibration
met hod for calibrating a stage position of a |ithographic apparatus and to
a lithographic apparatus. In an enbodi nent a stage positioning systemis
provided. The invention further relates to obtaining a calibration map for
a property of a lithographic apparatus. BACKGROUND [0002] A lithographic
apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a_target portion of the substrate. A |lithogr I us
can be’ used LITEGCEARRRC ARMEAT IRV IE EavAn kA THAENG MERROY )
In such a case, a patterning device, which is alternatively referred to as
a mask or a reticle, my be used to generate a circuit pattern to be
formed on an individual |ayer of the IC. This pattern can be transferred
onto ata portion (e.g. including part of, one, or several dies) on a
substrate =¢. a silicon wafer). Transfer of the pattern is typically via
i magi ng onto a[d@EMfTheprdsasiiddnaon s@Msd {ol VMciiBl 8F Hatbetionr2@8 i partiplevioded on
the substrate. In general, a single substrate will contain a network of
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irradiated by scanning the pattern through a radiation beamin a given

di r ect i oncgliti@ionganfiagoreiyrd alitperariig pRPAE ¥ hr onousl y scanni ng t he
substrate parallel or anti-parallel to this direction. It is also possible
to transfer the pattern fromthe patterning device to the substrate by

i nprinti nBACICGRaXUINIDN onto the substrate. [0003] It has been proposed to
make use of an_ e er. measurenent system.in order to .measure a position
of a stage (sulpizl %‘@%@Wl‘aﬁ@%@a@ pachins Br ARG CTR0FUET ZRIRPIOR ¢ he
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applied to a first part 1 of the |ithographic apparatus, while encoder
sensor s héadsampl, ndhemenedctus of integrated cpravits @€s)t esuch p cérgge padteing device,
apparatus, .ln.an enhodj nept the encoder arid is gonnected { ref er
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connect edd & fohBed bRAGE irkPvidgal Yer 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. Conventional lithographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, and so-called scanners, in which cach 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] It has been proposed to make use of an encoder measurement system in order to
measure a position of a stage (such as a substrate stage or patterning device stage) in the

lithographic apparatus. Thereto, a (¢.g. two dimensional) encoder grid is applied to a first part



follow its position. In another enbodi nent the encoder grid is connected to
the stage and the encoder sensor heads are connected to the reference
structure. In order to calibrate the encoder neasurenment system a
plurality of calibrations is performed, which may result in a |ong
calibration tinme and may result in |loss of accuracy by stitching together
the different calibration results for the various frequency bands. [00041

In applications of a |ithographic apparatus marks are used for different
det ect i onof thelittwgmpbiccippastual Whitnancodandnsordiehdyaraearmiectedtm sconbpat of the
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position o1 st age of a It ographi ¢ apparatus, the nethod conprising: -

proj ect i ngheaduyerfcrpsytant 4 plaradiysdBralibatipat iseerfoaficd whadhi reaytesgt tdevioag onto a

substrate; while noving the substrate relative to the patt%{i&i 21%_ device in
i
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extended pattern, 1 n a second cti per pendi cular to the first
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constructed to support a patterning device, the patterning device being

capabl e ofelevani prppartyl in §eecieing auira aiomOrRHne ¢pasHmiPat tern in its
cross-section to forma patterned radiation beam a substrate table
constructed to hold a substrate; a projection systemconfigured to project
t he pattespRIMARG ati on beam onto a target portion of

[0005] It is desirable to provide an improved detection method for detecting a property
of a formed structure on a substrate.

[0006] According to an embodiment of the invention, there is provided a calibration
method for calibrating a stage position of a stage of a lithographic apparatus, the method
comprising:

- projecting, by a projection system, a pattern of a patterning device onto a substrate; while
moving the substrate relative to the patterning device in a first direction so as to extend the
projected pattern in the first direction;

- measuring along the first direction the position of the extended pattern, in a second direction
perpendicular to the first direction; and

- deriving a calibration of the stage position from the measured position of the extended
pattern.

[0007] In another embodiment of the invention, there is provided a lithographic

apparatus comprising: an illumination system configured to condition a radiation beam;

a support constructed to support a patterning device, the patterning device being capable of



t he substrate, and a control systemto control an operation of the

| i t hographi c apparatus, wherein the control systemis arranged to operate
the lithographic apparatus to: - project, by the projection system the
pattern of the patterning device onto the substrate; while noving the
substrate relative to the patterning device in a first direction so as to
extend the projected pattern in the first direction; - neasure along the
first direction the position of the extended pattern in a second direction
perpendi cular to. the.first direction: and - derive al i brati f .t he
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DESCRI PTI THE DRAW NGS [ 0008] Enbodi nents of the invention wll now be
descri bed, by way of exanple only, wth reference to the acconpanying
schemat i ca diitawhegshlé towhicted eohsléapobstianeg ref erence synbols indicate
correspondi ng parts, and in which: [0009] Figure 1 depicts a |ithographjc
appar at usa Prejsghion Rysem eamlagHr e o prafeck the patrm@ﬂaﬂiéﬂ()ﬁlﬁa%entﬁracfeﬁgabﬁﬂm‘[ﬂgeﬁ01
Figure 2 @epi ts. a vq'lew of a pattern projected onto a substrate, to

i | Tustrat e&“%%??’ the calibration according to an enbodi ment of the

i nvent i ony o501 Hstéih @ESD1 88 Bp&hGorPotl t%liﬂogﬁ@hﬁ'a? ghafiR, Wh@cBUhS tdrdlo®
according to an enbodinent of the invention; [0012] Figure 4 illustrates

t he nmeasusymenis aalaoggl tblopepat the lithographecippdratustta: t he substrate illustrated
in Figure 2; 3 [0013] Figure 5a illustrates an i mage of an alignnment nsor
out put si gerafect; &iy thedualCHAMRY SR Hleﬁttm&?er@m?mb‘i‘gg ‘feh’écei tﬁf’ F‘gﬁFfachE e

al i gnnent _sens appl i er, LGt L i ;
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in accordﬁ@ﬁ@mﬁwhhgqugkhﬁ@ugﬁggdhﬁent of the invention; [0015] Figure 6 is
a mcroscopic i mage of an end section of an enbodi nent of the extended
pattern anchcamuradlpgmiherftrstrdirektior] 0@ pejiticn gfithe extenfl¢d patiern iag wromskrdirestier i on

of an extended ttern accardi.ng tqQ anot her
perpendic% ar to the f?rst (?11‘60'[101% ana

- derive a calibration of the stage position from the measured position of the extended pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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:

[0009] Figure 1 depicts a lithographic apparatus in which an embodiment of the
invention may be provided;

[0010] Figure 2 depicts a view of a pattemn projected onto a substrate, to illustrate a part
of the calibration according to an embodiment of the invention;

[0011] Figure 3 depicts a raster obtained on the substrate according to an embodiment
of the invention;

[0012] Figure 4 illustrates the measurement along the pattern projected onto the

substrate illustrated in Figure 2;



enbodi nment; [0017] Figure 8, conprising Figures 8a, 8b, 8c and 8d,
illustrates schematically relative novenents of a schenmatic enbodi nent of
a substrate having an extended pattern with respect to the |ithographic
apparatus; [0018] Figure 9a illustrates a patterning device for formng
extended patterns according to an enbodi nent of the invention, [0019]
Figure 9b illustrates a substrate having extended patterns according to an
enbodi ment of the invention, [0020] Figure 9c illustrates another

embodi nent of @3} Furd frglldavatesen§iarag of an algnnext smeecyait sepalsp [ 0021]

Figure 9d illustrates further another enbodi nent of a patternjng devi

plr Fvi ded wr%%wgh@ﬂémhowe&h%fo fi?F IWPEO%%Q@H‘GM $f@eor ?Bgidz?qﬁaaﬁ?gﬁio
illustrat ! L¥o3.fl ank scan according to an enbodi nent of the
detectionsﬁg%ﬁgﬁga%%gg%%%ﬁi’ure 11 illustrates an enbodi nent of a flank
scan; [0024] F{audeFikRrd 3t ilisstrang @sinsagh efran altgainent senserroutinit signddd peperdanes a

detail of an extended.pattern;. [0025] Figure 13a illustrates an extended
pattern h# ﬁ&oﬂ’%%{vdb‘?%é‘gﬁm iﬂi‘esmg 9% diffractive pattern thereof; [0026]

Figures 13b angho¥3fFigutdtsisrahRrcdcopit imhagd dfua epaké@ion oftn ambedinendefinpat t er n
according to the enbodi nent of Figure 13 a; 4 [0027] Figure 13d illustrates

anot her enttontladgaticrnfangd ahedgmmentsnask; f ocus sensitive narks that can be
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illustrate sch _ odr'nents o oCcus sens exten atterns;
[ 0029] Fi gub&dikent;! | ustrates a further enbodi ment of a patterning device,

[ 0030] Figure 16, conprising Figures 16a and 16 i.llustrate sch ticall
a Prefoc/LVT HMRbHgueohsamprsipg Frgutes Sy b, 8¢ ?-%fij il tfé??ﬁé@eﬁ’éﬁf‘ﬁ ffef&t%fgr

stage int Elro(rgﬁlgrﬁg bF é §0h98§£i$ L8Bodiment of a substrate having an extended pattern with respect

to the lithographic apparatus;

[0018] Figure 9a illustrates a patterning device for forming extended patterns
according to an embodiment of the invention,

[0019] Figure 9b illustrates a substrate having extended patterns according to an
embodiment of the invention,

[0020] Figure 9c illustrates another embodiment of a patterning device for forming
extended patterns;

[0021] Figure 94 illustrates further another embodiment of a patterning device
provided having a pattern of one or more extended lines;

[0022] Figure 10 illustrates schematically a flank scan according to an embodiment of
the detection method;

[0023] Figure 11 illustrates an embodiment of a flank scan;

[0024] Figure 12 illustrates schematically a further embodiment of a detail of an
extended pattern;

[0025] Figure 13a illustrates an extended pattern having focal mark units and a
diffractive pattern thereof;

[0026] Figures 13b and 13c illustrate a diffractive pattern of an extended pattern

according to the embodiment of Figure 13a;



measur enent arrangenent, [0032] Figure 18 illustrates an enbodi nent of a
waf er stage encoder based position neasurenent arrangenent, [0033] Figure
19A and B illustrate an enbodi ment of a calibration nmethod, and [0034]
Figure 20A and B illustrate an enbodi nent of another calibration nethod.
DETAI LED DESCRI PTI ON [0035] Figure 1 schematically depicts a |ithographic
apparatus according to one enbodinent of the invention. The apparatus
includes an illumination system (illumnator) IL configured to condition a

radi ati on beaml®%7é Fgure ApGHllugieaies argiher pahodigienbol crphadapenty pt togpgsensitive

radi ati on)y.+8 et LEHRLEH SeMIER SURPAEndRE patdRRort structure (e.g. a mask
table) MI constructed to support a patterﬁlng device (e.g. a mask) MA and
connected to al[0#028% tiguosi4a oudi g 1desmateschihatomilf iegihodithent ddousatedityve
position the patterning device in accordance with certain paraneters. The
apparatuseﬁ?ggalﬁﬁpﬁﬁes a substrate table (e.g. a wafer table) W or
"substrate suppsu2d] Figa®hss IMSiAek 4 furthel Qn_ﬁocﬁﬂx@ﬁttdfaatl_ﬁttéﬁm%d@ide?s' st - coat ed
waf er) Wand connected to a second positioning device PWconfigured to
accur at el y posi9038hFigvee Kulsemprisiag Freweschadad d ébiilusiratewhempticaseanet er s.
The appar h j ncl udes a projection system-PS configured to project
a patternﬁ%#%giyggnﬁém%he radi ati on beam B by patterning device MA onto a
target portion[@@3(pFgure i Nithubehit&0arOBEb HimBB of a0 &) stadle ihldFfeDullid pds@tio 5
[0036] The illum nation system may include various types of optical
conponent BeARyFACNt fFangsReRbt i ve, reflective, nmagnetic, el ectromagnetic,

el ectrostatic tl : r i 1Lon
Chereof . to di Pagel PEe KRRl oo T g e BRSPS

devi ce sumpasurerhaltdsratgemengt t erni ng device in a manner that depends on the

orientation of t atternin evice, the design aof the lithographic

appar at us, an[}mg?hg}gu{:f‘o{?d} %f?%ﬁé‘,yllsga@ﬁ%n&@}m%ﬁgﬁﬁ|°%1rﬂ¥m%%1@?t%8§= et t he
patterning devigygsj Pighf! HA TPB iIMAGH B JIRRER BF ancthe RRbLESNIRthdeVi ce
support can use nechdni cal, vacuum electrostatic or other clanping
techniques to hold the patterning device. The patterning device support nmay
be a franB W .Marrpl e, which may be fixed or novabl e as
required. ; i ce support may ensure that the patterning

device is at a desired position, for exanple with respect to the

projection system Any use of the terns "reticle" or "mask" herein may be
[0035] Figure I schematically depicts a lithographic apparatus according to one

embodiment of the invention. The apparatus includes an illumination system (illuminator) IL
configured to condition a radiation beam B (e.g. UV or EUV radiation, or any other suitable
radiation), a patterning device support or support structure (e.g. a mask table) MT constructed
to support a patterning device (e.g. a mask) MA and connected to a first positioning device PM
configured to accurately position the patterning device in accordance with certain parameters.
The apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate support"
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with
certain parameters. The apparatus further includes a projection system PS configured to project
a pattern imparted to the radiation beam B by patterning device MA onto a target portion C (c.g.

including one or more dies) of the substrate W.



consi dered synonynous with the nore general term "patterning device."

[0038] The term "patterning device" used herein should be broadly
interpreted as referring to any device that can be used to inpart a

radi ation beamwi th a pattern in its cross-section so as to create a
pattern in a target portion of the substrate. It should be noted that the
pattern inparted to the radi ati on beam may not exactly correspond to the
desi red patterngd J i f .t t for exanple if,the
pactern | nol uod 2O AbARLk B SRk AR Rkt tu BT vou oA TR R en
Gener al | y as tdfenctiod, refiartiveypaagnetic, etectrb@agadicaglearosheiaar wihkt typey sfasppiesid to a
particul ar functional |ayer. in a devjce being created in the target

portion, SORAOBRNSAT anEamfingtiog therpetyfa dirqehshane, areongal adiliphg devi ce may
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masks, progranmable m nor ar progra panel s.

wel | knowdepends po Hegrephayion afitheipatitmde desslk, thy desigs ufthe dishdgraphioapparatus,
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tilted so as to reflect an 1 ncomng radiation beamin different directions.
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el ectromagnetic and el ectrostatic optical systens, or any conbination
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synonynous w t [(M08RETheteempaitaraing deviee ™ yued herin droukl/isd molidly [Q&pidteds here
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above, or enploying a reflective mask). 042] T ographi ¢ appar at us
may be of thg patygre ilmpeitedgtottivoradidtion beanagey not exnotle cosespeid withe desiied patoern in
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substrate (or mask). In such "nultiple stage"
to a particular functional layer in a device being created in the target portion, such as an

integrated circuit.

[0039] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The
tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.

[0040] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,

magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as



machi nes the additional tables or supports may be used in parallel, or
preparatory steps nmay be carried out on one or nore tables or supports
whil e one or nore other tables or supports are being used for exposure.

[ 0043] The |ithographic apparatus nmay al so be of a type wherein at |east a
portion of the substrate may be covered by a liquid having a relatively
high refractive index, e.g. water, so as to fill a space between the

proj ection system and the substrate. Such an imersion liquid my al so be
appl i ed t gypbhete fRAEKposurt Rlidtichedizanbd,or dpnahatiusorsfsach sxthapseof dnet ween
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mask and the projection system. Immersion techniques can be used to increase the numerical

aperture of projection systems. The term “immersion” as used herein does not mean that a
structure, such as a substrate, must be submerged in liquid, but rather only means that a liquid is
located between the projection system and the substrate during exposure.

[0044] Referring to Figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to form
part of the lithographic apparatus and the radiation beam is passed from the source SO to the
illuminator 1L with the aid of a beam delivery system BD including, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO and
the illuminator IL, together with the beam delivery system BD, if required, may be referred to

as a radiation system.



the substrate W Wth the aid of the second positioning device PWand
position sensor IF (e.g. an interferonetric device, linear single or nulti
di mrensi onal encoder or capacitive sensor), the substrate table WI' can be
noved accurately, e.g. so as to position different target portions Cin
the path of the radiation beamB. Simlarly, the first positioning device
PM and another position sensor (which is not explicitly depicted in Figure
1) can be used to accurately position the patterning device (e.g. mask) MA
Wi th respect t@o4bpThatltunthatbhE. madimiddennhdasieBAecanfigafdaido adjumsichani cal
retrieval froma mask library, or during a.scan. .[00471 | eneral , .
moverent  Srenshy disithugen phededipion ‘%ﬁ&ﬁlp&}%dade@ng&e g‘@f{ﬂ%ﬂ’gf%wml VapgQus
realized w ' 5 kihinQiai

Chor t - ot r Sl comBrRhe, Pioh B e b DI P ik KD R TR PRl ) b2 o
posi ti oni hgcatditionehddiaBonbban) ty haverndesimed undgbrogifearsiubtensitt distrikblien Witsor
"substrate support”™ may be realized using a |ong-stroke nodule and a
short-strB’iE’éS'E‘t%HB?'e, whi ch form part of the second positioner PW In the

case of a stermskrr(rﬁ@ra%@i@ﬁ%emh%@iﬁ&@@ﬂ@ﬁ}hetmeﬁﬂﬁg @6Vida@. gl endskpMSY ppor t
(e.g. mask table) may be connected to a short-stroke actuator only, or

may be fi xéithipheld onthapatigming devies sppem k. Mask @hle) Miband it patioyed py

al i gned usi pat.t erni-pg. devi i s , t

a1 1 gnment PHETRBEBERCL ARGt IR T B Moy i MR, 1R AR oo

~ i | I ust r at Bthases enpyeiidepfaé@idntspstamatP sy autil dhobsyset Heybeamyonhea tapgaperdionIC of
spaces between tar&fet portions (these, are known as scribe-| ane alri)[%nment
marks) . Stheisuhstraje Wi WVigh the aid @frilie seeonghpesitiorsnedevictt Brigd grgtiop senserlli(§&d on
t he patternj L.C: 1 : . i } A rks
my b | ofaIiaASHeEE defied R bty b BRI ERD AP Y R T
used i n atulseastabdane Oantteandwadlaoniraglynedes: as t@pdderodifitrent areet pyrtinndE in t he
patterning device support (e.q, .msk. tabl MT.or . "mask pport". and the
subst r at e%"é’_&ﬁ’e"f\m@ ’Ef'flPat‘é’H l?é?rfl %t él@ai‘fﬂ% ?‘i‘ﬂ' i%)é? %oskt?ﬁ‘ﬂnge@éﬁtﬁg |aF‘§ G onary,
whi [ e an gsgiﬂiérﬁse%rt(%ﬁh'imrek Geitl @ dbhged afikighican chepded tPhQiubtéiodoanbw a
target portion C at one tine (i.e. a single static exposure). The

subst r at ethegbiternif dovict upanask) Mo wphoespectitathepath of e redigtion peannB, xg.ah@f or

mode, -t heReRai s oEop § R RSP R I ni (s the o 76 of the taf get
portion C i magam4NPechbntBoveticat bthe pROGHINE detidd Bilpor:. (e lghmasiambRPNEL  t he
pattern nrgnagj(%\é Irga?izgdu\%?tg 5clEr—: a(ig 09 a lorllagii%m%(g glo?ﬁllel\fl(]:-oegge positioning) and a short-stroke
module (fine positioning), which form part of the first positioning device PM. Similarly,
movement of the substrate table WT or "substrate support" may be realized using a long-stroke
module and a short-stroke module, which form part of the second positioner PW. In the case of
a stepper {(as opposed to a scanner) the patterning device support (e.g. mask table) MT may be
connected to a short-stroke actuator only, or may be fixed. Patterning device (e.g. mask) MA
and substrate W may be aligned using patterning device alignment marks M1, M2 and
substrate alignment marks P1, P2. Although the substrate alignment marks as illustrated
occupy dedicated target portions, they may be located in spaces between target portions (these
are known as scribe-lane alignment marks). Similarly, in situations in which more than one die
is provided on the patterning device (e.g. mask) MA, the patterning device alignment marks
may be located between the dies.
[0048] The depicted apparatus could be used in at least one of the following modes:



"mask support” and the substrate table WI or "substrate support” are
scanned synchronously while a pattern inparted to the radiation beamis
projected onto a target portion C (i.e. a single dynam c exposure). The
velocity and direction of the substrate table WI or "substrate support”
relative to the patterning device support (e.g. nmask table) MI or "mask
support” may be determ ned by the (de-)nagnification and i mage reversal
characteristics of the projection systemPS. In scan node, the maxi mum
size of the expoBgia. fi ehdstéli; motls, thélpatv&nﬁhgdéhae $upport f@p-maskrtablagMT or
directi on% of the t.aq% ?ﬁ}lgtl on ln a singl e dynam ¢ ﬁ%osure ereas the
| engt h "TMAHESUPRATHH stEric Hbtee Wil R esibstiate ﬁ'él?PQﬁtt Pt gracTLiaty Refigpary:

di recti on)u ot ah ?&1&%5@&5 krﬁ?%r%édi? thelff2ddn Bran 18 pRRQEHEIt SR F!@get P&%oﬁ@t dt %h@ ing

devi ce support (e. or "mask support i's essentially
st at i onar yimted|.diasinghe :patugerx@mb)l Eh@athsuamltabge Vavorc'eybsamt supzbre”t“smﬁ@n plafied

| mpart od Tiheoviand e iR Bttt SoRiF B aSERRE Rk B BB, i

this mdemagﬁﬂﬁmizk%faxemw@% fifladindts (08 siSOUf G tirSctIpidyE dmaged ih A8ingle
progranmmabl e patterning devi ce i s updated as requi red after each novenent

of the sublgtie exposueghbl e WI or "substrate support" or |n bet ween successi ve

radi ati on puls in f. 0

ppl  ed To metlst 11 Buifl st e R s 2Re b oMl EEaNCb TN &
devi ce, sughskesupporp’ aﬂrthérﬁiaﬂtr@te MANOW BT Gyibstefe :alppw'eaxasmmfeé syretirdnousipove.
[0052] The I|tho%raph| c apparatus copprises a netrol ogy devi.ce such as _ an

al i gnment whig aggfern amparedsa theigdisHen BramsRioisrisph erie; st PATHEN G- EicEle
patterns ggﬂdérﬁ @Pﬂdsﬂlgs MR veRidR Eﬁ@ﬂﬁe&ﬁﬁ B RURPR b AG1e TWE of %%Et&% SupdM+ Ng

t he exten attern atlve e rretro ogy evi ce. The netrol ogy
devi ce i sreéattmrtgéda Iiadxemmg:)dave:eauppmi {d. pmask tdbhe T los ' maskesupasitbmanté or t he

substrate with sajd_ne red . propert 0053], The al.ign sensor may be
of a visi éﬁewasfh the. ﬁ%%ﬁﬁ%’i B n&ﬂ&fﬂﬂ%%ﬁm | chaypesfraR g5 the projection

i nterferogrtes ph. Bsci m@dg'tﬁé ﬁl@ﬁl‘i’ﬂl@ﬁ‘ sﬁé‘%ﬁfl’lete)ﬁi’(%uresﬁ’ém ligstsdhSeiae ad thar EP
0906590 or" in EP 1 37 40 which are hereby included by reference in their

entirety. n@ea@nemdahemm of thedapget pordpren 4 $ingle gpeanis @éppsage, sibereeatheilereth
base 1Pt ek 005 T A0S AL R L 505 IR R
[ 0055] Her eundgyosipsm ngid iptix hiadedie patdreing devide mppohl (8Jgym@asleBR) MT or
arranged :['n(iask support" is kept essentially stationary holding a programmable patterning device, and
the substrate table WT or "substrate support” 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 updated as required
after each movement of the substrate table WT or "substrate support” or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror array
of a type as referred to above.
[0052] The lithographic apparatus comprises a metrology device such as an alignment
sensor for measuring one or more properties of the extended patterns while moving the
substrate table supporting the substrate having the extended pattern relative to the metrology

device. The metrology device is arranged to combine a position of the substrate table and/or the

substrate with said measured property.



assi st reading the extended pattern are first explained. Thereafter several
enbodi nents of a nethod of detecting a property of the extended pattern
are explained. Specific references will be made to an alignnent and
calibration nethod. [0056] In an enbodiment a nethod is provided for
calculating a calibration map (1 dinensional, 2 dinensional or

mul ti-dimensional) conprising detecting a property of an extended pattern
in a second direction by noving along the extended pattern in a first
direction, bo{0053] Tae tligmsenbeinagr meynbe af & yispartpenidie ceingmsifgd0GEP camera,

exanpl e of, an extended pattern _is.shown jn the detail .of Figur or med
on the s US@P%‘F@ BTk er?horlﬁfg"_tﬂ‘%aﬁ?orhb?sﬁé} t@ep%ﬂcgélf H1S%S%%Qi@e§%9§§%é or
shown i n [ gpif 872045 W1 are BEHROFHIHERRIES b TefeRAcOR thEF BhtitetydSHhe embBdiniehts be
expl ai ned, thereafter enbodinents of the extended pattern. Form ng the

ext ended pavirespecifpatypes nichgs diéiraationbegsigyresn enbodi nent of the met hod and

| ithographic a ratus,conpris formn he,ex r t

substrate. Fi gﬁ(ﬁ%“gbag{?f ! “Saaf@z‘{rt"é??rﬂﬁ"ﬁ‘g Oateﬂ\lﬁ %)g)v% g&gﬁﬁ@;@%&l\?ﬁugﬂ%ﬁgﬁg%
pattern, Wifcedht RRIdEe6Nudend Dioted @bblovddo the substrate Wvia a projection
system (not shown) and naking use of an irradiation source to generate a

radi ati on beanl(056kHersgnderdprming the extended patjerp pad awpabary glegeats aERsbni ng
an extendeg: r i i rading:

embo mont it Reb e SAGTED plfiin ARG ASEBRENGL hERME SEGH MR B, et
t he poi nt metiod of dpctaigpoperty of the axtend cdlgpagtirrt ve thydained. Spedfic réferepoiswid. 10

[ 0060] The di stance between th gints, that is the distance in the
y-di rect i Bamaggp WIWPB%%ﬁh%‘P%mf@%n in an enbodi ment 50nm - 0.5 nm

The size of theagj i sh GASLAREY o haibd RrBMutOfot Caltatiha eRliaRAdhapnt 50nm
- 0.5mm In an enbodi nent the distance/size is wthin a 1000 nm- 0.05 mm

range. [ Odidnsionali B dineerismaihemtultelimensionalt eonfirigingadetecting a poinstiy ofiave a

rectangul ar, shape, in an emhodi.nent having the | onger. | engt.h _i.n _ the x

i rect D onoxeiikprtehiy a SEABTARTHoR Rt e fete e sER poBRP p il Wiy ur o
9a. I n anp@RladitERbeindechRQLIN PerBauBadarsquar e shape. The shape of the
points is adapted to forma structure on a substrate, wherein said

structure is elAV)Anfesamplg of an sxighdndtpattam ip sapver indhe defpihof Figure 3 as formed

on the substrate as shown in Figure 3, using a patterning device MA as shown in Figure 2. First,
embodiments of the patterning device MA will be explained, thereafter embodiments of the

extended pattern.
Forming the extended pattern; patterning device

[0058] An embodiment of the method and lithographic apparatus comprises forming
the extended pattern on the substrate. Figure 2 depicts a patterning device (e.g. mask) MA
having a pattern, which pattern is projected onto the substrate W via a projection system (not
shown) and making use of an irradiation source to generate a radiation beam (also not shown in
Figure 2) that can be used for forming an extended pattern.

[0059] The patterning device MA according to the embodiment of Figure 2 comprises
five equidistant points. In an embodiment the points are separated by a distance equal to the

size of the points.
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[0062] In an enbodi ment the patterning device MA conprises nultiple sets of
points. The sets of points are clustered at different positions on the
patterni ng device MA. The sets of points can have different sizes, e.g.
different sized points and different distances between in the points. In
an enbodi ment the centerlines of the set of points are parallel. By using
different sized points, extended patterns can be obtai ned having different
sized lines. This can allow neasuring |lens properties or illumnating

devi ce propert [(®s0WThddisaapesdtwea the poinisnétat 13ghe disthfiariante silzediosucanamey

areas on a substrate. [0063] In an enhodi t ot oi nts, of .a single_.set of
poi nt's ar&owg%qw%wﬂéw 2t e %Tﬁﬁé‘“ﬁgﬁqp%%q@j][‘%%maﬁsf%ﬁn o Sk g

line in FE@HEG,30 rhdl, AlnSRREIHER0ANS] NSh. $€in ShbRRehShe RIMEL/ SRS isAt
| east three points, I1n a specific enbodinent at |east five points, and in a

parti cul awithindbdifi0memt- OAl5 thmasngeseven points. [0064] In an enbodi nent a

patterni ng devj j rovided in the.naskl.ess.,npde.. T .
patt erni ng devI"@glfcﬁﬁﬁﬁP@b?@@’%&%%f#g‘ﬁF&l}lﬁ PR 2‘%’%%? éﬁﬁg%g%‘a%ﬁuﬁ ng
11T umi nat gosmbWifnkhthabiie (56 RAGerabn@l irehdadiiRatiée Bxamae afekhogntin afdwil be
application, different enbodinents of a nmaskless patterning_ dev e

ice ar
f easi bl e. diseussed refavoel iefrigureife. Mepsianehogd Imen theRaiis faved seiarehg -&%ﬂ shdient s
of variabl g, sh i i - di st r. i ) i:00. )065]
" an empodinenny et a0t | B o A e e e e
devi ce i sfoumed tiroligoat ik pgojetiedpdianded pattern by noving the substrate

table. In another enbodinent th kl. I bl
patterni ng dev(09&2} @Wmentﬁg?@%&éga%% ? Cgo%'lﬂsglé?rﬁﬂ%l‘?%‘gg%fa% 'nS
the substqgl && &lenis I ech?s?ér?d 8t @ffeleRCrdifttdnS bR &Ma%t%n%?g/a&@ceqﬁad Phe lgft@mmd

to ~nove' over e surface of the pattierning device. This nethod w |
al | ow f or pointg camhavetdéfferent giees 1 cog. diffarentdized pointpnd dpfferpetrdisfanses betw egroinitel

extended pattern allow ng calibration.,of th roqgra atternin

devi ce. [8‘68‘@] n@ﬂ%’%@ﬁe‘ﬁﬁ‘%‘é@f‘ exfings © tkb‘iaste[ %f?ﬂq%‘égﬁ&%%%h%ﬂh%% %Sfeae%%et of
di ff erent s;paf § St SexkQided %&Edﬂl%ﬂ% oD RIAdRY npati Fferet ALk Mhid €an allow
enbodi nents of the invention. Goup M is a set of rectangul ar shaped

patt erns mesiutinghend paapedidsios ilbimrinating dayicsrproprstigsavileraipery tidlpmirating.  Sup
group M an be used to create terns in a direction x11 by noving a
&'Jif%re&llt Flé%ct’l W&%\ Epsg%te

substrat e O EEBG00p of patterns M2 will create extended

patterns on a mOBSt nddneemBodidient shsdifita bEa kidigle set of points are positioned on the same
centerline 20, indicated with a dotted line in Figure 2. In an embodiment a single set of points
comprises at least three points, in a specific embodiment at least five points, and in a particular
embodiment at least seven points.

[0064] In an embodiment a patterning device is provided in the maskless mode. The
maskless patterning device can provide patterns for illumination that change during
illumination. Within the scope of extended patterns according to this application, different
embodiments of a maskless patterning device are feasible. In an embodiment the maskless
patterning device provided points of variable shape, length and inter-distance during
illumination.

