1 LI THOGRAPHI C METHOD FI ELD 100011 The present invention relates to a

| it hographic nmethod. 5 BACKGROUND |[00021 A |ithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, wusually onto a
target portion of the substrate. A |lithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (ICs). In that instance,
a patterning device, 10 which is alternatively referred to as a nmask or a
reticle, may be used to generate a circuit pattern to be formed on an

i ndi vidual |ayer of the |IC ThiLsTROGRARHICSMET®IODansferred onto a target
portion (e.g. conprising part of, one, or several dies) on a substrate (e.g.
a silicon wafer). Transfer of the pattern is typically via imging onto a
| ayer of &ﬁﬂ'ation-sensitive material (resist) provided on the substrate.
In gener£ , single substrate will contain a network 15 of adjacent target
portions [pévaj atrh@piéseﬁﬁﬁsérmhyela@&tc%n@ﬂ%rabﬂi@\muhd»d.hogr aphi ¢ apparat us

i nclude so-cal |l ed steppers, in which each target portion is irradiated by
exposibng an entire pattern onto the target portion at one tine, and

so-calle & e in which each target portion is irradiated by scanning

t he pattgii—ggﬁgg;ﬂgh radi ation beamin a given direction (the

"scanni ngoaadi r eCtii i n| ; t | el or
P?dg, %h{hgﬁ%aﬁl ! ah?arﬁbﬁ@ G RALMR thaP AL RYediftd pAHBSLARS & siRtrdle!

anti - par to 2 rection. It 1s al'so possible to transfer the
pattern fusoatlytdigo padrpeportion afalie abstrate t Adithogrdyphio aiperaloys danpbe iused, iy t he
pattern onto the substrate. [00031 If has B en_proposed to i mmerse. the
subst r at €XpRPlenin ?m@aa&awm Iegrased GiEsHIte §a}-éret}@? InsRnge, i RFLFIHEARVIES: a
rel atjizvel y: ki fr ' j : : j bet ween
the P\ nathich BAEELERRY B LK a Bodk or 3R, ni8, BB borerde BRRER 00 P70t
this is tpattemabbe forfrrdiongindhdiofduantaldraxf tHed@t ThBpagemaan bberaaxpasdiosto a
radiation wll have a shorter wavelength in the liquid. (The effect of the
i qui d megresl rostipne(erg gampesing Hart Qb 08asITsgvaraalies) pe arspberatuiees: rsHiconper t ur e

(NA) of th yst and, al i ncreasing the.depth of focus.). &Xher.i mrersion
aui ds nae)” TeBTerdndudbe RILAEAN e bufafehid st B Rt or Bl E g,
quartz) sHspeqRdist) pesaid o $Q4BstiaRVRY &heral WIRI1S bulBtrhidQvifl B alalPd Ret@brk
substrate and substrate table in a bath of liquid 30 (see for exanple

Uni t 6§ Stodtadiscemtarget pd8iahs 3l agSccdssively paiteroed. Forosmelithpgraphis apparatuet y by

include so-called steppers, in which each target portion is irradiated by exposing an entire

pattern onto the target portion at one time, and so-called scanners, in which each target portion
is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
20  this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.
[0003] It has been proposed to immerse the substrate in the lithographic projection apparatus
in a liquid having a relatively high refractive index, e.g. water, so as to fill a space between the
final element of the projection system and the substrate. The point of this is to enable imaging
25  of smaller features since the exposure radiation will have a shorter wavelength in the liquid.
(The effect of the liquid may also be regarded as increasing the effective numerical aperture
(NA) of the system and also increasing the depth of focus.) Other immersion liquids have
been proposed, including water with solid particles (e.g. quartz) suspended therein.
[0004] However, submersing the substrate or substrate and substrate table in a bath of liquid
30 (see for example United States patent US 4,509,852, hereby incorporated in its entirety by

reference) means that there is a large body of liquid that must be accelerated during a scanning



reference) neans that there is a |arge body of liquid that nust be

accel erated during a scanning 2 exposure. This requires additional or nore
powerful notors and turbulence in the liquid may |ead to undesirable and
unpredi ctabl e effects. [00051 One of the solutions proposed is for a liquid
supply systemto provide liquid on only 2a localized area of the substrate
and in between the final elenent of the projection systemand 5 the
substrate (the substrate generally has a | arger surface area than the fina

el ement  ofxpbfife PTHR$ &ghiréﬁhdﬂﬂﬁrﬁhh méRGovRyfulMibils rabtubrtdhcp ivedr@id Bay
arrange for this is disclosed in PCI patent application no. WO 99/ 49504,
her eby i neat leomdesitableandrunpeadiqiatde gffess.r ef erence. As illustrated in Fi gures

2 and 3, ljquid.is l,ied by at le e i :
or ot er abl YO8 origt o3BG gto el 512k RRG A Chrte skl Bl MR IRURFLABNE e
final el eyRBilizeddfbaioF tHOsubSHAY 86U BYbetlednBRS Finsler@itt bfthePeljead dredystmvinag
passed under the projection system That is, as the substrate is scanned

beneatsh tthe seiseater(theisubsirategatierablythiapa largérgurface aseasthpp thedgnad elemsat afithe sj de of
t he el ement, and t ake at the -X side. Figyre 2 sh t he arrange

Schermat | GHPISGHON SYSIGHGHEF P STShas TB raRoRHA0 PP IR Sl BERET TP on
the ot herpgddGrQicaliBe n6! W PEY/48504, RHEbEIcSralddl ifi s e Bti PP fef§EndeOAs | OW
pressure sourc%. I'n tﬁe I'l'Tustration of Figure 2 the 1577iquid is supplied

al ong t heilldstreeet indiiguts Prand Aeliquid{s supplisiHysit taseonmedhlt IV entodh¢ hebsfrataal

el ement, though this does not peed to be_ the case._ Varioys orjentations and
nunbers ofre efa%baﬂang therdireghiqn afg@mneﬁvéaf the subriraferrslafive i t |f@ﬁL§emsmeands is
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I N a reguisahe Afsirate s Saptsicbenbth iheelbmelttene . dizdtidRARMmid Klslpplicdrao greaii ¢
apparatus require at |east sone calibration before use and the higher the

resol ut i odeos! theelegsphansh taken ymatdlagreX side. Figareothews Ahe yrangewantschgmatigally be

[ dt t, 1 o] . b f f th .
| mor ¢ ant e palif f Bl PR B! B AR RGP URR A ThbN e CRPRE BRnL L, | oy
per f or MmanGRlet BUTCWhIER #5ebTRSCtEDR AWM pressuftf sobfte. BRRTIRIsHEtor 6F FifREe e Pat t ern

on a substrate at a desired position relative to an existing l;;attern on the
25 sulst rliqud isQupplicshaleng the diraetionhd neevgawdt dfithasubstratetrglative wabe fsal f or
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The t est afentatibns ssllustrated in Figure 3 in which four sets of an inlet with an outlet on either side
are provided in a regular pattern around the final element.
20  [0006] All lithographic apparatus require at least some calibration before use and the higher
the resolution of the apparatus, in general, the more calibration steps will be required to get
the best possible performance from the apparatus. An important performance measure of a
lithographic apparatus is its overlay performance, which measures the ability of the apparatus
to image a pattern on a substrate at a desired position relative to an existing pattern on the
25  substrate. Overlay errors may be caused by a variety of causes, for example systematic errors
in interferometric position or displacement measuring systems. To calibrate the overlay
performance of a lithographic apparatus, a series of test structures are printed, normally across
the whole of a substrate, and the position of the test structures is measured. The test structures
may, for example, be alignment markers so that their positions can be measured using an
30  alignment tool provided in the apparatus, or may be overlay sensitive structures, such as box-

in-box markers, whereby overlay errors can be directly measured using a known off-line tool.

The result is a map of overlay errors across the area of a substrate which can be used to



may, for exanple, be alignnment markers so that their positions can be
measured using an 30 alignnment tool provided in the apparatus, or nay be
overlay sensitive structures, such as box- in-box markers, whereby overl ay
errors can be directly neasured using a known off-line tool. The result is
a map of overlay errors across the area3of a substrate which can be used to
3 <calibrate the apparatus, e.g. by using themas offsets when positioning
the substrate during production exposures. SUWARY 5 [00071 In a

| i t hogr aphlitzata Piedpphtasus( et Betsif®themaswifsete when positipning tipesubbtmate dwidg al |
conponents and fluids that nmake contact to the substrate are very tightly
cont r ol | @tpduetiozeexpesifes- and st abl e. However, the inventors have realized
that in an inmersion |ithography apparatus, that is a |lithography apparatus
in which at | east part of the space between the final elenent of the

proj ecti gungvsirey and the substrate is filled wwth a high-refractive index
liquid, 10 sone overlay errors are caused by substrate cooling effects

rel at 8d (@0vapbr & Hthographictapparatugtteithee forammeysion ereot) teimpgragurghpell r esi des on

the substrate. Th | t.only d t i tion but
al's0-on EREPRiccly Thdy e el calefe Bfe MByRE ST REESY PenfDef R ' o7 or's
measur ed ¢fih LhE sERIRVARLERR athe WRXn#Rk EhS 96h1#z0d ARl inlinfifndrbien ARk AhYS .

overlay errors wll not be elimnated and may i ndeed be nmade worse. 15
100081 Aapparatusidghat,is a tithegraptly bppasatusimt wigelb atsleast part ok thespage hetweanaghé fiealan

i mproved pethod, of caljbratin | i t hogr aphi.c apparatus. .[ 00091, Agcor di ng
to an asfEaEnbef tflﬁ@fm?ﬁ;@ﬁtsmﬁm%pﬁél}eewgét%? B3Ry F‘&gﬁaaﬁéwean%ﬁm :
conpip st Rne oy Ry UrdoPdard chided by Sifsudle doBfihe SHIACIHAGPI0YApBridihE BF YR WhH. " at e
with a first |1 ograpﬁlc prolgctlon 5%paratus conprPS|ng afirs

proj ect i egfrRysé Midex lifaidfwhish resides b deaubstate | Thege avdrlaysirrocoare 6t orilgl at i ve to

the first projection systemto effect the printing of the first set of test
st r uct ur €gpendentyn; pesitieg bat alse an thedustoryrofithatiestaxpagire pesgierss. J wsdbpyerlay

' nd gt Blogfollsest o
3UDS 1t el e BuARG L Johl AREARDL e BRI SELMIPRLALNS, SOURLI 510

em eco ubstra ravelr’rrng a na course

rel ati ve wi nbtie: dRsAALGd RROIREGIhdRA Y Blad8Wmosseef f ect the printing of the
second set 25 of test structures, the second course being different fromthe

firstScol@098t Accordingliiitiould bi pdyansageoust fgyesamplentel proeide an impiowed methods et
of test 56% Eﬁﬁ}ré{{negsa; lithographic apparatus.
[0009] According to an aspect of the invention, there is provided a lithographic method
comprising:
- printing a first set of test structures on a first substrate with a first lithographic projection
20  apparatus comprising a first projection system, the first substrate traveling a first course
relative to the first projection system to effect the printing of the first set of test structures;
- printing a second set of test structures on a second substrate with a second lithographic
projection apparatus comprising a second projection system, the second substrate traveling a
second course relative to the second projection system to effect the printing of the second set
25  of'test structures, the second course being different from the first course;
- measuring a first set of positional data in the first set of test structures;
- measuring a second set of positional data in the second set of test structures;
- calculating a third set of position error data from the first and second sets of positional data;
and

30 - calibrating one or more lithographic projection apparatus using the third set of position error

data.



