LITHOGRAPHIC APPARATUS AND DEVICE MANUFACTURING METHOD
FIELD 100011 The present invention relates to a method of detection and
in particular to a method of stage positioning. The invention further relates to
a calibration method for calibrating a stage position of a lithographic
apparatus and to a lithographic apparatus. In an embodiment a stage
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[0002] A lithographic apparatus is a machine that applres a desired pattern

onto a substrate, usually onto a target portion of the substrate. A lithographic

apparatus can be used, for example, in the manufacture of integrated circuits
F(EId) In such a case, a patterning device, which |s alternatively referred to as

a mas cle, ma be used to generate a tern to b formed o
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[0003] It has been proposed to make use of an encoder measurement system in order to

hic apparatus

measure a position of a stage (such as a substrate stage or patterning device stage) in the

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



[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
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relevant property is becoming more and more time consuming.

SUMMARY

[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 patteming 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.
[6007] 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



- 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
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b&RIEF DESCRIPTION OF THE DRAWINGS [0008] Embodiments of the

invention will now be described, by Wa?/ of example only, with reference to
T
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thesyblserapepnidied; [0010] Figure 2 depicts a view of a pattern projected

onto a substrate, to illustrate a part of the calibratign according to an .
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4 illustrates the measurement along the pattern projected onto the substrate .
- Praiseatbyl thermieirstion mGIST Figepa b REhaRYEHiRGGR e itiisRebiirate; while
m%%?r?go {h%uggl%lgt?égenraf:llar%ive 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.

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;



accordance with an embodiment of the invention, the alignment sensor

applied to measure the pattern depicted in Figure 4; [0014] Figure 5b

illustrate an image of an alignment sensor output signal in accordance with

another embodiment of the invention; [0015] Figure 6 is a microscopic image

of an mmsleﬁzgur@ﬁaﬁlumm@ﬁmmmgdﬁeuteld@ga%mnmm@ﬁt signal in

ment 00161 Figu e Iustrat n
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extended pattern and an alignment mark;

[0016] Figure 7 illustrates an end section of an extended pattern according to another
embodiment;

[0017] Figure 8, comprising Figures 8a, 8b, 8¢ and 8d, illustrates schematically relative
movements of a schematic embodiment 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 9d 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;



embodiment of the invention, [0020] Figure 9c illustrates another embodiment
of a patterning device for forming extended patterns; [0021] Figure 9d
illustrates further another embodiment of a patterning device provided having

a patt e or more. extended lines; [0022] Figure 10 illustrates ..
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Figure 12 illustrates schematicalli/ a further embodiment of a detail of an
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cXo&alsnPHenits and a diffractive pattern thereof;

[0029] Figure 15 illustrates a further embodiment of a patterning device,

[0030] Figure 16, comprising Figures 16a and 16b, illustrate schematically a
Prefoc/LVT method, '

[0031] Figure 17 illustrates an embodiment of a wafer stage interferometric position
measurement arrangement,

[0032] Figure 18 illustrates an embodiment of a wafer stage encoder based position
measurement arrangement,

[0033] Figure 19A and B illustrate an embodiment of a calibration method, and

f0034] Figure 20A and B illustrate an embodiment of another calibration method.

DETAILED DESCRIPTION

[0035] Figure ! 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 (e.g.

including one or more dies) of the substrate W.



[0026] Figures 13b and 13c illustrate a diffractive pattern of an extended
pattern according to the embodiment of Figure 13a; [0027] Figure 13d
illustrates another embodiment of embodiments of focus sensitive marks that
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or other clamping techniques to hold the patterning device. The patterning device support mdy
be a frame or a table, for example, which may be fixed or movable as required. The paiterning
device support may ensure that the patterning device is at a desired position, for example with
respect to the projection system. Any use of the terms “reticle” or “mask” herein may be
considered synonymous with the more 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 impart a radiation beam with 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 imparted to the radiation beam may not exactly correspond to the desired pattern in
the target portion of the substrate, for example if the pattern includes phase-shifting features or
so called assist features. Generally, the pattern imparted to the radiation beam will correspond
to a particular functional layer in a device being created in the target portion, such as an
integrated circuit.

[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



DETAILED DESCRIPTION [0035] Figure 1 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
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vacuum. Any use of the term "projection lens" herein may be considered as
synonymous with the more general term "projection system”. 100411 As
here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type



[0042] The lithographic apparatus may be of a type having two (dual stage)
or more substrate tables or "substrate supports" (and/or two or more mask
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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 t@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 MI, M2 and substrate



[0050] 2.In scan mode, the patterning device support (e.g. mask table) MT or

"mask support" and the substrate table WT or "substrate support” are

scanned synchronously while a pattern imparted to the radiation beam is

projected onto a target portion C (i.e. a single dynamic exposure). The
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after each movement of the substrate table WT or "substrate support” or in

whilgeRiftste opsried iutha sAdRHOBD MG BralestrdroRlOACHIS S RPERRiG {1 e a single
d¢REhRe ERpitaprird onieskirpailitoasraphydRabsilizenRow anmatiftrate support”

patterning device, such as a programmable mirror array of a type as referred
redgtévoirethe patsospETiRisthUgapRitCdp pRraUSR s IHsYs aakiFoRRgyt " may be
dHEMERSYEY AR eaj{a%méai%ﬁeﬁ&q ing, 0ne AR R P BlSR Hction

the extendéd patterns while moving the substrate table supporting the

sytirsiRte Insgmmnymedetmaedipare sizeniie exmreunsdiabliieieewid (in the
n@%&%ﬁﬁ}{gdg%&%&?6%%%%%tg§m&eif’i‘ é’giﬁ'%@rh%éﬂ%% 2 ]érs%%, MBreas the length

e substrate’ with sal sured property. ~ - The alignment _
oftsoamayhaaiendsiorntips the heaghp(isities @oingadirersionbelEthe af get portion.

interf ters) or of a diffraction, based type..such. as discl '

0006AIURL] i £ 14 A A e ReLE T SRR L gk gt MT o
"rantk esypisoth és deiedimeitd y etutira spdoifidinge srogriman alittr pattomibas davice, and

t . ) ompinatjons and/or yariations on the above described .
O Rt S R e e HBGES Br S ) 68 By Baer imparted o
thORRBAttareunses nofiogdrmexicndsad paitiin @nih duixiteode genertly a pulsed

rranged to assist reading the extended pattern are first explained. )

ro AR S ST BIREHAL AR BROErARRTAN OPBREIG L A orty g required
afxtendechpatiatnirciByRldpesteSagei W Taferenieasavil i oRetdse 10 Between successive

alignment and calibration method. %)ZEOO%] Inan erﬁbodizﬁfnéﬁgﬁne hod is 1
radigURiRYSP LA IShEF e AP AMOATOA T RE AR S RAF S Uivh logpaskless
lithoiapiensioRah GPaint AteptnerAREARSIBE OfrR SxiandechRRH B ihirror array

a second direction by moving along the extended pattern in a first direction,
ol thing rscirbpE 4sein gRiterally perpendicular. [0057] An example of an

extenfiR PREREBSHAPRI iRt ahbisse hasnoped QdhsueHRstAlignment

as shown in Figure 3, using a patterning device MA as shown in Figure 2.
semper, fentnesimmgong tiansaadopgy irs/afdhe sxiandsd exprmrewhifereariag the

subPgd ifé‘&@@ﬁ{ﬂ%ﬁr@%ﬁ@%ﬁgﬂ@%&%ﬁ@ving 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.



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

projedi®adySleneligomsinoaaisenthanaiérf asessimbyhedtiasomsnigies ad-CD camera,

enerate a radiati Q 0.

O D S k00500 or
indthé amadsimiinttofteihereb? twiuddddy fiversicistdrpeititstin Spme embodiments
ree%tr)ogirgcelﬁt gwe oin% ares aacr%e%g%g i fance equal to the size of the

ﬁ'om?s.p T &gﬁ The distance between t points, that is the distance in

the y-pifeset]jofionrninagicnfrend 60 variaoobd omthdralian e disodimed m&Bsmi-uBeor entirely
P : Tthe%ir%e o) theﬁ}aoint can varﬁl]frorg 50 nm to 10 mm, in an embodiment

AR RS EnBSainTent the Gistance/size is within a 1000 tun -

0.05 1yossindereundi@0oihin ghbesmbrodiedenitizec arding tdikigulerddits arranged to
points have a rectangular shape, in.an embadi having the longer, length
RS o 0 TR iTh T LR kBT s of 2
mitbieoddetBctin L Bopine i ithe: patstlbd yateeaouar e:3haped Thsesifapefatences will
the points is adapted to form a structure on a substrate, wherein said

betnideie @m?mmcmm[ﬂﬁmg%ojected point.  [0062] In an
embogjpxsythenaiiBraAIRkAEY iR MM GO BHONaRS M tpleusain ©h Railisatidiemap (1
sets of points are clustered at different positions on the patterning device MA.

dimsierabXbimensionlaratitadinesicaad GourEMM dEeerpsiARrgRerty of an

HHRIEN D HRIANGSSBENEaRBHRS RRIRY ik AR RETREAHRSH B eReH N R @ Uirection,

the set of points are parallel. By using different sized points, extended
bothrehiraetions beinhasweal hanaipeaierd#t sized lines. This can allow

measyjing1eRs PLORRILGST Oh Uriinei N HaYi ce RIRPLHRRMMNAE P ESEiRe 3 as formed

illuminating different sized surface areas on a substrate. [0063] In an
owthbeubsterte eshoirndof weingdlaseect poisioiaedsyiadidde shparstnfdgure 2. First,

centerlin indi i ted,linein,Ei ; ' :
o e A e ihent ofthe
exttielzdt fatepoints, 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
Foratisiongegtvinizd|patieato pattéimthdesdope of extended patterns

according to this application, different embodiments of a maskless patterning

device are feasible. In an embodiment the maskless patterning device

provigedsgpints ahvadahtaishipe, tenbtd and littergeipldnappsturang comprises forming

illumination. [0065] In an embodiment the maskless mode,compyising a
hg SR P OB AP REVLE 1 UG IR A BRSSP MA
hdPRMnRgpiiesl Retietepa it 19 poptbraemkodisnetthesmasklespredton system (not

comgrising a programmable patterning device is used for forming an

shoyrahaael pati UHRE AR AHEAHY e QlissHARERBIS ¢ FRABSIAR SR lso not shown in
Fig@Hes)iNtht 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.

10



device are programmed to 'move’ over the surface of the patterning device.
This method will allow forming an extended pattern and detecting a property
of the formed extended pattern allowing calibration of the programmable
patterning device. [0066] Figure 9a illustrates a patterning device 30
havinfpaagt Bheliffetavedatienes fbe forinindiat istundstipeasartha scdigipiipto can vary
ESRRARID LI e an RaHPl i 2 8L ORI $haREtt can vary from
pgjtterns positioned at dirterent angles on the patterning device 30. Sub group
50vithcam emse dniarcrestediattatrfmre-okSotion Inldn pynbodimgr eodigstecinsize is
c{gg‘gtigltreééél. Syt&bg(g u of&at(taerns M12 will create extended patterns on a
VIR e it TR subSt AR iERVed according to x12 in a direction
perpejadieLidntthe eontpoi diknDartogdimgdiatiomuth 2 the yieintchpatiecotingiiloe shape, in
cregted.simultaneously pn the substrate. By illuminating thr atterns__ . -
or ARISTL e 8 PSRRI i 2 SIS Aaples st Situm in and will be
dintigsyaerifepiRsabor yitkBa dieatecmbwlicanthspaimsetdos emprarenshape. The shape
subsequent detectign gq]ethod for detectinag aﬁ)ro erty,.in garticﬂlar a pro erg(] Iy
of hsRRINS thAAREIOIRTIM AU EHER 9B AYYBSH ﬁn@*ﬁiﬁ ety STUs P “very

foHaaDtRAIQIL Bf ehPprifédr@ngoiit4 three extended patterns can be created
wherein a possible alignment/calibration error in positioning will be

hifted )
with 16520 & AR BB G RHE STLBEAF BB GEERPHHBIPLC Ses of points

TR eSiUIS ¥ids %14 dRSRecl R Wiffhisv b alenssanrinatbmeiga®dce MA. The sts of
extended patterns in a subsequent detection method and allow detection of

ey epehavydffercat sirsseng sBEiasnt sired@ruyssog L Birsatditancss Retyveen in the
p(%' toerf et S HtandR SRAULE Bl ines [OPER] At TSCRAENI 3 ShHARRE PBYRKIIR different

e patterning device allows irradiating a position on the substrate during a

sivsdgunitimesisadedpattene candeerobtamed hasingidifitersatpiesd tagse This can allow
hin . o . Lt : '

BB el e

diffferpattseredisuofagea(edsion fevglriratehigher speed of the substrate table WS

IS possi ven th a similar [OV.[S.i ] i

B SO A RS SR PR A AR on e e
cmmmmdmmm@mmﬂne m [ige6s] I:Llnhae:r arpossibeicargngle sct of points
o ETRTHTR TSR O S AR e Sl S RO and iy pprticlar
erﬁtf@ﬂiiﬂqﬂ@ait_timahngdneﬁhpqiﬂtdirection according to Fig_ure_ 9a, will result in a

posiib SR TG T LR B e O A B LR s mode. The
mBRREE Y A{dhLrERIIRG RRies MR tamhdseltatectaienstbseigumptduring
__detection methaod for detecting a property of the formed extended pattern aglgf
llgghisatiaEn PRANSY 40 8PS bR SPAEl RLRTTD AERE TG A TR B PR 1 erent
eBOd R s be LRbAdinani-RERTE G/ iBcRis e Sid e XIangrshitiiieiname et bRaskless

formed on a substrate without intermediate rotation of the substrate stage

pASTHRS dREIFHRIAAdrPiats of viasiebla sBapmdrngd M&ﬁﬁ&lﬁ@y&%ﬁmg

IResding to Figure 9a comprises a group M21 and M23 of rectangular
shaped lines equidistantly spaced. The length of the rectangular shaped

elemdAOsH fncagifraragsismeal Sheineas kies 1 BWIEC COBTRIIFOE A PRISGIIBRRIR patterning
dévl%g'%t'ﬁ’ QESPoRTi M daeMrd ?Mtf@l‘?lvﬂtiglﬁla%iﬁ‘étlﬁgg{% iable iapteenzhother

and x23 direction respectively, results in extended patterns extending in the
embodamgntdBainaskinsscoodriconapiisiagh arp et erpbaaing davice is used for
different time interv laht- ' 1] :
e R R AR T G R paverming
formed extended marks can be measured in a subsequent detection method.
In the subsequent detection step the exposure variance due to different
lengths of the patterns used in the patterning device can be used for
calibration of Z focus in the lithographic apparatus. 100721 In an
embodiment a pattern M4 is used to form an extended pattern of grid lines. In
this embodiment the formed extended pattern will have a variable diffraction



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.
défirainatinn ghthmed bstateasmgttiangiefsbapEthp pattsrwitl gelswicin &his method will

xtended pattern of grid lines, wherein each line in itself.yill show different
o e AL F SN AOR A BRI s T S b dug pattern
alieengfdhichexiendddhratenranilinabiepattemiigaltivatds illuminated during a

much shorter period than the underside, of the matk is. This will lead.

expod Bt GLEHTE S bIOGSHETS AR AXRAFaLD BABR AL S erent patterns for
foigiREed axdinadpuirenn@subsgay enibdeignsian sfehcdnddivdcabrbepistdis a set of

in a subsequent calibration step %Tj jbration method, e.qg. for calig{atingfo Sub

acC
regiapgular shepeapasieracPruHapedi R SHHETSR FHLERTE {3F SRLSHIMEIRYIS
oRmpedimenisionfamingestetesting ARoacalibeating: [ They pRIVER AR in direction

circular form, an hourglass form or similar shapes that have different lengths

X1 tRets R pERatanr. M12 oy sipiaremded Prbama o ailtsipisy t the substrate is
meREmAlRal Y %Qiif@@tﬁﬁt?éﬂaﬂiﬂﬁl\fﬁ@érg 1ISeDRIR PRiHdFion three
or

Said one point 32 can be used for forming an extended pattern on the

cxjgndechnatisrnsenibpa Fierrd IFEulianreeiey thiorrbstim By tburéngting dbree
NG HENILRISY SRBPUSERS INE SIRYIE PRINE Sdndtar BrAflQUHAlignment/calibration

é%?e‘ﬁ?é
P em oglment the patterning device comprises one or several single points ]
wild parereatedy thadieanheesednnad 4ot orrthia 8isebseamep sipfectiomgnsahsdor detecting a

harenecly ot . g pr e
D D B s pionine

priggEg ¥V T supporting a substrate W with respect to patterning device 31 in

ST supporting a subsirate W with espect 0 patterning dev
Simul AL B B e R g et

whepaiiicr pingitikyvidain datiealitdeddnayving o patitionoipnel besbifavatilegpect to the

lines 36, extending over a distance, that is at least 100x idth of the line..: .
OS2 O BB R e e S iR A This will
allipes@mexie et of 2A6demendoiopet anas iavesabsix trenf dB6ctin:l O@f0nand allow

B S T s

cieaéaratnéhdeyisatdmhaving a pattern of an extended line is advantageous in
a specific embodiment of the invention relating to e.g. aége_thod or deteﬁtion

of and99P8brerasy et Thaned et P QULSIEMR I ARG yE ffradiating a
p&ERN -on thd WHARAREMOPHMRR AR SHUANUAG NG 301BeRHETEIAmoved with

modulation in direction y35. This modulation can be a regular modulation

respret tsthe PAVSRIESRIRRIM AAVHY D EHkR WavERn g s idvmnpirdHgearly
dpradife Lt 49 eggﬁ'{ﬁ@feﬁi@f% g inRe 3R CieGioRBUNEIIIROSSEm is

on the extendéed lines 0080] During the projection, the substrate W is

longsvdl in thdaspasdtiohighonipeebqiihe sbpyrae febl /W Ssinpe sty Gntkaugh a
'ﬁgté?%?{ﬁag 9@&59%5%9%}%9{@&?&{ QUG AhR SHARGAE A HRAdRHRIE. fBtern. A

the cas the embodiment according to Figure 2 as substantially parallel

lofinges resttime wiliteHoinoheddsgaiphmdiyase abletflitibrirapsethts.
[0069] Further a possible error (in positioning or the like) will be averaged at the

S

—

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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[0081] The x direction can be any direction of the lithographic apparatus. It
can be any direction of the long-stroke and short-stroke module. In
embodiment the x direction is a direction wherein both long-stroke modules

are operated at a generally similar power. Combining both long-stroke
widedingsdndd eyl exposting difSutibmotderisulbetratéhstagennsitéeulBha lgwer average

combine locity that coul 414 ' 'a'ﬂrl%ﬁt tedi
LRI R S 0 OB S S B e
a a@sﬁg{mntafmmbmaﬁmmnhhf@bﬁagamwpmg m@aﬁl];mmbedeméleg pattern and
ccording tg.an em iment similar to Fi . 00821 In odiment
SN T P A TR e e g PR on
patterfi6god duide: MAbddiarcetaboscidiegtdiigmoia extthdedgiteterimgedahiedormed on a

A can have a.parallelogram shape,.wherein the angle.pf.the allelogram
S B P SRR oL RS RSOy e ee MaA.
devicg0d9 farinthag rheguitistang doeR is3shmest dinfgiguFégdec dleemprises a group M21

embadiment of the group M2. In Figure 9a different patterns gn a patternin
OIS SR LD SR 5 S S G A0SR0 TG Eoler shaped
clepiARold s ShiaReehiness W2 dd 3fe R ShaVHT.dafetps IMZAaDuMEd irradiation of

comprise eight lines of two,_ sets of lines at similar distance. Groups. M22 and

eaooes MA o d M dPromn eRg et prlteriatds M e dad Wi drgrlippggpectively,

rdQA840IBAh8RARORIRBNE 2R KRN O RBE LB 2STRL dAIMY ing Bhes that have
embodiment in a first step a pattern device is provided having half of points of

bere geresad desmeiiierahiBe tnceralodsdrebtiadaids pritsgas21dy2d gvill have
120 ARG AleRdnerothny RE Yhthe ROk &f dhpRatteraramayidedle BYmed

forming an extended pattern in two Steps an extended pattern is created

ctianiing ovskiagearhsmmensicdribe Wbrsatanidesiiosegatiadd tadhgshbsegyent detection
stgﬁq%n?(ﬁgﬁ&%%%gﬁ%ﬁl@_t&ge' 3G %@tﬁ:@ﬂ? fRd %ﬁtﬁ%ﬁ'&' used(HPfrl gﬂitﬁ?nin g device

ent a double lined grid pattern similar to groups M22 and M2
carsbe derdotrfontibratitie ofid Steppatitivrhithtgraphisrapiictitied pattern,

wherejg,fikst the gridlines of a fir. e r ' -1 1:
cecontg) REeh A AL AT, SR iR R i orand s
It el scottenaioh @attkerfpsmbdteatended {2086} Wilkfavmedqmide difractigeiththe direction

moying the substrate tgble, W with respect to the patterpj evice MA :

R R By Ay e SRS EABIHERS RENET b tincs of he
erteadedtpabensubist siepgendrallyfBatendputtthe, fiistithrgotifig, Fbthigll be slightly
application indicated by an x-direction... 0087] In an embodi t grid lines. . ..
ESRATAIAG SRR D TR B A8 T TerRA S HAtRATR SPERS eih SO S lines.
as shpwn3p Kigiheredinasl€othogimentthsepsini Ser fondinggi distamd anshttern

the formed pattern js similarly non equidistant.  [0088] Thus, the rojﬁgte%d ib
aG5euHBA LA GRACY TBFHES dawﬁ%%%fﬁga}@zfa Se R M3 Tormed by
e pbMmiaramueiitngisHRdT RS (el tastamam s shgrd pattasnvifl result in

this example providing substantially parallel lines. Using this technig%t%e, a

ans3{endra pateRfisb e Bhertia srehdinabaitael Wil diflemmpt cxposure
prOSUFRLS AN IS fimentORERIdiNE &M PaitaHeNEhl enV\ibrin RS brine Bxsénded

direction with a generally constant velocity. In particular forming the extended )
pasteme iilk kevete dopriidaflert de dbwsnimpigdiukns arranchabrrter iprrigddfrag the underside

ofjgl@m YEIRHY ARt LnInalRR IR SRR G 1b P stieddVeiRed pattern that

celerated. The constant velocity in"the first direction results in a constant
catilreidetioivdhendrracisteelidrea ntsegeeislegetian 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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[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 [#034] Ui asesvpadogoints §00p0isibhefoiiobtimmtigsividit ¢obegiments for
formation of the discontinuous extended, pattern, a dynami roper
RO ALt o PSR ST Mol fom o
sisnbatreteptabieathdie gidtvem{deseghhefithéhd firsiajidraysiam. [0092] The

substr e WT.might be ,accelergted/decelerated. while. illuminatj he .
oo R AT PR TR e A S AR Y M€ patterning
déheceserdapiasiontisieas he akbonopste 3Dioamthe wpiinfad flosddgraa cxtended
certain type of mark qr structure. . 093] In order ta create.lines in the
DRI G, K BT T S DU SRS T FEuce Se the
pRERIAINGIRE T MNP RIediy10pslagreesirialwutatvelytaddifart the patterning
patterning device or other part of the same patterning device may b .
dSBRREGTIIRS QURRE FETALURHER IR SEBYRIRE W & %?é%}’ﬁ?o‘%a%ﬁf‘ﬁ} 10x the size of
'E&ﬂ@s’] $Ri3p4a@N G iTerRATAEY ARG ey e BYAARETWBubstrate table WT,
e

matically in Figure 3. As illustrated in the enlarged, more detailed view of

tHé
sC . )
formpapubtipie sxtsisled naticansind smgleditRe raster includes a plurality of

substagiady paralei i aSubs R LR ANEEIHGHIBSRPARRIFRROR &8ith respect to
illustrated in Figure 5a or 5b, as will be explained in more detail below.

patssiumderans iivehtrsiona hbttecedsadpdpratieneesicadingigdigection x31 will be

shalter ﬁg}ﬁﬁg{gjgg}gp Figure 3 to extend exactly perpendicular to the first
extended patterns. [0094] The pattern may further be projected on the

substi#@7Whireanaffimgniehskiment ilensated sndigheefidm sottemingderige 35 is
p E‘x‘?i8&8@&&?%%@%%“&*‘&3%5@&9 %9&%%@{}%&@'& Rxiendi BRLAUMAN ce that is at

e measure e second direction in order to measure the position of .
letive H@sritievphittefitie te firsguicdktitn Ttherobiic deviettotationbbaranr embgdiment the
irection. may, be detect d calibrated. In, this manngr a ion
iSRS B AU ) IS DR B ORIBRHER GG
in parfiea8i Projitidivactichalezatindedidmés possitiiehe subfREOS AN framgulextended

of a formed pattern on a substrate W2 having non equidistant lines i show. .
BT B AR LR A A G R O R o AG SBR ot 55 having a
pawandeanialtendsddind isndvan geansan hepteifednisidieepatttiinirigyvention relating

device 30 hayving a pattern of points or rectangular shapes. 0096] Inan ..
oA A AR B SR A B e g5 e S HAUhS PRl in more
d@xiepdipg patterns. Group G22 comprises extended patterns of different

lengths comprising in the shown embodiment four lines or eight lines. The

extenHY Bhlnsrebalimeyt fga,emt,ggiggiehga FARETIEEs 5 I tion in direction y35.