[0065] In an embodiment the maskless mode comprising a programmable patterning
device is used for forming an extended pattern by moving the substrate table. In another
embodiment the maskléss mode comprising a programmable patterning device is used for

forming an extended pattern without moving the substrate table. The points of the patterning
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noved according to x 12 in a direction perpendicular to group M 11. During
irradiation three extended patterns will be created sinultaneously on the
substrate. By illumnating three patterns sinultaneously, three extended
patterns having simlar errors in alignnment/calibration wll be created,
that can be scanned for errors in a subsequent detection nethod for
detecting a property, in particular a property relating to the error in

al i gnnent, such as a positioning property. [0067] Using pattern groups ML3

and ML4 t h&& 8% bRIPEEEMBALD BidR @i theseheabPilic puanigricaicp.ORs tiethod will
alignnment/calibration error in positioning will be_ shi ftengith respect to
g

the posi lleyn fasmingan sdended puitem and defeetmesatreretty ¢hithe famgd cxtepdedatisns x14

respectiv - Thi k| J i 6-aLEat ed extended patterns in a
subsequen heéxgpgg%l?%%ﬁdr?e?fﬁg%{)%\#g ai : O\é/\p&?g{ﬂe%t?on of the repeating error at
di fferent posi [(i0665Figarethadllusspsct paterndng deyvidediishaving3y sek dfidifiarenhpatteprsdat ed

extended pattern. [0068] A rectapgul ar shaped pattern i.n the erni

devi ce al F%Wéng W%&?@Fgﬁﬁt‘%ﬂ _afﬁ%‘{]‘gg BB ‘ﬁ‘ﬁgrc‘% ﬂg@t"ﬁ‘é‘fe@tlaﬁr@rﬁﬁgghlt Bigt Tt i me
span. Wi [&.h aﬁgﬁgéd SRV dositi@RYEH iRt AnBRBOAThd I?htfeﬂﬁn adi&s 31. Bgb devi ce
30, a position on the substrate will be illum nated 1inear g: dependent on

| engt h LI gloup Mid ¢andewsédivi argatopattane inpdiregtienbkl bamevingtal sebstrafg intdiggction

pattern is_ . l.onger 11 is | hi ghe eed of L t | e

U6 i o postlbrabdatehteasinl 4 bl Bl uRBRE e obe G SRNER R 2

certain p@gitd ARoRfing 06 100k AR cQIdnaRARS dRALEE & SroupM 110Maeihg peddigion thick!

all ow noving the substrate table at higher staeed. [ 0069]. Further a possible
e

error (i nepeuledipeiterngywill be prsated gimulignequslyconihe pestiatea By ilamingtng @rsn of t he
created extende ter | . r; Hrent . a
posei bl e IEG SREieFdhy et U RSkl ik halile SiEh SHERNA AR RHRR ARG O
wi || resulill bécraatbd aladt cdR bacantdfpr Cand ih owelscguanosdeteaionafiethdrbfol deteetther | d
line at the error position. The | ower average exposure at the_position can
be a f ur t FPETSH G EATigulat 2 PR HtEd0 D e i pHefimedly SUpR A PREIaRPs n
subsequenlgglr ggrt}ecti on nethod for detecting a property of the forned extended
pattern a 3 Subsequent calibration of a relevant property of the

| i t hogr aphi ¢ a@da7aUsisg phti8T @roups M HeardM b4 threnextensied pditergs can R geated 9a

oo e A heuhCh o i g Pl e e

w flt her, boSiRalbE b Bale Wk kAddPpACEPIAhOBirtiols 913, & 19 Respadtivelys Thisavill oup
allow scanning the created extended patterns in a subsequent detection method and allow
detection of the repeating error at different positions in the respective directions x13, x14 in the
created extended pattern.

[0068] A rectangular shaped pattern in the patterning device allows irradiating a
position on the substrate during a longer time span. While the substrate W is moved with
respect to the patterning device 30, a position on the substrate will be illuminated linearly
dependent on length L11 (and the velocity of the moving substrate table). If the pattern is
longer (L11 is larger), a higher speed of the substrate table WS is possible, even though a
similar exposure energy is irradiated at a certain position of the formed extended pattern. A
longer pattern will allow moving the substrate table at higher speed.

[0069] Further a possible error (in positioning or the like) will be averaged at the

position of the created extended pattern on the substrate. In an exaggerated embodiment a

possible error in positioning in the y11 direction according to Figure 9a, will result in a local
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and M23 of rectangul ar shaped |lines equidistantly spaced. The length of the
rectangul ar shaped elenents is the different sets of |ines are however of
different length. During irradiation of groups M21 and M23 by noving the
substrate table in the x21 and x23 direction respectively, results in
extended patterns extending in the x21 and x23 direction conprising |lines

t hat have been exposed during different tinme intervals. The right-hand
side patterns of M21 will have less illumnation than the |eft-hand side
patterns. widse @xphster expaticqdl tiedorntedignd lfrerarde erex pesitied Timldoser aserape

neasured in a subsequent detect] net hod. I.n the subsequent detection.
step the émgwraéﬁw§f>?laﬂ%@armfea ugher P RRTBALt hwwggaﬁﬁeg%g L%?ﬁ%éﬁﬁ o@diy i n
the patternjng vuaécnoﬁ%ed@@d fb?%gtef:ﬂ{g &ﬁz‘oba{ﬁ&f 188 f&tned kRGH& pditetiind

| i t hographi c appar at us. 72] I'n an enbodineEnt a pattern M4 is used to

form an exttsagedt gdibtasion Oéﬁ rejevagt piopesy of the lmhngawmm t he formed
ext ended patte va iable diffractio d| recti 4 gver
the extended pL‘[b{’mh”B mﬁgc?ime]n fé‘iﬁgﬁf 6%‘15?2 8’3?%([&1 Cbeffg){r:}nneed( otid
lines of LiRtraRxtigRdest@atiiafctotalibs oﬁﬁl@rsﬁbs#ﬁfatd éﬂ@gedNder@ﬁﬁtd:rMﬂxgmachMA
simlar to Fig. 5b, will be slightly different for each zero crossin due

to the di fferem07ék5@§hﬁreth¢eﬁ@mggé¢vw%0 4espigERe g AigRre Pheemprisss 7 STOUR
|
Cocan ormBuTBR P EE kR SalBPhd LRI Sody HIBARE AR L PeuBE BREE "

formed by elehfehﬁngﬂhe diffapedepoif hh& arb hbwawen af ddferait 1dnigeh. Hubisip iasdatiosi afg
triangl e shaped points wll resu Xt ende rn of grid i
wher ei n e&©NDs M7d and M3Xky ’fﬂownlglt W(EW“HF ﬁbg"r ’é‘ﬁg églp%g{ff?g é}ﬁcﬂﬂg?‘ﬁ’@gve 2
t he e”bOdﬁlrgFl'?%] in¥&fRbel [1% Rnlfn MRy xA1NRd <95 'ﬁﬁgcﬂdn'l%%lﬁ?fsﬂghﬁle?ﬁ{aﬁﬂ%d

pattern w ato e that is 11lumnated during a much shorter
period t hhwentdxposmdaﬂensg ddferoft tirdveinfravaks. Tae right-kandi side pagiauhs o M peidiraee

propertie resent tended pattern that . ¢ be det ected and
eacur ed 1ot diogumioy futn PabEER o RRET TR B Pooi Ypoa 8 By 1gheed

subseque n&n@@deﬂ%ﬂg @A be h%rasu}éd  £abbduattiderchiBt Medod AnBhe ubbeq@ahtidefedibmg Z
focus. 13 [0074] Different shaped points are possible for obtaining simlar

enbodi nenstep ﬂ@rexm&urerwan@ncej@eet@ ififgyentienaths afthepatissns uspkingbe petiereigg dedee a

engt e i 1 e RS oL Z R n (g PRAm OIRBR Choi meme, —

illustrated sctlmr%} hfe@ﬂdrr)boldﬁn&itglpﬁﬁelﬁMél fsheeddtfbes M Bgenddd phtan 3L gidhipdsi ses
one point 32. Said one paoint 32 can _be used for form n an extew
pattern ol thﬁé‘“ﬂl?é@ﬂ%ﬂ@ fomredeaxtongedipaifory Wil havge varigble b'F astudn thstiresiefn

in Figur xPGvdr Bfe extended pattern due to different exposure duration of the formed grid lines of the
extended pattern. The slope of the diffractive pattern, similar to Fig. 5b, will be slightly
different for each zero crossing due to the different exposure lengths of the formed grid lines.

[0073] Another example of a pattern to be used for forming an extended pattern

according to an embodiment of the invention is shown in Figure 9a as pattern M3 formed by
triangle shaped points. Illumination of the substrate using triangle shaped points will result in
an extended pattern of grid lines, wherein each line in itself will show different exposure
properties. In the embodiment according to pattern M3, the formed lines of the extended
pattern will have a top side that is illuminated during a much shorter period than the underside
of the mark is. This will lead to exposure properties present in the formed extended pattern that
can be detected and measured in a subsequent detection step and that can be used in a

subsequent calibration step of a calibration method, e.g. for calibrating Z focus.
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patterning device 31 .conprises two single points 32, 33. In another

enbodi nent the patterning device conprises one or several single points
separated by a distance of at least | Ox the size of the points. This
pattern will, if irradiated onto a substrate by noving the substrate table
W, formnultiple extended patterns of single lines. [0076] By noving a
substrate table WI supporting a substrate Wwith respect to patterning
device 31 in direction x31, two extended patterns extending in direction
x31 wi Il be foovaqy Differcht shapeluslints afeQdésiblelfor ébtainfnfeaireilir eartoditherenfor
illustrated in Fi atterning.device 35 is grovide in

ure 9d a._. , h a
pattern oforaﬂégs@ﬁgeﬁm&mmﬁa@agﬂ 1@5 Palbb&"éﬁd?rﬁbla {rem, gn ?lggl\éﬁ% RAt is
at | east ;100x sﬁ%}a%s magﬁgeqéﬂ%%tlg%% infth@HFe ga(ﬁliﬂe&i(ﬁm schemati c

representation. I'n an enbodi extend ines 36 extend of 200 nm or
nmore and have 005 {marafthdr @bodindD00hmtraf@GEBimPicail et Fignredic, thegadsmimgded

| ines 36 qgnt.o e substrate .w form an. ended tern.onto th

subst r at e.ae‘ln—‘ﬁ‘? ﬁ‘@}n@weé%‘:éﬂ‘a\é@jpe%ﬂdew PSé‘}%?g can E%ﬁe@?fhf ﬁ&nﬂgﬂnceé&%)ge% avi ng

a patter Ba@dm 3R HRGuBRERS fdrinde bl 3 sARYARMA UL HéenibddAn P Siidvir & FEpRedchmnt of

the invention relatlngl to e.g. a nethod for detection of and/or correcting
E

for | ens- hatariing devise 3i pompyésee b singledoints b P3. Ingaotaer emeydimentthoradiening an
enbodi nent, t.he ext end i 6 . A | atd i ' '

Thi s moaulsUrer e S o R B AR e R By o Bl e D T R s
having a erfgoaits Thieyicanglll) ifiextatdiong i subfstiste b3 mainghiisobgtragndblavT,
anplitude extending 1n the ¥35 directjon superinposed on the extended
lines 36. fqrovmultivlgextengded Retspopiemaleines ne substrate Wis noved in the

di rection x whi i i IS | i ses the
pattern to be Fdr(?g[j ?gtr%(ﬁ% ?%ﬂsﬁgeq@&%gﬁ 21{%% Sc\lldlg(r)\dtsgg%{ gdﬁggé%rrgngﬁeﬁgt he
case of t patteemingdivieas! acticcdomgs I, owEiegtendedatterns sxiosdiagtn dirdcyiopaB hinilebe
lines as the pattern includes a plurality of e.g. equidistant points. 14

[ 0081] Th&™R¢© FF@@FW8ﬁm3én be any direction of the |ithographic apparat us.

I't can be any [gl77p&f 4 @ifteRint ERABodiARAr Fhuk@ed ANd g oula Rtk dRMY B.is | n
enbodi nent the x direction is a direction wheréin both |ong-stroke nodul es
are oper apedidet] havige agatitrhpf shaw merepateaded li@s 36 exteryglitoever h distpnse thakis at

TR T DR T e T
| ong- st r ok@ended lines 36 extend of 200 mm or more and have a width of 100nm-10000nm.
[0078] Projection of the extended lines 36 onto the substrate will form an extended
pattern onto the substrate. Forming an extended pattern using a patterning device 35 having a
pattern of an extended line is advantageous in a specific embodiment of the invention relating
to e.g. a method for detection of and/or correcting for lens-heating, as will be explained in more
detail below.
[0079] In an embodiment the extended line 36 comprises a modulation in direction y35.
This modulation can be a regular modulation such as a wavelike modulation having a certain
wavelength (extending in the x35 direction) and an amplitude extending in the y35 direction
superimposed on the extended lines 36.
[0080] During the projection, the substrate W is moved in the direction x while the
patterning device MA is not moving, which causes the pattern to be irradiated onto the
substrate W in extended form, in the case of the embodiment according to Figure 2 as

substantially parallel lines as the pattern includes a plurality of e.g. equidistant points.
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nodul e. This will allow quicker novenent of the wafer stage W5 and thereby
a quicker formation of the extended pattern using the patterning device
according to an enbodinment simlar to Figure 2. [0082] In an enbodi nent
the direction xis perpendicular to the centerline 20 of the set of points
on patterning device MA. In an enbodi ment the points on the patterning
device MA can have a parall el ogram shape, wherein the angle of the

paral | el ogram corresponds with the x-direction. [0083] An exanple of a
patterni ng devi@s81BThbavimgiomaan dgungistdioh of tirdghigaghosppaiatus. Bicgnbea®a i n
t he enbodi,pent of. the gro .. In Figure 9a different patterns on a

bt ter ni et hegn B R SO SR B bRt e St ed
enmbodi ment; QftichSArE8 BbA oS ARRA mbduheSard/Bloratt® 4 a rRradRAMilarPops M22 and
M24 conprise eight lines of two sets of |ines at Simlar distance. G oups
M22 and ME4mbaringbothdent-stewke oradubes iea dieglepneving digedionod thesgbstrate shga Wikces

grid lines. [0084] Il.n an enbodi nent,,an .ext.ende attern i.s fqr N two
ot eps. 1 iR VoG PR B B P s el T ot

havi ng habhdodale. PRis RiE aDbwighRkpahbemien 6 £ Micialgr stapcally andtherdby aaiieidr nent s
illustrated in Figs 2, 9a, 9d, and in a second step the other half of the
poi nts oformaiomaf the extendedpaggingising thy patbrping gewne ascoEtuety PRMRAGMEH t wo
steps an : e t4ern is created having overlay errors that can be
detect ed gﬁhgpgﬁﬁgg%ﬁ%nt detection step and that can be <calibrated in a
subsequent cal [(#82] roah ghieElimEABS]irdctioar iepdrpetidieibdr tathdaaitedinei 20ed tigrsct!

Crepped 1 OFPRIRIGR PaRvrRITcalet GRALY Iodr eRITIG (s RE PRI SR T SradAor
First extepdeden a@%ﬁgﬂn?sﬁa?é,%rﬁﬂ%é élhé?e SEHOP&HaBLIBPrat @ ridkhhdk A@Shot

the other extended pattern i's formned. Form ng the extended pattern;
subst r at ex{d0®&&jn. The fornmed pattern forned either by noving the substrate

table WI with ct to the patterning. dewice MA accordj ng.to.Fi,gure 2,
or by project | GBI BReuPRe] 2PRLe g eviss S hatine SqRsanHhlT g 4 titl in

subst r at epjgReS dlthy efbddmest dfthd feup MBIn HighCdd @fferenfipdtithss ondPfltietaAg On
i ndicated by an x-direction. [0087] In an enbodinment grid |ines extendl ng

in a firsdevigerBrhaving apasteropinmdnts gihip the iflustrated embodiment of rectangular shaped
lines M22, M24, are shown. Groups M22 and M24 comprise eight lines of two sets of lines at

similar distance. Groups M22 and M24 can be used to form extended patterns of non-equal
distances grid lines.

[0084] In an embodiment an extended pattern is formed in two steps. In an embodiment
in a first step a pattern device is provided having half of points of the pattern according o any
of the embodiments illustrated in Figs 2, 9a, 9d, and in a second step the other half of the points
of the pattern is provided. By forming an extended pattern in two steps an extended pattern is
created having overlay errors that can be detected in a subsequent detection step and that can be
calibrated in a subsequent calibration step.

[0085] In an embodiment a double lined grid pattern similar to groups M22 and M24 is
used for performing the two stepped formation of an extended pattern, wherein first the
gridlines of a first extended pattern are formed and in a second step the grid lines of the other

extended pattern is formed.
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pattern of equidistant points as shown in Figure 2. In an enbodi nent the
points are non equidistant and the fornmed pattern is simlarly non

equi di stant. [0088] Thus, the projected positions according to the

enbodi ment of Figure 2 are extended in the direction of novenent of the
substrate (table) to forman extended pattern, in this exanple providing
substantially parallel lines. Using this technique, a raster nay be
created on the surface of the substrate, as schematically indicated in
Figure 2. [0089] The substrate table WI is noved in the first direction
with a generally constant velocity. In particular formng the extended
pattern i ¥osmingtbg extendedppdernisebitetating the substrate table to the
desired constant velocity and illum nation is stopped before the substrate
table is decelerated. The constant velocity in the first direction results
in a constant [(IOIStihiFhafdrmmd ppiéern ifoadichedbyanewing thet dubstsaib sblea/d with [ 0090]

In a further di nent. an, ext pat ormed on the substrgte W
Compr i SesrRRedL OB AR ALIBBLIH R S Carn i FRIBLG of By PajefRepatagah be
di scont i ngQUSHreX g RA8EN R 8186 TheCABstrdde bR AMHCAYNIIRY RGN Breetibs if 8lie tabl e

WF in a first direction an switching the illumnation on and off. Use can
be made ofpplicptimrsiadichtad by asoudicastiofi.0091] Wen il | um natl on is off during

formation of t conti n us exI nded ttern namc [ of
e Tt hogr ol D82 REA R G Bueah Rl BT L irsf aRIRMs lopBERRERL X 0
subst r at epiteiah 6f uldlﬂﬁltﬁﬁ\ﬁﬂé ad $R$R)in Clgurde. Ihhhmfﬂbﬂﬂim@ﬂ tl&ypiﬁlﬁémre[lﬁﬁgﬂ The
substrate tabl e m ght be accel erat ed/ decel erated while illumnating the

ext ended paidistent antithefogned ppidasn s simHardy ageIWdiFak i on al ong the f| rst
direction of t d 4Pt i mal
dose for a cer@ﬁﬁr?%«éﬁ%fprgg&é BJ @}S ureg%?ge%og%nsftn or er to create

lines in é)ktaldéﬂﬁ@ﬂielcﬁm&ctyoramﬁwhm@t bbithe Isebsﬂtmqthbmm) f@hmmmtended:pgtamsnz
and 3, the patterning devi e nmay be rotate y 90 degrees (or alternatively
anot her  {hit PemmsRIOHSIEY %Janteﬁlwéam&'gfﬁn%f Ushe t@%FﬁSg‘Bant‘ SrASiefgneA ce may
be appl i edlaicih bife sq}magftw@ubstrweaéy s%hérﬁéhcah?%cﬁ&h‘?&hhqi@lﬂeé moved al ong
this y direction so as to extend the pattern along the y direction as
shown schenat i PaB9lyThasubstyaie eabB: WASIsinkdved tim toedtrsti dmrettilml wiih argge@alimtant
detailed view of a.part.of.t ach es of t aster
et udes ety & petgBa ofbioeds ARG paPaR R e ik BB B eve
the res pOM@HﬁtE’%@e dShé héiSl Lottt vBlobh@alEilamiiionls stdspedibefor® e saxftaal ned

in nore detail below. According to the invention it is not necessary for
t he secontbleis decelerated. The constant velocity in the first direction results in a constant illumination

per irradiated area of the substrate W.

[0090] In a further embodiment an extend pattern formed on the substrate W comprises
a discontinuous line or discontinuous (grid) lines. Such a discontinuous extended pattern can
be formed by moving the substrate table WT in a first direction an switching the illumination
on and off. Use can be made of a pulsed laser source.

[0091] When illumination is off during formation of the discontinuous extended
pattern, a dynamical property of the lithographic apparatus can be changed, e.g. the moving
speed of the substrate table or the power (dose) of the illumination system.

[0092] The substrate table WT might be accelerated/decelerated while illuminating the
extended pattern. This will result in a dose variation along the first direction of the extended

mark. This can be used to determine the optimal dose for a certain type of mark or structure.
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extended patterns according to Figure 3 to extend exactly perpendicular to
the first extended patterns. [0094] The pattern may further be projected
on the substrate while noving the substrate in the second direction so as
to extend the projected pattern in the second direction, and this extended
pattern may be nmeasured al ong the second direction in order to neasure the
position of the extended pattern in the first direction. Thereby,
deviations in both x and y direction nay be detected and calibrated. In

this manner a qEI98¢ (i dci@lchak lifesRRtRidtettiond) AWt aheehbolim@ht Aown in
rel evant %roperty in nmultiple directions and | n?(ljoartl cular a

nul tidi r 18Ul andad, ihsrretteming deviressapbetotatabbin Y0 desressd aptlteramtival yanpthsy

pattern o : . i Mol | i i n. Figure
6.  Subst AT THEEbEe f e AN A h e SAHLAE Rl pplod Pl i
patterns @Gradiatenpth€eabstlagtis amvedelohgrhied dirsitivg sa apad txaeml thg patesrh alngthe v

having a pattern of pojnts_ or rectangul ar,_shapes. [00 I n an_ enbadi nent
g f

. 6 .
a subst r af BSRETAS SHELIThPRASA Y iR ighre Aﬁdﬂﬁﬁ%@,edﬂav{e@ wring Piopt detaletd A ng
patterns. off PUPofRE rRRINALS§FHEXhENete ﬁ?ﬂe} RlciReoh pﬁh%lftf _f)?ﬁlbosﬂa%fygb}raﬂel

conprising 1'n the shown enbodi nent four lines or elg I nes. t ended
pat t er ns hoespedordényto fachievd thaesspanse imgeé aki llnstrated B gdra St lve fb.csmpilibses

doubl t ended, pat t . i si ng,.t f . equi di st id lipes.

The doubl SRIREh dnors SRR (Nosarting (oahe myeityas it sk aecediary fosdhgsgcend reg

using a sknahddpaitéas RedofdihP M@Eﬁe@rtﬂieﬂ&ndt%ﬁé%dél%ﬁéﬁf&%ﬂicﬁiaﬂg)tfhie: Mirdt Ak dcHd&Paced
g

points of two equidistant sets of points. ure 9b further shows a
group A PatEspri sing four groups of three extended patterns formed on the

substrate W2. onprlicsas. three exte tiern xtending 17
inthe x Il di @gﬂo%%p Ac %g}’ eer‘e’ﬁPgoﬁe g@%&?‘?%‘%&@%ﬁ”g%&ﬂ Vl@rﬂTe can be

for med ussubgtrithén Seeconfaifeetion @f asfte uxtepdibipsojetted p&tep@id BE BEJdGd AR,
novi ng t he stg,bstrate table W in direction x11 while irradiating the
pat t er n M0 BisExHRBgshpaticHEMaY bs megswed alopg thapsepondghgstion i qrderip masuse fisnd

and L 19Kk BALAEA Bl eG4l TR ROk TR e

the pattering device conprises a setr ree ps consisting each of

f our poi ndisectibnntalyibs detebiediang nalitiriwed dandnk etaangraodgiecBon Imdtlsodf ispomdble N a

single str Poke al qod; )r(llo a?‘felegiebnet 1s‘0u%1$‘tt rii?;[n%lt} bl i? V}T RS LW eSPc% e}r to the

pat t er ni n d‘.@ggg%t ! property ple directions and in part a
multidirectional calibration is possible.

[0095] An example of a formed pattern on a substrate W2 having non equidistant lines
is shown in Figure 9b. Substrate W2 is illustrated in Figure 9b showing different extended
patterns G11 and G22 that can be formed using a patterning device 30 having a pattern of
points or rectanguiar shapes.

[0096] In an embodiment a substrate W2 as shown in Figure 9b is formed, having
multiple extending patterns. Group G22 comprises extended patterns of different lengths
comprising in the shown embodiment four lines or eight lines. The extended patterns formed
by four lines are equidistant. G22 further comprises double extended patterns comprising two
groups of equidistant grid lines. The double extended pattern can be formed in two strokes or
can be formed using a single pattern in the patterning device comprising similarly spaced
points of two equidistant sets of points.

[0097] Figure 9b further shows a group G11 comprising four groups of three extended

patterns formed on the substrate W2. Group G11 comprises three extended patterns, extending
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Such an enbodi nent is advantageous as the three extended patterns are
formed during exposure each having the sanme or substantially the sane
errors, e.g. due to exposure grid errors in the positioning system During
measurenent of a property of the extended patterns, three separate
measurenents can be perfornmed for each of the extended patterns on said
group. Although these neasurenents can each suffer fromdifferent
positional errors, resulting from e.g. neasure side grid encoder errors,

the sane ﬁ%tﬂi@%lll[ﬂlr@cﬁifoﬁrEdcﬁ o tesefindedp&asil IigrdupeG Extartdatrmapisigs the sage a
suitable filter onbi nati on/ convol ut| on) can be used tqQ _extract the
exposure Battegn 05 pInfsip Hha aEemaRibqYics, mevine thgsubripptablol lsiicdiregtion x11

t echni que_j I
ot ety B R BrllP, SR i b yn LIEEd Py gl el s
simlar fashihird e&fdhﬂﬁi’pdﬁ[ﬁm ofthagiong Glie patter ning device in order to

position the gr f ints in the res e. directions the fornmed
ext ended patte[%’tégbf N 4ot BF@PP gethibedg %"t eé’lcF&BP’é’“S‘TSﬁSSﬁoéﬁtﬂ%cﬁr?fﬂﬁt t he

patterni ”Sorﬂﬁﬁh%%a&%ﬂ&ﬁtgfdnﬁ@%t}ﬁ@ eRBbMheneRt e5&bRE: #Busithf 88 Rithedin £Cti ons

such as group I n anot her enbodi nent the patterni ng devi ce
conpri sessmgltarstrgk@)alpsg ©f1 0$bc substratertalie @Al afitbespactde thegpatieriengdavesedyldg i n

di rection 14 acgor di ure 9b an th atterns
on the sugg‘%i’raat%“%%g?’ﬁ 1??) Wutsﬁsﬁbettg{ %ﬁEGB‘fleC{I?t egﬁt?sftralt]e fialg? WF or
patterni ngxpll)@ﬁ{ﬂe%ﬁcﬁ\ﬁavu{g(mé-%ﬂe drizuBdiaR o ddRite efofy) DS, difc 18 kpaddabridairioes NS
on the substrate Ware fornmed in a single operation in the expose stage of

the |it hogrthphpstioppanatars Dusnsinessisment of apropgsoldhp sxieeadagpme fhree

patternin r c ing
Phe. vt o S ety Ohbehiifufed BP LRCAHI KU BROAL GPOI LRP 1O,
errors of Alth@uMh&l&dﬁ@surkﬂleﬂlatc‘a@eathfsﬁlffﬂ’ﬁﬂomrﬂtffélennqﬁ)fseronailrﬁﬂrars] reshdimgaﬁacen of

form ng a group of extended patterns inerrors in these u ]
In an enb®8iReasuresideridianpefsy apniscths pas atmeureaﬁptlﬁ@qumtélag%cg g?P &t‘ ﬁtf

pattern I%fégt DR SURSbE i géoﬁﬁmattlaﬁtcﬁat&uﬁal @at/eeiusea@aearmatetexaaupé ghde

substrate table I's neasure positioning device such as an

interfer oemrtrefroneﬂhemzterde&dstedAmcxampﬂhof sothadechn{qBEB) sheystieAS 1, 023736 that is
enbodi nment H} trate table is controlled by setting the position using
t he encod®f Fﬁ‘E PGP Bt SR consequence, | naccuraci es, deviations in

the encoder grjg#99] Other groups within the G1 group can be formed in a similar fashion either by
rotating the patterning device in order to position the group of points in the respective
directions of the formed extended patterns or by rotating the substrate table. In an embodiment
the patterning device 30 comprises the points extending in different directions such as group
MI.

{00100] In another embodiment the patterning device comprises four groups of
points arranged along a centerline extending in directions y11, y12, y13 and y14 according to
figure 9b and the patterns on the substrate W2 are formed with rotation of the substrate table
WT or patterning device MA.

[00101] In an embodiment groups of extended patterns on the substrate W are
formed in a single operation in the expose stage of the lithographic apparatus. As the substrate
W is exposed under the patterning device any errors in e.g. an encoding system for positioning

the wafer table WT with respect to the patteming device are converted in errors of the extended
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particul ar the expose encoder grid, may translate into deviations of the
lines of the raster as created on the substrate. An exanple of such
deviation of the line is depicted in the enlarged and schematic viewin
Figure 3. As a result of noving the substrate table with respect to the
patterning device and in particular w thout noving the patterning device,
the extended pattern formed on the substrate will follow any errors which
are caused by positional encoding errors during novenent of the substrate
tabl e. [ 0pai@3h fdrmeddn eibesieramidtin tHieeasxifdnttidg patdueiof eabndbdpattenglrih eirbmés
X2 is faormed in a single operation by illumnating M2 according to

Fi gure 9atheph2MBY-her enbodi nent the double gridline pattern G2 is fornmed
in two stepsm/;[ﬁf b fir o' i i: Is

formed and the e&? tm;r eqﬁfﬁf@ﬁﬁg‘?ﬁééﬂ%@%ﬂﬂé@%ﬁ %%gﬂ%ﬁégag%? Pﬁgﬂt{ e
doubl e gr pdtdarmentexhesndsdatpahe eutistr@22s mavst; hedrapostidedbthe safstratedablblise

ext ended attern.js shown in Figure 12. .100104] In a first step, extended
ot tor . oprurdpih PopRoang devkdid of ah et prbterdrouly brseay apmoRie
stage, thaeepygRtneth eneRbodiaichehd sdstriafe thise IRehntrOBedPby Sstittd thebodtion usin%’|
positional error (overlay error or stitching error) the gridlines of the

second extherrdeetlopamtederamgice Atd ¢anseruep o0 IBGFurapies, idsviaions;ia s enceder gidt whed
Ks f . ochni _. )
marks 1or at gtﬂ?nl fd ¢ n}t](%)% g%féo%&d gg% ?I?aé} t?arngl até[ o @év?agﬁg% %’ 1‘ih§ th'ngsctgl )}ﬂ%ﬁf{%{@ as

ext ended erns-a osSe err an be nheasure AUOUS g all

sorts of (rehted phlied dubkisat@XsDéehple dihdush daviatien o6 lihols depicteddakliddnddrgan by
printing two |lines in each other and as _nai ntenance test by stitching a
second | ajkschamatic WaYiipFiuroh Atdistlhpbmaningrbasubstsly bbb respest te Aged

patt ern( S%attehﬁﬂ%?@ig% %pdﬁﬂ EHRH%¥ '{Wﬂ%uttlﬂgviﬁ% fle ;%Yteﬁ]?rlig;&;erg_fbeﬁ &%%%ﬂd%ﬁaﬁﬁ%&

ext ended patter I ses the sanme equidi stant As a res

over |l ay efoarnmes ohdwesnbstraawik fodlodeah ypatotsewhich h8: ansalldi pugittomalGE@Rodiag eoprsed.
In a subs (Huent detectﬁ& rrl%t hod the shift of the second pattern wth
respect t HHEMPYSIgnt gEihe spbstiaigtalle neasured and subsequently corrected

for. [00107] |moapyt her prhosivithent U8 HdecBhi&h B BSLHIE Wi 3 To2G6 OF di ng
to the enbodi nent shown in Figure 9d, the extended pattern conprising at

| east onefarinpdimmsingla operatien byilhiminstingdd2? aecording o Figureeiad Iparstimrabl y gri d

i nes 11 perabeiat B Doty BRYE S o R b aloP e B

repeat edl yid lieRofRAgRit RGuLAD f@afedand ftbrédfRr exlieRARtBapd SHdkctid@dupn t he

substrat ecrlea?tinfgotlr'lgg(()juble gridline extended pattern G22. A schematic detail of a double extended
pattern is shown in Figure 12.

[00104] In a first step, extended pattern 90 is formed. In a second step, possible
at a very much later stage, the second extended pattern 91 is formed. As a result of a positional
error (overlay error or stitching error) the gridlines of the second extended pattern are shifted.

[00105] (22 is an example of stitched marks formed using the extended pattern
technique. By stitching two extended patterns an expose error can be measured
continuously ,making all sorts of interpolations obsolete. This can be used for both calibration
by printing two lines in each other and as maintenance test by stitching a second layer on a
calibration substrate which already contains extended pattern(s).

[00106] In an embodiment the overlay pattern (second formed extended pattern)

comprises the same equidistant lines. As a result of overlay errors however an extended pattern

19



as a result of the lens heating error, e.g. also show ng deviations
conparable to the deviations as shown in enlarged view of Figure 3.