- measuring a second set of positional data in the second set of test
structures; - calculating a third set of position error data fromthe first
and second sets of positional data; and 30 - calibrating one or nore

| i t hographic projection apparatus using the third set of position error
data. 4 1. According to an aspect of tHfe invention, there is provi ded a

| ithographic method conprising: printing a first set of test structures on
a first substrate with a first |ithographic prolec ion a paratu conpri si ng
a second Ipr dicedrding{o &) arest ok the ifvieplen, dispg ispapdded 3 @’PEW@ kmethed 5 course
relative toc&ﬁ? Lh%st projection systemto effect the printing of the first
set of test e ures; printing a second set of test structures on a

second substr at m\fmglaﬁrEthef offtedt strhéttiRe Oh aftbtGubstRteRithafiraRBo@hptic t he
second substrate traveling a second course relative to the first proj ectl on

syst em t oprefetigaen anph@ttpsrqomnrrsgigcﬁ secord prejsotien systenpithe st subsirafe tigveling &
10 b t than the first first
set of oveHTReAYSIOhE iRt PRITEPh sulein st et WiefpriniREo Be RRERLRHRR, Léiond

set of ovghlRYesdata in the second set of test structures; calculating a
third set of poSition error data fromthe first and second sets of overl ay
data; and 15 cqirniungtwsng)rmrset éfi tegt tstrigtiies gn apbdand pnbyteate woh thpitest at us usi ng

thethirg]ﬁ f. position error, data. cordln to an a(gect of . th
i nvent i onlithpgfap cpgomlao.aa%a@wm %@P%ﬂﬁaseatﬁé&a gineifsPad rogse felaﬁﬁ? Mhting a

flrst Seluoluh SRieabhGhLRSS offordnd g ARS B bPicht dffihed rOGEAPNT ©

pr Oj ection ppar at us accor Irst test exposure sequence

fir st10subsiursatbeingadiffergniethfun tl&tﬁrylaiouae;‘or a thermal conduction property and
a second value for a thermal evaporation pragpert printing a second set
of test structureasuang afissseird ovenbaytdasa i thg first é@@éé"éhﬁmciﬂtf%gr aphi ¢

proj ecti on aphapakianPeSaLhag 418, & RchRnl eskoRKRISHIS SeflgaCe. the

second subst rat'e"“Hal¥ con i‘én property
and a forth valdigul#inglahiBird b&fRbsidén &y@RkAdM 'ﬂhepﬁﬁpﬁid SecoN @i Lo fbvatlay east
one of the second test exposure sequence, the third
data; and
15 calibrating the first lithographic projection apparatus using the third set of position

error data.

According to an aspect of the invention, there is provided a lithographic method comprising:
- printing a first set of test structures on a first substrate with a first lithographic projection
20  apparatus according to a first test exposure sequence, the first substrate having a first value for
a thermal conduction property and a second value for a thermal evaporation property;
- printing a second set of test structures on a second substrate with a second lithographic
projection apparatus according to a second test exposure sequence, the second substrate
having a third value for the thermal conduction property and a forth value for the thermal
25  evaporation property, wherein at least one of the second test exposure sequence, the third
value and forth value differ from respectively the first test exposure sequence, the first value
and the second value
- measuring a first set of positional data in the first set of test structures;
- measuring a second set of positional data in the second set of test structures;
30 - calculating a third set of position error data from the first and second sets of positional data;

and



value and forth value differ fromrespectively the first test exposure
sequence, the first value and the second value - neasuring a first set of
positional data in the first set of test structures; - neasuring a second
set of positional data in the second set of test structures; 30 -
calculating a third set of position errof data fromthe first and second
sets of positional data; and 5 - calibrating one or nore |ithographic
proj ection apparatus using the third set of position error data. Error!
Ref er ence- adibratiag 0aé of moredlithBfapitic PEGEdRoR hp palxatb usihi: tHoRAW BEEDf pofi€iod ertor
Enbodi nents of the invention will now be described, by way of exanple only,
with refétence to the acconpanyi ng schematic drawi ngs i n which

correspongi ere I i ndi cate corresponding parts, and in which:
100111 Fingﬂ'lr?’g! %gffé%chtcsgug&{q%’?f{%ﬁlrdéphi c apparatus usable in an enbodi nent of

t he i nvenBRIBEE DEFCRIPTION g EISE DRAWIRGSepi ct a |iquid supply systemfor use
in a lithographic projection 10 apparatus; [00131 Figure 4 depicts another

li qui & sulgp10} SEmbedimients of &he inwersioniwiHagwasriescrihed; B vep af exagpde atlyswith 00141
Fi 5 depi ct t her |iquid | t ' Lith '
b, AT, BRODS a3 S SRE! SA ST ARD ol e hEBReL BB

error datgdRbedbReshonBingPafty, 4ad iRWhichn enbodi ment of the invention; 100161
Figure 7 depicts a third set of overlay error data obtained in carrying out

an enbodjofE)t KiguteHeddpintemtithograph@Gippdrates gsabie B adegmitstdsmentrod iheainverdmnder
path; 20 [0018]_Figure depi cts a ,neander path travel.ed in ,the opposite
directi onﬁmmd Fl?@‘@&éf"z?@ﬁg’ét& ayig SHPI?r]VSW‘%%g(Ft“San %llFQPQﬁF?@BICaFEBJS tg‘?"hg to
t he iﬁyen%fj Qfhtus: DETAI LED DESCRI PTI ON 100201 Figure 1 schematically depicts a
| i thographic apparatus usable in an enbodi ment of

[0013] Figure 4 depicts another liquid supply system for use in a lithographic projection

apparatus;
[0014] Figure 5 depicts another liquid supply system for use in a lithographic projection
apparatus;

15 [0015] Figure 6 depicts a first set of overlay error data obtained in carrying out an
embodiment of the invention;
[0016] Figure 7 depicts a third set of overlay error data obtained in carrying out an
embodiment of the invention;
[0017] Figure 8 depicts a normal meander path;

20  [0018] Figure 9 depicts a meander path traveled in the opposite direction; and

[0019] Figure 10 is a flow chart of a method according to the invention.

DETAILED DESCRIPTION

[0020] Figure 1 schematically depicts a lithographic apparatus usable in an embodiment of
25  the invention. The apparatus comprises:

- an illumination system (illuminator) IL configured to condition a radiation beam PB

(e.g. UV radiation or DUV radiation);

- a support structure (e.g. a mask table) MT constructed to support a patterning device

(e.g. a mask) MA and connected to a first positioner PM configured to accurately position the

30 patterning device in accordance with certain parameters;



25 the invention. The apparatus conprises: an illumnation system
(illTumnator) IL configured to condition a radiation beamPB (e.g. W
radi ation or DUV radiation); a support structure (e.g. a nask table) M
constructed to support a patterning device (e.g. a mask) MA and connected
to a first positioner PMconfigured to accurately position the 30
patterni ng device in accordance with certain paraneters; 6 a substrate

table (e.g. a wafer table) W construct to hold a substrate (e.g. a
resi st - coat ed v@?‘@?‘)‘atwaﬁ&i(eo%ﬁ ?Téélﬂf’)o&& %Oé‘é%‘t‘Fﬂedp@&#‘??Jﬁ%bStrﬁﬁl(ﬁ'@n?i gured to

accur at el ﬁésisl?@d%itetdi \92&?12% ('123' RSAdedleq tb B s&oHe pIGRG S Pl Qoﬁ%&@d 1 fehd Ler S5

and a projection sys g. a refractive projection s system

conf i gur egbsitibnh@petiirate 5n acqoaddne¢ withrpasih edrahetdrijandadi at i on beam PB by
patterning device MA onto a target portion C (e.qg. conﬁi sin one or nore
di es) of the subRrjestian system(2a B refiactive pripqtionlens syyema il repfigwed (Ryeroiest i ous
types of optjcal co tSa C refr | LV '
of 5ot rompRuFEim GBI R dginfitEPeaif P F b Ehink e LEMERhIY FrarfRBORR T,

combi nat i @y, thapRGhg oh®br Mbeatits) 08theShBHaROW. Or control ling radiation. 10
[ 0022] The support structure supports, i.e. bears the weight of, the

pat t er ni n§02idvi Ele illnminasiod systeth angyaneladayaripus éxpes ef optical epmpanentshaxch@gpends

on the orientation of the tterni ng devic t he. desij of t:he.lithographic
appar at ysr,e?réﬁt&feoﬁgléf‘“%eo Hﬁ‘igg‘%lfngl,ecg %“5‘;’%%‘1’“@&3%?%0 QF%SP%’P“ t the

pat t er ni nghleMler®, drsainh)ebMbidatidn UM ToLBiYd AR BRping [ oRHOMAL kadidtiosCt Ur e can
use mechani cal, vacuum electrostatic or othéer clanping techniques to hold

t he pHIt ejon22)g Hevsupport sttactliiesupppisor.¢. bsars tiet weightnfy tho patierhingrdevise. laholdb| e,
for exanple, which may be fixed or novabl e  as.required. The support

st ruct ur ethRgUeIRngAsVics & Pﬁ@nﬁég?téifeﬂ‘? OB&RA %réenfagloﬁtoefgl‘%ﬁe%’&é)gﬁéﬁ theon,
for exanphe: : r.Qj ' e

rett o o Wit dd FEREAbH: Aphati Al Rl ok A Xor Bl MRGhera)
gener al t thepattgraingelenicads had@iti £eacuuREniRO@Rdnt Thiee suppoit spradtierdanhmge devi ce”
used herein should be broadly i nter&;iet ed as referri n% to any device that
can be us®gchapicahpasuuny elestpiatioer aeenplamning echriguesita bpkd the patierping dewiee.i on

O L . T T
cor r espongk feguitdde THESippeft shatiugy May énsuf¥ethat 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.”