TERMSIRASIRURIE BXIeRILLLPALRTIR COTIIEN AY AW GERKP IHAMIHISIARing a certain
grid lines. The double extended pattern can be formed in two strokes or can

wheelspabd edrnslinginglacostiofirastine ) rmeetning RIS Corging g Bimndnylirection
Slﬁ&@ﬁﬁgoggjmﬁ o e squidigiant-gets of points. [0097] Figure 9b further

shows a group GlI comprising four groups of three extended patterns formed

on thdM#dtFveing thepovipcen. SopmpstgtPédsenmitdea pradiistion x while the
pARUFRHPGRIA HURIE el A RERRASHEATSBS REAIAHA Gl the
can pe u

ormed using the same pattern of four points in the patterning device,
sulpsivane) énsmﬁsm&té fabte WﬂlmC@,ﬂ@Qﬁ dexambabitedntzaieandend) é)d%lﬁéfﬁ 2 as
sl d%fgy%' DIBGRUORUAIE AR IR HIGIREPIRE osnndiaat Bithus.

ern o grou
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[0098] In another embodiment the pattering device comprises a set of three
groups consisting each of four points, hi this embodiment the complete group
Gl 1 is formed in a single stroke along x11 of the substrate table WT with
respect to the patterning device MA. Such an embodiment is advantageous

as thel 00fd Suendidaterns beanymiksgtiuripbtes htegepaicrnpaarrigthi can be any
d%%&%%ﬁ’B%H?esfé‘ﬁ‘%%%ﬁéeaﬁé@%ﬁf&?{a{eergo@&l%tﬁl%?ﬁ?r?&#it SHLELARABIES is a

positioning syste uring measurement of a property of the extended
dpetternsybicrem doplatatestedsumedshas aawberyediotrmgdienaBasimud ahpower.

cEiRad paae. A SALAeR, A QUARINERR MAFRURM PR EAMEAGH. stage ws
SUtErtiém Gitrer t' positional erfrors, res ﬁng frort €.g. measure side gri
resnttede nevnrsinkbvedmoayeitad surddeseot ikl gresmsttie apetdaffthsiegte holeg stroke

ttern.and a.suitable filter (combination/convolytion) ca u to extract.
S e e R L P R R ey i hcer
fapahtiaefihshkavwnded fatkADrsitzbieatasdndiugéeline refesaiiag to #s embodiment

entirety. %ﬁﬁ‘go 99] Other groups within the G1 group can be formed in a
S PrESEER zither by rotating the patterning device in order to position the

group[ohgPj1isAn hthiaspestive:directionskak hafendiedl sxde rgkecepriting 0 of the sct
or by rotatin% the substrate table. In an embodiment the patterning devi

30 .
o DB RIS BV My Th BRSPS R 88 (Yo Bptifting device MA
ARG aRMBERMPRGReRhIe RACHARNG HEHED SRMEHERS QWL EPeRSs with the

of points arranged along a centerline extending in directions yl 1, y12, y13
x-gigSHoMaccording to figure 9b and the patterns on the substrate W2 are

formegygd rotAtiomMidns s\AREAIR AING Y BOLRAHRBI0SIISR M Aines is shown i
[0010 ]|n%]n embodiment gr%%ps of é;(?%nlcled pattern%srour?gﬁqe substraténss 15 shownan

Figrsgdiariadhn enhadimepephtiohareucipbs Eigtig Qo fhiSmmdaatigmicon a patterning
dARPASP RV DGR U R I WIS RARASRY iﬂﬂgﬁﬁt@?éﬁ?ﬁ%ﬁq&t%{@&gﬁg@ﬁlar shaped

errors Iin e.g. an encoding system for positioning the wafer table WT wit

lines &2 10ibé peatdhoing Geolues a@%@ndéﬁaﬂl m@nﬁsg oifzlitdiagscqidee sets of lincs at
T T T Tt G
disfapacatgsddiméng irradiation of the

[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 to 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.

15



pattern onto the substrate, the substrate is moved, and a position of the
substrate table is measured with a positioning device such as an
interferometer, encoder-based or a photodiode (CCD) system. In an
embodiment the substrate table is controlled by setting the position using the
encoder/interferometer. As a consequence, inaccuracies, deviations in the

encqder grid, in particular the expgse encoder grid, may translate into
Rt R R PRt IR

rn €
e Yaster as created on the substrate An example of
such deviation of the line is depicted in the enlarged and schematic view in

Figure 3. result of moving the substrate table with respect to t .
e I P AU ARG WA R AR s WL wich
r@pindethp atesmivwRyies a substine wilFfalley2aoyterinks stigh apattern in the
caused by posjtignal encoding efrors during movement of the substrate table. . .
f%@fé@ﬂﬁﬁf&iﬁ%&&ﬁ%ﬁ? g éﬁa@dm@fyo?% éfgﬂzﬁﬁf&t 595, oo this
applipah AR BpkakianBytiluminating M22 according to Figure 9a. In
another embodiment the double_gridline pattern 022 is formed in two steps

wherd M frdt B snbedigprntised Srssstegling Hra fnthdgesHanser darped using a
pRAflistant HeURS MRS asd WHaUFrEsRTIN O e domkia stidinRSxdandast non

pattern 022. A schematic detail of a double extended pattern is shown in

equiglistantand tho lrngdipatisiays sipbanen e dstaitormed. In a second
step, RalP el ANHE OB P SRS R BRE W HRUAIISRAH VT IulR 2 are

formed. As a result of a positional error (overlay error or stitching error) the .
exjeindiedinchendirssbiondEmeremaiatdhs substriifeddable) jodeunapextenged pattern, in
thig 18 ?8%8&% %ﬂ)@fﬁr{fﬂiﬁ?%ﬁyéﬂé@ ﬁ%%s‘?’é}%‘%]e@i?%@ﬁﬁi&%‘é hRiguRy %'Yay be

stitching two extended patterns’an expose error can be measured
creatuinuiotisiysynfiedéry tiesohstot ot pdiativtisdhsoidicatedindziguse Used for

both calibratian by.printin o‘”';:-les in each. rean in C

by stiic@##?jt;ﬂ%%gﬁtr%} r;t)?eg? %% a cam)%?i‘gerﬁp éﬁ%@%&%&%‘%ﬁ% ré%%@qc ﬁ%%?élsl y constant
vehxteryd éa ppattentys fofati hg 6Ho aneadtoophttenti srtaotedr layl yafteradsd coituhg the
sJ§é§%§%t%ﬁg ?éj ﬁgﬁ%ﬁ#@%@)@%ﬁg@é&? ;%1 SIS uiglzﬁ%ﬁtislsl & ospp'%a Betors ﬁ'l%fsubstrate
table is 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 illomination
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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according to G22 is formed. In a subsequent detection method the shift of the

second pattern with respect to the first pattern can be measured and

subsequently corrected for. [00107]In another embodiment, using a

patterning device 35 according to the embodiment shown in Figure 9d, the
extendi@@bphie mdGompeising Ahésdsthaditingiany aadiagler dideadiodii@ent shown in

lines and ferably grid.lines, is formed usin atferning device comprisi
R G T B ) AP S 2 Do L Tt B S et amother
pﬁﬂﬁﬁﬁ@&vﬂ@ﬂ%ﬁﬁ&%ﬂ@ﬁﬁﬁf?ﬁ%@ﬁh RO IR @GR ' Mﬁaﬂﬁymé?fmﬁﬁcgﬂm&e during the
. substrate js formed as a resulf of the Jens heating error, e.g. alsq showing
lrﬂaé{;f’é{fﬁhéhfoﬁﬂ A ovetalang sus ¥ gﬁBW?i?P&?Ié?gféﬁe%W%PﬁFﬁmélong the y

di?e{00AQS MYERINhIR-SRAREIBS iRV HIQMs At 0Bl CRtIgNaR8 1Rbre detailed view
éesultingffrom any parameter relevant in the irradiation step can be translated
0

ARl AhedAde paclerd Horines of trrasiss tnplides amiyrality ob pubstantially parallel

liRamelars A achRsiralatahla s anssios iueharaesitinningangd slaliveill be
positioning, but also illumination driven effects such as lens heating, reticle

CHUaNGY hEnovardF IR AFRIY d0seuditeolo 6B RRing Edatirecoasigitnér the second
eXRIBYAN b RREAIIGIRLIRAIL R ﬁﬁé@%%i&éﬂ(f@d?&ﬁ&e?eﬁéﬁ%m&mgqﬁst extended
patterns according to any of embodiments is substrate Clamping during
PEIgBsuUre. [00109]In an embodiment of the invention, any pattern may be
appli rof QA the 1@&&};};@ r
as a Eggrﬁﬁe%i% use of the plur Iit;% g&go?r%gh g%%oggfa a%i?tﬁ f%@gﬁ béﬂ%]the
Slﬂﬁiﬂ@rétﬁ)méb@st&nﬂdl@ith@slm extiind diveptiinadéditsmein tbe tegond direction,
mﬁdﬁﬁy@ﬁe&%ﬁg{{é&f%ﬂ%@‘%‘I%a‘%hpead QPELIIES S LIePIRLNBIC %'%ﬁ%st@measure the
Ighly sensitive detection’by an alignment sensor, e.g. making use o
pantacie rditiet ks tdededtimttemnciplesfvstAdGErtam diacrebiniguesidiakingptise and y

di%ctﬁ'gnarlrll%'?(?g Hte?e%nescP eru%il %\é\ilsb?fi ggrpﬁgﬁgg %ﬁﬁ%@p raaélgt%crtri]g klﬁl%tﬂ%?l PSf ossible
existing and accurate sensors of the lithographic apparatus. Alierha |veI9,

almtvéngdaitictivaersingl deanc esdpedstactibbiplesiiceriidibadid én(f@@R) ar a
camera techpiques) or parallel lines along its length may be applied.
m[&?%ﬂr\"&ﬁ%%@&é%‘fﬁ? Bors@i‘&?ghce substrate is formed having a
predgiinesd]sahekexipldethfatiauispiniene daacatding éorotiedelnesh sefuedistant lines
. parameters, using e.g, combination of setting of a patterning device
is SBEORHG 15y BT L B N pe SIS B bR B 2 5 et cfended
pdermsal Dhsalibrating adihpofaphia apperaibaeffklddn@ BUheFing a pattern of

embodiment such a reference substrate can be exposed in a
points or rectangular 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 pattemn 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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subsequent step forming further extended patterns. Further extended

patterns can be formed on the reference substrate, and in a subsequent

detection method and/or calibration method e.g. overlay errors can be

detected and corrected for. [00112]An extended pattern according to an
ireibedindercaxte sl ftfiest:dirndtid patuinsart gampGEl team be ffooneegrighing the same

lines, but a single line.can be an extended pattern within the scope @fthe .. .
DY B TP RS B e B 2 R e e BTG L girection <11
wititconaditingradipssceaiiauadnvavitigghrisiibsanttestdariBirecadtivedyform the second
generated deviations in% econd diéection, perpendicular to the first

fb S RFGRAHS T &R Wibstrate is an extended pattern if it
Fomprl[iﬂ?mﬁﬁiﬁﬂﬁitﬁéﬁdiﬂﬁ(ﬂmiﬂ@ panerallydevecirshieliseiction fa\ificthéee groups
ength of at Jeast, 35x, in a further embodiment at least 100 x, in ve )
cpPRUPE RSBARIEHE aﬂe%%stllzga&efﬁihggdlfﬂs%rfé&@ew Swa%&l@ﬁ@ Hippgdina
sill94 38140 sended PRiRrsuisthanMnbodimar saaiecd ey patiaaing device MA.

patterning device having points and moving the substrate table WT in the first

SerieansImbodmentisafsrnbssens fe the Bueserdandsdazitems wgdsrasd dysing
iRl e ik fleastenRalnssmitineiidinRidhesUDsIIake &) dRBbsure grid errors

location. [00115]In an embodiment a reference substrate W comprises at

inghg pasiienias SrdesR ARG eaamRens HinE eprogrEd b & Autended dipftprns, three

seg\é? 18 1AL RARE I BHORIRIEYG [0PLIGIA PIRCUcRhhRPPSEPAWARRId group.
alibration time and density of calibration data ma%/ be achieved when a

Altsragh amgraq@ﬁmmmmssfﬁqrc_ eisTon DS siimnabesrens; resulting from
e%ﬂ%%%gm%l gi‘(%’ gﬁféﬁ%@&%& Qﬁﬁ@gggﬁﬁg ualy W Epqux&qﬂ(y&gl Qfthe extended

strate size, talibration speed, required accuracy, etc.
pattern and a suitable filter (combination/convolution) can be used to extract the exposure grid

errors from the recorded data. An example of such a technique is shown in US 7,102,736 that is
included by reference in its entirety.

J0099] 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
M1.

[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
W or patterning device MA.

[060101] 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 patterning device are converted in errors of the extended
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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
pattathérraspbo dfdhefithagtaptie epparbfostanagimary fooditicled patterns, in errors in
ﬂ%rs%pertilesssuch as X and Y coordinates as well as Rz positioning. An

exar%r&epof a non-XY-property is a secondary positional property such as

Z-coofaii&d positicining.obddl8Hena o feaibhdgrepht @ sgpeciah€xtendgdradiation of the

ttern is f ' d to th thod of formir t d _
SRR R STaT 15 S B L SR RO P 0 S table i
miesspeslywTthe ppeitishingeledist patlers imimaderosiagraspediictsian i a photodiode

W measurjng the desired property. A specific. step c an additignal . . .
T S AR EraP o D e AL PSS Aot R g ion using
thdusie doriaasHeromatpRNsWabhatipith el fasovnedhs, axendedsiattBessder grid, in
will be explained in detail hereunder. In some embodiments similar

paricnlar dhserPasnsedrrgrd e e st L daiakions plifis dingfq the raster as

crRasurnadResshacalRrsRmMeies o FRRIH AL AoarpPadimeS  AISPRE in the enlarged
measurement tool is used to detect a parameter related to the desired

gt pRFpils MK Enfistiments hesextente vagdhs snbitiats tblsciidh sspect to the
paRShiAL B@Gie@@ﬁm(?ﬂ‘fﬁﬁi&ﬁgr%tf%ﬁﬁﬂd%ﬁ{%gt IRBta 4 SOMMIRRLANRA pattern

of features according to ani/ of the steps disclosed herein. The special

fosrapsbery e wstascudlfatanetay sy dy :& eursd poestipralencoding errors
dﬁ{ﬁgqgim&%ﬂ?%&ﬁ@%%g@@gﬁ%paﬂem can comprise focal mark properties

which will allow a single shot focal method. A single shot focal method is

knowHfB3IUS apgiicatienbedimentoboes sosdswdtaoaierhineodioreda?? is
foRhLA %.'E‘fggg'f% gie?‘ﬁﬂ%%%?ﬂﬁﬁiﬂinating M22 according to Figure 9a. In another

embodiment the double gridline pattern G22 is formed in two steps wherein first equidistant

grid lines of a first group are formed and thereafter equidistant groups of a second group
creating the double 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
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[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
apaitdingiy dddde formledniovisgtibesaiistcitstiablndinadghidhifiatfehe Féeond pattern

wiledelerendedpateim.canedend ouera s Aot aline substiale fhe
special extended pattern’Is formed using any of the disclosed methods or
equivileig7ihereof JOQARRET kenbonditimes, 12inpaventicsmafelewick!? thamwdhding to the

ain.line, the width extendi enerally in the second direction, here 0.In,.

o e T R e R oS R LSt ha in

papietificalydad el thel firefinmdd 1 2d diaves aisvfdimed tengrdanéing device
1000 nm, in an embodiment 40-600 nm and.in a specjfic embodiment.50-400

AP E S0 AR o e B THUET Bl RS S e R iy 1 wsed

repabediy) tafstRsatth dwentcapesificad v eighteg¢ patiegoipinadion Ofesibaimte is formed
line anfi %th%)r moye adjacent fine lines shall be referred to as a focal ma

K oo
RO LY G HEFH B rRRAF LR CEOTH AR GRS FARARYTRALS 30 fpviations

aPshembadinrpsihe it af Egnadrs line and fine lines is formed in a pattern ten
times adjacent one to another, specifically seventeen times.

to thirt _ _ ‘ _
[00 1zhﬁ‘ﬂfé8bxtendéé( iSRS SSPPESThBHSEYRRF G niBF & pRRisRHiRma PR HRT resulting
R Eny BeriRcaLMRIKMARKSHARE REh I JRE T RLARCHE TratNPtUEPSHRNYAL extended pattern

movement of the substrate table during exposure. The focal mark units can

fosmedhamthsrsubsigieidismpies Sbreierant Parunckely aig) sulstagg tablgproperties such as
PSRRI ERE 2LIGAR ﬁ%ﬁ%&?ﬂg@ﬁh%&%f&&ﬂiﬂﬁk%h WRen fRRLAIINSRER heating,

mark unit, comprising main lines and per main line several adjacent fine lines,

regighe hgatingidtive ferdinating, slersr o igensiduniggormestispebifirther relevant
pég?n%%%?ﬂlg%&ﬁlemetgi ﬁé%%lﬁéﬁ@&%é@a@ﬁsﬁ? Weﬂ'{iﬁg%éﬂiﬁs accordin t? any of

iment t pattern comprises several focal'mark units parafle
erahadmsente is acshtthiercianeping duning kdimawee in the second direction, a

Srecn st Ry S S R
progwtend fhewthtsantthd skpatanzpetitntbanibsti:de, SOchras preferaity.ddaking use of
B oS BRI RIS UG AR ) S A Nircction 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.

[00110] 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.

20



focus, similar to known marks used in the art. The main line 120 having a

size that is generally 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
durind@dddgure depeadertheneibddonentistivh expbsuneclfibstiposuie isxposed in a

ut of focus, the fine lipes 121 are.form if a nl rtly. ;The.fine line
SO R o B AR e N R R AR B o on
thappftatus: (0B2AY; ined 1measwhitkhecnatetsaimitivettmdomudyoT ba hedterrimethod e.g.

fogus, the more fin((géﬁlines i(lslié)e for eg. The width of formed fine lines is an

OV THIRA B SRR 15 st PSisaka rﬁ?érs% d8fe. in an embodiment a set of fine

lines pheiiffgfent widthsewibal@ipitensdbsaduantimeaautarientstegends in a first
obtaining a parameter related to the local.foc .ﬁOOlZ In.an embodiment

Fe G SH.SRERRS SR OB IS LA HEveb T MR RN AATES A G tended pattern

weikipadimespdhe adiaceaitdinetioea inubuehte &al esmpasiionshnexk teneatpatterns.
other in an order having an increasing or decreasing line width. With

Frdhes SR5RPAOE MRFNIDGE fitfe e 2DHBE SHE o eslRAY R FEMSLY #pRerated

JEQEHRAS NP UI VYIS ABRBHFRD Befpln i asUHB G A iackve RrapartietirafoMicd on the
described in detail hereunder. [00129]An extended pattern comprising

sufsperalifonP R gl isayiM gt IReeaneis il thane e aiierdios areprally in a first
dROSBANRA AYAIEREE ONR RAKNBK NANCRERHANEhIRAHAM W ER3UDEN2in an even

diffractive pattern in the second direction, wherein the gsition of maximum

furttensimbotiinecaifitdense20qte imss tie pese-sactionablensdcos theshagially of
he affe[@%cgngt';gﬁ%n;aa%fagm PRI R BEURASUARA BNRTh Hing o
p. 00130]A focal mark unit can be forméd using a
patatemgntedievibenagingints and moving the substrate table WT in the first direction.

[00114] In an embodiment the extended pattern on a substrate has a length in the
first direction of close to the width of the substrate at that location.

[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 such as X and Y
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suitable points therefore, wherein the substrate is moved in the first direction,
the points formed adjacent to one another in the second direction. [00131]In
this embodiment the patterning device can comprise a collection of focal
mark units, wherein in the embodiment accord:%q to Figure 13a, each focal

cm@mm ﬁﬂﬁeﬂp%m%f{qwia@mi;&cémsﬁmlg mﬁ%pw%\imﬁwdary
pBQ Sl 9&?'5@2%8@&%9%&%&@ other in the second direction.