[ 00108] Wthin the scope of the invention, for any application an error
resulting fromany parameter relevant in the irradiation step can be
transl ated onto the extended pattern forned on the substrate. Exanples of
rel evant paraneters are: substrate table properties such as positioning
and relative positioning, but also illumnation driven effects such as |ens
heati ng, at®@kdiae Geaid begnah dn walteeqlaatttagiondaskod hietshidl of thesadendlpaticag
exposure. A further aneter that could be neas d/ cali brated

. t
using t heWésb_trsm@fd%%ﬁe bt Pt G iR Li5 A Sgtfseqléq%ﬂwpﬁﬁqﬁ%if}% substrate
cl anpi ng duri ngyRy¥pPSUr e L&M%&bbﬁﬁnﬁﬁt,%@ﬂ%@?ﬁ%@ﬁni@dévﬁ% Jsestiln@ne gy

pattern may be applied to project and formthe extended pattern(sS) onto
t he subst embedinsutshoam in FapiraPd, the exteivkeldipaticrosempfising aelepstwnaline yndin poi nt s

spaced apart. in directipn suhstantjall erpendi cylar to the.direction of
moverent  Breuear &1t § Sk s Wi rdfbBrerh BRENS fored sPing el e e [ o
created, Whhpfsifg hiPiSagd of Medieylis@nmitilor LA d diabe of hePatdini delicgBFisegensor,
e.g. making use of interferonetric detection principles or CCD canera

t echni quescPeaallynignukeating cameccar ishthte sktesdgtspatter foomed pethesrpstrage isderaned
girivibe : t onisti _ . d "
ppar at st 2 R DB Heail) k0 3066 BETHACIBRAS Aoblott R dbRRRHEP ©

posi tion af sHoha ihichlarde ©Gdd) of Bigeres. t echni ques) or parallel lines along its
| ength may be ﬁpplied. [00110]. I n an enbodi nent .a reference substrate . is
formed havi ng HO3Pdef i nBathig e sgopecatitbnigsentios {3 2R¥ aPRJicaEN A eETdFHYRS a

predefi ne : [BaTeFH-¥ | L | f

Dt tor i nCBay Qe AR TEleThR in MR AR torf A AR L S0 O peficrm
Such a sufistedber tteanbiteta) Esasmples oLmlavhntghiangeters bret hubgrap kibte @ppatiet swsh a0
[00111] In a.further enbodi nent such a reference, substrate can. be exposed
'n a subBRtiRE SERRYS RosiEo s PREYS U RBPRAT R FECH Faphiaf 5nS St Bieg ol
patterns gaplciRafiy MR ABr hdahife IRECERINGE BURSIRAExpSREL. ANfuRhSURRSAMENT
detection nethod and/or calibration nethod e.g. overlay errors can be

det ect ed pavemetsr theteadd bomeajuogiicdibrated esxngthd entepded pattama ceending o try @n
enbodi neng §§§ends ' ection and can conprise two or nore grid

dn.a first . di
i nes,  but™BUTRORE TERE S B E R AR pat tern wi thin the scope of
the invention [00eE9]A SUbELmainhodaner O if Centioh Andl RtexteRdadagpicd & ns.
project and form the extended pattern(s) onto the substrate, such as a point, etc. Making use of
the plurality of points spaced apart in a direction substantially perpendicular to the direction of
movement of the substrate, a pattern of a plurality of parallel lines is created, which allows a
highly sensitive detection by an alignment sensor, e.g. making use of interferometric detection
principles or CCD camera techniques. Making use of the alignment sensor allows performing
the calibration making use of existing and accurate sensors of the lithographic apparatus.
Alternatively, other position sensing devices to detect the position of the line ((CCD) camera
techniques) or parallel lines along its length may be applied.
[001106] In an embodiment a reference substrate is formed having a predefined
set of extended patterns formed according to a predefined set of parameters, using e.g.
combination of setting of a patterning device according to any of the above described

embodiments. Such a substrate can be used for calibrating a lithographic apparatus.
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Further the one or nore |lines can have a varying wi dth and/or can have
actively generated deviations in a second direction, perpendicular to the
first direction. A structure formed on the substrate is an extended
pattern if it conprises at |east one line extending generally in a first
direction having a length of at l|east 35x, in a further enbodi nent at | east
100 x, in an even further enbodi nent at |east 200 x tines the
cross-sectional length of the line. [00113] An extended pattern is in an
enbodi ment cregioadipy il gt agbaiimpat suel biréfgretl ey substritavamie @qiosddsinand
novi ng the substrate table Wr in the first direction [00114] In_an

enbodi mentubsRencakyemfERgLEheneximded RSB, Burthen s3tendqddigiens £ bhformed o
di rectiong Treﬁte{ﬁ%@ sﬁb%lf“ral!gf’aﬁﬁ iflahuBleqhlif d\%/\f/é@t?érf ﬁﬁﬁoaran&/t}ﬁ&alib%i% nhod 99.21-15]

b
In an enbodi nent a reference substrate conprises at |east two extehded
patt erns exérhydimoes dan bdidefeetednnd domredtd fons and extendi ng over a | arger part

of the substrat [00116] A .practical bal ance between calibration tine
and density of ?@j_ﬂ%ratié‘ﬁ_e]xffﬁfiggwnb%wa get\‘?é(‘} ‘Wﬁ%’\ﬁ%ée“ﬂ%{eﬂ& Iﬂf\}%ﬁtg a
pitch of ayhsianhi ahd dborSHdetho %P&@Eé%ﬁd 1ifesDbut® sliﬂ%léfﬁﬁ@éa‘il HeSanGRESARI pattern

al t hough ot her pitches nmay be suitable equally well depending on substrate

si ze, cal withit thosceppeéthe inestion éeb. Acoibstady careeamprissmml iplespieaded Paamsose

paLterns FOSKHT 0 A RTR 05 0 SR AR SR b K o o

speci fic p@AatioYs i 9 Bebhy dRéctioREperhéddicadirap HeCirsfiAcBbM A Steeura $orgredlondhe

cal i bration. Non-XY-properties are properties related to another aspect of
the |it hobbapaieds appdended patera il 1heomprses polspstonlipe priepbing pesralydn azfg“stx and
Y 21 Coor g DA ATadiRe WitonR St FARPH 1D hither SRLSHARTY & 18kt POt XYeRhoper ty
is a secondary posrtiofral property’such as Z-coordi nate positioni ng.
[00118] | further enbatimerd iaassHEG tineetht endedeq@ntldength of fherlmed i n accor dance

to the nethod of form ng an extended pattern in order to al]ow aobtaining
such a cal i br at®8&ap gBreX‘(eﬁée“ﬁQ@éﬁe%‘d 1A Fape ?ﬂ%@e@s&i’ édu“&%‘ftg’ﬁc?ed

pattern i ﬁatfe?ﬂig% HeHed ik SRES ahd ovidERhe &@{riﬁt@%‘olmﬁ{ ihBGirdt Rl r ed

property. A specific step can be an additional step in the nethod for

formi ng the exf®htdid pat henremisdiherd sheaakdiindgd patiern ge a dulpstiaty hag p bengtheinghe a
part i cul appat tern  for. form ng, the cxi.snded pantern, as il be expl ained
[00115] In an embodiment a reference substrate W comprises at least two
extended patterns extending in different directions and extending over a larger part of the
substrate W.
[00116] A practical balance between calibration time and density of calibration
data may be achieved when a raster having a pitch of substantially 8 micrometers or 0.5

millimeters is chosen, although other pitches may be suitable equally well depending on

substrate size, calibration speed, required accuracy, etc.

Forming special purpose patterns

[00117] In an embodiment an extended pattern is used for obtaining a calibration
map, preferably a two dimensional calibration map for a specific non XY-property of the
lithographic apparatus such as z-grid calibration. Non-XY -properties are properties related to
another aspect of the lithographic apparatus than primary positional properties suchas X and Y
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enbodi nents simlar neasurenent steps as with respect to a "normal’
extended pattern allow neasuring the special paraneter. [00119] In an
enbodi ment a special neasurenment tool is used to detect a paraneter
related to the desired property. In both enbodi nents the extended pattern
allowing detection of a special, non XY-property, can be fornmed using
enbodi nents or conbinations of features according to any of the steps

di scl osed herein. The special property can be a focus paraneter such as Z
or Rx or Ryord[ma@s2dellns Bn mosboding An exhepleafredneXY emolutypa s serondasn
conprise fOCﬁI mar k ?ro%erLZ;Tgs %/ni ch will. allow a single shot focal

met hod. APST AR PEWSHY FERAS 7Y RN PORHSHAE £ rom US appl i cati on number

60/ 996, 506, saigh1d8F UMenin i \GAbdINNBktEpBY al Sk @EM fRtdrMisl thEmedEintacE@lhce to

her ei n. [00121t I n_an enbodi nent, shown in Figure 13a, the extended pattern
119  conphiegaethad piformingre extendedhpnticay iy arerda pew wbtaining sychrrecalibriion pypt hi s

enbodi nmen | | L - f i nes
121" ext ontpriie FrE8F PloBerty THSPAGH SRHET RuuchlB BRLD il eie®fen b B
pat t er ni nghederningehe ddsirbdprpening sieei kgt caatbe ahakiriodairstepgnithd methnataron.
The specigql ext ended %;{ern can ext&j@d overag |.arge part of the substrate.

The speci S5 BREEENIGIRAIETN SYd 35 3P0 aresdsg Carge BIPOFHE CAR SETEREPHIRods
or equi vako%%mhga{ee&tendé@g&%%l, ad BRI bk REp1hinBEh defdil RGYE Rr. IHBbhEr Wi dth
than the main Ii1he, the wdth ‘extending generally 1n the second direction,

here yl l1@mbédimantseiniidutinmamiremiet stepisnas WithaegRCt thasnomali dxtendciiittem dlow
order of SnQSE%(I:ific ly 5.8 m while the fine lines 121 have a width in
the order BGFUSHE N PEH AP H®hn enbodi nent 40- 600 nm and in a specific
enbodi ment  50- f@@19)"M angh SReedddimaitlspLeidl BEAsurbRRnbBPRIus&S tofdeRt 41 nes i's
four to thirty, in an enbodinent ten to 22 twenty, specifically eighteen.

A conbi naparametst refatedhtorthe flesered peppsie. orbotibemabediingats tre ¢xtensied pattern alewing pe

B T

and fine feafiRs dcBorlligtBdny Of the BRbs Gistiosddierdin. THY spkal propatyachindearntbagne to
anot her, specifically seventeen tinmes. [00123] The extended pattern can
conpri se PaRdMeter sshas ddrdeeditRY-ocal nmark wunits. The focal mark units

extend in the Ld(ﬁf(ﬂr gi r ‘?,hfﬁtain%ﬂlboﬁﬂﬁexgkﬁe%%%ﬂénd@@%ﬁ%tca@éorﬁ e fééépﬁitafl@t e

tabl e during expos e focal mark units can ex over arge length
in said fpmopeérties which will allow a single shot focal method. A single shot focal method is known

from US application number 60/996,506, said document incorporated by reference in its
entirety herein.

[00121] In an embodiment, shown in Figure 13a, the extended pattern 119
comprises a main line 120 and several adjacent fine lines 121. In this embodiment of a special
extended pattern, the main line 120 and fine lines 121 extend in the first direction x110 and are
formed using a suitable patterning device, while moving the substrate table during illumination.
The special extended pattern can extend over a large part of the substrate. The special extended
pattern is formed using any of the disclosed methods or equivalents thereof.

[00122] The fine lines 121 have a smaller width than the main line, the width
extending generally in the second direction, here y110. In an embodiment the main line 120 has
a width L120 in the order of 5 um, specifically 5.8 um, while the fine lines 121 have a width in
the order of 20 — 1000 nm, it an embodiment 40-600 nm and in a specific embodiment 50-400

nm and specifically 0.2 pm. The number of fine lines is four to thirty, in an embodiment ten to

22



direction, e.g. at least 40x, in an enbodi ment at |east 80x the w dth of
the focal mark unit. [00124] The focal mark unit, conprising nmain |lines and
per main |ine several adjacent fine lines, can have a width L119 in the
order of 5-50 m In the forned special extended pattern the w dth extends
in the second direction. In an enbodi nent the extended pattern conprises
several focal mark units parallel and next to each other at equal nutual

di stance in the second direction, a direction generally perpendicular to

the first nhntpGhé@Rcaly e éh@eene)(tcﬁﬁﬁﬁﬁtl@ﬂbf £ffin lire dhl enesbadicw@iceadieiieng
to Figure 13 a, the mutual distance L119 between the units in the second

di rection S@élrb@défeﬂ@d 1o axpn foralgnask apiipingn eedhediment o fog mpoupionRiisEHigveral
exposure, 1111;@'150 réﬁ e?rﬁ%dln?er{t e%%t&%;}ﬁélﬁlhhﬁ ah{'ﬂﬁ@ﬁﬁ@qgﬁ orfted if Qb4tern

simlar to novvnrrarsuse e main Iirne 120 aV|ngaS|ze
that is gemeo @ity tinleandjacasit bhe toempeet, specifibdlyrsesaltesnitomesof the | it hographic

apparatus is an exanple 0o S dard alignnent structur 12 he

fine Iines 121[40¢éher alke %W‘%Hé’gtt?ﬂl CP*’ESE pgg{gotqrwrﬁﬁ%ﬁgén?&ﬁapkg&e

f or med duﬁhlﬁgTﬁéP&:ﬁ%ﬁrﬂﬁﬁﬁ@%ﬂé 1P G iR, He difeH S PABRBY@nent bt thde

exposure I's out of focus, the fine lines 121 are fornmed, if an onl% .
IS

partly. Thubsfratecatilé dlamg@apowm/ & ha faviabimhrki units kien exdendlarvend lar gvclenigh i ssitl

Canei b1 vesrtpbrng, S SIERL P FRRAURGY S el 05 Ple AR GGG ety il ™ ©

formed. The wi gjoh29f for meélidchiNBadkivA@ScdrBprading Meinfes @M1 Sdr rhdig lihos@lerdl ocus
during exposure. In an enbodinent a set Ef) fine lines of different w dths

will all owjawnaﬁn@hm@e@?@éwe Aeadiirldiinn ﬂ?t(ééerd{ftSa?Wfﬁgmdhﬁé?rﬁWétsﬁﬁm% el at ed
to the | 06ftnded GHRem dORRR o iBu il PRI clibhdn %g@gl%o&%genF@%&gfﬁae@ set
a ve n

of lines Ph3 YEreRt 1 rne WI acent
fine |inepattem smﬂshs&s S@Iera’ilf@:abﬂﬁﬂ{ Rgdralekind fmt agmbh otheeat aqnalanutualder

havi ng an increasing or_ decreasing |l.ine w h. Wth ecr a

wi dt hg t h@stfan@relmth%egoqdzélr%%ﬁedlgﬁ%ﬂ g@}%ﬁﬂiy‘ RFgPengic %ﬁ%%ffaet&@ ofthe

sensiti vi r f as
éyé{%ﬂc% e ﬂll%p@ﬁeso&m &F;g%ﬂgﬁgiﬂb 154 a6d !n\ﬁﬁlapﬁl%ﬁéé LES

w || descri tal reun ext’ended pattern conprising
several fbatakemtheknitnint the b@mhmglréatms:anbxﬂﬁﬁfﬁﬁngm mefehé)lsf abrestt 18120 ¢ient.i on and

postt oned, 201 GgaL 10, oD SOLLSL, | 0 e, Ree A ety el 1

][rgé 'ursm mesgoggf gﬁﬁlga)f é@fm&vﬂ?mg#kfrsél&&ﬁ:hﬁ?é@a@ aitﬂe%din Whé t20eRena 8P thaeis|gesahlly
large with respect to the resolution of the lithographic apparatus is an example of a standard
alignment structure.

[00126] The fine lines 121 however are examples of focus sensitive marks that
are formed during exposure dependent on the focus of the exposure. If the exposure is out of
focus, the fine lines 121 are formed, if any, only partly. The fine lines can have a width in the
order of the desired resolution of the lithographic apparatus.

[00127] Finer lines will be more sensitive to focus. The better in focus, the more
fine lines will be formed. The width of formed fine lines is an indication of the local focus
during exposure. In an embodiment a set of fine lines of different widths will allow in a
subsequent measurement step obtaining a parameter related to the local focus.

[00128] In an embodiment fine lines 121 comprise a set of lines that have

different line widths. In an embodiment the adjacent fine lines in such a set are positioned next

to each other in an order having an increasing or decreasing line width. With decreasing line
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lines. The diffractive properties can be nmeasured and used to create a
calibration map. [00130] A focal mark unit can be forned using a patterning
device having suitable points therefore, wherein the substrate is noved in
the first direction, the points forned adjacent to one another in the
second direction. [00131] In this enbodinent the patterning device can
conprise a collection of focal mark units, wherein in the enbodi nent
according to Figure 13a, each focal mark unit in the patterning device

conpri sesywqiiR, HBIAe RAESE2 13RE0H € MR @denkitive tPRIcHE. The tfibkrs Rerisithatyo fichdupatee
adj acent to one another in the second direction. Qther focal mark units are

al so possel by mepraring diffraplivenrepesaes. pewpbiseRbesringeteildeeypdei ze, in

particul ar of ¢ifLerent w i %ﬁﬂ%i i i ri e and
subsequent nov r‘r%?fl of t#&%%ﬁg‘ﬁ%"{&g"fﬁ e |%{eﬁg&!‘?}r@ %ltm Irdg@??%?@?ﬁ%

poi nts Wi kttendihgin thatiest dirpaioned pexitiend dijacent tblvae hnather iditheetomahdirdcbomi ng
a focus sensitive extended pattern. [0Q132] An exanpl.e of..a patterning
devi ce foWilf sEHit Ay2 AERGye SateR an thygpeongligection "‘gﬁff%gt ePoptigh Pgmf?.mum
Patternin ' lasti i ' idlQorkigy fohned fihdre
main |i ne&{%gﬁgggm%?gfg aﬁ?ﬁﬂg‘%ﬁﬂeﬁgﬁ?%‘m&%ﬁfﬁg elé I um9nati on and

si mi |l ar nbwésnGhodiffrhwive pulpsttreatcen batvicasuid dnd ushé tdf ¢reaje adikikretioomapi n Fi gur e

15 indi cated w.t | 50 i oint 151 has.a i dth 156 for [form mai n
T ne 120 havi WA dest pdedfuthipgrreoast ihes h stk doBR brdg T

t he secongighle§fldiPetre Whdkkinghd fi8steasismasheliinte firf@setimm, Mg poied fofned

wi dt hs. [00133] Fine point 153 has a |larger wdth than fine point 154.

Al t hough #djagent forane apothar in thesecanddiserdipi, it will be clear that nore points

are possi bl e. 4] In . e pent, f ' : i.al: i ne
poi nt 154 ext eh@ggﬁrmr e %n?\tﬁisheg‘%% 'rS ty?erﬂea@t% ll-dg'?né Qéfgﬁ]%ﬁgﬁ& Hg‘f%g&lseg{é%gn%f
di r ect i onfozhl /@uiknGits, wiRR@arnn itel cnifodahém Ac@iding el guhst3uateh docal ngriewyosur e.

Due to a longer length in the first direction th‘aﬁ in.the second 24

di r ect i onthepademnimgadexice cpmprisesone Fain peiat gk several Iingroinly Jhe BanfsOsiopehger
time. Thi gy, - 1 gk fé r d3RssibIRETh
enbodi rren?dj%f%ﬂgiﬁmgl%{&gﬁtggdl r‘l‘gﬂé{’ ?%g}rl]@g%%:églrggi dr%gl%{ ?Eﬁgg&l@? iaiseggn gilgrrpl ee of a
f ocus senfihé poistsext enptealts padifierent sioenin paiiogarcofsiifigiert Widthis tlemesond dregction.

CHE ENCE RN SRR S R
I nventi on,lib & JiHfifiliGinaRPRHAR S O OHrst BRection, forming a focus sensitive
extended pattem.

[00132] An example of a patterning device for forming a single focal mark unit
is shown in Figure 15. Patterning device 150 is shown having points 151 and 152 for forming
the main line 120 and fine lines 121 respectively during illumination and similar moving of the
substrate table WT in the first direction, in Figure 15 indicated with.x150 Main point 151 has a
width 156 for forming a main line 120 having the desired width. Points 152 have a width
extending in the second direction for forming the desired fine lines having smaller widths.

[00133] Fine point 153 has a larger width than fine point 154. Although four fine
points 152 are shown, it will be clear that more points are possible.

[00134] In an embodiment fine points 152 and especially fine point 154 extends
more in the first direction x150 than in the second direction allowing a longer illumination of

the substrate during exposure. Due to a longer length in the first direction than in the second
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skilled man of single focus sensitive gratings applied to a substrate
according to the nethod of formng an extended pattern, allow ng focus
measur enent and subsequent calibration. [00136] Another exanple of a focus
sensitive extended pattern is a pattern conprising a mark having a w de
line in conmbination with fine lines such as FOCAL marks (partially chopped
lines), see Figure 13d, |eft hand side, or a pattern conprising PreFoc/LVT
mar ks. A PreFoc/LVT mark can be a standard alignment nmark (for extended

patterns pRLAbLA, thBrclé/agt Pt SEhObELEEWill 8k ckpdsedTiallenddimROThis ehieatnhed C
| ight created by wedges on top of the mark on the patterning device. A

pat t er n ofhePpmHog theviinerntiukiirgss i | |l ustrated in Figure 13d on the right hand
side. A patterpj devi ce, as_describ i Ia:

fashion to fo r?:i?ﬂe extgg%%lagorg;rrnﬁf?t 03‘51 nggr%}égﬁqc gﬁ%%g%%eﬁ%ﬂgg‘é%(?{ended
pattern Wetdmpl€of Dfodss %asisvé emended Phterh compdsihiga singhefaistsensitieexdratinge Guch
pattern can have a negative or positive sensitivity. [00137] Aﬂ exanpl e of
si npl e FOTAmglesraingn9d alsp bewsedier kaadzubin 3 sRestal meagpreent ipQJu¥eh 439, FocaL

marks ares Aol sttn! §iindMOdeob AF nfeQRRSh RE fifld LAbEIRRLS 1Abwd byREal

mark unit tTormed by"a wde line a I ne |ines. ocal mark units are
shown in géted ian bfsihgle feme sersitad goatirigs afiedito psubsdiateestodingds thardethpdhof he
direction _of the lines, in the figute from left to right. 138] Using
the patt efHMmiRg Kot pat sy allowiiy B‘I‘Semﬁ?ﬁ“feé?#t ﬁﬂcgs%%luﬁﬁt {aﬁgraﬁg{ﬁbst rate
whi | e exposi nggfo'i@ﬁ]pat t eARoHANARPUSET fofud RREiAR cRsiRAGRAASBatiRMSI ti Ve
pattern, wherein focus sensitivity results in a XY displacenent. As

a
resul t of corbpribing omask having ewidsrlhedn cpabinetion wish fing linss sugh as FOGAL warks

anot her sim.|lar shape ., n.the patternin i:Ge, W | TR -
[00139] 1 {PRHT SBORIEALHES) Be@tﬁg%rgﬁéii’tlfe@gg‘g%@%é’ég pﬁlé AR E AT
two  genepRllsy APREMRNN T wlakt cali Beacithiasd dlipnlent ablsfoaixeendddh pattanhd mists in
obtaining Z calibration, as well cali bration. 01401 In

_ bration, as. as R« and Ry 25 [0 |
an enbodi themettemfnguleicsbillaminaed by pasislescrfic epbarearhby i cdesiondor PGl ts in
ot TR 9 A B AT G st
sensi ti vetidiripht BaRinide Al gatferifdiéevicasaeskribied @bdvearan brluged inavsemar fastiien fos
e m the bxtondcdmark. A% SAIR O I WedEe bR eertiSl Bhckdry Salf 6 FEAIE LS "

The formed focus sensitive extended pattern can have a negative or positive sensitivity.

[00137] An example of simple FOCAL marks and of LVT marks are illustrated
in Figure 13d. FOCAL marks are shown on the left-hand side comprising multiple sets of a
focal mark unit formed by a wide line and fine lines. Two focal mark units are shown in detail
in the encircled part. The first direction extends in the direction of the lines, in the figure from
left to right.

[00138] Using the patterning device having a suitable pattern and moving the
substrate while exposing the pattern can be used to form an extended focus sensitive pattern,
wherein focus sensitivity results in a XY displacement. As a result of ‘bad’ focus, the extended
pattern formed using a point or another similar shape in the patterning device, will show
displacement.

[00139] In an embodiment focus sensitive extended patterns are formed in two

generally perpendicular directions on the substrate. This allows obtaining Z calibration, as well

as Rx and Ry calibration.
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conbination with a standard extended pattern. In an enbodi nent the
different extended patterns are fornmed in a single operation, during the
same novenent of the substrate table in the first direction. Figure l4a
illustrates schematically an extended pattern having a standard alignnent
extended pattern 130 and a focus sensitive extended pattern 131. [001421
Focus sensitive extended pattern 131 forned on the substrate is positioned
as a result of a conbination of errors during exposure. Simlar to the

‘normal ' ext epuadopat t emmanl@fbodimientfadfous ssasitgvd éxposi b€ a geterpiag tdevioe
extends generally in the first djrection x130 and wll, s om1disrlacenents
in the setsAE Bidnsxionded Ratism edendingiafhe et digegtign agd hayiag fheus seisiiveauses.

Further f BHRCAA0T i {hY geﬁéaﬁﬂg&%&?ﬁ%@%&%ﬁéﬁﬁs %&gk@%gza&m&m& the

partially i e secon irection yl a resu us errors. As a
resul t of sdveidbirectianioaty. blosrev§rzhdiis paftricogssary. a xyz coordi nate systemfor a

substrate tabl he focus sensitive extended attern W ll show, .

addi tional di sﬁf"&é@nent ofh apgbpgiment afuscﬁeg%ﬁ“é“c@%rﬁt%dé’ﬁ%lﬂés ReRelied with
respect tgyhkiGatidOkRh stafXdr8 RYRAI RSB Il APerAbsiman he dfffcrdrt eLEndudt |
resulting in a calibration map for height variation and exposure

cal i br at i pattenjs00d figmeginu sisgleaperativnsturagdhe soteanardneel Py thgsulsitataigllg in

her ai n ¢ RE AR Bl EFHTSS b e BARD T S PRI SR By iy

pattern 13Bhast axtpRdipad@nI80hd b \¥hduy selBitivR epadntied psitei €3 r ef erabl y f or med
in a single operation. Any focus_errors will be own mrror symetrically

h
with respect tWMAH hal Foquayensitive sxienged prtiem %?H«Safoalﬂf‘ée%me yRstERSd

o Pet \ o A
Pt endod’ RO 8 A REEEYEE cBhbbiof 6Pkl hikifh ook infhk It hBAP |

f or med i nexénded@atterh W00, tHe fent koniiveeetentdbpasterf atends fgendrallsingbe fiest e
simlar to the enbodi t sho in Figure 3. Thj wi || |l ow tQ obtain a
Pwo. d mendresHan b et SpGeBta e Hubissiies y LLas BisS e fetd ng
form ng tfe,ext %gxeéjdugé%t F&fr FQQd 4olsitve aten@BPpticeR M1 Ridipld¥ed Bodas or

calibrating the nethod conprises formng nultiple extended patterns in
subsequenpartialiysin thnscemtddidatiop al 3@asm resulf afifpe esrove Agla resulimd dieighhvagiations

O e R SRR b, P i g™

ar r angenepiiter\will sHowAlddfifinal AbplRQinithEs. TRe AdiRtidal ieplatdigerd exi BEmesuttdadth

repeat ed r%spect to the ‘normal’ extended pattern 130 and can be filtered out, resulting in a calibration
map for height variation and exposure calibration.

[00143] Figure 14b illustrates schematically an extended pattern comprising two
focus sensitive extended patterns 132 and 133, wherein the extended pattern 132 has a negative
focus sensitivity and pattern 133 has a positive sensitivity. Both patterns are preferably formed
in a single operation. Any focus errors will be shown mirror symmetrically with respect to the
half way line in between the adjacent extended patterns, while XY -encoder errors result in a
similar shift in both extended patterns.

[00144] The focus sensitive extended patterns can be formed in at least two

directions over the surface of the substrate similar to the embodiment shown in Figure 3. This

will allow to obtain a two dimensional map for focus calibration of the substrate.
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[00146] In a further enbodi mnent a special purpose extended pattern is

repeatedly forned in subsequent steps of the nethod. This will allow
obtai ning a neasurenent results for each of the nultiple extended patterns
and will allow repeating a calibration and in particular averaging

calibration results for obtaining better results. [00147] In a further
enbodi nent the repeated steps for formng the extended pattern are
performed under slightly different circunstances, in particular with a

di f f er ent RepédtiiRopmiiLthaRRANALY Pafibin UP. Different setup parameters for
the lithographi c apparatus can be wused while formng a simlar extended

pattern. Preferably the sane extended pattern, using the sane patterning

devi i der . di f : i nent
ceveral - oo, NSy ortic Rt EhaR ol s YRR AFEARERIng B FRAGATRRCFRE,

[00148] Themkqy melipxdxesded paaiisinnabegien eufsoAnedtentd ¢dpatict:f srfemticdsecsatl up.
The height paranmeter of the substrate table is a ju%t ed using the set up

modul es ofimehdl PP ERBEAIAISAT e sapp s¥tardad naffer it frmet R lURIBSitegt BN Bice WI i s
arranged @ﬁterﬂ:'eﬁfp fi&Rlis f&%g@{lﬁngg E’%ﬁ?gﬁgﬁ?ﬁffg %fiﬁrﬁdsimﬁéibaﬁﬁaﬁlﬁgxﬂgntm\éirﬂﬂar%@t the

substrate tabl e during exposur orm ng extended patterns
formed w ¢ofpaints firethe phttereingplepie anesed repeatedlyal | ows obt aining a nore specific

calibration fo ar amet er 00149].. Repeating form n eci al pur e

ext ended pat t ol1H#8 by of BrBTeT STHHImER A pecHT pUPOS Fosel Rt s BRe i or
t he par anpin@kd iPsubSeduht sRipd betheWhdthod. NRisSPRIGIR oM hDE S &XleRRACkeRaLster N.
By varying Z during different exposures of extended patterns, these

ext ended gashiwoéihesmultiplefestandet] paigars andfwilladnw rEpesting p calivratiorsandia egrtignyr

t hese ext ended tterns will- all ow uring the results of the different
toror o e SRR I For Rt RN s 0 TS LS O ol ( he

resul tant LVT ppeig7jext engediupBérd @ibdivhent thk febedtedsters ol fithlingdthe 2¢tehdial
varying of the Z set up. This allows further detailed setup. .
t uni ngi capattsrmarepariommadimder shighly dHfment cappastandss. in padeslr with adiffewBodi ment

e oL B SRy T3, LRy LB 1 LB Sl
regar ded wed odiilelforating asimikk dstendadrgattem. Plreésebletlicvadedxpatit@patend, asmgdhed t h
O oot elR R0 C0L 000, O BT oYed KL atl on heLuecr Lhe s codp
hori zont &l ¢ §B} Eitetd palléms areRY AL dRceRAHRTBE Sheér,

[00148] The formed extended patterns can be formed with different Z set up. The
height parameter of the substrate table is adjusted using the set up modules of the lithographic
apparatus such that the substrate table WT is arranged at different heights during exposure and
subsequent moving of the substrate table during exposure. This allows forming extended
patterns formed with different setup parameters and allows obtaining a more specific
calibration for a parameter.

[00149] Repeating forming a special purpose extended pattern is preferably
combined with variations in the set up of the parameter to be calibrated with the special
purpose extended pattern. By varying Z during different exposures of extended patterns, these
extended patterns are formed under different Z setup circumstances and these extended
patterns will allow measuring the results of the different setup circumstances. When e.g. LVT

marks are formed, the shift of the resultant LVT mark extended pattern will differ as a result of
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An extended pattern on the substrate table [00151] In an enbodi nent an
extended pattern is forned and positioned on the substrate table. This
allows direct detection of a property of the extended pattern and therefore
of the substrate table WI. The extended pattern can be forned on a
substrate that is positioned onto the substrate table outside the
supporting device for support the substrate. The substrate (table) WT)
conprises the extended pattern(s) as reference nmarks. [00152] The extended

pattern ofetyasissbsthe 2t Rt iR hes ARRysFBrthedew@sd séiap RchgisitiBgitioany thef t he
t echni ques descri bed above. [00153] In an enbodi nent the extended pattern

on t he subthogmphictagbiratuss formed in an operation after installing the

i thographi c ARRASAL U5 2l At eén@o%?&%titﬁye{t%dehip%héﬁs fom%%gﬁ%are@@;ﬂeﬁeaﬁ&eer n

can be used fo nt enance during operation. e exten attern can be
used for aepsiol erahd the akicads] patterrpat diffevdra pogitsist witindiffecak sdugtcanhs .
[ 00154] Extended patterns_on the substrate or on the sHbs.t]?r@%%r%?lsaelﬁp.forned

accor di ngregardgAys ealibrajiondields: Fydeer tash suendadpattsms forpd o
detectio ng@ Q&ginﬁgeﬁﬂn rovel Q{IQti(}rn%t\Léernstﬁe A8 R ah@hePhardiifere¥ bedBehted, in

pattern. ore sc [ auxilrary steps for inproving said scanning can
be per f or segtcaindembddimbe beiveren sdedzaval, shik pod thee’, Radud &y path@oB55] | n an
enbodi ment the extended pattern is fornmed onto the substrate generally
extending in a first direction. The extended pattern may be formed having a

28 nodul ahi,QRtentil@ pREehELA dRduBRAStO@BRY al |y in the first direction and a
nmodul ation is superinposed in the second direction. Applying a known

nodul ation to the pattern can be used for noise reduction. Applying a

nthe measur clarbnal - & Aed bl GuRARRARA R e po BB E L o

from thegiisgnakabléd. ThayhlMkcoRittectof 6£h propeal oMb erended puttehearslebarafbre
direction is provided durin the formng process of the extended pattern.

[00156] Teikthe rebstratedatyaty Brieiextendediattegheanthe forped erea wibsialriiAl Rpopiiene
substr at o h 3Rl G A0GHT dielid 'O doilPfor GRIBLA REaRSRRE AN uBAFAL | €l
0 a ng- 0

to a di re%rtllon novenen 6 stroke or rt-stroke nodul e or
gener al | y(tpe)eW(€) cdngprises ficiextendled pettegl(oiealrefoaninee matlkage coor di nat es

system In a THiSBS MR Sithded patterh o 8% subdirafo B Eaftbe & viak) RAHREA LIRE =

any of the techniques described above.