20  [0023] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section
such as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example if the pattern includes phase-shifting features or so

25  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.

[0024] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks

30  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



target portion of the substrate, for exanple if the pattern includes
phase-shifting features or so 25 called assist features. Cenerally, the
pattern inparted to the radiation beamw || correspond to a particular
functional layer in a device being created in the target portion, such as an
integrated circuit. 10024] The patterni nZ; devi ce maybe transm ssive or
reflective. Exanples of patterning devices include masks, programabl e
mrror arrays, .and programmabl e LCD panel s. Mask 30 wel | kno in

| i t hogr apPfymdiyifpaily élllt&%éo ﬁ%a@kreﬁ% & 1‘5"88%“%1%“115‘#9%?’9%‘“ ey 3@%{% AHECYMEsEeshi f ¢,
and atteny . - Shi : LAUS, ; J exanpl e
of a pr oo alRiERRath bhuerth IRllgiBh pUah Wi DHICRAT e PiRG madh,
mrrors, pars) ofhensirs Mpjdetion sipserh’hakedihdtedd should bd ledadly istsrprated & | ect an
incomng radiation beamin different directions. The tjilted mnors inpart a
pattern iencampassing anyiynpsefrojetian systeme fnclidingrefactiveeraieetive, cafadioptic, 100251

encompnssPRE Ay EgRaTgit T A oBEE BN Sy fr Ao Ehhbest &1 oo

enconpass projection

refl ecti vVgpprémaddiop Bid dxposire FRIHIRINIbeingalsed; lof BsregRGtthGoRRdcieh bt LSSHaini C
optical systens, or any conbination thereof, as appropriate for the

exposur e mérsiondiquiskonthe usseaf a weutmr Ay wegrof thectenn Sprirstion densh bergemayf baan
imrersion liguid or the u of. the term "projection

| ens” her & aBéynoélgﬂ’éﬁ%g@'?%&ﬁ%él%g@uéj??ﬁVﬁ%?u‘ﬁqjﬁCtkoﬂéy%IPe‘ general term

"projecti EBZGYSA§HE('re déﬁ%@,lthé\%pﬁaﬁaﬁs fedtiaGiaA6miss e tﬁeqe.rgﬁélﬁﬁlg;yﬁxgqlf a

transm ssive type (e.g. enploying a 10 transm ssive nask). ternatively,
the afpar aenssmissie haskpfAlernahvielss theappampye niay.bg.ofanpllayiva gype (egr agplaymgll e

mrror array of type as referred to.above, or enploying a yeflectivye

mask) . [mgm@m@e Kﬁl&r%ag%aapﬂ# PAYREASAFISH t%ﬂvvwr?ﬁ@%ﬂ%@q{%ﬁ%ﬂlﬁ -+ (dual
stage) or e : I n such
"mul ti pl ewg?f gen?éjnlg@hg%@?c:aﬁ@ rﬁtgx(sj I ? iq%%g Bﬁ%&‘ﬁgg gqngg (@?E?g@q%rﬁﬁ%gr allel, or
pr epar at osubstite eblesaindier &Y ¢rirteke Mkisk tablasndn Guchlmultiple stage! amchihed theone or

nore other tables are being used for exposure. %:00281 Referri n%j to Figure 1,
the i || unfdsaional fables mayibeaisedyiny paaalled.i o5 prepaEatTy SR Bay bgicatricdwul epoRee SO

The squr e g L0GHIL LROGK RBIY GndRRALALY B HBYs R SRAIGLE entities, for

exanple e source i's an excil ner cases, the source is

not consi @ezsyd Reéfefritgto Pagure Of the ilNgnihatohIgfeashiésca ABRAA b Fieh & halidtRdi at i on
beamis passed fromthe source SOto the 20 illumnnator IL with the aid of a

beam del | s S.skherroBe @odhe lithegyaphie pppaxaiwginay be sipads¢ entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part of
the lithographic apparatus and the radiation beam is passed from the source SO to the

20 illuminator IL with the aid of a beam delivery system BD comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO
and the illuminator IL, together with the beam delivery system BD if required, may be referred
to as a radiation system.

25 [0029] The illuminator IL may comprise an adjuster AD for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator IN and a condenser CO. The illuminator may

30 be used to condition the radiation beam, to have a desired uniformity and intensity distribution

in its cross-section,



directing mnors and/or a beam expander. In other cases the source nmay be an
integral part of the lithographic apparatus, for exanple when the source is
a nmercury lanp. The source SO and the illumnator IL, together with the
beam del ivery systemBD if required, may be referred to as a radiation
system 25 100291 The illuminator IL may8conprise an adjuster AD for
adjusting the angular intensity distribution of the radiation beam
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be connecteo t-stroke actuator only, or ray and
subst r at epdbftica¢r B&. In the case of a stepper (as opposed to a scanner) the mask table MT may be

connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although
20  the substrate alignment marks as illustrated occupy dedicated target portions, they may be
located in spaces between target portions (these are known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is provided on the mask MA, the mask
alignment marks may be located between the dies.
[0032] The depicted apparatus could be used in at least one of the following modes:
25  [0033] 1. In step mode, the mask table MT and the substrate table WT are kept
essentially stationary, while an entire pattern imparted to the radiation beam is projected onto
a target portion C at one time (i.e. a single static exposure). The substrate table WT is then
shifted in the X and/or Y direction so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size of the target portion C imaged in
30  asingle static exposure.
[0034] 2. In scan mode, the mask table MT and the substrate table WT are scanned

synchronously while a pattern imparted to the radiation beam is projected onto a target portion



al i gned using mask alignnment marks ML, M2 and substrate alignnent marks P1,
P2. Al though 20 the substrate alignnment marks as illustrated occupy

dedi cated target portions, they may be |ocated in spaces between target
portions (these are known as scribe-lane alignnent marks). Simlarly, in
situations in which nore than one die is9provided on the mask MA, the mask
alignment nmarks may be |ocated between the dies. [0032] The depicted
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[0037] A further immersion lithography solution with a localized liquid supply system is
shown in Figure 4. Liquid is supplied by two groove inlets IN on either side of the projection
system PL and is removed by a plurality of discrete outlets OUT arranged radially outwardly
20  of the inlets IN. The inlets IN and OUT can be arranged in a plate with a hole in its center and
through which the projection beam is projected. Liquid is supplied by one groove inlet IN on
one side of the projection system PL and removed by a plurality of discrete outlets OUT on
the other side of the projection system PL, causing a flow of a thin film of liquid between the
projection system PL and the substrate W. The choice of which combination of inlet IN and
25  outlets OUT to use can depend on the direction of movement of the substrate W (the other
combination of inlet IN and outlets OUT being inactive).
[0038] Another immersion lithography solution with a localized liquid supply system
solution which has been proposed is to provide the liquid supply system with a seal member
which extends along at least a part of a boundary of the space between the final element of the
30  projection system and the substrate table. Such a solution is illustrated in Figure 5. The seal

member is substantially stationary relative to the projection system in the XY plane though



di fferent nodes of use may al so be enployed. [00371 A further i mrersion

| it hography solution with a localized liquid supply systemis shown in
Figure 4. Liquid is supplied by two groove inlets IN on either side of the
projection systemPL and is renoved by a plurality of discrete outlets OUT
arranged radially outwardly 20 of the infdts IN. The inlets IN and OUT can
be arranged in a plate with a hole in its center and through which the
projection beamis projected. Liquid is _supplied by one groove inlet IN on
one si de #ere may pe sprae feldivedpeaignpin the g ditsriirnedn Big direstion %ﬁo '1¥‘P grigal axiskr et e
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overpressure on the gas inlet 15, vacuum level on the first outlet 14 and geometry of the gap
are arranged so that there is a high-velocity gas flow inwards that confines the liquid. Such a
20  system is disclosed in United States patent application no. US 10/705,783, hereby
incorporated in its entirety by reference.
[0041] The invention relates to the inventors realizing that some overlay errors of
immersion-type lithographic projection apparatus are due to thermal effects, especially the
cooling of the substrate due to evaporation of residual immersion liquid, e.g. water, left on a
25  target portion after it has been exposed through the immersion liquid. The inventors realized
that these errors are not solely position dependent, as are some other systematic overlay errors
in lithographic apparatus, but also depend on the history of exposures of the substrate — the
course (path and direction) and speed of the substrate during the preceding exposures.
[0042] Moreover, the inventors have realized that the errors also depend on the materials
30  used during substrate processing. As will be known by a person skilled in the art, patterns are
written into a resist layer on the substrate. The thermal conduction depends on the resist layer

used. As will also be known by the person skilled in the art, such resist layers are coated in



100401 The liquid is confined in the reservoir by a gas seal 16 between the
bottom of the seal 15 nenber 12 and the surface of the substrate W The gas
seal is formed by gas, e.g. air or synthetic air but, in an enbodi nent, N2
or another inert gas, provided under pressure via inlet 15 to the gap
between seal nenber 12 and substrate andlbxtracted via first outlet 14. The
overpressure on the gas inlet 15, vacuum|level on the first outlet 14 and
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especially due to the evaporation of residu Iquid, e.g. water,
from the sabetoat m gipbste dirdctibns) gvaiayaross gatltippfromahermblh effelett andsdepehdene s
results of 10 carrying out, a _norJrmal nﬁander scan, as depicted . in Figure 8,
starting &0 KR istoRy ga@rhe 1g§nt{fgg and hence separated from other systematic and random

errors. Calibration of the apparatus can then be performed using only the systematic errors,

20  leading to increased accuracy.

[0045] It will be clear to the person skilled in the art that in stead of simulated data,
measured data could have been taken to explain the invention as well. It will also be clear that
normally reversing the meander scan can easily be done. The meander scan is programmed in
the lithographic apparatus just as the reversed meander scan is.