Other focal mark units are also possible. The fine points can be points of
differd@03i8, in paricaeeroboimatitasiontish ektsndebpe tgireibnnodAngecordance to

t sl @Pgﬁﬂ&%ez\%ﬂ ?ﬂtﬁ% &@ﬁf){nﬂ&?d%‘t’ P@%;iégﬁ%gﬁg%ﬁg%égﬁta_calibration map

irection, the point minate a pattern exten irection,
fotheidgsarédquesatsiie speerd edt toatedpaf0an32 famexhwsplg afpecific step to allow

atterni ice. for forming a single focal mark unit i in.Figure 15
R S B R £ P G TR R LIPS Betod o
fomaingites £2G:mba firactdime sukblaseshibotivetyved ge dgrithgeixasiomcanch pantianlar pattern

moving of the subsirate table WT e first direction, in.Figure 15 indicated
e T R b S I S S s
efiftdested sidlilar Beinsréd2diavepa avidthierdgrding in‘themetoagtelidetipattern allow

for forming the desired fine lines having smaller widths. [00133]Fine point
MpaIHag Fa?ﬁ%‘fl AR ine point 154. Although four fine points 152 are

showpgdtradl] be clept dhatnbodnets e PO sy BRt34H61 atused to detect a
embodiment fine poings 152 and especially fine point 154 extends mare in the

PRI BRPEERGHPY 18 SR AFSTFethR SRR o BiPSB SRAGIRASG S B GERACTiRateR allowing
dakthesubatipéeisluripg mgs@ﬁenauﬁﬁq)a fonged [anstibbetistts seetigibinations of

than in the second direction, the relevant part of the substrate will be

featss gacdinmivantiptahe sierehsslssAdsria (ohnrRy o RFYPStYcairde a focus

parameter such as Z or Rx or Ry.

100120] In an embodiment the formed extended pattern can comprise focal mark
properties 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 pm, specifically 5.8 um, while the fine lines 121 have a width in
the order of 20 — 1000 nm, in 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
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[001351The embodiment of an extended pattern according to Fig. 13a is an
example of a focus sensitive extended pattern comprising a single focus
sensitive grating. Such a single grating can also be used for read-out in a
special measurement tool, such as a scatterometry system. Within the scope
twofithe speeifiiailjieifinier. dntbadimetits: kifavumbylthe sidltet manaksidgleent fine lines

SR S ST AR FOnte RGN AT B s severel

€ owing focus measurement and subseque
meadiDiaEoM0. In[60 tahiAtintber thxamiplef of mdeclisesanbiive |exde idfradpadiénm pattern
is a pattern compyising a mark having a widg line in combination with fine
s B0k R SR T AL IR BB i S8 RISTHBDRE 13d, lef
hand pgde29[ a pattet earepdicdshiteatoailodmpraikey 4 driebecddyabamefécal mark
can be a standard alignment mark (for extended patterns points in the
i

useclAf ehd mask MO X IERA) HisneedERtHe REahYLRgEacghol the
suBEatdhsr e kAR H}Sd&%ﬁt@ RorSeNifRr R Ratieh kel Oeék ¥ Tarpalkidth in said first

illustrated in Figure 13d on the right hand side. A $atternir_1§4 device as

digealiomeuizaBblrat40bd haB SRPa UM bR $Y5 tBRwiIAk atithdogalmack unit.
As a ik g the wedgedha adandst, RatgIRMY BRiosueSansiMemaifline several

. formed focus sensitive extended lEattern can have a negative or Qgfgsitive

adigentiitye linegoouairae xadtipleldPsimibie ardse Al bk kana ke Beiformethspgcial
eﬁ%%&éﬁ%ﬁ%&% Iﬁllé: GG %}@Qnﬁgﬁ% Wﬁa&ﬁéﬁ%‘ﬁ’.nh? Qﬁ%‘%ﬁﬁﬁ% ﬁil‘éeextended

comprising multiple sets of a focal mark unit formed by a wide line and fine
pditers, compfiscalsavarklioiesl anerkhanit hevdleliprdthexé teivatbcopet at peugtgnutual
direction gxt ' irection ' i ' i .
O B S L O ol P i ection of e
extubdechmitaniielaxposmyciapattecsardimpdauBamite foprtlanreyterdbstdocad. 119
ensiti attern, wherein focus sensitivity results jn a XY di c t
b ot e e S Ve T e L R 1096 o
similajo9hnasE in thelpatter rixgpdendcthewilighbine di2Q lmcdemeet. oGt 38} nnalependent of

embodiment focus sensitive extended patferns are,for in two generally .
Foci SPGB 008 Bh e, LT DU S SRS is generally
laBsewathasdpucansl tRy restihiraéinof 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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[00140]In an embodiment a focus sensitive exposure of a patterning device

results in an extended pattern extending in the first direction and having focus

sensitive displacement in the second direction. Preferably the focus sensitive

displacement is in the second direction only. However this is not necessary.
whaEH, 40 fi e Jarab 0B inbendadanus: sensitive exfeade @ hatfisrasisdeoriteityins measurable

combination,. with.a.standard extended ern. In an embodjment t
c RGBT B AR YO naD T L S p A BEIRAERe same
m?]vememsﬁ]‘ the substesterdddleinttne fssidingatcovégivdldadtiustiftidsaving lines
schematjcally an extended paitern having g.standard alignment extended o
SO0 S BT CRAH PE RN SHRr 0 JODH AL L S<cond direction,
wig psiliveiestesiadinatiaifets infareRemnid WiecstbalraieisinaBEipndL @sd maximum
result of a combination of errors during exposure. Similar to the 'nég

oAl DAB AT EAO B USIRARO0 B dRerb e, SREBU ok firmed fine
ledhed o diseetiemdRRRd b show SisklasRnisais dn e S8 cand dtiesindp.

y130 as a result of grid errors or other causes. Further focus sensitive

extentiti 3Bktern 134 fecalsprikeintqenbedarmar ysitge futisries devtss having
suittedn SR IOCHEG LR ATREGRAS Al ARG R RERaR-EtIFCAlOPO s formed

a xyz coordinate sysfem for a substrate table), the focus sensitive extended
adjacesritosinsiortherdiidrasenepbEéntéies. The additional displacement can

be miﬁgﬁﬁj’ewnh rﬁ?ﬁﬁgteﬂ‘ﬁ Bﬁiiﬂ@ﬁmﬂ% ?ﬁ{f‘é}ﬂ Q@W@cﬁﬁ%&ﬂﬂr@h%lleeﬂon of

filtered out, fesulting in a calibration map for height variation and exposure
fogali maﬂonni[tsomﬁtgmmm@@megmaﬁm@aﬁgmeemnmﬁ fagedgmark unit in
comprising two .focus sensitive e d far wherej o
R Y S A A G308 el R R posioned
adjasitivecsensihdithcBoithpaiteond dieegiofe@bigritonadmnrlawiityleroplsapossible. The

Any focus eryors will b wn mirror. symmetrical ith respegt t | : :
ARG (LR A SN i S R g diccction.
Digiultdrpp sireitardshifisegheth extemiad phtterssbit@ieitbilhénfdoe fisediticigon, the

SAE: S e madn A s e e oot
cxabidiedpiwerdimensional map for focus calibration of the substrate.

[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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Repeating forming the extended pattern [00145]In an embodiment of a

method for calibrating the method comprises forming multiple extended

patterns in subsequent runs. An extended pattern is formed several times In

an embodiment the same extended pattern is formed multiple times. The
dirameexiendrs patien o fhenaskusiagalpatempisgdderisdongbr sisieniEns can enhance

arrangement. A similar set of points in the patterning device is used

the frrgtingy b foloR BCESRther embodiment a special purpose extended

patterfpén sgpeatediyfierapeshiifufisetuenk siahs phttermetwdinkts il 13a is an
allow obtaining a measurement results for each of the rg%%%l)e extended

xRN ATA SO Ve S5 LERTG LLiAER RSP AARRE R Wy E iy erating. Such

2 SRREAtRAesulis: % pbiABiNGPREALIESIIE s[R0%k Tlisnufurthar pvhedimant
the repeated steps for forming the extended pattern are r5}(-%trrformeﬁd_under

sqtmoyefersreal VitimHeescqra Rl thalay shtied erartir RABGLIIRLSs known by the
sIaRBR A S TS e %Hﬁﬁ%@ﬁ§%’f¢”ﬁp§§§ﬁﬁ phtifarte difbasiarhie2aRpar afie method of

can be used while forming a similar extended pattern. Preferably the same .
fosmiiseiqraensten Dairgnalloning Savs MRESHE SR URRsd iRigplibration.

differjrgsafﬁ%]up ParamelaLs LA RBPAIUBENL SRYEIR! cRithdel S2IERHRG pattern

patterns are formed adjacent to each other, [00148]The formed extended
coatesingcamans forviegl avitdeiferdnczmbinaionyaeitia liaassehersdf @feA . marks
substrate table.is adju US| e ' A
GBI A e M S RO AR e, oot
marking Bepbeurk Ehdreub sen bert stioviarg ofi gnansnbmeate(fabrx tudag patterns points in
exposure. This all forming extend atterns. form ith di
R aE SR SRS B SO AR BT R S of e

mARiPiRepeatinm fodmiig. aAspaitéah pldafe ek Eidadpateiihistptedombigure 13d on

combined with vayiations in the set up of th rgmeter to,be calibrated with .
B S R BN SRS LT 0 B e AGHAA i fshion
rempprseesdekiended patiesal, dhdseveedga dedqpatteted mrectarmdbberfdens sensitive.

different Z setup circumstances and these extended pafterns Willfiul

TSGR

TheGRERHA U RSN SR LB e YReR DG vy

markgguesfgrmed, the skiftpidhg aaplaROVATMAINSdendéd paterhyibre illustrated
indlgfifglgrgsl ??dr.el?(%l(%?\fl_, marks are shown on the lefi-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.

[60138] 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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the varying of the Z set up. This allows further detailed setup

tuning/calibration of the lithographic apparatus. [00150]In an embodiment the
extended patterns formed using these repetitive steps for forming the

extended patterns at different positions with different setup, can be regarded

as caljpoason fields IF untkerbihdiseceikciodas ssakitve doporadevvifla gdferenng device

setup. allow gbtaining an improved relation-between.the readout he. . ...
R S R e
dishificene:it énth KscanmkiRlyrpetiam Steferduiyetie fivked pattétinodishisthettatein the

tablaéﬂOlS.ll]r? af ;{gbodimetﬁt an extended pattern is formed and positioned
S S LB RN e WIS WS BifeREEEt8 Y ion of a property of the

extengied $Httern angd fhaselosedinfdite: fubsirasasiabiedtdndddepartendetbrmed in

pattern can be formed on a substrate that js positioned onto the, substrate
CEEBREdEThE sgaﬁgaﬂiﬁﬁtﬁgdﬁé@%ﬁ%p%&ﬁ FEPR RIS A S ended
pAlaRiR) M (forsrMBiizamile exéendar patiesntR) amiefesesermiatkie substrate table in

[00152]The extended pattern on the substrate table can be (or was) formed

thdinef aifgesioml igermiftiel Bese aehsBitsalboaB shieaird At IaNTHEE standard
afiaRded.patieid pithe ubaliate fakie deated-dieadcapataian after

installina the lithographic apparatus at its operation facilities. The extended

patted¥@tbe used fSuFEmtiHS RE NG PEsamidh fmecdaptbedubstiainis
p&aNNRAEEY OGP CAIRIRIRIS, R REF aiidh PERHIRIAL CHFRIBY @ She ‘normal’

extended pattern 130, the focus sensitive extended pattern extends generally in the first
direction x130 and will show displacements in the second direction y130 as a result of gnd
errors or other causes. Further focus sensitive extended pattern 131 is displaced at least
partially in the second direction y130 as a result of focus errors. As a result of height variations
(z-direction in a Xyz coordinate system for a substrate table), the focus sensitive extended
pattern will show additional displacements. The additional displacement can be measured with
respect 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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[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

Repeaing toanfnyitcedivadrebpattsim 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
modu[gtieasiThe paliesn exiBodisnganerallynstibe fiistaditestiop ech&thod comprises
modulation is superimposed in the second direction. Applying.a known

for A ARB R R RS RSP AL SRS FO S SUPRe AL FOITRATDRARG™ KSimed several
tified. Rredriatpyarskatans stibe:aehstainirbla Afsaned weaisipRisenes e same

measured signal. Since the modulation is known it can be removed from the

exigiiad RRUARASHBERARE AP LB RATEIN REVRHIEY I th S BU kS ATaTeRIGRt similar set
ofpeuieer duipgiaifpraivgpiecess Rijhrsgended pattern. [00156]The

extended pattern is formed on the substrate by moving the substrate table

alongl8®e birectiom anurtbeismbediaicatAPpeid RIRY s Grisilsd pattern is repeatedly
foltvé MeboL fulop gfa%o&etf?é ﬁﬂ:‘ﬂ%&t%{% Wﬂﬂél'ﬁyﬂro@)%ﬁ{ﬁéﬁ PRERUGIIA A results for

axis of the global waféer stage coordinates system. In a further embodiment

eashnefitdisanubipls erbendediontisroaped mpl sl wrrpeatinscectidibaabiofetndoyp particular

' MOV t ' econd direction
a pergé%g%%ﬁ%b%%g%&%@%ﬁ%ﬁ@ggigyn%l\%ﬁéﬁ%&the second direction can
be th§0@tll of opehatirfyzhse corrbdinet dngrepesitedastebsortiomiag the extended

pa?%gr‘f%”é?é ] L:(I)'Qolf)rrrgtl:p L& %@%ﬁﬁm épgn{%oxgé‘llﬁlats'%%geasnig\%gr{l%gﬁ?w U Hfferent
such as a sinus wavellke pattern. The modulation can have an amplitude of,

lithrefenstily appleatiOsét optHei fistancethptparem¢tersgiod thedstod ghepbrtapgeditus can be
T AT e e M
sawa\eleegin isipreferabbpeaas ihder Hoffeibet siepptivengsidrin patbethodiment several,
e.g. ten extended patterns are formed adjacent to each other,

[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 arc 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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[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
theoaylatiosfean bedaagodhiedfions filmekaaithectupignahgfdidamation of the
.Subsequently be corrected for, resulting in noise reduction.
11?6@9:‘86 1 RF Y forence is made to the above discussion of Figure 9d for

?nothﬁmqwnple of [@neute fedutatier:x feadeing aclidsynetdeings these repetitive

00161]Further to forming the extended pattern on the substrate, alignment

SthRrky %m&‘aﬁn@%ﬁg?fié’%ﬂgﬁa% e O G RO b

rdfa Al MNAAIBIBRb AR REL MR, &J6 dxeviderardhe solabiteitrigifferent sctup:
orming the extended pattern. [00162]Alignment marks, at least two

allpwrebipiying RuSnREAY et edsHnR B eRa the readout and the parameter to be calibrated, in

a specific embodiment between a horizontal shift and the Z, Rx and Ry parameters.

An extended pattern on the substrate table

[00151] In an embodiment an extended pattern is formed and positioned on the
substrate table. This allows direct detection of a property of the extended pattern and therefore
of the substrate table WT. The extended pattern can be formed on a substrate that is positioned
onto the substrate table outside the supporting device for support the substrate. The substrate
(table) W(T) comprises the extended pattern(s) as reference marks.

[00152] The extended pattern on the substrate table can be (or was) formed using
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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substrate and allow aligning the substrate in a certain position with respect to
a zero position. Aligning the substrate is a known method and uses the
formed alignment marks on the substrate. From the aligned position, it is
possible to irradiate and form the extended pattern onto the substrate at a
koot doc Sticpditesn leseendsrtesiapl wiitbontiesh dor¢beore ki@ poditiotiaf the

extended mark. with respect to the alignment . marks is k. n and,.can
S B 1 NS0 PR OB S5O oo can b sed
fexienRdeddpation applalignaienivwnanks preltocmeddd sigiabte tpenahistratt tiide also

expose side of the lithographic gpparatys. In an embodiment the alignment
e R I e DSBS AL 4 A S WA QSR 1 G g etmioved from
tHenAGEXACSUER BRPmBALA tbeimsian desh paitarimind stignmdirenriksanevided during
developed in a sig&le step. rAﬁy positional encoding errors in the alignment

the SraipgmIesss B meHEIRARA marks and similarly in the extended
patterppoiPF1641In affetbei-paraqsineent PRIbE Gligeenitraar ks ansihethe substrate

extended pattern are projected onto the substrate by moving the substrate
ta@s@@ag@s%@ém@%%é% eprdssammarg Pl lskieudaesHan o Reymngat of a
1AV LRRINGHNIEE ResRAsidP R AlIgNPaeAtENaY s dRitast thegatandeder stage

pattern is formed at an undefined position with respect to the ali%.nm_ent

congtieat Ty B BemHy TR btsmsat pRRbARs w iigrodatien diupgiRposed
otfPRUIRDRRLINA DY ENREHATLIRY RRVIIRN Pt Ae Bl HiAAARRRIA dircction

measured and/or corrected for in a subsequent detection step and/or
paakndisaiatste thqd0sbaiectiane Paidanaeingin dhe senend dinerion saashs the result of
far n ' |0 ogatian of fhe.extended pattern.
Oqgrﬁgeé%e aEr%gqlV\ﬁl(F%gj r@%%%eﬁrg)ggs%?gr%g{}?gaﬂem alignment marks. These
mark4dMH5 e used ko aiigmbodioxtehibedpatudatidoreaedon thguiuiaiem such as a

.before any of the properties,of the ext attern.itself ar ;
B AR RS SRS BEFAL A 0ot

marks are posiuone pg%ﬂe
diseaislbéow rovitdidibinestdtdterigtend édpatignin gthe ditughaptit thppasdukation has a

with the extended pattern formed pn the substrate held on the substrate. . :
o e AR Sl LR b i tion, which
whosisinnadsarefeadi pmbathisidd$ aldrgsibe efdended fateattamthe

substrate. In an empodiment the extended pattern alignment ks are . .

forme Ak in 1B SR LG ABEr BN L Eh BB g rovided by
opaiigistihe 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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[00167]Figure 6 shows an end section of an extended pattern 103, wherein
marks 104 are formed on the substrate as extended pattern alignment marks.
In a coarse substrate alignment step, an alignment device of the lithographic
apparatus can measure the position of the marks 104 at both ends of the
Fexishaesunéliarn dehend align the substrate in order to scan the extended
pattern along the first direction 102. [00168]In an embodiment extended
pattern alignment marks are positioned near an end section at a position near

the eX0Iedq centeflinehef toefexxtamel et pattexieapsiawoinitdguistrate, alignment

Preferably a zero mark 111 is used as_extended pattern ali ent mark. )
MR G PS| aﬂﬁf@rﬂ%ﬁaéu éﬁ%ﬁi’g&gmﬁﬁ&%8?ﬁ%@ﬂa@&%%%e&@hﬁ?e%?bodlmem
alipakent IastPaRodRIed tietRxiandadtp phiomd Inivg pRsiiassdatepattern.

obtained. A 'straight’ line 112 between the positions can jndicate a centerline

of thel83{&ded parfehsameniarss) i it RFREsTRRY AR YRR igrmed on the

sEH&AAEmRY Ak ‘ﬁl‘i’@fi%%(ﬂ%sﬁl&ﬁlﬁ?e%tﬁ RERGiRPESTToANAth @B3PEEtiB& Eero position.
sets of two or more marks are formed to indicate positions or another

Abgpeaiherihsiesieirelnearr mothed wahissaite frmed alagriagnt ks on the
st YR pESRArke! 'ﬁ%&ﬁfé& $EQ1RSFCRUSRABIOR AtlasexdiaadesPallesrdiian pattern

embodiment the o nter position corresponds with the position of one of

onbethwowetiafsealieaovdeshipndn pubrsaHmRG Harai Seamadisiisg ey are position
oﬁﬂ@%gﬂgﬁ Hfﬂ%ﬂﬁ%gg’&ﬁ% Yrd Q%ﬁ%&féﬂé nediheteHden more aiddd for locating

re-measurement steps (alignment) 100170]Iin an embodiment the method of
theeteterdgdapptisperty of the extended pattern comprises first aligning the

SRR D O 08 s Bt e o
infarsipghéarpeing ¢he misasspesvend aldith ¢hishiostaghec ipparTivs. sulirensbediment the
ST R B e
eXpopeaetstorn Betsdidredirdedpaiersandndi ghraetiomarks are developed in a single step.
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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[00171]In an embodiment detecting/measuring a property of the extended

pattern formed on the substrate (the actual measurement scan) can be

preceded by moving the stage to a 'zero' position and subsequently

performing a stage align and/or a global substrate align. In an embodiment a
pooakedififermaligrhstepds fosetl goingpherb ttivesybstrapparsiey wohriewsferded pattern

#3190 e suRSIgte ofd i nun aecirately enough to predict all marks
positions for ting wafer align. Such alignments are particularly advantageous
if the §0BB6GIte is loZded sabodiineaditigestetindcinpatttem silipsirate talakicwith positioned

ow accuracy., Thus all steps until | ing, can be perfarmed at relatively low
o S TS AR E s SrSTHley BSLGR B HERE ot B diicpt the
estepddd panarkalagempasuied tediiennintirthel direliienipbsiiosxeéiled pattern. Such a
extended Eattern ith high accuracy. Determining the first direction is used to

PEUHEFLIE SPUBB AT A8 S 5 tem such that movement of the substrate table

along mogarjthe axipightb® spovelnatersysiend LT esResRivdthafading3, whercin
directign of the extended pattern. [00172]Rotation of the substrate table WT

markshBAISERe ) the SRR RSHREMENR BRMRHIGH SRIRENE BT a coarse
sERRKe- 3hinsep emnhog e rhstratelithseapIed ippauiiiant measure the

marks such as the extended pattern alignment marks. In an embodiment zero

posiire afdhsaunrssd@hethedn qads s mxdcpdestipuicsn Yhrrchalisss tsubstrate in
oRIPRAGA PRI R ARG NORIIAD SIRI B0 AFS CRHRESH fying a quick scan of

the wafer, in particular at the measure side of the lithographic apparatus.