[00153] In an embodiment the extended pattern on the substrate table is formed
in an operation after installing the lithographic apparatus at its operation facilities. The
extended pattern can be used for maintenance during operation. The extended pattern can be
used for on-site calibrations, in particular positional calibrations.

[00154] Extended patterns on the substrate or on the substrate table formed
according to any of the described methods are in an embodiment of a detection method scanned
along the first direction of the extended pattern. Before scanning auxiliary steps for improving

said scanning can be performed and will be discussed now.

Exposure modulation

[00155] In an embodiment the extended pattern is formed onto the substrate

generally extending in a first direction. The extended pattern may be formed having a
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onto the extended pattern by sinultaneously noving the substrate table in
the second direction perpendicular to the first direction. Said noving in
the second direction can be the result of operating a second set of

| ong-stroke and short-stroke nodul es. [00157] In an enbodi nent the
nodul ati on can be a regular pattern such as a sinus wavelike pattern. The
nodul ati on can have an anplitude of, preferably at |east 0.5 of the

di stance between the grid lines of the extended pattern. In an enbodi nent

t he nodul glddgIatibRasSTHR pattéh@Rtends@retdligan thidhfrsndickstian waxha andulatvieisa
wavel ength extending in the first direction, whi CH wavel ength is
pr ef er abl §uneswosesHR thepegondlirestion Applyinga kpqvn modwafion todhepaticghaadr sel an

embodi Menf, b TRAKLAL |Abilife b0 SR SN frolbibahbefighst 1D HRULHSHDNpIARST Al | NG

t he short-stroke ving the substrate e only. [00159] Since
a known nedutatriotse in thesn@auiedpineld Sowrt thet hedwdatienid édowaittcen be rengewed dgpm

subsequent neasurenents of the extended pattern, said  nodul ation.c be
account edtl}eé}gnatj iP fhen @G?té‘rfﬁﬂproézglg"ﬂ%‘fep"é‘iﬁ%l tﬁﬁ S%CQB& gﬁﬁ%’r‘?f’llﬁpr%ldg‘g BP%I&% ed

for, resullifgnihd phResOriBINGEHIdRE pali@R160] Further reference is made to the
above discussion of Figure 9d for  another exanple of exposure nodul ation.

29 Forning aux[Q0il&6ly el efemegeided pattan i formed on thefsebshiairbyt heviag thersybsrate

pattern o he substrate,. alignne marks ¢ f oy 0 ate
by usi ng %ﬁ{? ag‘?ngtan TSL%IES%lOP’etb%nﬁoﬂﬁfe%e. gef‘ﬁragﬁ pgrrln{)lgledtf) r?e(frll{ggg% c:;|fgllér#r;r|‘gen e%?rgl; s are
provi ded pRglshBksubSbIaRke Hodnletlo? fgéﬁrﬁﬂ)ﬂﬁhrhlm t@xit gxislefithpatdbat wafe 9621
Alignnent marks, at |east two, preferably at |least ten, are forned on_ the

subst r at ecegidinatcs system. Ly aifagharsmbedisant sitaltapcopskyet mad Hatygiss syRaIMPOse
respect t zer It ani . I : t -and
uses the PBPHET S BEE Rty sOLIBRLIRYRE, B PR LALEYL Bl KRR ARERGAN
posi ti on, pérperidicybrss it ferst dirdcticia dadd moeing ifi trerseednd drctBorden heah¢ ssult obnt o

the substrate at a known Location. |In, subseguent steps of the nmethod the
rel ative pssatinggnseced soh ol lopgshaegaidahRrtyine eF’é’QB%E’t to the alignnent marks

s known and cfipibg USedy grerhiRthbdhe hBRuEKPEHAR HRElEF Butck0RLRELal n an

enbodi ment the extended pattern and alignnent nmarks are forne in a single
oper at i onsiats winelikx paiteen.SThdenafuldtive chi hixegmaypiplicudepdapraferably atdeash 0.5 of the

gggg? Ir g?géﬁs{qﬂge téq?\%éq%gg?e glta% ggéskosf ﬂ?eneqitén &d S&‘&e‘?n”. g%n Qr%tog)(?ign%n e nJ:o LY 1gn REs 4 he

larger amplitude. The modulation can have a wavelength extending in the first direction, which
wavelength is preferably more than 10 x the size of the grid line pattern.

[00158] In an embodiment the modulation in the second direction is provided by
operating the short-stroke module for moving the substrate table only.

[00159] Since a known modulation is superimposed onto the extended pattern,
during subsequent measurements of the extended pattern, said modulation can be accounted for
in the measurement signal and can subsequently be corrected for, resulting in noise reduction.

[00160] Further reference is made to the above discussion of Figure 9d for

another example of exposure modulation.
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exposure step. Both the extended pattern and alignment nmarks are devel oped
in a single step. Any positional encoding errors in the alignment nmarks
will be present in the alignnment narks and simlarly in the extended
pattern. [00164] In a further enbodi nent both the alignnment marks and the
extended pattern are projected onto the substrate by noving the substrate
table to respective positions. The positioning of the extended pattern is
only a relative positioning with respect to the alignnent marks. In fact

t he extenﬁeﬁnﬁ@gﬁﬁﬁh#selgﬂﬂwd at an undefined position with respect to
the alignnment marks his allows form ng the extended pattern in a single

step together with the alignnent marks. Any correction for positional

errors are det and/ / t aal uent
detection step anﬁﬂor ca |b}£Eg?(|§g{1 grt%ﬂg %Bﬁeggiahlgﬁ“gﬁhé%bsg&e ment” at | east
two or nofmarksaskbe foreed on ecubseite by tm@ amy didleslitrioom tacithi@rs.dndn embedinent of
t he extended pattern These ng ks vm Il be ref eiJf')red t.o as tended pattern

al i gnment agment mppksEe provided onthemibsisate Prigr 19 tpyng the W?@ﬁé@ﬂﬁ%t tern

formed on the gghgsrate, Al B iRt QAf 1chftewb! RBRF bl Lst 18fst tCar® XS 8RARM the
pattern itself are rreasure The marks are positioned parailel to the

ext ended passtreteand e skgmhg thepebsgiaihe nid dertain mbitwntvaﬂB@SmﬂCbm aerelposieerent

pat torn AUBHEA b PHES broreRra e ot PR cantct Hlar e ERe R oBgES) 10 an

enbodi nenfuyshate xbaNge dligalitpREMoa) it BHMable iR i&liAE EndRmithOBaehdedpatiit@ or
on both sides along the extended pattern on the substrate. In an enbodi nent

t he SxéI epfe dhpabstaate at kupreleeatingr kssubpesuertrsiend ofithegaethgd the relaties Rasitipn: he
t
Shove an Bt ELBT Y RunPEPebiiR ' Db RgHind RS i g o IRIRA gl iif ©

formed onihchetean@ibpairiie as extended pattern alignnent marks. In a coarse

substrate ali gnrrent step, an alignnent device of the |litho raphl c tus
can measure t hWOLB3s| t i ofn aprenihpdimhert ke exgrndsq pajtaom ahens t‘ﬁérkéﬁfegfgg'@?iﬁ

pattern 103, Q‘E@e dr@iiod Qqh%%%%tsf %g%%%l]rﬁe 1?]1{ phﬁcoa GAfust RearfhsaehRRd t ern

along the rection I ment extended pattern
al i gnrrentaln’@lrﬂmt miarkspad i mmﬂeahpatemanfende(h@cﬂm(mbmat@mmgh omgrear the

oxtended Co s Lneoh 08, S 100, R0 LEE B IR LB ELANES o
Using an Any positional encoding errors in the alignment marks will be present in the alignment marks
and similarly in the extended pattern.

[00164] In a further embodiment both the alignment marks and the extended
pattern are projected onto the substrate by moving the substrate table to respective positions.
The positioning of the extended pattern is only a relative positioning with respect to the
alignment marks. In fact the extended pattern is formed at an undefined position with respect to
the alignment marks. This allows forming the extended pattern in a single step together with
the alignment marks. Any correction for positional errors are detected and/or measured and/or
corrected for in a subsequent detection step and/or calibration step.

[00165] In an embodiment at least two or more marks are formed near a begin
location and an end location of the extended pattern. These marks will be referred to as
extended pattern alignment marks. These marks can be used to align the extended pattern
formed on the substrate, before any of the properties of the extended pattern itself are measured.

The marks are positioned parallel to the extended pattern. The skilled person will be able to
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al i gnnment neasurenent scanning both extended pattern alignnent marks 111 at
both ends of the extended pattern 110, two positions are obtained. A
"straight' line 112 between the positions can indicate a centerline of the
extended pattern 110. [00169] In an enbodi ment nultiple zero marks are
formed on the wafer close to the extended pattern. In an enbodi nent sets
of two or nore marks are formed to indicate positions or another property
of the extended pattern. In an enbodi nent an extended pattern alignment
mar k i ndi adade diffeehf tecimifnes fpodighinprthefithoephixtappaiaths pdth the Bxtehdedgiattern
enbodi nent, the off-center position corresponds with the position of one of
the two nédimegdendhs gibstrate heldignghe pehstratsstagsr ni ng a f1ank scan according to

an enbodi ment i nv i j l.ai : j

ot ai - pr o medeno8ep B e SpGfimbh the bRcRS A el A NARS alchoihed
met hod of atetsstinigtiasifesoparg the eftetdel pxttmnoate sypstraer n aoapbddseentfthe st
aligning the strate and the extended pattern. Aligning c ri ses_at
lenst 11 natat el s DeparaTorS praprian ey i Bl SAF MRS s
al i gnment ,8818@01s shown iBlighRrd.orm ng the neasurenent along the first
direction. The substrate can be provided with auxiliary elenents, such as

mar ks, for hel j#H§7t o detigum hehavrenraidsestion qfegickicoded petterth 803, eshewitded
pattern and/.or e substrate tahl i th t t k0 a first

B or 5o BURGT 104 P RYRBH 08 HE BT I el i eBut R hadetid ng a
property efibstra abixioaettp, pablighient asiBdofahc tihe gtiphiRtappiratus che meedus@the
measur enent ,s_cant) can be preceded by noving the stage to a zerp' position

and subsef@uten 9f Bermpiiigt boweageobibe gricatrd/Rster YPawdaligh Bvrsuhitete @ i gn.
In an eWbBHig ca@t%%ﬁfeﬁﬁed\ﬁéﬁr%ha@:o{égﬂle rSfiteRti to capture the

substrate. er coarse wafe the substrate grid is known
accurately eno{(fi68 pr eHi atensbddimentkestepdal gattonsalfgoment marks aefpesitiahédyear

Such alignnents are particularly advantageous if_ the supstrate is |oaded
from a | BAERhIFCRPRRY oSl Hbe SHsateCitaet i of s evioy Paleraas s waRy s

al | stepsgyikd ¥, FroRfhbRo £28 nPek 1 PEITREIEIxddnded badtdny ‘ﬁiig‘mgélw n%ﬁ.%ﬁﬁ%’ eélfo at he

hi gh speed and/ or at |'ow costs). During the fine wafer | i gnment
mar ks ar ealigusant egasigerdett ecannmg ldtle exdiendedtpatierhpbighinenimaks 1 heatdyotteerdis b

tt i.t h_hi gh Det ef.imi ning, the . ficst.directian. | d t
Daner are HeespirharEt B rurpeaiiaarb st A e e Lo Fettdf api e
al ong onep@fitidliRaRKidscatf a édierRROH LS 8k@nddiSTa8BMn 110.

[00169] In an embodiment multiple zero marks are formed on the wafer close to

the extended pattern. In an embodiment sets of two or more marks are formed to indicate
positions or another property of the extended pattern. In an embodiment an extended pattern
alignment mark indicates an off-center position of the extended pattem. In an embodiment the
off-center position corresponds with the position of one of the two near peak zero crossings for
performing a flank scan according to an embodiment of the invention as will be explained

hereunder in more detail.
Pre-measurement steps (alignment)
[00170] In an embodiment the method of detecting a property of the extended

pattern comprises first aligning the substrate and the extended pattern. Aligning comprises at

least finding suitable relative positions of the extended pattern and an alignment sensor for
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corresponds with the first direction of the extended pattern. [00172]
Rotation of the substrate table WI' and the substrate maybe used to find
the first direction of the extended pattern. [00173] In an enbodi nent the
substrate is scanned for auxiliary marks such as the extended pattern
alignment marks. In an enbodi nent zero marks are positioned at extended
centerline positions on both ends of the extended pattern, and positions
thereof are collected during a quick scan of the wafer, in particular at

the nmeasuberfsindfg ffe hfiBulelideROAbAPIME Fir ARPRERH The siRREhicican be pfovidia va@T 0
mar ks can i ndi cate/ provide nmuch information with regard to the position,

t he di r ecoivohararelienndnss, pudhprsmparks forfhelpiag exdeserane Pparelative popitions af Bemat i on
i | I ected d i b i : j h
ot hod acCEvBRpBERERT HePr it BRI bR T b RaR AR Y sonh " e ks

can provi dee@ioposition of a centerline of the extended pattern, or an
of f-center position. The marks can indicate properties of the nodulation
in the extendef0MAdl er n, Isteembedimenteaetipgmegiirmeagyardtyt thhexiopded| engt h

or anpli byt?e?n %nﬁeﬁ%nqpéi%bgttr&tﬁghe g&uglqgé%&%eﬁ{é:ﬂt %nfér?ﬁggiﬂf@d%ed)ﬁy fn%@ing the

i nvention; a prescan or alignnent scan exte patternm i1s
per f or nedstage tohe’ zsel podiich areictubeayuerdhy perfiresigemstage alpadntor detabahsubstrathe

iti f t t d tt i h d .di ti . nbj ti
Bh o seabt b e an Bt a e PG AR oieps Bird i e wPs G ST s
used to dghesnlips thdQunbirds bridid GO cWaldly bR 3G HdicRaIE HaREWpositRAd #R] The

prescan relates to a physical paraneter of  the extended pattern in the
second di fisewiatm aligm S@;ng eligoekinteare peitticulady adeantagepes if drecwbetitdip lneleddpni n a

and secont HEPERHBR e v SRR aCabe o TR A HPERAER s b

| ar ge angt)ﬁ‘ﬂirﬁleﬁ hereptiReBiew abburady @i high kh&ud antllor aElB&Wosts). Dhaingthefipowatet on
of the extended pattern is found in both the first and second direction
wi th onl yaligngeens stgp, theymarksei eamweedsie sistaratngdhe dirertignipgsiion af @eievkenged i ne

tficient "0 e . . |
oot et e A0 PN debfphllie BESFARGRS WEh L, Bilde L DS AE
(i nt ensi t ysteimmyucheharaasaiment digeaubsrddabixdanded of flatak arof tleawprdisess yateaet

of gridlines protruding towards the alignpent sensor. In an enbodi nent the
al i gnment CEERYRdsvEthhe figd d&??tfgrneftftth%??‘tg"&gg(ﬁ’aft%e and the gridlines can be

seen as a grat im72] Rotation of the substrate table WT and the substrate may be used to find
the first direction of the extended pattern.

[00173] In an embodiment the substrate is scanned for auxiliary marks such as
the extended pattern alignment marks. In an embodiment zero marks are positioned at extended
centerline positions on both ends of the extended pattern, and positions thereof are collected
during a quick scan of the wafer, in particular at the measure side of the lithographic apparatus.
Positions of the zero marks can indicate/provide much information with regard to the position,
the direction and the properties of the extended pattern. The information is collected and
processed in subsequent steps in an embodiment of the method according to the invention.

[00174] Extended pattern alignment marks can provide a position of a centerline
of the extended pattern, or an off-center position. The marks can indicate properties of the
modulation in the extended pattern, such as information with regard to the wavelength or

amplitude of the modulation.
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Fl ank scan positioning [00178] A nethod according to an enbodi nent of the
i nvention involves detecting a property of the extended pattern using an
al i gnnent sensor of the lithographic apparatus. In an enbodi nent a
property of the extended pattern, extending in the first direction, is
nmeasured along the first direction of the extended pattern. To neasure
along the first direction the substrate table is noved in the first
direction thereby changing the relative positions of the alignnent sensor

and the _extendf(ibmé#tern{n LOAEQiimbs FMhembadionen prestdhcoraBgsteadcat ORBEL Y,
such as intensity of diffracted radiation, is directly related to a

physi cal pxtopéadtpatiem is perferatedrin e sseandedivectiom d hisprgsean icused fo deterning s cal
property of .t.he tended pattern.in i [ : ows
reacur i gPes ity o bk FRERGIRAR dhdieb i SRGRGE SbEFinkfh o B peclin 012
posi tion af Hdigfetdheposaxinan dedirpaditeetion istisédie deierainedhe fist dicwtioB #ith@@d868Ed The
scanni ng of any enbodi nent of the extended pattern fornmed on the substrate
conpri ses2e@¥EFti on of a property along a first direction of the extended

pattern. The WZ?IEHQ i g hpgrgel QhBige {oﬁ}gﬂ@ic SirALtkYo rhd SdHakd bétﬂ:?n in the

positioned at rence p tron o relative positions in the second
di r ect i ons@bnd Hrestimnsbr ancambadivecre thesprtadetpaistdetented [b;y g @ ddiggstiomxanpl e

of such a ljine is illustrated and the ference,position in,the segond
di r ect i ondflbergtelyicEmpEEIng acRmPOnSH, éphlb%é iﬁﬂ‘?’ W§°tﬁ@1§r% 8“4 %EICB’?‘QWE%(%OPgﬁHS Eent er
poi nt of 24AMRESS ARSIHY MBFelatively MR @A MHIRAE cfRARA Tirst[HRIRTH wilberBure

further pre-neasurenment step the extended pattern is positioned such that
a desi r edthatuthepositibn pfibe axticgdndmatierséntound insbogle Hiedirsidndpeaond diseqtieos paidanly o

t he measurenent amof the ali Nt  Sensor..r.eachi tantially a
center of O?%%Caﬂ‘aﬁtﬁlog‘}y MEE" n%eflg‘?’ 'S rllse%lfel%lglg tgrg‘rg Sfﬂé?egggﬁgﬁlg g ZC 1 and zC2,

as outlined ingmyeg det aBbth iatk ptedcdnhtissvellosuneitt actaOthb8Rerh¢ht 8thns (such as
enbodi ment, firstly, the substrate is positioned such that a, neasurenent

beam of t the flank geanshthesdatectnd prapeEh-antensii may e mseswad Berape the FREp¢Rsr al | el
e . ‘ .
gri dit neszl%tﬁleglﬁ o Sp@%ﬁé@@t Cﬂ?#ﬁ&ﬁr{e? goeiiﬁ{gill‘%l'p{g&gfdgtﬂ% EP ! h%n@s%ﬁé?ﬁ.%%ﬂ ehBofintknt

Fi gure 3, rac roperties o e pattern are used and
pr ef er abl yhenmbigamestchensbiiissofithy difieaqrienfbasadespe iy the gridijndslven be behraanerdtsigage)
in the second direction, as schematically indicated in Figure 4,

preferably perpendicular to the first direction. The second direction can

be gener ag|. ARk pbéitiohitg

[00178] A method according to an embodiment of the invention involves
detecting a property of the extended pattern using an alignment sensor of the lithographic
apparatus. In an embodiment a property of the extended pattern, extending in the first direction,
is measured along the first direction of the extended pattern. To measure along the first
direction the substrate table is moved in the first direction thereby changing the relative
positions of the alignment sensor and the extended pattern.

[00179] In an embodiment, the measured property, such as intensity of diffracted
radiation, is directly related to a physical property of the extended pattern, and in particular to a
physical property of the extended pattern in the second direction. The method allows
measuring a physical property of the extended pattern linked primarily to a position along the

extended pattern in the first direction.
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t he second | ong-stroke and short-stroke nodul e for noving the substrate
table with respect to the reticle and/or the mainfrane of the |ithographic
apparatus. [00183] The alignnment scan is preferably perforned by noving the
substrate table in the second direction, or at |east a novenent having a
conmponent in the second direction. Sinultaneously in an enbodi ment a
position encoder or interferoneter provides to |I|ink the obtained

diffractive pa to ap 03|t|on n t he, subst r t bstrat | e.
Hoo16a] | nean Wi 1one TRRSabn R R Art SRnRIRRALE e Ml ralr iRl AR T
ext endi ng sib¥trhfe@ofipkiSés dbkdcl6h bR proped %@I@ngh fitétfdiRb@dt oftBs bitk®ded patieraBhe
second direction. Fn an enbodi nent these extended patterns are forned in
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Figure 5a, a pe maxi mum out put signal is obtained, which occurs when the
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I n an advant ageous enbodi nent the detection nethod records a hysi cal
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t he recorde al ong t frrst can tensity
resul ti ngb§ mominighiee dibktrata (dtages irpthe peaohst du‘écttdmeasaschanelteamlpamdlerted indligurg 4 he

second 0 et e TIekel AT Ve PEOREEAY, L2 Ot Sensit veon Lhe, (hgpks
mexi mim S@R3bddnd i180¥e- stAvketall€ short-stroke module for moving the substrate table with respect to
the reticle and/or the mainframe of the lithographic apparatus.

[00183] The alignment scan is preferably performed by moving the substrate
table in the second direction, or at least a movement having a component in the second
direction. Simultaneously in an embodiment a position encoder or interferometer provides to
link the obtained diffractive pattern to a position on the substrate/of the substrate table.

[00184] In an embodiment the substrate comprises multiple extended patterns
extending in the first direction located at different positions in the second direction. In an
embodiment these extended patterns are formed in parallel. In a single stroke in the second
direction, diffractive patterns for these multiple extended patterns can be obtained. In this
manner the alignment data scan in the second direction is performed more quickly for these

multiple extended patterns.
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derivative of the intensity to the y position (second direction) is highest
at the flanks. Further on it will be assunmed that the neasured intensities
are pre-processed so that the peak mnimum intensities are registered as
negative peaks and the peak maxinmumintensifies are registered as positive
peaks so that the flanks of the intensity profiles conprise zero crossings
(figure 5a). The diffractive property is particularly sensitive at the
near peak zero crossings ZCl and ZC2 adjacent to the position of peak

maxi mum out put [o0iBsp | S heeaiase @lrvd SRth@isdnincnsepborariot sigaxliabang thegaoond t he
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by posit bapindgial & chtdisdd; athéchi ovctisevidinteelignmepesepsords eligreed with 4 ¢matreiofies
as close as possiple to either  of the near peak.zero cfossin ZC 1, ZC2)
whi ch t huﬁi_%@#\ilél SrMPé}nér{%é“ BB%F?“itfg?ﬁ%‘?"aéﬁ8’?8‘3’;?{‘1@&‘1%%“;@%%&8%4&5"%4%i ty in
the direct a@i@ll??érﬁ’&ﬂ@baﬁféhﬁfs O%Paiﬁélaealﬂehﬁ?e?y pRvidige phkahHeumsput Slgame afd 35
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crossing positions will be referred to as_flank scan' positions. [00189]
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to Figure e peaks of the
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ZC 10, zZC 1, ZzZC1 2 d ZC13 N be t f it i th
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performed, t seco scan shou performed at/near a Zero-cCrossing
havi ng andogpiosichebsthepetendyaeapilise Toémpbsdiffsiaive porsity af ilerextended pattem and
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set tings. inJHRAG pRATIE HNYhCRBoRPIIFRYEH (BRENMELHopDE matirgita seb@lifyPhs then t he

enbodi ment, the extended pattern is scanned in the second direction.
derivative of the intensity to the y position (second direction) is highest at the flanks. Further on
it will be assumed that the measured intensities are pre-processed so that the peak minimum
intensities are registered as negative peaks and the peak maximum intensities are registered as
positive peaks so that the flanks of the intensity profiles comprise zero crossings (figure 5a).
The diffractive property is particularly sensitive at the near peak zero crossings ZC1 and ZC2
adjacent to the position of peak maximum output. This is because at the position of peak
maximum output the largest number of parallel lines contributes to the intensity at the peak,
giving the peak value, whereas the zero value at the crossing obviously remains the same. The
distance between the peaks and the zero crossings is constant.

[00188] According to an embodiment, the measurement is preceded by

positioning the substrate in the direction perpendicular to the lines as close as possible to either

of the near peak zero crossings (ZC1, ZC2) which thus serve as reference positions. Thereby, a

maximum sensitivity in the direction perpendicular to the lines may be obtained, as a slope of
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During the scan the alignnment sensor will output an electrical signal
corresponding to the neasured intensity. This electrical signal is used to
determ ne the gain of anplifiers in the alignment sensor during the actual
measurenent scans in the first direction which will be perfornmed later.
The gain is determined so that the signal does not clip at maxi num
intensities, giving maximal Signal to Noise Ratio when the intensity is at

its mni nﬂ{@&@;ﬁﬁx@é R PSma B i A a0 poihi Kay kRoRin ld Bihad éﬁt@u&ﬂfp@@éxﬁﬁﬁlt
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denoted as " Vc settlln8 const ant veIOC|t¥35ett|ng [00192] In an

enbodi men¢orBINAGPARIGT b%h%h@cbbﬁgblcbgﬁ@HZS diffraction orders, the
peak-peak si gngd b@] TBXi fHaZﬁ.ﬁithEroém n%ﬁngﬁh&ﬁ?? 9% ARl sebdnd qureza&l o@ﬁfeg RET
accur nen I'S
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sensitive to stage positioning. 00193] ILn an enbodi nent. an auf gmat.i ¢ gai n
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contain mmeaamﬁmmuﬁlt)pdﬂmmlmcal signal is used to determine the gain of amplifiers 1n the
alignment sensor during the actual measurement scans in the first direction which will be
performed later. The gain is determined so that the signal does not clip at maximum intensities,
giving maximal Signal to Noise Ratio when the intensity is at its minimum (zero) and
maximum sensitivity. In an alternative embodiment the gain is determined by scanning over a
fiducial. The fiducial comprises a fiducial marker. The fiducial and fiducial marker are
~ produced so that the maximum and minimum intensities are higher respectively smaller than
the intensities expected during the actual measurement scan in the first direction which will be
performed later. The gain is determined so that the signal does not clip at maximum intensitics,
giving maximal Signal to Noise Ratio and maximum sensitivity.
[60191] In order to construct an intensity versus position signal, intensities of the

alignment beam measured by the alignment sensor and the position of the substrate table are

sampled at exactly the same time. The synchronization between position and intensity
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such that the conplete set of extended patterns will fit into the nunerical
aperture of an alignnment sensor, for exanple in a CCD sensor. The imge of
the pattern will then result in a periodic (sinusoidal) signal. Then it
will be possible to performa periodic (sine) fit while scanning in the
second direction. [00195] In an enbodi nent one or nultiple extended
patterns are read out at the sane tine. This enables calibration updates

d mai nt f eat . 14h I ht o1 Wit hi '
aper tur o S srene B 0Bl Bl TH ot chithainfiel PRy BeTRE bE e
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posi ti on neasurenent system can be perforned, using the alignment sensor
out put si grk¢s the stagé muple mexpSAPHEE (q HREFPASHIONNR s docunment. [ 00197]
Furthernore, b i ng use. o0 i : : SERg eadhhe
raster depict egmlqﬁﬁzi gur i“ %é,mtgo(%ﬂln%ta iaﬁ'lgong%m%iaﬂsa%ﬁg%éﬁ?g&at rét{eg?trigvel y
short nut gakbctibinsdranceserided paioirakblved thadiist direvtipn r Bdsigldowsoercobh@gdionetéingsor s
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nore di st fnrcagtnscap plome ke Bt ictigRcor ding to the conventional  stitching

approach. By pgfﬂflgﬁ]m ng irpé{?erﬁ@ddilgéﬁtthé’@xﬁn%ﬁ'ﬂaﬁb&ﬁs E&Mtaidt aBlatoaht dfpaetbms

extended patterns ‘along the raster, the calibration can thus be perforned
for a pl uswhithyt td comslbteisenst esfendérbpatoaissvilldfitantottheypumertg! apastupoisdy f or ned

' both x al?gnrgnt%lt (sjfisnrsgﬁ tféroer)]{artr)l leq% ‘éi(?@D légnesmc').fThtr:-):C{Itnta{ge 9f thé %gt-ke%q %Viﬁﬁhe%qgsuﬁﬂﬁtaer :
periodic (sinusoidal) signal. Then it will be possible to perform a periodic (sine) fit while
scanning in the second direction.

[00195] In an embodiment one or multiple extended patterns are read out at the
same time. This enables calibration updates and maintenance features. These marks should fit

within the numerical aperture of the alignment system.

Measuring along the extended pattern

[00196] In an embodiment, after a prescan such as a first alignment and/or an
alignment data scan, the extended pattern is scanned generally along the direction of the lines
of the extended pattern, that is generally along the first direction (x direction according to the
embodiment explained using Figure 4). In an embodiment the substrate table is moved in x

direction. Thereby, any deviations of the parallel lines, such as depicted in the enlarged view of
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[00198] In an enbodi nent a scan of the extended pattern along the first
direction conprises noving the substrate table using one of the

| ong-stroke and short-stroke nodul es, and "|ocking' the other |ong-stroke
and short-stroke nodule in the second direction. [00199] In an enbodi nent
the substrate table is positioned at the scanning position in the second
direction y, and noved using the first |ong-stroke and short-stroke nodule
to a position beyond the extended pattern formed on the wafer. [00200] For
scanni ng FhgpreXnewdidds pefigercrt, alilb rayult rea thange indfhe @otpudsignal loé thedhignmante
table is acceleragted fromits startin osition in the first direction and
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formed over a larger part of the substrate, e.g. 300 nmm _in abqut 1 second.
In prior SGM FANRFPRERERCH using thesizpmeniseny PHpubsignatias ¥l befgripmedustar i
consi sts ﬁﬁséﬂﬁnﬁﬁﬁks with a1l mmpitch and woul d have taken at |east 15
seconds for only the scanning part of the novenent. This is because each
mar k woul d be HWafTied separtlatrmbie, beawkirty uve of e gliralitp of titended|pattémy (of. thdhe
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val uabl e tine. time Saving of over 90%is obtained. [00201] In an

enbodi menintapolatedietemntmutudismenctdisiag calibratien poifis agcordmgdn therngadentigatit er n
wherein t l.ines for instance are built.u f .several, separate features),
S posSghine Faprof BYePRsR s AibiRstn EUST RpppARF oo eiet

di scont i nygensexdBEthsRAth@salibyion ko iRdbe érﬁﬁ‘medfﬂ@ﬂﬂilﬂﬁliﬁwdl?m' i€ighs of the
propertieg as iné?gated i n enbodi nent discugsed above, these different
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ext ended ern, ] Wiile noving the substrate table at a stable

vel ocity ?ﬁéctttlﬁrés ?t;t%g?a%g‘el%r ection, in an enbodinent data is collected using
the alignment pensgir reslidnddbodinent datan ftkexdénded phtesns hlohg thedlrordirettien
first direction with respect to . a defractgge propeLty f the xte%q d
pattern, CYURRISE BoVingithe sybsirais sablgugng aneplithe langrsbigke prfbshort-stroke modules,

and ‘locking’ the other long-stroke and short-stroke module in the second direction.

[00199] In an embodiment the substrate table is positioned at the scanning
position in the second direction y, and moved using the first long-stroke and short-stroke
module to a position beyond the extended pattern formed on the wafer.

[00200] For scanning the extended pattern along the first direction, the substrate
table is accelerated from its starting position in the first direction and in an embodiment the
substrate table is brought to a stable scanning velocity in the first direction while maintaining
the second coordinate at the locked position. The scanning speed in the first direction is
preferably over 100 mm/s, and preferably over 200 mm/s. In an embodiment using a near
maximum velocity of the long-stroke module, speeds of over 250 mm/s and 290 mm/s can be
obtained. This will allow scanning the extended pattern in the first direction, said extended

pattern being formed over a larger part of the substrate, e.g. 300 mm, in about 1 second. In prior
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[00203] In an enbodi nent in one scan along the extended pattern, multiple
diffraction orders are neasured, preferably fifth and seventh diffraction
orders. Cbtaining data wth respect to nultiple orders in a single scan
allows interpolation of neasured results and in sone enbodi nents a noi se
reducti on can be obtained. D ffraction orders generally behave the sane
Wth respect to substrate reflectivity (such as wafer reflectivity). As the
substrate reflectivity increases the intensities of the orders al so
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m sal ignnent 1n any of the pre-nmeasurenent steps, a sinusoidal signal
arises as a re@oRo2lof thWhildinidvirgothe subspate pable atestdble vdherityan thedirstidirsctionpn Y
(corresponding.ta.line 82). .[00207] Alignment is sensitive t ositjon
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with respect to multiple orders in a single scan allows interpolation of measured results and 1n
some embodiments a noise reduction can be obtained. Diffraction orders generally behave the
same with respect to substrate reflectivity (such as wafer reflectivity). As the substrate
reflectivity increases the intensities of the orders also increases.

[00204] After reaching an end section of the extended pattern in the first
direction, the substrate table is decelerated. The obtained data is saved in a register of the
lithographic exposure apparatus. In an embodiment it is pre-processed in order to prepare the
data for further processing. Pre-processing may incorporate subtracting a constant value from
the intensities (so that peak minimum intensities are represented as negative intensities).