25 [0046] A flowchart of a method according to the invention is given in Figure 10. A first
substrate is exposed (S1) during a first test exposure sequence with a first set of test structures
while traveling along a first course and according to a first velocity profile. The test structures
are overlay-sensitive markers (overlay markers). The test structures are measured (S2) (in
other words, the overlay is measured) to obtain a first set of positional data (in this case

30  position error data). A second set of test structures, preferably identical to the first set, is then
exposed (S3) during a second test exposure sequence onto the same substrate using a second

course which is equal to the first coarse but is traveled in an opposite direction (in other words



wafer. A simlar set of data sinulating a reversed neander scan shown in
Figure 9, starting in the top right of the wafer and foll ow ng the sane
course in reverse, was obtained. Figure 7 shows the result of subtracting
these two sets of data, fromwhich a significant change can be seen,

all owing identification, and hence separdfe correction, of wafer cooling

rel ated overlay 15 errors. [00441 FromFigure 7 it can be concl uded that by
obtaining overlay error data fromscans carried out in opposite directions,
overl ay erthoyelogiyqupfilerigdiffesantt heherpgsondssereft strugineessep thea arrasurgd (¥ 4o sbipim
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pattern are scannéd relative to the projection |ens, successive target
without reversal of the overall meander. Performing multiple sets of measurements with

various different combinations of changes to the exposure order and scan direction can enable
isolation, and hence compensation for, various different forms of local and global cooling

20  effects.
[0050] The course used for the second set of test structures may be opposite in the sense that
it follows the same path but in the opposite direction (time reversal, in other words it is the
same coarse but the velocity profile is different), that it is a mirror image of the first course in
a plane perpendicular to the substrate or that it is a rotation of the first course about an axis

25  passing though the center of the substrate, or a combination of these. In these cases preferably
the second course should be traveled at the same speed as the first course.
[0051] The person skilled in the art will understand that it is also possible to have the first
course and second course be exactly the same and are traveled in the same direction, but at
different speeds. As said, the speed with which the course is taken will be referred to a

30  velocity profile. The velocity profile corresponding to the second course can for instance be
half the velocity profile corresponding to the first course. Alternatively, during the second

course the substrate is halted at several instances. This can for instance be applied when



portions are scanned in opposite directions, due to the need to be at ful
scanni ng speed at the beginning of each scan and to stop and reverse the
mask (if used) between target portions. 10 Thus an additional back-and-forth
novenent of the substrate is superinposed on the neander path. For clarity,
this noverment has been onitted from Figul®s 8 and 9. [0049] For each target
portion of the exposure of the second set of test structures, the sane
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apparatus. The first and second sets of test structures may be exposed and measured a
plurality of times on the same or different substrates and the results avéraged to reduce the

20  effect of random errors.
[0054] The first and second error data are then processed S5 to obtain a third set of error
data that can be used in calibration S6 of the apparatus before production exposure S7 are
performed. The processing of the first and second data sets to obtain the third data set may be
a simple subtraction of the two data sets or a more complex calculation, dependent on the

25  exact form of the thermal overlay errors expected.
[0055] Inanembodiment of the invention, the thermal conduction properties of the first
substrate during the first test exposure sequence and the second substrate during the second
test exposure sequence are different. The second substrate can be supplied with a different
resist layer than the first substrate by changing process parameter values of the process used to

30  apply both resist layers. Parameters that are typically changed are the resist layer thickness and

the conductivity of the resist layer material. The resist layers are applied to the first and

second substrates by a coating process called spin coating. Process parameters of such a



5 the mddle target portion. The positions of all three target portions are
known. Then a rightnost target portion cools down because liquid onit's
surface evaporates. Thermal conduction causes niddle target portions to

cool down as well. By cooling down, the mddle target portion shrinks. This
means the position of the |eftnost target14portion changes fromit's known
position, which causes overlay errors when illumnating the left target

portion. 10 100521 The | arger the distance between a fjrst t,a{ get _portions
and a secoMacesapigdpr emnlethe dpatenalsyssd; the viscosityof thegeist mategial, Fotatidnesped or e
t hermal en ' | | .ed.. t he second

t ar get porﬁtﬁsﬁgﬁ&g ggg g@éeﬁ%?{eqﬁt]%&?ﬁlbgg’%%a%él{egqﬁgr%{é@r? ‘d‘f“gt ance is

smal | er, sio0ssd tlhantehdodimhent 8Eth@MinWentibn i firenduiefied strictattghopiintad batgeirspar t
of the substrate and therefore will be spread over a | arger Eart of the

subst r at e. subgrai@piB]a lithegsaphie appicatnedy inganfiint tegffexppire paqyencen dhe sesondise of s
of test. struyctures nmay.take place in ejther order and. neasurenents my be
Caken: in' pesarhefies s Min@htn a @b sl et LionPOhic ERRithERbE ng "

st and- al on@céRotest@xpddurd fé@u@&%iﬁﬁi@fﬂﬁ@huzﬂ&@iﬁe%s@xg@sﬂé‘%q&h@é}%e. tAPBRIrsd US.
The first and second sets of test structures nmay be exposed and neasured a

plurality and velovy pofilesdws welhes the thtmhaldpahprofilds Sollaweskindoth tebicexpesiné t s

averaged to reduce the effect of randomerrors. 10054 he first and
reong o + SRR AT vl v byes Che Qe LGV RGN FrapeE T e GBLSUpUEE B ot

that can bgusedib iR AldybrforilrobdifeARMAL ALURI BRS:RER. PHOLHEE Riched

exposure S/ are perforne processi ng of first and secon ta sets
t o obtid n tyhepplsling difidadnatapedatsrelopbeats aresbmigs oaul substrate throfigh Wwhichwadiatadna
sets or a nore _conplex cal cul atjion, dependent on the 25 exact form of, the
t her mal oviedssespetore Breachesresistlayergybih is o pheioastiye daviee nkhedppaots arqarphied on,

the ther mal, £QRANE IR PBRREL! o Alrs LS chia 3becsSHRSHE Bl e ML [deks!

t est exposure sequence second substrate duri ng secon

exposur e s uRBekydf ehetopé st aterial ke ea@ertirs bbtk codtengCRRerbgplis®phd ading th a
different resist layer than the first substrate bg@changl ng process

par aret er tim¢.JBschanging ener arese progewsdaramnetsy vapies thebermal evaporatioaynspperties of
Par a

he. carduaer depRitnd B PRenbrfar br Slletd " The T esiot 1 ayers are appl i ed
to the firgbsAandnafeHbddmds bl tedivdivoR tHedabl REoMEQGERASUFARIE FEntSP bR s NT-
Process paraneters of such a 14 process are for exanple the materials used,
t he vi scosiubstraté withe lithedraphicrapmaratad qurmgtadfinsiotestsegpesire sequence. During the first
test exposure sequence a first course and a first velocity profile are followed. The second set
of test structures is printed on a second substrate using the lithographic apparatus during a
20  second test exposure sequence during which the first course and the first velocity profile are
followed as well. However during the first course the immersion liquid is slightly warmer (for
instance 0,1 or 0,01 degrees Celsius) than in during the second course, in other words a
different thermal load profile is followed. Therefore, the substrate will cool less during
evaporation of the immersion liquid after the first test exposure sequence than during
25  evaporation of the immersion liquid after the second test exposure sequence. This is because
vaporizing a warmer liquid from the substrate requires less heat than vaporizing a cooler
liquid. In other words, a larger amount of thermal energy is used during vaporizing the liquid
from the substrate after the second test exposure sequence. The overlay errors after the first
and second test exposure sequences are measured and subtracted. Also the difference in
30  thermal energy used after the first and second test exposure sequences is calculated. By

dividing the subtracted overlay errors by the difference in thermal energy the derivative of

overlay error to thermal energy is calculated. By multiplying an estimate of the total amount



of the substrate, the tenperature of the coating when applied and curing
time. [00561 In an enbodi nent of the invention the first set of test
structures is printed on the first substrate with a |ithographic apparatus
during a first test exposure sequence. The second set of 5 test structures
is printed on a second substrate using t He | it hographi c apparatus during a
second test exposure sequence which is equal to the first exposure sequence,

i.e. the course and velocity praofiles as well as the t,herma(l load profiles
fol | oned i9f thermal eresgy seded i wipoHagab Hawd frombthe gubstrate yifl therderivatiyeay |

Chor mal evANBPRTS bafRd Ry bF Bubl $AhnpURR aRleR BiEpofirbe BAMid AT ey

10 by app! dbdds fr fifierefifion beReeabSerlahaRRPahs vaoRizeRa dande Bed bheofubst r at e
t hrough which radi ation passes before it reaches a resist |ayer, which is a

phot oact i veompdigated niidelstingdudiag other theappl efeets such as wodustiog Pheaidbwugpthscess
par aneters_of 1such a gro%ess are for exanple the materials used, the

vi scosity T5p1Y ﬁ_%ertcﬁ?)k_ di*material, the tenperature of the coating when

appl i ed angossyr i10gill bé (Rder@Y¥oL PRAPEREh SH1IET inTRE &t AP AR ISst RALEGTRE Blay\uloURS
the thermal evaporation properties of 15 the topcoat (and thus the

subst r at e) aligamebemetkanyhde pfi0G8gan alignarenemrkditrhanan expeacked irimpesipdsdiont By
first set of test structures is printed on the first. substrate with a

|1t hogr apHiReiras e BF EAPeatsrpRgted AoFiLOp TPedhor aupisaPRo ititie Bo hg ¢ he
first tes - Se i L i ofile
are foll O\AI;Ialed. i(ahjk)églgg’ng se'(tl:l(?ly glfr&!tlg?%teg?frﬁ&%ﬂ}réggoﬁ Ogiﬁlﬁhtng%g%%mtgxtgggond
subst rit e aligina@nt merkks ichi b usydho obappafist s of etromdataariilileed sntd dbert a seqoad ur e
sequence during which the first course and the first velocity profile are
fol | oned as$t aigrror degaEivaH adserherimdenstoodithal @ npqasyrgd abignmentwark pesitipnsqui d i s
slightly r re i . |.Si i ring
thesecond Eiubir g a i ABEGedpr@l iy ST oot B of ikl

fol | owed. hbesied BE iredih@ubtifigéd 6@ avhédsu@alighBes nihik ipbéitiogyvapespdrdaip ©f t he
i mrer si on ll%lr“ d after the first test exposure sequence than during 25
evapor at i othe difstenpectadmrimg¢dopositiauafdhefitseset phigstsemotngest Exm thegesilirwafsequence.

Thi s iﬁ because va ori él n?r a var et lt'ifg#i d, fromthe substrate requires |ess
heat ttan P& Bg_feé? ﬁ‘go‘éer §STars “af (ﬁdf_i‘al_.“ a’&‘iﬁ(@?ec Grds, a larger amount of
thermal engjgy i Bis6tal PhicROAYARAIDA NBJ03N90Y2 SlUhdideh 0@ MiiviEorSBBLEAL €
after the second test exposure sequence. The overlay errors after the first

and secondntnestios fifegmphy spparems esdisnesedeheh me dpparatus idytroaide e svithAive datilése
.used after the first and second test

difference.in 30 thermal ener
exposur e sfoy CRARCEUS assqlgétf%ﬁﬁft%)éﬂ‘?g BFASUERMATE g C‘_irﬁ‘ég sub¥ithat IShy errors
by the di fiRLRACKithSutii& i Eon ﬁ&lﬁﬁ%dtejiﬁoscﬁ% is\tate¥®uPwith a table at a second

20  position, where immersion liquid is present. Alternatively, leveling measurements are carried

out with a table at a first position with immersion liquid present, and exposure is carried out
with a table at a second position also with immersion liquid present. Alternatively the
immersion lithography apparatus has only one table. The method may also be applied in non-
immersion lithography apparatus.