Positif}El6Bthe z_e_réruﬁaﬁ@t_zseddmax@pé@di aétm@hmfawnaﬂtﬁﬁkﬁi@ﬁe positioned near
aﬁ?&ﬁfget&iﬂﬁeapg ?JHQBUWﬁeQF %%'Qﬁé%ah&ﬁ{&ﬂﬁ@'%tﬁé me%@pﬂﬁgem_as shown in

pattern. The information is collected and processed in subsequent'steps in an
FryaitsodiRrefrreblye reeehmarkdddrdintied assiteadaibpattern[@igmimkmeaded)sing an
rn alian n _provid iti li h
S A R B B 13 bt onds of
thefakiemdod plation i thévexendechpatieobtanel. s stimightitnenit? regarcktothe

th .Wavelenl%h 0{ amgli ude of t,gn%mo uI%ti n. g.OO 7%1In an embodiment of
postiions can i icate a centerling of the extended pattern’1 10, .
€ Invention, a'prescan or alignment scan ot the extended pattern is

perforid@tbii] the sebomd dirbotionehisuftipbcasroonméd dcedetersina the wafer close to
) positio OfI the exte[nded ttern in the secFIond direction. Allgombg:natio%\{vith 3 ‘
h§e388ﬁ’&%§ R Y r?t‘%?i‘&ﬁfosr?'i%‘i EfihéY USRS JEGgne o indicate
pékitipioedinativispripretion WithdxeisheephaemBCin embodiment an extended pattern
alignment mark indicates an off-center position of the extended pattern. 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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[00176]The prescan relates to a physical parameter of the extended pattern

in the second direction. In an embodiment the parameter is detected by

moving in a direction deliberately comprising a component in both the

expected first and second direction. This is advantageous as scanning at a
peefatively iigmengledetialexpebtefirrsidicdotioMvikenstare daatihprovided with

position of the extended pattern_is found in bgth the first and second djrectig
aigktHagH 5 BREL e A BRI So bt loleietFing By AR PaRRonS ofthe

cpfdicRatpneinednd QP il dBethib tiltcprescrnmeivelh asrsotia adibaland/or second

measurement scans (such as the flank scans), the detected property
ditaediNSity) may be measured because the extended pattern comprises a set

of gridigpay protruding JawassdReAl BB SaRShINaNRHYeAdi Bemk B ended

alignment sensor is of the diffraction based type and the gridlines can be

paien srmed amthersuimiratefilsostvlimgaoamgaisraelien heasrandgddymoving the
sﬁgé%%mﬂg%sﬁﬁi&vamiem@q%mgﬁﬁmlg AR hg FytensRMal substrate

pattern using an alignment sensor lithographic apparatus. In an

alsgnb bie pn sAmbediopel s e wrienddansierth Lesddadimrfurctie fpfstrate. After coarse
Wqﬂqcfﬂ?@xiﬁ-@ﬁﬂﬁw&g ?t(lﬁ;% %%Bg&ﬁ%@? Sh DB PRARL RANGRHRK  Bositions for

measure along the firs tion the substrafe table is moved in the first
finireotion ahgne By dhalignmettie ats avicpbaibondyenteeolis Hrtlkhs Watede Brgaded from
he extended patiern. : ' ¢ .
S
perfopmey aff wHetixiyrdedapatteny, @hHighpaislsadioratdoysiaatprdperineche fine wafer

B e T T
pitteraxiétideigipatienady. tPetirstidirectionfirf0 di@0jikne susethingedante a coordinate
Sy%%%ogdc et?lta‘? Hgge%)ggtnc%gep s%t% rna{g Egg?g a?gntghgne of the axis of the coordinate system
corresponds with the first direction of the extended pattern.

[00172] 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

amplifude of the modulation.
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substrate comprises detection of a property along a first direction of the
extended pattern. The scanning is performed along a generally straight line
positioned at a reference position of the relative positions in the second
direction of the sensor and the extended pattern. In Figure 4 an example of
such a0ong § illustrdiedrandibdineierefickepasiinivi) sheaeaond alifgotientiscan of the
indicated with Y. The positiong may be referenced ta a center point of a )
AR FHEGR ToRFIGETRER TG GHe UG OB P BReH 1o determine the
pBiRiEssHeReside piherexiendeddpatalidstipesiionatsneliviatith desicedd prescan
output of the alignment sensor is achieved which corresponds to.the
aach g

TR APPSR SeHRco SRR  AOS AFRI IS et increased

aQitheparallel lines or the near peak zero crossings ZC1 and ZC2, as outlined
in more detail later in this document. [00182]In an embodiment, firstly, the

substif¥l EpositionEaedueseaRd iRt PbeR! @éﬁ?ﬁﬁﬁf@g}@mﬁg‘i pattern in the
seRnRrlitieIastIthde ritradatPattamea alet Qrciineshirimeth andiR&tion

substrate or substrate table according to e.g. Figure 3, that is: the diffractive

dglibpeatedys esmonsi pagerromeansad arke frdisrang sisdalitamndmsronsthditsstion. This is
a@%@é&%ﬁ@ﬁé MovRg e é%ﬁﬁ%?y(ﬁ&?%ﬁg%g @ $RCLRALIFRCHAR d@%ction will ensure

1
atically indicated in Figure 4; preferably perpendicular to the first )
thairthtipesitibe ekiberat igndedipattsan isdayaddragthahs st adesegashirection with only
long:stralsgyapg short-sirake, module 9t moying e sheStrAleRRIRME
O?gs?%g{l:t%g?ttﬁg gcljic eea%éaor tﬁae nﬁﬁ?r#rame o?qt%e}[?ﬁhograph{:ceapparatué.
[0018B)0HE7 hlignmeRetcarthisspremabs patiosiadHseatosinetsarsutest-agans (such as
tahle in the second direction, or tge st a movement hayin QHR ded
- R R e e S B RSP S SRO B e
paniarferanyeiesspr ovidd giclinksthe tbthingeib eiffrsdice hattaamtocagoosition embodiment
the, substrate/of the sybstrate table. 184]In.an embediment the .
R I BHCAS Eho T LD T P T Rt eretng.
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
Flapkcaesn BRRAARIDSatterns 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. [00185]A .
respolH @lve of tRerasthathentuding F%Mgf@h%e&lb?lgﬁﬂﬁé%V@MH 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.

33



direction, i.e. a direction perpendicular to the extended pattern (i.e. the

sensor signal along direction y in Figure 4) is depicted in Figure 5a. As can

be seen in Figure 5a, a peak maximum output signal is obtained, which

occur the ali t Se is.ali it f I

s, MUTEEY rom (Ao R B oL ATTESAARE AL HLAB PR formed on the

seipatiat\cpepodic dattetivisabt pinpdrateloagalyipsbdidieg qreaktheaszitauded pattern. The
output signals and peak minimum output signals due.to interference effects. .

sceRB et R R ter s IS pestichd o Splerencs posivion of the

repatites pafinohy inféw gridhiddschian eibostmentahtbatendededpatktdravingigure 4 an
more, than 1Q grid lines js used, In this embodiment, the peripdic structure will .

KRB et HE IS Sl TS SRS OB RTEE AR A R A gon is

irfiscinsing tih e NakinpositRekrisyessredlestinid to 4@6ARY Poiancddvami@gennisge formed

. embodiment the detection method records a physical property along the first

s Al BEHSEi¥nded pattern that is the result of a physical parameter
along[tit $epond dipachigarthet i exaispienieatrasprdrprarridyhaleng ihpositioned

first direction can be the intensity resulting from the diffractive property of the

sushdhiedssined puipryoh b aliShmentacastt Prsimret N SHSRERPRIT the

maSER AL RNk afihedaiessiboprefitpiayeniieatan)ct dERGHIYT the parallel lines
(maximum slope = maximum sensiti\%aé as the derivative of the intensity to

orfiecyrpiprek (SECETFHNELHSH) 3BhEhést P Hiedirdneis desriblatenitl this document.
assumgsk i3t the meagied RieASHeR IS PissRIRSEssEH SNRIHDLRER hat a

minimum intensities are registered as negative peaks and the peak maximum

migrersinestdrearegibtbeetligperitvasge ks estmui innatkendedratinantparalicl
Rl R HREQASRaIS: §ﬂ99ﬁ%t§%3bié“£q96ﬁf&?&§\(§ J?gogﬁ? &3, that is: the

&
particularly sensitive at the near peak zero crossings ZC1 an “adjacent
dilrtieti yopivpartepedhmpadtemmrowgad ami prfebbussasued poskiorepbe performed

K h t lle] | ihutes. .
oI A s S SR 0 i
prefosshhg eopemdstylertaths fivet datiofihd litseoresl datvtion tae begksecaritly parallel to

the zerq crossi is constant. [00188]According ta an embediment..the .
T P R SR e LR A BB S respect o
theespehdicidat théhadinfaras cithe Bthpgssibie dpmithersof the near peak zero

Crossj Cl,Z7 which thus serve as reference positigns. Thereby, a
T e e e S5 5 P LY DR IO Y p0e e substrate
taBliaingd sasond Gipectibiiherraspansertovemmahbanpaximapahtnisipairtsecond

Any errors in the formed exten%e Jpattern as a result oé??ncher Eerrors, such . d
EECHAR e FRHBH ST BAh B Oga&fesm AR SR Ui B A B Rrovides to

likiaHE BidmaY BEfraeasy esatiisansiiian withisragstacsdasy. Jaeseiakisile.

the scanngéﬁ position in the second direction Y, formed by the near peak

resp ro crosS¥Rf soEdERcHIthe Fershalg FomeTiies BRUHRl pEERIRd 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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[00189]In an embodiment of the extended pattern comprising more than
seven gridlines, such as the example according to Fig 6, a prescan result
similar to Figure 5b will be obtained. Here the damping of the peaks of the
diffractive pattern is less visible. Here any of the shown zero crossings ZC10,
ZC11]@asgg]and ZQ4 kspumbe dakervfitha abifgnecoespositieniputressatelung the second
direction for spbsegquentl forming the measurement along.the extend
S o RSB EI  LBh hs BLCanh TR Gt DS Bl atone
deecoen waaRigheuid Belppidaidnad atinedn airecanchossingihdigngeafapppesiteaximum

slope. Examples of possible combinations are ZC10 and ZC11 and ZC1.
ORRAAEES! TORSON & R bR BRI NGRS il ene of
tH pyteRel e Witb viRgPRehiakisitema i watdsGaniiolidetddgs ol heseaseithtises, a
can be saved and used for sjgngla:ontrol. In the, mbod%gent, the extended .

SpAtiAlbnREriQdiR MatiSHR-CRLEERA HicTBAlTY BRI HEP SR HEHB ALYt signals and

pSANARHMILAURNARAR; SHRKNRR] BIaRRaERsPemeing to the measured
intensity. This electrical signal is used to determine the gain of amplifiers in

the alil§fAfé: sensdiaitiHetirishetaaaktigfent sRaNS mrasaqne for a grid pattern
oflgstionwhigh MilbenaIiGHIEdIaLRY; Jhexaninds AatRmaAag sRIHMANG 0 grid lines is

signal does not clip at maximum intensities, g.iving maximal Signal to Noise

ugedtibn e she direersitghie pariediei RGN ¢28H SRAY MssdlumRi e ARtV have more
st$§1eé*$%5§1§ti¥ﬁi§m%99ﬂﬁﬁgkm SRS IR IR ERANIN gLy RElavducial.

Iducial comprises a fiducial marker. The fiducial and fiducial marker are

produlf 87 that thinrmaridnantagaaumimbedinstribridetegdan grethod records a
respectiv r i iti ' : )
L

e performed later. The
paraindedetenmihedesorntatithetisigrial tiieexaotdighettecotitad primergitlosg the first

di%ViH neax llg?z%g L%?éa}lst? NrOi%?tiﬁat%?ogln%én (ﬁ}‘ﬁg&%é ﬁlpg%%}qéyoflp?%@&]:%ed pattern
order to construct an inténsity versus position signal, intensities of the
alaligrtiresdchad i raeaaurEhcyi firactiigrpnarrtessoosingttiviipo siidhedlahks of the

. Substrate le are sampled, at exactly the same time. The synchronizatio

B B ARG RS OE QST (s P ] T Sy as he

desemavioo fthamembogdiongrt ppodtiolngyead déraftibe) litHdghashic thegbsike Further on

. apparatus comprises an alignment tool that receives a sync¢hronization signal .

it BTG i e, NP OISR AT PR PO g B LB ook inimum

NSy SRMIRGEAE AneRsuRd poakpastidic gRalpinaxancutadaivasitsrrthegistered as
positioning system. Intensijty samples and the %Esitioning,samples should

DRSS L N DR e e R S o ES (e 52

THERYHadBseashbalpre shaipemiipndiohieamming:ataréak Fois dptavigs ZC1 and ZC2
denoted as Wc_settling’ or constant velocity setting. [00192]Inan
a@ﬁ%@ﬁ%@@tﬁi@ﬁﬁ@%ﬁéﬂ%@ﬁ@éﬁ@&%&%%ﬁ HiffesHsn Wrdgraotifion of peak

mRRARE dianaki BN MRS P& RN Ssle (et ibRite oaidenlindiyRethe peak,

improve accuracy. In an embodiment the peak-peak signal is maximized for
gt the ek dadreervmpasthraspaaliag hacroming Sayisusky rsegigs the same. The

aiReRonRg LI IR AT UG UANALATEIEAR setting is performed
[00188] According to an embodiment, the measurement is preceded by

posiﬁoning 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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detection of the extended pattern along the first direction. This allows
correcting gain settings for each scan along the first direction. [00194]In an
embodiment the extended patterns contain an amount of patterns such that

tHbecspompictasetni phiendethpatetns pildi inky Breonmerichapedtetealiéhpatten as
alignment sensor, for example in a CCD sensqr. The irdrz?agge of the p@l

Pt
aficeplt el sRsrdsheTomarahas thedls darar atbR fiandse Balemia téeém g direction

a@dBBKaris [Shee Bt WhileseaBNREINiNRis RN A HEEH gt QORI P Hereinafier the
embodiment one or multiple extended patterns are read out at the same time. |
SCPiR bR RBRSOINbT At SPrapd disccling relPREI A RS RETB B ESPRAESTO Crossing

pofiaviek fit ititundhe oy rerioalARaitHEe sl alignment system. Measuring

along the extended pattern 1001961In an embodiment, after a prescan such

as a fke B¥nment inancmabedigsntaitthasx sarleding Exacirmaprising mags than seven
aarped aensraly along e dirrHENLEDS lIngReol e uieRrahPAE Bure 5b will be

that Is generally along the first direction (X direction according to the

oltibediilers xslamengsfihamure of fin diffesibodmitam inéosaiisible Hapeany of the
si &nnoggﬁ ' %fsé}%%% %‘I 8-[%? PB;Z@M Qﬁéf'%@%?ﬁ‘l?@t&ééﬁ"&%‘ alipaﬁr 6§iti0n in the

epicted in t arged’view df Figure 3 as well as in Figure 4, will result in

sexainddiedicih donstpsegigmayaidferaigtenrsenseniest iengithmestansedmattern in

RIIeRaES AFording o the AUOUBALING CSE DAk I FaUiE 38l THeuid be
output signal of the alignment sensor now provides a continuous signal along

péhfopacd|iiines pmv#dfngsi_n@hm&ﬁgmmbppbsitwsd@éampi_dheﬁquible
o BRI ChO LS oA ARG L the encoder arget).

Calibrianeyf the ensedertiagariosiiinennasuenedicystend direditon provides data
Rt g e clennn o upt e el B oDl
sigiierdad Aalieme dpBodiBent, the extended pattern is scanned in the second direction.
During the scan the alignment sensor will output an electrical signal corresponding to the
measured intensity. This electrical signal is used to determine the gain of amplifiers in 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 intensities,
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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raster depicted in Figure 3), a plurality of measurements at relatively short

mutual distances is obtained, which may reduce interpolation errors that

would be obtained when attempting to interpolate between mutually more

sk SAUan RN AGIAPIAg, Iofs CONHE RUARRE U NAGRALRIL R of the
performing this calibration tectihique for a plurality of extended patterns along .
lithesraphdc, dhposatibrptieratarctmsrisesparfdigreveisriaqdthet] W@Wéﬁﬁaﬁ@’éf’mzaﬁon

.the substrate stage, and.can be perfor in hoth. direct \ :
SR CoE 01 SO B} e e R RR g D ety saunples
arefithasexedndecbpsitiemsanplg thecfirskinatfiomdbmpoigdeningssst etve Intensity samples
substrate. table using one of the.long-strok d short-strok I -
o SR B PR SACRGS SHOID Bt Gaute T AL P R foccleration
ovhreREeN a timOAd9j dnraeresi befinaht thesiidstight- teinkpimpositisnEtiadelay is

the s¢anning position in the secon directio? , and moved using the first
degatpd it k¥ QgL SR HNdG ?g%lsﬁf)é}%ﬁ‘)n beyond the extended

patterméauppd on the maiebda0ReR] bangearlingrivmrscieod édspdioarditiagon orders,
the first direction, the subst,ratg table is accelerated.from, its étagténgﬁp siticl)rrrl1 ove
the RREPSEKIPEEID ASIRENITLAF rfﬁ)(‘iéhﬁ'ﬁéaﬁﬁeog Sited BTSSPl AP

0Oa

a]IBRIE,SERARIBE VSIS Bilsldie sliamMibigaRiaintainfog dih sieceneld order. This
coordinate at the locked position. The scanning speed in the first direction is

makste b RfaSrane gD TR SCRHE i d0cABR RAFHSBBSUt-1/s. In an

embiﬁjﬁmt] using aNgaEmMsBdmR valactdneiibelanseaiphs matinacd before each
speeds of over 250 mm/s and 290 mm/s can be obtained. This will allow

detestiningfite extendrstinstinerilongdadiidbassensJ ealiontecPpatilipg gain settings
fokl).eeig&ggé neaqoql\éeﬁlg larges Rafof the substrate, e.g. 300 mm, in about 1

secon prior-arrangements a line of marks having a similar length, would

consi§ 19400 marks anigmbadinansiten eranded prHiaws cortainaaBEYst of patterns

Seeands for only the scanning Raj MPRIS AL TSR RSB &R of an
Surﬁ?ér%%%gtllﬁ(f Be g%n%%ﬁ%ﬁ%&%%ﬁ‘ﬁ%ﬁﬁle re;quirciJng the velocity%%f the _
aléphsizatadatie forstabitiptehefo G RosmsremBrtdnese ofthe potiern skdhtheperesult in a

substrate table,would be stepped startir iti (e :
p?ﬁéﬁéﬁ?ﬁﬁ%ﬁ%@é@ﬁ ! %?té%}ﬁolgﬁgﬁv@e%e%%é%%ﬁgégﬁ%gn% ng cglrfs(do%l g)s fit while
soibipipléntiites A dimdelBaviitg of over 90% is obtained.  [00201]In an

embodiment. of a discontinupus.extended pattern (i.e. e
t at th
Wherefﬂi]g]tlr?g]ines fongﬁﬁeoglr%q%rll}i rlljep 0 sle(i:‘l\}1 r{aﬁ %%%]gggéeéheq%%}%% ,git igd out atthe
sdpssible. tideteshbitsiistaiin vpldaiiea Furiherifaine diatarinlibess marks should fit

extended pattern was formeg sing changing dynamical properties as
wibiedhed U ARRE B R E&aﬂgjggﬂbﬁﬁs?%é different dynamical
properties are detectable when scanning the discontinuous extended pattern.

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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[00202]While moving the substrate table at a stable velocity in the first
direction, in an embodiment data is collected using the alignment sensor
resulting in a data scan of intensities along the first direction with respect to a
diffractive property of the extended pattern, preferably the intensity of a

Fifitira dtisnverd @ 1052085 anidmsodiinenh ehanseois chg ey signabed e alignment
file iffiact _ . ; : .
B A s U S e

ITfliaction or
Figan SiipWhénetpolaiombs htkeslimmead skosenadny omddembeditipneyasignal along

noise tion can be abtali if j ) \ o
M SR R IR AR SRS 085 g o direction
peiesttatdaefledtivitydinscedsbesthdeiiteinsitied tfctheorders xidoundrzesesrs of the

00204]After reaching an end section, of the.extepded pattern in the first
AT S T8 G o SR RITE 1 B oL A e Balin measurement
sysgiatesobthetifbogedpnhio g dposligamppesatssr duipotesighabiimerillibésexplained later in
}&e- rocessed in order to prepare the data for further processing.
t élf%i*HEEEEing may incorporate subtracting a constant value from the

intenqigepXHo that gaatherntre hyimaRaipasa wpliaatned astaabdtiyetems (e.g. the

intensities).. . _[00205]The alignment signal depends op the spatial position,, .
rasteh eSO RS mé’%ﬁ%@w fi At e geﬁﬂﬁ%stames 18
obratiedirshelirestign &f R Paifapilsisal ghtexiaptednatiRrBeswb when attempting to

_dc-signal. £00206]If the extended mark were to be slightly rotated under _
ing between mutually more distant calibration points according to the conventional

stitching approach. By performing this calibration technique for a plurality of extended

patterns along the raster, the calibration can thus be performed for a plurality of positions of the
substrate stage, and can be performed in both x and y direction by making use of both
directions of the raster.

[00198] In an embodiment a scan of the extended pattern along the first direction
comprises moving the substrate table using one of the long-stroke and short-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 exfended 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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sinusoidal signal arises. It is intended that the first scan of the flank scan is

performed at the position Y,,zo in the second direction (corresponding to line

80 in figure 10). As this is at the flank of the intensity profile, this is also

referred to as a flank scan. The opposite scan should be performed at Vs2c2
areogesvotsdmyto dfmakimiigunga1omaltdangbl cusdikensitoois Jedanaggovith a 1
nan 5t fcl;ﬁrgllfl c\:’ffaﬂrllilcllf ﬁgg‘aetxk%?lda%ie%@% ggg&%ﬁ‘&?&ﬁg%@?&ﬁj%ﬁﬁ? lt#igtine movement.

mlgaﬁlgnment In any of the pre-measurement steps, a sinusoidal signal arises
This & el ef ¢hehdiffikctiveldrop ectimscih styastclyndaghrdutiomequiring the velocity of the

arrespgnding o line 82 OOZO?SI@Ir” nment is. sensitjve to position noi
g e S e A
wdeli/bt wesppitd tespsattin g sdsitdor is ada measonemeanstim skpeecbiithdetween

%i%nal. Any small deviation ing@&fﬂn tr.esulétls; [0 a maximu devi?é' n oftt)tge d

SRR A S GRUIMBE S0BION R DRI ARG 4t HE HEBR'6t &' SIgRar anghment 1§
insengiiige 1p position AoisaRIdiARdRdariiatiainiduraspenttd pasiforiis. an extended
zero. Any variation in signal strength caysed by the laser now hecomes . . .