[00205] The alignment signal depends on the spatial position of the mark

underneath the optical module of the alignment sensor. Scanning in the first direction of a

perfectly straight extended pattern results in a dc-signal.
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conprises detecting a property of the extended pattern along the first
direction at the relative second position near the peak, indicated in
Figure 10 with Y,,p~k In the obtained signal the |aser noise is dom nant
and said signal can be used for possible noise reduction in the signals at
ot her second positions. [00209] As expl ai ned, by measuring on the slope of
the spatial intensity profile and noving along the grating of the at |east
35 mm at least 45 nmm at |least 90nm at |east 190 mm at |east 290nmm or
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obt ai ned, refapiﬂdodo aalalﬂams séad. HebOeMEndat ynalk hﬁ@eﬁmm robs@y asedretidt ofar i at i ons
in reflectlon of the surface of the substrate, thereby the two

measur eneRESlgEmeRtimgny of tﬂﬁam@ -MARYTARRH S5PS @ FETseidalsignal f1aies a5 A reszb of the

reflecti Vhffﬁacgf‘vﬁppcgyeﬁws e sgéon]ﬁhﬁ eEﬁ'Q?gr(?t% c‘JAtfdlh Q‘lﬁﬁt@ in Figure 5a the

sl ope of th tion signal has a gn. 1f the extended
pattern is def 02687 as aAtigmuért 19£enentwe|t<spco:h1mnng)1sefd)ren11y|gntheeil@etCér&mbed
pattern o rated in ur.e

nt substrate, such schematically illu
Phe Cari aoglopas R R o o0 F SdboBites T obse i Positon af i
signal s Wt heQRPRY R SHANIES snfdll dAThRRSP SKiforSeAll® th R SHARGERVAKiEN of
simlar, however of a differént sign (positive, negative). [00211] In a

further ethsdaienstytsigafl. f I ank scanning, two generally parallel ext ended

patterns 148, re us Fi After a.firs ¢an ion A
is found as a Eoéggﬁtl on @Pﬂg %tg hagé 2s%ll"eﬁ)ea oft asignal a{grgn %‘8&"" 1tvfsern 148

of the twsosgeseicadd syndaam@dldrﬁfbu%wen@l@ectﬁ@bbﬁﬁ@s;s zEfoomlpaanaﬂlmnélgnal
coordinate in the y direction in the indicated x-y coordinate system

scan in t¥engthgapedityshe laasiomy beserres demingnt- de e shbedimenkthe |d6@9t1fékmetha@d
tt h
ha f1 ontoiriee B8k Tiond it g BRERAR R R AR AR et B SOOI

sensor i nsegomt p(esaidmn:apﬂne pile |ind101tédma Hgire ndedt}p‘a;pu,aerln the dbthinedigindl hﬂee
det ect ed pro ertyds first i éngoseto zer (as it . i

.51 J S a.z
crossi ng) [BSYGEISES AR AP Fad ign s EEddRuPYss: Plegiseithdolign 405 fignals at
di recti onypth@csidgnaltions.! ! change when t he

[00209] As explained, by measuring on the slope of the spatial intensity profile
and moving along the grating of the at least 35 mm, at least 45 mm, at least 90mm, at least 190
mm, at least 290mm or at least 440 mm long extended pattern, the intensity variations as
function of the substrate table WT position can be measured at maximum sensitivity. The
intensities as measured during a flank scan, wherein the extended pattern is scanned at relative
position Yszc), comprise a noise component. Embodiments of the invention comprise steps to
reduce noise in the scanning of the extended pattern along the first direction.

[00210] The measurement may be repeated starting from the other near peak
response zero crossing: thereby, two measurements along the same parallel lines are obtained,
which allows to account any differences observed to variations in reflection of the surface of

the substrate, thereby the two measurements allowing to take into account such fluctuations in
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substrate table and substrate are noved in the first direction. [00212] By
nmoving fromA in a direction x, eventually the conplete extended pattern
is scanned and a position B is reached. Position B (again characterized by
its coordinate in the y-direction) does not need to be a zero crossing,
since the extended pattern could have a deviation at that very position.
I'n an enbodi ment the measurenent spot is noved in the second direction by
a distance equal to the grid size. The enbodi ment according to Figure I1 is

di f f er ent reflpgBvigy of theerimt oFthemnimstratre Asundicated i@ Kigwe Sa e sleperpd a1 Htaskor hat
it is pos§fg§llﬁ}ats 9 d%t‘%earé‘ntas p%ns f‘ﬁﬁé‘ gxt@%&eﬁ&%ﬁ?mﬁ%h%tﬁﬁﬁed]‘aé ﬂeEtu{ Qﬁerﬁo% Ei’ﬁl%g

direction ro Crossi

i ndi cat ed fovniifig ﬂﬁeleﬂteﬁd@umte&ﬂon th sutatragnsehtas schegaticdlls ﬂlhwmsieh Pt@rsa ahet he
ext ended pattern 149 fromC in an X dlrectlon al ong Ehe extended pattern
149 t owar §84 prorsgwonly Yere i Yohe Posiiens wilbresulbresignalwith arprsiie ghangsy Gh an

enbodi ne n% 1 o g_[tQ E&ﬂ%ﬁ%ﬁﬁ%&é RERIG! We\}ep P4 Bferdn? 31%18 r'@%)eglv%' hd 'El@é)t ZEro

crossing ere sequent a scan i s per fro to B*,
in a directi on[(lﬁirlri)] et el In & turger embmdlmenmfrfhmkismnbfg, tegdrerally p;lcadhl of

ext ended att rn 148. en.a Ssec a fferent zero [ 0SS C*
'S perfor hefitisadh Tag el TheteT At et B o b i
The net hOEos’iﬁ&r%ﬂi 2 t@séfﬂ@ffaqaraﬂeanhtad f)@cﬁsztt 148 of thevavd ée%@ﬁll?%ﬁﬂllglaéx@enﬂ@ﬂ s
that will allow to separate reflectivity and diffractive intensity 00216]

Scanni ng battemsk Fhare posihien Ade t:hordmterledlhme dﬁ@ﬁtl;‘)é i ﬂwgeldatb@' XtYh@Ol’Chmie ment of

t he substra e .tabhle, laser ise S . at.ed t c at ure.
PR LRI R L S R I R R

the exte ngeeorﬁ@tit Ehidlitogmphic eﬁpaﬂﬁheﬁtdoﬂ@olaed@ut:tt thac frbimes ﬂ{eCSIO.BﬁtfaYe ablE WT is
preferably nultlgle orders of the diffractive signal are nmeasured. The

met r ol ogyM@Ew withrespegide theraliggmantienns in 9 dth‘Ctth?é’ar%B@t wribe exigadadaratiern.
CoNpri ses 4 i

conet  uct Anp e SHEReAprcRlr Pl NP ARG ol Bl i 8 o2l ABRAMaty g
sevent h odeaaticsis gndie extendal ghttefir inche sceond dpentivn, the gipahl willchangd whdrethecan
mul tiple signals res fromthe diff ive property of the extended
pattern fﬁ}}bgg ‘J(P“Iﬁ’ﬁlg?é%areé’&?tvegé %F?t‘i‘EFcu?@OZB] In an enmbodi nent a
next scan of t trfmzt {t endefly RaRER Ro! O altl@cut)h &Stvenﬁtanﬁete QI RLAE

repositioning ftromY,, zci to Ys,zc2, (e.g. 8umin case of 8 um alignnent
pattern is scanned and a position B is reached. Position B (again characterized by its coordinate

in the y-direction) does not need to be a zero crossing, since the extended pattemn could have a
deviation at that very position. In an embodiment the measurement spot is moved in the second
direction by a distance equal to the grid size. The embodiment according to Figure 11 is
different however.

{00213} From B the substrate table WT is moved such that it is possible to scan a
second extended pattern 149 in the second direction, performing a prescan, in order to find a
zero crossing, indicated with C in Figure 11. The alignment sensor is than set to scan the
extended pattern 149 from C in an x direction along the extended pattern 149 towards D.

[00214] From D the substrate table is again moved, and in an embodiment
another prescan is performed in order to find a different zero crossing from A, here A*.
Subsequently a scan is performed from A* to B*, in a direction completely equal to the
direction of the first scan of extended pattern 148. Then a second scan at a different zero

crossing C* is performed on extended pattern 149 in a direction towards D¥*.
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structure) and doing the reverse novenent while neasuring the intensity
profile yields two signals of the extended pattern (being for instance 200
nmor longer). This repositioning leads to a scan at a position at the

ot her near peak zero crossing of the diffraction signal obtained during a
scan in the second direction. [00219] The back and forth scan of the
extended pattern along a first direction yields tw signals S, and S2. The
hal f of the sumof signals S, and S2 can be expressed as the substrate
reflectivity. fafaispcti nghthettwdhsidrding t¢ Bighecltl willtrysulltrio owé Aenkodchg datakets
signal S, and S2 makes it possiple to correct for this effect.

Al ter nat i $hat il pliew & soparatare ectwftygpéﬁg adIveJA¥NYY. can be expressed as the

twice the ori Q[M?ﬂ rendskdgﬁnfrilkﬁa RhAAkk glﬁ@forﬁloéah%&dg@ﬂoifsﬂndhb&ﬁbﬁ fgnd

yields a noisete [ 0022 an enbodi ment to reduce noise even further
sanpl e poimmvementtcitine substrate thie, baer pescanesapdaed v @npok ald tahpdratae. A f ul |

S0 nts per i | IUALERr  anth PO Y Car R et PR Ge marorr Of Wan be
used to regusRdiAReMUoiPrivés dbtcdtih@s ddradtivd ROPAR] arldqrortabBahLRpld Srdak$P a

known technique for noiSe (laser noise) reduction. |n_ an enbodi nent
f r equencytherdaimtbyagnad are menspiedr The makologydeviemior descling apppesdof ther

nor mal i zat | i reduct i 4 i l. ded

pat torn [ B33 HHOR S ERESE b Mior R e DR SR B R A e g
modul at i ogonstreebditceastre arScpaiRsuitiplicdgdcas, Batl arthe AGh dad keentroraangighat o
be used in illumnnating an. extended, pattern, having a nmodul ation in the
second di Metdiflgartive responss signak: la sigelescanmpitiphe sigpals syltingfrgny e giffractive
Appl yi ng BYD ] 1 : te table position
drivers c r?‘%al soffrﬁg ﬁl(%g&n Ia?éﬂf%ﬁ?ﬁb%ﬂ%ﬁ%%&%%@%ﬁﬁ%@ scanni ng the

ext ended pattefi2d$long t mean dniblimeitrneeki ann oSiheeatantiel ghitgnatlons thedowin i t

can be repopved from.the si ﬁnal. n vant gge o] rgodul ating the signal to
be measur YY" CABPEFSGARASTIOTLIETEBR YisdcH R dp e SEYRAD b W abgimet
I'ncreas e?stﬁﬁtd?@ﬁénd‘?i‘oir}é’tﬁe b B e dVRBrcABHRI1Y Rlehfirin %éﬁ‘ﬁteﬁﬁ%ﬁ%{aﬁ% yitlds e
alternative of neasuring at the peak (Y,,peak in figure 10) the

measur enesigealaeight extendedipaiteinfbeing G@draince 206 mme phlodigerprkhis teposifienng dds
tended .formin.t irecti

For mod onrhs AR tpuPeare il Tt P i R BRbaon SEhi Phrainia
during a scan in the second direction.

[00219] The back and forth scan of the extended pattern along a first direction

yields two signals S; and S;. The half of the sum of signals S| and S; can be expressed

as the substrate reflectivity. Subtracting the substrate reflectivity from the original
signal S; and S; makes it possible to correct for this effect. Alternatively, the difference
of signal S| and S; can be expressed as the twice the original trend in the signal and
correcting for this trend yields a noise term.

[00220] In an embodiment to reduce noise even further sample points within one
scan can be averaged to a pitch of 1| mm. A full scan can contain 16000 sample points spanning
300 mm, i.e. 53 samples points per millimeter and in some application spanning 450 mm. This
can be used to reduce the noise with a factor 7.

[00221] Normalization is also a known technique for noise (laser noise)
reduction. In an embodiment frequency transformation, Fourier transformation, can be applied

for normalization and noise reduction.
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direction. In an enbodi nent extended pattern alignnment marks are fornmed on
the substrate at positions that forman extended centerline of an

equi librium position, which serves as a reference position, of the

nodul at ed extended pattern. This allows reading the equilibrium position
in a pre-alignnment step. In another enbodinent nmultiple scans in the second
direction are perforned in order to obtain data with respect to the
equilibriumposition (as a reference position). Miltiple scans are used
since it is not known beforehand whi ch phase of the nodulation corresponds
to which it [ [ ' [on. Therefore scanning in the second
directi onR)get S'éi'il@?grngon‘%'ngtgéieﬁe%ﬁg& F)%&%'lﬁle first direction may be used to
determ ne and couple the phase of the nodul ation to the position in the
first direction. [00224] In an enbodi rent the extende attern conprises at
| east a secti off'0g i sIngn “HﬁHGlilea?’it@ﬁl,egQ?‘%‘?mt“f?é??%@tuST@arﬁ“l? s T

the end ? - oF Ao ohtain th
€ €n .S?e%ﬁlgurb HwidBrnfdd %?%%?g@%ﬁ#lﬁ%ﬁe\h& a3l td B Aeli @1’{‘41&]81 Hzﬁfx%'ﬁ;ﬁ e

equilibriumposition and t nk scanning positions fromthe
doubl e zeexdemkdpapeakapogiamaiiatichat theancdnd dolottaimed. dx dsausied mlicdrhbiastion e

data when scannin he .extended ttern in the cond direction...J]00225
o e DR A S, AR R b ERGEE BT R ried PRod 5§ bR b fioricnd 2!
nul tiple §@edi QRSidaVdRE ndisPiEhd 8lchapel ABehl Fatstamianmt titeed fp'aﬂerﬁ@lon the
enbodi ment different 43 kinds of nodul ati ons extend over different [engths

in the fi fisstdiggationt Sioee theisienalgs bnewe itear b remeved dronpthei gl dwsadypntagd oler ent
modul at | Orrlljﬂéﬁlgﬁl!ij rihe sfgRaldn b%%?éa%&r&???t Ialh B eg% 1 AN # Mo |
pur poses. ASUTT ng ﬁnong the Tirs et on of the extended pattern using

modul at i oicfe@§:2 26 moktvfale ©ib adbieab vafuetche belicaairéd in thetaliolativechbf measuring
| it hographi c apparatus _for nmeasuring a property of an extended pattern,
modul at i off thepeskddsfearn FEEEUD) Hig MERSUISPSHEALS/1ess SeRgiti¥st ended pattern can be

formed w t hout I ati oy 4nl QAT hedeXiR Bk j ﬂ%da“% LiaA0 ek fdnded
det ecti on net hogggjdrrpri g@aél ser\%lle cont roﬁﬁﬁggb%%{}%tvl n e% § 86 t{a?ecti on
duri ng defoemtin dre fokt direptiopes foymadl on thet dubstest¢ badegla pekitikation i the séwendi r st

o ect onorland uslng Mo patunal [LeSummey Olnhe Sl ALe Lol S
fr _equenCYposit%\s’ HaR ForTBIN QG SdRE Ber¥fiht BPAEeduPibrafN BbAtibN) SHidHEscPRERIY 1O
bring the substrate table into a vibrating state. A substrate table W' and
a subst r ateéeritiog ipbsition,rd tlat mpddated watendesl patteag dibiseylowss r¢ading the equilibrium

position in a pre-alignment step. In another embodiment multiple scans in the second direction

are performed in order to obtain data with respect to the equilibrium position (as a reference

position). Multiple scans are used since it is not known beforehand which phase of the

modulation corresponds to which position in the first direction. Therefore scanning in the

second direction at different positions in the first direction may be used to determine and

couple the phase of the modulation to the position in the first direction.

[00224] In an embodiment the extended pattern comprises at least a section that
is without modulation, e.g. the first 10 mm close to the end section of the extended pattern in
order to allow to obtain the equilibrium position and to obtain flank scanning positions from the
double zero near peak positions that can be obtained from the diffractive data when scanning
the extended pattern in the second direction..

[00225] In an embodiment an extended pattern in the first direction comprises

multiple sections having a pre-defined modulation amplitude. In an embodiment different
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have a known frequency and a relatively stable anplitude. In an enbodi nent
the substrate table and the substrate have a vibration that conprises at

| east and preferably for the nost part, a vibrating action in the second
direction, perpendicular to the first direction of the extended pattern.
During noving of the substrate table and detecting a property of the
extended pattern, the substrate and the substrate table wll nove with the
natural frequency with respect to the alignnent sensor and the position
sensor | Fkidds gpmeddlhtiodskx®ns uh&elffesht 1si@ps inhhsfint diration Hoang di¢ferepeiadat ed
fromthe signal and will lead o a noise reduction. The novenent of the
subst r at eof mapplations o dHlesent geqdudation fapencigsr guelitydshallwyseptingipgtion for o

neasured/gﬁﬁgéﬂgﬁﬁﬁ?gosition can be coupled to a detected property.

[ 00229] Figure illustrates an extended pattern 50 conprising five

grid lines. It was forned at an expose side and on an enl arged scal e
deviations_in the second _directi.on ) as a.result of encpding errors in
posi t i oni Apaspdng glopg thefirsy dl‘r'@ﬁgﬁ?@ﬁéfﬁexé‘?"d’@fl PRLgER FB‘F‘SW‘P e such as
an alignnment sensor is directed at the extended pattern 50, the substrate
table W is noved with respect to the nmetrol ogy device and, if no
positional err#0226jccur Inhan enshiementtod theadsitestign ehethve and dishogmanhi canparatise d

with respect to the tool accordin o line 51. .1f.the, 44 substrate t e
and the. STECRPRInEA P B S s N ad TSt Fedfiatnt o8 B R TG MEReRRE .
i's superTRPEaEsHcdBatt&la chh Be fdrhed Withoti @baklati@cei ved Wi Il as a result of
t he natural frﬁﬂggﬁcy haviqg an anplitude 53 nove back and forward over

[ tin

the grid Iinesl oFxamplegiel witganodylgfinn in adetactips methed| capprigg e sarve

t andi ' | .. [ . - 3.
1) BN A S SRS R0S BE AlrP.
slightly ante fikedeectnrodfasd asing e moralefégdndyort theisubssatb sabdeient

calibration. The_natural_ frequency can be separated. fromthe detected
crgnal - [00230/00288ing  he FEEHOTAEE SR A G IPIfdS THUAHEFbHS HH L SRS of

8 nm can e e A AR Yre zwaﬁﬁ'%l@ %rf@ﬁ&r%ﬂn%“iﬁ%%g&@ t@Bﬁl&?ﬂtg%tsuﬁst&@é@Bl@ﬁﬁtio%n of

two or nore of the noise reduction ne , inclu a nodul ation
t echni queyibmtingstatea Acubiteate mblelW Aemd ia sulpiinte Walibretingtithghedunabirkguency will
measurements [[0023 In an enbodi nent first .set of gri.dlines is, pr ced
o ke aap v pauched Bng R atbEbanads npiad % e pmfidibea iR sirteBk B
llayer. Bojdy heksh s&ﬁte%@%@ﬁ WIS cﬁrtﬁat%%fﬂpﬁ@l&scat\I\éagtfhrﬁinﬁefefawefop &Hd ekt iphrtthe

e

second direction. Th irst set and the second set of gridlines are

i nt er | acevibrating action in the second direction, perpendicular to the first direction of the extended
pattern. During moving of the substrate table and detecting a property of the extended pattern,
the substrate and the substrate table will move with the natural frequency with respect to the
alignment sensor and the position sensor IF (figure 1). In a subsequent step this vibration can be
separated from the signal and will lead to a noise reduction. The movement of the substrate
table WT can be detected with the position sensor (IF). The measured/determined position can
be coupled to a detected property.

[00229] Figure 8 (d) illustrates an extended pattern 50 comprising five grid lines.
It was formed at an expose side and on an enlarged scale deviations in the second direction (y)
as a result of encoding errors in positioning are shown. At a measurement side, a metrology
device such as an alignment sensor is directed at the extended pattern 50, the substrate table
WT is moved with respect to the metrology device and, if no positional errors occur the

substrate table and the substrate are moved with respect to the tool according to line 51. If the
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The conbination of this stitched extended pattern is also referred to as a
stitched mark. In case the stitching error is zero (or in case of perfect
overlay) the second set of gridlines is positioned between the first set
of gridlines so that the stitched mark is periodic with half the period of
the first and second sets. In this case the gridlines of the second set of
gridlines have an equal distance to the neighbouring gridlines of the
first set of gridlines that surround it. In case of a stitching error (or
an overlayu@mmmaﬁbbhndﬂwmabaﬂmewbemamshemﬁwdbﬁh@kaﬁ$ﬂdmmhmgnmhanaﬁduugtion
of the first. set seco et of rldllne t he ond set of gridlines
i's displ 2 CHRFTIPASFLO H*@gwa@?d bt peceiie yiﬁ@ﬁ%éﬁfﬂﬁﬁ%@w@r@i ey

bet ween t gyigh b Ldnaﬁﬁldeﬁs ifd%e BREMAE f&%@&varﬁ Cffgﬂdnﬁés r3in Ja a&ﬁ cted sign

nei ghbouring gridline of the first set of gri nes 1's sma

di st ance et wemilat (weitajisimithmbs)dab atstenakmoving osetFigire gn bdﬂwmaﬁl@ﬂmds af &e@mnd

i ghb i i dlj f. the.f t t, of dl h d K i
now per i odncARr il RESay o i e dhishitd Syegt iEsisha el Ge g BE g
not W th babfs dahdt coeédteifor [PABAdqueht daANBrAIThOTHd WiRiraPffeqiich G ERINVe s§1§’cﬁ‘§t@ﬂ i's

used that is arranged to irradiate the stitched mark with a beam of
al i gnnent foguthgdesatedfignelhat is capabl e of measuring 45 intensities of

diffraction or f th f

stitched mar k%‘q’ﬁ fhe cg]sse%gﬁQ %Etggég%@pé{ortﬁlg%@%&rho&{ E{CC 18%868 1g’éetfjﬂqay)
only i nt egktaingddf What toreoetodrvieh thear Rast@rceaib@thtioh oftwd drimbdre of eradke rédiicticn
fifth, seventh etc. diffraction orders are diffracted with  different
angl es wi WHPO5§ pacipding at‘ﬂ‘%{uif’é@ﬁﬂ SRNUE GhiHranpEgich peFaCY ihbtangdles can be
identified by their angle (or their distance to the beam of alignnent
radi ation and thus their position on a receiving part of the alignnent
sensor asSuichéd erlchemprenentshe skil |l ed person). Because in case of a

stitching error (overlay error) the distance between the gridlines of the
second set of gridlines and the two neighbouring gridlines of the first

set of gridli nﬁnguffer SIn @%%hﬁ&%&ﬁ& séta&‘g%'ﬁhﬁé!s is BRIMEIIIRS fritasct AP

diffraction orders 1. {0 } next to integer

di f fract i sasondsedof gndlrmegs patPCbmf:d maegmi lanEI Bothwets pbgridimes mresp@rlodw@g@rthe
diffractign order el i he t t tch n or._ove

crrory 1 r SRR B g Oe 25 P taet e REREEEPT Bitles AShsHestr v,
the | ar gerhé é@nbinitesnsifilis efitchébexiténiel patdh ishlfd fobitdd 0h a4 SQEKed BARL In@sé O

t he intensit{wof the integer diffraction orders. [00233] In case the first

set of grihgsiilsBmesnar tier EBrgseetpesiecypverny rbe sespad sespl nidlines i positigned
exactly tfie.saige $dS&ldr %Hdlntug%o Yt %{Esétlttéﬁeﬁ ﬂ{a'rlgls%%h%% r{!\rl{hlll'f‘alif tﬁ@ﬁéﬁ&f"ﬁl thé&" d

t he i nteger
first and second sets. In this case the gridlines of the second set of gridlines have an equal

distance to the neighbouring gridlines of the first set of gridlines that surround it. In case of a
stitching error (or an overlay error), for instance because of deviations during the production of
the first set and second set of gridlines, the second set of gridlines is displaced in the second
direction. As a consequence the distance between the gridlines of the second set of gridlines
and a first neighbouring gridline of the first set of gridlines is smaller than the distance between
the gridline of the second set of gridlines and a second neighbouring gridline of the first set of
gridlines. The stitched mark is now periodic with the peried of the first or second set of
gridlines and not with half that period. '

[00232] In the embodiment an alignment sensor is used that is arranged to

irradiate the stitched mark with a beam of alignment radiation and that is capable of measuring
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diffraction orders change in the first direction. [00234] By using an

al i gnnent sensor capable of neasuring the intensity corresponding to at

| east one fractional diffraction order and the intensity of at |east one
integer diffraction order, the spacing between the lines of the stitched
mark (i.e. the overlay between the first set of gridlines and the second
set of gridlines) can be determ ned. This is done by conparing the
intensity of at |east one fractional diffraction order and the intensity of

an i nt egefintetbitidsrof@iffracticdr atéérs of 2R 23mh dPapgmalémgadintidit diffeRidddbyahe stclsd
over |l ay error a scan of the extended pattern_as schematically illustrated
in Fi gur e Mesk-(pfhesass eidbasero plitehae é%?@@@@@ptﬁa@wmn@@egab@éﬁwﬁg Ofds=rq:4ra ure

9b), res ulc;eate'dgeg %acgecgg% dhifd et gé@%n@ae&é £A9 dffﬁ%ﬁfdnﬁ:’rﬁ'&% SRR b

diffraction or [ 00 i an’ enbodi nent  an Ignnent step I's per orned
in that adffter¢tiangles wite lrespece tptsibtamef ah;gmhmilu etdedion) thh oaiemndbie hdne fiedby he

second direction of .the.stitched exte a rn th is . simlar to the
second coliyiFigted o Bt glisiangs ko &‘? FW&H Ira‘F ﬂt‘%ﬁf PORROLPRBJ

pattern. AgGRivihdiRst ditRhASndent §e}ﬂ§'0r%§ GRNde gle‘élet%tthé)ﬂ(lmécfﬁbré’o%? r?f&ausre% &zt}.% of
stitched 46 extended pattern in chosen such that the sensitivity of

act ual neagumblrme gtrer ivetldteeriar) élnslmta,nce bétweke thii gridliact dfitle momdesem of gldiaws mal

when scannl iin the. first di ed t i,V an be
s s g i Be'so hREnbadiile SHAlEE o3he 52 s ¥R GRURSS ditiS, B RT Rt tafisfR ot g
gridline. c&rﬁprzs%maécrmﬁdmﬂm@a oedert Né.S0SYRSARFERLS 1.3 kb inBid @i Baytidecomes
nore accurate since two extended patterns are neasured in one scan

(det ect i oﬂrd;f}fseﬁ‘e)b%fe Ageiions! refativerie threi first mtﬁgplé@fﬁrfmﬁon piler skhethighicn thoafstied
patterns fs W{gf ﬁor%%‘@%} a?le%%';)fﬁ’&%ﬂ%ng g ﬁ%ﬁs&f}}c 'i‘ihesséﬁﬁf g@%%ft h

| ayers wh me ‘measurin |ve avi or

Measur i ngmiavig thealyges tlmtmtteiit&ty&ﬁ 133 fmmminhffemaels otdeg zetatrm.lmathe intensity of the
readouts of th é_wo | ay s In a single readout tenperature and vibrations
are equal INt9eqr diffractioa idts-scan, tenperature changes and vibrations will

lead to differgpbsgoi se ﬁ%’séih‘é‘ffr&t‘%@tsofgi{}&iﬁll?&aﬁlﬂhgsé %ﬁ@'?egto% illfia afd er]tQVI g

scan the noise contribution I's shared. 39] An exten attern
a5h or dmnddaynarBXQcalthSamej@r&gnont the nnee)nsﬂm datm bewwnaha:jﬁacﬂoayland(ﬂxd ﬁitagede

gri d | ,i ne&iffra&c%%n or&lers cr:l%nge }NB’[Le firdt d1rg(r:11r(r)%nt method two gl obal wafer

[00234] By using an alignment sensor capable of measuring the intensity
corresponding to at least one fractional diffraction order and the intensity of at least one integer
diffraction order, the spacing between the lines of the stitched mark (i.e. the overlay between
the first set of gridlines and the second set of gridlines) can be determined. This is done by
comparing the intensity of at least one fractional diffraction order and the intensity of an integer
diffraction order.

[00235] Depending on stitching error or overlay error, a scan of the extended
pattern as schematically illustrated in Figure 12 (or a prescan of the extended pattern G22
according to Figure 9b), results in detecting diffractive pattern comprising such fractional
diffraction orders.

[00236] In an embodiment an alignment step is performed in that a further
reference position is deducted with a coordinate in the second direction of the stitched extended
pattern that is similar to the second coordinate for a flank scan of a normal (non-stitched)

extended pattern. Again positioning in the second direction with respect to the stitched
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coordi nate systens can be calculated for both | ayers. However the relative
difference between the two |ayers can be neasured by the fractional
orders, since information in the fractional orders is a neasure for the
rel ati ve behavior of both layers with respect to each other. [00240] Since
the two extended patterns are on the sane gl obal wafer coordinates they
share the sane grid features or mrror features. Sinultaneous read out,

| eads to a sharing the sane grid or mrror |ocation preventing an

addi t i onakxtendedpatt¢rd 02 dlidseh suchrtbarthd senpigvitp phtha antealsueasmententsgd theontenkigy t wo
| ayers at e sane. time a flank' can to.be chosen.for. the 7th .and,5th

or fer - ThebBe B ixyarlonay maahy R SR EIRERS GRbUArinhr &t SHRG! Wt o
system Duikit@itdQad B fnhimisdd d18deab a@BroS&asing) fdrBst&ReOnt MHnk@Fhipdhnalih a
position can be determ ned as indicated above. Controlling noving the
subst r at egtidlisice [ 00242] In an enbodi nent a servo control for controlling

novenment of th bstrate table d i rticul I nt
stage of the |ﬁ¥’ﬁ§1§r aphi%ngs&{’}%ﬁfl@&lﬁ8@b§(ﬁmepg§§l?{ttrﬁm%roﬁ1%§eb§§ @%‘?J@Q%nni ng
t he ext engedrdpadih@s twol dxtdnlded pattesis Aé kRadiredin dnd sai @eteotdonsed) eovidd irof
the nodes is_used for scanning the extended pattern in the first direction.

In an enbigiliresirecton: dhppiitghebrrterdedpaians dlays gy exapplepstaaning a supilg | ng

t he novengs I I d f i i .echni ques
used oxt caupyiy A8 BRLEPLS AR Eibs Tiic AR IR 8l DA RRSHBE Y Yot

t he substrate [aR288 i s chlehsuinizevo lasketd at tleomatredirhe ingreabes thoginmominy it he
substrate t@ble i th rg&pec toﬁ ref.erence such aqs _gaﬁrid pl a In this
manner t hE2dQnis el the &v¢ bypis. 14 1ingls ryadart iHapgpiuss anq Yibragens ae & 2 This
mode is &g%ﬂ &%n,%ﬁgeﬁaﬁgwﬁtgbs £RNbAlions i IUERT BRI FBRWEncIE\ABIHuEBhd Y an
alignnment scan when the substrate table (W figure 1) is under high

bandwi dt hdwong hoth readduts. He asingbansten, thaneiss eontgbutmodnsgedinder hi gh bandwi dt h

control, the sj to be nmeasured is the vamiation in light,  intensity.
During high batf?g%ddt h co‘&?%tlen eds];?a&tﬁlallhaygﬁraggse?{flle%ay?rﬂ%xfm Eft ﬁthgﬁi"ﬂ Vis
obt ai ned 7MorddeRGEARITCRIdR Brid MRl BRHULLIng fal whigili gaxRASRcUOH Bvo Abbal wasH| t
of, not yet known, errors in ositioning of the substrate table, the

subst r at ecaoadinate yystemgicantis aslvtatecaios bythHaxarn dlavtrer G reladeifaiercckiiwasY e
From & ot ParanfubtallB: dfe ORI ot diP RN i B il 19,
servo congrders i Dmeaminé foplthd Rthtive belmridr odbothteyers with respect to each other.
100240] Since the two extended patterns are on the same global wafer
coordinates they share the same grid features or mirror features. Simultaneous read out, leads
to a sharing the same grid or mirror location preventing an additional error.
[00241] In order to perform a measurement scan on the two layers at the same
time a ‘flank’ can to be chosen for the 7" and 5™ order. These two layers have to share the same
global wafer coordinate system. During an initial calibration scan in the second direction such a

position can be determined as indicated above.
Controlling moving the substrate table
[00242] In an embodiment a servo control for controlling movement of the

substrate table, and in particular in the measurement stage of the lithographic apparatus, has at

least two modes for scanning the extended pattern in the first direction. In an embodiment one
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substrate table is independent fromits measured | ocation. Such control
settings can be referred to as under |ow bandw dth control. Servo control
is perforned without feedback of the neasured position. Under |ow

bandw dth control a light intensity signal is obtained by scanning the
extended pattern in the first direction which signal is dependent on the
expose grid only. Figure 4 shows schematically an alignnent scan when the
substrate table is under |ow bandwi dth control. If the extended pattern is
scanned upfigk rhalss Bagedottsbarmionyt thekxtehded mmitgmah thet frsbdirevtias.Unad einbodihe:nt

varlatlonlnllght iptensity. Since the 05|t10n of the suhstra a and
t her ef or e2CHBPEIHQY ¢ %deéﬁﬂuﬁqqugi?]@ﬂ?fefH pRaratEiefhe moygmeR i oy étaa ﬁ?altbff’

posi t1 oni B K31 EAlfbraBMESRI ol lsddnchuiShy iR lsBIppgded. pattern is

controlled using the stro es only. During | ow bandwi dth control a
signal represefii2dg] t he T zgimniwdlmmmthg/mosembtt@rf tredbubsirateltablerisl epgelled t he

Cable i< MPaRoR e R aRTaGH oheantypt ORI E R GEGRE aupltinst “Trad e ©

ext ended PRt & fhis hihiRAfHel sibdtAite fabletwidl ﬂamxemte@ror@altthemfeﬂeﬁce‘ Qhizadodedyi ng a
nodul ation. I n an enbodi nent the servo control for noving the substrate

table i s konwn e highbuwividthaoneeldBiavke & ghoars schesmtically an plagimesat sesidisp the

Wi | | d
O an S b AR TERRIFE, Wl Qi ot SRRy SRR B
al i gnnment seanediindehhiigh bedveigendonkdoy ite digrat fsbd Iylemmlael thervarbgorsanight, s

cal cul ated. As change . in the derivative signal is i iately resolved.e. g
by a corr éﬁ@qsaﬁd?umgdvmldw&@thtca@tr% FoSERh IR EHING tmg*rtéfl%g iy ‘Eug?tﬁﬁlegﬁb

servo Congéﬁ%hdé&ebﬂ%es@%ﬂ% %ﬁtéx Bse Géerﬂg%%]rew &hh& ﬁm&mrrp%ﬂbrstaﬂt h the

expose and ‘measure grid are rmning a cal’i bration neasurenent
usi ng t hepesti@nined thatdibstrate taﬁﬂe ehasmistzatoﬁab‘lé W’JI awi thg subistratef Wanakingitke shown

in Figure Sc, er al t hough the tend tern or

devi at i on€Xt F‘Hieﬁht’i’émg@%ﬁﬂ"%l?”?tgg?ﬁpSW to {hgm %X V“ffo%llct‘ F%h‘l @ﬁg?%ﬁﬁé?oqt he
gridis ”Béﬁétﬁig"f?cﬂn%trax%ﬁﬂﬁrﬁaﬁﬁ%&ﬁﬁﬁ@;)Tdﬁeéthﬁ second and third grid |line. By
mai ntaining a relative position with respect to the property to be

measured of a Wéﬂc al phrqmreamlwdurnentra@es&@d@nﬁoldﬁor eenttrabling moverasit e thehe

12, becOEg PRt DL G SR SO BSLHL s i

were the {Ofttnteabwaiah@kEliRtordhe 84RO %@ntﬁdlagperﬁfrﬁled diitheat feydielkk af thabl e.