25 [0060] The person skilled in the art will appreciate that printing (S1) the first set of test
structures may be performed on a first lithographic projection apparatus, the second set of test
structures may be printed (S3) using a second lithographic projection apparatus and actual
calibration (S6) may be applied to a third lithographic projection apparatus or a series of
projection apparatus. In this case, the overlay differences between the different lithographic

30  projection apparatus are calibrated beforehand and the different lithographic projection

apparatus are preferably of the same brand and type.



overlay error to thermal energy is calculated. By multiplying an estinmate of
the total anpunt 15 of thermal energy needed to vaporize all liquid from
the substrate with the derivative an estimate is obtained for the total
overlay error caused by vaporizing the liquid. O course other nodels for
the rel ati on between overlay error and vé@orization can be used or nore
conplicated nodels including other thermal effects such as conduction of

heat throu%’h the 5 resist |layer can be used. [0058] It will be understood by
a person dR61] edt Wil berdeasie therpersoniskilled dn thstart that diferepegmbadimens havg i gnnent

mar ks. Wi J. [Jnti an, al i;gnment [ i rint

posi tion. Jé@erggt. f’?‘lﬁggelshﬁntaﬁgané%é%?%&lég?? %\?J;%%B%gle ﬁﬁ%ﬁ%’iﬁ% %Pjr?ggrl&gvmr ds a
priori i nfppavatus @NpriftrtRETist setRATE SELCRBSS 45 vl astRe SAOhH 83t IFltésOEtrictures in
determ ned. Therefore position nmeasurenents of 10 alignnment nmarks can be

used to olsteadof griffingen et differeat lihograhia psojectioneppiratistipthebmashingtognaching

set of _err data. It wll sp .be und t ood ,t hat asured alignnment mark
osi L1 ans dFRsS suasigneatiRe RS e FUR B TP BT HgkrBhiedREedfont he
second Setapﬁéraﬁ@% ot pld¢ b Y5I8SAn TBVanRled @ f BRI RGhE YithdYRiphRG 8/ chidiP4Pparatus
measured all gnment mark” positions corresponding to the first expected
printed pasiuallpnsedffot pntinigthe fissttandecbnd set of tegtttmcases iFtimnnackine és mlathinaf er

15 cooling, rel ated overlay, errors can be identified apd corrected. [00591 In
Eur opean PtferRRceAglspideacf Blgy m@fepéwgwgs of ijge Pa%sncggleéamwbsgete Bl stage
| nmersion Eiﬁgﬂ{eafﬂjélé’aﬁ%@&ﬁits‘é%fést% rﬁ&h&§%ﬁl§5&f‘.e§ arfS R régé%ﬁeééftﬂé ovi ded
with two tfaples for supporting a substrate. Leveling neasurenents are

carri dd ouubsfatdara efjaddlfer substéatdés whdre thedsédl expansioh tphepettidsmainlyideperd enhd, and
exposure is carried out wwth a table at _a second 20 position, where

i mrer si on sebgjtatamptsriphangdaet on fetlayes aniily dhip layes wathi rafgrense sarksyis Brsplager
carried ut with a,table at. figst Ltion wth J rsion Ad quid. present,
and expos dHo & \Rafs MEE B hic R’ e bRk cafloted e o PRI e aling

| mer si on doksfiehsloPhe Fitdset oNté sid@dtiné€ e $cdSnd s BEIeSt PfucturdS19 griaRAYn 2 BRAT at us
has only one table. The nethod may also be applied in non- inmersion

| i t hogr apHgyeapbltarnativsly, 2% seogslaycTherepwvsd hefote dpplying thetthied bayer. Whein the

appreci_ate that printi S 1. the first. set of test. structures nay be
EPt orna roHoRnaer of teilpdaspet pebapis] Bies Srer sy R el bedubEmbebut ot
test str ; ' . ' ' 146 lgection
appar at us. i CaiEh Sl S BRY plt the {1t B e SRERAL ! it SREEARS e BLARS

| i t hogr apléach pthey. &hisiveay, depanadifferance betseen ts teb sets of test structures is smaller than

when using one and the same substrate for printing the first and second set of test structures,
and therefore the influence of drift is minimized.

20  [0062] 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 apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will

25  appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“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

30 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



projection apparatus. In this case, the overlay differences between the
different |ithographic 30 projection apparatus are calibrated beforehand and
the different |ithographic projection apparatus are preferably of the sane
brand and type. 16 100611 It will be cl ?r to the person skilled in the art
that different enbodi nents have different advantages. An advantage of using
one and the sane |ithographic projection apparatus to print the first set
of test structures as || as the second,set of test structures in t ead of
i it ng ORI e s Bk he RS oot B AR prfEF A ob Eite Hilt RSR e
t o machi ne. sl Eig@ ScedtiNais.non calibrated overlay differences between
the two |ithographi 3?01 ection apparatus do not play a role. An advantage
of cal i br goo63n tThe teinidtaadiagdn”andrb¢aact used heepegrebmpassaadt typdsl of used f or
printing the first and _second set of t,e?t struch;ures i s that machi ne tg
machi ne  dil¢dtiomagaetic radiabonydneluding pigavielet 4PY) radiation 5. hyangp WarlaeetBREnd

t he sa S t I I Nt he first and second set of test structures
is tha’?el oaéﬁgﬁ{%é%pgﬁé’ﬂg%’ 1[[))S:F}O(S[;Itelrztla?léﬁs)' of the 10 substrate are equal for

subst r at esjoudagr eTHelterm Glead”, @hprRITEE OvhtdNt QNEWS, ings/ refer fd inydaeesiombirtakion of
substrate material and not on the layer on it. This |layer with reference
mar ks, is ‘aribhs &pey efjepticalnompanents.dadnding sfeactiv hanghiedlctivieeopticaloompenends. t est

' [ d., Af di. .h iti . he fir
of tost ainhlyrwBe Biesisiirapihfie BFAEARERLOF plRed SPERBRY il 1 iTbe 7 4

layer. Al tgpaatadeiehit the hﬁreﬁﬁ&PﬂQ¥ b@ﬁﬁ&tiéeﬂ JUeIR ¥R dhhefsQleScraRal FortgtampR, t hi rd
| ayer. When the 15 performance of the |ithographi c apparatus varies over

time (ldrifwhdre applivaylepthe aeatiompey tekettie fonnef avwomginfet pragmm somigining @s aand
print the first and second. sets test structur.es directily.after, . each

bt hor . ThiBOisapa piss ST iner bl BS st Rt Hang e bRt e KG8H abSRBt br s
I's smaller iufSted t @rgelg§ i | ida@HisRY hqVlih hhRe
first and %até%%ﬁrggéﬁ%ag {eré%tsprgfcro E}@%uérte}g?ﬁ n %*ﬁgﬂrcg? gﬁééat hleS ?nﬂ‘ ug]e%ge of
drift is niomputerpeograf sfdd&bthere.t hough specific reference may be made in
this text to the use of |ithographic apparatus in_the manufacture of ICGCs,
it shoul d [8866)indeegressat inwentionifan be applifddp ARy inapprsiont litBographycanpRBEIshdy ei n

oy NN AR AR EPLANS el 5 Rl Bl A TBMRELU 5 ol LSO A0 0P8 e

syst ens, duidance an n patterns magnét i mal N Menor |

f 1 at - panel ap@hafils iy, havk defeireht Coxpbsitiond, setordisg {0 t6PApsiredpréperiidsandagmnet i ¢
heads, etc. The skilled artisan will 25 appreciate that, in the context of
such al t erwiatelangthaqfisixpesare mdintionmyed, Ser yf explasure avayglengthfodd 93mm, ultrdipare her ei n

may be considered . as, synonynobus w th .t he r neral terns "subsirate" or
y water or Water§bas¥&1 corXposli{lons may be use an(F fogﬁus reason t?le mmersion 1qu1 1S

sometimes referred to as water and water-related terms such as hydrophilic, hydrophobic,

20  humidity, etc. may be used. However, it is to be understood that embodiments of the present
invention may be used with other types of liquid in which case such water-related terms
should be considered replaced by equivalent terms relating to the immersion liquid used.
[0067] The descriptions above are intended to be illustrative, not limiting. Thus, it will be
apparent to one skilled in the art that modifications may be made to the invention as described

25  without departing from the scope of the claims set out below.

BRIEF SUMMARY
[0068] The invention can be summarized by the following summaries.
1. A method of calibrating a lithographic projection apparatus having a projection system,
30 the method comprising:
printing a first set of test structures on a substrate, the substrate traveling a first

course relative to the projection system to effect the printing of the first set of test structures;



"target portion", respectively. The substrate referred to herein may be
processed, before or after exposure, in for exanple a track (a tool that
typically applies a |layer of resist to a substrate and devel ops the exposed
resist), a metrology tool and/or an inspection tool. Were 30 applicable,
the disclosure herein may be applied to d8ch and other substrate processi ng
tools. Further, the substrate may be processed nore than once, for exanple
in order to create a 17 multi-layer IC, so that the term substrate used
herein may al so Prigfiag asecondsetnfttes seucturgs onp sebiifpte, thersubstide Havelingpesecond
processed | ayers...[ 00 The. .ter "radi-at Lhan'. p ' ein
enconpass Cgﬁse éﬁté&se t81§§4 %rloéecgpblgﬁ%snger%h %%er%yéﬁ%g’tr lingﬁg Olfﬁlgl%glcﬂnquzsgﬁ?t??%vi ol et

(W) radi afiuetirdsethd sedbadicogrsd b¥iay difeneit hhaif thefirst Sodbgut 365, 248, 193, 157
or 126 nm. [0064] The term"lens", where the context allows, may refer to
any one or conbimeasumrg psitional ¢roers in ihe disstoet aipest stamctarsprpoohiping fifstset oli ng
refractive and reflective optical conponents. [00651 Wile specific
enbodiﬁenﬂ§*ﬁpnfﬂgr$ﬁeention have been described above, it will be

appreci ated t hatméafa@riﬁgﬁ%@smdrﬁﬂermx iPfhe RERH sEeST 1Q% BREMIRE td HitRinaSsebliRIGkE bed.
For exanple, 10 where applicable, the invention may take the formof a
conput er pofegsidion eoot ddtai Ng one or nore sequences of nmachi ne-readabl e

i nstructions descri bing nmet hod as . di scl osed. above, or a dafa storage

medi um (e.g. serfRtYRHNER 1%8?99“%%“%”&@‘6&9 first angh seRond ety ofposiien a
conput er Qﬁggﬁgg}@&pred therein. 100661 The present invention can be applied
to any immersion’l1thography apparatus, in 15 particul ar, but not

excl usligvel y, t haaibrajipg thellRhédrapticpieion appagatudiingihenhird sptiofl positich érfort he
apparatus may have different conpositions, according to the desired

properti esddathd the wavel ength of exposure radiation used. For an exposure
wavel ength of 193nm wultra pure water or water-based conpositions may be
used and for this reason the imersion liquid is sonetines referred to as
wat er and matrgs mefloAtTduinblab | Sheftidthe Tt straA@ Bédoh8 tesh VIAIRRBO BleGrintdd Rdm di ty,
etc. may be used. However, it is to be understood that enbodinents of the
present i nvearies ofitangey pbdions etrangethin apheality pprsvsoin Jaidynibdtrata, thaficdt tastse such

wat er-related terns should be. consi dered repl aced by equival ent teyns

fel atilfg to FRENRRAE AT hyRAning disfareet porEons PRI e addbe ar e

i ntended to i i [(Wa IR LW 3 to one
SRi 1o it Paohd te8EbRblrkCare Bbuck o pkinlil (tier portidtih s Drack RRALANE

descri bed reverse of the predetermined order.