TS ABEHRED BSIATRE BN IR RRAGHPE ERSBLE AERBRfY 1 is Possible to

daeperyoafdapiexigodriENEiRheni@ttbR diatidilect oxtaidbe peladiveras formed using
second position near the peak, indicated in Figure 10 with Ys,peak. In the

chapging d31aArhR SR RS IAIgRIS A AR NRRPG REHSSSH BROYEetRgF different
dpessible ROISEHEUURIARIR MM SIENAI S GIndling e RS RATHRRLIRAED At crn.

explained, by measuring on the slope of the spatial intensity profile and

movid 483G the g Bk athe subdsatairbls sbastablcriositydadhe first direction,
ind M bakIERRt 490 R RLIRASI IR MBAAHERS A4 THRuIeng BXIERI8dcan of

pattern, the intensity variations as function of the substrate table WT position

ineensiteyAlans sfastAiRrtionvsdnsnrgt triredibfaesiviesrap ey diheesisndgd pattem,
p@féﬂﬂffﬁ?éﬁn%@f@%ﬁedﬁﬁg&g&go%&em is scanned at relative position

Y's,zcl,"comprise a hoise component. Embodiments of the invention comprise .
steps[f®28alice noibedn thebodimaindrotnesenehuitheasiendashppttestimultiple

GHSEHON FORMALTE eas etRant RS IReOBh UAAIAG IR T R Oihining data
near pea?< résponse zero cr’o%smg: thereby, two measurements along the
withmspatdbahlides] e e ddsainedjvghicicallellews atopotttimy ofiffeenced results and in

observed.to variations in reflection of.the surfa f,rtﬁe ubstrate, therebhy the
SRS KB A AT M4 O ARE 4t CAn: SRR WG Behave the

saraf ectilityspttheostubataterifleilisirétectis indiea tedl activigy)e Ba the sibgteate

f the diffraction signal has .a different sign. If the extended pattern is
re BRI E VT SPERRSHATING R G R LA patier on the

substygéenaych as saemalitatly iivstidirdtioridure éxtheladpateaismeny first

the Ys,zci and Ys,zcz positions will result in signalg with opposite changes.
ESFEAR A SRR G S o SRS S AP HERE A 7 SRARBFBACGRer of the

littRASHPIS: RRPS4IMR)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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[00211]In a further embodiment of flank scanning, two generally parallel
extended patterns 148, 149 are used (Figure 11). After a first prescan,
position A is found as a position of a zero crossing of a first extended pattern
148 of the two generally parallel extended patterns. From position A (a

coord 98296 the y dfrthaioxiendp e atere koybesdightlateotystbwnde seapipg a
si%&ﬁ@iﬁ%‘fgl?ﬂ’ﬁg&g 1 ﬁ{?én%ﬁ“tﬂ%f}é tsdushextend ?Qrﬂ@ﬁ%pig'%ﬁgﬁmned at the

performed: The lithographic apparatus is controlled such that from A o
pesibistare sabiteth Bésamd dag ction (espesponding alidimashtisdimurcih(a. As this is at the

ﬂ%%r{ft %@?gﬁﬁ{%%?&%%ﬁl&ﬂ?ggfgs%e}%%ﬂ'eﬁ‘@%@?% &%}? Gf’ﬁg géggﬁ@lsiéan should be

e'to zero (as It IS a zero crossing e to deviations In the
pexttemidcapiitern joothespending tirbotidi, théi sigadOVilluhhode gy then also is
re ertl)rgg %(t)eagaabﬁanalgg%s?.%pf#rt%teee%gnr@%&/ ed I%ﬁla%gfg% go'rgg ?@%Tégo%]azggs)ﬁlt.of
moving from A'in a diréction X, eventually the complete extended pattern is
mesdippedeanthappsititie Brésmeachedddostips B tagamidahargcibrnsesayg #sesult of the

coordinate in the y-direction nat n to be a zero c¢rossing,.since the
e ToRe R B e R L e B e L
embopjo2&7| the megkpiaroenisseakitvaayeddnitienséaoddedilgatinthbglape of the
distance equal to the grid.size. The embodiment according to Figure 11 is )
SR SR SRS R0 Bt FA e et e A SRR L T AU PR aamaxirmum
ol 1BePASHHNE teSianad 28608 AKIRNGIathRMH RIS tedilessacomaditrgHalbviation of
performing a prescan, in order to find a zero crossing, indicated with C in
theiiFast si#Rhlignment sensor is than set to scan the extended pattern 149

from Goirzegy x directigilomecthagxiandedaatiers dddAoNmiasdt is insensitive to

[00214] From 11:1 the substrate table is again moved, and in an embodiment

PRHBMRAIQITE ST (DD BV i drdesnech i ROHIRRAZSER o Y SEIRG RS s gnal
stREISH Ca RESRAURIYA RAP D IR ASEO HDRSHIRMA ad L Bbdil A SHEQRHRRtection method

completely equal to the direction of the first scan of extended pattern 148.

copppsassiaeringchpraperiainé tharcxérpdadpatirc o reolist dispruQtctidbg relative
B e O oy o Sopaamed signal he
laseflnetbaity dowlindfraandeaideigiay can be used for possible noise reduction in the signals at
other second positions.

[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 1s scanned at relative
position Y zc|, 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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[00216]Scanning a mark back and forth can reduce noise induced by the
movement of the substrate table, laser noise, noise related to control and
temperature. [00217]In an embodiment the detection method of detecting
a property of the extended pattern comprises detecting a diffractive property

reflrethranep{ihy sifapreeb iherwbstiate ot drdireter Hul i ssadigralgpe qé the diffraction
IR Yooy fienre QA Hetgalndadiereptefing eanderRatiesnIcomRNs®uring

a tool, such as an alignment sensor, that is arranged and constructed to

foraing therdcadsd Radamumidiec stbsteatsy spch esmelmmatinel yallsstratsdyigr Figure 4, the
gﬁ@@ﬁjo% ﬁ%ﬁ(ﬁ@@%ﬁ?&&?@?ﬁéigﬂﬁh&éﬁﬁ%%@1%‘{' WiRl& Rig site changes. On

resulting from the diffractive property of the extended pattern formed by grid

anbsobun welotbsi ﬁb@ng@*@mimﬁwmmaﬁ@mgtam{méém naeetive).
patteglzlﬁﬂﬁii the firgh JIFRAHAP GOPNISRS T G PASHO AR W ZehiQally garallel

Ys,Z (e.g. 8um in case of 8 um alignment structure) and doing the reverse
extoac pattorild #8e 440 kng ubeliffegsioyl fo & i el dis tpocsigmaleosttine A is found as a

extended pattern (bei r instance 20 Il Thi Qsitioni
e g
pdifrastiBrosignsibiiadnededurifigatesoahény thiratonnd ticeckent 021 jadwlinate

back .and forth scan of the.extended pattern along a first, direction yields tw, .
S R AL S R S R
pasdhincsl Tcdichogiigshiv ypravhtiasticontinel sdbsich i sefleatAlyhisobiinate table WT is

original.signal S| and S2 makes it possible tq.cortect for this effect.
R DO D ARSI B LR B B J0408 S hged pattern
Alwisedheherigiaalddgndparthessigrned sipeortenting a6 his irBndladrRId8odsing), due to
nqise term. [00220]In an embodiment to redyce noise even fyrther sample
deyantiensinife Retel o paie aw}sa%%lﬁ%ﬁ%% O EA N L EaFng vhen the

sURR@RE tdFRAN$ITMICaROMESHFRNIAFHROG S0 Airé&Rion3 Samples points per

millimeter and in some application spanning 450 mm. This can be used to

reduc®d Hoise withydraxig Zomo 2 Ndrsriivato fesied v R spmplete extended
pdEANISNEfHAQUSE {13581 HRB8) 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. 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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reduction. In an embodiment frequency transformation, Fourier

transformation, can be applied for normalization and noise reduction.

Measuring a modulated extended pattern [00222]In an embodiment the

extended pattern was formed using a modulation technique or was formed

using @@2itedrning débcmethamhgecbtdibg todagurcilluminbtasylbim éwiefldek scan data sets

tte ving a modulation n the s direction, e.g. as discussed in

b e R s e aignat o

the sUi62a6d table [Sesiionglaiverskdaniabsal edticeanoishiie tiessaakuxelby the
nignaior sasaning ihe.extended patiem alona e fyst diectpn, Sace e

signal’is NOWN It Can be removed fromthe S|gna2f. na van?age 0

modufataghe signal tm kembagasisre dheydtecalignahb defsletdstihahtbperty of the

Signal.to Noise Ratiq increases as t of the time a non-zero v ‘ue canhe ¢
R BT R R 0 O R L MG S RES K 199 BESIRTIP OB s orders o

o gineRsveenlsad enessarN Jiten 0223) device Thketimenighgexgended the
pattern, having a generally extended form in the first direction, .is formed on

e BRI SCB AL AT SUEIMERIRRITOR. Tt arrmsshasd:
cédended ﬂﬂﬁ&%ﬂﬂxﬁr&%@%ﬁa{m&&‘ﬁlﬂtﬁ)f@ W@@d&? SUbstain ahPosidansorder signal

that form an extended centerline of an equilibrium position, which serves as a

inyafeiidinedi po sFIBANSS SHEFh IS 8e B Rl FHEnRIG SSbNRE ddgam ige diffractive
pibSeAGUERRUEX RATLIPPIRcA S 1AL MY eRitRRs R A Bt gRdIodiment

multiple scans in the second direction are performed in order to obtain data
with rédpe&lto the dgamsmbadidsmiones saateliecspssdehpatirmigleng the first
dREETR RIS PRSI HIBIRE RAN'Y DEIPIERANARIG PRI Y6 8 um alignment
modulation corresponds to which position in the first direction. Therefore
stseethrehgnd deingdbonavgissonon ameitrarbile pardswnsgdrihe éntnsitirpeaidle yields two
. e i ti e
S e TR I 200 Al T, PR BB roming fends
tocosapnisks poseast atsbetidhetiataspoith gatamodssgort hediffeafitsrnOgnal obtained
d u(ijl%se tgc %qleigrﬂg SS%EHSQ (?lfr éhgoenxtended pattern in order to allow to obtain the
eqLﬁllabrlum posfﬁon and 0 obtain flank scanning positions from the double
zero (ee21%ak posiionbatiasicd fobé sbiainé thirertahdediffattetivaldagpavitretndirection

e REn A GRER U BA T Y B e SRR o R be expressed
sectiensesibgaereflefidd nfubtationgainplitbeeale refl @mibiogifiventhe original

different . . . . ,
! 51ngna1 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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kinds of modulations extend over different lengths in the first direction.
Having different kinds of modulations or different modulation frequencies or
amplitudes allows optimization for different purposes. Measuring along the
first direction of the extended pattern using modulation f00226]In an
embodiment of the detection method and lithographic apparatus for

MResaRHHBE% SRR tahatnRde paedpattern, modulation is used for

measuring the property. The extended pattern can be formed without
modulation. [00227]Examples of using modulation in a detection method

compyifRda3ervo ceptigliedunacilation Bk aNddussianOwHsgrRiarlion #h nodulation
property along the extended pattern in the first direction or/and using the

teqhniguPiRETRSTOyTBrdHE R ReeRiBR O BN aRdMbE R thgminating an
extdRgAR ARG RMBANHAHR AR {ROHERecRENEEY MEQYR &M Fin combination

available for generating the energy to bring the supstrafe table into a vibrating
weiaid gnre ds thaed Yarge WP windradprisdeteramivied statiabte thnsitbsinatediable position

i hav - relati . !
oSN USROS SN i
fic dhipeisemabloestians graffér &blywortilembesepmrved fibnatheségnidnAm thdvantage of
second direction, perpendicular tq the first direction of the extend attern,, . -
R e SR Lot b e e B B g Rato
inpadieen athactbstiatei ad: henstidvetvatedabichwitheasweedvith theah@tueddve of measuring

frequency,with respect tq the, alignment sensor and the pgsition sensor IF

2t S RGP s T B S R UISTACER Ao SRSt from the
signaje0a2 3yill lead Iip 4 rReibe diaaetibie. ckiendedverment, bbihisg gstratditabieended
WT.can be detected with the pgsition sensor (IF). The measured/determined

o R LR LB PO S SFORGAY, RAG A o 0 dsnd

diggt@xtend ad fatemméehcemaitnpivegHt dinasni eI araRiraé@oEMROSHstrate at
side and on an enlarged scale deviations in the second direction (y) as a

PosigReh EsR st s aislms P L AR SABUAR AL RANEST s a
remﬁéﬁa@%%sﬁfaﬂ%ﬁ%@hﬁﬁ@ﬁ@ﬁ%&éﬁﬂb&%ﬁ@h«isﬁﬂﬁ@f&ﬂ@k@é thaimgenéeguilibrium
n ol

patter the substrate table WT is moved with respect to the metrolo

LT > / . ] gy .
POSEGESTRARTHF HagpB b HaPe Frotasheusmhodimmentaiaitiple srathe thgissaend direction
arB SRR BRSNS TR 84AQL RAGRLHING {9 tREeqdiibHifn 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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substrate table and the substrate vibrate at the natural frequency, a vibrating

movement 52 is superimposed on the line 51. The signal received will as a

result of the natural frequency having an amplitude 53 move back and

forward over the grid lines resulting in a detected signal that is similar
kindstafis:ndulatidis) dotendigned differegt daegthsgurihS fidsedireetothHandsgalifferent kinds

rro . As a result of deviations in the extended paitern, this signal will ..

ofrr ity S e S R b R U R pbotzaion for

difidiatianpddes. natural frequency can be separated from the detected signal.
[00230]Using the method according to the invention an accuracy of 8 nm can

be obtained. When corrected with the at least a combination of two or more
Médherisades YRE T SN aipedsoinciutio exten@étl jginerie abitigufiodulation

sub-nanometer accuracy is obtainable. Stitched mark measurements
[00231]In an embodiment a first set of gridlines is produced in a first layer

and ajeey)d set ohosidinds BmEadueak idctesasnMacvaraRPiRRiS Mhic apparatus

gridlines are periodic with the same period in the second direction. The first

forangaiyming aeeapersctigmyrirndedpatipr Eedulafing lomefnRncReatrige the property.
Thltched RupnMss RAe AP wafiksiadodaaActitched mark. In case the

stltchin% error is zero (or in case of perfect overlay) the second set of

gridlif8933 PositionEaserirsc wrins sredilafigniimacolssinamehogcrgtprise a servo
cdﬂﬁﬁﬁ@i91‘?5@?15%1\9%“1@&1?@0%%%35%@%@99@eﬁ@?ﬂ Holy ¥hiS &A8Rded pattern

the gridlines of the second set of gridlines have an equal distance to the
inridigy fibs Whiregtimuitinascopsie fikst et drruias xiedtiba resiente teblaise of a

stitchi r (or an. o, ' iafi j

the P of e e N Prequency
Sevttiheeibadisptecodilatiieefeegomet atiresthonenisgy to hsegibacshbisatisinednto a

between the gridlines, of t nd.set of aridlines.and. a fir i [ .
R S B R B Buency
hayedlikeosfitfeegeenndadtaattriditie stabkt ansglctd. Aeighbmbadgryrid fhe substrate table

the first set of gridli The stjtched Ki iqdic with th iod of
o G S o e U sbt SPENAR A SRt T 1 B B sl g pat 2
vibratingdisadoh an thkgiuoweil deosivnis pispdnitiatlsran angfcktalireatimterfibe extended

titched mark with a b f ali diati dthati
peiehsgmaricuith 8 beam oflnmenty aidanang Nt SaPAPIE L ende paten,

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) iliustrates 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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intensities of diffraction orders of the beam of alignment radiation diffracted
by the stitched mark. In the case of the zero stitching error (perfect overlay),
only integer diffraction orders are created (i.e. first, second, third, fifth,
seventh etc.) As diffraction orders are diffracted with different angles with

Sv@sp@m td)ih@mﬂa&m m"@m@mﬁﬂmﬁmmammm evidentifi 'grmbyement 52 is
sg% i rntﬂ?lrh%'ét?f‘fht?ot%%%a??gggl%@vgﬂment ra femp ggrd?tlr}% ilency

Sition on areceiving part o alignment sensor as Wi
haklhl@hparsphbu@e‘iﬂmmerbaalsamf ﬁ)mmﬂlugeetlmrgmd/dmaymmdt)rtgm a detected signal

thafc’ tar:s]:rgl arg¥n1§n 1ts ?n 1}#1 e} Oft e S cond Sévesg)gjfﬂgﬁg#%g %g?#etwee V¥ﬁe ends of arrow

neighbourin gn fiR & iref: gr| racte
Sﬁaehatntmﬂnufrmmlaﬂklmdwéﬁtaﬁﬁed petdens, nms{ﬂ@al wilP cﬁffﬂr‘:‘sh@ﬂ@@tud these

UL oR oI e Pl HE SREGE RIS o O GPOVEH B e separated

filoavithg deneatadisighaks between the lines of the stitched mark, the larger the
intenj}}/ f;férl:e fractional djffraction orders relatlveéto the intensity of the
integet ditft&ktion ordeRe tb@&@%ﬁﬂ OGS RE BTG Agbracy of 8 nm can be
obesped sehaf asidbnesd aiehnat RErdiG itbersiatindhe BaMQ HRRFUQT tHiehoise reduction
intensity ratio between the fractional and the integer diffraction orders change

Mg HrOCtHEREGIRIBYAUIB  SSEIG U AR RrBPRIBEIS G ER3SH IS gptainable.
measuring the intensity corresponding to at least one fractional diffraction
order and the intensity of at least one integer diffraction order, the spacing

Sprebrdanaremprssmagatstitched 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

mtensl@%?ldn integh @nfrabadimeicr o0 2e6)Demlings s avostresdriy efffett layer and a
RbAY %Q@é’t%ﬁﬁ[u%ssfsﬁégf&t%@g Zf)fé%@%%%@ i;atl}t%p@&l?‘i@l% ifl %égté?g?g?%gﬂc with the

Flgure 12 (or a presc rn G22 according to Figure
Samgmmiwddetémm@ﬂr@@w@opafﬂamfwmphmdgm stetad tionel gifffactoare interlaced.

ﬁa@b}%@renﬁ&g%& |t|o{:1]l?§({jd%n§ 206 k “rh“%”atlsSter% RIS e %‘?}mark In case

a C00r Inate In the Secon
theistittiinoéthe stitche@eiteasedijpatttoct dvatlisysitndaedonth eese€gnalines is positioned

I T .
fipsattadnsiaibsen SEud:]‘illihaBél’theSgﬂéihm&yﬁftﬂt&saaﬁudlsm&mﬁdmmthaﬂethﬁ equal
R S pRULle PR Mep AR DS, 1 o
stﬁ@lﬁmgrﬁﬁﬁﬂ’@rWw&%}ﬁ&ﬂﬁ)@fﬂﬁ%ﬁrﬁ%@m&ﬂﬂfmmﬁms 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 sccond neighbouring gridline of the first set of
gridlines. The stitched mark is now periodic with the period 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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[00237]An advantage of this embodiment is that metrology becomes more

accurate since two extended patterns are measured in one scan (detection

step) by moving in the first direction. The stitched extended patterns allow for

example performing a substrate alignment step for both layers while at the

irgansd el Midas oriog ahdsrsrefatredbahavfiati gnmejiG23Bildaakifiiag ddvby the stitched

er the sa tlme in reases the ality, in readouts of the

et T ST R LA i i &y eion arders are
creﬂedn(e@ Siiesn, ﬁecmpé,rﬂimte ﬁlﬁﬁmge&ﬁﬁdevmyatmwieﬂdﬁﬂbfhfi%eﬁffracted with
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thelﬁawgle @idheie)isnmne f&lﬁ@%éﬂﬂ%&ﬁ@ﬁm&ﬁﬁr@ﬂﬁﬂi@@m%ﬁ Wi position on a
wafer align thod two global wafer cogrdinat ms can be

F R G Gt RS RS T S e AL B BB IR egiyse i case of

a ieremase [Beatiready) the disciepdeprdersihe ReRIHTE BYAeRIBIAE set of gridlines

fractional orders is a measure for the relative behavior of both Iaﬁ‘%rs with

anddpe i nsaghboiing sridimss a6 Smbsstrstinfosdined ameth difireriaf sadiation
coapesedabavaiaraRIciRleaitIsY. shars thessamesgsid feajures, ohtYBPliffraction

features. Simultaneous read out, leads to a sharln%the same grid or minor

ordenii Mo ave A A LERaios AP sho i anlegandifiastiomerdsrmie higher the offset
(sTRARY SRENL SR RY g?ﬁ)ﬁ"ﬁdﬁ)’ﬁﬁ%ﬁ'%t@&ﬁmgtHH&@saoé{Wyén%@ hBEof the stitched

chosen for the 7th and 56 order. These two layers have to share the same
mgikb hlareecBerintraatyyetérs fDgtingaddiffiuation pndare meleaveitotihe intensity of the
m?%é%’lq E%ﬁﬂﬁrb a position can be determined as indicated above.
rollin

cont g moving the substrate table
[00233] In case the first set of gridlines and the second set of gridlines are not

periodic in exactly the same direction, the intensity ratio between the fractional and the integer
diffraction orders change in the first direction.