'E gg247] ! 1fne;sr:lieds}fors;/tl%ncggégr%wfbgrrld\;[nrc]ltGh gol#ltt)r%% ;%Egl% élgzgéltey sllgna?gsr%?zgggd lgyo fol ow
scanning the extended pattern in the first direction which signal is dependent on the expose grid
only. Figure 4 shows schematically an alignment scan when the substrate table is under low
bandwidth control. If the extended pattern is scanned under low bandwidth control, the signal
to be measured is the variation in light intensity. Since the position of the substrate table and
therefore the substrate and the extended pattern is not controlled with a positioning system, the
movement of the substrate/extended pattern is controlled using the stroke modules only.

During low bandwidth control a signal representing the light intensity is obtained in
dependence on the expose grid.

[00245] In an embodiment the servo control for the substrate table is arranged to
follow the slope of the signal detected along the extended pattern, in particular if the extended

pattern is formed having a modulation. In an embodiment the servo control for moving the

substrate table is controlled using a feedback signal from the alignment sensor. While scanning
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extended pattern, the position of the substrate table using the neasure
grid can be followed and can be conpared with the position of the extended
pattern fornmed on the substrate. If the extended pattern is forned having
a nodul ation, this nmodulation will be present in both data sets and can
therefore be cancelled out. Conparing the two data sets will result in a
devi ation of the encoder position and the extended pattern fornmed on the
waf er. [00248] In a further enbodi ment property sanpling of the extended
pattern i she figsd irrblaﬁlrad thih de dl@ﬁgﬁnmnscﬁns séldrichrastant.dn angmbbdinieet adenreative

nment i oned thod S | ed on t of extende ttern and
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I|thograph|ﬁlpapparat ulg accord to . Figure 1 conpri (gé a neasyre. grjd and
an expos e [GHFPronETty 43 ?F’S?ﬁ“&? weplg/ﬁ'agmrawwaﬁh%sw irectigg. foHgwingd

side i s Mpagp s E’W Bt ¢ 4R AR R MEddred! £h<flﬂ'p§rtﬁ3?%8§jo Bﬁﬁ mE G4 ﬂlat

posi tioni ng device conprises the measur e her ef ore,
encoder gwiasl detmted srrats it He axtaded patem thet derertigyreailsaf ertorsaatslllm}wosemtage,are
observed qevi ons Eénen perform ng the measurenent along the line. In
order to YBfY Ioé’ qiBeblR- st ngui sh between t hese sources of error (encoder

grid at the exppeg7pi de BNEe &bvd BshirolBASHE ﬁiﬁ@ﬂﬂéte%db‘l’@kan‘aﬁgecﬁdd%ﬂdﬁﬁﬁ may
further be rotated by substantially 90 degrees in the plane of draw ng of

Fi gures 3exiartled patierd, thhposierseli tbersutistiplgitatte vipedhe setasito syjd chebeldllowgdand
B T e Y R e A
at the ”Eé;&alic%dfpad&n i$ foue@ Aadhg B ehddaldtiok ehRasddulaifod will be present in both data

sets and can therefore be cancelled out. Comparing the two data sets will result in a deviation of

the encoder position and the extended pattern formed on the wafer.

[00248] In a further embodiment property sampling of the extended pattern is
possible with an image sensor similar to any of the above mentioned method steps. Animage is
sampled on top of extended pattern and several images can be sampled along the first direction.
Any deviation for the image is corrected in 6 DOF and added to an [IFM/encoder system, such
the image remains with the view of the camera. This method allows correcting e.g. the
1{FM/encoder system with respect to an alignment system.

[00249] The moving of the substrate when projecting the pattern onto it may for
example be perfofmed at half a scanning maximum speed of the lithographic apparatus, and
with a high servo control bandwidth, so as to allow the stage to follow the measured encoder

grid errors as measured by the encoder system with a high accuracy.
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account appropriately. In order to further discrimnate between these
sources of error, the substrate may further be translated, and the

measur enent repeated. [00252] The translating nay in a practical enbodi nent
be achieved by projecting a second pattern onto the substrate which
pattern is translated relative to the other pattern, and using the
translated pattern for the latter nmeasurenent, thereby obviating the need
to displace the substrate on its stage (thus obvi at | ng an additional source
of errorsfalibpg?@B] | n an enbodi ment two patterns are exposed on top of
each other wwth a slight translation such that during both patterns can be
readout in a single scan without translating the stage. The detected
properties can[@2505ed t & apasbodintntaresing bhiatitomedppitdoon tesmbbtaate wilhban

nbodi ment_th nd d ded pattern i tioned next. t
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measurenents (Z-coordinate) of a s te or sub trat W th respect
to the |nfﬂ%ﬁ¥%¥ﬁ?ﬂtéld§ %mat%%yg&sﬁ“@ ‘S dated Y §ta i ?W%cdeﬁ'é?ﬁémﬂ%mlang
z-grid ﬁf & g{% 9@[&14 %ﬁd {Wm&shﬂemﬁ%&@feﬁewﬁbﬁé #3 exRded lines in
specifically, for a 11thographic apparatus conprising

a positi Otllerm@hesyls'b@mnhﬁkmﬂl@/ anosnn toextayled Bnes qmdhelsilhsgateguaYquﬂlmnated

Z-grid calibration rise error rrections, f

o Sthe  oliBGhaiaeos GE Fac st sbisef Mo aemuegricu Tt Gbife ke pith 0°
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t echni quesubstiate beayUsdbenths tppesitsdnandibe swpsuseraeitaepeatsdch as a | evel sensor

and a [00252] The translating may in a practical embodiment be achieved by

projecting a second pattern onto the substrate which pattern is translated relative to the other
pattern, and using the translated pattern for the latter measurement, thereby obviating the need
to displace the substrate on its stage (thus obviating an additional source of errors).

[00253] In an embodiment two patterns are exposed on top of each other with a
slight translation such that during both patterns can be readout in a single scan without
translating the stage. The detected properties can be used to construct a calibration map for
overlay. In an embodiment the second exposed extended pattern is positioned next to a
reference extended pattern formed on a substrate placed in the lithographic apparatus as a part
of a maintenance procedure.

[00254] As a continuous or semi continuous measurement along the extended
pattern (in this example the parallel lines) is performed, data in a wide spatial frequency range

may be obtained, which may obviate the need to make use of a plurality of different calibration
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singl e shot focal nethod. However the conbination of techniques is tine
consum ng and can take up to 5-6 hours for full calibration. [00256] One
of the problens of current calibration techniques and in particular Z-grid
calibration, is that the exposure tine and total read-out time for

performng all calibration nmeasurenents and cal cul ations are generally
proportional to the desired resolution. Wth increasing resolution
dermands, calibration tine will increase further 0257] A nethod is
provi ded feshnigees, dranghygrozsiblyiaghiewingariasti |calrtbrﬁmreanﬂ[.m§klb§y obivipsing firg red 40 t
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focus sensitive extended ttern, A pattern is exposed on_the substrate
whi | e mvpﬂ&r@twsSlﬁb%rtemaf@ S AiSCANGRINF EeaTBER BRSO PHSIOUER Por ri ng the

ext ended pakL&hLnRSFHlESRhidgd before. The nethod conprises the step of
formng the extended pattern using a known technique for formng a focus

sensitive mark. Exanples of focus sensitive marks are marks conprising a
wide line_jn conbl natlon wé%_ e Lln s and/or 51 marks formed according
to the si #&F@ g uremeyts Hﬁr ks (partially chopped Iines)
and/ or PreFoc/LVT marks. The focus sensitivity of Prefoc/LVT marks is
created by usi n% non-tel ecentric/tilted illum nation. This is shown
schematical | y [M0285ljur es Heght mmesut@nents Gesonsdiopic) atis substpic Br fybsiraig table

radiati on, SguLGeedh POt Ed 0 B LR ERSIRLERLY, L MABHERG S e VDS

resultlng n a t O res PosSI orne

pat t er ni ngalthemionerrO©festiel el IahP@hpis apidbatut, had epdctfiaigld, manbelimitedtof @rmed by
nmoving the substrate in the directiaon of the forned |lines of the marks.

The |eft Héwarashigerpiains camBTFgE 8 POPHERIEE FYNAM haYiReS 2p RecadehRsioRbig g a
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formng a us se |t|ve exten pattern extending'in a
The f ocussudstrste ttable WaX mhd@eqftam t}mrgmci [Hateooneitthe smbsﬂeqaeactdemcmhpmdﬁmg thecal
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measur enent of the hei errors. Exanples of height errors are: -
encoder / gsingleshotdpsal method However the combination of techniques is time consuming and can

take up to 5-6 hours for full calibration.

[00256] One of the problems of current calibration techniques and in particular
Z-grid calibration, is that the exposure time and total read-out time for performing all
calibration measurements and calculations are generally proportional to the desired resolution.
With increasing resolution demands, calibration time will increase further.

[00257) A method is provided for performing z-grid calibration more quickly
than prior art solutions. The method comprises forming a focus sensitive extended pattern on a
substrate supported by a substrate table by moving the substrate table with respect to a
patterning device during exposure, resulting in a focus sensitive extended pattern. A pattern is
exposed on the substrate while moving the substrate table in a first direction, thereby forming
the extended pattern as described before. The method comprises the step of forming the
extended pattern using a known technique for forming a focus sensitive mark. Examples of

focus sensitive marks are marks comprising a wide line in combination with fine lines and/or
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- errors in substrate height measurenent - stage positioning errors -
deformati on of WI/chuck due to thermal and/or nechanical forces - image
hei ght errors - residual mask errors [00259] In an enbodi nent height errors
result in shifting (positional displacenent) of the extended pattern in

t he second direction during formation of the extended pattern. Exanples of
such a focus sensitive extended pattern are shown in Figures 14a and 14b
whi ch have been descri bed above. The focus sensitive paraneter can be
measur ed marlsefasued avgoaingy toles sigglefhdtHecad rtetnde HOpAt merksi(partidity copped

direction,. along the n in.th first.dir iaqn.. The fpcus s itive
o anret o lgaw a0 eo LY S Ra ApeForishBiuBhi PRy TR B SeGYA 1 he
exanpl e ofjsihj HoH-R:1de3atrictPRd SRIminbtidel. TUIES sHAM fREmIAEIISAE Fidukdde 6 aRd esieNt S
an extended pattern forned froma focal mark unit, wherein each focal mark

uni t conpPramsobradiatien Bdfom kirgdatindsopres apt suidest Greughacehematicaldy [useated s
illustrat i {gur. 3a. 52. | t rel: dto

nei ght - or ToON PRIk in i SRS K NERTUHIREPURTO A Bl BTG
possi bl e patdnaitg dedteciamitable pomtaRy femnmnnded pithen isfoshéd wnabvispitid usi ng
a direct neasuring tool such ag)a direct_scanning techni que for nmeasuring

a second- eHhEriein Resesinn drtheormgg lingy ofdac BRt'enfbgilcpaepe e sheves ppelet
neasuremﬁfefwﬂvﬁg%ztﬁé)ffgaﬂa@gd@id%%%ﬂm@@r@ﬂoe&tvma .croscope or a

scatteroneter.. Irect nmeasurenent tool a fornmed part of a
line of an ext #0288} pat emremindieapde abthpd obmari sgsdeinaihg pdieque sensékteended

pattern such t he focus. sensi.tive extended pattern can be analyzed. Wth
b i reot g oRste eREBRngRES At et TRC SeuS Shnsiie sERRARP ARy R &S e
line can heiABRRHERES B #NIRIRDE t1kAbiead BRMol Qb S bR WitlRrRpQPRIth¥  such
as height and can be used to performa z-grid calibration. [00263] In the

exanpl e ofithpgugphie apPaatus #ral thenefore height etdts caadgoeit ol the (einred extended pattern. A
conprising a set..of adjacent |lines having a c ut,i.vel educi n I.
R e S R e el e R G

sensi ti Vi g¥ors Aret ack of focus will result in the nost finest |ines

(snmallest line width) not being formed, while wider lines are fornmed. The
i ne width encoder/grid errors

- errors in substrate height measurement
- stage positioning errors
- deformation of WT/chuck due to thermal and/or mechanical forces

- image height errors
- residual mask errors

[00259] In an embodiment height errors result in shifting (positional
displacement) of the extended pattern in the second direction during formation of the extended
pattern. Examples of such a focus sensitive extended pattern are shown in Figures 14a and 14b
which have been described above. The focus sensitive parameter can be measured by
measuring a property of the extended pattern in the seéond direction, along the pattern in the
first direction. The focus sensitive parameter can also measured using a focus sensitive
structure such as the example of figure 13a.

[00260} In Figures 14a and 14b each line represents an extended pattern formed
from a focal mark unit, wherein each focal mark unit comprises a wide main line and one or

more adjacent fine lines as illustrated in Figure 13a.
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of fornmed fine lines extending in the first direction is an exanple of a
paraneter extending in the second direction that can be neasured in a
subsequent method step. [00264] In an enbodi nent the second-direction
paranmeter is measured by scanning along the extended pattern in the first
direction. This allows obtaining a value for the second-direction
paraneter, here representing a focus sensitive paraneter, over at |east a
part of the length of the extended pattern, in an enbodi nent over a

di stance in th¢ofZeipt di Memburome & padmetiesreddted todetght OxZ-doprdmattesy sipossible

enmbodi nrent at .| east. .80x th i dt h of .t he rk.in the second djregction.
Scanning.égngggBhé@éﬁ?ﬁﬁwﬁﬁﬁ%é§pW@Hﬁ%E@ﬂ%ﬁﬁﬁﬂ?ﬂﬁé&ggﬂ?ﬁﬁwﬁgpﬁhgﬁ ¥ over a
large di $han&sn hﬁlﬁ%sfnglaaﬁﬂemhyasﬁﬂﬁé {looB SRR a @fredt 'sBﬁmirg tbEIMiRE HDMEastHhEK
measurenents and eventually quicker calibration. [00265] In an enbodi nent

a positi oa sgepntitéresttuoprtardetereithe foringd exigndedatiens e disgatimieasurergent ieol can

enbodi nents _according to Fiqure 3 and Fi o called fl ank-scan.
C00266] 1 oA S s Ak gt aPongt flS g i 2ot on | & porfor med
using high or jdoaé2pandwirli irc@aeaagenet thg d forrrtdpuresfs Shnastdn@atentied an

enbodi nent scanning the extended pattern conprises followng a |line of the
formed exPalirieanpespedpiy of meneciabpwpassaienged patlem sy agitheloseesretive n t he

second di Eﬁ%ﬁ&eﬁﬁjattgﬁ% ag aﬁangzédi. QM Gt Headirdh R todl T PRRHBEWidRE and or
I'ng conp only a no t

enmbodi nrent scan rise venent in the first direction and
measur i ngst@epresy @ithe Brrmed lihd earchd madackdimblyecdarat caa beestdiortababitada paperty n

the second direction. [00267].1n an enbodi rent scanning along the first
directionmégﬁﬁsfgggm“bépgﬁﬁﬁ%h@I§ _@%&F&ggg%ﬁﬁmﬁccording to figures 8c or
8d. In an enmbogjprgsf theIJt‘BE-E§am;§l%%?!3igu¥@1%E%%Qgﬁﬁtlﬁﬁregpécgaé ¥BReySi NY

modul ation according to any of the described enbodinents.” [00268] In an
enmbodi mentomprigeg asH el giiacenalingylmvinga coosontively rednciglingtwiden they Héds

described herein is perfaornmed usSi an_ext end attern. nly after a

e ant - cspny e BT REREY shay PSR S oR oSS witii G imBst
per f or med kst figgskmall @bl RB0edt bdiad formbd, fvailetWiaér 1Ri¢s BRIBrAdd THERSAWIIRY a
desired paraneter. The design of the focus sensitive f_patterns (i.e

conbi nat i efifosned Enelings qstandenein e Eehdirastion srangxemple gigausaBeipTInding in
pat 1 oAl AR IS SN L R BALLERRRGHLE, DBP0STLE
errors. This wloRé64] | ow Irs@ atbodgmbetithihiecend-airsction paraddserl iy measured by
scanning along the extended pattern in the first direction. This allows obtaining a value for the
second-direction parameter, here representing a focus sensitive parameter, over at least a part
of the length of the extended pattern, in an embodiment over a distance in the first direction that
is at least 40x, in a further embodiment at least 80x the width of the mark in the second
direction. Scanning allows obtaining values representing the desired parameter over a large
distance in a relatively small amount of time, allowing more quick measurements and
eventually quicker calibration.
[00265] In an embodiment a position in the second direction is found and used
similar to the embodiments according to Figure 3 and Figure 4, so called flank-scan.
[00266] In an embodiment scanning along the first direction is performed using
high or low bandwidth mode according to Figures 8a and 8b. In an embodiment scanning the

extended pattern comprises following a line of the formed extended pattern, that is measuring

e.g. the displacement in the second direction, such as the line width of a line. In another

53



fromother positional errors. Alternatively one would neasure a property
that is only focus sensitive (e.g. side wall angle) using a scatteronetry
system [00269] In another enbodi ment the method conprises nmeasuring a
second-direction paranmeter resulting fromdiffractive properties of the
speci al purpose extended pattern. The special purpose extended pattern
according to Figure 13a has diffractive properties in the second direction
simlar to a  normal' extended pattern as illustrated in Figure 3 and

Fi gure 4. chiboiinamt s@asing icopprisishatisa aoeerpossh HedirgQB2é0¢n diembasurnagaext end

pattern co risin? mai n I%fe 120 and fine ljnes 121 wll have diffractive
proper t i el O hecsirded Pattert #hit GoHAR ORripRe SLiRRRRE diTREf - et hod

according to t icByent i i ; jal i i : due to
severe non-foc E@ ngl fi ngpmlp?(nr}%g&%%{%?@%%?og% H%‘eo%tgjts(gge%g&%g&gp?éeegul t

t her eof aperfomting o mmeld]atesiscan ad¢corting teofiguremiyl @tddl In ant ¢nabodimbes thié focnaict i ve

property of the i ines 120 extendi ng,i,n.the first diregctian i ery
B op T ar e Sensit}s et fpmi flfesmonBicneresning e g B apresbad |
Fi gure 13bmBodiasutst of neasurenment of the diffractive property of the
formed extended pattern is neasured in the second direction yl 10 is
shown. Peaks ( Hﬁ{%ﬁ #Lim i nlessembaedimentAprsiof height celération sgordiegtoragmed dheshown

T o Fi e . Nl | i ; h
of the napietiis dsrly helGinE B Bylep AN xR e i) bR e 01,07
and espectaibrytichantarthér datibraviboa elich dsi>X0¢ Saldbratidieis petfodied byn@rhinges k&hdad e

formed as a result of some focus,. the nesultiqg peaks in the diffractive
spect r um Rrtfern &afithat PYEPOSS adeasytiag aidasiradaramcige Thodesian of the&acps smsitive

i ndi cat ed : i i : : j :

measur ed B%YEGIIHEEI (cl)'g'oéf%ggﬁla!go i%?lé%ﬁ%p&%&%ﬂ!&) fé%btnfl%%ﬁ}“g%a% f‘og%écég gﬁtzﬁ%%;zt%g] e
LVT/ Pr ef ousendditive fo@adembitiegtaktyrmt evithippbsit seasitieity)snakBythe trpamenagiréthent shi f t
o o B B o B S S, BB B R e T
separ at edfbiQsthér}Rsii¥nd QRbE. h%hfgpvelkgaz %%hlﬁﬁa@afauép@ba&gthwﬁ ohReBLR

purpose extended pattern in any t he nodes according to Figure 8, wll
al | ow t o swsikoe (¢-heidhvill angle)tusmgpenhitaomets systatesul t of | ocal focus

orrors. 1002 o, <ol Rk e OB BRI REL T 110

di r ect i onseRbgd-diredidh@apdict& réfultidpefr@aldifiabtive properties of the special purpose
extended pattern. The special purpose extended pattern according to Figure 13a has diffractive
properties in the second direction similar to a * nonmal’ extended pattern as illustrated in
Figure 3 and Figure 4. Similar measu;ing methods are possible

[00270] The formed extend pattern comprising main line 120 and fine lines 121

will have diffractive properties in the second direction that can be scanned using a method
according to the invention by scanning along a first direction. If due to severe non-focus all fine
lines 121 are out of focus and as a result thereof are not formed, or at least not completely, than
the diffractive property of the main lines 120 extending in the first direction is very similar to
the diffractive property of the normal extended pattern. In Figure 13b a result of measurement
of the diffractive property of the formed extended pattern is measured in the second direction
y110 is shown. Peaks (maximum intensities) 127 of the resulting spectrum as shown in Figure

13b lie at the center line 128, shown as a dotted line, of each of the main lines 120.
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are formed wth- and one or nore parts are without the fine lines 121. In
the first direction the pattern 119 wll have a part show ng focus
sensitivity and a part showing no focus sensitivity. This will allowto
determ ne the centre position 128 of the main [ines 120 during the scan in
the first direction as a first step and neasuring focus as a result of the
partially forned fine lines 121 for the remainder of the extended pattern.
[00275] Wthin the invention other enbodi ments for neasuring the special
pur pose ext end¢Eh2gaf t er n§f lwevpossididfehe find hogri@phine apgsal bt someadlthdwater on

rocess [00276] . In a_Lithographic. a ratus, ap alignnent of  the tternin
fevi o ( HBRYOl (5 195 OF BEpREE 128 Serfonatbes + 5wt (et Fotmmipese bt P Ren B g~
in order Hﬁ’ﬁg&ﬁ}éfsgﬁétﬁgg will 1k OV iRGicatedl iPBieatd 2 (OfaliNG oMb in Mk Fith

patterned radi ati m mat ches a pattern already established on the

waf er. [ 06atred lifesé 2@t The shift fiomewbiodline h28 totbe miegsuneliensdiona 28 agydisertly of

calibratigns to atihi &e a desired positioning accuracy. A description of

such a seamé‘é“tiog BroViddd bel ow. 55 [00278] A patterning device (such as
7

a mask) is |oa opt 0 ap yYPRefde maKERa@dirdctly B skiffed ph€drms. By@harin@theot her
type of substrate) 1s |oaded onto a wafer stage (or other type of

subst r at eshiftagae)esuarautiemmreith theshift ofesh YT dselof pattsn aaBX corap g It Y bmaghs t he

waf er and sskbly a . f . e I pch the
varer 1o ROl BuigrohaREs A sEoLo el e XY Bonhiith.
provi des a pos{00298j Ng Ofcanhiig aimihadgebial papetextandédatiensin ahabf the awdas

m croneter |level. Then, by a suitable asur.ement. system of the

| i t hogr apAFeerdips &y Hgws 8, 31lhalew todetest ﬂi‘%&”ﬁﬁ@%e\ﬂeﬂﬁl eEeesult %th]f’ﬁ@ foghss k
table is ured on mcrometer level. Also, a position of the nmask table

with respect to the projection systemis neasured by a suitable position
measur ement sygi0emtpf t hi ad énteigmegihe spjphpapos: exkinded pattdme 1 pdssi foimed of

the mask is kpown with respect to the prqjection systemon 1.crometer
ovel [ oBusefina e Ga TGN vhElPdba g irsclien G S rayepads St BRGrY cd
to as waf gl foh&0fith-8nd®nP 'bPHfo?@%ﬁar[schrre FitRG thé ARé BELsaD 11 hahyafe diredtiohhie
mcroneter level. The position of the wafer stage is neasured with respect
to the mepattiodi? wilhhavemypagrshpwing foewsensitivity pel) Dpart ordaRnRo FASHS BETSHIVHY.
system This will allow to determine the centre position 128 of the main lines 120 during the scan in the
first direction as a first step and measuring focus as a result of the partially formed fine lines
121 for the remainder of the extended pattern.

[00275] Within the invention other embodiments for measuring the special

purpose extended pattemns are possible.
Lithographic apparatus calibration process

{00276] In a lithographic apparatus, an alignment of the patterning device (mask)
with respect to the substrate (wafer) may be required, e.g. in order to ensure that a following
irradiation of the wafer with a patterned radiation beam matches a pattern already established

on the wafer.

[00277] Thereto, in an embodiment, use is made of a sequence of calibrations to

achieve a desired positioning accuracy. A description of such a sequence is provided below.
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[00281] A nore accurate position neasurenent on nanoneter |evel or

sub- nanoneter level is perforned as a next step. A position of a reference
of the wafer stage is neasured in the dinensions x, y and Rz with the
encoder or interferoneter in conbination with an alignnent sensor in
cooperation with a reference of the wafer stage,. Using the sanme

nmeasur enent systemin conbination with a calibrated grid on the wafer, x, y
and Rz positions of the wafer are determ ned. Thereby, the position in the
hori zont al pl ap@238H a r &t EticomgMidvice (fedhps atmask) isHeaded ohiocaduppedit Ssublass been
measured for the wafe nd .t he wafer stage., Then, nmaki use of, the

1 atness sk iPlikenvakey roed fper st Erlondegionfid Walkt giaee foggther g of
posi ti ons sghstrRe stRBf Mhs@fermeRto MMaIRTtioR bRER: kR, SBSSHidH Safe WARE BRY pdX:DYy & ng
waf er stage height” and tilt. The same neasurenent system applied onto the

grid on t Hetngesfafrthe walsy prgepsrippmed; afier which thedvafer s exposex, Ry. In a dual
t t em hay; t .Sid ide; th .
reacur onent o afl20%k for nadt PR Mol RIS e AR IHEbAT G HBo B Fp ot

waf er as welthasksvitth@spRoi the afasiofabldim val@omseteaieell €het, 8pesaitehle known, the
position of the wafer can now be determned with respect to_the references
of the wafSASUWEEHE systera ofdiedithagrapiuc apRaraivs. agositian ohirdapask 3itgwsnestedhs o
t he expos i . i h OSi.Li: 6
accur at el 51 ¢ eelgleetlg\%nﬁgﬁgfﬁrgﬁﬁncggéhgfﬁgglf %é%bgglz)%lﬁg%eﬁtfh%t e re e‘?{e{%}c[eesggégfost he
waf er st age.projtiemetystemas measiuedve a uitablemusitammeehsiremeht oisterasiithe ef er ences

of the ma are projected via .the. projection systemanto a respective
r ef erenceﬁgpgwahf@rap raye. $hhthe PO %ﬁ‘ﬁ? P’&g‘ ’é%(‘“PWB wifhgespepido flig projection

accur at el ydef 64 PiNEdmMkd fevegSpect to the position of the references of the
waf er stdge. By performng this neasurenment on nultiple references of the

waf er stage (ell§280locat eGhaloading pédtci waiceayds waterstage) alsq teferreddp 05 wafenf t he
mask table is determn in 6.degr of .freedo al |l om no~to calculate
The postt Fops 8RS pRETGTEr A Pt e Rare E B epBie AP ThEpGRIHUTAS e
waf er andwhite stagé RieAEERd fitht reshevetodhe ﬁkﬂ@l@?iﬂ@%}ﬁé defetrerintedst satl/ot he
nmeasure side. Thus, the position of the wafer in degrees of freedomis

cal cul at ethepdgrmeasarepsst Lists-of t he mask image in 6 degrees of freedom on
the basis of akﬂ%@k#]a bet m{%}etagﬁeﬂg%ééiﬁf?ﬂ'm%gsuéaﬁeﬁ@ﬁq%ﬁn&ﬂae# 1%9 lorref erence
wa ge at e neasure side. th

position of th er stage posure o e wafer may

now t ake siybH@memefed R8PE péifernaddai @ ek oaas S\ paytidicoflaapfeadned of e vaafératdgevs ng
I t he . waf th lith hi
\R,;]? g ? S 2 t a%égsrufq%gn glgeﬁdémpps[igl{)sd& gfﬁﬁ‘il gz %vei‘ﬂnmathe é:ncoggrroell'entlm%er%r%%?eg' ?r} gosrnbe}gaijtioglrl}?itfls ame

an alignment sensor in cooperation with a reference of the wafer stage. Using the same
measurement system in combination with a calibrated grid on the wafer, x, y and Rz positions
of the wafer are determined. Thereby, the position in the horizontal plane and a rotation with
respect to the vertical axis has been measured for the wafer and the wafer stage. Then, making
use of the flatness measurement system and the reference of the wafer stage, the positions z, Rx
and Ry of the wafer stage are determined thereby providing wafer stage height and tilt. The
same measurement system, applied onto the grid on the wafer, provides wafer height and tilt z,
Rx, Ry. In a dual stage system having a measurement side and an expose side, the above
measurements are performed at the measure side. As the position of the wafer as well as the
position of the wafer stage references are known, the position of the wafer can now be
determined with respect to the references of the wafer stage. The wafer stage including the

wafer is now moved to the expose side. At the expose side, the position of the wafer may now
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appar atus and anot her wafer stage or on another |ithographic apparatus.
Accuracy considerations in the |ithographic apparatus stage position
measurenent [00283] Positions on the wafer are determ ned during the
measure and expose cycle naking use of a stage position neasurenent
system such as an encoder, interferoneter or an interferoneter/encoder
conbi nation. In general, a neasurenent systemincorporates its own |ength
standard of which a stability is guaranteed over a tinme period. Such a

st andar d raac;nratblg Healswdmmed by ysisaalg thapodifiorsoftthe asfer@nemsalf ¢ha wafongager t wo

di mensi on sical property, ch as.a wavel e h of a stabll zed
opt 1 cal b Hkisraentil PhTndn Sichoftutelenir ety i dediiced £5¢ o
di mensi ong@e pra;j etﬂvsh HERNGHt6 A spsEdleteRPNCHBS HER) bafd. ¢lentd) tRASRitibhfitEe Made
of an |nterferoneter wherein a wavel ength provides a standard for the
measur enefitask isnasy aagheatel v detemsinehwithirerpeetite t@mémnﬁyhmfwam@he wafarwo

di | Tens I on %tagé( %%Pgi g‘?ﬂg egglrer;lglgt 8%%18{1}813 %fezrynéé’s%"fthe s{t{\ge Qg §p18<§‘a&?%a of

| i t hogr aphi ara oSIT1on acc acy

t he waf er rdspedtive ligesalicdess), Qlfle lﬁmgmntdf(ﬂlﬁa @hiskQable fodureii g, 1n\@fﬂegﬁe§@f fasduinacy
of a standard such_ as a scale or _grid of an_encoder or _a mnor flatness of

an i nt er f 8HHELLS calpylnts thepgsitiom of, rﬂaf’ewgfebther%fyorﬁa@rth% peritionaselpgion betvgenithe o
order of gpan Iafl(?ﬁﬁ r&fereh@s dt*?h@@afe? Eﬁgiraasgﬂeégé Setéﬁﬁhﬁé‘trtﬁ%é%&ﬁe sillL Pk, tﬂ@ps