3. The method of summary 2 wherein each target portion is printed by scanning the substrate
20 relative to the projection system in a respective scan direction, which may differ from
target portion to target portion, and for each target portion the same scan direction is used

for printing the first and second test structures.

4. The method of summary 2 wherein each target portion is printed by scanning the substrate
25 relative to the projection system in a respective scan direction, which may differ from
target portion to target portion, and for each target portion opposite scan directions are

used for printing the first and second test structures.

5. The method of summary 3 further comprising printing a third set of test structures on each
30 of said target portions in an order that is the reverse of the predetermined order and using
respective scanning directions that are opposite to the scanning directions used to print the

first and second set of test structures.



25 without departing fromthe scope of the clains set out below. BRIEF
SUWARY [ 0068] The invention can be sumrarized by the foll ow ng sumari es.

1. A nethod of calibrating a lithographic projection apparatus having a
projection system 30 the nethod conprising: printing a first set of test
structures on a substrate, the substratelPraveli ng a first course relative
to the projection systemto effect the printing of the first set of test
structures; 18 printing a second set of test structures on a substrate, the
substrate traveling a second course relative to the projection systemto
effect the: printy f . t S ourse
bei ng. i &1 ent TRARCPLAEORERE RyRher? | siEfin U AECAth S oplrhBe S ERRACE |
first set withil66¢ whichUbé Afsesuis@arhiaRtls ia fitst dire@Rin M thdseposd tdase @mipises
data; measuring positional errors in the second set of test structures to
obtain a stécmdncgepath@ﬂor}gdfghlph&w seeqngrsubistrade trevelcinl aferongl diracHpn @ppasite &

posi ti an etglr?r gat z%.fromthe first and second sets of position error data;
and 10 >cal PHIEY CHEYRe 1 t hogr aphi ¢ proj ection apparatus using the third set
of position error data. 2. The nethod of summary 1 wherein the first and
second test structures are printed in a series of target portions arranged
in a plurdl.ity dFhermethodaccording sudustmary ¢, whenan ther stondesturselis sehistantially the ar e
printed by printing the target_portions in a predeterm ned order and the
second te talsﬁd‘i“g‘ioéém%ﬁﬂeofg&‘? ﬁ%&&o‘ﬁV'pri nting the target portions in an
order that is the reverse of the predeterm ned order. 3. The method of
summary 2 wherein each target portion is printed by scanning the substrate
20 rell@ti v& to tTie methpEaddobding yssuammary 1avtieesip dct sevendsaminseds swhstandally thi ch
may differ from target portion to target portion, and for each target
portion themsage reletion By 1 8@t ofdhe fisst o@wse. for printing the first and second
test structures. 4. The nethod of summary 2 wherein each target portion is
printed by scanning the substrate 25 relative to the projection systemin a

respectivey scan e R&hb@®Reco¥hhe t A fIfverdih @aMculating the third set of positional
error data comprises taking a difference between the first and second sets of position error

15 data.

10. The method according to summary 1 wherein the printing of the first and second sets
of test structures and the measuring of positional errors therein are each repeated a plurality of
times to obtain the first and second sets of positional error data.

20
11. The method according to summary 1 wherein the first and second test structures are

printed on the same substrate.

12. The method according to summary 1 wherein the first and second test structures are

25  printed on different substrates.

13. The method according to summary 1 wherein the lithographic projection apparatus is

of an immersion type.

30 14 The method according to summary 1 wherein the first and second sets of positional

error data are sets of overlay error data.



target portion to target portion, and for each target portion opposite scan
directions are wused for printing the first and second test structures. 5.
The nethod of summary 3 further conprising printing a third set of test
structures on each 30 of said target porblons in an order that is the
reverse of the predeterm ned order and ud respective scanning directions
that are opposite to the scanning directlons used to print the first and

d t of test st t T hod d .1
Whor ei n £ HB-1 1 o4 et BenBREHnS B BRRADTFOBHRIC AIUHIOATERE EEPS i
substrate e rection and the second course conprises the
meander S&%@ oh%gdl%?%%}&{lﬁﬁmg%cond substrate travels in a second direction

opposite to 5 t halibfatifg thillttB@grh%ﬂc prbjectibe apirdtaglbgccor ding to summary 1
wherein the second course is substantially the sane as a mrror imge of

the first course. 10 @rlrrnn@arfmtweuofae%@tr@ntwgs pB asubrtiate the syherate Ha‘fqlﬂég%cond
bst ant I { t
5" The ot hod acBsther reifys, RAEF pilecfinh st REs B Ihrink 2P bt ©

positional errqgsidah@ufenprises taking a dlfference betmeen the first and
second sets of position error 15 data. 10. The method according to sunmary
1 wherein the printingrioting hseddndset efiiest seaaturds sea subsirfate, ghsrsubstraie travedisg and

t he neasuring of posiftional errors therein are each.repeate lural ity of
{1 es o obt 3i n 2 56od Sroear bl mh PRLTLOB YR Y Ffed Acrigiod g elF sBopd]

The nethod accorg} fgel rAUAFR! e Lecthgt ga@e bdifg Hiffe%ént?rﬂﬂ RERARoUrsS t
structures are printed on the same substrate: . The method according to
sumarhd 1 wherein the Iﬁ¢asamn@pmt1mmbmﬂors asthe fﬁstuetafnaﬂ saneureR fo pbthintacfitsion
different substrates. 13. The nmethod according to summary 1 wherein the

i t hogr aphi ¢ pr oRbekRsHIRsHRF 4885 is of an inmersion type. 30 14. The
method according to S%HEE%&M%%PHS%@&P%I éh&r??n b rsééonﬁggttoz‘f‘%é’s? Quctles 1Pbtain a

positional error data are overlay error
second set of position error data;

calculating a third set of position error data from the first and second sets of
15 position error data;
calibrating the lithographic projection apparatus using the third set of
position error data; and

using the lithographic apparatus to print device patterns on substrates.

20 16. A method according to claim 15 wherein the first and second test structures are
printed in a series of target portions arranged in a plurality of rows on said substrate,
the first test structures are printed by printing the target portions in a predetermined
order and the second test structures are printed by printing the target portions in an order that

is the reverse of the predetermined order.

25
17. The method according to summary 16 wherein each target portion is printed by
scanning the substrate relative to the projection system in a respective scan direction, which
may differ from target portion to target portion, and for each target portion the same scan
direction is used for printing the first and second test structures.

30

18. The method according to summary 16 wherein each target portion is printed by

scanning the substrate relative to the projection system in a respective scan direction, which



20 15. A device manufacturing nethod using a |ithographic projection having
a projection system the nethod conprising: calibrating the |ithographic
proj ection apparatus by: printing a first set of test structures on a
substrate, the substrate traveling a 5 fjrst course relative to the
projection systemto effect the printingzéf the first set of test
structures; printing a second set of test structures on a substrate, the
substrate trave{ei ng a second course relative to Lhegg{ 0j ecti on ],Z%stem to

ef fect t heMBY flikier HEMORTAEhBOTYIER 4 Hrect Bpriign. anddpr €qch (RBEHRISIOR PRPOSUC R cour se
petng A 1 &E&Abnd 18 Mskd forlpnfihg AR Cana Bed MRS SiriduRES! Ll onal errors in the

first set o St structures to obtain a first set of position error data;
measuring positional errors in the second set of test structures to obtain a
second set of position error _data; calculating a third set of position error
data from the fiThemethad aecosding dxsunmary 17 durthesicomprisiag painting # shirdeset phiestt i ng

e SPOKBRILE, FLALESE LD BERBGEINE 31 00 0 A e Al oPh RO R

subst r at eserderhdiBinghedRbMNCscassing dire@iohOthat At Bppssitehe (Rl Rafidifg Hirédonand
second test structures are printed in a series of target portions arranged

in a plurahsedyo pfintrthe\Brsp andsseicdnd sy of teat shructunes. f i r st test structures are
printed by printing the target portions in a predeternm ned order and the
second test structures are printed by printing the target portions in an

order thatsgis tRg HEWwEd 8&oring B ARAS S WHREH cALSling #r lifd selRE psBESLRY

according to summary 16 wherein each target portion is printed by scanning
t he sulist rate datal cehiprsed kinge diffajenat hetweenythe frst amd second pets Of pusitgmaror
direction, which may differ fromtarget portion to target portion, and for
each targe@“%ortion the sane scan direction is used for printing the first
and second test structures. 30

21. The method according to summary 15 wherein the printing of the first and second
sets of test structures and the measuring of positional errors therein are each repeated a

15  plurality of times to obtain the first and second sets of positional error data.

22. The method according to summary 15 wherein the first and second test structures are

printed on the same substrate.

20 23. The method according to summary 15 wherein the first and second test structures are

printed on different substrates.

24. The method according to summary 15 wherein the lithographic projection apparatus
is of an immersion type.

25
25. The method according to summary 15 wherein the first and second sets of positional

error data are sets of overlay error data.