[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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[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 of the modes is used for scanning the

cxirtsiedarhivemamoiroties fivshdhretcorsensidivieniidimasiad wsassiisatrsissr the intensity
oftRé S&ﬁsay@r%gﬁ{gﬁgpgmts{a? RHal 0P Y AReat e el Sphifed the

are known ation techniques used extensively in lithography.
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servo control for controlling movement of the substrate table is independent
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alignment scan when the substrate table is'under low bandwidth control. If

thenverlasietiecapdieameisusarinethe fietifonl aservigincsdnfrsmneiiosighiiad aeional
oﬁk%?%é‘&eéﬁ §sﬂ}§ 1§ @Q‘i@lgﬁl@ %%HH%&?:B? b%l{hcgé}'él?s RARIRR NG SHasHRE.
ta t ore the substrate and t

e and there e extendéd pattern Is not controlled
with d083difibning s§stemthihtrmoutanded pittisens abs watthe seond stb balttenters

controlled.using the,stroke modules,only. During lew bandwidth
o T RESRe MR p R AR R R ot et

toexgiasmgide a6RA5}G amenboticatinh theegertiogantidiioptiaésulbstrate

table js arrapged to follow the slgpe of the signal detected along the exten
patteiﬁp%{ﬁ;rticula Pﬁ@gre%tgﬁgg%gt{%?ﬁsér?ﬁﬁ%ﬁe %agv%lgt?%le%n%%u%%rgngﬁrﬁ © same
tirae efbodimanicbe Sesvendontial 18ramdsihgrthe. Sikstrate thiyle-ihsontoailede the same

using a feedbagk signal from_ the alignment sensor. While scapnin o
glogal g'?Mafer COOT 1nategsystem%urmg a 1n1t1a} SSlibration scan 1h the seeond 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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the signal measured with the alignment sensor is held constant. In an

embodiment a derivative of the signal received in the alignment sensor that

represent light intensity sensed in the sensor, is calculated. As change in the

derivative signal is immediately resolved e.g. by a correctional movement of
oﬂthesmbdwaie tadlefop reterainy thsinytind sbpatiaoritrdhinfirsé deediendlreatigmbodiment

Zé%ﬁglqlgfe mpde d'@%@étp oluﬂet iﬁ?oﬁxg oE o% %?Iéh"é dﬁag{)&%ﬁ ld??ﬂefgﬁbstrate table

Slermining a callbration measurement usin pattern. An
alampile ﬁ'btfodambruymetéleinkqmshmmm&guﬂﬁu I\Wlmphalthough the

exten tern |s{formed n eyiations |nt es tion, the
relati B ttion on t65 6FthE gt :Stm%aln Waned or cen gr%u lIost,ce a% & controlled

MW@aaﬂlﬁgnﬁ@pl@isim Bﬁ/tmaantenmmgtabﬂeIanﬂerpqmuomwuthfaequm:suoh as a grid

T e e o PR PR 6 R S s

kﬂ&ﬂiﬁﬂé&[@l@ﬁaﬁﬂwmﬁlﬂ@ﬂﬂbﬂEEigﬂi*ﬁ‘SW@Bdiﬁ@@tﬁihz&m@T@IMhhgﬁﬁmdedan when the
pattern that were the result of err r{'t t the expose stagﬁ a%rﬁldlrect

SR SO0 AP SRR R RIS SORO Lo e A em is
sdaiw theiextepdisanaRierh chirmpRivs gidhe sehavalertablethsingtheon in light

measure grid can be followed and can he compared with the position of the

inssasiudapeheobandrattirontinba stendt tReresterR s diehiinicnky obtained in
ddjariachasnadHiatRAs RSP dHipERR-WE LRa PKeserRkindRAth sedatsats i krrors in

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

peRitinnies of the suhebatie tablsuitiy awestritcdidad¥d pagkdhs suhsisdoNhaving the
eN@I8LAReACHR a&v@%wm&w R PHRRES Y SPaRRtingsatthe extendethent tool

pattern is possible with an image sensor similar to any of the above

dw@ﬁmmﬁﬁ@@gﬁép@ mrihe St (3)sdivgstéenon top of extended pattern
and s ageslﬁaag g&ﬁ@ﬁ?ﬂ%ﬂ 21009408131 tesiiarto iy ARVEHRAL of the

for th |m |s corrected in 6 DOF and added to an IFM/encodér system,
smmmmag mdeMmGWWMﬁqﬁm@masmﬁiscmémb&mmmn be referred

RIS SR esder SREmMIhIRSpackin an AIRBmIBLAIE T he
e movmg ‘0

e Substrate when projecting the pattern onto it may
mﬁ:asemimpkatinm,dérfdwrdew duahdijmi&namtm@; alglinutarspgeedgnhthe obtamed by

R R S A RSSO oo i
onihe drigottes Summéhlath@[ymmgﬂment 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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Calibration [00250]In an embodiment creating the extended pattern on the

substrate will be performed at the expose side of a dual stage lithographic

apparatus, while the measuring will be performed at the measurement side.

In an embodiment the lithographic apparatus according to Figure 1 comprises
thervigaslmecgsivasihditintbspbgomg ek wrpositidrebsf chastaidsimte tblwiument a derivative
ottqﬁ Mt cr:nﬁxpetdsfg?hl aq}ggl%%qﬁdseuSs'@ﬂtﬁ%#?@%%ﬁi%ﬂg L It%r%@f% sensed ié1 the sensor,

embodiment the second positioning device comprises the measure grid.
1{@aR®13Tdde efanles rezecodbe gud tiorssatithleiseasadetunt sidbvedayalby a correctional

translate intq obserye viations when performing the measurement along. .
e R R o R R B A R SR brestion.

(encodigdBt] at thelexhosenshddianshiobshie thicagwemadtmigeprtheisibstatel for

may further be rotated by substantjally 90 degrees.in the plane of drawing of .
A SRSl B BN B A1 e SARRIR following
tHi ek theshthvai thiEigios SThetehyieabhsugiinBesstended hareranistisrmed having
supstrate may be discriminated from errors of the encoder _position sensor at

RN S PR RASOTHLS BRI o EREVERIT 08 SBJGRATABR B iRy tpined or

contredabutherrlissianaaiediaiveaidtiescrpHissaliap afdhe v ipstititth with respect
may further be translated, and the measurement_re&eated. [OOZé%The

(A ITEIRI B iR MR BB enhbai Rt BEBRE ¥R s P B PP R, Tollowing the
f1aRRMRERRESHDIMR tReoai BRIEBIR Yaish RALGHT 15 Eﬁ@ﬁ@%@l@ﬂ‘(@ﬂ@s‘iﬁ%na} data that

other pattern, and using the translated pattern for the latter measurement,
witidelsptehyaing ihthp asterd Wl atkied thatprsithed Sl e Learas @t tiae expose stage,are
dREMRTIRGARBdditional source of errors).  [00253]In an embodiment two

patterns are exposed on top of each other with a
[00247] If the servo control for the substrate table is arranged to follow the

extended pattern, the position of the substrate table using the measure grid can be followed and
can be compared with the position of the extended pattern formed on the substrate. If the
extended pattern is formed having a modulation, this modulation 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
IFM/encoder system with respect to an alignment systermn.

[00249] The moving of the substrate when projecting the pattera onto it may for
example be performed 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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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
18R 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 paraII%I lines)

is perk93el data iftaivRIBbGSARSTetittRe s SRS Barserandhe fithelate will be

pERARY At th&peg gk’ abAIRIMHYINE diferantcalliaidmeasuring will be
techniques, thereby possibly achieving a fast calibration and paossibly

peBoraRhAHEhEsars aner tidedinananbadirsnihe lithemsirhic gpragtys according to
ng%ﬂ%r?%%%@%eégﬁf@%ﬁ@gﬁai%’&?\ﬂw @.cgﬁyaﬁiamsﬁﬂg RIIRItable WT at
er

ambiguities between the calibration results of the different calibrations. It is
themeakesment sidstomsasioed wingthe meatuscsd Jodbisembagiment the second

p%[ggoggﬁ{}gg% tetilwr@é%?ﬁp&slﬁ%qﬂgms%ﬁments and Z-grid calibration

measurements (Z-coordinate) of a substrate or substrate table
with rg@ftlto the lithetptaphicrgsdaragtd armdmnarghgpeeoesipentsisie may also

g ngf%a(!,gg%@%@g\%f&%%@ ?fﬁeﬁﬁ#?o%‘?h?&%@%%ﬁ%&%ﬂ%@f#%hélﬂﬂe. In order to
specitically, but no imited to, for a hithographic apparatus comprising a
enpddéitndistisgsishmbetwiey theensodeesyStenontehediny grid glthesxpagrgide and at the

calibration ca rise.error corgections for z ight),, Rx an th .
e e e A s e 0 SPnbae iy 00l g o plame
ofdrpiiging Fguresd Plaidd, with tiesprekstodneatcinergystethalangghe extended lines in

resqlutign for. calibration is desirable. A combjnation of techniques canbe ,. . .
S RS (LR SO 0K GA0a Tl LR s A St disgpiminated
froigthedrHaaveidbdc e poviiivatianefrtecthriauesisdiiie, abns emibmn caite each into

take up to 5-6_hours for full caljpration,, [00256]0One of the problems of current
oA BRI SHLFE PR A PO RPESR BFAYOR A TRa HECER SO GEra- te

sdiRe.anshigtal e teUARREer, hafenaing.slealibratipedaasurements and
calculations are generally proportional to the desired resaolution. With

incred 9P Asolutioh RkaNanEmIMHbA B srhedererfhseachicved 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 cxtended 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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[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 durinsgb(]eé(posure,

Lol tharrbstRosERbvh s R B tlRT 2R gpaatehpossihlysdugasingHae need to

séwasmeteiwa%ﬁtremgtmé@@ﬁé@ﬁﬁ@Bk@ﬁ?@ﬁ%&tigﬁﬁﬁsmog@n@gxﬁ%wgossibly

the extended pattern as described before. The method comprises the step of
Sqyihe BECERs e imeaskateiding ﬁglhl&ﬂmﬁh@wﬁﬁa thererlibratipryrastéyef the different
RORHYEMRE ERANBIEH A dOFUSH SERGINCHRAE PR EnT RS SABIPIRNY 4n

wide line in combination with fine lines and/or marks formed according to the
crihgférsist g8 meenb@nFOCAL marks (partially chopped lines) and/or
PreFoc/LVT marks. The focus sensitivity of Prefoc/LVT marks is created by
using non-telecentric/tilted illumination. This is shown schematically in
Heighton d:6aeerdendh aBd drarid catibriafioB from a radiation source are
guided through a schematically illustrated wedge WDG, resulting in a shift of
the resultant position of the formed mark. Using a patterning device of
suitaljed3sstits PMAH thghexteasiadmeatte (@ isdordinat d)yoinovabgithe sulsshsitete table

in the directi f.the formed lines of the,marks. The.left. hand side shows .
O BT L Hnd L I BTGP F TR o 2
c40b2hRinendesitwibiorert fhesraghio dpeamapris eadapevifjaliycbatserditiveed to, for a
liEXtendﬁd pattern extending.in a first direction. The focus sensitive exten

ded .
R RAREAE CRBBRIIC RFHHOTNS PHEGH SR8 QL SE6AS S ncluding
gatbsinate Tahir withbespacide dbapfegaphioarpdmalifoandlibetejorehaigiRy of the

errors can be_part of the formed extended pattern. A fogus sensijtjv tended .
subsiratf i had F@%ﬂ@?&tsfth?egﬁgiaiﬂtsmw?é% Fégat?ftﬁbbﬁf rfgraprising the
2130651 RBC QG GBI OrtheesiRERER SPHISHAlR hiBREJORARIN EANEAlLSEAUR is desirable. A

positioning errors deformation of WT/chuck due to thermal and/or

cqﬁggﬂgqiﬁ)@aq)fd?@ggiq%g@rhgwegr%'gerfonn the calibration, such as a level sensor and a

single shot focal 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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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

mygkse fereerdissverdime totiessiegisithet ﬁ@@&lrﬁ@f_ﬂr%’aﬁ @@mbas@nle&j(wiaﬂy chopped
HAREPEHIRY ALFRE VPR 4GP F6 L. DU 3 Ner SPEID Q/EWH&'PF?IQ Wheated by

the pattern in the first direction. The focus sensitive parameter can also

usingronedlasiniyis/ibubibontitaeosurilibisre uhirasclirenangniyiémfiigoee 16a and 16b.
BEaAs L‘é’f’ r ﬁ?sll{bg ?ﬁ%&%&&%ﬁoﬁ%ﬁé&%ﬁ%ﬁ %gfﬁﬁrenﬁﬁrﬁ%h% @éﬁ%ﬂg‘?ﬁﬂ%‘%%trated

ormed from a focal mark unit, w it comprises a
wietkio Wi Gnetsuliengrime shidtijfcbntrémdtinepadidnstf dhedinnrédunerk3bsing a

02611Measuri rameter ted to height or Z-coordinates, is possible
PR T e D s e R R LE RS B AR50IR e
subgtasuenientd nétherpofiterfahsieitlitsing Eldirecrksedbariofy baolsudh shows a single

direc nning techni for measuying,a second-direction parameter of the
P %ﬁ?ﬁé[ds\?ifgﬁﬁgeg%ﬁﬁé%.ﬁﬁ:hées Pe%'# g&%?fgﬁgﬂ{?ﬁﬁg ‘comprise a
scanrfirgessctron nticspsaapedimarmcht enothedatonipize feraidigecfocus sensitive
measyrement tool a formed part of a line gf an_extended pattern a .
P T b O o OB Lo UE S S R DSt s formed
infidpastReG PAHL 030 B PRt \aatc WibR e flira e/ Bieadiiemanbloditheespect to the
formed width and or steepness of the formed line can be measured/analyzed

lithqgranh parrasaiud ad dhrsrdoseieghsraRres s Dedgr et bedarmid satantigd pattern. A
fORALTEM I e @ritbRalipatiamm (D020 S Ra-erRimie Bk idute d3ardextiRfles of height

lines 121, especially fine lines
errors are:

- 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 secbnd 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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comprising a set of adjacent lines having a consecutively reducing line width
in the y110 or second direction, will directly show focus sensitivity. A lack of
focus will result in the most finest lines (smallest line width) not being formed,
while wider lines are formed. The line width of formed fine lines extending in

the firf@edtion is Mreseringe pramatemneldediedmighy o theossdbdes, is possible
a&e’%%ﬁgg’%@& Qn?%%%ﬁ?éié‘f 8s§‘il§1‘é%§&1‘6%%€1‘&&@9ﬁg&g&@%@éﬂ%ﬁ'& the

i
m ent the secon wecggn parameter is measured by scanning along
ptisitioxed stiftiysinardireth enfiestdingdtiohshi s sl divsch beamimp deghhique fahmeasuring
second-direction parameter, here. repr i f iti
e S RRIATIEN S [ PRI SR A B PR ECPRIBR i hent tool can
covpriacchstemuerig the-first directionpthat is ehteaetddor, in a further

gmborfdr&e at leastnsgéig‘%%t%%@u%gmeenm[%{) zl%nf})%ggr%%qdogg?f:r}%ogf an extended
canning aflows obfaining values representing the desired parameter over a

piarga dislaspecinlbyrefalively shpalipprwoentend dipetelowicl asdhe Gotok sensitive

me ements and eventual icker,calibration. [00265]In an embodime
R G AR FBEA UG FRaF AP BEPATHY 4Pk gorhed Wt and or
stebphesienis Reswding:teahiige racdancifiguliedd sadcediebdlasidseaalculate a property
[00266] In.an embodiment scanning along the first direction is performed

surhiAg RgeRbARSLE BaReRsEtH AR RO Fafilf 1 ERYaHSY 82 and 8b. In an
embogjg3] scannipoiae-extenead PRiRE sa/REisas fnllaing, adpeeieflihne lines

formed extended pattern, that Is measuring e.g. the displacement in_the
CQBpbER it adirgraidings IRy iRgRC RS I Aty ZrdAES EntBdithenthe y110 or

SIS GRIAPHIE AREY R HOVERRARt IBhE irst AGSHT ARGIWERASKIAT /A the most

parameter of the extended pattern at a certain coordinate in the second

fingesdinss (smallow dar widih bpabbeingdorscanibdeaoder tees aedivergdn he line width
o RIRREEER: PRHQLBkch e IPOHALES SCRTeRR60 R0 L fiapres B¢ Rl Adeltr Rtending in

embodiment the focus sensitive extended pattern is formed using modulation

t@mmid@mqmpdhme@é@m@ﬂdmmqg@m}m@ﬁt@m bodiment
first a[ﬁﬁi%‘lt] calibrafjon aceRIHNGG ﬁ{ysgfz(mﬂ-d_irection parameter is 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
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methods described herein is performed using an extended pattern. Only after

a height calibration a further calibration such as XY calibration is performed

by forming an extended pattern for that purpose and measuring a desired
parameter. The design of the focus sensitive patterns (i.e. combination of
m@d@p&tmiﬁmhip&ﬂwoniﬂnuﬁowmseﬁtiﬁhe Prttalincotitheand enshimong a

];91‘%1!‘:'1 f&?tﬁe F - h %ngétlgég'?ateak% thge@oc r[iS q rection.
measuremen more or esse) epen ent of XY errors. Thisw
isolatif@pRewjht errois ancrmleadbilycint seothmppdsitiothel ﬁav.bt’sreéﬁenmnpkyses

ngflv‘l\l)l%éj%la mo%%&jaﬁec? s%r?'Paecrc%JE at I%)[ént%‘éfocgs Se%i Itiveal(le %r%\%allé the focus

ngasca erometry sys In atiother emboa
sengitroel coeaded patmoraufongedsedog thddekiiom patardpig nmmwfg}feaiascnbed
ctive roperties of the special purpose extended pattern. The special
I&E géelé tended pattern according to Figure 13a has diffractive properties

ln the [oesy directiamsisnibodmendirsed kxdigndatipatiennasottiagateshinof the
3 and Figure 4. Similar megsuring methods are possible [OO 70]The
g ggﬁfﬁﬂ mﬁgrﬁﬁ HRAR PIERg RRCReOnLy Al hdsieht
cﬂmﬁﬁweam@ﬂ@mﬂlma@lﬁm& Qe IR CaNREFSEABNBY BSIRENE an extended
method according to the invention by scanning along a first direction. If due to

PSR EOR SRAFHREROSH AR TresUe rdcslirdPRiatsiehdlas deuigniptitbrdbrysescnsitive
pAHR el hBIARS HPLRMP Pl&@fnth%bmﬁlgéftfﬁﬁ?Wﬁlﬁr%ﬁt}ééﬁsﬁﬂ%e pattern or the

main lines 120 extending in the first direction is very similar to the diffractive

ugsrOpETy BrapesRBe SaltsTae Y PhrapeYerRE ity mpks flagfocus measurement
(RN RS LR Gl igotveLroRe ;e ArRe et AR dRRREE B Snore easily

measured in the second direction y110 is shown. Peaks (maximum
frmreﬂ&méﬁpa;zmd grectssHiliamateely meas aHewe dUEfpuInsorEit N dhet dis@nly focus

HEE J@%lﬁﬁe mqy\gﬁgafqlgﬁtﬁegg ing.flfas Eq g main lines 120.

00271]1f however som the fine lines 121, especially some of the
mder[ﬂiﬂﬂa@bf the sbt aifiditherierbadiment themethed @resuicsisemgitgas,
< thoe]f1 u'“cnx?) eggs |gtg%%e%|g la.nCtI e Sp %ﬁ WI||rShIft S is ecéaltegap UrDOSE
igure 13¢ toward & position Http (ot Sirtract e piberipo Bt e Sbecialpurn
extenda] [t 28 Thetispemehpunrpoisp@smdeﬂa&t&mrammtﬂiﬁgen degtren Bxchis diffractive

JLVT/R f ks lead di | fted
Soarnt bt S W R e S

Figuhy Tendd@igog: 4V Timdak snwituditterecthoddgepdbsitilecus (Z) contribution

can bﬁ,ag,%]rated fr,?gé tl‘%%\((i gg’petrrll Bgﬁgm 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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[00273]Scanning along the special purpose extended pattern in any of the

modes according to Figure 8, will allow to detect the shift of the peak 127 as

a result of local focus errors. [00274]In an embodiment the special purpose

extended pattern 119 is formed extending in the first direction, wherein in that

first dif@@2dH one orl flwreqyartsovichd futténe Hrefdheandiespemiallbreme of the wider

morefQﬁlrtS 0t i ith Httest lne I%(") 1 éll'S !clnr Elp Sftsg eecfb%%éh%g ?&%mrﬂglgeaks in the

lmeﬁ Rave 3% part S owmg ocus sens |V|ty anda part's owmg o focus
dif@nsitivitgpadtinvill 8l el fta sl eténdivatcthendégtre fdsitiomai @@ pmﬁs)mm'dlcated with

line 20 the S |n the |rs dir n gs a first step
d?(ﬂceg q?é%jth ofS%He pariafy e Iormed‘inﬁr%gt Pnﬁels SO %%Oﬁéﬁ?é’m oiFestly
depéandachbpaternfd@a?75]Within the invention other embodiments for

meas e spe e exten tter s ar ible. Lith hi

apparﬁ@éﬁl|brat|ot1%;ﬁgﬁgcs%§c[(%§r %ag ﬁ%cé %ﬁ%%&%ﬁf EE %r?%r agmlganng the
sialfgmaRiEofdsapaHewinaliedict (Mask) Withcfosprciia tbsuwosigtang LVT marks

wafer may be required, e.g. in_order to ensure that a follo rr n of
B der redgssttbmias oS AT B O E Sl %?&9 contribution.
estabrﬁtmb?n the walenilOAéhplRekpiesiin W@@ﬂﬂ&iﬁ@& MBS fﬂ@d? of the modes

a sequence of calibrations to achieve a desired osmonln accuracy. A
aca‘@géﬁrg,%%gg% éi"éléau@’fc@ i%efﬁﬁﬁ]&%ahlﬁﬁlﬂ he peak 127 as a result of local focus

CITOLrS.