in case f interferoneters may be cal usi ng e ca ration net’hods
out | i ned positidrhofthelwetemant deghsesaf drevdaat isonalcofatal Sem tidapaditivayf theanadkdmage nt o

d t f th it | i brat Kij tc.
ey be r el PEEeE g eI FERG B SRRs ey e PRSOaR FREE R Boand
recalibr alféfél@ncetﬂb‘éﬁti%ﬁ lolf Bfca 4 feNst AR 40 ettSmihel BRI EkPosuld @ftﬁ@%f'@? Ray TR Hke

used, either in full or as a faster update e.g. using a limted anDunt of
tracks, |phceextended patterns [00284] Exposure positions and al i gnnent

mar ks may be a posi tj o surf age area.. Hence, .accu e
posi t1 ont ng ovi02BHh 275y ThOhelb et Pl MRLEE R fER o T B0unk BRERLs 187 e
hor i zont alya¥r oX theRam@ditido drafihed hparhs 2danelsathe Rafensthbe, A% ahfe IMBSdrhghad ori d
Z may be calibrated using the calibration methods described in this

docunent . afrepeepdppethrewAGF alage eie another Jithograpbicaappaisiissuch as tilting of
the wafer stage may be found: Tilting of the wafer stage nay be perforned
in order to conpensate for an wunflatness of the surface of the wafer. Such
a tiltingAcanuky sorsideratitiaigahé litlograplip apparaginesdtagd posiien ieaniempior s of
the stage position neasurenent. A netrology nodel and a calibration map
[00283] Positions on the wafer are determined during the measure and expose

cycle making use of a stage position measurement system, such as an encoder, interferometer

or an interferometer/encoder combination. In general, a measurement system incorporates its

own length standard of which a stability is guaranteed over a time period. Such a standard may

be based n a physical entity such as a scale in one or two dimensions or a physical property,

such as a wavelength of a stabilized optical beam, or others. As a target measurement area of

the wafer is two dimensional, a two dimensional scale may be desirable. In case use is made of

an interferometer wherein a wavelength provides a standard for the measurements, a single

dimensional interferometer may be expanded to two dimensions by a one dimensional reflector

or mirrot. In current lithographic apparatuses, a required position accuracy for the exposure of

the wafer is in the order of magnitude of 0.1 nanometer, while an accuracy of a standard such

as a scale or grid of an encoder or a mirror flatness of an interferometer mirror may be orders of
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may be applied in order to conpensate for such changes in sensor output.
Thereby, using a netrology nodel in a formof a matrix, wafer stage
position signals of the position sensors in a tilted position of the wafer
stage may be calculated into position signals in an un-tilted position,
which may then be calibrated, .i.e. corrected for errors such as grid
errors, by a two dinensional calibration map. This calibration map for Z,
Rx, Ry and Rz, e.g. as a function of X and Y at the neasure as well as the
expose si degniydedargen cighinanserderstimpaaniiadeaf 1 Qormae PolrgescHifsyirade FEEPT bed

in this d%ﬁHgPllﬁ%]i)s 1&%?&%Ltel’f?ro%t§$pﬁg'bg%gltlbrfrt%gI xeé 'tl?% daﬁbﬂl‘ﬁgf{ \'%gg)éigg%ltlh)lgg%

posrtron correc I|tyo cati ons
grid posrhrmmakmumhmchs@Qﬁv@namoﬁmmmaﬁﬁ&ﬁmymenﬂmemayabbvmadmeﬂﬁmqmﬁﬁen

measured position in order to obtain the calibrat position. Inte olatron
of terns MEASHHBCHOEPIFHERALATS BRI TEn SHrallRY RC Fid lrﬁcgtoalﬁﬁfersedor%ﬂeercreﬁﬂﬁ

provide fep. Gahi9rahk ARereLRiRReaR cah&%nt)h i‘r?e%o@@%htthh@@ﬁtthlsrlio%ﬁr‘%ﬁt'rﬁé]/ o

the correction ternsg$&§ correctron of the position in x and y direction,
each t er mused, eitter cafullbr as & drsteratpdate ergaysiog apiniited aowenoef trasks isuptterded in
order to ex ress corrections in nmultiple degrees of freedom Thereby, a
cal i brat i BH#? rection in 6 degrees of freedom nay be obtained. Al so, use

may be nade of [gugkyj pl e Eigﬁdsﬁfétﬁ&ﬂwﬂﬁﬁﬁd aﬁ@ﬁne'ﬁgnﬁﬂ@m;%@&@hﬁPﬂiiﬂ& of the
calibration results fromdifferent calibration nmethods for different

spatial  wafeslserigrerirgaaHgess, aquurathposithoring evar slis grepmayiietremirey- Béthﬂeéaose
di ”ere”t Os'r} 'ﬂ? Senstolrfc P, I t‘?&%off&%{?%eweq Asq U@'ﬁaﬁ%n‘ﬁ%ﬁ

account & Ehl o atf X CEFrorosources in gr aphi=c app

st age pOSbﬂﬂﬁﬁe@ﬁﬁﬁyﬂ@mgh&mﬁ@pﬁ£&®e§d&ﬁﬁB&F&rb@dbhﬁn@ﬁJom1 a pIuraIrty of
error sources W ll be described for different, configuratiop

| i t hographi c aff{#8B3k usesturdiergpes. senagirity ie Etatiqns sashess titag of ﬁ“ﬁ’é%ﬁi’rg%rrent
[00288] AL tfo&ﬂnihgﬁgserﬂqe ol sBEC W do¥ofindd hRAGAD 0 6pARRRITBH 45

havi ng a e wa tage an roneter based neasurenent system
to measur mﬂaatms bf thoBuidice df hiee wafee rSush agidating r@ﬁlﬂﬁgil alcharigeiis an omfprugmgla‘ﬂ obn,

i nterferoneter beans g e reflected onto a FIOCKHPL (Q Sha

trans| at | BIFGN SRS PEGE SR ROTHONTREERTbrA e F gilftpdion iy

di spl acenggy, b@fapﬁlrbﬁ ih BE R {CEMIRNSte hﬂ%ﬁbﬂ‘bﬁaﬂgéﬁﬁ@@r%r E)Qtpﬁh ThBleB P usfigack.

Unfl atness of Teflecting surfaces of the mrror block may result in stage

posi ti on uepeloge ntodehiaadomacf @matrix, wafer stage position sxgnals of the position sensors in a
tilted position of the wafer stage may be calculated into position signals in an un-tilted position,
which may then be calibrated, .i.e. corrected for errors such as grid errors, by a two dimensional
calibration map. This calibration map for Z, Rx, Ry and Rz, e.g. as a function of X and Y at the
measure as well as the expose side may be calibrated using the calibration techniques described
in this document.

[00286] In an embodiment, a matrix is provided of position correction terms at a
plurality of fixed locations (e.g. fixed grid positions), which position correction terms may be
added to the measured position in order to obtain the calibrated position. Interpolation of terms
in the position correction matrix may be applied in order to provide for calibrations in between
the fixed positions. In addition to the correction terms for correction of the position in x and y
direction, each term in the calibration matrix may comprise one or more subterms in order to

express corrections in multiple degrees of freedom. Thereby, a calibration correction in 6

degrees of freedom may be obtained. Also, use may be made of multiple correction maps, for
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[ 00290] The sane hol ds for neasurenents of the stage position in vertical
direction, perforned nmaking use of e.g. a tilted mnor of the m nor block.
Vertical interferoneter deviations at neasure and at expose as well as
nmeasure to expose corrections nmay result frominaccuracies in the
measurenent in Z direction caused by unflatness of the mnor(s) used in
the Z nmeasurenents. [00291] Rotational deviations are calculated fromthe
different interferoneter nmeasurenents, e.g. performed by spatjally apart
i nt er f er oemingylc baansinglabioetioraesds from diégent qahbreh@remtheﬂti for dpderentserfiddt s

Cal | br ot | BAVBRA T RaE TRREPTbA Er ohr L B el Ry psors 31°

cal i brati gagrdnd r&edfS SR8 mBfbd tiRR0am ackOuR %Zihekaflbmﬁdi‘lemaﬁour ce of error
may be provided by grid deformations which take place during exposure due

to imrersion effects. For calibration of imersion specific 59 effects
resulting_in position.deviati. C i @E&u&@ﬁﬁ dekcbdsped in this
docurrent THERPY sﬂgr‘iﬁ&llﬂb h19 éeﬂguscsg#é;}g(fs?%ﬁpon e griy. [002931 A
still further source of error may be provided by wafer deformation due to

waf er support, cl arrpl ng i nduced forces._on_the wafer t ue
to pollution aHW287] dantije below, apﬁg@lgygggqr%sioblmes H‘élyb%g% E fatrélg?‘%gllgng
the caliby iflsdshi s docunent. Dual stage

interfero (ﬂ}tﬂgﬁ&gfggl&{}f@gg 1glhr rntS[002941 In a dual stage lithographic
apparatus, having interferonetric stage position neasurenent systens,
essentlall t he sane &ategorles pf errors may be found. As a result of
mrror unﬁpﬂ%ﬂgg"m&?" ?eﬁ%}"tsggﬁ'llpe?sﬁr%nelé d or Y position neasurenents,

Z position neasurenents, rotational positions as calculated fromthe
measurenents from spaced apart interferoneter beans. Fﬁrther rmre‘la errors

may result frotﬂﬂl&S]er st Sﬂ@ﬁlﬁgﬁlﬁtif"@)iﬁspr@‘{/ldﬁ‘ﬂ)?béélthog@é’ PR "eHESRaf er
by waf er st at or Qrce r f I
ci anpi ng ﬁ‘ﬁ% a%tagéemtl%{erf?rg <ol P?%grr%%g%rgﬂl}eﬁt %{Qﬁgv@engias% % rdggigg r(r)tfmay

be det ectg@@ﬁgrst rrected using the cal i bration net hod as described in
this docunent. [O 951 A further exanpl e of pomh)lon meas)@ er%nt err.ors
e

caused by stag0289k er f efohis copliguraed dpteHe@MGTPerEs 81CdR IR g IUoT A
stage int gfocl% ﬂﬁ% s%{ge.SX R AR thé §agfin X or Y direction results in a relative

displacement of the interferometer beam with respect to the mirror block. Unflatness of
reflecting surfaces of the mirror block may result in stage position dependent inaccuracies.

[00290] The same holds for measurements of the stage position in vertical
direction, performed making use of e.g. a tilted mirror of the mirror block. Vertical
interferometer deviations at measure and at expose as well as measure to expose corrections
may result from inaccuracies in the measurement in Z direction caused by unflatness of the
mirror(s) used in the Z measurements.

[00291] Rotational deviations are calculated from the different interferometer
measurements, e.g. performed by spatially apart interferometer beams. Inaccuracies in these
interferometric measurements therefore translate into inaccuracies in the calculated rotations.
The calibration techniques described in this document may be used for calibrations in 6 degrees
of freedom.

[00292] A further source of error may be provided by grid deformations which

take place during exposure due to immersion effects. For calibration of immersion specific

59



first interferoneter emtting beam B4 and a second interferonmeter involving
beans B 1, B2 and B3. Due to oblique surfaces 43b, 43c of mrror 43, beans
under an angle are provided and incident on 47A, 47B. A verti cal

di spl acenent of the stage, and hence vertical displacenent of the mrror
43, will result in a change in the proportional lengths of B1 and B2 in
respect of each other. Deviations inthe Z grid as a result if mrror

devi ations and/or prismdeviations may be corrected with the calibration
net hod desffedtbedulting hposittheciemations the cddsaticaumetheds deserdied 4 thicdasumgnt may

|nterfero sed systens vided in a configuration with two
nor e Wgel%?edstf’ Em%%taﬁoﬁe‘ép (Wgtﬁ%%l t hogr aphi ¢ apparatus. In such

conf i guration, (ﬁIZD@];]S may s@i@l&ﬂx&h&@@uﬂ:@omﬁcﬁ nt§\bedhd il hevafeadefsiratign idds

associ at ed mﬁt eac of the sta and grid deV|at|ons ue to_ i nmmer

of foct o,  Knesier swgptclanping idyechiyoepen v B8 JRIRORI el HaARBH oL
nmet hod as .di scl g [ f I
sources i ﬂalfl?ﬁ eFfpgf%ér?%fi E‘n%tb(gggﬁ syr}{alellr)rlg%r(ria]’gg%g%%ﬁ Artg%n?rgg%(;clﬁlieﬁgﬁl{)éeatu\}\éhel%

di f f er ent dhéunk@@r aphi ¢ apparatuses, as a result of grid deviations between
the grids of the different Iithographi c apparatuses. These sources of error
may be corrected with the calibration nethod as disclosed in this

docunent . Qf&gﬁe“ﬁgﬁg'qm?&@‘gﬁ smﬂemrmﬁyremnt [00298] In encoder based
stage position asur enent asically two configurations are applied at
present. In a first conflguratlon agridis connected to a stationary

ref erence such ol.o e se of 38 t he
novabl e st age. [@323{]”9613 ﬂ'éﬁ%t ﬁﬁ’g’gr%lg}‘cag})% baaswen otﬁe?%pore ﬁtug%fa#‘"gn on
the refl e?&élt\f&l &@&éﬁ?&ﬁerg %ys@ems[ Q%ﬂ@&uﬁhé AN EhtEIRc GEradrs Ay Hedowmid) afstaer
referred to as "novable grid encoder configuration”) wherein nultiple

sensors araultofimécemsuiiatesh erratsandyoieyin e iadof deposiifarmepsuicEnitef PBWB@’Q/
frame, while a grid be ect r

measur eneht® ﬂ’éi’fg%s B 8‘?%883@ eg%af%{llate% iﬁ %%?qglégsgﬁefrr%e}? (ﬁ%@g&%e

encoder gigtéhferbetePb&msTPuAINrRI08], efosMEDdesulchohi vgiféreﬁtagard,efamatlmybytferqmd e
of a smaller grid, even at |arge ranges of venent E‘h fagﬁ}, A

vari ety ofxgesoins the swierbysvaler sagcaeiuafars. 2pg Jprges ‘H‘PEIE 8’5‘8 G BrCHBY A Wals e
configuratj, : n?ﬁng%]h%}ﬂsﬁlng{ e ¥ étg%(?ﬁlﬁggﬁEeSQH 'Efdeg!‘ére§5f 28doP330be hi&tedtbd Snd

conflguraflu Ie stage a vari ety of sources of error
corrected using the cahbratxon method as described in this document.

[00295] A further example of position measurement errors caused by stage
interferometer is described with reference to fig. 17. A stage interferometer system comprises a
first interferometer emitting beam B4 and a second interferometer involving beams B1, B2 and
B3. Due to oblique surfaces 43b, 43¢ of mirror 43, beams under an angle are provided and
incident on 47A, 47B. A vertical displacement of the stage, and hence vertical displacement of
the mirror 43, will result in a change in the proportional lengths of Bl and B2 in respect of each
other. Deviations in the Z grid as a result if mirror deviations and/or prism deviations may be
corrected with the calibration method described in this document.

[00296] Further error sources in interferometer based systems may be provided
in a configuration with two or more wafer stages within a single lithographic apparatus. In such
configuration, errors may occur due to grid deviations between the grids associated with each
of the stages, and grid deviations due to immersion effects. These sources of error may be

corrected with the calibration method as disclosed in this document.
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may be found including but not limted to: local grid deformation, global
grid deformation due to production process tolerances, grid carrier

t ol erances, nounting and tol erances of individual grid plates, sensor

i naccuracies, etc. These errors may have effect on stage positions as
measured in X, y z direction as well as rotations Rx, Ry, Rz. [00301]
Furthernore, different errors nmay occur at neasure and at expose. Al so,
nmeasure to expose errors may occur. Due to inmersion effects, grid

devi ati ons may [@R200}, 61 Sulifotthdreansiatresiiminenfeavaice hased sytenns may Sedur|
further, stage to. stage deyvj.ati and.machine to machi eyi at.ions ma
osul s, [ GUBORHRITGH T ech gh ke TeBe R SPGB G qegoR™s M

confi gur aiQRenhRy %1(1@ of tHeedi et 1ithb @aphit SppirAMuécd EThAt bburdesSHREOF fhadtbe

respective edges thereof, two of these sensors being arranged to neasure
in X and Zprredied with He catibration weethndens grschsein thisrdogemsilring in Y and  Z. The
stationary grid conprises a grid assenbly conprising 4 grid plates which
together form a grid plate assenbly having a central opening for the

proj ect i OEncoté 6@ Maky pasitive Inleaddrehint exposure. Due to this opening, in
many positions of the waPer stage, it will be observed that 3 of the 4
sensors are in a position so as to cooperate with the grid plate assenbly.

The in total 6opgglti O IEASHLAIRA SoRNi IR LaTNkhepRSARagHs enabl e to

determ ne the positlion o stage | egrees freedom’ G ven the
openi ng i poifignrgions afl appBeda peesbhty In afifsocomifiguctionof gridis cosmaetdiis a wlatibndye

out of reach of th rid plate assemhly. Wiile noving the sta ependi ng

on the pé%fF&ePEﬁls“ﬁﬁ a?ﬂ’é’ n%“l(%%@%gy aIH%ET"BE%egﬁPSO%@'eSPWe}‘?%MO ?Er@%%lﬁﬁebg ut

of reach, \Aﬁl_ﬁ"@m&tlrﬁaf BVRERrmEAKRRY Bh a8EAQKDN oRedreBlebBleRA¥Sder BBY. result in
devi ati ons Ich may "be calibrated using the calibration nmethod as

described in t [00298bcunedtsecoideniightation Hereidefiar seferad tonasy niyevablergridet ed

usi ng the cal, brat.i on techni que d ribed in this docu . id
encoder | cERRNG RO BOTOR TR AP et Paie T il RO e o e
stage a Vahdielk\ih@heeSBEE aamef whigé i @fid BBlig kendcteddriftredingpagoblit stage. Azm ted
to: local grid deformation, global grid deformati on due to production

process t slcesupreen mayrhaperipaned biset on arareaion opduhieliAg ErracewT eranadiisof
| ndi vidual grid bl %%gfeo%m éo%%?ﬁ%éigg,a@g g{a?%'e)%?adg%g & amal—fé} &lehAt ﬁifé@rggé@\é?

effect on stage®positions a i'rectioh as we
movement of the stage.

A variety of possible sources of error will now be discussed for both these configurations.

Stationary grid encoder configuration

[00300] In this configuration, within a single stage a variety of sources of error
may be found including but not limited to:
local grid deformation, global grid deformation due to production process tolerances, grid
carrier tolerances, mounting and tolerances of individual grid plates, sensor inaccuracies, etc.
These errors may have effect on stage positions as measured in X, ,y z direction as well as
rotations Rx, Ry, Rz.

[00301] Furthermore, different errors may occur at measure and at expose. Also,

measure to expose errors may occur. Due to immersion effects, grid deviations may occur,
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rotations Rx, Ry, Rz. Unflatness of the grid may furthernore translate into
measurenment errors in z, Rx and/or Ry. [00304] Due to a relatively large
range of novenent as conpared to the size of the grid, a plurality of
sensors may provided, so as to have sufficient nunbers of sensors

avai | abl e for cooperation wth the grid in each position of the grid.
Movenment of the stage, thus of the grid, will thereby result in sensor
switching, which may have effects on the neasurenent 62 accuracy at neasure
and/ or at véngosanslan igty, measzmsurent ¢roorexXPokhurtben sage vajaggcleviatignseant gnashige to
grid deviati e to imrersion effects, grid deviations may

pn I%n .t{ne vaaf er. 1%
occur, whitT™oEFAEHeT AP P8 freasur enent errors. Still further, stage to

stage devi ati ongozanf nachi i@l fufthe®aRedE eAENVinal bO RENIRY a bosfihiraticnOARBEA An
exanpl e of a noving grid encoder stage position neasurenent_ systemis

depi ct ed ithe Wafgr staee i¥proyidedifithyd pensport respective pdges daseqf; Bejof thesgsensors

2008- 004321. ' i S. ] b Rod Dol td :
ref erence %é%g%ﬁ%geﬁg%ﬁ%? és&%lnr!% g{lfpgir ‘gb\} %fl-@ g{h%%¢ &S %WE%SHQ %%llenrY ﬁlé%d S
(sensor s) ZsUhsstagonaef gid ednpriseby gfid assemblyedcenprizaigigridpplates dédchangahafoss

shaped structure, Dep ing on a positjon of the stage with respect to the
Cross shaﬁéﬁdéﬁtﬁéﬁsﬁmgg HEEO‘%B“FﬁleO@Bng?"SJh PraIeqhien ‘E}}Sélsiegl}{‘%ﬁg&ﬂ;?%?% t h

grid stru ’ . s4e t i QMaAH 937 an
oo P8 DRE AR A8 A BURT A i b

i nt er f er ottet4esenpars Ateiink posiien se aetcoopgrateevitipibk igad plate assamblyr heinthtal 6

encoder posi.t.ion neasur ts., This calibrati echni gue .howeyver i.s prone
Co et PP et S Rl Fprong S suboB Rt T SrEraHE meRSRh or e

i nter f er ogmE&]s dRBldel ONredBAS Wi RFRAE opdiih RS orPpidE, as§Bnili Pla felith ahdefihe Of
the interferometer mrror may affect an accuracy of the interferoneteric

cal i br at i ewmsmsasillbemuhefreadhrofabeiptid plete asemily pdge provingibeg@ee, dgpepding on
| nterf er ofgt Sitigh bPthe QUL 2 erTERT AR APY G {n@g be 8{1‘:{#6@&%[& Rin 488 flyo

t d
here may o] é prone OVEr "errors’ be encbders on elgﬁer
si de of atakesicglrrofs. Sheh & esve hapadsulr @fdervaos which eiaybe.cahbrattd gsidgshof
freedom cal.ibration of the novable 8” d encoder _ configuration y be
per f or medcalitrahanacthed pysosentsd iphin BecurentiAler. g edhsr dey RN yBRIRTRTeCtethi 5
may al so ﬁg%hﬁs&ﬁﬁﬁtibﬁtegﬁﬂgﬁ%@ﬁb%ﬁtHYEﬁB@d 4n alignnent sensor is

appl i ed m croscop canmera based. Extended stitching marks

Movable grid encoder configuration

[00303] Also in this configuration, within a single stage a variety of sources of
error may be found including but not limited to:
local grid deformation, global grid deformation due to production process tolerances, grid
carrier tolerances, mounting and tolerances of individual grid plates, sensor inaccuracies, etc.
These errors may have effect on stage positions as measured in x, ,y z direction as well as
rotations Rx, Ry, Rz. Unflatness of the grid may furthermore translate into measurement errors
in z, Rx and/or Ry.

[00304} Due to a relatively large range of movement as compared to the size of
the grid, a plurality of sensors may provided, so as to have sufficient numbers of sensors
available for cooperation with the grid in each position of the grid. Movement of the stage, thus

of the grid, will thereby result in sensor switching, which may have effects on the measurement
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[ 003061 A further calibration nethod is described with reference to fig.
19B. Before describing this calibration nmethod in nore detail, reference
is made to US 7 102 736 which is enclosed herein inits entirety by
reference. This prior art docunent discloses a calibration nethod applied
wi th |ithographic apparatuses having interferoneter based stage position
measurenment, the nethod wherein a plurality of spaced apart nmarks (each
e.g. 63 conprising a plurality of points) are provided on a nask, the marks
bei ng ar r angeatydit agesmt hiyd/omat expesendilsk, measugsipespossieriont hapgi®ir dhe to e.g.

measur enent. of the stage position in the ne of vement of the stage.
Ao exanpl S8AeueR HACE YETgBHF B mrsion e o deyRERT PG YIGE - Son
t he di agopahsIREROARARREM Nt PR Stilliflirthdr Sfallelto bAgCAPAKIING 288 nAcKihagonal
pattern on the substrate. This exposure is repeated, the wafer stage being

di spl acedmgchine dewipiéerns may rest. rask  bet ween successive exposures, thereby

resulting in al@éﬁ? ssion of t&%lnh% Oqiaffﬁ‘lé‘g%?gfﬁla’?‘t%ﬁ%géﬁ% | thgpns. The

exposure maybe rmed at the €xpose s C appar at us.

Read out mewhiréhcitaysttraked@liac®indig t $eThir asnli@raticads Gifrther Hedchibet mphs c
apparatus, takes place along.the line A-Ain fi g.t 19A. TherEb
1

posi {1 oni AGOEAPERE2 &) prhchie cororapd Bergitdndts chHRbeRprsSeseRsed kR depists o
separated,fr i i la! ¢ re
Fead out L RL SRS RaREREE WAT, LBCRLS BBRT sl AL i Erciodng

di r ect i onprovdedentaheysshhaedisaactue Pepeadiing ont hposibxpaisbe stagewith rekptftde eret

iti | the first direction. Int | ati b d f
ol | br at 1 645 HIUBEA NEAHEIROTSSEFAS SROSHARF SHC LS eErI P b FORSTHAUES ¢ aken
pl ace. The,galhRhatd @RrrRLAOWAS IMHid cdgisiRE6h] Aefteiidhdi@liepRRtRIt® fi 9.

19B now applies this concept to the calibration principle nmaking use of
t he ext enthedsuré ppositersof thestags thsingirfedmeevpdsiionimeasugtisuhmay be ppdedra Fig.

19B schemati.cal l,y depicts .a mask structure hayin Lur al i f. S,
e T e ST R Lt SRR TR R

di agonal | ¥iniilar idae&RedEs Bfdetdidedab&ed N fefdfemdttto Yhe MeeRrdthetseposaioss woul d be
projected onto the substrate, an exposure pattern would be provided onto

the subst meawirereetipinioghengvoadsp mirres witjatesss phthg dotpriergmetes roymay sHegt an
A ange e N ourdeg SPHR AR R e SRbEAOAAN-BREAL dn HBHLA% HRDSIAL R RLr e
ve the mas n, IS

substrate 1S In respect o In ar tirst I recti Int
exanpl e t hel tefer@ntteodiraSouncedine@iondd hyoay, thewoAfiratfidredesbyhed Heee may tilzons

of marks provides a plurality of extended pattiern n the substrate, a

depi ct ed PHhPHong to tagover gEom e ad ep%l%CPg?fﬁgné%%%rﬁ&ﬁwg aicﬁntte’h%# TBF PRops s aped
reference structure. A6 degrees of freedom calibration of the movable grid encoder
configuration may be performed with the calibration method as disclosed in this document.
This may also be the case in configurations wherein an alignment sensor is applied which is

microscope CCD camera based.
Extended stitching marks

[060306] A further calibration method is described with reference to fig. 19B.
Before describing this calibration method in more detail, reference is made to US 7 102 736
which is enclosed herein in its entirety by reference. This prior art document discloses a
calibration method applied with lithographic apparatuses having interferometer based stage

position measurement, the method wherein a plurality of spaced apart marks (each e.g.
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direction, i.e. in this exanple in the X direction. The di agonal

arrangenent of the marks, in which the nmarks are spaced apart in the first
direction as well as in the second direction (in this exanple the Y
direction), thereby results, when performng a novenent in the first
direction during the exposure, in a plurality of extended patterns which
are spaced apart in the second direction in accordance with the spacing of
the marks in the second direction, and which are translated with respect
to each otdweprising & purdlity of pefntspareipoeridédome toskl drcmanks bpingaerasgeddisgpnatly t he

64 marks with respect t ch oth in the fi | i | M y to
neasur eneft LR G LER e&cﬁ)gggt?'i a%ésaﬁ’ %%r,em?tp%fglﬁ% f;tg%é’ ﬁéggoﬁgg rtr}e% né%efgf!t he
nmeasur e spfeesnRAhOtaRd Aafextpleeiaditnaksk ipdtpieted sn iU Ao pakpittaiindig he
substrate along the first direction, the pattern position mneasurenment

bei ng per # 3fnthd diagonsl @rpngesnenyp warks ovill rowliia gyposysdtpgliagonalpatierngm thre
fact that i : o i Ll i As
2 Fesult HbPEsy T SE e TR yBA e RARF AP Abhe Wk ORI Shep ik Ol
error in bhweseamoeksiv¥)exphsugs)theebpeisuiging i swgteeksion ofiiutually displaceddiegonal

atterns, however translated with respect to each ather in,the first
3 irecti onyatterwégﬂlﬁ EXRSHFS TREY ?FV%%PW@S ﬁb@ﬁSapfzfswﬁogé&%glmhice@é’ﬁéﬁﬁe‘{%%
fig. 19A oaﬂj%ﬂcﬁtnwg@e AdRHRIBRYR sidl@eﬁ@ 1RGSR AphRnishakuafifle ai’c{n%ﬁ@

expose side, I'l'e “measurenment takes place at the neasure side of
| i t hogr aphihcAabpafigtldd. Theby pesitonisg atrotsiabtheweessure side aed aiitle exgapaside may

perfornmed for %;g of the, parallel.extended,patterns, whereby, tern
parts at Be §eé’ﬁ’§1? omiegeh %tpgrnﬁs&lhﬁé)o (Eq’raslf)ng tglierhglélf?ng?lﬂ C Y &P %adtogl?% tgél i ne
A-A i n T gheak9éNid@RE s’aﬁffé%o@iﬂfbngﬁlbﬁg theFREEIIRESHT) Whil Befhivtibedh exposas alrthe
while these parts of the extended patterns have been exposed at different

expose peoxose pids af differegt posdticni plomgdhe Bist diseprlonTinesralgtionysay be Bisder errors
at the measure. si.d t he. 2 S Ry f h
other . Tiatticnh BeR e S Aol iont 4RREEL B GBR B SRR TOT BT, oo

of an i nt ghé eldm@icammdthéd @rwilltbhdcsunibedivithssfeadnct hiefig. DB mberappBesathismbnespt
along the first (X) direction resulting in 3 osition deviation of_ fthe,
stage in ® e celfwatingyingiplemekingivsn ol e exepdedancpersiisisgls S aclasedm tETS t he
ext ended p, ps, interpolation may be omitted, which may increase
accuracy and may be result in a significant time saving as conpared to the
di screte approp®30zs desEig beRl schetfaticdiedapictea sk stopcturd Aavifg e phealityiod, t he

need to comhi ne_the cali ltj)r ation r Slé:lb?%ﬁm Elﬂ her asuiieneqﬁ%i t echni. ques
may be obWRESe¥DIPHRAIGEE! STBPTRE2 A B YRGS netHBY T &°qd88yq YaeBel S
Firstly, r&h&tepae dietitonsDeadiPdewhen el mafksarduldBé fofbcteddntdihe sstrate, & t
met hod, spaced apart marks aredprow ded on a o . )
exposure pattern would be provided onto the substrate, comprising a plurality of marks in a
same, diagonal arrangement. According to this calibration method, during the exposure, the
substrate is moved in respect of the mask in a first direction, in this example the X direction as
indicated by arrow ARW. Thereby, the patterns of marks provides a plurality of extended
patterns on the substrate, as depicted in fig. 19B, the extended patterns extending in the first
direction, i.e. in this example in the X direction. The diagonal arrangement of the marks, in
which the marks are spaced apart in the first direction as well as in the second direction (in this
example the Y direction), thereby results, when performing a movement in the first direction
during the exposure, in a plurality of extended patterns which are spaced apart in the second

direction in accordance with the spacing of the marks in the second direction, and which are

translated with respect to each other in the first direction, in accordance with the spacing of the
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mask (each mark may conprise one or nore points). The marks exhibit a
spacing in both the first and the second direction, such as for exanple
the marks depicted in fig. 20A, thereby preferably generating a cross
shaped arrangenent of marks, as synbolically depicted in the nmask MA. Such
calibration patterns are used for a so called "stitching" approach, whereby
such a pattern is projected repetitively on the substrate, the substrate
bei ng di spl aced between successive projections over a distance slightly

| ar ger or nsirksghith sespevald eachblenint the ﬁsqb@iiriemtg)rﬁ!&mdszMn@ugmm tmlgpipmsnt S

of the patter. Preferabl t he di st IS sI| tly

Spact ng. SBREDEbARE: 4P DY HESHIEOR B et Sb ReHOTHR e e R
repetiti ogﬁnen%thd@émfo%&ﬂontb thef éugstrag@ﬁon%ﬂ@rfﬁstﬁiﬁé@ﬁ@’ﬁ itNEpRCROSISIRS ar e

depi cted bel ow each other, a center foll owi ng projected pattern
i s exposetheagjrameniteing perfoguedin thefitst gircatiea. Hraschyousd ipay bomede elthe St thet n.