18. The nmethod according to summary 16 wherein each target portion is
printed by scanning the substrate relative to the projection systemin a
respective scan direction, which 21 may differ fromtarget portion to
target portion, and for each target portion opposite scan directions are
used for printing the first and second t®&t structures. 19. The net hod
according to summary 17 further conprising printing a third set of test 5
structures on each of said target portions in an order that is the reverse
of the pré&diMSii ned order and using respective scanning directions that
are opposite to the scanning directions wused to print the first and second
set of test structures. 20. The nethod according to summary 15 wherein

cal cul ating t he At lxhbgraplit n@thqosonipridiigt 10 error data conprises taking a

di fference between the first and second sets of position error data. 21.
The net hod peiteg dilng firg ssuohtestpiraguigh en eifistisHbstiate (W) witharfirstlithegraghic and
second,. sets of test structur.es t he neasuri f siti.onal .errors
Therer d aPtiedion Peiselt simpHyEE oA ey BR Y bRdBLE oL MRHRs FF Ry
second setfpstQbuRedIAtivRNBkhEfifsPhroftdtion sydtem I \FfIBIE QFinaRE Bf the Tstiset Sfupdary 15
wherein the first and second test structures are printed on the sane
subst r at estr@g@ui28, The net hod according to sunmary 15 wherein the first and

second test stru res are inted on different substrates, 24. The nethod
accor di ng'ﬁ’{)‘ng’ﬂﬂ’r@% Si@n\ﬂﬁétr‘gt{t%ttsméc@ie? H?J@rs%‘iﬂ‘?aé“%"(?f Bihaspadt us s of
an i mrer si ﬁ%caog Hrp‘gg r&iaqt he
first andlfge%ég%g%s%rﬁgcﬁ&agsaﬁtﬁéﬁﬂgwe roregagf{z}it;%r ja%FtZ S tg&%gﬁ 3\’\,/\glrglsg(§/dﬁgrror
data. 182 sGbstatdSravilinga bédohd goapdiretativettdthe seandrprsjectipn system toteiffegt thS 1) a
first set of test structures on a first substrate (W with a first

| i t hogr apPriating p e seqond setg jest srururss iks sespnthconrye heang fsreat frpathe fisst em
(PL), the fjrst substrate traveling a first course relative to the first
projection syStemto effect the printing of the first set of test

- measuring (S2) a first set of positional data in the first set of test structures;
- measuring (S4) a second set of positional data in the second set of test structures;
15 - calculating (S5) a third set of position error data from the first and second sets of positional
data; and
- calibrating (S6) one or more lithographic projection apparatus using the third set of position

error data.

20 2. A method according to claim 1, comprising;
- selecting a first set of target portions (C) on the first substrate wherein the first set of target
portions has a first set of relative positions;
- selecting a second set of target portions (C) on the second substrate wherein the second set
of target portions has the first set of relative positions;

25 - printing (S1) the first set of test structures in the first set of target portions; and

- printing (S3) the second set of test structures in the second set of target portions.

3. A method according to claim 2, comprising;
- printing (S1) the first set of target portions in a first order; and
30 - printing (S3) the second set of target portions in a second order which is the reverse of the

first order.



structures; - printing (S3) a second set of test structures on a second
substrate (W with a second |ithographic projection apparatus conprising a
second projection system (PL), the second 10 substrate traveling a second
course relative to the second projection_systemto effect the printing of
the second set of test structures, the sétond course being different from
the first course; - neasuring (S2) a first set of positional data in the

first set of test structur((f,s; - nmeasuring (S4) a second set of positional
data in tHe secércbed aggordipgto aimd O« OMPIBING ca) culating (S5) a third set

of position | ’ f b - fat a;
and - cali brIgvgrl{tl(rgl (?@%?ﬁ%aggao%tnﬁn%%%ﬁﬁ ?ﬁg%@gﬁ%gﬁ?Ig}%cf?%tosgpgg%ﬁ g?%rgoﬁsgi ng
the third sey @hniing tHei frbt substté withtadirstMarRdirdstior réladvatoahe Arsagrdjestiohai m 1,
conprising; - selecting a first set of target portions (C) on the first

substrate whepem(PLxe first set of target portions has a first set of

o ORGP e o b PRSI

second SUt-)S'[rfI 0] I ons st

set of rel atpotBomas dchiiifg theSecondsubittafOwltiPthe firbEschh BiéctRtreRlivd Sthe
structures in the first set of target portions; and - printing (S3) the

second set ofecorebprogctiosystess(Bl); t he second set of target portions. 3. A
met hod according .to aim 2, conprising; - inting.(S 1) the first t of
Carget port | aatpene S5 Birdseliosisiy Sor s by FomRgiteapisted rostone 8& of
Larget por {i o iR ugas oRteieiedil tNeethd BeisheciuRyer se of the first order.
23 4. A method according to claim2 or 3, conprising - printing (S 1) a
first 10est structure in a first target portion in the first set of target

portions by scanning the first substrate with a first scan direction
relative o t heAmpdodgeerdingfQalaingy of d¢PWPLINEs - printing (S3) a second

oSt St R RSB TGP et
relative to tBgscanning the first substrate with a first scan direction relative to the first projection
system (PL);

15 - printing (S3) a second test structure in a second target portion in the second set of target
portions by scanning the second substrate with a second scan direction relative to the
second projection system (PL) wherein the second scan direction is opposite to the first
scan direction,;

- calculating (S5) a third set of position error data by comparing measured positional data

20 about the first test structure and the second test structure.

6. A method according to claim 4 further comprising:
- selecting a third set of target portions on a third substrate wherein a third set of target
portions has the first set of relative positions;
25 - printing the third set of test structures in the third set of target portions
- printing the third set of target portions in the second order which is the reverse of the first

order and with a third scan direction which is opposite to the first scan direction.

7. A method according to any of the claims 1-6 wherein the first course comprises a
30  meander path along which the first substrate travels in a first direction and the second course
comprises the meander path along which the second substrate travels in a second direction

opposite to the first direction.



second projection system (PL); 1. calculating (S5) a third set of position
error data by conparing neasured positional data about the first test
structure and the second test structure. 10 5. A nethod according to claim 2
or 3 conprising printing (S 1) a first tgﬁt structure in a first target
portion in the first set of target portiohs by scanning the first substrate
with a first scan direction relative to the first projection system (PL);
15 - printing (S3) a second test structure in a second target portion in the
second set of target portions by scanning the second substrate with a ,
second scan di r aGhEMBd LElAihY E b dtfife cIAREONE WHeRiR Bl QEORYSRRR PL) wherein
t he second scan direction 1s”opposite to the first scan direction; -

cal cul at i Rgbstpbinll@tHelsamd as @tmiaior fmagetaf ole frst aursdat a by conpari ng neasur ed
positional data 20 about the first test structure and the second test
structure. 6. A nethod according to claim4 further conprising: - selecting
athird sgt of tar by i . i ird set of
target9 pgrti oné %g@BgﬁggoHi@g?og@%@fgwélé astsﬁ\eg’&}%g%ﬁ%ﬁé&%%ﬁegéi nting the
third set s@fstdrially Helsdfileds @Fotation BE 1807 dfdhesRist &furdedr get portions - printing
the third set of target portions in the second order which is the reverse of
the first order and with a third scan direction which is opposite to the

first scan . direction. . 7. A .nethod ordin o.,any of the claijs,1l-6.wherein
the fi st 1Bour i e Aissteile g daftERBaLh SRSl Siamiaing 18 FFs & o
substrate gbﬁaxﬁl Rrbfddta Ebrﬁﬁﬁse@'tzﬂ&ﬁé h QHRRKe bEScRR AR A REondCRIFRI( Ses the
meander path al ong Ich the second substrate travels in a second direction
opposilde tpositibealfdatast direction. 24 8. A nethod according to any of the

clainms 1-6 wherein the second course is substantially the sanme as a mrror
imge of the first course. 5 9. A nethod according to any of the clains 1-6

the first Sour s DfOdaEcrting WHRAAER L3 A0SHSRRPUESCAURELSH SYbae .77 ©
cal cul at i #sttaf@ sédodind dets OF tedf structures and the measuring (S2,S4) of positional data thereof are
each repeated a plurality of times to obtain the first and second sets of positional data.
15
12. A method according to any of the claims 1-11 wherein the first substrate and the

second substrate constitute one and the same substrate.

13. A method according to any of the claims 1-12 wherein the first substrate and the

20  second substrate are two separate substrates.

14. A method according to any of the claims 1-13 wherein measuring (S2) a first set of

positional data comprises measuring overlay data.

25 15. A method according to any of the claims 1-15 wherein the first lithographic
projection apparatus, the second lithographic apparatus and the one or more lithographic

projection apparatus are of the immersion type.

16. A method according to claim 15 wherein an immersion liquid is provided between
30  the projection system (PL) and the first substrate when printing (S1) the first set of test

structures and between the projection system (PL) and the second substrate when printing (S3)



positional error data conprises taking a difference between the first and
second sets of 10 positional data. 11. A nethod according to any of the
clainms 1-10 wherein the printing (S1,S3) of the first and second sets of
test structures and the neasuring (S2,54) of positional data thereof are
each repeated a plurality of times to o Ain the first and second sets of
positional data. 15 12. A nethod according to any of the clains 1-11 wherein
the first substrate and the second substrate constitu%e one .and the sane

subst r at ethesscon sgeqfHew SHEEBEea: SO RISINgRROBTNG e segond FELSIHOIOMREE 0i n t he
first Sub%%béﬁhﬁal@?%uﬁp&agggﬁﬁﬁ@?Jbgﬁgeggﬁgllrrg%a?i?cyl@wti i E6PRligLg substrat es.

14. A net acc ng to any rern asuring (S2) a
first set of positional data conprises nmeasuring overlay data. 25 15. A
met hod according to any of the clains 1-15 wherein the first |ithographic
proj ecti 0|117-appagtal’1@tb?d atverding toredaint tthwherainrthe fisgh petrodiess stayrdurenis psiéeddS Lhor e

lith i ect| he i Si . 16. A method
nocor ab ng et s Pt BT dhbifedtatus it SRsAREREE STt Rin o e T
the proj egifrdRef e flrameRH dnAehd detitd Bl Rcii@Ns PFihl (Y thdugh at he

first set of test structures and between the projection system (PL) and the
second subsbndtapcodtevhigh isrpphed ©3BY se2bnd substrate using theefirsbéoativg prasessict ur es,
conpri sing choosing the second substrate to have substantially equal
evaporation properties with regard to the imersion liquid. 17. A nethod

according go cl a6y m%fcﬁh?twcd;{itﬁesélaiﬁﬁtl.-ﬁ chbfDhisitk cHEd st Lihe sconfi! nted (S

1) 5 through a first topcoa I's applied to the“first substrate using
a firsd ceatistrag tphacesubstantidily eguilithainat ednduttiq@r propasiepay thodire sabsinack. t he
second set of test structures is printed (S3) through a second topcoat
which is applied to the second substrate using the first coating process.