[00274] In an embodiment the special purpose extended pattern 119 is formed
extending in the first direction, wherein in that first direction one or more parts of the pattern
are formed with- and one or more parts are without the fine lines 121. In the first direction the
pattern 119 will have a part showing focus sensitivity and a part showing no focus sensitivity.
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 patterns 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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[00278]A patterning device (such as a mask) is loaded onto a support (such
as a mask table), a wafer (or other type of substrate) is loaded onto a wafer
stage (or other type of substrate stage). Measurement of a position of the
mask, a position of the wafer and possibly a flatness of the wafer are

perfortAB&78iter whibtptitemvare fdiyegiosel a0oameky el ieddihgnse thevpiesk (such as a

n%@f?ﬁ&%gép a3k1RP @P&Wég ?If]p@ ngﬁlilgﬂjzﬂgg/qg ﬁ%ﬁd@@ﬁﬁt‘ﬁ’iﬁwﬁg’ (3&%9 (T(ﬂzeother type of

mask table on a micrometer fevel. Then, by a suitable measurement system
sditatditiagrhiaspparentsf a pesitionaftteomsiskapitsifespeicthinwagenraskpossibly a
ble is sured o IGrO. rlev it t ask table with
nERSSD TIRENRT £ RUOMEC IR0 BARN Spiedies
meas{#e2vét systefheidhdifithoftiphieskppacaius nidek tah thergasition mfsitioning of

the mask.is known with respect to the projection te a micromete
T o BB R oG R S1ep G HIot Ligl, ek (e Tt
muafereisiageysien pfavielBshtaraphasitigainguef dhewiter aitiibenmikreittetespect to the
level. The position qf the wafer stage i asured with respect to the .
G TR BT TR SEISY S P R ESA LI SL0EF PHS L5 respect to
tHG8bAdnarsteacly aleaposil &y MeasARIPeBItvN RenstIeiesdevaitom of the
sub-napometer level is performed as a next step, A position of a reference o

: fo. .
lithoerpRiur appasalisn ELeasra hAnARtIMEh s MRk jsIMp WD With ThPesidgdhs projection

sytdnieriel ameifhBieesvination with an alignment sensor in cooperation with
a reference of the wafer stage. Using the same measurement system in

comblf8a8Mlwith a CaRiadagAbtER AR WAL FREepBIShiSFEERdHa as wafer
stiRfelI S SARRIRIRR S e de iesiiger Bdhrcaiizemald RICIaMHAosition of the

rotation with respect to the vertical axis has been measured for the wafer and

weierwirs sigasrsdividigsrpelde dramectrolosySmmsdtiremunedgaaatengnd/or

e&@@d@fﬁ{%ﬁ?eﬂ{éﬂﬁs%%.smge’ the positions z, Rx and Ry of the wafer
stage are determined thereby providing wafer stage height and tilt. The same

measlft&8éht systehp@ﬁpﬁé%@ﬂ@m@@wmﬁﬂm@@mmwl or
sflg g%%?e?'fe%f’efﬁé’ %0%%@5@5%@&%%8§?0'§?[Y&%@m ?Eﬁ%mhﬁ'%fer stage is
an e, the abo r

an expose Si ve measure ents are performed at the measure _
msigerakinibodisivosiofishe ywafé Raswitbl s e gesitiontofitienetse instagebination with
re{erence§ are known, the position, of th§ wafer cfatﬂ now.be geterﬂninedtwith
an aii etn %enso 1N COOPET: 1tnw1t a reference of the wafer stage, gn € same
resggﬁ 0 the references of the water stage. The wafer stage tcludi e
memsiecisandwysiaved (ot stpose shde cAlibheekgodesite, shdapasiyomdR z positions

e wafer may, now .ac tely be determined by measuring the position of .. .
ot e A A P P R PR T e AR aton witn
revpeichtonhsk eafiend ngéshak heemasksaredforahted afer thel phejecifonssysieThen, making
ontQ a respective reference of wafer sfage. Hence, t osition of the mask.is
s B T BT S e PO e AT Re S Tebrgpions 2, Rx
anld® wafeh staghor B peHer finghisdbarbe o din grdiiplstpterendas ol tilt. The

the wafer stage (e.g. located a respective edges thereof), the position qf the

Saflg SRR RYtSTRe BRRS 4 aBie Hie Sy Bif WPl Yerea et ight and tilt z,

RERYIqA lihg wale rs?f&@éﬁx K0t @s He.pesiiRmirelatanPewe B NATRE above
and the references ot the wafer stage has been determined at the measure

megguremRIYS f1e peditsred b warss s kg e thempsttipne fdhaanafienay well as the
pdsAIB:ARE pRsiige At ibe IR kiagR RB HRIRE P HifisedPhe A tBERATISWhe

a delta between the position of the wafer and the reference position of the

defpareinethpearenpenida shed dierenesydfsiie vor lereslaate T hny Henstake iprlpding the

wafer is now moved to the expose side. At the expose side, the position of the wafer may now
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100282]The above process may be repeated for a following process layer on

the wafer on the same lithographic apparatus and the same wafer stage, the

same lithographic apparatus and another wafer stage or on another

lithographic apparatus. Accuracy considerations in the lithographic apparatus
agedp St dptarenet iy ereqooReRPopRibhenon the 1wAtessers dbthenwakal stage.
THYFRG, @&Q&Sﬂ%&&@n@@ﬁﬂ%ﬁﬂﬁ' oA SR R &SR BRI are projected via

measurement system, such as an encoder, interferometer or an
thateréesoinatsyiteotdp eorapieciiichrafersene efl veaferestegee emtes yeeapasition of the

I‘AQ&? 9910%? gﬁ % l(?& 5‘“1%@51%@ Iog GQ:IPH) ?h%tﬁggm/oﬁ %ra&tgeglggse 5fthe wafer

time perio a'stan may sed n a physical entity SUC as a

sw@l@mmnﬁ)nnmg)thhlmnmumrmnaqmmibmmmﬁmrﬂlycam:fﬂasmam\se{gmgﬂg located a
of a abll ed gptical.beam, or..others, As a ureme a of the

e e B S A e P B el frecdom,
aﬂswmgtmdel@ﬂale thtepMMmtﬁthmwm theravedengih tbmmﬂﬁma sthnhartetween the

the asu ements, le.dimensjonal interferometer be ex anded
R R PR AL e et AR P TRITS) o MgLre Bice. Thus,the
phﬂﬂﬁxg[@phlfe apifer aibasgrecat fieddoasitaalasbueddydor tiepespasust OkthRsk image

fer isin order of m itude fO 1 nanometer, while, an accyracy

A RO cToh Bl TR St By A LD Fer and the
rdeﬂﬁeéqmﬁtﬁiﬂwme warePstord ersief meagritside. IRgRIsReds MIRWARE KRy now take

magnitude of 100 inn or larger. These scale errors or mirror maps in case f
PRfiErferometers may be calibrated using the calibration methods outlined in

this deMBQPt As artevisgien B@e‘égg}ﬂg?%w;ﬁé@f@t@ mﬁlﬁg\ﬁ%@@ﬁf‘iyer on the

the position measurement, (re)calibrations, tracking, etc. may be required to

wifereasBiforgehihegmme miesues snthisgane vedaipiarthesame lithographic
ﬁﬂ@fé&'gm@ﬁM%Q%@&P&mﬁmlmgb/apﬁxé‘ﬁﬁﬂm%ﬁher in full or as

a faster update e.g. using a limited amount of tracks, i.e."extended patterns.
[00284]Exposure positions and alignment marks may be at any position of
poitles

A AT SR e PR SR R IR B Fement

and Y, as weII as the vertical grid Z may be calibrated using the calibration

meth crlbed n this doc 02851Eurthermoye,.sensitivit

rotatlgns such as tll}llﬂsglto th Iym}ger s’%glégr?.né tfi:)m ouné{ Qﬁ %ées%g er?d cxpose
cystizgpakiag beepdriorastinosdide rrmeasumpfmssa;est&m,asudmﬂamessooﬂﬂnemterferometer
ordl fla%erf%‘}é?ﬁe%’é%f :caen 3 diing results é%eareﬁha??g Inan.ouie Uttsé% tes it

pOSItIoN Sensors Srive stage pos ION MeaaUTemant. & merfngfl ;YS Y éﬁlcor{gora es s
owancietilgia thoam daag ofi ahladh ammlﬁdim 19rgtmranteempmm)f®pauch Shehgesandard may
pSENSgr ou% T ereb%/ a met olog model i mfﬁ form of a matbx W?’i

PR SRR B s%‘t?&ﬁ E AN LB Th Y R PR RIS CO ARBXRiS R PrOPertys

sueta@eawaerggalcufadeehmole@w@ﬁasm dn aiheo-tiied taesHiansasitieMent area of
may then be calibrated, .i.e. corrected for errors such as grid errors, by a twg

LRSS RSP ARG A VP RSP A FIEYEH & HRIRY Sl REScaag s made of

anARriersHRROTeR ¥ WhikGeMERTHIRIAsIVEIARIING RYNREMILRIBAYNE, a single
calibrated using the calibration techniques described in this document.

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

or mirror. 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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[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

RS Bl Freoten R iFb o ashituns kit e thagikagale errors or
nRASHIANDs I %g&itﬂﬁt@fg?grﬁ&@%ﬁg RIS fRLteaSEOM Ot AN RS tRdds outlined

and y direction, each term in the calibration matrix may comprise one or more

insiitetaeammestabs fodsxinbes ebastmesdmanitieletednied deviatianpf the position

mEASERRY e R CRURIATIRR R HURRI Y Ot IHaG DO TRBAAMMAY RROBIRINGHN stability.
Also, use may be made of multiple correction maps, for examg.le containing

Fennpehttorrkingiradnserliration: iprlibstiionmeheds oyitia igpcument may be
uAVEIRRITR r[ﬂﬂ%s%‘ﬁ@%?@ﬂ@ﬁ%c%mgsmmﬁg DEWGEEBATERIS e. extended

position sensors or different reference grids may be taken into account in the
pdddimation matrix. Error sources in lithographic apparatus stage position

e D R RS S BLETR MR
walageurftedercméien positonattepsitiomagt GG 288 hechinsaydrdigupatieh &t the expose
B T AR AP T T i v
calibrated using the calibration methods described in this document.

[00285] Furthermore, sensitivity to rotations such as tilting of the wafer stage
may be found: Tilting of the wafer stage may be performed in order to compensate for an
unflatness of the surface of the wafer. Such a tilting results in a change in an output signal of
position sensors of the stage position measurement. A metrology model and a calibration map
may be applied in order to compensate for such changes in sensor output. Thereby, using a
metrology model in a form of 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 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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the wafer stage. 1002891In this configuration, interferometer beams are
reflected onto a minor block of the stage. A translation of the stage in X or Y
direction results in a relative displacement of the interferometer beam with
respect to the minor block. Unflatness of reflecting surfaces of the mirrar

exloglawaptrsiig irbtagqpossits depe ditiranberifstien methodpsepftiferent spatal
Wago gnﬁ%gaégiw&%@t%ﬂ&ﬁeomﬁogﬁ#i@&ﬂyﬁHi?@rgﬂ'ﬁ%‘é@ﬁon Sensors or

perfor Ing use of e.g. a tilted minor e minor block. Vertical
difftecigrorfrrtacd evidsiomy dertrkesurdarrarebiscbe saliiian wabdure to

expose corrections may result from inaccuracies in the measurement in Z

direction caused by unflatness of the minor(s) used in the Z measurements.
Ej2023bjRotatindithdevigitesppacatus istagt fpogitind hfasurg MEBEBIGTRIAES

measurements, e.g. performed by spatially apart interferometer beams.

Inaccuracies in these interferometric measurements therefore translate into

inaccypegsd in the dalkbielatdowoteplomalitfe calibrsnioncewhiibadssgabeddey different

in this document may be.used for. calibrations in 6 degrees of freedom.
e Ggaraety

cOBHEEARORY ¢ BPRTHR e provided by grid deformations which

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

immersion specific .
Single stage interferometer position measurement

[00288] A first configuration is provided by a lithographic apparatus having a
single wafer stage and an interferometer based measurement system to measure a position of
the wafer stage.

[00289] In this configuration, interferometer beams are reflected onto a mirror
block of the stage. A translation of the stage in 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 fo expose corrections
may result from inaccuracies in the measurement in Z direction caused by unflatness of the
mirror(s) used in the Z measurcments.

[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
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effects resulting in position deviations the calibration methods described in
this document may be used to determine a correction on the grid. [002931A
still further source of error may be provided by wafer deformation due to
wafer support, clamping induced forces on the wafer, grid distortions due to

effotistisauineon pambee deviationssboelibreirnnsiindednirabed iiRg dpeument may

vEQUBRtion. ethod deserled, ip,fhig degument. Dual stage interferometer
position measurement [002941In a dual stage Iith;%aphicsggaratus, having

interfd@lic stagd ptididorhviesnsurenberaysianie prsddealy wafepdséormation due
g Eﬁp%hi&@?ﬁ%@&&ﬁ NG AS SR AL HEHRGS IRTO Pl ution and/or

may res position measurements, Z position measurements, o
daotagierdt iBseonisvistias utrte Hef atibiaéethesinaibe exlibmroan speibed dpwribed in this
dinterfergc)meter beams. Furthermore, errors may result from wafer stage

&0 Nations by forces exerted onto the wafer by wafer stage actuators, and
forces exerted onto the wafer by a wafer clamping mechanism. Stage to
staﬁe differences in 6 deﬂrees of freedom m?ﬁ be detected and corrected

Dyabgfags TR ST AR e RO 40 BEES T Mis document. [00295)A further

example of position measurement errors caused by stage interferometer is
described with reference to fig 17 A stage jnterferometer system comprises a
first i@ Bmeter éﬁwﬁﬁﬂﬁﬁlb“g%ﬁﬁ Qhoag%pg ST Sér%l(ae‘9((1)rr1r$eltnetf3 ﬁﬁ%‘ﬁf&%é‘ ¢ stage
pBaaBISHRtaRRcachBs sk [ewbligaitystidaaan: 4t gbdeobiimorsidapdantsund. As a
under an angle are provided and incident 0&473, 4%8. A vertical ements. 7 nosition
r@%Mt%ﬂﬁ@ﬁﬁﬁ%ﬁW@ﬁS@%ﬁ R S5 Y ROSHIS B THRTREDtS: 4 P
il iesHILIR &6havas ifkis RIPROEiRIM e 6ibis of ShardrBRdntsebpecimiced apart
each other. Deviations in the Z grid as a result jf mirror deviations apd/or .
g‘i %Emgt?ﬂns by forces

I R TR AR PR o PO R P B ST AL TESS R0 B h AL i fed
AR AWHTER AR BRUFAIRP Sl B QEraR1HESEA RRIREEERRIRIGLRASEE Sy H@BY a wafer

may be provided in a configuration with two or more wafer stages within a

cleingle meghapis apisardustageslibierearny Ut AidFErerors HesflBBdarYRE gytected and
c&qgcg%’{%ﬂ?%ﬁl@%’l’ﬁﬁﬁiﬁlﬁﬂéﬁ%@%%@@%ﬁ”ﬂ gachsdthemstages, and

grid deviations due to immersion effects. These sources of error may be
corred@29ih the calibretionaranide elsparitions seeps iFragBL aRfgpcaused 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 B1 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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[00297]Still further error sources in interferometer based systems may occur
from matching between different lithographic apparatuses, as a result of grid
deviations between the grids of the different lithographic apparatuses. These
sources of error may be corrected with the calibration method as disclosed in

this dd8029%ht. Encéddl Batlher sty pysitbin inseserentiat lposbeyriems may occur

I y rat
T i 1o G oo
brtferemtle suils af thediférot digfegraphichipp sehisss Bhesormeees @ femigs may be
FRAGEIRIE S PSR IRARN Mk RE AR RtaRAn @ Felection on
e retlective encoder grid. 9]A second configuration (hereinafter
referred to as "movable grid encoder configuration") wherein multiple sensors
re %gnnect #o the st%tlionar reference such as the metrology frame, while
a gt

homy LSRR

P m asuren%er*
r Torming part of the stage. Az measurement may be
performed based on a reflection on the reflective encoder grid In this movable

grid e er. configyration, use may be made, of a smaller grid, even at large
rangeﬂ&ﬁ%veme#f‘o"frfﬁ%déf;baﬁ?is\'ig%eeﬂf)gpﬁgs@ﬁ%ug%#égsbo lé:r%@ vg\lnl
coeghrdissussegoecbatpibase. canfiitsaiongutitabanantidrd @erdesd to a stationary
configuratign [00300]In this cqnfiguratign, within a single stage a arie;t)y

f
relgiERR B S AL H R R PAPARE R EEEcLed (6 the mokable stage. A2

measurement may be performed based on a reflection on the reflective encoder grid.

[00299] A second configuration (hereinafter referred to as “movable grid
encoder configuration®) wherein multiple sensors are connected to the stationary reference
such as the metrology frame, while a grid being connected or forming part of the stage. A z
measurement may be performed based on a reflection on the reflective encoder grid. In this
movable grid encoder configuration, use may be made of a smaller grid, even at large ranges of

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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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.

windaoaslie Ene reasirenent anens Hill eber alage s steeaedatgpbaad machine to
nﬁagngggﬁgﬁ%ﬁg £5PeEgI rors may oceur. Due to immersion effects, grid

deviations may occur, which translate into measurement errors. Still further,

stage [803@%e deviatichd dwdherenine of waermevdi fatodsmisgordigiration wherein
#4203 égﬁ UHRRs QPEGeOL @éE&BfE'%Y#%EXféM‘v% i Aesonfiguratiop Mm@%@sfensors

the wafer stage'Is provided with 4 sensors at respective edges thereof, two of
bthegersansst ohemgueranyendo/nebdatbéntiand awhittngsdihemeasuieg in Y and

L Rt T
a lpad ndatecantrabbpemingefo ctnérgrojeatiog fenthagsejotiipmbenseiisasnibly as well as for

exposure, Due to this opening, in many, positions of the wafer.sta it will be
RO YR D S 11 e ey B AR S Btk R B thacs of

Serve NSors In a posl
{rgritl eimderaaseinhlpoThpinstoalts pasibertavedsthie pédis abtaisadtTerThiedn total 6

3 sensors enable to determipe the position of the e is 6 degrees of ..

PRI oSBT RS e SR - GRARAy0 SFULRIHS, (oA giiion of the
s18@a%oGdviths ettrebdeaciGoldhelgrishphate stansbly piitulessamting hourth one of the
stage, depending on the ition_of the stage, a different one of the 4 sensors .
S LI PLREREAT ol B AL ST b SCH B8 ARE S g encine on
tHepuliidAeyiRiansmyhidifernbemediifiaddsng theywlibiatercmthoRias will invoke

described in this document. Also, all other deviations may be corrected usin

: | g .
tREROSTiBRETON TEERMRIS LRI SHIIh i dSintiant WhintuBtaYgPricakibsred using the
cAMUGHPHRMPI0314B. 1RigEOaISRIRNAVENAN SIBUR FRUMA ALY corrected

of sources of error may be found including but not limited to: local grid
ugisoths oMb raiopdeehriaisdasmilnd duds dedmeén process tolerances,
grid carrier tolerances, mounting and tolerances of individual grid plates,
sensor inaccuracies, etc. These errors may have effect on stage positions as
Mmeable gtitheugodeiireanigwratian as rotations Rx, Ry, Rz. Unflatness of the
grid may furthermore translate into measurement errors in z, Rx and/or Ry.

[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, €tc.
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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[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
aeuViKeEyf, MeRa eyl 95 vt SIEEEs AIFthaeRSHELIFR MIEIMSHREQEAEyatoccur due to e.g.
A AEHEIBRUPHR SARASBR RPIMEASHIR LrEROSSHAADAY AGUE Which

e.g. grid deviation on the wafer. Due to immersion‘effects, grid deviations
transjatec i, nrbishromastamdroSil {stten sigsrroagiidduatienssiagamgshine to
msatag% 9&&?&{%}% %p%%%:lni_ne to machine de_v_iations may result. [00305_]An

example of a moving grid encoder stage position measurement system is

depict@®393lg 18. This configuredioplisdfiathervles grlsechiod ¢85 2AHBPOSURRA 2
n}aé Syhich s ineor %rﬁée%\{}%?ﬁr};fg g?dgfﬁgggégﬁfé&&‘ﬁ%ﬂ% fdf#&é%%%%té 3 US

Op View of a'wafer stage ensors) such as referred to
2093640468, et ¢a bewig grdvidedrpora e deseshdpéd strtiretyrby Defpemdind gnl8 depicts a

position of the stage wi spect,to.the cross shaped,structure e of.t :
T AN S e T O A PR S T s e being
pﬁﬂ@;%ﬁ ﬁmﬂ?iglﬁpﬁ? g;ht&ﬂ?ﬂ:, @Bj:’ﬁﬁifﬁg?ﬂ@i@l’oﬁthm%iﬂﬂl? mangneba&ﬂ:reeapect to the
position of the stage, the infefferometer ition measurement m e
CHR5R RLAPES SUHSTAEE DI SSBSE N et L G RO PERALE X T prroctures
alRIMRHIE (MRWAMBF iSIBEOWES D, BIHRY dDRGEUTAGIAS a5 Hestriptoakoypnvitiied to
reference to the interferometer position measurement. In other words, mirror

MR 8RO BT AhTBFERARCHRT HFSF ARG SRR HATASIES RehEay be applied to
cAlisHer apeitiit salbsatinNmRaasamReNtThis adibtianindbRRessitvever is prone to

encoder and interferometer error sources mentioned above, the configuration

sigelrripaecHEre ehay deaerbedhrbrua s ik eebuenes orthp dnfre s ametenpasitian
mBsGHOGER IR QR F GRIRT OB o P ShaReS (RESIRBGESIHMEHIRIrRR may affect an

degrees of freedom calibration of the movable grid encoder configuration

agpiapeieqidh intedermmatesie sabhatbpmmeenst eBansc lesedditionitodbemessifle encoder
Thi . Lt . ! .
oL B ARG CESEL SRR O B SHEOh ey
b¢qoansja fekthevaralibostiberwesthth isndederibeaihbr sifsrefiaeeotigofiti® cross shaped
efore describing,this calibrati ethodi 1 . (o]
e o S IS BT SRS b RGE SFIAL iGN Rl
catfigorative naidel geefoanalibriiidherneihoztiapphiethedtas idolrsgrhio this document.

paratuses having interferometer based stage position measurement. t 1
TR SRS B G eI Ao AL gt SeGEIC Ml which s
mitusadibpeintahaie paswdled on a mask, the marks being arranged

diagonally on the mask in respect of both axis of measurement of the stage

position in the plane of movement of the stage. An example of such mask is
Edtpigersatligin@MmaAgkdepicted in fig. 19A, the diagonal arrangement of

marks will result in exposure of a diagonal pattern on the substrate. This

exposure is repeated, the wafer stage being displaced with respect to the

MaskipeByEEN SUCCRIEIRLXARBEIGSH HRIBBY TeauitinBdn withserssior & fig. 19B.
mutually displaced diagonal patterns. The exposure may be performed at the

Bedgse sessribiag shigradiapHrnappiiedds Residsitilwisiiens itaradaipd/a7 102 736

wiighTeauR& IR AR URRRIS BPRaratf.datRS PlRGL AR IRRAHDEI&10ses a
in fig. 19A. Thereby, posﬂmmng errors at the measure side and at the expose

cadibention methedapaticd Mot b arpeiatpyim hesing diseleromeiatdlased stage
pdg}ﬁd?‘l'ﬁ&?iw i%%@rﬁ}‘fh@ﬂ%@ﬁi&%iﬂQ%ﬁﬁélﬁ§%‘?sﬁgééﬁ%ﬂ%&ﬁg?e@@{ e.g

Irection they have been exposed at the éxpose side at different
positions along the first direction. Interpolation may be used for calibration in

between the positions at which the calibrations have taken place.
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The calibration method as will be described with reference to fig. 19B now
applies this concept to the calibration principle making use of the extended
line measurements as disclosed in this document. 1003071Fig. 19B
schematically depicts a mask structure having a plurality of marks, which may.

cemprigampbed By R Angis hunROTHE s arekalibh BtrdinbenggrAnged diagonally
ofeReRhSf Hhediestionsothanst ¥ e WoaNiass: DAIkS WA QeI IRURIPAE of

the substrate, an exposure pattern would be provided onto the substrate, .
mpiepasief thpletpein/ ot eramplmod suthanask dodapistearigdiseh? o fgpigted in fig.
g CAIBH nchiRe SHPRSHIR ith&FHRREYLLY Wttern on th
1%?258?%%%%%%% %%ggﬁlrlg? giqr%ctign, In this eiamrﬁe the X girmga S on e
stibsicette Thip expwusistePeaiedbihateatentsags beingdispiresdcuitorpspeslitp the mask
f extended patte e r i infi .
R o diagona
pattueishlon ek posangerag ht pettiermerd e, the wipclsaisisl enal kdithregspplviedpprtatus. Read
in the first direction.as well as in the second direction (in this. e
o e B NG s e 1 o SRApAR R B S e along the
lifleAng. inefigxpAUEh érebyphusiliyrif g xtemded thanerasietside and sipheadpose side may
apart in the.second direction in accordance with.the spacing of.the marks jn
b RS RBIS PSR PR AS B AR e AT FALACRS AR Foigaedu at the

ar
0 eac off‘her in
miggivstidicestionnie pesitisialtenyithdifiessdiciogon) therilndiks hutle bespentposed at the

cHR Ao R LSS O BF AT RO TR R LK o o

cAfBhrisxRneed fallersdiiusexposaitpie tatilsubsHainadonydhplticst
direction, the pattern position measurement being performed in the first