B 8 L ePel L FBRRYRE BhechGR PERESH Ay, Ohecd dlufh B FITEASE AR
arrangeme t f 've patPern of near usters'is

created, bbﬁtuﬁi She esended PasérinN@e @frobinaRateebnd (A dqmnﬁoﬁb@ag tpeovidahial atither
mar ks of adj acent patterns. Each of such clusters con5|stst%%éggrks t hat

have been e@f@%éé@ttfms dowsvey teaslaty Wil Bspech taseash otber i e i ffon).
pOSi 1 0nS ABfint BeiS| P8 ineif deSfRE Wih rBichoo Wik A oI He SRAGBENSIRAR 1AW &1

t he neasur rap ic apparatus at” ‘nearly a single
posi ti on. bé&s axpuscd@atotht mferraemelsypmrskkt while tekerghead ¢akes plmeastthematsure

nearly the s osition ile t e di fferent nearby mark from
ottt ns. e ALk iR MGt af o Sie ARe SleAsa LR P RBR T
exposure, gidh o@%feqs%@eﬁéh&édepa&angl vsﬁéragu b&tffem Pa&d atlaogah@qmgﬂhb@ raﬁmgtthmaﬁ ure
and at expose from each other. Conpared to the nethod described Wit

ref erenc edtrcptrbn gsxmm taithg ling e Aria tfigo wm@ reddept Wéthe S@fnfeeqosmpmg error at

bi | I li b d
Po as o t etsraraicatet panf ph8eFIsREATRRER: hE bgttodly AR ARAT el b e

for encodgssittRzgsoss ﬂrﬁeﬁrﬂQﬁteEh&i) 'DH@&&W Qﬂﬁfibﬂlng %ﬁ‘bl}sett tﬁtﬁneaﬁﬁﬂehﬁﬁa A@scthebed
with reference to fi provi de two_singl e di nmensional calibratjon

data set expos sige rr@vgne rswr@teg frem; geh sthsy |Té118cw1ﬁ@ﬁé e PT Mg bR $BRoY 9.
.I n this C?Elﬂbpe[t@;lﬁ ngﬂattﬁ%mﬂﬂgntfﬁ%%ﬁ‘[) é?%rr\ﬁ@ ttﬂc ﬁ]?fia‘?lrle%ggiethtf:ci’ntfz‘llf&om%%'b‘rmrrqj1
on na or obt e

i nt er pol af'l e require aining position data 1 n between t

di screte mbﬂgﬂméﬁﬁqmsduAﬁ&mJeﬁﬂm@;umﬁmﬁuﬁmnhnhnbﬁoﬁﬁmqugsnnagthesappﬂled in
order to provide calibration data in a, differ % @ atial frequencg range.
pat pea

The di ffeflrétmtwn RSB EMNRRYSaERGEE © o Rl e RO )
further cghiRualhRA n{HGh A8 AR HdNHay Be ltegﬁt { W § Bkt Wnld sl abe

compared to the discrete approach as described with reference to fig. 19A. Furthermore, the

need to combine the calibration results with other measurement techniques may be obviated.

[00308] Another calibration method is described below. Firstly, reference will
be made to a prior art method. In this prior art method, spaced apart marks are provided on a
mask (each mark may comprise one or more points). The marks exhibit a spacing in both the
first and the second direction, such as for example the marks depicted in fig. 20A, thereby
preferably generating a cross shaped arrangement of marks, as symbolically depicted in the
mask MA. Such calibration patterns are used for a so called “stitching” approach, whereby
such a pattern is projected repetitively on the substrate, the substrate being displaced between

successive projections over a distance slightly larger or slightly smaller than the spacing
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described with reference to fig. 20B In this nethod, use maybe nmade of a
first pattern conprising a plurality (preferably 3, 4, or 5) of nmarks
spaced apart in the second direction and a second pattern conprising a
plurality (preferably 3, 4, or 5) of marks spaced apart in the first
direction. The marks may but do not necessarily need to be diagonally
arranged simlarly as disclosed with reference to fig. 19B. The first
pattern is exposed onto the substrate, while noving the substrate with
respect t betwuen neighbdrimgtpuints of the pditerecRictemably, tee dibianesdis sBghily lnteer fan the n

referred to as 1. This.process is repeated,.for each repetift.j.on, .
subst r at e SIS 25 B OB6°Y Clé‘bfna‘i“?érﬁ’lf’gs Y4ps Of inlateg naP’t.f’S%?ﬂ?Be e%{\}(gt{r%' ég g‘?psl?tg(rl]ce
preferabl y, ﬁk.‘ B whetedu@8dssil B 8kpRufbs %ﬁeﬁfé?ﬁ:tedl%ldveémftﬂh@ga tentérhrark péigi ng
between the marks of the first pattern. Thereby, a plurality of extended

patterns #&lovineatogeiedpaitem isgxpased adiaergt toran qulsrgparkiof granrefousy Prosctsdr ed

toin fig. 20B by 2 and 3. i.S: I - I d
ot o OrRERRT RS SoflRE o BB PHOARRS o bl FARR A iSRG R RO
second di pgokifen a ryftkitiec patae efnaidecaasere és axpod uhedpstetsivonssthptafateentes

di splaced in the first direction over a distance preferably slightly |arger
than a dimsrlaptepatser asiarenmks of adnccatpteny. Fuhpspe ﬁ%st%ércﬁ%sg’% Of%lfﬁ%&s

second pa / ol 1 gsiti
S B T R e

di r ect i on chposardwiden while togaah hereakyut tthe mpatureside afjthie hithpevaphaeappadfuseént
extended patter.ns, whi.ch have ex oseg at . di fferentt%%o§i ti ﬁgls Ofre%th%arl
subst r at e NFHB] 2siAgle peyian Asfiveiradewt of ERY BlASSAR TP LA T LY nost

the same pRslaieQbge PHGHSH YvhiRIRE Hiffctdh® nOFBY Mafl afd fréhpafbms 6 PRSI thmchavé
measure can be separated from each other. 'As conpared to the conventional

"stit chi nhtenguppesch diffonend siage nodibensmapxpsusnitbeermesgosgbletadistingighse

. _Furth th ; ; ; e
o her - meagf iR RS e TR SR Tl Sah g oo RpREY RInE GRS M ¢

si gni fi cagbschibe®wB YéfBnodY 111 9C bheBethe ntahdddaatrilna Hevesfidre e O30}y fon
the bel ow, a (stage) calibration nethod for a |ithographj.c appara%lgjts LS

di scl osed calgplatea tvoulimensionen erdibertion s ialbe AelsTed (o de R JIBERTIPRA CHRTHiRTS

di scl osed . 1S, - o[l y, [ Aok QB Je@herd). while th

11 hogr aphis (ale IREHRERR: suiiE ortencRich Bieel Bt BOAITER REAL R, il the
measur eneietlictl ddkGHed seth, refeminkowefie. 9 naydireddstsicoinglé dimenaionilrcatibration daté hod

ARSI G ST R e,

I nterfer ol BhePiith PARGLe to fi g. 204, interpolation may be required for obtaining position data
in between the discrete measurements. Also, other measurement techniques may be applied in
order to provide calibration data in a different spatial frequency range. The different
measurement techniques may then be combined.

[00309] A further calibration technique according to the invention will now be
described with reference to fig. 20B  In this method, use may be made of a first pattern
comprising a plurality (preferably 3, 4, or 5) of marks spaced apart in the second direction and
a second pattern comprising a plurality (preferably 3, 4, or 5) of marks spaced apart in the first
direction. The marks may but do not necessarily need to be diagonally arranged similarly as
disclosed with reference to fig. 19B. The first pattern is exposed onto the substrate, while
moving the substrate with respect to the mask in the first direction, thereby exposing the pattern

referred to as 1. This process is repeated, for each repetition, the substrate having been
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based, requires a |large, two di nensional range of at |east a size of the
substrate, e.g. 300 mmin X and Y. In general, 6 degrees of freedom are
measured. [00311] An Interferometer position nmeasurenment systemfor such a
| arge 2D XY range nmay nake use of mirrors extending in a direction
perpendicular to the interferoneter beam to keep track while nmoving in
the direction perpendicular to the neasurenent direction. 67 For an X
measuring interferoneter this reflecting mrror is extended in the Y

di r ect i ondispliced nethe sespad dirggtiox oivart adis@nenpreerably slishily dagen than ¢ diskaser es

| ddi tj onal h ' [fi |
"t or o ot erendtat o i S haPnDbacoril B8: BRI PRI or
addi t i onakx@¥R&SUSBERR ke Gbated, arhioH éflereixil @it fisdt dérectnm, paretirted to adfig t30Enal

reflecti ngﬁ surfaces are used, For Z direction, interf ror[gityﬁrs ar e  used,
i nt er f er oR¥EeNdBeThesaHnC HRFSH IS 1RGARY ysiig ts‘é‘iﬂ’ngj?a‘éergtﬁtf’ée pne ¢a5h g

reference e&é({lgff th? WG hAR ﬁnﬁt}é&:ilﬁ the %%Xﬁcf'ﬁf?ééiog,h\@ﬁ‘igbeb etREARUCERGVE SxpdMitesh

can be det n general a I nterferoneter based stage position
measur enerite sspsttaeisnisplavad & the dirafdirexticensied a distanoe prefaablalsliglelydetpee then of
freedom These m nors..do ngt have .t he reﬁ%i red fl.atness, t t he

. fulfill
requi red ghfarcecuTssaeRAing thgha spacing behvesmd of thefecey te{?’; |nlt#'%ti on

met hod mayGaaR! hSiflusttfedinffly S6B $bAom ABurk), @PabitSHldrPRraNBRIRS if UOGhOfirspf Y
novenent may be determ ned Tnaking use of the calibration nethod described

Wi th ref erehsssonddiréation da®: baen ceeataddherebs (This pastem agsinrmseyidenadigggniaextended
function of X nay. determ ned..usi ng a.sane...net i . Rz
as functi BAGHS: X}én%)ﬁlﬁvggﬁogﬁ@ ﬂia%ﬁsﬁ%ii}g%oesitgj 2e 8f F%lensggs 5%113@6%%%&0%9, iR are

cal i brati ggws®ihefdoudhshéR6RMt hlitndshihs seac poEién. THekbRGgaEe thefpoiten dnvisle
gridlines such as for exanple described with reference to fig.9A. In a

fourth st emosg andatmersuiesin §¢ soparated, frpa qaeh pthet Af mPard te g gnxeitipnal
thods dj.sgl: i - i i
Conort 1 ve LRFHRG clbriich dbRmB ATty e TAHOS iRt Sl idfathEhly RURORRIE

sensitive ern ‘as i'scl ose nent .
Rx, and Ryhemrpd toa®nibitmcthé oalibedtioX Yesulty whith odiear imeashrament tédheiquas inby bt dlonated.
nmet hods di sclosed in_this docunent, naking use of the double special
pur pose ZSHH faither,as sigiiERbRGe 57V MA¥de 38higYe| osed in this document. In a
sixth step, a non orthogonal angle between X and Y mirrors may be
det erm ned
Calibration overview

[00310] In the below, a (stage) calibration method for a lithographic apparatus 1s
disclosed, wherein use is made of embodiments of the calibration methods disclosed in this
document. Firstly, a calibration method for a lithographic apparatus having an interferometer
based stage position measurement is disclosed, followed by a discussion of a calibration
method for a lithographic apparatus having an encoder based stage position measurement.

Generally, a wafer stage positioning system for lithography, interferometer or encoder
based, requires a large, two dimensional range of at least a size of the substrate, ¢.g. 300 mm in

X and Y. In general, 6 degrees of freedom are measured.
[00311] An Interferometer position measurement system for such a large 2D XY

range may make use of mirrors extending in a direction perpendicular to the interferometer

beam, to keep track while moving in the direction perpendicular to the measurement direction.
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with the calibration nethods disclosed in this docunent, applying rotating
90 degree stitched patterns as disclosed in this docunent. [00313] The
steps may, but not necessarily need to be perfornmed in the listed order.
68 [00314] Calibration of an Encoder based stage position neasurenent (both
for the above described stationary grid and novable grid encoder
configurations) nmay be simlar to the calibration of the interferoneter
based state position nmeasurenment confjguration. The abqée descr.i bed, st age

e ] L on.. g
cal i brat i Ber aneX msasuring interferogiels Uaredlsptinaminrys extensded & B drecharay Vice age
position u (W )
ot er ence ToF Pha Bleismnie Yt ADE Rk ST DO oRh e and RY g
(grid) mayysingeadditicedlpaaiid inetfefdnadters.whsahe halyls forés measuring RZDOR Rt &ge

position errors. [00316] It is generally r rked th i n,t.he st
Dol br ar irsediistndl vreroRmSraTRON eberiaRrrt et afulig 7R Eae oos
may (€. 9. gifhc@l ,'ﬁ@&ﬁ?ﬁor%ﬁ?&ﬁéﬁﬁﬂ%ﬁe&%&geraisia&nﬂteﬁfa?ohf&bﬁtlbbaﬁn@ ake@hiche

pl ace of the calibration described with reference to fig.19B. [00317]
Cor r ect i oheing psfleviy bye stogeauirmed td arefersaaeaningy, suph Hat denoverpeieernEe a|

nmodel conpecting,encoder asyr ts to sta b L -1.n the
interfero ‘en h‘@ﬁ’ﬁ r nFe %ﬁi&%egﬁaﬁ%‘ﬁgr m‘%ﬁ lga(r%? &e%t(ajgré;?(gsildrneadi ngs
to 6 DOF §{eA8RcmBAS|itéANSay faRalsabf EaBRIKSiQPSHBEI bricgieceobietidomin Thesee
met hod according to the invention is arran%i?d to Jinprove calibration of

t he encodmirrersslomothavsttheiegnised flafnebsito PYEH theigniredagibiteB@eY: conprising a
grid. In order to calibrate such a specific encoder neasurenent system a
plurality of calibrations is perforned in prior art: Gid errors in a |ow
spatial frequepmgizan belica ét@limentbthedtage ouiénbii@nabthed intagkomppsoach

wherein patterns are repeatedly projected onto _the substrat a_nut.ual
di stance. Furt He# fisf alep, aish CoRESPUigR MRS Twpctign gt hmgb%{‘f“?“éfnaﬁ’ﬁ’é’%wed

cal i bratign, 8] brstidPLeneb ihBEkihFeRfenbbg nsiage: high spatial
frequency gri %gglr)gtrhg%%lﬁr?unot g%lg fjgﬁrlpome%&byetheg staéée when noving at a
const ant vel ocirt ysasbhdstap,ladcomedtioamdposfubdmawit & may Padetdingipedusinga same
di nensi On%leth%)épose grid

In a third step, Rz as function of XY correction map may be determined based on the
calibration methods disclosed in this document, making use of the double gridlines such as for
example described with reference to fig.9A.

In a fourth step, Z as function of XY may be derived with the calibration methods
disclosed in this document, making use of the special purpose Z sensitive extended pattern as

disclosed in this document.

In a fifth step, Rx, and Ry maps as function of XY may be derived with the calibration
methods disclosed in this document, making use of the double special purpose Z sensitive
extended gridlines as disclosed in this document.

In a sixth step, a non orthogonat angle between X and Y mirrors may be determined
with the calibration methods disclosed in this document, applying rotating 90 degree stitched
patterns as disclosed in this document.

[00313] The steps may, but not necessarily need to be performed in the listed

order.
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calibration may be applied, which nmay be ained at reducing a chuck to chuck
fingerprint and conpensate chuck dependent deformations due to substrate
cl anpi ng, and nay also calibrate cooling induced grid defornations.

Enbodi ments of the invention alleviated these problens. 69 [00319] A nore
specific desire in prior art arrangenents is to inproved calibration for
calibrating the stage position of the |ithographi c apparatus. Another

desire is to Erovide an i nproved detectiaon nmethod that provides nore
i nformati on wi (#P34dkpect Colibrgtionpt 4y Encoder agedstagenpsgongneagysiment Goth fpr j g

desirabl e j j r gt i,k : bt cihs
firthar qetobRARR Mo RS oD aUIE phl cREIdcDUmARifBEf thayi sickihar to

wi t h r espéetcatibration bhthg éntetferbaeter baed state posgthoressutement epdiguratibon] Bast sone
enmbodi nent s as, descri bed i.n the i cat.i on, i nprov ior art arrangenents
S ooor i oy e e SRR cutbritst mB RO ER Ao PR eyt Bher Myt PR

exanpl e hagg nidyAMdsdethdhpr a detection nethod and in particular a
calibration of an encoder neasurenent systemof the stage, the detection
and cal i br at i of"0385ldescr Theendoden grptingimey hentedmay rofereappfardiee ¢ degresstadge

i mongi ondt-dotRAEr 5% R flaCTAR 4EB S AR a AL R AP Bl

conbi nat i gRsl id GDOR dtyve, pRRPAGHLtsye, etc. [00321] Although in the above a
speci fic exanpl e has been provided for a_ detection nethod and in

particul ar a cHBBelati onlta sensrablydemaked s iy Basisge salibrdipngnethod the age,

t he detect,] i i roRedlal ] FER, e applied
for cont r{:)kiiﬁpar%ﬂgiﬁg bggw{ehcrgféﬁégﬁ%ls ﬁgg'hjeat [ %ﬂéfﬁ%qgﬁ? igl?%ggr apﬁ@x%%par g!to us.

I n an enbadifigarnitioanoicnelhyl edte dat flsocrofitlse cdlibratied desgppibad edihycfesdnog td fig 1 8BMe

pattern, while ving the substrate taQle with substrate.. Repeajedly
pat t er ni ng res[ﬂr68§7]i n Ieﬁgﬂ?%ﬁpim@s% CSEEPUELR IPEIRAY IR A&PEE on

met hod, VAGHgiticd nR%lQP@Jnh)éctﬁIg %B@de@ xiandedenats 6 m)faét%dsftﬁmfaits [1112 the

direction 1's neasured can provide Iinformation wth respect to

devi at i onmitdarfeadmeteemathemgtital mpkiel, shschhwanéagintarteremetehadisgaitof PO stagect i ng
for such |lens heating. [00322] The above calibration may be inplenented in
a |ithogrBpHi®Sapparatus by e.g. a suitable programming of a controller
whi ch controls the operation of the lithographic apparatus. Instead of or
in addition to programm ng by neans of suitable programm ng instructions,
any ot her Gepsral vemagké t he controller arranged so as to have the calibration
nmet hod performed, may be applied (e.g. dedicated hardware, etc).

[00318] In an embodiment the method according to the invention is arranged to
improve calibration of the encoder measurement system, and in particular an encoder
comprising a grid. In order to calibrate such a specific encoder measurement system, a plurality
of calibrations is performed in prior art:

Grid errors in a low spatial frequency can be calibrated by a conventional stitch approach
wherein patterns are repeatedly projected onto the substrate at a mutual distance. Furthermore,
use may be made of a high spatial frequency calibration wherein use is made of an inertia of the
stage: high spatial frequency grid errors will not be followed by the stage when moving at a
constant velocity with a low control loop bandwidth. Thirdly, a two dimensional expose grid
calibration may be applied, which may be aimed at reducing a chuck to chuck fingerprint and
compensate chuck dependent deformations due to substrate clamping, and may also calibrate

cooling induced grid deformations. Embodiments of the invention alleviated these problems.
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[00323] Inline tracking of all order is necessary to nonitor commopn noi se
ternms. [00324] While the flank scan is perforned the substrate table can
al so nove through Z to conpensate. for an effect know as wafer induced
coherence offset 70 [00325] Although specific reference nay be made in this
text to the use of |ithographic apparatus in the manufacture of I1Cs, it
shoul d be understood that the |ithographic apparatus described herein may
have ot her applj ons, .such as manuf acture of inte ted optical
oystens.gu aadtEAha" G AEER e SelR pEEt s retectRaB R R TR co
flat- pane'cahlﬂ'hﬁcm Y Salibrhtehdl e §trag§f.)@§1t1cﬂi &Rh@Mﬁlogxla@%)a parihus- Aﬂdtﬁér'ﬂ%ﬂ&e’% t&
heads, etc. The skilled artisan wll appreciate tha in the context of
such al t eprexidean immved deiestien mathpd thae povideh moreinfymajign sith rewpect tolp gertain
hereln ma I S h

"substr at & %uxtfgce%%} fg?, s(?ra% {t%y ([]16% Xllgﬁgsop%n rgvetﬁ'l ?nfgﬁneﬁ?%gf;e‘:ﬁs@ftpe% rguer e area. Itt

herei n mays ﬁnﬁhﬁf@@ﬁﬂﬂeﬁh prbeifdﬁ raelewcu@i nethod exsaliiiglif infofindtivn veiarmpet & 4 r ack
(a tool that typically applies a |layer of resist tg a substrate and

devel ops {aige g a2 g ﬁlaqrser tigneripan. dhtdeppt ssnt crabriipentg s dersphed mdhe t ool .
Wer e appl, ﬁﬁ%g to such and ot her
substrate %@g@ég@?ﬁ Sve@% urn%g?&h?ﬁ%ogﬁ%%gﬁ%g$2k%§§;be processed nore
t han once, for [@336)pl e i Altchou@'rmtthe ahoeramespa:lﬁuEXampIaimsrbdeﬁ:,prmdedtfoaa t he

t erm subst.rate use als refer to a substrate that alr
bont st ne ARt bl S Badiotiel o AR istres ol R R TG AEReT FIsn B BF Hiree

may have Eﬁ%&téﬁﬁ&@mﬂp&\h%réﬁ%nta%eéé%e&fn th%%@ﬁh@ﬁ%@@aﬁp‘ﬁ@d bW QR 1IPRidgn T he
context of optical lithography, it will be appreciated that the invention
may be useuy iypeof h@utlcappbasumamhsysteﬂmmudx@mpteefemrmtcmﬂ dllmensaxgxalamwderahd

Mhorine | PEageas Rt iRy ol ShrbePin FRluoht SRR TR e
pattern createghogpij submth&.&@ 1nTH€aHoQ§@@p@dﬂfWeﬁﬁnﬁlé'lﬁa§1ﬁ§eh(pfd%dbﬂ foelgvi ce
may be pressed into a layer of resist supplied to the substrate whereupon
the resi sdetp@onémtw y 1apprtighlaga ealbeation el gh engader megsyrqnamt systcm of the slgser e
O SO DTSl o DELHRLLH SR ey Syt 6
"r gdl ?t [ OCDrr@tlldg (Tjelneaaat?ngsed linliecrgéeaphueafpp@mgastm al ém]bg(ﬁ)ﬁE?]tQ;ll ex@dnded pzaraflgi:v.et |h c
of o abiamedam iy usingdhc SR BRICTREIRRHE G5 CH ORI A0 SR M)
LZ?!{ ?E: gnléglge#g?dl A W%H‘g%fﬁeg‘}‘,}%\ﬁg gﬁ&g ggeli:ﬁ g@nelg ﬂfcg{q@éi'}gﬁloﬁg PddEctimetBst, WakicifS
a property of the extended pattern along its first direction is measured can provide information

with respect to the deviations that are a result of lens heating and can be used for correcting for
such lens heating.

[00322] The above calibration may be implemented in a lithographic apparatus
by e.g. asuitable programming of a controller which controls the operation of the lithographic
apparatus. Instead of or in addition to programming by means of suitable programming
instructions, any other way to make the controller arranged so as to have the calibration method
performed, may be applied (e.g. dedicated hardware, etc).

[00323] Inline tracking of all order is necessary to monitor common noise terms.

{00324] While the flank scan is performed the substrate table can also move

through Z to compensate for an effect know as wafer induced coherence offsct
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beans. [00328] The term "l ens", where the context allows, may refer to any
one or conbination of various types of optical conponents, including
refractive, reflective, nagnetic, electronmagnetic and electrostatic
optical conponents. 71 [00329] Wil e specific enbodi nents of the invention
have been described above, it will be appreciated that the invention may
be practiced otherwi se than as described. For exanple, the invention nmay
take the formof a conputer program containing one or nore sequences of
machi ne- r eadabl[@03285t r uc tildnegllamecifichieferense may hednads ielfhistestiodhapwad, or a

data stor.age nedium (e.q. .sem caonduct Menory. . N8 | {1k |: SKk)
havi ng su @%%g %b%%?é’fusg? g&rlg?ﬂug?cg?rg (ﬁ’?:l(r%% Htgﬁ?lﬂ de[b(?d%g g}f{#ﬁgﬁ% gfgeclf}tﬁ ?@lﬁg
above ar e appireng aekckiBedlerbih InkSt Hadt ioMRr apyslicalion¥l fuch@s thehtisnufadtlirewf idtedrated
apparent to one skilled in the art that nodifications my be made to the

i nvent i on opdcal gEsiemns iEEiange 4d sletegEpmpaticiRs oF B1reRsiE dopppesmorise TRt-83sds and
cl ai ns set,. A A I L NMED: LS A i | Q- 1t

calibrati gbsggé&g’?g ugd"’%rggt%{ (lyl\gﬂg_%sf(ﬁg%ss ﬁégle Q(i)lfrﬁgaél}e{szﬁgg?dgbﬁﬁ.?ﬂgﬁgg@ta@ t f“ft?rklle
met hod ponap%ﬂesimghat,- inphot@ndit of sudhyaliarmatiog egtlicatiorsystyerse of theadetney twadés” ar
patterning device onto a supstrate;, while | i ng the suybstrat elative to
the patt er fengegaimarbs FP“&“%W SYNPTRENQUS Y ‘@KSE‘] %g"éB‘?faiE%mﬁhéuebsh?tSj 8tted

pattern i n%a‘i‘%}% ggxitfoﬁﬁ, r%sk%&ﬁffehp The sul¥RASWEARSI R/ HARGN RS bk bfotbssdll REdrE Bfufthe
position o extended pattern, in a second direction” perpendicular to
the first eslposeny, irofor exemaple a thack §aitngl thatdmpicdhaappbes ofayerd redigdea pasirateand

fromthe asure ositjon of the extended attern. 2. T cal i braf o

et od ac BT Bpre st smerelbt R Sheb iR iat sl REpiabli bl Be

al i gnment gNBRIVCSHRRIM may St applicd-to théh Al dtikiratibsntd mboRding eeuds. GuRber theCl ai m
2, wherein the pattern conprises a plurality of points, projected onto the

subst r at e silpstratrenaclapracessedaporedhasencastor xaraplmimondeiie gieate & witiaygr IC, so
plurality tl?atc t}%%gr%!l lsx?olstrilt% WS& ity qgaysalfposgelf'eq‘ttc? 4 substrate that already contains multiple

processed layers.

100326] 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 clectromagnetic 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.

[00327] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 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.

[00328] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive, reflective, magnetic,

electromagnetic and electrostatic optical components.
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4. The calibration nethod according to claim1, further conprising
projecting the pattern on the substrate while noving the substrate in the
second direction so as to extend the projected pattern in the second
direction, and neasuring along the second direction the position of the
extended pattern in the first direction. 5. The calibration method
according to claim4, wherein a raster of extended patterns is projected

on the substrate. 6. The calibration nethod according to claim5, wherein a
pitch of the r#¥33P]is aBhite spedfic giBbedimeniyof thegnventiorhavedwen fesstibestaberehod
according.to.glaim4. f . risi . . t <

substrate 1tow/1gfoe998 pli?gféerg géétgﬁ%mgglggogtlﬁ%% llgulgaﬁr% gg)@lﬁ?‘tﬁlgsg gfagln% rE!ltg %cygggl(t%) hded
pattern. 8xanlple, thakdvefiwin @ny ikt Hedoas 06k domguicopigainitohtaifiimgtone br ooMPr i si ng
the step of translating the substrate and _repeating the ne ring. 9, The
cal i br at | SHIURIHOE THERBE BFAEDIE GrsEPgIRsglesqringe? weﬁlogéégﬁa{OS%fa}%ﬁ&rédfﬂtﬂ
pattern | h&R e . 9 Ve f i LA RN nRRhSSuch

acconpl i sﬁtSFf%rﬁgﬁﬁg‘}‘ﬁﬁge gﬁé&géﬁﬁg‘ﬁgﬁ%ﬁg}gf?‘gﬁ&ﬁ%@ The cgl I br%t iconal met hod
accor di ngctraputbaprophm sthved éhemeinhe neasuring is preceded by positioning the

substrate along..t seco irection, at a Siti Q near ak.response
zero crpssingﬂgpgﬁh outEﬁ?g§¥ﬁW§Fm6P“%ﬁﬁegﬁ?ﬁﬁﬁ&ﬂﬁ”@%ﬁ?‘ ?ﬂfgﬁm§H5' us,
cal i brat i gRyilfRfenBHarefae bk BE1EPinGh btHR motiRLEbRs HBELERAGE T thE ivention as
repeated, the repeated nmeasuring being preceded by positioning the

subst r at ededchefd withow depmtinglfromcthe svppgiof the gasses anshrlygms getcat bpl@wnear peak
response zero crossing of the output signal of the alignnment sensor. 12.
The calibration method according to claim1, wherein the noving of the
substrate is performed at substantially a half of a maxi mum substrate
scanni ng speed of the lithographic apparatus. 13. The calibration nethod
according to claiml1l, wherein the pattern conprises a plurality of marks,
spaced apart in the first direction and in the second direction, preferably
di agonally arranged in respect of the first and second direction so as to
generate substantially parallel extended patterns on the substrate
extending along the first direction and being spatially shifted 74

72



in the second direction. 14. The calibration nethod according to claiml,
wherein the pattern conprises a plurality of marks, spaced apart in the
first direction, the projecting of the extended pattern being repeated,
the substrate being displaced relative to the patterning device in the
second direction between successive repetitions, the displacenent over a
di stance corresponding to slightly larger than a spacing in the second
direction between adjacent narks of the pattern, so as to provide

nei ghbor i WHAJUBLE BPIIY: paral | el extended patterns. 15. A lithographic
apparatus conprising: an illumnation systemconfigured to condition a
radi ati on beam a support constructed to support a patterning device, the

patterning deyi bei n apable.. of inparting the radiati beamw th a
battorn M1 tA CORBRGRE O e b OTE S RO ST RBAT P HAFSTA o asy Hiparardt,
substr at eyahliGofL8abridigd.€d to hold a substrate; a projection system
configured to project the patterned radiati on beamonto a target portion
of the substojatiag, Wndprajectiod slensagtadmmt of agantmidg doviepera@d suisstrate; thite

| i t hographi c_apparatus, wherein the control systemis arranged to operate

the | it hogoxpis the apstptgtrelativyoto the patisprng deice infadtingt direstipn emassipexighd thge

pattern of the patter.ni deyi ce onto the substrate; while noving the
substratep?ﬁﬁi%QRﬁge 6n€ﬁ%ﬁﬁgﬁpgﬁﬁphg device in a first direction so as to

extend 't hﬁleemng%t&@ tR@fifseffedidn hepdsitichtofthd 8GAdRA patterABASUE Rl BREtiSHE
first direction the position of the extended pattern in a second direction
per pendi cpé¢rpendiculrtie thd first didictiectandn; and - derive a calibration of the
stage position fromthe neasured posjtion of the extended Patterg. 75

- deriving a calibration of the stage position from the measured position of the extended

patterm.

2. The calibration method according to claim 1, wherein the measuring is performed by an

alignment measurement system.

3.  The calibration method according to claim 2, wherein the pattern comprises a plurality of
points, projected onto the substrate in the second direction so as to form a line pattern of a

plurality of parallel lines on the substrate.

4. The calibration method according to claim 1, further comprising projecting the pattern on
the substrate while moving the substrate in the second direction so as to extend the projected
pattern in the second direction, and measuring along the second direction the position of the

extended pattem in the first direction.

5.  The calibration method according to claim 4, wherein a raster of extended patterns is

projected on the substrate.

6.  The calibration method according to claim 5, wherein a pitch of the raster is about 0.5
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millimeters

7.  The calibration method according to claim 4, further comprising the step of rotating the

substrate over 90 degrees and repeating the measuring along the extended pattern.

8.  The calibration method according to claim 7, further comprising the step of translating

the substrate and repeating the measuring.

9.  The calibration method according to claim 8, wherein a second, translated pattern is

projected onto the substrate, the translation being accomplished by using the translated pattern.

10. The calibration method according to claim 1, wherein the measuring is preceded by
positioning the substrate along the second direction at a position of a near peak response zero

crossing of an output signal of the alignment sensor.

11. The calibration method according to claim 10, wherein the measuring is repeated, the
repeated measuring being preceded by positioning the substrate along the second direction at a
position of a second near peak response zero crossing of the output signal of the alignment

Sensor.

12. The calibration method according to claim 1, wherein the moving of the substrate is

performed at substantially a half of a maximum substrate scanning speed of the lithographic

apparatus.

13. The calibration method according to claim 1, wherein the pattern comprises a plurality of
marks, spaced apart in the first direction and in the second direction, preferably diagonally
arranged in respect of the first and second direction so as to generate substantially parallel

extended patterns on the substrate extending along the first direction and being spatially shifted
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in the second direction.

14. The calibration method according to claim 1, wherein the pattern comprises a plurality
of marks, spaced apart in the first direction, the projecting of the extended pattern being
repeated, the substrate being displaced relative to the patterning device in the second direction
between successive repetitions, the displacement over a distance corresponding to slightly
larger than a spacing in the second direction between adjacent marks of the pattern, so as to

provide neighboring, substantially parallel extended patterns.

15. A lithographic apparatus comprising:

an illumination system configured to condition a radiation beam;

a support constructed to support a patterning device, the patterning device being capable
of imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
beam;

a substrate table constructed to hold a substrate;

a projection system configured to project the patterned radiation beam onto a target
portion of the substrate, and

a control system to control an operation of the lithographic apparatus, wherein the control
system is arranged to operate the lithographic apparatus to:

- project, by the projection system, the pattern of the patterning device onto the substrate;
while moving the substrate relative to the patterning device in a first direction so as to extend
the projected pattern in the first direction;

- measure along the first direction the position of the extended pattern in a second
direction perpendicular to the first direction; and

- derive a calibration of the stage position from the measured position of the extended

pattern.
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