18. A met E@d aC{a‘r’I{é&'}éQ?%écﬁrcﬁﬂé’ 1 laiH]Fi% %@jlefﬁsa ﬂfs@ﬁrotcﬁsg@ﬁ%eﬁit(’)‘g%;ﬁgt‘&?géri]ﬂ%ﬁpe

second 10 subs ave® substan y ‘equa ermal  con

properti e @s firdigubstratd andub stig @ténd stBstrate Bt Whete O Figkit B dfBest btidrSis
wherein a first Brocess is used to apply a resist layer to the first

subst r at epan@d (Sl hesesisrlayes gpdbe Arsesubsdatpand dierseeand sef piteststuctyrestiest
structures.is i.nt.ed (.(S,1) in the resist |layer on the first substrate and
he " shontritid (B iPUE el iler PP ecbiPhibburdi

20. A method according to any of the claims 1-19 wherein the first lithographic
projection apparatus and the second lithographic projection apparatus constitute one and the
same lithographic projection apparatus.

20
21. A method according to any of the claims 1-20 wherein the one or more lithographic

apparatus comprise the first lithographic apparatus.

22. A method according to any of the claims 1-21 comprising using the one or more

25  calibrated lithographic projection apparatus to print a device pattern on a substrate (W).

23. A lithographic method comprising:
printing (S1) a first set of test structures on a first substrate (W) with a first
lithographic projection apparatus comprising a first projection system (PL), the first substrate
30  traveling a first course relative to the first projection system to effect the printing of the first

set of test structures;



15 printed (S3) in the resist |layer on the second substrate. 20. A nethod
according to any of the clains 1-19 wherein the first |ithographic

proj ection apparatus and the second |ithographic projection apparatus
constitute one and the sane |ithographic projection apparatus. 20 21. A

met hod according to any of the clains 1-260 wherein the one or nore

| ithographic apparatus conprise the first |ithographic apparatus. 22. A

met hod according to any of the clains 1-21 conprising using the one or nore
25 cal i brated |pimogr(@pht sccondpes of teshsteuspaessenssecong pybsiratg (Mowidethgdirster n on

5ot el b b irod g R oo bR OBl Bl LB Py 'd @
|'i t hogr apieGirptRb 8t drosy sRRIPB e biSthE PRRNASIMBe Socbhd &t ORI RlchRBs MeSdeesmd PL) .

the first substrate IfB)Sg traveling a first course relative to the first
proj ect i opowseshedny differehf thah thehferspedunse ng of the first set of test

structures; 26 printi ?& (a§€1) a sgcond ﬁet .of test stéuctures on a second
substrate (W wWoeRUIAg (Prashirst jet bk Aatadn Bledirst sShoLisHEWHES: t he second
substrate traveli : G Hvie ; fd re4 0N system
to effect the phleélgtglflgé%%f)od{]%g secegﬁfj&ggta “c% tgtnlciaglte Sé%@&cslteﬁ?ﬁetga Sﬁjﬁgﬁgg’cond
course bei ng di édlalsiiig (SEpatHikieset of pisitoalenoe datd froradierfirsiandS2gond skisroft set

of overlay data in the first set of test structures; neasuring ($S4) a
second sepvasfay@gtdi pndy data in the second set of test structures;

calculatin S5 thir fposition error data fror £ nd
second setg (()f gack\a%artll%ﬁ@zﬁ?‘%;ﬁ? Sérkl Oﬁﬁqhgcr% FﬁgOD( %&a%t%segﬁétgg ﬂPH %%afaphi C
pr oj egh i OposiRRAsrAdridatausi ng the third set of 10 position error data. 24. A
| i t hographic nmethod conmprising: - printing (S 1) a first set of test
structures on a first substrate (W with a first lithographic projection

appar at us,ac ding,to first test exposure sequence, the first substrate
havi ng 1%£a£ﬁﬁlro§fa%bﬁl‘B%h?%Fo‘ﬂp?ﬂﬁg'ml conduction property and a second

val ue for._a gh@hgpd1) sSHRPRL 8F e tRERARR I first substrate (W) with a first lithographic

projection apparatus according to a first test exposure sequence, the first substrate having

15 a first value for a thermal conduction property and a second value for a thermal
evaporation property;

- selecting at least one of a second test exposure sequence, a third value and a forth value to
differ from respectively the first test exposure sequence, the first value and the second
value;

20 - printing (S3) a second set of test structures on a second substrate (W) with a second -
lithographic projection apparatus according to the second test exposure sequence, the
second substrate having the third value for the thermal conduction property and the forth
value for the thermal evaporation property,

- measuring (S2) a first set of positional data in the first set of test structures;

25 - measuring (S4) a second set of positional data in the second set of test structures;

- calculating (S5) a third set of position error data from the first and second sets of
positional data; and

- calibrating (S6) one or more lithographic projection apparatus using the third set of
position error data.

30



- selecting at | east one of a second test exposure sequence, a third val ue
and a forth value to differ fromrespectively the first test exposure
sequence, the first value and the second value; 20 - printing (S3) a second
set of test structures on a second substrate (W with a second |ithographic
proj ection apparatus according to the segond test exposure sequence, the
second substrate having the third value for the thermal conduction property
and the forth value for the thermal evaporation property, - measuring (S2)

a first SZ%tA‘Pifth Qa?hdlﬁ@tﬁbdQ@éo@dthtéﬂ§1rr{B4%bm?)?iﬁln@f test structures; 25 -
a

measuring ($4) cond set of positional data in the second set of t est
structures; subjeotbmg ¢he fitst supsE8B Yo a firdhithresmsldpadprofibsard tora fest crlodtytpaofile don t he

first and seco s of posi.tio aatj['\ data; .and - H% brfa Q_ one or
nore |ithogHa 1“8 Fé‘] Cé’é‘fsiedﬁla'e\b"p‘é’r TSLPTQISEHEP Bsts} ﬁlhﬁ %thj:‘l}g‘?g Sition
error data. i%?ec%zn aéj?drﬁug {cf]cg@&i fHe ﬁltlEgBmg fﬁﬁ%@((ﬁ‘t&! sfrctfledl M 24,

conpri si ng: subjecting t firs trate to first thernal Ioad profile
and tg a i sdéctinglaotzastyonproffi |l e for traveling a f| rst course relative to a

first projection systemof the first lithographic prolgction parat F
effect the printPng %Fo‘tq‘n‘é\elfm%lé‘?adslgt?ﬁléfbet‘@sqlff%f@?‘ifé‘?lﬁr"% rSSth-eHE @%qli’rﬁé ea

| east one of o0 a sec&n&‘&&%mml o(ﬁﬁel%pfr%&lqhéoﬁgp??ﬂgg;%rent from the first
e,

thermal | oad profil fromthe first

course and o a S@ccmsécmi @&bmy ﬂibﬁlfelﬂeﬁlgbﬁffé@nﬁhfrﬁ@lﬁ@ﬂﬁst {éle¢myt frefifet r st
velocity profile; - subjecting the second substrate to the second thernal

| oad prof4 | eubjentingdhe seeonbabadate 6o ﬂ)@lsmmthym@f lOIaé praftle anditoethe sgronéhe second
course relative to sec ectio ste the s Jithographic
oo o0t | on’ sppGrLEeis BF BRvalle M -pR R 1o SEeBPARGSop Y AP
structures. 428e.AdRhOIEpIRE Eﬁﬁéﬂtlﬂﬁ abﬁarﬁth@td@f?e’ét Wagriatilg bhhefstéotld seist tegcond
course constitute one and t sane course; conprising - applying a first
t her mal | oadir&tturas.fi rst position along the first course during the first
t est
26. A method according to claim 25 wherein the first and second course constitute one and the
15  same course; comprising
- applying a first thermal load at a first position along the first course during the first test
exposure sequence;
- applying the first thermal load at the first position during the second test exposure
sequence;

20 - having the first substrate and the second substrate traveling the first course in opposite

directions.

27. A lithographic method according to any of the claims 24 to 26 comprising:
- selecting a first set of target portions (C) on the first substrate, wherein the first set of
25 target portions has a first set of relative positions;
- selecting a second set of target portions (C) on the second substrate, wherein the second
set of target portions has the first set of relative positions;
- printing (S1) the first set of test structures in the first set of target portions during the first
exposure sequence; and
30 - prnting (S3) the second set of test structures in the second set of target portions during the

second test exposure sequence.



exposure sequence; - applying the first thermal load at the first position
during the second test exposure sequence; 20 - having the first substrate
and the second substrate traveling the first course in opposite directions.
27. A lithographic method according to any of the clains 24 to 26
conprising: - selecting a first set of tmget portions (C) on the first
substrate, wherein the first set of 25 target portions has a first set of
relative positions; - selecting a second set of target portions (C) on the
second subgtA ateghodeesing thhay seerthimse4-29f target portions has the first
set of relative positions; - printing (S 1) the first set of test structures
in the firshoosig apfeastamged portions during the first exposure sequence; and
30 - printing (83). the .second .set of test, structures in e _secaond set of
Carget porti ons RIPTRGsPRGR0dS Ehardrast b JE B ek W BB ) o
accordi ng to ampystQfibstAe Hdai s 24-27 - choosing at |east one of - the
imrersion liquid to evaporate qui cker fromthe second substrate than from
the fHrst substheghgmahdorluctiotht heHteghmalin thesderndisubsttate then fn Gledirstisubstrate

second substrate than in the first_substrate by .coaling the first substrate
et g ot By coatinghe A st e first G Dgess Sl Bisb Skl ob BrSRSRAFmaIa o

and appl yi : J i ks Ss
N Th B e ) g o R R PERE ™
any of t heetef protesshratfetesvealwisn the first |ithographic projection apparatus
and the second lithographic projection apparatus constitute one and the sane
| i t hographi c projection apparatus. 30. A nethod according to any of the

cl ai 2489 j r re i r i : i se the
First 101 t Rogh SNTi dchidfn? ot IRk pEOSLARRLR e s ERABE ABS e ERI"
24- 30 wheagpatathidiend the sécopd hishdgadphicpidjetlien Sparineh constnaid de@nd @sdaieut € one

and the sanme substrate.
lithographic projection apparatus.

30. A method according to any of the claims 24-29 wherein the one or more lithographic

15  apparatus comprise the first lithographic apparatus.

31. A method according to any of the claims 24-30 wherein the first substrate and the second

substrate constitute one and the same substrate.