Theestibrrtipransiiodiae ik Poderrathedb it referenss RdiGidaid AR gaRligsdhis concept
té@é%@iﬁ%ﬁﬁﬂ%)%fﬂ@lﬁﬁ@ﬂ?ﬁbﬁﬁ%%ﬁﬁ@dﬂﬁ{e MBS REMES 2Q8KINOsed in this

of the extended pattern, the error in the second (Y) direction being provided
dgiENenk extended patterns, however translated with respect to each other in

the f"ﬁidi%?"rectioni:iﬁgﬁﬁ, SR eemetbadAsscHRed it gigre prsality of

to fig."19A, the extended patterns have been exposed onto the wafer at the ]
mexpb sehibianahitach comipise enlvarbty lApeiatshEhn B ksarg dbigreg diagonally in

lithogranhic ApRAL u &l INERSASHIE RYR AEERIRI the substrate,
reé%%grﬁ%ﬁ fﬁ%@%ﬁﬁ%%ﬁ’a@gﬁded patterns, Whg[%gy, patterr? paﬁrtssu > ?e o
exgicwEatisositonld bagrnadirdtoite thio suleitrater gomprisige Aluratitice fimagks in a

are read out with a same positioping, et et s, th
e e R SRS AR S TR LG, BESF R osure, the
sulang: serfursediirentape)t Bhidremgsidsitonisilerdismtithdinesaupdesioe 4adrection as
. at the ose sid y.be separated from each other. This method may.f
R AT b EAT T B T merhe o e LR Bhcended

pdhierbnBattiessubkiheciniedermedtar firi Bl dng dherited Pa)tdirsotidanding in the first

resylting in a position deviatiqn Qf the stage in e.g. the second direction..Due .
ST RO0S CRARIGP P s it (oS A TR e arks, in
whitlied mdiehareaypiociaaset ageheaisediceanivn ae vedliisimalrigaticanditeoton (in this

saving as compared to the discrete approach as described with reference to .. ..
GRS AN Sy HEFFIOHD) IHETFREECR Lo MR RFE HR BN A RSO RGR GHEN direction

JIRBBIHEERBHIIRCHN I pRSANY SRRy ARSHAIIHNOREY GRIdPEPAt in the second

method is described below. Firstly, reference will be made to, a prior art

dipsetiondinaasnsdanee hibmerncpaed haaRrdndh e ReqsRA iserBAta Fidskhich are
iri GGl R KRR CAMPERS BTSN PR G RQ R0 N asksshiitatBRAGcing of the

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 onfthe substrate, the substrate being

displaced between successive projections over a distance slightly larger or

slightly smaller than the spacing between neighboring points of the pattern.



displaced in the second direction over a distance preferably slightly larger
than a distance corresponding to the spacing between the marks of the first
pattern. Thereby, a plurality of extended patterns are created, which extend
along the first direction, as referred to in fig. 20B by 2 and 3. The same

npsesihigveprsatecadimghreinboiashditepionhrepady imgeagmement techniques
dEXRRRY ﬁ‘b%e?& SURIGH ?ﬂ%@&ﬁ@r{h& ?ﬁ@ﬂ%&i{@ gt‘fg‘is‘%@ﬁ)ﬁﬁgﬁ%?@he extended

successive exposures, the substrate is displaced in the first direction over a

pafitstansdbysretprsol @ikgiy krdratieatoagiibafics doneiporitimpatictgosition

Shagin ! G BN SRR BLSRATe of the fact that
n}f{%j%%rgﬁé%ﬁawf?g%%f ot‘téo?ﬁgffgéergi,&a&ggﬁ{é?ﬁmeara#éI ﬁnesélﬁ%gg% tq;ee0 st o
ttendi Secondditactiersiroed bpen iordatdtithdirebiioThisspattenit dagrie Hroviees in the

adjacent.extende tterns. which have.exposed ifferent pasitions of t .

P AL TR S OBt h s s e o LA inal e
ethendadnepesitidio Wwhenctyndaeih wihe pepitidicecactscabexipobe find 6X direction).

measure. be separateq from.each other. As compared.to the conventional
A B R TS U R R iy e Sged P have
béesgcuxpoyeduiitoativorefcing tasckipsoshipeliie nalidiatorieaikts plibeothtre measure
nt technigues may be obviated, Still further, as significant time

SIgBTh A SR GRR e BT TRT IS TSR R & e, PaBRgHprmed for
esIbFatiepangIoskien fedthasanrhiviRpeRyapsésinelo e d samerilitisn idong the first

made of embodiments of the calibration methodsgisclosed in this document.

digeedin Etailprhtishthsdinedidr HifiBodrApHAEA5AA ALY HE A Tgasp positioning error at
mBiGHier WRALSIHBAS B Al AURHRANHMA SNGRARIRT NI HBURPBS U ANEBS A Bxpose

discussion of a calibration method for a lithographic apparatus having an
pesidene(ders thetisy fosmimmERsmpatitionigerapangt thearerssiggdde and at the

eRRRLQRD 9[1%%6_%@ L Rr DO HRR Y RS OFRRIBE PR AP RSP AREMPIBBE Eiployed to

a large, two dimensional range of at least a size of the substrate, e.g. 300

catibwate xnamflyttnesgeiaaineHegrasicomiaegoicarellaassypd dhgdotriguymeter mirror
A .
al#ﬁ%ﬁ%ﬁﬁﬁ?ﬁ?&%@ﬂ%%ﬁ%ﬂﬁ LRSI &Qﬁf%%ﬁfﬁ%&g& d@8Nffe second

mirrors extending in a direction perpendicularto the -
diirmetiterdivetty tearnntinkeepolatictuhilé throwitenitedpativettionterpolation may be
ndicular. to the measurement directi E ing .- .
o L D AR e R Y R M i pying o
compsaedio ¥hindesteeonapimosybtandesgibad yvitk astores@iso Agditadidthermore, the

S as Rz and R usin addf't ional parallel interferometers. A same holds, .
G R ) o S ST IR g Goviated

extended size, or parallel additional reflecting surfaces are used. For Z

directjon, interferometers are ysed, interferometer beams.o Whi@h bein .

ol BRDI stag TR (6 P BE R b CSCR R R o, Teference il
bdeNEME Alp EhaRgmbaa. IBNGIRrivhich fathod dpiaciedpit genkradi@ provided on a

interferometer based stage position measuremen systeﬁ%%na%/ make use of

g

mgskel FASY TR 0P UM 96 GRS SRAERIBAS T BE b rE B hasRaR/agHa both the
firaamitaddiaipass da-delfdntha epauired Grichpreaaya@03dR bR fig. 20A, thereby
embodiment, the stage calibration method may comprise: . ) .
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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In a first step, an X correction map as function of Y movement may be
determined making use of the calibration method described with reference to
fig 19 B. In a second step, a Y correction map as function of X may be
determined using a same method. In a third step, Rz as function of XY

bebwrsotiorishbgrimaptatsefchninetcnndueorbhe Seidisiasraivelighdy larger than the
AR R G e AR, o e
infixX Y2 ffayvienerivedssiith ehpasaliby atlo depistad dslowcsesh @theth s center mark of a

£ ?&%ggﬁﬁgg@&%&f%&%&t@pﬁg&igﬁﬁg@&%@eé Sensit e e Ended RATER Fojected

Isclos cument. a step, Rx, and Ry maps as function o
patemal e eprirtderitipehercalibtatiopattethogsedistlos tednlmiendnahasmngement on
making use of the doyble special,purpose Z.sensitiyv t Tol[
A TR s S gl BEREG S PRAE LR SRR a conter
nbeRvderpXtiendaduintersiracks bé aiftecmi pettomith Haelcafisvatiousiethodssists of marks
kRS i agument, ApPnA 1RG0 eaier FUICHS BAIRIT A5 sute at the

eps may, but not necessarily nee
ciphrparosmadinthe batebearser o [0RAL4 Aatifratisid o6 Ath Elitorea s egparatus at

stage position measurement (both for the above described stationary grid

POV T oA B S A L Sab SR ety
tHB_Inie Ezftﬁg‘érg@ﬁﬁﬁd?ﬁ%l%tﬁ{@ BPRitan meAsuremenireodgupatioms Kiemarks that have
above described stage calibration method may th

bR AGRBHFE LSBT SR BOSHS AL REEPEHErH BEomes poREIe 1o distinguish
positioning errors at measure and at expose from each other. Compared to the method
described with reference to fig 19A and B, the method described here offers the possibility to
calculate a two dimensional calibration map, also referred to as a two dimensional calibration
grid (making it particularly suitable for encoder based stage position measurement), while the
method described with reference to fig. 19 may provide two single dimensional calibration data
sets, also referred to as two single dimensional calibration grids. In this calibration technique
described with reference to fig. 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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[00315]The encoder grating may be used as a reference for the 6 degrees of
freedom (DOF) stage position. This grating (grid) may be not ideal and not
flat, which may result in 6 DOF stage position errors. [00316]It is generally
remarked that in the stage calibration method, the calibration described with

dianaestin dhsiseond istienonsin dncage PrisEb Matettbntiggratiay a distance
CQHE%H[H%‘@ the HlacaLH e Lalialomdescieaskwihteiereneecty fig plurality of

19B. 00317]Correction maps may be executed in a same way in an

cxitodad pritame preieErirddehidnaEenfgloneobier it dbsraiaRns fesoio in fig. 208
b t@%ﬁ&?ﬁ*ﬁﬂ@s%ﬁlwp%%égﬁ%f%géﬂf‘é&h@?ﬁhﬁ@@é&%ﬁ%gﬁ%m%&s?gg‘%% cach
n

nterferometer readings to 6 DOF stage positions. General remarks '
exposwbduiraerittale inenvedocbrivagorrdtHiealentaiile RARRGEFUSRIpRSBAPOSUTeS,
GAlRon of Je.BRER qﬁ'&ﬂ‘g ?ﬂ%@ﬁ@&%&é&?@d&%% RACHGUIAL N AREPESEer than a
comprising a grid. In order to calibrate such a specific encoder measuremen
disymmcmhp@wgtoalﬂg@mgbwmbd nirapeior fzthe edanstpadamaloihe
suﬁ%%!a lafra%%[']:l%rs]ﬁ%tgg ?nbﬁ: %02%3{)%%8% Fisam ?Qt#%ﬂ%l-g %tfﬁa?ﬁperpﬁ'ﬁ& in both the first
whereln patterns are repeatedly projected onto the substrate at a mutual
anlistacne] Hiredtenniore; beenroaptod thadh ofRubight spatighireoneandss adjacent extended
calibration.wherein use is,ma f an inertia of the stage; high spatial -
DA P P A DRSROVER B RS L R o RRe kpose, which are
héaRstaeye oyt witasadowt aintalleominenswitdtn. Thiecllyysatyam, the position errors at

dimensignal expose grid calibration may be applied, which may pbe aimed at .
CHREE S A CHADTS CHR TGRS ST E s SRR R D entional
“sptormationsrehin imaypstiaienatappigminedmalieisasaiiftrets caalingey. Furthermore,

induced grid deformations. Embodiments of the invention alleviated these .
t}*g,rggq:gﬁ%c_:ombme the calibration results with other measurement techniques may be obviated.

Still further, as significant time saving may be achieved.

Calibration overview

[00310] In the below, a (stage) calibration method for a lithographic apparatus is
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, e.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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1003191A more specific desire in prior art arrangements is to improved
calibration for calibrating the stage position of the lithographic apparatus.
Another desire is to provide an improved detection method that provides
more_information with respect to a ceftain surface area of Subsfga tis

Fera SpecRsrpPdRitREQRTBITh NS HASALRE PRFSHH-RU SRS 1R 8¢ rdipction and vice
vagsirabledmpiauids adelpaianapeingg resting nseiiaadien DOF resgest Rz and Ry
to a large surface area in a shorter time span. At least some emb(_)dimentsdaﬁx For

busstrmedfitional RepildisteiimBRicd ArPaHelge MRt ntasyrtig S an
tHhesegRRIES RIS AUALRe UEhi R theRboie danestlioExanRiPaagibas reflecting

provided for a detection method and in particular a calibration of an encoder

syrfdactirerrietls ok direstionaigtcrissomatesn sreaebanbrdaansicabsaniserf which
pi DR AQGUAENL WY LRERRIE S IR ARIRIERAURG Y (HRIRIROEHAVements change

measurement System, such as interferometer, 1 dimensional encoder, 2
belimdesithaehichoan heddtacadetér/sprroaba dolembrmamste basrtsipge position
<4 %%%%%td%&tlgm %%23[%&11@‘[&@8 %%@)m: FhOvR A sReqifis EXAORI6 BSedom. These
een provi or a detection method and in particular a calibration of an
menoodde medsmethent@ystdiflathehe totagdiltecdemutisheaidneanimeltion as
described in this document may be applied for controlling and correcting lens
heating in a lithographic apparatus. In an embodiment an extended pattern is
formephoap2ptedly Udsing énebedimepatterstaghitalthmtiog thetbubsirtedaipigse:

with substrate. Repeatedly patterning results jn lens.heating and loc .

vl AR bR FRHo M SRR R AU R P be determined
maldag isclisstigirediiontismeastivddsan o vith irfferaratico figh 9e8pect to

the deviations that are a_result of lens heating and can be used for correctin

for SUASRCHOSFR, A0 SO PFAC DA S TR b Tl e a same

Eenedina
miéinedraphic apparatus by e.g. a suitable programming of a controller which

contrals the_ operation of the lithographic apparatus. Instead of or in addition |
to prorattHithgiey ReahtBruan |g‘b’rsa%ﬁﬁﬂﬁ@lﬁ%%é’ﬂ%%@?tﬁﬂwﬁil?a%d on the
cAMBYat oM AtEHEE: CRaIoder A RRIR SO @, o dvie the satirainnlagiithes such as for

performed, may be applied (e.g. dedicated hardware, etc). [00323]Inline
cxpieringocabest Feiis sEaesly #8HBnitor common noise terms.

[0032¢)Whilg-the:dank scamisiBrienediieriisiale iablaica.alsaibavaethods
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 orthogonal 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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through Z to compensate for an effect know as wafer induced coherence
offset [00325]Although specific reference may be made in this text to the use
of lithographic apparatus in the manufacture of ICs, it should be understood

that the lithographic aratus described herein may have other applications

Such AU o o CTErER LA SRy SHhes B spgement (both for
tiiaisstionRatipeasdaionagneiic damainpiepadesclatnaigl difniays) may be similar to

liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled

theaabpralirnphrasiietispciHd et slat o PestiP B TRFASFESphrRatighatigny The

abisRe AREi BRINIE P RIRIhatiodi e dIRs I AR REE SIS BRASTSY B EIOHR ter based
with the more general terms "substrate" or "target portion", respectively. The

stagp HPSHEYLTBRASHRINSSein may be processed, before or after exposure, in
for expppiap track {§ dQakihrl MRIGRIARANE S Rdayes %fE@éﬁ%%%ﬁtﬁ%@H@%?ees of
ol.

and develops the exposed resist), a metrology tool and/or an inS(gection to

frophere Gfphie atnee prsidieslobifcerdiam(aid) Bragbsiret el endnef stpiehich may
¢ HH%H%“DETP%%—*@ 1qols; &ryther, the substrate may be processed more
k .

than once, for example in order to create a multi-layer IC, so that the term
substt@@Bleked herdinngsparityredmares Sugsndhe Hagandiipteonmaaibod, the

c H}QﬁhenFg&%%%%%%ﬁ)fﬁ&e@@%%ﬁn‘%‘g‘dﬁlg%'%ﬁgﬁ‘;% ﬁﬁfgﬁe&%%&gﬁﬁzl@@é{%ta§?

een made above to the use o invention in the conte
caffgptietiblithagiapaly italudl the pppreditte d thbtaheni desetioedmath befersaddrto fig. 19B.

other ications, far example imprint lithogra and where the. context
O o DRI, LL B PBe KIS B0 33 MRS PR Exbager
miatieepatieahing di¢ veendefing siibedeatiersoraatedsao & BB age féwtion as in the

o e A ORGR L RIS A CTERPBY SRR 1 0 DOF stage

paeringmagnetic 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

GeneinpasaAllstypes 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

rangq @O NM), S WhAdPRLAlaREANBOAULR GNP BAAS AERIBATOBrranged to
beams. [00328]The term "lens", where the context allows, may refer to any

ingevsy fielioh be e dsrdnsassrmsHt Y HSmpane igrarfubingn encoder
cdRpASE, e H\GuRA0 a6 RIESIAM3PRS G BRLBIGTHORRNGTRNISH tem, a plurality

components. [00329]While specific embodiments of the invention have been
ofabibigieenappperformed 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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it will be appreciated that the invention may be practiced otherwise than as
described. For example, the invention may take the form of a computer
program containing one or more sequences of machine-readable instructions

descrifjg@method,az, disdiosed ahave. or adalasiorage medlum, (8.8, oveq
semiconductor memory, ma Fetic of op |calpéllsﬁ) ﬁ(avmg uchacompu Bt
cplibgatiom Storedithretizig 1HeG336] pheities ofiptiohthaboaphar epipiestdediodiker desire is to

illustrative, not limiting. Thus, it will he apparent to one skilled.in the.art that .
PR TN e se e e LSRR I8 A e B LY it o @ ertain
stidmdhecscdpa didheclftisekdnbRlansseieuhbaidwmMbidetBitlpsiiTiice area. It
.1S: 1.A calibratjon method for. calibrating a stage position of a stage of.
e R AD RV R BT A o RIS R A b e eisspect to a
1A getemiedaienn afshdreterniogayise lemosanehsiiigindile 19Aergited in the
supstrate relative to the patterning device in a first direction so as to form an

applicatien BREfO R I A ST BSE TRt St rgme fochssridgsHiShy the first
difeCtiﬁmmﬂ]pOSitiOﬂRﬁH&@?ﬂQﬁ@%ﬁ&@ﬁﬁem %ﬁ&ﬂiﬂﬁe@iiﬁ%% provided for a

perpendicular to the first direction, wherein the measuring is performed by an

defrstipemetindenddnpadisilag sdibpronsf snereetsy OpauioRrb sy of the stage,
tHEgRRMRshRAdIiANRENE SXeaded e &cﬁ%ﬁ?‘ﬁ%’%‘%ﬁﬁﬂ)ﬁ&@ﬂ) a stage having

according to claim 1, wherein the measuring is performed by an _
any type of position measurement system, such as interferometer, 1 dimensional encoder, 2

dimensional encoder, interferometer/encoder combinations, inductive, capacitive, ¢tc.

[00321] Although in the above a specific example has been provided for a
detection method and in particular a calibration of an encoder measurement system of the stage,
the detection and calibration as described in this document may be applied for controlling and
correcting lens heating in a lithographic apparatus. In an embodiment an extended pattern is
formed repeatedly using the same pattern, while moving the substrate table with substrate,
Repeatedly patterning results in lens heating and local deviations. A detection method, wherein
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 offset
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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 accordjng to claim 1,

furthel@¥ABlising pfdjiectisl mecpanspramesanarads HiEhindor fofe use of
PSRRI P& SRSRAIREHER SA R OIe X ENd iR LIGLIR ARG IMHO G thographic

second direction, and measuring along the second direction the position of
apharatus igseribad derdin e ikmvgirtbao AP criensatrhisthaatapatacture of integrated

og%,%f%'@e}ﬁs? '%B_‘i‘a%c‘é"aﬁ&e&%@&ﬁ%%a%ﬁﬁ%{j G AR RS AT YREIRH A flat-panel

ubstrate. . The calibration method accordingto claim 5, wherein a
diipthysf Husichstystsl dixplays SLGTMhahins fihnThegoatisracasts.asthble skilled artisan will

aaccﬁog%igqﬁ%c&%ﬁﬁ%g%&@&e élfc QUL gﬁg{%m%sﬁgﬁk&fa{%%g‘%éld%ﬂ@{% “wafer” or
grees and repeating the measuring along the extended pattern.

“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or after
exposure, in for example a track (a tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
disclosure herein may be applied to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[00326] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topography of the patterning
device may be pressed into a layer of resist supplied to the substrate whereupon the resist is
cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The
patterning device is moved out of the resist leaving a pattern in it after the resist is cured.

[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 aliows, may refer to any one or

combination of various types of optical components, including refractive, reflective, magnetic,

electromagnetic and ¢lectrostatic optical components.
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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 transla ng accomplished by using the

tion bei :
trans|$0833Mttern. Yohitepeaiin stRhediaea mKg P RBRYC PSR drassibed above,
ittheIMRagd & RHBSEHRMAMERASHIANING R RURSH IR GRNG thenSaCedkribed. For

direction at a position of a near peak response zero crossing of an output
exqgrRlEothp dnaFgHAemeYdAke ther DRl QARIRMBE MOEEE SCObHRREBNS Qinore
séltﬂlew&%r SN iDe eSS HINdSIEPRAIEHs RGPS INRASUIRGSPRIAM above, or a data

preceded by positioning the substrate along the second direction at a position
stofagsaaeditindarZosenivendosiy FeemerpsEIAgIstther ontis Siglaheving such a
c?#@%%?%@%?ﬁ?&o{%is&@eﬁﬁ”bration method according to claim 1, wherein

moving e substrate Is performed at substantially a half of a maximum

subst{#@336hnning $peddsotiptotithdyraphic mppadedds ba Bluptrettegimetisniting. Thus,
itn\)}/l g aac%%d{qg 50 & ls%me%l WeEan H‘]ﬁ %%‘%ﬁﬂ%ﬁ?&?rﬁgf %@é'% ﬁ{e invention as

marks, SB%CE& apart in the Tirst direction and in"the second direction,
d peefibrabiyitiegtodepiy tangaingedtie sespecif dhevdafinstsamd stemscelimitiziose.

as to generate substantially parallel extended patterns on the substrate

extending along the first direction and being spatially shifted 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;
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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
WHAdbpa@kuSIMED IS 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 form an extended projected

1. F}?%Sﬁ%r'éh%*h%gﬁ}o ro?té%Hi;raﬁﬁgr%e&d%gée alang the, 1 i%%’%?%‘iﬁ]ﬂ&h?as@{%é'%%‘aratus,
of the extended pattern in‘a secénd direction perpendicular to the fir
the mdttecticsmprising: - derive a calibration of the stage position from the
.measured posjtion of the extended pattern. ) ) i
- 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 form an
extended 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, wherein the measuring is performed by an alignment sensor;
and

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

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 pattern 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

millimeters
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7.  The calibration method according to claim 4, further comprising the step of rotating the

substrate by 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

SECNSor.

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

in the second direction.
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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 form an
extended 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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